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Abstract: Eva-1 homolog A (EVA1A) is regarded as TMEM166 (transmembrane protein 166) or
FAM176A (family with sequence similarity 176) and a lysosome and endoplasmic reticulum-associated
protein involved in regulating autophagy and apoptosis. EVA1A regulates embryonic neurogenesis,
cardiac remodeling, islet alpha-cell functions, acute liver failure, and hepatitis B virus replication.
However, the related mechanisms are not fully clear. Autophagy is a process in which cells transfer
pathogens, abnormal proteins and organelles to lysosomes for degradation. It plays an important
role in various physiological and pathological processes, including cancer, aging, neurodegenera-
tion, infection, heart disease, development, cell differentiation and nutritional starvation. Recently,
there are many studies on the important role of EVA1A in many physiological and pathological
processes by regulating autophagy. However, the related molecular mechanisms need further study.
Therefore, we summarize the above-mentioned researches about the role of EVA1A in physiological
and pathological processes through regulating autophagy in order to provide theoretical basis for
future researches.
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1. Introduction

Eva-1 homolog A (EVA1A), also known as FAM176A (family with sequence similarity
176) or TMEM166 (transmembrane protein 166), is a novel human gene and a lysosome and
endoplasmic reticulum-associated protein that regulates autophagy and apoptosis [1–3]. It
is conserved in humans, chimpanzees, rats, dogs and mice, suggesting that it may have
a vital role in vertebrate animals [4]. The expression of EVA1A is cell and tissue specific
and is notably decreased in cancer [2,5–7]. EVA1A overexpression suppresses tumors
by regulating autophagy and apoptosis [3,8]. Studies indicate that EVA1A promotes the
recruitment of ATG12–ATG5/ATG16L1 complex to the autophagic membrane through the
interaction of its C-terminal with ATG16L1, and induces autophagosome formation and
programmed cell death [9]. Other studies show that EVA1A plays an important role in
promoting C/EBPα-mediated autophagy [10].

Autophagy is a cellular recycling system that exists in almost all types of eukary-
otes. The system is composed of a variety of proteins. The function of these proteins
is to form autophagosomes to transport the intracellular cargo to lysosomes for degra-
dation [11]. Autophagy is crucial for cell homeostasis by removing cellular molecules
such as protein aggregates and damaged organelles with lysosomal digestion [12,13]. At
present, autophagy can be divided into three types: macroautophagy, microautophagy and
chaperone-mediated autophagy [14]. Macroautophagy, which is known as bulk autophagy,
promotes the formation of autophagosomes, which are double membrane vesicles used
to isolate part of the cytoplasm. Autophagosomes then fuse with lysosomes to form au-
tolysosomes, in which the separated cytoplasm is usually degraded for recycling [13,15].
Microautophagy refers to the entry of cytoplasmic contents into lysosomes through invagi-
nation or deformation of the lysosomal membrane [16]. Chaperone-mediated autophagy is
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a kind of selective autophagy, in which intracellular proteins are bound to chaperones and
then transported to lysosomal chambers for degradation [17,18] (Figure 1). LC3, Beclin 1,
p62 and ATG12-ATG5 are important autophagy markers. LC3 includes LC3-I and LC3-II.
LC3-I is lipidated in an ubiquitin-like reaction and is essential for efficient autophagosome
formation. LC3-II is a crucial component for efficient autophagosome formation. When the
autophagosome formation is increased or the autophagosome degradation is reduced, the
level of LC3-II is increased [19]. Becline-1 regulates autophagosomes formation [20,21]. p62
can connect LC3 and ubiquitinated substrate, then be integrated into autophagosomes and
degraded in lysosome. When autophagy is activated, autophagosomes fuse with lysosome,
p62 is degraded by lysosomal enzymes, and the level of p62 is decreased; when autophagy
is inhibited, the p62 level is increased [22]. ATG12 forms a complex with ATG5, which plays
an important role in the autophagosome formation and ATG8/LC3 lipidation. Deletion
of ATG12-ATG5 leads to autophagy defects [23,24]. Under physiological conditions, au-
tophagy is usually maintained at the basic level and reduces the accumulation of damaged
protein aggregates and organelles [25]. Autophagy is a “double-edged sword”. Under
the induction of pathological factors including ischemia, pathogenic infection, protein
misfolding, hypoxia and nutritional deficiency, etc., the enhanced autophagy can clear the
pathological factors in cells to maintain cell survival, suggesting that autophagy is “benefi-
cial” [26]. However, autophagy can cause cell death if it persists at a high level for a long
time, suggesting that autophagy is “detrimental” [27,28]. Autophagy has been proven to be
involved in physiological processes including adaptation to starvation, cell differentiation
and development, degradation of abnormal structures, conversion of redundant or dam-
aged organelles, tumor suppression, innate and adaptive immunity, prolongation of life
span and cell death [29]. Dysfunctional autophagy is associated with a variety of diseases,
such as cancer, infection, autoimmune and neurodegenerative diseases [30]. Recently, it
has been reported that EVA1A plays an important role through influencing autophagy in
many physiological and pathological processes. Here, we reviewed the current knowledge
about the role of EVA1A in regulating autophagy to provide references for future research.
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Figure 1. The general process of macroautophagy, microautophagy, and chaperone-mediated au-
tophagy. In the process of macroautophagy, the contents are encapsulated by a bilayer membrane
structure to form autophagosomes. Autophagosomes then fuse with lysosomes to form autolyso-
somes, in which the separated contents are usually degraded for recycling. Microautophagy refers to
the direct invagination of lysosomal membrane, which then encapsulates cell contents. In the process
of chaperone mediated autophagy, the cytoplasmic proteins are transported to lysosomal chambers
after binding with chaperones, and then digested by lysosomal enzymes.
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2. EVA1A Plays an Important Role by Regulating Autophagy in Tumor

Hepatocellular carcinoma (HCC) accounts for about 90% of all cases of primary liver
cancer, which is the second leading cause of cancer-related death in the world. The main
risk factors of HCC are well known, including hepatitis B and hepatitis C virus infection,
alcohol intake and fungal metabolite aflatoxin B1 intake. In recent years, the knowledge
about other risk factors such as nonalcoholic steatohepatitis is increasing [31]. HCC is most
often diagnosed as advanced stage. At this time, the resection rate is low and the recurrence
rate is high [32,33]. Oxaliplatin (a platinum compound)-based chemotherapy has recently
been proved to be an effective method for the treatment of advanced liver cancer; however,
the severe development of drug resistance has greatly inhibited its efficacy [34]. Therefore,
it is very important to find a way to inhibit oxaliplatin resistance for the treatment of HCC.
MicroRNAs (miRNAs) are highly conserved and small non-coding RNAs that silence the
target gene by binding to its 3′-untranslated region (UTR). MiR-125b is the first mammalian
ortholog of mirna-lin-4 found in Caenorhabditis elegans and regulates many physiological
and pathological processes such as HCC [35]. MiR-125b has been reported to inhibit HCC
through suppressing the proliferation, invasion and tumorigenicity of hepatoma cells,
and is considered as a biomarker to predict the prognosis of patients with HCC [36,37].
However, its role in cancer drug resistance has yet to be confirmed. The results of Wei
Wei Ren and colleagues showed that the expression of miR-125b in oxaliplatin-resistant
HCC tissues and cell lines decreased. Compared with oxaliplatin-resistant HCC cell lines,
the overexpression of miR-125b in sensitive cells reduced oxaliplatin resistance through
suppressing cell proliferation, migration and epithelial-mesenchymaltransition (EMT),
while treatment with anti-miR-125b abolished the changes, indicating that miR-125b might
inhibit oxaliplatin resistance. The results of luciferase reporter gene assay revealed that
miR-125b binded to the EVA1A 3′-UTR and inhibited its expression, suggesting that EVA1A
is the direct target gene of miR-125b. The in depth researches showed that EVA1A ex-
pression was increased in oxaliplatin-resistant HCC tissues, and its ectopic expression
partially promoted autophagy and reversed the inhibitory effect of miR-125b on the growth
of oxaliplatin resistant cell lines and xenografts. The results of Western blot showed that
miR-125b reversed the increase of LC3-II/LC3-1 ratio and beclin-1 expression and the
reduction of p62 induced by EVA1A, indicating that miR-125b suppressed autophagy
induced by EVA1A. Taken together, miR-125b reduces oxaliplatin resistance by decreasing
EVA1A-mediated autophagy, which provides a possible way to overcome chemotherapy
resistance by regulating the expression of miR-125b or EVA1A [38] (Figure 2). The role of
miR-125b in tumors has been reported to be related to the p53 signaling pathway [39,40].
Therefore, whether the p53 signaling pathway is involved in the regulation of EVA1A
by miR-125b needs to be elucidated. It can be seen from the above that the enhancing of
the EVA1A-regulated autophagy can increase the drug resistance of HCC and reduce the
chemotherapy effect of HCC. Similarly, the enhancing of the EVA1A-regulated autophagy
can directly promote the growth of tumor cells. Papillary thyroid carcinoma (PTC) is the
most common endocrine malignant tumor, accounting for 85% of all well differentiated
follicular thyroid carcinoma and occurring mainly in females. Its 10-year survival rate
is about 93% [41,42]. Most PTC patients have a good prognosis after surgical resection
combined with radioiodine therapy. However, the incidence rate and mortality of ad-
vanced papillary thyroid cancer have been increasing in recent years [43]. In order to study
the pathogenesis of PTC, Bang-Yi Lin and colleagues committed a series of experiments
and found that the EVA1A expression level in tumor tissues of 43 patients with PTC was
significantly higher than that in adjacent normal tissues. The logistic regression analysis of
the TCGA data set showed that EVA1A was an independent hazard factor for PTC. The
in depth study revealed that EVA1A knockdown by siRNA inhibited PTC cells prolifer-
ation and colony formation, invasion and migration, and promoted PTC cells apoptosis.
EVA1A knockdown by siRNA reduced the expression of N-cadherin, vimentin, Bcl-xL Yes-
associated protein (YAP) and transcriptional co-activator with PDZ-binding motif (TAZ),
and increased bax expression, suggesting that EVA1A knockdown promoted apoptosis
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and inhibited epithelial-mesenchymal transition (EMT) progression via inhibiting Hippo
pathway. Collectively, it can be deduced that EVA1A promotes the progression and EMT of
PTC through activating Hippo pathway (Hippo pathway can limit the growth of adult tis-
sues and regulate the cell proliferation, differentiation and migration in developing organ),
which needs further confirmation in vivo [44] (Figure 2). The molecular mechanisms of
EVA1A in PTC are very complex, and whether EVA1A promotes the progression and EMT
of PTC by activating autophagy remains to be elucidated. With the deepening of research,
EVA1A may be used as an effective index for diagnosis and treatment of PTC.
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Contrary to the above, the enhanced EVA1A-regulated autophagy can inhibit tumors.
Glioblastoma (GBM) is the most common malignant brain tumor in the central nervous sys-
tem. There is no effective treatment at present [45,46]. Therefore, it is particularly important
to explore the molecular mechanism of this disease. It has been reported that autophagy
dysregulation can cause cells’ malignant transformation [47], leading to many cancers,
including GBM [48]. Xue Shen et al. overexpressed EVA1A in glioblastoma (GBM) cell line
by transfection with recombinant adenovirus 5-EVA1A vector (Ad5-EVA1A) and studied its
antitumor activity in vitro. The results showed that EVA1A overexpression suppressed the
proliferation of GBM cells. The mechanism research revealed that EVA1A overexpression
promoted autophagy through inducing autophagosome formation, reducing autophago-
some clearance, increasing the levels of LC3B-II and decreasing the levels of p62 [8]. The
mammalian target of rapamycin(mTOR)/ribosomal protein S6 kinase B1(RPS6KB1) path-
way has been reported to be involved in the regulation of autophagy [49]. The mTOR
regulates the initiation, process and termination of autophagy, through modulating the
activity of the vacuolar protein sorting 34 (VPS34) complex, unc51-like kinase 1 (ULK1)
complex, and the intracellular distribution of TFEB/TFE3 and proto-lysosome tubule refor-
mation [50]. EVA1A overexpression notably reduced the phosphorylation levels of mTOR
and RPS6KB1, suggesting that EVA1A overexpression inhibited the mTOR/RPS6KB1 path-
way. MHY1485, which could activate mTOR and suppressed lysosome fusion, increased
the phosphorylation levels of mTOR and RPS6KB1 suppressed by EVA1A overexpression,
and abolished the effects of EVA1A overexpression on LC3B-II/p62, suggesting that EVA1A
overexpression induced autophagy through inhibiting mTOR/RPS6KB1 pathway. In addi-
tion to autophagy, EVA1A overexpression could induce apoptosis at 48 h after transfection
with Ad5-EVA1A, but not at the early stage (24 h). Collectively, it can be deduced that
EVA1A suppresses GBM cells proliferation by promoting autophagy through inhibiting
the mTOR/RPS6KB1 pathway, which needs further confirmation in vivo [8] (Figure 2).
Autophagy and apoptosis have been reported to be related with cancer [51,52], so the
interplay between autophagy and apoptosis induced by EVA1A in GBM needs to be eluci-
dated. Similarly, EVA1A-regulated autophagy can suppress breast cancer. Triple negative
breast cancer (TNBC) is a subtype of breast cancer, which is lack of estrogen receptor (ER),
progesterone receptor (PR) or human epidermal growth factor receptor 2 (HER-2). TNBC
is characterized by strong invasion, high metastatic potential, easy recurrence and poor
prognosis and is not sensitive to endocrine therapy or HER2 therapy, therefore, there is no
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effective treatment for TNBC [53,54]. Flubendazole is a broad-spectrum anthelmintic drug
of the benzimidazole group and reported to be effective in several malignancies including
breast carcinoma, colorectal carcinoma and neuroblastoma [55]. The results of Yongqi
Zhen et al. showed that after treatment with flubendazole, the proliferation of TNBC cells
was notably suppressed and the colony formation was decreased. Similar results were
obtained in a xenograft tumor model of mice in vitro. The mechanism research revealed
that flubendazole increased apoptosis of TNBC cells through upregulating the expression
levels of cleaved caspase 3 and Bax, and downregulating Bcl-2 expression. Flubenda-
zole also promoted autophagy by increasing the levels of LC3-II/LC3-I and Beclin-1, and
promoting p62 degradation. Moreover, fluendazole could promote the formation of au-
tolysosomes and autophagosomes. However, 3-MA (an autophgy inhibitor by interrupting
autophagosome formation) suppressed autophagy and partially reversed flubendazole-
induced apoptosis, indicating that autophagy mediated flubendazole induced apoptosis of
TNBC cells. Flubendazole inhibits TNBC metastasis via increasing E-cadherin expression
and decreasing MMP-2 expression in vivo and in vitro, which was alleviated by combined
flubendazole treatment with 3-MA or ATG5 knockdown, suggesting that autophagy medi-
ated the inhibition of TNBC metastasis by flubendazole. EVA1A expression was decreased
in tumor tissues of TNBC and increased in flubendazole-treated TNBC in vivo and in vitro.
EVA1A knockdown with siRNA alleviated the inhibition of autophagy, apoptosis and
metastasis of TNBC by flubendazole, indicating that flubendazole promoted autophagy
and inhibited proliferation and migration of TNBC cells by upregulating EVA1A. Further-
more, EVA1A overexpression could not promote the LC3 aggregation in ATG5 knockdown
TNBC cells, suggesting that EVA1A-induced autophagy depended on ATG5. In addition,
EVA1A overexpression also notably suppressed cell growth and proliferation in TNBC
cells, which was attenuated in ATG5-depleted TNBC cells. These above indicated that
flubendazole inhibited apoptosis and metastasis of TNBC by promoting autophagy via
ATG5. The study on the combination of flubendazole and EVA1A showed that the point
mutation of Thr113 in EVA1A mitigated the inhibition of autophagy, apoptosis and metasta-
sis of TNBC by flubendazole, indicating that flubendazole might affect EVA1A by binding
Thr113 in EVA1A. Collectively, flubendazole induced autophagy-mediated death of TNBC
cells by targeting EVA1A, thus inhibiting tumor proliferation and migration [56] (Figure 2).
It has been reported that flubendazole can promote autophagy through Atg4B, which is
related with ATG8/LC3 conjugation in autophagosome formation [57]. Therefore, whether
EVA1A promotes autophagy by activating ATG4B and then improves TNBC is worthy of
further study.

3. EVA1A Plays an Important Role by Regulating Autophagy in Liver Injury

Acute liver failure (ALF) is a clinical syndrome characterized by rapid liver destruction,
multiple organ failure and cells death [58,59]. Although ALF has been widely studied,
its mechanism has not been fully understood. To further study the ALF mechanism,
Xin Lin and colleagues constructed an ALF model in mice by co-administration with D-
galactosamine (D-GalN) and lipopolysaccharide (LPS) and found that EVA1A expression
was reduced at 2 h, increased at 4 h, and then decreased at 6 h. Similar results were
found in the expression of autophagy-related proteins such as Atg12-5, Atg16L1, and
Beclin1, thus indicating that EVA1A-mediated autophagy might play a role in D-GalN/LPS-
induced ALF. The hepatocyte specific deletion of EVA1A aggravated the liver injury of ALF
mice, which was characterized by the increased levels of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), myeloperoxidase (MPO) and inflammatory cytokines
(such as TNF and IL-6), and led to the liver structural disorder in EVA1A−/− mouse livers
with ALF. In addition, the reduction of autophagy in EVA1A−/− mouse liver led to a
large number of mitochondria swelling in ALF, causing insufficient ATP production or
hepatocyte apoptosis. EVA1A overexpression with adeno-associated virus EVA1A (AAV-
EVA1A) or autophagy inducer rapamycin can increase the autophagy and improved liver
injury of EVA1A−/− mice with ALF. In conclusion, it can be deduced that EVA1A-mediated
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autophagy improves liver injury in ALF mice by reducing inflammation and apoptosis,
suggesting a potential therapeutic role for ALF [60]. It can be seen from the above that
EVA1A-mediated autophagy maintain mitochondrial homeostasis to alleviate ALF, the
mechanisms of which deserve to be further studied.

Hepatic ischemia/reperfusion (I/R) injury is a severe complication of hypovolemic
shock, hepatectomy and liver transplantation, which seriously affects the prognosis of
patients [61]. Kupffer cells (KCs) play an important role in hepatic I/R injury [62]. Ziyi
Wang et al. found that the expression level of EVA1A was upregulated with the activation of
inflammation in mouse liver I/R injury model. The clearance of KCs by chlorophosphonic
acid liposome aggravated inflammatory reaction and liver injury, and inhibited the increase
of EVA1A expression in mouse liver I/R injury model, indicating that in the stage of
inflammatory activation after I/R, the expression of EVA1A mainly in KCs increased,
and KCs might play the role of anti-inflammatory and promoting repair in the process of
hepatic I/R. injury. The mechanism researches revealed that rapamycin (an autophagy
activator) pre-treatment could mitigate inflammatory injury of liver by inhibiting NLRP3
inflammasome activation and reducing the levels of NLRP3, IL-1β and IL-18 in KCs
with hepatic I/R injury, whereas 3-MA (an autophagy inhibitor) pre-treatment reversed
the effects. Furthermore, the suppression of NLRP3 with MCC950 (a NLRP3 inhibitor)
decreased the levels of IL-1β and IL-18 in KCs with hepatic I/R injury. Collectively, it can be
deduced that autophagy promotion inhibits NLRP3 inflammasome-mediated inflammation.
Moreover, knockdown of EVA1A by siRNA in KCs aggravated liver inflammatory injury
through enhancing NLRP3 inflammasome activation and inhibiting autophagy by reducing
the autophagosome formation. SiATG5/ATG12 or siATG7 inhibited autophagy activation
induced by EVA1A overexpression, while the suppression of Beclin1-vps34 pathway
by Vps34 inhibitor PIK-III and siBECN1 could not reverse EVA1A-induced autophagy,
suggesting that EVA1A upregulated autophagy through ATG5/ATG12 rather than Beclin1-
vps34 pathway. In conclusion, EVA1A improves hepatic I/R injury through inhibiting
NLRP3 activation by inducing autophagy in KCs, suggesting that EVA1A may be a drug
target for clinical treatment of hepatic I/R injury [63]. From the above, it can be seen that
EVA1A can inhibit the liver inflammatory response mediated by NLRP3 inflammasome.
Therefore, whether EVA1A has anti-inflammatory function in other tissues or diseases and
its anti-inflammatory mechanism are worthy of further study.

4. EVA1A Plays an Important Role by Regulating Autophagy in Myocardial Remodeling

Many heart diseases, such as ischemic disease, valvular disease and hypertension,
lead to cardiac remodeling and eventually result in heart failure [64]. Cardiac remodeling
is considered to be a major determinant of disease progression and outcome in heart failure
(HF), and plays a vital role in discovering improved treatment for HF with reduced ejection
fraction [65]. To elucidate the mechanisms of cardiac protection against remodeling, Shu
Zhang et al. committed a series of experiments and found that the absence of EVA1A
in the adult mice heart promoted myocardial fibrosis, induced myocardial hypertrophy,
thereby resulting in cardiomyopathy. Further studies showed that this effect was related
to the impaired autophagy and increased apoptosis in the heart of EVA1A knockout
mice. Furthermore, the knockout of EVA1A activated mTOR pathway by increasing the
phosphorylation levels of mTOR, while rapamycin (a specific inhibitor of mTOR) alleviated
EVA1A KO effects on mice myocardial remodeling and autophagy, suggesting that EVA1A
exerted myocardial protection by inhibiting mTOR pathway. Moreover, the structural
disorder of sarcomere, maladjustment and aggregation of mitochondria after EVA1A
gene knockout led to insufficient ATP production. In conclusion, the results suggested
that EVA1A ameliorated cardiac remodeling through inhibiting cardiac hypertrophy and
fibrosis by promoting autophagy via inhibiting mTOR pathway [1]. Further studies are
needed to study the possibility of EVA1A as a therapeutic target for HF. It has been reported
that myocardial fibrosis is related to oxidative stress [66], so whether EVA1A can protect
myocardium through antioxidant stress remains to be studied.
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5. EVA1A Plays an Important Role by Regulating Autophagy in Atherosclerosis

Atherosclerosis (AS) is a chronic inflammatory disease with autoimmune components,
which is the main cause of cardiovascular diseases [67,68]. The gradual accumulation of
atherosclerotic plaque blocks blood flow to lead to atherosclerosis, resulting in heart attack
or stroke [69]. At present, the rapid re-endothelialization is an effective method to inhibit
AS. In order to elucidate the role of EVA1A in re-endothelialization of injured arteries,
Jingxuan Li et al. performed many experiments and found that the re-endothelialization
was inhibited in endothelial cells (ECs) of wire-injured EVA1A−/− mice carotid arteries
or ECs-specific EVA1A knockout mice, suggesting that EVA1A deletion suppressed re-
endothelialization of wire-injured mice carotid arteries. Furthermore, EVA1A deletion also
suppressed re-endothelialization in AS-prone mice (EVA1A−/−ApoE−/− mice). EVA1A
overexpression by Ad5-EVA1A increased ECs repair by promoting ECs migration in vivo
and vitro. The results of proteomic analysis showed that Arpc1b is the downstream target
protein of EVA1A in ECs. The expression of Arpc1b and its related proteins, Cdc42 and Rac1
was decreased by si-EVA1A and increased by Ad5-EVA1A in EC, and si-Arpc1b inhibited
EVA1A-induced migration in EC, suggesting that EVA1A promoted EC migration through
the Rac1/Cdc42/Arpc1b pathway. Moreover, EVA1A deletion accelerated the development
of AS, evidenced by the increased lesion formation and neointimal hyperplasia. Collec-
tively, it can be deduced that EVA1A improves AS through increasing re-endothelialization
of injured arteries by promoting ECs migration via Rac1/Cdc42/Arpc1b, which suggests
that EVA1A is a potential therapeutic target for AS [70]. The above inference need to
be further verified by the inhibitor of the ECs migration. It has been reported that vas-
cular ECs dysfunction caused by autophagy is considered to be the earliest stage of AS,
which leads to the formation of atherosclerotic plaque and subsequent cardiovascular
complications [71–73]. Autophagy is related to migration and proliferation of ECs [74],
and EVA1A can upregulate autophagy [9]. Therefore, it can be deduced that EVA1A may
regulate ECs function through autophagy, which needs further study.

6. EVA1A Plays an Important Role by Regulating Autophagy in Embryonic Neurogenesis

Neurogenesis is the basic process of human highly evolved central nervous system
(CNS). It is carried out by the differentiation of particular neural precursor cells in the neu-
rogenic niche [75]. Embryonic neurogenesis is crucial for the maintenance of neural stem
cells (NSCs), so it is very vital for the development and function of brain [76]. The results
of Mengtao Li and colleagues demonstrated that the levels of autophagy and EVA1A were
significantly increased during the neuron differentiation. The experiment with EVA1A−/−

mice showed that EVA1A depletion inhibited NSCs self-renewal in vivo and in vitro, which
is not caused by apoptosis. The differentiation of NSCs was also suppressed by EVA1A
deletion, whereas EVA1A overexpression had the opposite effects. Moreover, EVA1A
depletion downregulated autophagy by decreasing the levels of ATG5 and LC3B-II and
increasing p62 level in vivo and in vitro. The levels of p-mTOR, p-RPS6KB1, p-EIF4EBP1
PIK3CA and AKT were upregulated, and the phosphorylation levels of TSC2 was down-
regulated in EVA1A−/− cortex or EVA1A−/− NSCs, suggesting that EVA1A depletion
activated the PIK3CA-AKT pathway, resulting the activation of mTOR. As mTOR has
been known to negatively regulate autophagy, thus the PIK3CA-AKT pathway-induced
mTOR inhibited autophagy. While EVA1A overexpression with Ad5-EVA1A in EVA1A−/−

NSCs inhibited phosphatidylinositol 3-kinase alpha/protein kinase B-mammalian tar-
get of rapamycin(PIK3CA/AKT-MTOR)pathway and increased autophagy. Enhancing
autophagy by rapamycin (an autophagy activator) could reversed the inhibitory effects
of EVA1A depletion on NSCs self-renewal and differentiation. Furthermore, Adding
methylpyruvate during the differentiation of neural stem cells can save the defects of
embryonic neurogenesis induced by EVA1A deletion, suggesting that energy utilization
is an important factor in embryonic neurogenesis. In conclusion, EVA1A promotes em-
bryonic neurogenesis by upregulating autophagy via inhibiting the PIK3CA-AKT/mTOR
pathway [77]. The precise mechanism of EVA1A regulating the PIK3CA-AKT/mTOR
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pathway needs to be further elucidated. Autophagy has been reported to provide energy
for neurogenesis [78]. Therefore, it can be deduced that EVA1A promotes autophagy, which
can provide energy for NSCs self-renewal and differentiation. EVA1A-regulated autophagy
may be a potential target for the treatment of neurodevelopmental disorders.

7. Conclusions

EVA1A is a new protein discovered in recent years, which can regulate autophagy and
apoptosis. This review summarized the current research on the role of eva-1 in regulating
autophagy in a variety of pathophysiological processes: (1) MiR-125b reduces oxaliplatin
resistance by decreasing EVA1A-mediated autophagy; (2) EVA1A suppresses glioblastoma
cells proliferation by promoting autophagy through inhibiting mTOR/RPS6KB1 pathway;
(3) EVA1A promotes the progression and EMT of PTC through activating autophagy via
hippo pathway, which needs to be further conformed; (4) Flubendazole induced autophagy-
mediated death of TNBC cells by promoting EVA1A-regulated autophagy, thus inhibiting
tumor proliferation and migration; (5) EVA1A-mediated autophagy improves ALF by
maintaining mitochondrial homeostasis; (6) EVA1A improves hepatic I/R injury through
inhibiting NLRP3 activation by inducing autophagy via inhibiting mTOR pathway in KCs;
(7) EVA1A ameliorates cardiac remodeling through inhibiting cardiac hypertrophy and
fibrosis by promoting autophagy; (8) EVA1A may improve atherosclerosis by regulating
ECs function through promoting autophagy; (9) EVA1A promotes embryonic neurogenesis
by upregulating autophagy via PIK3CA-AKT/mTOR pathway (Table 1). It can be seen
from the above that enhancing the EVA1A-regulated autophagy can inhibit tumor, and on
the contrary, the EVA1A-regulated autophagy can promote tumors, which may be due to
the different basic expression levels of EVA1A and autophagy in different tumor tissues, or
the different roles of EVA1A in different stages of tumors. At present, in general, EVA1A
and its regulated autophagy are beneficial to human health in most cases.

Table 1. The effects of EVA1A-mediated autophagy in different physiological and pathological processes.

The Name of Disease/
Pathological Process

State of EVA1A
(Autophagy) Effects

Oxaliplatin-resistant
hepatocellular carcinoma Increasing MiR-125b reduces oxaliplatin resistance by decreasing

EVA1A-mediated autophagy

Glioblastoma Inhibition EVA1A suppresses glioblastoma cells proliferation by promoting
autophagy through inhibiting mTOR/RPS6KB1 pathway

Papillary thyroid carcinoma (PTC) Increasing EVA1A promotes the progression and epithelial-mesenchymal
transition of PTC through activating hippo pathway

Triple negative breast cancer
(TNBC) Inhibition Flubendazole induced autophagy-mediated death of TNBC cells by

promoting EVA1A-regulated autophagy
Acute liver failure

(ALF) Inhibition EVA1A-mediated autophagy improves ALF by maintaining
mitochondrial homeostasis

Hepatic ischemia/reperfusion Inhibition EVA1A improves hepatic I/R injury through inhibiting NLRP3
activation by inducing autophagy in KCs

Cardiac remodeling Inhibition
EVA1A ameliorates Cardiac remodeling through inhibiting cardiac
hypertrophy and fibrosis by promoting autophagy via inhibiting

mTOR pathway

Atherosclerosis Inhibition EVA1A may improves atherosclerosis by regulating EC function
through promoting autophagy

Embryonic neurogenesis Inhibition EVA1A promotes Embryonic Neurogenesis by upregulating
Autophagy via inhibiting PIK3CA-AKT/mTOR pathway

EVA1A: Eva-1 homolog A; mTOR/RPS6KB1: mammalian target of rapamycin/ribosomal protein S6 kinase B1; KCs:Kupffer cells; EC:
endothelial cells;PIK3CA-AKT/mTOR:phosphatidylinositol 3-kinase alpha/protein kinase B-mammalian target of rapamycin.

The mechanisms of EVA1A regulating autophagy and apoptosis are still to be eluci-
dated, such as how EVA1A up-regulates autophagy by activating ATG4B. The upstream
and downstream agents of EVA1A also need to be studied. The signaling pathways in-
volved in the role of EVA1A in various physiological and pathological processes also need
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to be further studied. Moreover, EVA1A can inhibit NLRP3 inflammasome to alleviate
hepatic ischemia-reperfusion injury. Therefore, whether EVA1A can play an important
anti-inflammatory role by inhibiting NLRP3 inflammasome may be a question worthy
of study.

In addition to the above biological functions, EVA1A should have other biological
effects. With the further research, more functions of EVA1A can be found. In the future,
EVA1A is likely to become an important substance to improve a variety of diseases.

Author Contributions: Conceptualization, H.W.; writing—original draft preparation H.W., S.Z.;
writing—review and editing H.W., S.Z.; project administration, H.W.; funding acquisition, H.W., S.Z.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by grants from key scientific and technological projects in Henan
Province, China (Grant No. 202102310153) and the National Natural Science Foundation of China
(Grant No. 81903444).

Conflicts of Interest: The authors declare that there are no conflict of interest.

References
1. Wang, L.; Yu, C.; Lu, Y.; He, P.; Guo, J.; Zhang, C.; Song, Q.; Ma, D.; Shi, T.; Chen, Y. TMEM166, a novel transmembrane protein,

regulates cell autophagy and apoptosis. Apoptosis 2007, 12, 1489–1502. [CrossRef] [PubMed]
2. Chang, Y.; Li, Y.; Hu, J.; Guo, J.; Xu, D.; Xie, H.; Lv, X.; Shi, T.; Chen, Y. Adenovirus vector-mediated expression of TMEM166

inhibits human cancer cell growth by autophagy and apoptosis in vitro and in vivo. Cancer Lett. 2013, 328, 126–134. [CrossRef]
[PubMed]

3. Xie, H.; Hu, J.; Pan, H.; Lou, Y.; Lv, P.; Chen, Y. Adenovirus vector-mediated FAM176A overexpression induces cell death in
human H1299 non-small cell lung cancer cells. BMB Rep. 2014, 47, 104–109. [CrossRef] [PubMed]

4. Zhang, S.; Lin, X.; Li, G.; Shen, X.; Niu, D.; Lu, G.; Fu, X.; Chen, Y.; Cui, M.; Bai, Y. Knockout of Eva1a leads to rapid development
of heart failure by impairing autophagy. Cell Death Dis. 2017, 8, e2586. [CrossRef]

5. Xu, D.; Yang, F.; He, H.; Hu, J.; Lv, X.; Ma, D.; Chen, Y.Y. Expression of TMEM166 Protein in Human Normal and Tumor Tissues.
Appl. Immunohistochem. Mol. Morphol. 2013, 21, 543–552. [CrossRef]

6. Sun, W.; Ma, X.-M.; Bai, J.-P.; Zhang, G.-Q.; Zhu, Y.-J.; Ma, H.-M.; Guo, H.; Chen, Y.-Y.; Ding, J.-B. Transmembrane protein 166
expression in esophageal squamous cell carcinoma in Xinjiang, China. Asian Pac. J. Cancer Prev. 2012, 13, 3713–3716. [CrossRef]

7. Tao, M.; Shi, X.-Y.; Yuan, C.-H.; Hu, J.; Ma, Z.-L.; Jiang, B.; Xiu, D.-R.; Chen, Y.-Y. Expression Profile and Potential Roles of EVA1A
in Normal and Neoplastic Pancreatic Tissues. Asian Pac. J. Cancer Prev. 2015, 16, 373–376. [CrossRef]

8. Shen, X.; Kan, S.; Liu, Z.; Lu, G.; Zhang, X.; Chen, Y.; Bai, Y. EVA1A inhibits GBM cell proliferation by inducing autophagy and
apoptosis. Exp. Cell Res. 2017, 352, 130–138. [CrossRef]

9. Hu, J.; Li, G.; Qu, L.; Li, N.; Liu, W.; Xia, D.; Hongdu, B.; Lin, X.; Xu, C.; Lou, Y.; et al. TMEM166/EVA1A interacts with ATG16L1
and induces autophagosome formation and cell death. Cell Death Dis. 2016, 7, e2323. [CrossRef]

10. Lu, G.-D.; Ang, Y.H.; Zhou, J.; Tamilarasi, J.; Yan, B.; Lim, Y.C.; Srivastava, S.; Salto-Tellez, M.; Hui, K.; Shen, H.-M.; et al.
CCAAT/enhancer binding protein α predicts poorer prognosis and prevents energy starvation–induced cell death in hepatocellu-
lar carcinoma. Hepatology 2015, 61, 965–978. [CrossRef]

11. Painter, J.D.; Galle-Treger, L.; Akbari, O. Role of Autophagy in Lung Inflammation. Front. Immunol. 2020, 11, 1337. [CrossRef]
[PubMed]

12. Dikic, I.; Elazar, Z. Mechanism and medical implications of mammalian autophagy. Nat. Rev. Mol. Cell Biol. 2018, 19, 349–364.
[CrossRef] [PubMed]

13. Galluzzi, L.; Baehrecke, E.H.; Ballabio, A.; Boya, P.; Pedro, J.M.B.-S.; Cecconi, F.; Choi, A.M.; Chu, C.T.; Codogno, P.;
Colombo, M.I.; et al. Molecular definitions of autophagy and related processes. EMBO J. 2017, 36, 1811–1836. [CrossRef]

14. Parzych, K.R.; Klionsky, D.J. An Overview of Autophagy: Morphology, Mechanism, and Regulation. Antioxid. Redox Signal. 2014,
20, 460–473. [CrossRef] [PubMed]

15. Guo, Y.; Zhang, X.; Wu, T.; Hu, X.; Su, J.; Chen, X. Autophagy in Skin Diseases. Dermatology 2019, 235, 380–389. [CrossRef]
16. Marzella, L.; Ahlberg, J.; Glaumann, H. Autophagy, heterophagy, microautophagy and crinophagy as the means for intracellular

degradation. Virchows Arch. B Cell Pathol. Incl. Mol. Pathol. 1981, 36, 219–234. [CrossRef]
17. Kirchner, P.; Bourdenx, M.; Madrigal-Matute, J.; Tiano, S.; Diaz, A.; Bartholdy, B.A.; Will, B.; Cuervo, A.M. Proteome-wide analysis

of chaperone-mediated autophagy targeting motifs. PLoS Biol. 2019, 17, e3000301. [CrossRef]
18. Cuervo, A.M.; Wong, E. Chaperone-mediated autophagy: Roles in disease and aging. Cell Res. 2013, 24, 92–104. [CrossRef]

[PubMed]
19. Dancourt, J.; Melia, T.J. Lipidation of the autophagy proteins LC3 and GABARAP is a membrane-curvature dependent process.

Autophagy 2014, 10, 1470–1471. [CrossRef] [PubMed]

http://doi.org/10.1007/s10495-007-0073-9
http://www.ncbi.nlm.nih.gov/pubmed/17492404
http://doi.org/10.1016/j.canlet.2012.08.032
http://www.ncbi.nlm.nih.gov/pubmed/22960574
http://doi.org/10.5483/BMBRep.2014.47.2.090
http://www.ncbi.nlm.nih.gov/pubmed/24257118
http://doi.org/10.1038/cddis.2017.17
http://doi.org/10.1097/PAI.0b013e31824e93d1
http://doi.org/10.7314/APJCP.2012.13.8.3713
http://doi.org/10.7314/APJCP.2015.16.1.373
http://doi.org/10.1016/j.yexcr.2017.02.003
http://doi.org/10.1038/cddis.2016.230
http://doi.org/10.1002/hep.27593
http://doi.org/10.3389/fimmu.2020.01337
http://www.ncbi.nlm.nih.gov/pubmed/32733448
http://doi.org/10.1038/s41580-018-0003-4
http://www.ncbi.nlm.nih.gov/pubmed/29618831
http://doi.org/10.15252/embj.201796697
http://doi.org/10.1089/ars.2013.5371
http://www.ncbi.nlm.nih.gov/pubmed/23725295
http://doi.org/10.1159/000500470
http://doi.org/10.1007/BF02912068
http://doi.org/10.1371/journal.pbio.3000301
http://doi.org/10.1038/cr.2013.153
http://www.ncbi.nlm.nih.gov/pubmed/24281265
http://doi.org/10.4161/auto.29468
http://www.ncbi.nlm.nih.gov/pubmed/24991828


Int. J. Mol. Sci. 2021, 22, 6181 10 of 12

20. Sahni, S.; Merlot, A.M.; Krishan, S.; Jansson, P.J.; Richardson, D. Gene of the month: BECN1. J. Clin. Pathol. 2014, 67, 656–660.
[CrossRef]

21. Lee, Y.-K.; Lee, J.-A. Role of the mammalian ATG8/LC3 family in autophagy: Differential and compensatory roles in the
spatiotemporal regulation of autophagy. BMB Rep. 2016, 49, 424–430. [CrossRef]

22. Pankiv, S.; Clausen, T.H.; Lamark, T.; Brech, A.; Bruun, J.-A.; Outzen, H.; Overvatn, A.; Bjorkoy, G.; Johansen, T. p62/SQSTM1
binds directly to Atg8/LC3 to facilitate degradation of ubiquitinated protein aggregates by autophagy. J. Biol. Chem. 2007, 282,
24131–24145. [CrossRef]

23. Mizushima, N.; Noda, T.; Yoshimori, T.; Tanaka, Y.; Ishii, T.; George, M.D.; Klionsky, D.J.; Ohsumi, M.; Ohsumi, Y. A protein
conjugation system essential for autophagy. Nat. Cell Biol. 1998, 395, 395–398. [CrossRef] [PubMed]

24. Otomo, C.; Metlagel, Z.; Takaesu, G.; Otomo, T. Structure of the human ATG12 similar to ATG5 conjugate required for LC3
lipidation in autophagy. Nat. Struct. Mol. Biol. 2013, 20, 59. [CrossRef]

25. Mizushima, N.; Komatsu, M. Autophagy: Renovation of Cells and Tissues. Cell 2011, 147, 728–741. [CrossRef]
26. Glick, D.; Barth, S.; MacLeod, K.F. Autophagy: Cellular and molecular mechanisms. J. Pathol. 2010, 221, 3–12. [CrossRef]

[PubMed]
27. Liu, Y.; Levine, B.L. Autosis and autophagic cell death: The dark side of autophagy. Cell Death Differ. 2015, 22, 367–376. [CrossRef]
28. Garcia-Huerta, P.; Troncoso-Escudero, P.; Jerez, C.; Hetz, C.; Vidal, R.L. The intersection between growth factors, autophagy and

ER stress: A new target to treat neurodegenerative diseases? Brain Res. 2016, 1649, 173–180. [CrossRef]
29. Boya, P.; Reggiori, F.; Codogno, P. Emerging regulation and functions of autophagy. Nat. Cell Biol. 2013, 15, 713–720. [CrossRef]

[PubMed]
30. Mizushima, N.; Levine, B.; Cuervo, A.M.; Klionsky, D.J. Autophagy fights disease through cellular self-digestion. Nat. Cell Biol.

2008, 451, 1069–1075. [CrossRef]
31. Forner, A.; Reig, M.; Bruix, J. Hepatocellular carcinoma. Lancet 2018, 391, 1301–1314. [CrossRef]
32. Galun, D.; Basaric, D.; Zuvela, M.; Bulajic, P.; Bogdanovic, A.; Bidzic, N.; Milicevic, M. Hepatocellular carcinoma: From clinical

practice to evidence-based treatment protocols. World J. Hepatol. 2015, 7, 2274–2291. [CrossRef]
33. Jemal, A. Global Cancer Statistics. CA Cancer J. Clin. 2011, 61, 134. [CrossRef]
34. Etık, D.O.; Suna, N.; Boyacioglu, A.S. Management of Hepatocellular Carcinoma: Prevention, Surveillance, Diagnosis, and

Staging. Exp. Clin. Transplant. 2017, 15, 31–35. [CrossRef]
35. Peng, B.; Theng, P.Y.; Le, M.T.N. Essential functions of miR-125b in cancer. Cell Prolif. 2021, 54, e12913. [CrossRef]
36. Wei, X.; Zhao, L.; Ren, R.; Ji, F.; Xue, S.; Zhang, J.; Liu, Z.; Ma, Z.; Wang, X.W.; Wong, L.; et al. MiR-125b Loss Activated

HIF1α/pAKT Loop, Leading to Transarterial Chemoembolization Resistance in Hepatocellular Carcinoma. Hepatology 2021, 73,
1381–1398. [CrossRef] [PubMed]

37. Hu, B.; Yang, X.-B.; Yang, X.; Sang, X.-T. LncRNA CYTOR affects the proliferation, cell cycle and apoptosis of hepatocellular
carcinoma cells by regulating the miR-125b-5p/KIAA1522 axis. Aging 2020, 13, 2626–2639. [CrossRef]

38. Ren, W.-W.; Li, D.-D.; Li, X.-L.; He, Y.-P.; Guo, L.-H.; Liu, L.-N.; Xu, H.-X.; Sun, L.-P.; Zhang, X.-P. MicroRNA-125b reverses
oxaliplatin resistance in hepatocellular carcinoma by negatively regulating EVA1A mediated autophagy. Cell Death Dis. 2018,
9, 547. [CrossRef] [PubMed]

39. Chen, J.; Ouyang, H.; An, X.; Liu, S. miR-125a is upregulated in cancer stem-like cells derived from TW01 and is responsible for
maintaining stemness by inhibiting p53. Oncol. Lett. 2018, 17, 87–94. [CrossRef] [PubMed]

40. Biamonte, F.; Battaglia, A.M.; Zolea, F.; Oliveira, D.M.; Aversa, I.; Santamaria, G.; Giovannone, E.D.; Rocco, G.; Viglietto, G.;
Costanzo, F. Ferritin heavy subunit enhances apoptosis of non-small cell lung cancer cells through modulation of miR-125b/p53
axis. Cell Death Dis. 2018, 9, 1174. [CrossRef]

41. Coca-Pelaz, A.; Shah, J.P.; Hernandez-Prera, J.C.; Ghossein, R.A.; Rodrigo, J.P.; Hartl, D.M.; Olsen, K.D.; Shaha, A.R.; Zafereo, M.;
Suarez, C.; et al. Papillary Thyroid Cancer—Aggressive Variants and Impact on Management: A Narrative Review. Adv. Ther.
2020, 37, 3112–3128. [CrossRef] [PubMed]

42. Crenshaw, M.L.; Goldenberg, D.; Bann, D.V. Incidental Papillary Thyroid Cancer Identified During Parathyroidectomy. Ear. Nose
Throat J. 2020. [CrossRef] [PubMed]

43. Dong, S.; Xue, S.; Sun, Y.; Han, Z.; Sun, L.; Xu, J.; Liu, J. MicroRNA-363-3p downregulation in papillary thyroid cancer inhibits
tumor progression by targeting NOB1. J. Investig. Med. 2021, 69, 66–74. [CrossRef] [PubMed]

44. Lin, B.; Wen, J.; Zheng, C.; Lin, L.; Chen, C.; Qu, J. Eva-1 homolog A promotes papillary thyroid cancer progression and
epithelial-mesenchymal transition via the Hippo signalling pathway. J. Cell. Mol. Med. 2020, 24, 13070–13080. [CrossRef]

45. Liu, E.K.; Sulman, E.P.; Wen, P.Y.; Kurz, S.C. Novel Therapies for Glioblastoma. Curr. Neurol. Neurosci. Rep. 2020, 20, 19.
[CrossRef]

46. Krieger, T.G.; Tirier, S.M.; Park, J.; Jechow, K.; Eisemann, T.; Peterziel, H.; Angel, P.; Eils, R.; Conrad, C. Modeling glioblastoma
invasion using human brain organoids and single-cell transcriptomics. Neuro-Oncology 2020, 22, 1138–1149. [CrossRef]

47. Andrade-Tomaz, M.; De Souza, I.; Rocha, C.R.R.; Gomes, L.R. The Role of Chaperone-Mediated Autophagy in Cell Cycle Control
and Its Implications in Cancer. Cells 2020, 9, 2140. [CrossRef]

48. Simpson, J.E.; Gammoh, N. The impact of autophagy during the development and survival of glioblastoma. Open Biol. 2020, 10, 9.
[CrossRef]

http://doi.org/10.1136/jclinpath-2014-202356
http://doi.org/10.5483/BMBRep.2016.49.8.081
http://doi.org/10.1074/jbc.M702824200
http://doi.org/10.1038/26506
http://www.ncbi.nlm.nih.gov/pubmed/9759731
http://doi.org/10.1038/nsmb.2431
http://doi.org/10.1016/j.cell.2011.10.026
http://doi.org/10.1002/path.2697
http://www.ncbi.nlm.nih.gov/pubmed/20225336
http://doi.org/10.1038/cdd.2014.143
http://doi.org/10.1016/j.brainres.2016.02.052
http://doi.org/10.1038/ncb2788
http://www.ncbi.nlm.nih.gov/pubmed/23817233
http://doi.org/10.1038/nature06639
http://doi.org/10.1016/S0140-6736(18)30010-2
http://doi.org/10.4254/wjh.v7.i20.2274
http://doi.org/10.3322/caac.20107
http://doi.org/10.6002/ect.TOND16.L9
http://doi.org/10.1111/cpr.12913
http://doi.org/10.1002/hep.31448
http://www.ncbi.nlm.nih.gov/pubmed/32609900
http://doi.org/10.18632/aging.202306
http://doi.org/10.1038/s41419-018-0592-z
http://www.ncbi.nlm.nih.gov/pubmed/29749374
http://doi.org/10.3892/ol.2018.9587
http://www.ncbi.nlm.nih.gov/pubmed/30655742
http://doi.org/10.1038/s41419-018-1216-3
http://doi.org/10.1007/s12325-020-01391-1
http://www.ncbi.nlm.nih.gov/pubmed/32488657
http://doi.org/10.1177/0145561320982695
http://www.ncbi.nlm.nih.gov/pubmed/33350328
http://doi.org/10.1136/jim-2020-001562
http://www.ncbi.nlm.nih.gov/pubmed/33077486
http://doi.org/10.1111/jcmm.15909
http://doi.org/10.1007/s11910-020-01042-6
http://doi.org/10.1093/neuonc/noaa091
http://doi.org/10.3390/cells9092140
http://doi.org/10.1098/rsob.200184


Int. J. Mol. Sci. 2021, 22, 6181 11 of 12

49. Wang, J.; Qi, Q.; Zhou, W.; Feng, Z.; Huang, B.; Chen, A.; Zhang, D.; Li, W.; Zhang, Q.; Jiang, Z.; et al. Inhibition of glioma
growth by flavokawain B is mediated through endoplasmic reticulum stress induced autophagy. Autophagy 2018, 14, 2007–2022.
[CrossRef] [PubMed]

50. Zhu, Z.; Yang, C.; Iyaswamy, A.; Krishnamoorthi, S.; Sreenivasmurthy, S.G.; Liu, J.; Wang, Z.; Tong, B.C.-K.; Song, J.; Lu, J.; et al.
Balancing mTOR Signaling and Autophagy in the Treatment of Parkinson’s Disease. Int. J. Mol. Sci. 2019, 20, 728. [CrossRef]

51. Su, Z.; Yang, Z.; Xu, Y.; Chen, Y.; Yu, Q. Apoptosis, autophagy, necroptosis, and cancer metastasis. Mol. Cancer 2015, 14, 14–48.
[CrossRef] [PubMed]

52. Moscat, J.; Diaz-Meco, M.T. p62 at the Crossroads of Autophagy, Apoptosis, and Cancer. Cell 2009, 137, 1001–1004. [CrossRef]
[PubMed]

53. Yu, K.-D.; Ye, F.-G.; He, M.; Fan, L.; Ma, D.; Mo, M.; Wu, J.; Liu, G.-Y.; Di, G.-H.; Zeng, X.-H.; et al. Effect of Adjuvant Paclitaxel
and Carboplatin on Survival in Women with Triple-Negative Breast Cancer A Phase 3 Randomized Clinical Trial. JAMA Oncol.
2020, 6, 1390–1396. [CrossRef]

54. Yin, L.; Duan, J.-J.; Bian, X.-W.; Yu, S.-C. Triple-negative breast cancer molecular subtyping and treatment progress. Breast Cancer
Res. 2020, 22, 61. [CrossRef] [PubMed]

55. Rudolf, K.; Rudolf, E. An analysis of mitotic catastrophe induced cell responses in melanoma cells exposed to flubendazole.
Toxicol. Vitr. 2020, 68, 104930. [CrossRef]

56. Zhen, Y.; Zhao, R.; Wang, M.; Jiang, X.; Gao, F.; Fu, L.; Zhang, L.; Zhou, X.-L. Flubendazole elicits anti-cancer effects via targeting
EVA1A-modulated autophagy and apoptosis in Triple-negative Breast Cancer. Theranostics 2020, 10, 8080–8097. [CrossRef]

57. Zhang, L.; Guo, M.; Li, J.; Zheng, Y.; Zhang, S.; Xie, T.; Liu, B. Systems biology-based discovery of a potential Atg4B agonist
(Flubendazole) that induces autophagy in breast cancer. Mol. BioSyst. 2015, 11, 2860–2866. [CrossRef]

58. Kolodziejczyk, A.A.; Federici, S.; Zmora, N.; Mohapatra, G.; Dori-Bachash, M.; Hornstein, S.; Leshem, A.; Reuveni, D.; Zigmond,
E.; Tobar, A.; et al. Acute liver failure is regulated by MYC- and microbiome-dependent programs. Nat. Med. 2020, 26, 1899–1911.
[CrossRef]

59. Gogia, P.; Doukas, S.; Porcelli, M.; Gilbert, T. Acute liver failure masquerading an occult malignancy. BMJ Case Rep. 2020,
13, e235935. [CrossRef] [PubMed]

60. Lin, X.; Cui, M.; Xu, D.; Hong, D.; Xia, Y.; Xu, C.; Li, R.; Zhang, X.; Lou, Y.; He, Q.; et al. Liver-specific deletion of Eva1a/Tmem166
aggravates acute liver injury by impairing autophagy. Cell Death Dis. 2018, 9, 1–12. [CrossRef]

61. Xiao, Y.; Zhang, S.; Li, Q.; Liu, Z.; Mai, W.; Chen, W.; Lei, J.; Hu, H. miR-219a-5p Ameliorates Hepatic Ischemia/Reperfusion
Injury via Impairing TP53BP2. Dig. Dis. Sci. 2019, 64, 2177–2186. [CrossRef]

62. Hua, S.; Ma, M.; Fei, X.; Zhang, Y.; Gong, F.; Fang, M. Glycyrrhizin attenuates hepatic ischemia-reperfusion injury by suppressing
HMGB1-dependent GSDMD-mediated kupffer cells pyroptosis. Int. Immunopharmacol. 2019, 68, 145–155. [CrossRef] [PubMed]

63. Wang, Z.; Han, S.; Chen, X.; Li, X.; Xia, N.; Pu, L. Eva1a inhibits NLRP3 activation to reduce liver ischemia-reperfusion injury via
inducing autophagy in kupffer cells. Mol. Immunol. 2021, 132, 82–92. [CrossRef] [PubMed]

64. Rodrigues, P.G.; Miranda-Silva, D.; Li, X.; Sousa-Mendes, C.; Martins-Ferreira, R.; Elbeck, Z.; Leite-Moreira, A.F.; Knöll, R.; Falcão-
Pires, I. The Degree of Cardiac Remodelling before Overload Relief Triggers Different Transcriptome and miRome Signatures
during Reverse Remodelling (RR)—Molecular Signature Differ with the Extent of RR. Int. J. Mol. Sci. 2020, 21, 9687. [CrossRef]

65. O’Meara, E.; Allen, B.G. Cardiac remodelling patterns and proteomics: The keys to move beyond ejection fraction in heart failure?
Eur. J. Heart Fail. 2019, 22, 1156–1159. [CrossRef]

66. Varga, Z.V.; Giricz, Z.; Liaudet, L.; Haskó, G.; Ferdinandy, P.; Pacher, P. Interplay of oxidative, nitrosative/nitrative stress,
inflammation, cell death and autophagy in diabetic cardiomyopathy. Biochim. Biophys. Acta (BBA) Mol. Basis Dis. 2015, 1852,
232–242. [CrossRef] [PubMed]

67. Saigusa, R.; Winkels, H.; Ley, K. T cell subsets and functions in atherosclerosis. Nat. Rev. Cardiol. 2020, 17, 387–401. [CrossRef]
[PubMed]

68. Roy, P.; Ali, A.J.; Kobiyama, K.; Ghosheh, Y.; Ley, K. Opportunities for an atherosclerosis vaccine: From mice to humans. Vaccine
2020, 38, 4495–4506. [CrossRef]

69. Dong, Y.; Lee, Y.; Cui, K.; He, M.; Wang, B.; Bhattacharjee, S.; Zhu, B.; Yago, T.; Zhang, K.; Deng, L.; et al. Epsin-mediated
degradation of IP3R1 fuels atherosclerosis. Nat. Commun. 2020, 11, 3984. [CrossRef] [PubMed]

70. Li, J.; Chen, Y.; Gao, J.; Chen, Y.; Zhou, C.; Lin, X.; Liu, C.; Zhao, M.; Xu, Y.; Ji, L.; et al. Eva1a ameliorates atherosclerosis by
promoting re-endothelialization of injured arteries via Rac1/Cdc42/Arpc1b. Cardiovasc. Res. 2021, 117, 450–461. [CrossRef]

71. Wang, J.; Wang, W.-N.; Xu, S.-B.; Wu, H.; Dai, B.; Jian, D.-D.; Yang, M.; Wu, Y.-T.; Feng, Q.; Zhu, J.-H.; et al. MicroRNA-214-3p:
A link between autophagy and endothelial cell dysfunction in atherosclerosis. Acta Physiol. 2018, 222, e12973. [CrossRef]

72. Lu, H.; Fan, Y.; Qiao, C.; Liang, W.; Hu, W.; Zhu, T.; Zhang, J.; Chen, Y.E. TFEB inhibits endothelial cell inflammation and reduces
atherosclerosis. Sci. Signal. 2017, 10, eaah4214. [CrossRef]

73. Zhang, T.; Tian, F.; Wang, J.; Jing, J.; Zhou, S.-S.; Chen, Y.-D. Endothelial Cell Autophagy in Atherosclerosis is Regulated by
miR-30-Mediated Translational Control of ATG6. Cell. Physiol. Biochem. 2015, 37, 1369–1378. [CrossRef]

74. Gatica, D.; Chiong, M.; Lavandero, S.; Klionsky, D.J. Molecular Mechanisms of Autophagy in the Cardiovascular System. Circ.
Res. 2015, 116, 456–467. [CrossRef] [PubMed]

75. Gato, A.; Alonso, M.; Lamus, F.; Miyan, J. Neurogenesis: A process ontogenically linked to brain cavities and their content, CSF.
Semin. Cell Dev. Biol. 2020, 102, 21–27. [CrossRef] [PubMed]

http://doi.org/10.1080/15548627.2018.1501133
http://www.ncbi.nlm.nih.gov/pubmed/30025493
http://doi.org/10.3390/ijms20030728
http://doi.org/10.1186/s12943-015-0321-5
http://www.ncbi.nlm.nih.gov/pubmed/25743109
http://doi.org/10.1016/j.cell.2009.05.023
http://www.ncbi.nlm.nih.gov/pubmed/19524504
http://doi.org/10.1001/jamaoncol.2020.2965
http://doi.org/10.1186/s13058-020-01296-5
http://www.ncbi.nlm.nih.gov/pubmed/32517735
http://doi.org/10.1016/j.tiv.2020.104930
http://doi.org/10.7150/thno.43473
http://doi.org/10.1039/C5MB00466G
http://doi.org/10.1038/s41591-020-1102-2
http://doi.org/10.1136/bcr-2020-235935
http://www.ncbi.nlm.nih.gov/pubmed/32928830
http://doi.org/10.1038/s41419-018-0800-x
http://doi.org/10.1007/s10620-019-05535-4
http://doi.org/10.1016/j.intimp.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/30634142
http://doi.org/10.1016/j.molimm.2021.01.028
http://www.ncbi.nlm.nih.gov/pubmed/33556710
http://doi.org/10.3390/ijms21249687
http://doi.org/10.1002/ejhf.1691
http://doi.org/10.1016/j.bbadis.2014.06.030
http://www.ncbi.nlm.nih.gov/pubmed/24997452
http://doi.org/10.1038/s41569-020-0352-5
http://www.ncbi.nlm.nih.gov/pubmed/32203286
http://doi.org/10.1016/j.vaccine.2019.12.039
http://doi.org/10.1038/s41467-020-17848-4
http://www.ncbi.nlm.nih.gov/pubmed/32770009
http://doi.org/10.1093/cvr/cvaa011
http://doi.org/10.1111/apha.12973
http://doi.org/10.1126/scisignal.aah4214
http://doi.org/10.1159/000430402
http://doi.org/10.1161/CIRCRESAHA.114.303788
http://www.ncbi.nlm.nih.gov/pubmed/25634969
http://doi.org/10.1016/j.semcdb.2019.11.008
http://www.ncbi.nlm.nih.gov/pubmed/31786097


Int. J. Mol. Sci. 2021, 22, 6181 12 of 12

76. Yao, B.; Christian, K.M.; He, C.; Jin, B.Y.P.; Ming, G.-L.; Song, K.M.C.G.-L.M.H. Epigenetic mechanisms in neurogenesis. Nat. Rev.
Neurosci. 2016, 17, 537–549. [CrossRef]

77. Li, M.; Lu, G.; Hu, J.; Shen, X.; Ju, J.; Gao, Y.; Qu, L.; Xia, Y.; Chen, Y.; Bai, Y. EVA1A/TMEM166 Regulates Embryonic Neurogenesis
by Autophagy. Stem Cell Rep. 2016, 6, 396–410. [CrossRef]

78. Vázquez, P.; Arroba, A.I.; Cecconi, F.; De La Rosa, E.J.; Boya, P.; De Pablo, F. Atg5 and Ambra1 differentially modulate neurogenesis
in neural stem cells. Autophagy 2012, 8, 187–199. [CrossRef]

http://doi.org/10.1038/nrn.2016.70
http://doi.org/10.1016/j.stemcr.2016.01.011
http://doi.org/10.4161/auto.8.2.18535

	Introduction 
	EVA1A Plays an Important Role by Regulating Autophagy in Tumor 
	EVA1A Plays an Important Role by Regulating Autophagy in Liver Injury 
	EVA1A Plays an Important Role by Regulating Autophagy in Myocardial Remodeling 
	EVA1A Plays an Important Role by Regulating Autophagy in Atherosclerosis 
	EVA1A Plays an Important Role by Regulating Autophagy in Embryonic Neurogenesis 
	Conclusions 
	References

