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Abstract
Metastasis-associated in colon cancer-1 (MACC1) is an 
oncogene that was first identified in colon cancer. The 
upstream and downstream of MACC1 form a delicate 
regulatory network that supports its tumorigenic role 
in cancers. Multiple functions of MACC1 have been 
discovered in many cancers. In gastric cancer (GC), 
MACC1 has been shown to be involved in oncogenesis 
and tumor progression. MACC1 overexpression 
adversely affects the clinical outcomes of GC patients. 
Regarding the mechanism of action of MACC1 in GC, 
studies have shown that it promotes the epithelial-
to-mesenchymal transition and accelerates cancer 
metastasis. MACC1 is involved in many hallmarks 
of GC in addition to metastasis. MACC1 promotes 
vasculogenic mimicry (VM) via  TWIST1/2, and VM 
increases the tumor blood supply, which is necessary 
for tumor progression. MACC1 also facilitates GC 
lymphangiogenesis by upregulating extracellular 
secretion of VEGF-C/D, indicating that MACC1 may be 
an important player in GC lymphatic dissemination. 
Additionally, MACC1 supports GC growth under 
metabolic stress by enhancing the Warburg effect. In 
conclusion, MACC1 participates in multiple biological 
processes inside and outside of GC cells, making it an 
important mediator of the tumor microenvironment.

Key words: Metastasis-associated in colon cancer-1; 
gastric cancer; Epithelial-to-mesenchymal transition; 
Vasculogenic mimicry; Lymphangiogenesis; Warburg 
effect; tumor microenvironment

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Metastasis-associated in colon cancer-1 

Metastasis-associated in colon cancer-1 in gastric cancer: 
beyond metastasis

Zhen-zhen Wu, Li-shan Chen, Rui Zhou, Jian-ping Bin, Yu-lin Liao, Wang-jun Liao

Zhen-zhen Wu, Rui Zhou, Wang-jun Liao, Department of 
Oncology, Nanfang Hospital, Southern Medical University, 
Guangzhou 510515, Guangdong province, China

Li-shan Chen, Medical Center for Overseas Patients, Nanfang 
Hospital, Southern Medical University, Guangzhou 510515, 
Guangdong province, China

Jian-ping Bin, Yu-lin Liao, Department of Cardiology, Nanfang 
Hospital, Southern Medical University, Guangzhou 510515, 
Guangdong province, China

Author contributions: Wu ZZ and Chen LS contributed 
equally to this work; Wu ZZ, Chen LS and Zhou R performed 
the research and wrote the paper; Bin JP, Liao YL and Liao 
WJ critically revised the manuscript for important intellectual 
content.

Conflict-of-interest statement: The authors have no conflicts 
of interest to declare.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Wang-jun Liao, MD, PhD, Department 
of Oncology, Nanfang Hospital, Southern Medical University, 
No. 1838 Guangzhou Avenue North, Guangzhou 510515, 
Guangdong province, China. nfyyliaowj@163.com
Telephone: +86-20-62787731
Fax: +86-20-62787731

Received: March 14, 2016
Peer-review started: March 16, 2016
First decision: March 31, 2016
Revised: April 17, 2016
Accepted: May 4, 2016

TOPIC HIGHLIGHT

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v22.i29.6629

World J Gastroenterol  2016 August 7; 22(29): 6629-6637
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.

6629 August 7, 2016|Volume 22|Issue 29|WJG|www.wjgnet.com

2016 Gastric Cancer: Global view



families contain SH3 domains, including the Src and 
Abl families, members of which are key components 
of pro-tumorigenic pathways[7,8]. Proteins with SH3 
domains can act as tyrosine kinases or substrates of 
protein kinases involved in signaling pathways that 
regulate Ras protein, Src kinase and many other 
proteins[9]. Proteins with SH3 domains also regulate 
the activation of tyrosine kinases and are thought to 
increase the substrate specificity of some tyrosine 
kinases by binding to sites located far from their active 
sites[10]. It is reasonable to hypothesize that MACC1 
functions as a signal transducer via its SH3 domain, 
either by acting as a kinase or boosting the efficiency 
of other kinases. Additionally, MACC1 has motifs 
that have been recognized as potential noncanonical 
class Ⅰ SH3 domains, including SH2 domains, Eps15 
homology domains, and clathrin and retinoblastoma 
protein interaction domains[1]. The MACC1 protein 
also has tyrosine phosphorylation sites at amino acids 
665-673, 688-695 and 786-793, which allow for post-
translational modifications[1]. 

In regards to gene polymorphism, three MACC1 
single nucleotide polymorphisms (SNPs) have 
been genotyped in the coding region, including cg 
genotype (rs4721888, L31V), ct genotype (rs975263, 
S515L) and gc or cc genotype (rs3735615, R804T). 
These SNPs were not found to be associated with 
clinicopathological parameters or patient survival, but 
increased risk of shorter metastasis-free survival was 
observed with the ct genotype (rs975263) among 
stages Ⅰ and Ⅱ colon cancer patients less than 60 
years old[11].

MACC1 regulatory network
The publication by Stein et al[1] in 2009 established 
the tumor-promoting role of MACC1. In the next few 
years, several researchers made remarkable progress 
in determining the intricate regulatory network 
involving the upstream and downstream regions of 
MACC1. Because of this network, MACC1 is able to 
regulate multiple biological processes in many cancers. 
The MACC1 regulatory network is currently known 
to involve the HGF-MET pathway[1,12], transcriptional 
regulation[13] and epigenetic regulation[14-17]. Every 
element in this network helps MACC1 accelerate tumor 
progression in multiple ways, as reviewed in detail 
here.

HGF-MET pathway
First and foremost, the HGF-MET pathway is the first 
reported and most well-studied signaling pathway of 
MACC1. The HGF-MET pathway is widely accepted 
as one of the key pathways in cancer development 
and tumor progression[18]. In 2009, Stein et al[1] first 
identified the oncogenic role of MACC1, including 
control of MET expression, motility and proliferation, 
and its involvement in the HGF-MET pathway. First, 
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(MACC1) is an oncogene that is involved in multiple 
aspects of gastric cancer (GC). Although MACC1 
was first identified as a promoter of the epithelial-
mesenchymal transition in GC, as in colon cancer, it 
has subsequently been found to have functions in GC 
far beyond metastasis, including vasculogenic mimicry, 
lymphangiogenesis and metabolic reprogramming. 
These features of tumorigenesis and tumor progression 
involve both GC cells and the surrounding tumor 
microenvironment, indicating that the tumor-promoting 
functions of MACC1 may hinge on its ability to mediate 
the tumor microenvironment.
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INTRODUCTION
Metastasis-associated in colon cancer-1 (MACC1) 
is an oncogene. In 2009, Stein et al[1] first reported 
the identification and characterization of MACC1 
as a tumor-promoting gene in colon cancer; they 
showed that it is involved in the HGF-MET pathway 
and promotes tumor growth and metastasis. Shortly 
thereafter, a wealth of research on MACC1 in several 
types of cancers was performed, and the results 
supported the oncogenic role of MACC1 in multiple 
hallmarks of cancer, including cell proliferation[1], 
epithelial-mesenchymal transition (EMT)[1,2], metabolic 
reprogramming[3], lymphogenesis[4] and angiogenesis[5].

MACC1 (GenBank gene ID: 346389, European 
Molecular Biology Laboratory (EMBL) data bank 
accession number AJ313524) was first referred to as 
Homo sapiens mRNA for putative binding protein 7a5, 
and the MACC1 full-length cDNA was characterized by 
Stein et al[1] in 2009. The MACC1 gene is located on 
human chromosome 7 (7p21.1) and contains seven 
exons and six introns. The coding cDNA of MACC1 
contains 2559 nucleotides, and the MACC1 protein 
contains 852 amino acids. MACC1 was also referred 
to as SH3BP4L because it has 49.3% and 43.7% 
(nucleotide and amino acid, respectively) sequence 
identity to human SH3BP4[1].

MACC1 contains several motifs that allow it to 
participate in multiple biological processes in cancer 
cells; for example, MACC1 forms protein-protein 
interactions and has phosphorylation sites for tyrosine 
and serine-threonine kinases. MACC1 contains an 
SRC homology 3 (SH3) domain with the proline-
rich consensus sequence that can bind to class I SH3 
domain-containing proteins (R/KXXPXXP)[1]. SH3 
domains have a conserved sequence, and they are 
located in the non-catalytic regions of many enzymes 
and cytoplasmic tyrosine kinases[6]. Several protein 



they found that overexpression of MACC1 mRNA 
in colon cancer cells led to the upregulation of HGF 
receptor MET expression at both the mRNA and protein 
levels. Furthermore, underexpression of MACC1 mRNA 
through the introduction of a specific small interfering 
RNA (siRNA) decreased MET expression. In contrast, 
MACC1 expression was not altered in non-metastatic or 
metastatic colon cancer cells when MET expression was 
inhibited. In addition, chromatin immunoprecipitation 
(ChIP) and electrophoretic mobility shift assay (EMSA) 
data indicated that the MET gene is a transcriptional 
target of MACC1. Based on these results, Stein et al[1] 
inferred that MACC1 controls MET expression via direct 
transcriptional regulation. In regards to the tumor-
promoting functions of MACC1, Stein et al[1] showed 
that MACC1 protein expression strongly induced cell 
migration, invasion and colony formation compared 
to the control. Additionally, MACC1 siRNA and MET 
siRNA both decreased cell motility and proliferation, 
but double knockdown of MACC1 and MET had no 
additional tumor-suppressing effects. Stein et al[1] 
verified these results through in vitro experiments in 
colon cancer tissues. Nuclear MACC1 expression and 
high MET expression were predominant in metastatic 
colon cancer tissues, while MACC1 was expressed 
in the cytoplasm with moderate MET expression in 
non-metastatic tumors. Taken together, MACC1 is an 
important mediator of the HGF-MET signaling pathway 
that acts by binding to the MET promoter. Galimi et 
al[19] conducted genetic and expression analyses of 
MET, MACC1, and HGF in metastatic colorectal cancer 
(mCRC) using patient xenografts treated with an MET 
inhibitor. They examined the correlation between MET 
inhibition and pathology in a cohort of 103 consecutive 
liver metastases from colorectal carcinomas[19]. They 
explored whether copy number variations of MET, 
MACC1, and HGF and overexpression of those genes 
can predict tumor response to MET-targeted therapies. 
They also assessed whether genomic or transcriptional 
deregulation of those genes was correlated with the 
pathologic and molecular parameters of aggressive 
disease. As was observed by Stein et al[1], Galimi 
et al[19] found that MACC1 controls MET level as an 
upstream regulator of MET transcription; genomic 
gain of MACC1 led to increased expression of MET, 
regardless of gains of MET copy number. However, 
neither MET genomic gain nor overexpression affected 
tumor growth of mCRC. Additionally, their pathologic 
correlations and bioinformatics analyses showed that 
MACC1 contributes to CRC progression via mechanisms 
other than MET transcriptional upregulation.

Transcriptional regulation of MACC1
In 2013, Stein’s[1] study group, the group that first 
identified MACC1, identified the MACC1 promoter 
using a promoter luciferase construct that directs 
transcription of MACC1[13]. They generated 5’ truncated 
deletion constructs and transfected them into 

colorectal cancer cell lines to determine the essential 
domains within this promoter region. Their results 
showed that the region from -426 to -18 constitutes 
the core promoter and harbors functional motifs for the 
binding of AP-1, Sp1, and C/EBP transcription factors; 
this finding was validated by site-directed mutagenesis 
studies. Knockdown of these transcription factors 
remarkably reduced MACC1 expression and resulted 
in decreased cell migration, which was rescued by 
ectopic overexpression of MACC1. Additionally, the 
results of studies in human colorectal tumors verified 
the correlation between MACC1 and c-Jun and Sp1 
expression levels. 

Epigenetic regulation of MACC1
microRNA (miRNA) is well-accepted as one of the most 
important epigenetic regulators of gene expression. 
MACC1 is regulated by many miRNAs, including 
miR-1[14], miR-143[15], miR-200a[16] and miR-338-3p[17]. 
These miRNAs bind directly to the 3’ untranslated 
region (UTR) of MACC1 mRNA and inhibit MACC1 
protein expression. In CRC, miR-1 downregulation 
and MACC1 upregulation collectively promote MET 
overexpression[14]. Migliore et al[14] found that miR-1 
was downregulated in 84.6% of tumors studied and 
was significantly correlated with MET overexpression, 
particularly in metastatic tumors. Concurrent MACC1 
upregulation and miR-1 downregulation are required 
to achieve increased MET expression. miR-1 can 
suppress MET expression in colon cancer cells and 
inhibit MET-induced invasive growth. miR-143 also 
targets MACC1, resulting in inhibition of cell invasion 
and migration of colorectal cancer cells[15]. Zhang et 
al[15] reported that miR-143 directly targets MACC1 
in CRC. In colorectal cancer cells, the same effect of 
MACC1 knockdown, significant inhibition of cell growth, 
migration and invasion, is achieved by restoration of 
miR-143. Concurrent miR-143 overexpression and 
MACC1 suppression enhance those inhibitory effects. 
Conversely, inhibition of miR-143 promotes cell 
growth, migration and invasion in colorectal cancer 
cells. Furthermore, miR-143 expression is inversely 
correlated with MACC1 mRNA expression in CRC 
tissues. In addition to being targeted by miR-1 and 
miR-143 in colorectal cancer, MACC1 is targeted by 
other miRNAs in other types of cancers, such as miR-
200a and miR-338-3p. miR-200a suppresses cell 
growth and migration by targeting MACC1 and predicts 
prognosis in hepatocellular carcinoma (HCC)[16]. 
Researchers have shown that miR-200a is markedly 
downregulated in HCC and has suppressive effects on 
tumor cell growth and metastasis. They found that 
miR-200a suppresses tumor growth and metastasis 
by directly targeting MACC1. Additionally, miR-338-3p 
inhibits EMT in gastric cancer (GC) cells by targeting 
MACC1/MET/AKT signaling[17]. As a tumor-suppressing 
miRNA, miR-338-3p inhibits the migration and invasion 
of GC cells in vitro, and knockdown of miR-338-3p in 
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analysis assessed the relationship between MACC1 
overexpression in solid tumors and patient survival[32]. 
The combined results suggested strong links between 
high MACC1 expression and poor OS, DFS and 
relapse-free survival (RFS). Another meta-analysis 
provided further evidence of the prognostic value of 
MACC1 expression in digestive system neoplasms: 
high MACC1 expression is significantly correlated with 
poorer OS and RFS in patients with digestive system 
neoplasms[33].

Even though MACC1 is a proven oncogene in 
solid tumors, as mentioned above, most studies 
have only reported the correlation between MACC1 
overexpression and clinical parameters and have failed 
to further clarify the underlying mechanism of MACC1 
in promoting tumor progression and metastasis; the 
exception to this is the studies conducted in CRC and 
GC. In CRC, Stein et al[1], the identifiers of MACC1, 
have made extraordinary efforts to clarify how MACC1 
acts and is regulated. In GC, many aspects of the role 
of MACC1 in cancer biology have also been elucidated, 
and the regulatory network of MACC1 has been shown 
to include other cellular processes in addition to 
metastasis.

MACC1 in gc
As GC is similar to CRC in terms of being a digestive 
system neoplasm, and MACC1 is a proven prominent 
oncogene in CRC, several researchers had great 
interest in identifying the tumorigenic potential of 
MACC1 in GC. MACC1 indeed plays an important role 
in the progression of GC and has many functions 
beyond metastasis promotion.

MACC1 overexpression and its adverse effects in GC
In the beginning of MACC1 research, Guo et al[34] 
reported the correlation of MACC1 protein expression 
and clinical features of GC. They performed an 
immunohistochemistry (IHC) assay to detect MACC1 
protein expression in GC tissues. MACC1 and MET 
protein expression was positively correlated. In 
accordance with the metastasis-promoting properties 
of MACC1, MACC1 protein expression in GC tissues is 
significantly correlated with lymph node metastasis, 
peritoneal metastasis and hepatic metastasis, all of 
which contribute to a poor prognosis for GC patients. 
At nearly the same time, another publication confirmed 
the correlation between MACC1 and Met expression 
in GC and their correlation with clinical parameters 
and patient prognosis[35]. The results of that study 
also indicated that MACC1 and MET expression levels 
are highly increased and are significantly correlated in 
GC tissues. MACC1 and MET expression is associated 
with larger tumor size, deeper tumor invasion, lymph 
node metastasis, lymphatic involvement, venous 
invasion, distant metastasis and advanced clinical 
stage. Compared to patients with high levels of these 

GC cells leads to mesenchymal-like changes. miR-338-
3p influences the expression of EMT-associated proteins 
by upregulating the epithelial marker E-cadherin and 
downregulating the mesenchymal markers N-cadherin, 
fibronectin, and vimentin. Conversely, reintroduction of 
MACC1 reverses miR-338-3p-induced EMT suppression. 
miR-338-3p represses the MET/AKT pathway by 
directly targeting MACC1.

MACC1 and cancer
When MACC1 was identified, it received its name 
because it was shown to be significantly associated 
with metastasis in colon cancer and inversely co
rrelated with patient outcome. Further study of MACC1 
has led to an increasing number of functions being 
reported, indicating the powerful oncogenic role of 
MACC1 in multiple cancers. Currently, MACC1 is being 
studied in an increasing number of solid tumor types. 

After Stein et al[1] reported the tumor-promoting 
functions of MACC1 in colon cancer, researchers 
showed strong interest in exploring MACC1 in other 
cancers. Shortly thereafter, a few studies showed that 
MACC1 may also be a potential biomarker in lung 
cancer, hepatocellular carcinoma and ovarian cancer. 
In 2011, Chundong et al[20] reported that positive 
staining for MACC1 expression in resected specimens 
was associated with poor clinical prognosis in patients 
with lung adenocarcinoma following surgery. At the 
same time, Qiu et al[21] identified MACC1 as a novel 
prognostic marker in HCC. Their results showed 
that MACC1 is more highly expressed in HCC than 
in non-HCC tissues and that MACC1 expression is 
significantly increased in HCC tissues with high alpha 
fetoprotein (AFP) expression. MACC1 expression is 
also associated with overall survival (OS) and disease 
free survival (DFS). Meanwhile, Shirahata et al[22] 
discovered that MACC1 is more frequently expressed 
in vascular invasive HCC than in noninvasive HCC and 
may serve as a new parameter for the prognostic 
prediction of HCC. High MACC1 expression was also 
detected in ovarian cancer tissues by Zhang et al[23]. 
They knocked down MACC1 expression in the ovarian 
cancer cell line OVCAR-3 using specific small hairpin 
RNA (shRNA) and found that downregulation of MACC1 
significantly inhibits cell proliferation, migration and 
invasion while significantly promoting apoptosis. As 
the number of studies of MACC1 conducted in multiple 
cancers has increased, the correlation of high MACC1 
expression with poorer clinical outcome has been 
identified in an increasing number of cancer types, 
including GC[2], pancreatic cancer[24], glioma[25], breast 
cancer[26], nasopharyngeal carcinoma[27], gallbladder 
cancer[28], cervical cancer[29], esophageal cancer[30] and 
osteosarcoma[31].

Increasing evidence has suggested that MACC1 
overexpression is associated with the development 
and progression of many cancer types. A meta-

6632 August 7, 2016|Volume 22|Issue 29|WJG|www.wjgnet.com

Wu ZZ et al . MACC1 in GC



proteins, patients harboring lower MACC1 and Met 
levels had a higher 5-year survival rate.

MACC1 promotes EMT in GC
Those first two studies showed a correlation between 
high MACC1 expression and poor clinical outcome 
in GC patients, implying that MACC1 may be an 
independent prognostic indicator of GC. However, 
they both failed to explore the underlying mechanism 
through which MACC1 facilitates GC progression. 
However, Wang et al[2] managed to reveal important 
functions of MACC1 in GC. As with the first two 
studies, they first verified MACC1 expression in GC 
and its correlation with adverse clinical features. 
They studied fresh GC tissues from 361 GC patients 
(stages I-IV) by Western blot analysis of MACC1 
and conducted a retrospective analysis of MACC1 
protein expression by IHC. Then, they examined 
the correlation of MACC1 expression with the clinical 
parameters in GC patients. Consistent with previous 
studies, higher MACC1 expression was associated with 
higher frequencies of advanced disease, postoperative 
recurrence, metastases and a higher mortality rate. 
Clinical prognosis was significantly poorer for patients 
with tumors with high MACC1 expression. MACC1 
overexpression significantly accelerated tumor 
proliferation, migration and invasion and facilitated 
metastasis of GC in vivo. Moreover, MACC1 mRNA 
expression was found to be significantly correlated 
with markers of EMT in patients with GC. MACC1 
overexpression upregulated EMT factors and induced 
changes in the levels of EMT markers, and silencing 
of MACC1 reversed these changes. All these findings 
indicate that MACC1 modulates EMT in GC.

MACC1 also mediates acetylcholine-induced 
invasion and migration in GC. The neurotransmitter 
acetylcholine (ACh) is known to promote the growth 
and metastasis of several cancers by binding to M3 
muscarinic receptors (M3Rs). By binding to M3Rs, 
ACh promotes GC cell invasion and migration and the 
expression of several markers of EMT. ACh upregulates 
MACC1 in GC cells, and MACC1 knockdown using 
siRNA attenuates the effects of ACh on GC cells. 
AMP-activated protein kinase (AMPK) serves as an 
intermediate signal between ACh and MACC1. MACC1 
may mediate acetylcholine-induced invasion and 
migration in human GC cells by participating in the 
Ach/M3R/AMPK/MACC1 signaling pathway[36].

MACC1 is a mediator of vasculogenic mimicry in GC
Considering that tumor metastasis requires a sufficient 
blood supply, which, in most cases, is achieved by 
neovascularization, angiogenesis is a well-recognized 
hallmark of cancer[37]. However, anti-angiogenesis 
therapy has no significant benefits for some cancer 
patients[37]. Hence researchers have focused on 
identifying alternative tumor blood supply sources 
independent of blood vessel endothelium, termed 

vasculogenic mimicry (VM)[38]. VM is formed by cancer 
cells and is strongly associated with EMT, TWIST1 
activation and tumor progression.

Considering that MACC1 induces EMT and is 
associated with poor prognoses of patients with GC, 
Wang et al[5] aimed to determine whether MACC1 
promotes VM and regulates the TWIST signaling 
pathway, which is closely related to the EMT process 
in GC. To prove this theory, they investigated MACC1 
expression and VM by IHC in 88 patients with stage IV 
GC and investigated the role of TWIST1 and TWIST2 
in MACC1-induced VM both in GC xenografts and in GC 
cell lines. As expected, the VM density was significantly 
increased in tumor tissues from patients who died 
of GC and was positively correlated with MACC1 
immunoreactivity. Furthermore, the patients with high 
VM density had a significantly poorer survival rate. The 
nuclear expression of MACC1, TWIST1, and TWIST2 
is upregulated in GC tissues compared with normal 
tissues, and overexpression of MACC1 increased 
TWIST1/2 expression and induced typical VM in GC 
xenografts and GC cell lines. Nuclear translocations of 
MACC1, TWIST1, and TWIST2 were induced by HGF, 
and an MET inhibitor reversed those effects. These 
findings indicate that MACC1 promotes VM in GC by 
regulating the HGF/MET-TWIST1/2 signaling pathway, 
allowing GC cells to gain an increased blood supply 
and grow and possibly migrate faster.

MACC1 facilitates GC lymphangiogenesis
In addition to EMT, lymph node metastasis is another 
common feature of GC and is one of the major causes 
of GC death[39]. Lymphangiogenesis is the first and most 
critical step of lymph node metastasis[40]. According 
to the aforementioned studies, MACC1 expression is 
associated with lymph node metastasis. Sun et al[4] 
reported that MACC1 promotes lymphangiogenesis 
and that MACC1 and lymphangiogenesis are positively 
correlated both in vivo and in vitro. In that study, an 
indirect co-culture system was constructed to determine 
whether MACC1 promotes lymphangiogenesis. The 
study involved collecting supernatant from MACC1 
overexpressed/knockdown GC cells and treating human 
lymphatic endothelial cells (HLECs) with the collected 
supernatant. The results showed that supernatant 
from MACC1 overexpressed GC cells enhanced the 
proliferative and migratory capacities of HLECs. 
Additionally, MACC1 overexpression in xenografts 
promoted lymphatic vessel formation. In regards to the 
underlying mechanism, MACC1 significantly increases 
the expression of VEGF-C/D, which are important 
factors in the regulation of lymphangiogenesis and 
the promotion of lymphatic metastasis in vivo and in 
vitro[41]. 

MACC1 helps reprogram metabolism in GC
In addition to vascular supply, tumor metastasis relies 
on sufficient metabolic supply to a large extent. In 
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cancer cells, glycometabolism is reprogrammed to 
better accommodate the increased energy demand. 
Unlike normal cells, the main metabolic process of 
cancer cells is glycolysis, known as the Warburg effect, 
and this allows cancer cells to better adapt to and 
resist metabolic stress[42]. MACC1 has been reported 
to be involved in metabolic reprogramming in GC. 
MACC1 expression is significantly upregulated via 
adenosine monophosphate-activated protein kinase 
(AMPK) signaling in response to glucose deprivation-
induced metabolic stress[3]. The results of that study 
showed that MACC1 expression is positively correlated 
with the maximum standardized uptake value of 
18F-deoxyglucose in GC patients and that MACC1 
enhances 18F-deoxyglucose uptake in GC cells and 
xenografts. The underlying mechanism of this MACC1 
effect is promotion of the Warburg effect through 
upregulation of the activities and expression of a series 
of glycolytic enzymes, including hexokinase, pyruvate 
dehydrogenase kinase and lactate dehydrogenase, in 
GC cells. This metabolic shift enhances cell viability and 
resistance to apoptosis by facilitating ATP generation, 
reducing reactive oxygen species production and 
stabilizing mitochondrial membrane potential. In 
contrast, MACC1 silencing, which blocks the Warburg 
effect, causes GC cells to be more vulnerable to metabolic 
stress.

MACC1 is epigenetically regulated in GC
MiRNAs are well-recognized as one of the key epige
netic regulators of the EMT process and are associated 
with metastasis in GC[43]. Huang et al[17] found that 
miR-338-3p directly binds to MACC1 3’ UTR to 
regulate MACC1 expression. Because miR-338-3p 
was previously reported to be aberrantly expressed 
in GC, it was the first miRNA that they examined via 
bioinformatics analysis as a potential MACC1 regulator. 
Then, they showed that miR-338-3p inhibited the 
migration and invasion of GC cells and that inhibition 
of miR-338-3p in GC cells resulted in mesenchymal-
like changes. MiR-338-3p also upregulated the 
epithelial marker E-cadherin and downregulates the 
mesenchymal markers, N-cadherin, fibronectin, and 
vimentin. Furthermore, reintroduction of MACC1 
reversed miR-338-3p-induced EMT inhibition. MACC1 
was proven to be directly targeted by miR-338-3p, 
and the Met/Akt pathway was repressed by MACC1 
inhibition. Consistently, the expression of miR-338-3p 
and MACC1 is inversely correlated in human GC tissue 
samples.

Circulating MACC1 possesses diagnostic and 
prognostic value in GC
After determining the diagnostic and prognostic value 
of circulating MACC1 in CRC, the study group of Stein 
et al[1] conducted a prospective study of GC and found 
that circulating MACC1 is a diagnostic and prognostic 
biomarker for GC[44]. Compared to tumor-free volun

teers, the levels of circulating MACC1 transcripts 
were increased in GC patients of all disease stages: 
tumor without metastasis, tumor with synchronous 
metastasis, and tumor with metachronous metastasis. 
Both the sensitivity and specificity of MACC1 as a 
diagnostic and prognostic biomarker for GC were 
statistically significant. Importantly, GC patients 
with high circulating plasma MACC1 transcript levels 
demonstrated significantly shorter survival compared 
to patients with low MACC1 levels. Furthermore, 
GC patients with high circulating plasma transcript 
levels of MACC1 and S100A4 had significantly shorter 
survival compared to patients with low levels of both 
biomarkers and patients with elevation of only one 
biomarker. 

Remarks and future perspectives
Taken together, we conclude that MACC1 plays an 
important role in many hallmarks of cancer in GC; 
MACC1 has crucial roles in GC in addition to metastasis 
promotion. These strong pro-tumorigenic properties 
of MACC1 have been observed since it was first 
discovered. The fact that MACC1 interacts with the 
HGF-MET pathway, a key tumor-promoting signaling 
pathway, to promote cell motility and metastasis 
establishes its oncogenic role. MACC1 contains an SH3 
domain, which is a powerful signal transducing domain 
that may be responsible for the oncogenic nature of 
MACC1. With this domain, MACC1 is able to execute its 
signal transducing functions, and, as aforementioned, 
it is possible that MACC1 is involved in pathways 
other than the HGF-MET pathway, such as the MAPK 
pathway or apoptosis-associated pathway. It is also 
worth noting that MACC1 is located on chromosome 
7, which also contains MET and HGF. If the copy 
number of chromosome 7 is increased, MET and HGF 
gene copy numbers will also be increased, and the 
copy number gain of MACC1 may result in increased 
expression of MET and HGF. Furthermore, the intricate 
MACC1 regulatory network formed by multiple 
signaling pathways, kinases, transcription factors, and 
miRNAs facilitates the tumor-promoting features of 
MACC1.

MACC1 aids GC progression through multiple 
means; it functions beyond metastasis promotion. 
MACC1 has a role in lymphogenesis, VM formation and 
metabolic reprogramming, which are also important 
hallmarks of cancer. EMT is the only hallmark of 
cancer among those mentioned above that is directly 
related to tumor metastasis. However, other hallmarks 
of cancer should not be considered independent 
of metastasis. In fact, lymphogenesis is the core 
process of lymph node metastasis, and VM formation 
contributes to the blood supply necessary for tumor 
growth. Additionally, metabolic reprogramming 
allows cancer cells to resist metabolic stress during 
metastasis formation. Thus, all of these hallmarks of 
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cancer, not only EMT, act to promote metastasis and 
tumor progression. The regulation of these processes 
by MACC1 in GC is a relatively complete example 
of how oncogenes participate in multiple biological 
processes of cancer and promote tumor progression.

MACC1 participates in multiple biological processes 
both inside and outside GC cells, functioning as an 
important mediator of the tumor microenvironment 
(Figure 1). The tumor microenvironment is defined and 
well-recognized as the cellular environment in which 
the tumor exists, including the surrounding blood 
vessels, lymphocytes, signaling molecules and other 
key elements, including immune cells, fibroblasts, 
bone marrow-derived inflammatory cells and the 
extracellular matrix (ECM)[45]. These components of 
the tumor microenvironment interact with GC and 
neighboring cells. Because MACC1 promotes EMT, VM 
formation, lymphangiogenesis and the Warburg effect, 
the main aspects of which are inside GC cells or in 
the neighboring environment, MACC1 may mediate 
the tumor microenvironment in GC. MACC1 not only 
helps GC cells transition into mesenchymal form but 
also influences the surrounding blood supply and 
lymphangiogenesis by promoting VM formation and 
VEGF-C/D secretion. Furthermore, MACC1 enhances 
the Warburg effect and changes the metabolite 
composition of the inside and outside of GC cells, 

ultimately sustaining GC growth. All of these properties 
of MACC1 aid the metastasis of GC cells. Future 
studies of MACC1 functions should clearly focus on 
the tumor microenvironment. Increasing evidence of 
the role of MACC1 in the tumor microenvironment will 
expand our knowledge of the role MACC1 in cancer. 
Targeting MACC1 may disrupt the balance of the tumor 
microenvironment, resulting in tumor suppression. 

Therefore, MACC1 is a noteworthy oncogene and a 
promising biomarker in GC. The metastasis-promoting 
properties of MACC1 allow it to serve as a prognostic 
biomarker in GC. High MACC1 expression indicates a 
poor clinical outcome of GC patients. Considering the 
involvement of MACC1 in multiple malignant biological 
behaviors, MACC1 may also be a promising target 
for the inhibition of GC, especially for patients with 
advanced disease. Furthermore, the involvement of 
MACC1 in mediation of the tumor microenvironment 
can lead to a more comprehensive understanding of 
GC. Simultaneous inhibition of MACC1 and relevant 
components of its regulatory network in the tumor 
microenvironment may help boost the efficacy of 
MACC1 inhibition. In the future, translational research 
should pay increased attention to MACC1 and its 
therapeutic potential for GC to improve treatment, 
which is currently limited, and accelerate the progress 
of research from bench to bedside.

6635 August 7, 2016|Volume 22|Issue 29|WJG|www.wjgnet.com

Metabolism 
Reprogramming:
Warburg effect ↑

Glycolytic enzymes

EMT markers

AMPK

MACC1

VEGF-C/D

miRNA-338-3p

MACC1 Twsit1/2
Nucleu

s

Cyto
plasm

Lymphangiogenesis

VM

EMT

Promote

Translocate

Inhibit

Increased

Figure 1  MACC1 participates in multiple biological processes inside and outside of gastric cancer cells, functioning as an important mediator of the tumor 
microenvironment. MACC1 upregulates markers of epithelial-mesenchymal transition (EMT) to promote tumor metastasis. MACC1 facilitates lymphangiogenesis by 
increasing extracellular secretion of VEGF-C/D. MACC1 also serves as a transcription factor and increases TWIST1/2 transcription to prompt vasculogenic mimicry (VM) 
formation. Additionally, MACC1 alters the expression of several glycolytic enzymes by activating the AMPK pathway to enhance the Warburg effect, leading to GC 
metabolic reprogramming. miRNA-338-3p, a tumor-suppressing microRNA, directly inhibits MACC1 and reverses some pro-tumorigenic properties of MACC1. GC: 
Gastric cancer.
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