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Abstract : Angiopoietins play important roles in angiogenesis and the maintenance of hematopoietic stem cells.
Angiopoietin-like proteins (ANGPTLs) are identified as proteins structurally similar to angiopoietins, and the ANGPTL family now consists of eight members. ANGPTLs are secretary proteins, and some ANGPTLs are not only
angiogenic factors but also proteins with multiple functions such as glucose metabolism, lipid metabolism, redox
regulation and chronic inflammation. Chronic inflammation is one of the key factors in carcinogenesis and cancer
growth, proliferation, invasion and metastasis. ANGPTL 2, 3, 4, 6 and 7 are pro-inflammatory factors and regulate
cancer progression, while ANGPTL1 inhibits tumor angiogenesis and metastasis. In this review, we describe the
roles of ANGPTLs in cancer progression and discuss the possibility of disturbing the progression of cancer by regulating ANGPTLs expression.
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Introduction
Cancer progression is a problem of great dimensions in the world [1]. Although various cancer treatments have been developed and survival rate has been
extended over the last decade, cancer is still a major
cause of death all over the world [2]. Therefore, an
effective cure for cancer should be developed.
Angiopoietins bind Tie2 receptor tyrosine kinase and
regulate angiogenesis and the preservation of vascular
integrity and permeability. Angiopoietins have two domains: an N-terminal coiled-coil domain that mediates
homo-oligomerization, and a C-terminal fibrinogenlike domain that binds Tie2. Angiopoietin-like proteins
(ANGPTLs) are structurally similar to angiopoietin
[3]. Seven ANGPTLs, ANGPTL1–7, exhibit an N-terminal coiled-coil domain and a C-terminal fibrinogen-

like domain. Only ANGPTL8, which is homologous
to ANGPTL3ʼs N-terminal domain, lacks a C-terminal
fibrinogen-like domain (Fig. 1). However, ANGPTLs
do not bind to either the angiopoietin receptor Tie2 or
the related Tie1 receptor [4], which makes the functions of ANGPTLs different from angiopoietins. To
date, several studies have shown that most ANGPTLs
potently regulate angiogenesis, yet a subset of these
proteins also functions in glucose, lipid, energy metabolism and inflammation. For example, ANGPTL3,
ANGPTL4 and ANGPTL8, which have a region mediating lipoprotein lipase binding (SE1), regulate lipid
metabolism by inhibiting lipoprotein lipase activity [5-7]. ANGPTL6/angiopoietin-like growth factor
(AGF) reportedly counteracts obesity by increasing
systemic energy expenditure and thus antagonizing
related metabolic diseases [8]. ANGPTLs, except
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Fig. 1. Schematic diagram of ANGPTL proteins. Human
ANGPTL proteins are shown. SS: signal sequence, SE1:
specific epitope 1, a region mediating lipoprotein lipase
binding, CCD: coiled-coil domain, FLD: fibrinogen-like
domain. Numbers on the right represent the number of
amino acid residues in each protein.

ANGPTL1, 5 and 8, promote inflammation. It is well
known that inflammation promotes tumorigenesis and
tumor progression. Therefore, most ANGPTLs may
have some functions in cancer progression.
ANGPTL1
Angiopoietin-like protein 1 (ANGPTL1) is known
as angioarrestin, which is identified as an anti-angiogenic factor [9]. ANGPTL1 inhibits vascular endothelial growth factor (VEGF) and basic fibroblast growth
factor (b-FGF) [10]. Therefore, ANGPTL1 acts as a
tumor suppressor by inhibiting angiogenesis. In fact,
Angptl1 knockout mice show a significant tumor metastasis in a tumor xenograft model compared to control
mice [11]. In hepatocellular carcinoma (HCC), ANGPTL1 decreases angiogenesis [12], promotes apoptosis via inhibition of STAT3 pathway, and decreases
HCC cell migration and invasion via down-regulation
of SLUG and SNAIL [12, 13]. In colorectal cancer
(CRC), ANGPTL1 up-regulates microRNA-138 and
attenuates CRC cells metastasis [14]. In lung cancer,
ANGPTL1 expression plays an important role in the
inhibition of oncogenesis [15]. ANGPTL1 expression is inversely correlated with invasion, lymph node
metastasis, and poor clinical outcomes [13]. In breast
cancer, ANGPTL1 expression suppresses the migra-

tion and invasive capabilities [13]. Integrin α1β1 is
reported to be an ANGPTL1 receptor [12]. ANGPTL1
binds to it and suppresses phosphorylated FAK and Src
to inhibit the JAK-STAT3 pathway. It has also been
reported recently that ANGPTL1 inhibits sorafenib resistance and cancer stemness in HCC cells by repressing epithelial-mesenchymal transition (EMT) through
the inhibition of the MET receptor competing with
HGF [16]. Therefore, inducing ANGPTL1 expression
might be a good method for inhibiting metastasis in
HCC, CRC, lung cancer and breast cancer.
ANGPTL2
Angiopoietin-like protein 2 (ANGPTL2) is known
to be a chronic inflammatory mediator that activates
NF-κB inflammatory signaling through integrin α5β1
[17]. For example, in the pathology of obesity, enlargement of fat cells accelerates the secretion of ANGPTL2, which promotes the inflammation and the onset of obesity associated with insulin resistance [17].
ANGPTL2 also causes the inflammation of blood
vessels and promotes the infiltration of macrophages
to cause arteriosclerosis [18]. Therefore, ANGPTL2
plays an important role in the pathogenesis of various
non-infectious inflammatory diseases.
Chronic inflammation functions at different stages
of cancer development, including carcinogenesis, tumor invasion, and metastasis [19]. Oncogenic mutations in normal cells are important factors in carcinogenesis. DNA repair mechanisms often prevent
carcinogenesis when an oncogenic mutation occurs
within a normal cell, but sustained ANGPTL2 expression in normal tissues causes chronic inflammation
and accumulates reactive oxygen species (ROS) that
inactivate DNA repair enzymes [20]. The production
of ROS is significantly reduced in Angptl2 knockout
mice, and carcinogenesis is more suppressed in Angptl2 knockout mice compared to control mice [20].
The inflammation associated with ANGPTL2 in normal tissues, therefore, increases the risk of carcinogenesis by enhancing susceptibility to “pre-neoplastic
changes” and “malignant conversion” [21].
High expression of ANGPTL2 in cancer cells also
promotes metastasis [22, 23]. In lung and breast cancer, tumor cell-derived ANGPTL2 accelerates tumor
cell motility and promotes invasive capacity through
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integrin α5β1 to activate Rac in an autocrine/paracrine
manner. ANGPTL2 also promotes tumor angiogenesis resulting in acquisition of aggressive, metastatic
tumor phenotypes. In CRC, ANGPTL2 expression activates the Syk-NFAT pathway to increase tumor cell
resistance to anti neoplastic therapies [24, 25].
ANGPTL2 is a secretary protein, and the serum level of ANGPTL2 can be measured. Serum ANGPTL2
levels reflect the clinical features of breast, lung, colon,
and gastric cancer patients [26-30], while the inhibition of ANGPTL2 by siRNA in cancer cells represses
cancer progression and metastasis [22]. Therefore, inhibiting ANGPTL2 activity or secretion from cancer
cells might be a good therapy in cancer progression
and metastasis.
Integrin α5β1 has been reported as an ANGPTL2 receptor [17]. It has been reported recently that the human
leukocyte immunoglobulin-like receptor B2 (LILRB2)
and its mouse orthologue paired immunoglobulin-like
receptor B2 (PIRB2) are receptors for ANGPTL2 and
ANGPTL5, and that the binding of these ANGPTLs to
receptors supports ex vivo expansion of hematopoietic
stem cells (HSCs) [31]. As LILRB2 might be an ANGPTL2 receptor for cancer progression in some cancers,
the precious signaling pathway of ANGPTL2-LILRB2
is not well understood and should be examined more.
Tumor microenvironment is also an important factor in cancer progression [32, 33]. It is reported that
cancer-associated fibroblasts (CAFs) in cancer tissues
refractory to anti-VEGF therapy express high ANGPTL2. This report suggests that ANGPTL2 might
function in tumor refractoriness to anti-VEGF therapy.
As with the previously mentioned mechanisms, it is
not clear why ANGPTL2 expression in CAFs causes
the refractory to anti-VEGF therapy. The inhibition of
ANGPTL2 in CAFs might be a new therapy in resistance to anti-VEGF therapy.
ANGPTL3
Angiopoietin-like protein 3 (ANGPTL3) plays an
important role in lipid metabolism by inhibiting the
activity of lipoprotein lipase (LPL) [5]. It has been reported that the plasma level of ANGPTL3 is positively
associated with low-density lipoprotein cholesterol
[34]. Therefore, ANGPTL3 is garnering attention as a
targeting drug for metabolic disorders [35].
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ANGPTL3 is significantly induced in oral squamous
cell carcinoma (OSCC) [36], whereby it activates the
ERK pathway and promotes cell proliferation. In HCC in
vitro cells, ANGPTL3 antisense oligodeoxynucleotides
inhibit cell proliferation and invasion [37]. ANGPTL3
mRNA level in high-grade serous ovarian carcinoma is
associated with shorter survival [38]. In glioblastoma
and breast cancer, ANGPTL3 expression in cancer cells
provides a predictive factor [39, 40], while high ANGPTL3 expression in renal cell carcinoma (RCC) upregulates in sorafenib-responsive RCC. ANGPTL3 expression in RCC promotes apoptosis of RCC cells treated
with sorafenib [41]. Therefore, the role of ANGPTL3 in
cancer progression is controversial.
ANGPTL4
Along with cancer progression, hypoxia and undernutrition occur in cancer tissues due to rapid cancer
proliferation [42]. Angiopoietin-like protein 4 (ANGPTL4) is known to be induced by hypoxia and undernutrition [43], and is induced by IL-1β in a manner dependent on NF-κB- and MAPK- activation to promote
angiogenesis and progression in breast cancer [44]. In
oral cancer, ANGPTL4 enhances the tumorigenesis
and poor prognosis based on the clinical tumor tissues
[45]. ANGPTL4 expression is correlated with venous
and lymphatic invasion in human gastric cancer and
CRC [46, 47], and down-regulation of ANGPTL4 in
prostate cancer cells suppresses tumor growth [48].
An increased level of ANGPTL4 has been found to
inhibit tumor angiogenesis, vascular permeability and
invasiveness of cancer cells [49-51].
The full length of ANGPTL4 is known to be proteolytically cleaved to the N-terminal coiled-coil fragment (nANGPTL4) and the C-terminal fibrinogen-like
domain (cANGPTL4) [6]. The nANGPTL4 is responsible for the oligomeric assembly of ANGPTL4 and
binds to LPL to inhibit their activity. On the other
hand, cANGPTL4 is highly expressed in major epithelial tumors such as SCC [52]. cANGPTL4 induces
vascular leakiness and facilitates tumor metastasis by
binding to integrin α5β1, VE-cadherin and claudin5
[53]. cANGPTL4 activates the Rac1/PAK pathway
to weaken cell-cell contact through integrin α5β1.
cANGPTL4 is also associated with VE-cadherin and
claudin5 to lead endothelial disruption. In clinical
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samples, cANGPTL4 expression is observed in breast
cancer and melanoma [53]. Therefore, cANGPTL4
seems to promote cancer progression. Cleavage of
ANGPTL4 appears to be tissue-dependent in humans;
liver secretes cleaved ANGPTL4, whereas adipose
tissue secretes the full-length form [54]. Therefore,
the functions of ANGPTL4 might be different in each
tissue. The roles of ANGPTL4 in cancer should be
examined more closely.
ANGPTL5
There is no report to date that Angiopoietin-like
protein 5 (ANGPTL5) plays a role in angiogenesis.
ANGPTL5 supports efficient expansion of HSCs [55],
and in human primary non-small cell lung cancer, coexpression of immunoglobulin-like transcript 4- (ILT4)
and ANGPTL5- positive expression present poor overall survival rates [56]. However, there are few reports
about ANGPTL5 in cancer. As the role of ANGPTL5
in cancer progression has not been completely explained yet, further study is needed.
ANGPTL6
Angiopoietin-like protein 6 (ANGPTL6) is known
as an angiopoietin-related growth factor (AGF) and
has been identified as angiogenic factor [8]. ANGPTL6 plays a role in epidermal proliferation, wound
healing and adhesion by activating ERK1/2 [8]. It also
regulates lipid, glucose, and energy metabolism in a
mouse model [8, 57]. ANGPTL6 expression in keratinocyte promotes inflammation to enhance susceptibility to psoriasis [57], and is highly expressed in liver
and interacts with integrin α6 and E-cadherin [58]. It
is reported that CRC cells, which express high integrin
α6 and E-cadherin, represent a poor prognostic factor
for patients [58], but there are few reports about ANGPTL6 in cancer progression.
ANGPTL7
Angiopoietin-like protein 7 (ANGPTL7) is known
as cornea-derived transcript 6 (CDT6), and is expressed in neural tissues, keratoconus cornea and
trabecular meshwork [59]. In human hematopoietic
progenitors, ANGPTL7 regulates the expansion and
regeneration of HSCs by activating the expression of
CXCR4, HOXB4 and Wnt downstream targets [60]

and is an inflammatory factor to activate p38 MAPK
[61]. It is reported that ANGPTL7 is over-expressed
in colon cancer and in breast and ovary cancer cells
[62]. ANGPTL7 promotes angiogenesis, cell proliferation, motility and invasiveness [62], and is marginally
expressed under standard growth conditions, while it
is specifically up-regulated by hypoxia [62]. On the
other hand, ANGPTL7 expression in colon and lung
cancer cells inhibits angiogenesis and metastasis [63].
Therefore, the role of ANGPTL7 in cancer progression
is still unclear.
ANGPTL8
Angiopoietin-like protein 8 (ANGPTL8) is known
as betatrophin and is highly expressed in liver [64].
ANGPTL8 interacts with ANGPTL3 and increases
plasma levels of triglycerides and non-esterified fatty
acids [7]. It is reported that ANGPTL8 is expressed in
hepatocellular carcinoma [65]. The biological functions of ANGPTL8 are not fully clarified, and the role
of ANGPTL8 in cancer progression should be examined in more detail.
The regulation of ANGPTL genes
Some ANGPTL genes are known to be induced by
specific stimulations. ANGPTL2 is induced by endoplasmic reticulum (ER) stresses such as hypoxia and
under-nutrition [17]. The regulation of ANGPTL4 is
well examined. ANGPTL4 is also induced by hypoxia
and under-nutrition, similar to ANGPTL2 [43], and is
induced by peroxisome proliferator-activated receptor
(PPAR) alpha and gamma ligands [66]. ANGPTL7 is
induced by hypoxia [62]. The regulations of ANGPTL1, 3, 5, 6 and 8 by specific stimulation have not
been clarified. It has been reported that the epigenetic
change (hypomethylation) of enhancer regions is important for the expression of ANGPTL1, 2, 3, 4 and 8
[67]. Epigenetic change is influenced by various environmental factors such as nutrition, growth factors,
and interaction with other cells; therefore, more complex mechanisms must be involved in the regulation of
ANGPTL 1, 2, 3, 4 and 8. Further studies are needed
to regulate ANGPTL genes.
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Conclusion
A summary of the functions and roles of the ANGPTLs is listed in Table 1. Chronic inflammation increases the risk of carcinogenesis in non-tumor tissues
and promotes tumor growth and metastasis in tumor
tissues [19, 68]. Therefore, the development of inhibition of the function of ANGPTLs, which promote inflammation (ANGPTL2, 3, 4, 6, 7), might be a good
candidate for cancer therapy.
Therapeutic strategy targeting ANGPTL3 has been
developed for reducing plasma triglycerides and lowdensity lipoprotein in mice [69]. Oligonucleotides targeting human ANGPTL3 reduce levels of atherogenic
lipoproteins in humans [69]. Monoclonal antibody inhibition of ANGPTL4 has also been developed, and the
inhibition of ANGPTL4 in mice and monkeys reduces
triglyceride levels to decrease coronary artery diseases
[70]. As ANGPTLs have not been applied as a therapeutic strategy target for cancer progression, strategies
similar to those above might be effective therapies for
cancers which express high ANGPTL3, such as oral
squamous cell carcinomas, hepatocellular and ovarian cancers, or which express high ANGPTL4, such as
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gastric, colorectal and prostate cancers. On the other
hand, ANGPTL1 inhibits tumor angiogenesis and the
migratory and invasive ability of cancer cells. It also
suppresses EMT, which is a crucial process in tumor
progression. The development of induction of ANGPTL1 might be a strategy for preventing cancer metastasis.
As ANGPTLs are secretary proteins which affect
in an autocrine/paracrine manner, strategies targeting ANGPTLs in cancer progression might be more
effective with both cancer itself and cells in a tumor
microenvironment if conditions are fine. However,
the signal pathways of ANGPTLs have not been fully
clarified, and should be examined in future studies.
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がん進展におけるアンジオポエチン様因子の機能

遠藤

元誉

産業医科大学

要

医学部

分子生物学講座

旨： アンジオポエチン
（angiopoietin）は血管新生，造血系幹細胞の恒常性維持に重要な役割を担っている．

アンジオポエチン様因子
（angiopoietin-like proteins : ANGPTLs）は，アンジオポエチンに構造上類似するタンパクと
して同定され，現在までに 8 種類報告されている．ANGPTLs は分泌タンパクであり，血管新生以外に糖代謝，脂質代
謝，レドックス制御，慢性炎症などにも関与する．近年，慢性炎症が発がん，がん浸潤・転移の重要な因子の一つであ
ることが報告され注目されている．ANGPTL2，
3，
4，
6，
7 は炎症を促進させ，がん進展に関与する．一方，
ANGPTL1 は
腫瘍血管新生を抑制することで，がん進展を抑制する． 本総説では，がん進展における ANGPTLs の機能を概説し，
ANGPTLs を標的としたがん浸潤・転移抑制法開発の可能性についても紹介したい．
キーワード：アンジオポエチン様因子，
がん進展，
炎症．
J UOEH（産業医大誌）41
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