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CTRP6, a member of the C1q/TNF-related protein (CTRP) family, has gained

increasing scientific interest because of its regulatory role in tumor progression.

Previous studies have shown that CTRP6 is closely involved in regulating various

pathophysiological processes, including glucose and lipid metabolism, cell

proliferation, apoptosis, and inflammation. To date, CTRP6 has been

identified as related to eight different malignancies, including lung cancer,

oral cancer, gastric cancer, colon cancer, liver cancer, bladder cancer, renal

cancer, and ovarian cancer. CTRP6 is reported to be associated with tumor

progression by activating a series of related signal networks. This review article

mainly discusses the biochemistry and pleiotropic pathophysiological functions

of CTRP6 as a new molecular mediator in carcinogenesis, hoping that the

information summarized herein could make a modest contribution to the

development of novel cancer treatments in the future.
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Introduction

Cancer is a major public health problem worldwide, with incidences increasing

yearly (Siegel et al., 2021). In recent years, there has been remarkable progress in the

knowledge about the molecular and cellular mechanisms that mediate carcinogenesis.

Nevertheless, many problems concerning cancer prevention and treatment remain to be

answered (Tsimberidou et al., 2020). In addition, many currently available treatment

methods cannot achieve expected satisfactory therapeutic outcomes due to

heterogeneity of tumor cells in gene expression, metabolic activity, proliferation,

and potential metastasis (Zou and Wang, 2019). Therefore, it is necessary to find

and select personalized precise methods for the sake of improving the diagnosis and

treatment of malignant tumors.

Obesity has become a more prevalent public health problem and is considered one

of the main cancer risk factors (Avgerinos et al., 2019). Obesity has been linked to the
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initiation and progression of many types of carcinoma (De

Pergola and Silvestris, 2013). Recent data suggest that obesity-

induced cancer could be triggered by chronic inflammation in

adipose tissues, which will produce local genotoxic stress

leading to the initiation of malignancies (Lengyel et al.,

2018). Obesity, as a chronic inflammatory state of over

nutrition, activates the signaling pathway of cell growth

factors, thereby increasing the risk of tumor transformation.

In the process of cancer initiation and development, mitogen-

activated protein kinase (MAPK), Janus kinase (JAK)/signal

transducers and activators of transcription (STAT), Akt and

phosphatidylinositol 3-kinase (PI3K) signaling pathways are

frequently altered (Hopkins et al., 2016). Fatty acids and other

metabolic adipocytokines secreted by adipocytes can reduce the

immune function of obese patients and facilitate tumor

progression (Spyrou et al., 2018). Among these insulin,

steroid hormones, cytokines, adipocytokines, leptin, and

adiponectin are the most thoroughly studied in tumor

development (Vansaun, 2013). In addition, adiponectin is

reported to be strongly associated with different types of

tumor growth and can enhance tumor aggressiveness (Di

Zazzo et al., 2019), suggesting that the crosstalk between fat

tissue and tumor cells depends on the effects of adiponectin and

its homologs.

Complement 1q tumor necrosis factor-related proteins

(CTRPs) are a protein family, acting as adipokines and

sharing the similar structure and physiological function of

adiponectin in cellular progression (Wong et al., 2004).

CTRPs are involved in several biological processes, including

chronic inflammation (Jung and Jung, 2021), fibrosis (Zhao

et al., 2020), apoptosis (Zhang and He, 2019), autoimmunity

(Omeka et al., 2019), cell proliferation and differentiation

(Schäffler and Buechler, 2012; Wu et al., 2017). In recent

years, the role of CTRP members in carcinogenesis has

attracted more attention and interest from researchers (Li

et al., 2011; Li et al., 2017; Thanasupawat et al., 2018).

Among these, CTRP3, CTRP4, CTRP6, and CTRP8 have

been reported to be strongly associated with several

malignant tumors, like osteosarcoma (Akiyama et al., 2009),

hepatocellular carcinoma (Wan et al., 2019), glioblastoma

(Glogowska et al., 2022), and other malignancies (Kong

et al., 2021). CTRPs are also involved in the carcinogenesis

of multiple tumors and may be considered biomarkers or

therapeutic targets (Klonisch et al., 2017). The purpose of

this review is to compile the latest literature on

CTRP6 related different types of tumor development and

progression and discuss recently proposed understanding

mechanisms of CTRP6 in tumor progression, including

tumor cell proliferation and metastasis, in an attempt to

provide the latest insights into the role of CTRP6 in cancer

prevention and treatment.

General structure and function of
CTRP6

The term CTRP was originally proposed by Wong et al.

(2004) to describe a new secretory protein family. CTRPs are

cloned according to the sequence homology between CTRPs

and adiponectin (Seldin et al., 2014). The CTRP family is

composed of 16 members, including CTRP1-9, 9B (Peterson

et al., 2009), and 10–15 (Seldin et al., 2014). CTRP6, with a

molecular weight of 29 kDa, consists of four domains:

N-terminal signal peptide domain, short variable region

domain, collagenous domain with various lengths of Gly-X-Y

repeats, and C-terminal globular C1q domain (Schäffler and

Buechler, 2012). Schematic structure of CTRP6 and the number

of amino acid in each domain is shown in the following result

(Figure 1). The number of amino acids in each domain is 20, 58,

42, and 142, respectively (Wong et al., 2004). The chromosome

location of human CTRP6 is 22q13.1. The collagenous domain

has 14 Gly-X-Y (X and Y refer to any amino acid) repeats. The

3D structure of the spherical C1q domain is almost the same as

that of the C-terminal region of tumor necrosis factor (TNF)

homologous domain (THD), which is a typical feature of TNF

family members (Wong et al., 2004). The globular domain of

mCTRP6 shares 34% homology with the amino acid sequence

of adiponectin (Wong et al., 2004). The C-terminal globular

domain is considered a functional domain that may interact

with other proteins or receptors.

Increasing numbers of studies have demonstrated that

CTRP family members, especially CTRP6, play an integral

role in numerous biological processes including

inflammation (Lahav et al., 2021), cell proliferation (Dong

et al., 2018), apoptosis (Qu et al., 2021), fibrosis (Lei et al.,

2015), sclerosis (Zhang et al., 2019), and carcinogenesis (Kong

et al., 2021). CTRP6 is reported to be involved in various insulin

resistance diseases (Lei et al., 2017), like type 2 diabetes (Wang

et al., 2018), obesity (Liao et al., 2021), and diabetic

nephropathy (Xu et al., 2020). CTRP6 also shows a close

relationship with related cardiac vascular diseases, like

cardiac fibrosis (Lei et al., 2015), cardiotoxicity (Zheng et al.,

2019), and atherosclerosis (Liu et al., 2021). CTRP6, as an

endogenous complement regulator, is highly expressed in the

serum of patients with rheumatoid arthritis (Murayama et al.,

2015). Recently, the role of CTRP6 in carcinogenesis has

aroused increasing interest and attention. The role of

CTRP6 in various tumor types has been summarized

(Table 1). CTRP6 is reported to function as a tumor-

promoting regulator in several malignancies by promoting

tumor cell survival and anti-apoptosis (Kong et al., 2021). It

has also been demonstrated to enhance the migration and

invasion of cancer cells. However, the mechanism of

CTRP6 in tumor initiation and development remains unclear.
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Expression of CTRP6 in humans and
mice

CTRP6 as a secreted protein is widely expressed in various

human normal tissues and cell types. CTRP6 protein is mainly

expressed in female normal tissue and partially expressed in the

gastrointestinal tract (Figure 2). The CTRP6 expression data are

from the Human Protein Atlas (HPA) dataset and Genotype-

Tissue Expression (GTE) transcriptomics datasets. In female

tissues, CTRP6 protein is most highly expressed in the

placenta endothelial cells and syncytiotrophoblasts.

CTRP6 regulated the viability, migration, and invasion of

human chorion trophoblast cells through PPARγ signaling

(Zhang and Bai, 2022). In the endometrium, stroma cells but

not glandular cells show high expression of CTRP6. In colon and

rectum tissue, mucosal lymphoid cells but not glandular or

FIGURE 1
Structure of Complement 1q tumor necrosis factor-related protein 6.

TABLE 1 CTRP6 expression in various tumor types.

PMID Types of
tumors

Expression in
tumor

Relationship
with prognosis

Function Related
pathways

Refs.

31292940 Lung
adenocarcinoma

Increased Poor prognosis Promote cell proliferation, migration,
invasion, and inhibit apoptosis

MEK/ERK cascades
related MAPK
signaling pathway

Han et al.
(2019)

33269376 Zhang and
Feng (2021)

21508531 Hepatocellular
carcinoma

Increased Not mentioned Accelerate tumor neovascularization, promote
cell proliferation, migration, invasion and
inhibit apoptosis

Akt signaling pathway Wan et al.
(2019)

31111552 Takeuchi et
al. (2011)

30431096 Gastric cancer Increased Favorable prognosis (Controversial) Promote cell proliferation,
migration, invasion, and regulate cell cycle
arrest, and inhibit apoptosis; not alter cell
proliferation or invasion ability, and anti-
fibrotic property

TGF-β/α-SMA
signaling pathway

Qu et al.
(2019)

33442414 Iwata et al.
(2021)

31254244 Oral squamous cell
carcinoma

Increased Not mentioned (Controversial) Antagonist to laminin
binding, decrease proliferation and invasion;
promote cell growth, regulate cell cycle arrest,
and inhibit apoptosis

laminin receptor
pathway

Hano et al.
(2019)

34906149 APR and TNF-α
pathway

Song et al.
(2021)

33123583 Bladder cancer Increased Poor prognosis Promote cell migration and invasion ErbB, mTOR, Notch,
TGF-β signaling
pathway

Zhu et al.
(2020)

32282241 Renal cell carcinoma Increased Poor prognosis Serve as an independent risk factor for overall
survival, promote cell proliferation, migration,
invasion, and inhibit apoptosis

WNT beta catenin
signaling pathway

Lin et al.
(2020)

26648301 Ovarian cancer
(article in Chinese)

Decreased Not mentioned Inhibit cell proliferation and migration IL-8/VEGF pathway Wang et al.
(2015)

MEK, mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase; MAPK, mitogen-activated protein kinases; APR, acute phase response; TGF-β, transforming growth

factor-beta; ErbB, epidermal growth factor receptor; IL-8, interleukin-8; VEGF, vascular endothelial growth factor.
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endothelial cells show positive staining of CTRP6. However,

most normal tissues do not express CTRP6 protein, and

CTRP6 mRNA levels in various tissues are fairly low.

CTRP6 was found in serum and its expression in fat tissues

was enhanced in obese, ob/ob and adiponectin null-mice (Liu

et al., 2021). However, mRNA levels in the fat of female mice

were about five times that of male mice (Liu et al., 2021). Most

CTRP family members are predominantly expressed in adipose

tissue, but CTRP6 is highly expressed in the placenta tissue.

CTRP6 as a secreted glycoprotein is expressed in mammalian

cells. Serum level of CTRP6 expression also seems to be increased

in female mice, indicating that CTRP6 serum levels vary with the

sex and genetic background of mice (Wong et al., 2008).

Administration of the peroxisome-proliferator-activated

receptor-γ (PPAR-γ) agonist rosiglitazone could significantly

reduce the transcript level of CTRP6 in the adipose tissue

(Wong et al., 2008). CTRP6 is a gene that can rapidly

respond to acute nutritional changes by regulating adipose

tissue expansion in mice (Lahav et al., 2021). CTRP6 reduced

cerebral ischemia/reperfusion injury (IRI) by decreasing

inflammation, oxidative stress, and apoptosis by activating the

PI3K/Akt signaling pathway in mice (Li et al., 2020).

CTRP6 in lung cancer

Lung cancer is the most common cause of cancer-related

death worldwide, with an estimated 1.6 million deaths each year

(Sung et al., 2021). The most common histological subtypes of

lung cancer are collectively referred to as non-small cell lung

cancer (NSCLC), in which lung adenocarcinoma and lung

squamous cell carcinoma are the most common pathologic

subtypes (Herbst et al., 2018). Although remarkable progress

has been made in the treatment of NSCLC over the past two

decades, the overall cure rate and survival rate remain low (Chen

et al., 2014). A better understanding of disease biology and tumor

progression mechanism can help invent novel treatment

strategies earlier. However, the function of CTRP6 in lung

adenocarcinoma remains unknown. At present, only two

literature studies have reported the biological role of

CTRP6 in lung cancer (Han et al., 2019; Zhang and Feng,

2021). Based on the data from TCGA and Oncomine

databases, the CTRP6 expression is dramatically up-regulated

in human lung adenocarcinoma tissues as compared with that in

normal lung samples (Han et al., 2019). CTRP6 expression is

positively correlated with tumor T-stage, the number of

metastatic lymph nodes, and the distal metastasis status (Han

et al., 2019). In survival analysis, CTRP6 is significantly

associated with overall survival (OS) in lung adenocarcinoma

patients. The statistical data show that CTRP6 high-expression

group is related to an unfavorable prognosis as compared with

CTRP6 low-expression group (Han et al., 2019). It is suggested

that CTRP6 can be used as an independent predictor of lung

adenocarcinoma prognosis. CTRP6 expression was found to be

increased in two different lung cancer cell lines (Han et al., 2019).

CTRP6 expression at mRNA and protein levels are up-regulated

in H1299 and A549 lung cancer cells as compared with BEAS-2B

normal control. Knockdown of CTRP6 inhibited the capabilities

of cell proliferation, migration, and invasion in lung

adenocarcinoma cells. Additionally, knockdown of

CTRP6 showed a positive regulatory effect on MEK and ERK

phosphorylation (Han et al., 2019) but did not affect MEK and

FIGURE 2
CTRP6 mRNA expression in human normal tissues.
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ERK protein expression. MEK and ERK are two key cascades in

the MAPK signaling pathway in NSCLC (Han et al., 2021).

Activating the RAS/RAF/MEK/ERK signaling pathway leads

to the proliferation, and regulated cell cycle of cancer cells

(Liang et al., 2021). Inactivating MAPK signaling pathway

showed a negative regulatory effect on the progression and

metastasis of lung cancer (Xu et al., 2018). These findings

suggest that CTRP6 may promote the progression of lung

cancer via regulating the MAPK signaling pathway (Figure 3).

CTRP6 in hepatocellular carcinoma

Hepatocellular carcinoma (HCC), the most common type of

liver cancer, is leading to a growing global problem with one of

the worse prognoses (Llovet et al., 2021). Viral infections and the

increasing incidence of obesity and fatty liver disease also

contribute to liver carcinogenesis (Marengo et al., 2016).

Despite the development of new therapeutic drugs over the

past few years, OS does not improve further (Couri and Pillai,

2019). Like other cancers, multiple signaling pathways have been

implicated in HCC, which provide more accurate and effective

therapeutic methods for tumor treatment (Zhao et al., 2020).

Previous studies have reported an increased expression of

CTRP6 in human HCC tissue (Wan et al., 2019). Takeuchi

et al. (2011) reported their immunohistochemical (IHC)

study on 30 HCC tissue specimens and found that 21 of

these specimens had positive staining, but no increased

expression of CTRP6 was detected in the peritumoral liver

tissue (Takeuchi et al., 2011). Positive CTRP6 IHC staining

was not only found in the cytoplasm of tumor cells but

present in sinusoidal lining cells. CTRP6 mRNA and

protein expression levels of human HCC were also

detected by RT-PCR and Western blot, demonstrating that

CTRP6 expression was significantly up-regulated in the HCC

tissue as compared with that in paratumoral liver tissue (Wan

et al., 2019).

An in vivo study using the experimental model of

subcutaneous injection of HepG2 cells in BALB/c nude mice

(Takeuchi et al., 2011) showed that enhancing the expression of

CTRP6 can accelerate tumor neovascularization in xenografts.

Representative histological features of typical xenografts showed

that the central area of hypovascular tumor necrosis in non-

CTRP6 expressing HepG2 cells was larger than that in CTRP6-

expression HepG2 cells. Meanwhile, the CTRP6-expression

HepG2 cells showed a rare necrotic area with abundant

tumor-penetrating vessels in the formed solid tumors. But

there was no significant difference in tumor volumes between

these two groups. In conclusion, xenograft assay showed that

CTRP6 can help tumor growth by promoting angiogenesis in the

tumor, thereby decreasing the hypovascular central necrosis area

in transplanted HepG2 cells.

CTRP6 was highly expressed in the human HCC cell line

Hep3B in comparison with normal human liver cell line L02

(Wan et al., 2019). Silencing CTRP6 by siRNA transfection could

inhibit cell viability, and promote the apoptosis of Hep3B cells

FIGURE 3
Schematic diagram of CTRP6 mediated the development and progression of lung cancer.
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(Wan et al., 2019). Caspase-3/CPP32 fluorometric assay showed

that knocking down CTRP6 enhanced the activity of caspase-3.

In addition, depletion of CTRP6 reduced the ability of cell

migration and invasion (Wan et al., 2019). To better clarify

the potential mechanism of CTRP6 in HCC cell biological

behaviors, the role of CTRP6 in the Akt signaling pathway

has attracted more attention. It is well known that Akt/mTOR

is frequently mutated in HCC (Rebouissou and Nault, 2020).

Activation of Akt can help tumor growth and metastasis in HCC

(Dimri and Satyanarayana, 2020). Akt phosphorylation is known

to promote cell growth and survival in a variety of solid tumors

including HCC by activating the PI3K/Akt/mTOR pathway.

Activation of the PI3K/Akt-pathway is one of the key

mechanisms in HCC (Wu et al., 2020). PI3K/Akt pathway

also acts an important role in growth control and drug

resistance in cancer cells (Garcia-Lezana et al., 2021). An

in vitro study (Wan et al., 2019) showed that

CTRP6 increased the phosphorylation of Akt in cultured

human liver sinusoidal microvascular endothelial cells.

Meanwhile, silencing CTRP6 expression could decrease the

phosphorylation level of Akt. The C1 domain at the

C-terminal side of CTRP6 seems to be critical for CTRP6-

mediated Akt activation (Wan et al., 2019). CTRP6 may

promote tumor angiogenesis in HCC by activating the Akt

pathway in vascular endothelial cells. Inhibition of Akt

phosphorylation decreased angiogenesis of HCC (Xie et al.,

2021). Additionally, hepatic angiogenesis can be regulated by

VEGF/Akt/eNOS signaling pathway (Zheng et al., 2021).

Moreover, pretreatment of Hep3B cells with insulin-like

growth factor 1 (IGF-1), an activator of Akt, could restore the

changes in cell biological behavior by CTRP6-siRNA

transfection. Activating Akt signaling pathway reverses the

alterations after CTRP6 inhibition, including cell survival,

apoptosis, migration, and invasion, indicating that CTRP6 is

involved in HCC progression via the mediation of Akt signaling

pathway (Figure 4).

CTRP6 in gastric cancer

Gastric cancer (GC) is the fifth most prevalent cancer and the

third leading cause of cancer mortality worldwide (Sung et al.,

2021). There are many histological classifications of GC.

According to the Lauren classification system, GC is classified

into two types: intestinal and diffuse. Although GC can be

surgically excised or inhibited by chemoradiotherapy, the

prognosis remains poor in many cases because of the

advanced stage at the time of diagnosis (Smyth et al., 2020).

Previous studies (Qu et al., 2019; Iwata et al., 2021) have reported

that the expression of CTRP6 in GC is increased. Comparison of

CTRP6 mRNA alteration by GeneChip assay demonstrated that

the expression of CTRP6 mRNA in human GC was significantly

up-regulated by 1.59 fold as compared with that in the

peritumoral normal gastric tissue. IHC detection of

CTRP6 protein in primary GC samples showed a serum

immunoreactive expression pattern and a diffuse granular

FIGURE 4
Schematic diagram of CTRP6 mediated promotion of hepatocellular carcinoma growth.
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distribution (Qu et al., 2019). The expression rate of CTRP6 was

about 80.7% (42/52) and 46.9% (23/49) in two studies

respectively (Qu et al., 2019; Iwata et al., 2021). Interestingly,

although CTRP6 was found in advanced gastric cancer, invasion

front of gastric cancer cells showed a loss of CTRP6 expression in

diffuse gastric adenocarcinoma specimens (Iwata et al., 2021).

CTRP6 is highly expressed in GC tissue, regardless of patient age

and sex, tumor location, degree of differentiation, depth of

invasion, lymph node metastasis, lymph vascular involvement,

and nerve infiltration. CTRP6 expression was found to be

significantly correlated with a favorable recurrence-free period

(RFP) in patients with distal diffuse gastric adenocarcinoma

(Iwata et al., 2021).

CTRP6 expression was obtained in many human GC cell

lines, including AGS, SSGC-7901, BGC-823, MGC-803, KATO

III, MKN7, MKN74, NUGC4, and GPM-2. But the role of

CTRP6 in GC remains controversial. Silencing

CTRP6 expression decreased cell proliferation and the ability

of cell migration and invasion (Qu et al., 2019). It was also

reported that CTRP6 knockdown could induce cell cycle arrest

and promote apoptosis of AGS cells (Qu et al., 2019). However,

CTRP6 was found to play a dual role in GC study. A previous

study (Iwata et al., 2021) showed that treatment with

recombinant CTRP6 did not change the viability of GC cells,

and neither did the primary cultured normal gastric epithelial

cells. In addition, it was reported that treatment of recombinant

CTRP6 could significantly reduce the TGF-β induced alpha-

smooth muscle actin (α-SMA) expression in fibroblasts

(Figure 5). TGF-β induced α-SMA promoted tumor cell

invasion and metastasis (Fuyuhiro et al., 2011). A

subpopulation of cancer-associated fibroblasts (CAFs) is

known to play a major role in the tumor microenvironment

(TME). It was found that CAFs with α-SMA protein expression

profile enhanced the invasiveness of cancer cells (Naito et al.,

2019). Additionally, high expression of α-SMA was associated

with poor prognosis in gastric adenocarcinoma patients (Zhan

et al., 2019). Inverse expression of CTRP6 and α-SMA was also

obtained by IHC assay in human GC specimens, indicating that

CTRP6 could attenuate the invasiveness of α-SMA positive

fibroblasts in cancer stroma. The results of previous studies

on the function of CTRP6 in GC are controversial, and

therefore it is necessary to perform further investigations to

elucidate the role of CTRP6 in GC.

CTRP6 in oral squamous cell
carcinoma

Oral squamous cell carcinoma (OSCC) is one of the most

common head and neck malignant tumors (Warnakulasuriya,

2009). The 5-year OS of OSCC has remains 40%–60% without

significant improvement over the past four decades (Zanoni

et al., 2019). So far, only two studies have reported the

expression of CTRP6 in human OSCC (Hano et al., 2019;

Song et al., 2021), pointing out that CTRP6 played a

bidirectional role in the carcinogenesis of OSCC. The result

from The Cancer Genome Atlas (TCGA) shows that

CTRP6 tended to be more highly expressed in OSCC of

40 paired cancer and normal tissues (Song et al., 2021). This

finding was also verified by qRT-PCR and western blot analysis,

demonstrating that the expression level of CTRP6 in cancer

tissue was significantly higher than that in adjacent normal

tissues (Song et al., 2021). In addition, IHC staining also

confirmed the consistent results that CTRP6 expression was

elevated in OSCC cancer cells. High CTRP6 expression was

also found in Cal-27 and SCC-9 human OSCC cell lines, but

not HioEC normal oral cell lines. Knockdown of CTRP6 can

inhibit cell proliferation and enhance cell apoptosis in OSCC cell

lines. Two different in vivo studies proved that CTRP6 could slow

down the growth of OSCC cells in the xenograft model. One

study established the model by injecting OSCC cells transfected

with CTRP6-shRNA or Ctrl-shRNA lentivirus into nude mice

(Song et al., 2021), and another study established the xenograft

model by intraperitoneal injection of inoculating into the mice

and treated them with or without recombinant CTRP6 protein

(Hano et al., 2019). The result showed that the tumor volume in

the CTRP6 group was significantly smaller than that in the

control group, indicating that CTRP6 could suppress OSCC

cell proliferation in vivo (Hano et al., 2019).

An in vitro study (Hano et al., 2019) demonstrated that

administration of recombinant CTRP6 could significantly

FIGURE 5
Schematic diagram of the role of CTRP6 in gastric cancer.
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inhibit cell proliferation and invasion ability in cultured

OSCC cells. Microarray analysis reveals that silencing

CTRP6 can significantly activate the acute phase response

signaling pathway, and the upstream molecules, such as ID1,

BBC3, and DDIT3, were closely related to CTRP6 in the

network (Song et al., 2021). ID1 showed increased

expression in OSCC (Chen et al., 2020). In addition,

ID1 expression was significantly associated with tumor

recurrence, angiogenesis, lymph node metastasis, and poor

clinical outcome (Dong et al., 2010). Lu et al. (2020) reported

that ID1 activation promoted the stemness of OSCC cells. The

mechanism of CTRP6 inhibiting tumor growth assumed that

CTRP6 inhibited the growth of OCSS by binding to a cell

surface membrane receptor (Hano et al., 2019). Subsequent

screening analysis revealed that CTRP6 is bound to the

product of human ribosomal protein SA (RPSA), which is

also known as the laminin receptor (37LRP/67LR) gene. The

CTRP6 binding protein was screened in the expression library

and then analyzed by co-immunoprecipitation. The results

showed that CTRP6 is combined with the laminin receptor

precursor in the surface membrane of cultured human OSCC

SAS cells (Hano et al., 2019). It is suggested that CTRP6 acts as

an antagonist to laminin binding in OCSS. The binding of

laminin and its receptor is considered to attenuate the

migration and invasion of cancer cells (Hano et al., 2019).

Increased laminin-α3 mutations are associated with

carcinogenesis and invasiveness of OSCC (Sequeira et al.,

2020). High laminin receptor expression is considered a

useful prognostic factor associated with poor prognosis and

postoperative recurrence of SCC (Matsuo et al., 2022).

CTRP6 protein significantly suppressed the migration and

matrigel invasion activity of ASA cells (Hano et al., 2019).

The mechanism of CTRP6 inhibiting cell migration and

invasion may be that CTRP6 disturbs the binding of laminin

to the laminin receptor (Figure 6). CTRP6 may therefore be

considered a novel potential approach for OSCC treatment.

CTRP6 in bladder cancer

Bladder cancer (BC) is one of the most prevalent

malignancies in the urinary system and is classified as the

fourth major type of cancer in men worldwide (Lenis et al.,

2020). The risk factors of BC are complex and the mechanisms

underlying its development and progression remain unclear

(Grayson, 2017). CTRP6 is recently discovered as a novel

molecule for predicting the prognosis of BC (Zhu et al., 2020).

According to TCGA and GEO databases, the CTRP6 mRNA

levels in the BC tissue increased significantly as compared with

that in normal bladder mucosa (Zhu et al., 2020). CTRP6 protein

expression in BC tissue was obtained by the HPA database. The

IHC expression pattern of CTPR6 showed cytoplasmic stains in

tumor cells. In addition, the expression of CTRP6 is positively

correlated with an advanced AJCC stage, a higher histologic

grade, and a worse prognosis in BC. In addition, the high

CTRP6 expression group presented poor OS and progression-

free survival (PFS) in both TCGA and GEO databases (Zhu et al.,

2020). Survival analysis demonstrated that patients in the low

CTRP6 expression group had a significantly favorable OS as

compared with that in the high CTRP6 expression group. Gene

set enrichment analysis (GSEA) of CTRP6 expression was

detected to evaluate the potential correlations between

CTRP6 and relevant pathways, and the result showed that

cytokine-cytokine receptor interaction, ErbB signaling

pathway, and ECM receptor interaction were enriched in high

CTRP6 expression group (Zhu et al., 2020). In addition,

CTRP6 low-expression group was assumed enriched in some

cancer related pathways, including Notch, TFG-β, mTOR, and

ubiquitin-mediated proteolysis. The expression of ECM-related

genes was significantly higher in the tumor-associated

urothelium than that in the urothelium (Wullweber et al.,

2021). ErbB is found overexpressed in a subgroup of BC, and

targeting the ErbB/HER receptors in patients is considered to be

a new strategy treatment (Chen et al., 2021). Compared with

normal bladder cell line (SV-HUCL), increased expression of

CTRP6 was also detected in several BC cell lines, including T24,

UMUC3, BIU87, and 5637 (Zhu et al., 2020). It was found that

depletion of CTRP6 expression by siRNA transfection could

reduce the migration and invasion abilities of BC cells. However,

the underlying function and molecular mechanism of CTRP6 in

FIGURE 6
Hypothetical model of CTRP6 mediated tumor suppression
mechanism in oral squamous cell carcinoma.

Frontiers in Genetics frontiersin.org08

Hu et al. 10.3389/fgene.2022.985077

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.985077


the biological behaviors of bladder tumor cells need to be further

investigated.

CTRP6 in renal cancer

Clear cell renal cell carcinoma (ccRCC) is one of the major

subtypes of renal cell cancer, with a prevalence of 75% in all

primary kidney cancers (Hsieh et al., 2017). The ccRCC is a

highly aggressive disease, and up to one-third of ccRCC patients

were diagnosed in the advanced tumor stage without typical

symptoms (Motzer et al., 2022). TCGA and GEO databases

showed that CTRP6 expression was up-regulated in the

ccRCC samples compared with the adjacent normal tissue

(Lin et al., 2020). Besides, high levels of CTRP6 mRNA and

protein expression were found to be positively correlated with

cancer stages. The expression level of CTPR6 tends to be high in

patients with advanced cancer stage and its Overexpression is

significantly correlated with poor OS in ccRCC patients (Lin

et al., 2020). Univariate and multivariate Cox analyses showed

that CTPR6 was an independent risk factor for OS. KEGG and

GSEA analyses showed that co-expressed genes and signaling

pathways in the CTRP6 high expression group are mainly

enriched in cell cycle, DNA replication, epithelial-

mesenchymal transition (EMT), angiogenesis, and WNT/β-
catenin signaling pathways (Lin et al., 2020). In addition,

activation of the WNT/β-catenin signaling pathway could

favorably trigger the EMT in CRCC (Gorka et al., 2021). All

these networks are closely related to tumor cell proliferation,

migration, invasion, and metastasis, but more experimental

results are needed to verify the functional role of CTRP6 in

renal malignancies. In conclusion, all the above results indicate

that CTRP6 can be used as a potentially useful biomarker to

predict the survival of ccRCC patients. However, the results of the

CTRP6 research are limited, and most results were obtained by

bioinformatics analysis. Further in vivo and in vitro experimental

studies are needed to explore the biological function of CTRP6 in

ccRCC.

CTRP6 in other tumors

In addition, the role of CTRP6 in regulating tumor progression

has also been reported in ovarian cancer (Wang et al., 2015) and

colon cancer (Jingxian Gou et al., 2019). Both articles are in Chinese.

The level of CTRP6 in the serum of patients with ovarian cancer

showed a declining trend. Contrary to the previously described

function, CTRP6 restrained the proliferation and migration of

ovarian cancer cells (Wang et al., 2015). The inhibitory effect of

CTRP6 can be attenuated by treatment with CTRP6 siRNA or anti-

CTRP6 antibody. CTRP6 inhibited the viability and migration of

ovarian cancer cells by blocking the expression of IL-8 and vascular

endothelial growth factor (VEGF) pathways. CTRP6 is overexpressed

in colon cancer tissue (Jingxian Gou et al., 2019). But no significant

FIGURE 7
Graphic summary of CTRP6 in various tumor types.
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relationship was observed between CTRP6 expression and patients’

gender, age, tumor size, tumor differentiation, and depth of tumor

invasion. Still, there is no comprehensive study on the mechanism of

CTRP6 in colon cancer and other tumors.

Conclusion

In the current review, we investigate the role of CTRP6 in

various malignant tumors (Figure 7). We focused on its

expression, biological function, and main related signaling

pathways in different malignancies. The study of biochemical

characterization of CTRP6 and its heteromeric protein

complexes will help us further understand the complex

pathophysiological functions of CTRP6.

Studies have identifiedCTRP6 as a therapeutic target for a variety

of cancers, which brings more attention and hope for developing

potential therapeutic strategies. CTRP6 seems to play a dual role in

different tumors. However, the list of CTRP6 related malignancies

continues to expand, and research on CTRP6-related tumor diseases

remains insufficient. More research is required to gain a better

understanding of the biological function of CTRP6 in various tumors.
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