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ABSTRACT
CEMIP is a protein known for inducing cell migration and binding to hyaluronic acid.
Functioning as a hyaluronidase, CEMIP primarily facilitates the breakdown of the
extracellular matrix component, hyaluronic acid, thereby regulating various signaling
pathways. Recent evidence has highlighted the significant role of CEMIP in different
cancers, associating it with diverse pathological states. While identified as a biomarker
for several diseases, CEMIP’s mechanism in cancer seems distinct. Accumulating
data suggests that CEMIP expression is triggered by chemical modifications to itself
and other influencing factors. Transcriptionally, chemical alterations to the CEMIP
promoter and involvement of transcription factors such as AP-1, HIF, and NF-
κB regulate CEMIP levels. Similarly, specific miRNAs have been found to post-
transcriptionally regulate CEMIP. This review provides a comprehensive summary
of CEMIP’s role in various cancers and explores how both transcriptional and post-
transcriptional mechanisms control its expression.

Subjects Biochemistry, Cell Biology, Molecular Biology
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INTRODUCTION
Cell migration-inducing and hyaluronan-binding protein (CEMIP), also known as
KIAA1199 or HYBID, is a multifunctional protein involved in cell migration promotion
and hyaluronic acid (HA) binding. It was initially identified in 1999 from a cDNA library
screen (Kikuno et al., 2002). CEMIP is recognized by several aliases, including colon cancer
secretory protein 1 (CCP1), transmembrane protein 2-like (TMEM2L), and hyaluronan-
binding protein involved in hyaluronan depolymerization (HYBID). The CEMIP gene is
located on human chromosome 15q25.1 and encodes 1361 amino acids. Operating as a
pro-vascular and pro-inflammatory factor, CEMIP is widely expressed in various normal
human tissues such as the brain, lung, and pancreas (Michishita et al., 2006). The subcellular
localization and functions of CEMIP vary depending on the cell type. In colon cancer cells,
CEMIP is predominantly found in the cytoplasm (Birkenkamp-Demtroder et al., 2011),
nucleus (Birkenkamp-Demtroder et al., 2011), and cell membrane (Sabates-Bellver et al.,
2007). Its presence in these locations facilitates proliferation, apoptosis, metastasis, and
invasion in vitro and in vivo, suggesting its involvement in tumorigenesis and metastasis.
In breast cancer, cytoplasmic CEMIP promotes cell proliferation, migration, and invasion
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Figure 1 Schematic diagram of secondary structure of CEMIP. CEMIP protein is composed of several
domains: SP, G8, GG, WxxW repeats and PbH1 repeats. Among them, the GB domain has eight glycines,
and is expected to contain one α-helix and 10 β-strands. GB domain has been reported to bind with
EGFR, PlexinA2, ANXA1 and other factors to trigger different signals.Two GG structural domains, each
consisting of 7 β-strands and 2 α-helices.The second GG domain can interact with coatomer protein
complex α-subunit (COPA) and glycogen phosphorylase kinase β-subunit (PHKB).The function of
WxxW repeats is unknown, but its WxxW sequence is highly conserved.PbH1 repeats consists of four
parallel β -repeats sequences. It is known that PbH1 repeats domain can bind to O-GLCNAC transfer
(OGT), but its specific function is unknown.

Full-size DOI: 10.7717/peerj.16930/fig-1

(Jami et al., 2014). Structurally, CEMIP consists of one G8 domain, two GG domains, four
PBH1 domains, and several N-linked glycosylation sites (Guo et al., 2006; He et al., 2006;
Yoshida et al., 2014). Proteins containing G8 domains are typically predicted to localize
in the nucleus and cytoplasm, with the G8 domain of CEMIP possibly influencing its
subcellular localization (Liu et al., 2021b). The precise role of GG domains in hyaluronic
acid binding and degradation remains unclear (Yoshida et al., 2013). Refer to Fig. 1 for the
secondary structure of CEMIP.

In addition to its involvement in cancer, CEMIP interacts with various signaling
molecules such as transcription factors, EGFR, and the Wnt/β-catenin pathway,
participating in essential cellular activities. CEMIP expression can activate epithelial-
mesenchymal transition (EMT)-related signaling pathways (Wang et al., 2019a). Studies
indicate that classical and non-canonical Wnt signaling promote tissue-specific tumor
cell metastasis, tightly linking Wnt signaling to colorectal cancer (CRC) development
(Zhan, Rindtorff & Boutros, 2017). Furthermore, CEMIP expression independently predicts
prognosis in CRC (Xu et al., 2015). In specific contexts, CEMIP activates Wnt/β-catenin
signaling (Chen et al., 2021a; Sabates-Bellver et al., 2007;Xue et al., 2020) andmay stimulate
PI3K/AKT pathway molecules, regulating ovarian cancer (Shen et al., 2019). Notably,
acting as a hyaluronidase, CEMIP breaks down high molecular weight hyaluronic acid in
the extracellular matrix into low molecular weight HA and oligosaccharides (Chanmee,
Ontong & Itano, 2016). This process involves the release of HA-coated vesicles into the
extracellular space and significantly contributes to normal HA catabolism in arthritis
(Deroyer et al., 2019). CEMIP’s hyaluronidase activity might promote tumorigenesis
through multiple mechanisms, as the low molecular weight HA produced by CEMIP can
enhance metastasis and invasion (Dang et al., 2013; Gao et al., 2010; Schmaus, Bauer &
Sleeman, 2014; Sugahara et al., 2003).

These studies collectively highlight the diverse functions ofCEMIP, emphasizing the need
for further exploration. Substantial evidence supports CEMIP’s potential as a biomarker for
various diseases, with most preclinical studies showing an association between abnormal
CEMIP expression and disease onset. Moreover, CEMIP is implicated in the pathogenesis
of several human cancers, including prostate, breast, and colorectal cancer.
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While investigating the tumor biological functions of CEMIP, attention has shifted
toward understanding the regulation of CEMIP expression itself. Currently, research on
CEMIP’s transcriptional and post-transcriptional regulation remains limited. Various
factors and chemical modifications of the CEMIP gene contribute to both transcriptional
and post-transcriptional regulation. Existing studies indicate that CEMIP transcription can
be induced by different transcription factors and microRNAs.

This review primarily focuses on delineating CEMIP’s role in human cancer and its
associationwith the regulation of CEMIP expression. Additionally, it delves into the analysis
of how transcriptional and post-transcriptional control mechanisms of CEMIP influence its
expression, consequently leading to specific pathological outcomes. The intended audience
for this article comprises cancer researchers and peers within related biomedical disciplines,
particularly those dedicated to CEMIP research and the development of new cancer drugs
targeting CEMIP.

SURVEY METHODOLOGY
This article presents findings derived from a comprehensive longitudinal query analysis
of the MEDLINE database hosted on PubMed and Web of Science. The data collection
process involved referencing all pertinent literature using specific keywords or their
combinations: ‘‘CEMIP,’’ ‘‘CEMIP and transcription factors,’’ ‘‘CEMIP and chemical
modification,’’ ‘‘CEMIP and transcriptional regulation,’’ ‘‘CEMIP and miRNAs,’’ ‘‘CEMIP
and post-transcriptional regulation,’’ and ‘‘CEMIP and cancers.’’ The literature citations
aim for a comprehensive and impartial coverage of the topic.

THE ROLE OF CEMIP IN CANCERS
In this section, we aim to consolidate pathophysiological evidence supporting CEMIP’s
involvement in various cancer processes.

CEMIP and prostate cancer
Prostate cancer stands as a prevalent malignant tumor in adult men. Investigations
reveal a significant increase in CEMIP expression within human prostate cancer cells
compared to control cells. Mechanistically, CEMIP’s involvement in angiogenesis is evident
through increased semaphoring 3A (sema3A) and decreased levels of vascular endothelial
growth factor A (VEGFA), vascular endothelial cadherin (VE-cadherin), phosphorylated
erythropoietin-producing hepatocellular A2 (EphA2), and hyaluronic acid polymers (Luo
et al., 2022).

Anoikis, a form of programmed cell death activated upon cell detachment from the
extracellular matrix (ECM), undergoes alteration in cancer cell metabolism, potentially
enhancing survival and metastasis. In prostate cancer cells, CEMIP overexpression,
triggered by AMPK/GSK3 β/β-catenin signaling, may promote migration, invasion, and
resistance to anoikis via PDK4-mediated metabolic reprogramming (Zhang et al., 2018).
Detached cells may also experience non-apoptotic cell death due to rectifying metabolic
deficiencies (Hawk et al., 2018). Escaping anoikis or other non-apoptotic cell death is
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essential for cancer cells to gain metastatic capabilities. Additionally, CEMIP involvement
in ferroptosis—a form of programmed cell death induced by iron—has been observed in
prostate cancer cells. Upregulated CEMIP facilitates ferroptosis resistance during ECM
detachment by promoting cystine uptake. Silencing CEMIP inhibits ferroptosis and cystine
uptake (Liu et al., 2022).

CEMIP and colon cancer
Studies indicate a significant increase in CEMIP expression in colon cancer cells compared
to controls, correlating closely with poor prognosis in colorectal cancer (CRC) (Tiwari et
al., 2013; Weng et al., 2023; Wu et al., 2021). Tiwari et al. (2013) demonstrates CEMIP as
one of the Wnt signal targets, with its upregulation inhibiting cell growth by negatively
regulating Wnt signal transduction. However, recent findings by Birkenkamp-Demtroder
et al. suggest that shRNA-mediated repression of CEMIP expression attenuates Wnt
signaling in parental SW480 cells (Tiwari et al., 2013). Further research is needed to clarify
CEMIP’s exact role in regulating Wnt signaling.

Apart from its direct regulation of Wnt signaling, CEMIP induction through a beta-
catenin and FRA-1 dependent pathway in BRAF v600Emutated colorectal cancers has been
observed (Duong et al., 2018). CEMIP’s interactionwithMEK-1 sustains ERK1/2 activation,
maintaining c-Myc protein levels and providing metabolic advantages (sustaining amino
acid synthesis) in these cells. Silencing CEMIP decreases ERK1/2 signaling and c-Myc
protein levels, signifying CEMIP’s role in the cross-talk betweenWNT andMAPK signaling
in colorectal cancers.

Furthermore, CEMIP’s impact on major histocompatibility complex class I (MHC-I)
levels in colorectal cancer cells is noteworthy. CEMIP decreases MHC-I expression at
the protein level by promoting MHC-I internalization via clathrin-mediated endocytosis,
leading to MHC-I degradation in lysosomes. This downregulation inhibits the cytotoxicity
of CD8+ T cells, decreasing their antitumor activities (Zhang et al., 2023). CEMIP’s
downregulation of MHC-I levels on the cell surface plays a crucial role in immune escape,
suggesting CEMIP inhibition as a potential approach in cancer immunotherapy.

CEMIP also influences colorectal cancer cell behavior. Knocking out CEMIP inhibits
CRC cell proliferation and induces cell G1 arrest (Liang et al., 2018). Additionally, CEMIP
activates CDC42/MAPK pathway-mediated EMT by enhancing GRAF1 degradation.
GRAF1 plays an essential role in CEMIP-mediated CRC migration and invasion (Xu et al.,
2023).

Moreover, CEMIP functions as an O-GlcNAc transferase (OGT) adapter protein. Its
interaction with OGT and β-catenin increases O-GlcNAcylation of β-catenin, enhancing its
translocation into the nucleus. Nuclear β-catenin enhances CEMIP transcription, leading
to overexpression of glutaminase 1 and glutamine transporters (SLC1A5 and SLC38A2).
SLC1A5 and SLC38A2 facilitate glutamine transport into cells, which has been linked to
cancer metastasis. Targeting glutamine metabolism combined with CEMIP modulation
significantly reduces CRC metastasis (Hua et al., 2021).

These findings underscore CEMIP’s value as a prognostic biomarker and a potential
therapeutic target for colorectal cancer.
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CEMIP and pancreatic cancer
Pancreatic cancer represents a highly malignant tumor, primarily originating from
adenocarcinoma in ductal cells. Pancreatic ductal adenocarcinoma (PDAC) is characterized
by a dense desmoplastic stroma enriched with hyaluronan (HA). Accumulation of HA in
PDAC plays a crucial role in cancer invasion and metastasis. Acting as a hyaluronidase,
CEMIP degrades hyaluronic acid in the extracellular matrix, reducing its viscosity and
promoting cell movement. Comparative analysis reveals a significant increase in CEMIP
mRNA levels in pancreatic ductal adenocarcinoma (PDAC) cells compared to non-tumor
cells, correlating with poor survival among PDAC patients (Koga et al., 2017) .

Hypoxia amplifies the migratory ability of PDAC cells by upregulating CEMIP
expression. CEMIP catalyzes HA degradation, generating low-molecular-weight HA,
fostering a favorable microenvironment for PDAC progression (Oba et al., 2021). In
vitro studies indicate that CEMIP contributes to the proliferation and migration of
PDAC cells (Kohi et al., 2017). The pro-inflammatory cytokine interleukin-1ßincreases
CEMIP transcription, enhancing PDAC cell migration. Given the challenges in early-
stage pancreatic cancer diagnosis, carbohydrate antigen (CA) 19-9, a pancreatic cancer
biomarker, has limited sensitivity and specificity for general screening (van den Bosch et
al., 1996).

CEMIP’s overexpression in pancreatic cancer correlates with poor survival and advanced
stages. Combining CA19-9 data with CEMIP significantly enhances the accuracy of
pancreatic cancer detection by complementing each other, thereby improving diagnosis
sensitivity and specificity. This combined approach facilitates early-stage pancreatic cancer
detection, crucial for enhancing patient survival and treatment outcomes (Lee et al., 2018).
Hence, CA19-9 and CEMIP stand as promising biomarkers whose combined use could
enhance early pancreatic cancer detection. However, further research is essential to validate
their performance in larger, prospective studies and ascertain their role in screening
high-risk populations.

CEMIP and lung cancer
Histopathologically, lung cancer divides into non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC). Current research demonstrates significantly elevated
CEMIP mRNA and protein levels in NSCLC or SCLC cells compared to adjacent normal
tissues. High CEMIP expression correlates with poor survival among NSCLC patients
(Tang et al., 2019). Manipulating CEMIP levels in NSCLC lines—either knocking it out or
overexpressing it—led to respective decreases or increases in the expression of epithelial-
mesenchymal transition (EMT)marker genes, mediated by PI3K-Akt signaling (Tang et al.,
2019). CEMIP promotes SCLC cell migration, proliferation and invasion (Li et al., 2020; Li
et al., 2023;Mo et al., 2023).

Moreover, CEMIP’s hyaluronidase activity leads to the depolymerization of high
molecular weight hyaluronic acid into low molecular weight forms. The accumulation
of low molecular weight hyaluronic acid activates its receptor TLR2, recruiting c-Src
and activating ERK1/2 signaling, thus promoting F-actin rearrangement and SCLC cell
migration and invasion (Li et al., 2023).
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Studies also reveal that CEMIP disrupts the interaction between FBXW7, an E3
ubiquitin ligase, and c-Myc in SCLC cells (Mo et al., 2023). This interference reduces
the ubiquitination level of c-Myc, leading to its stabilization and increased nuclear
accumulation. Through its indirect regulation of c-Myc, CEMIP promotes glutamine-
dependent proliferation in SCLC cells.

CEMIP and breast cancer
Breast cancer, a frequently diagnosed malignancy in women globally, often presents
a challenging prognosis. Current research highlights a significant increase in CEMIP
expression in breast cancer tissues compared to normal tissues. Elevated CEMIP levels
correlate with decreased overall survival among breast cancer patients (Dong et al., 2021;
Jami et al., 2014; Kuscu et al., 2012; Xue et al., 2022). CEMIP promotes the proliferation
and migration of breast cancer cells by activating STAT3 signaling (Chen, Li & Zhang,
2021b).

Within the tumor microenvironment (TME), CEMIP potentially plays a carcinogenic
role by contributing to extracellularmatrix formation, elevating cancer-associated fibroblast
(CAF),M2macrophage, and neutrophil infiltration, while reducing CD8+T cell infiltration
(Dong et al., 2021). Recent studies have also linked CEMIP expression in breast cancer to
various immune-relatedmolecules, encompassing both immune inhibitors and stimulators,
alongside MHC molecules.

In addition to its direct tumor-promoting role, CEMIP might regulate other tumor
proteins to enhance its carcinogenic potential. For instance, binding immunoglobulin
protein (BiP), known to drive cancer progression and metastasis, undergoes upregulation
in breast cancer. CEMIP activation of the BiP promoter upregulates BiP transcript and
protein levels in breast cancer cell lines (Banach et al., 2019).

CEMIP and gastric cancer
Gastric cancer, the second most prevalent malignant tumor with high mortality after
lung cancer (Jemal et al., 2011), presents multifactorial causation, with Helicobacter pylori
infection being a primary factor. Gastric cancer subtypes are classified based on histology,
aiding in subtype identification, prognosis, and treatment response (Lauren, 1965). While
CA19-9 and CA72-4 serve as biomarkers for gastric cancer, emerging studies also indicate
CEMIP’s relevance as a diagnostic marker.

Upregulated CEMIP expression in gastric cancer tissues correlates with poor prognosis
(Jia et al., 2017; Matsuzaki et al., 2009). Studies reveal CEMIP’s involvement in Wnt
signaling and the EMT process in gastric cancer. Its reduced expression weakens β-catenin’s
ability to transmit Wnt signals, influencing downstream target genes like c-myc, cyclin
D1, and EMT markers (Jia et al., 2017). Additionally, CEMIP mediates gastric cancer
progression, involving HIF-1 α (Mi et al., 2023).

Targeting CEMIP emerges as a promising therapeutic strategy for gastric cancer,
considering its role in promoting tumor progression, metastasis, and its involvement in
multiple signaling pathways. Natural compounds like curcumin, resveratrol, and quercetin
have demonstrated the suppression of CEMIP expression and activity in gastric cancer
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cells, inhibiting glycolysis, migration, and invasion (Zhao et al., 2022) . Furthermore,
angiogenesis-targeted therapies like ramucirumab and apatinib may indirectly modulate
CEMIP levels by influencing the tumor microenvironment (Nakayama & Takahari, 2023).

However, further research is crucial to elucidate the specific mechanisms and clinical
efficacy of targeting CEMIP in gastric cancer.

CEMIP in various other cancers
CEMIP protein levels significantly escalate in laryngeal squamous cell carcinoma,
correlating with adverse clinicopathological parameters (Huang et al., 2020). In
hepatocellular carcinoma (HCC), high CEMIP expression promotes tumor growth and
correlates with reduced patient survival (Jiang et al., 2018; Xu et al., 2019). In glioblastoma,
CEMIP downregulation decreases cell proliferation and migration, while its expression
aids macrophage migration (Tsuji et al., 2021). Moreover, CEMIP’s overexpression in
osteosarcoma cells stimulates growth and metastasis by activating Notch signaling (Cheng
et al., 2022). However, in chondrosarcoma, CEMIP expression exhibits anti-tumor effects
on tumor growth in vivo (Koike et al., 2020). In cholangiocarcinoma cells, high CEMIP
expression enhances growth and metastasis, highlighting its oncogenic role (Zhai et al.,
2020)

In summary, current evidence emphasizes the pivotal role of CEMIP in human cancer
development and progression, warranting further comprehensive exploration of its diverse
functions in cancer-related processes.

CEMIP: TRANSCRIPTIONAL AND POST-TRANSCRIPTIONAL
REGULATION
Transcriptional regulation
Transcriptional regulation governs gene expression by overseeing the process of DNA
transcription into RNA. This orchestration allows cells to respond adequately to
developmental and environmental cues by activating or repressing genes as required.
This regulation comprises multiple facets, including control by transcription factors
and epigenetic modifications like DNA methylation and histone modifications. Present
investigations into CEMIP transcriptional regulation have primarily centered around
the control by transcription factors. This overview will encapsulate advancements in
understanding how transcription factors regulate CEMIP. Additionally, a brief insight into
the epigenetic regulation of CEMIP’s transcription will be provided.

AP-1
The transcription factor Activator Protein-1 (AP-1) is a dimeric protein complex consisting
of Jun, Fos, or ATF subunits (Karin, Liu & Zandi, 1997). Known for regulating numerous
target genes, AP-1′s activity is modulated by various signaling pathways. For instance,
the absence of bone morphogenetic protein 6 (BMP6) suppresses AP-1 transcriptional
activity (Lu et al., 2023). In different cancers, AP-1′s effects vary depending on context
(Mathas et al., 2002; Zhao et al., 2014). Engaging with signaling pathways like JNK, ERK,
and Notch, AP-1 participates in diverse biological processes. External stimuli such as
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growth factors or UV radiation activate AP-1, enabling it to bind to specific target gene
promoter or enhancer regions, thereby boosting their transcription (Lee, Mitchell & Tjian,
1987). In breast cancer, AP-1 binds to the CEMIP promoter, activating its transcription,
and consequently promoting cancer cell growth (Kuscu et al., 2012). Conversely, hindering
AP-1′s transcriptional activity might lower CEMIP expression and exacerbate myocardial
fibrosis (Lu et al., 2023). Additionally, the CEMIP promoter harbors a potential binding site
for JUN, an AP-1 subunit, indicating its role as a potential CEMIP transcriptional activator
(Dong et al., 2021). These studies underscore the significance of AP-1 as a transcriptional
regulator of CEMIP.

NF-κB
NF-κB, a family of transcription factors, holds pivotal roles in numerous biological
processes and tumorigenesis. Comprising five members—NF-κB1 (p50), NF-κB2 (p52),
RelA (p65), RelB, and c-Rel—this family commonly forms dimers such as p65/p50 and
RelB/p52. NF-κB proteins contain a Rel homology domain (RHD) that facilitates their
dimerization. Dimers like p65/p50 and RelA/c-Rel bind to promoter sequences, thereby
regulating the expression of target genes. Additionally, the co-activator Bcl-3 modulates
NF-κB-mediated transcription. NF-κB activation is meticulously regulated, with NF-κB1,
RelA, and c-Rel being activated via classical pathways, while NF- κB2 and RelB use
alternative pathways. Notably, the carcinogenic potential of NF-κB predominantly hinges
on the activity of p50 and p65 (McKeithan et al., 1987). Functionally, NF-κB governs cell
proliferation and invasion, demonstrated by its inhibition of proliferation in keratinocytes
(Hinata et al., 2003).

Activated NF-κB robustly enhances gene transcription. Within the CEMIP promoter,
multiple distant NF-κB sites exist, although their specific function remains unclear.
Nevertheless, NF-κB elements have the capacity to bolster CEMIP promoter activity
(Kuscu et al., 2012). Moreover, the endogenous B cell leukemia-3 (Bcl-3) protein is
recruited to the CEMIP NF-κB site and is essential for histone acetylation (Shostak et
al., 2014). Consequently, NF-κB transcription factors play a pivotal role in activating
CEMIP transcription and modulating its biological functions.

HIF
Mammalian cell metabolism and energy production rely on oxygen, a key driver that also
fosters solid tumor growth. Hypoxic cells adapt through mechanisms regulated by the
transcription factor hypoxia-inducible factor (HIF), predominantly via transcriptional and
post-transcriptional means. HIF operates as a heterodimer, comprised of either HIF-1 α
or HIF-2 α and HIF-1 β/ARNT subunits (Wang et al., 1995). While three HIF-α subunits
exist—HIF-1 α, HIF-2 α, and HIF-3 α—HIF-1 α and HIF-2 α serve as the primary
activators of hypoxia-induced genes (Ema et al., 1997; Semenza & Wang, 1992). HIF-1
α exhibits widespread expression, whereas HIF-2 α expression is more tissue-specific
(Ema et al., 1997). When confronted with hypoxic conditions, HIF-1 α and HIF-1 β form
an active HIF complex that binds to hypoxia response elements (HREs) within target
genes (Wenger, Stiehl & Camenisch, 2005), thereby inducing the upregulation of numerous
hypoxia-associated genes (Rankin & Giaccia, 2016).
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In colon cancer, CEMIP mRNA and protein levels surge under hypoxic conditions
compared to normoxic conditions. Bioinformatics analyses have unveiled potential HREs
in theCEMIP sense strand frompositions 125 to 120 bp. Although the depletion ofHREs did
not entirely suppress CEMIP promoter activity, presumably due to other cis-elements, HIF
can directly prompt CEMIP transcription, partially mediated through HIF-2 α (Evensen et
al., 2015). Conversely, a separate study did not observe direct HIF-1 α induction of CEMIP;
however, it noted a strong correlation between CEMIP expression and HIF-1 α levels in
hypoxic hepatocellular carcinoma (Wenger, Stiehl & Camenisch, 2005). These findings
collectively underscore the significant role of HIF in governing CEMIP transcriptional
regulation under hypoxic conditions

Sp1
Sp1, the pioneering member of the Sp family of transcription factors encompassing
Sp2, Sp3, and Sp4, is recognized for its C2H2-type zinc finger structures (Black, Black &
Azizkhan-Clifford, 2001; Bouwman & Philipsen, 2002; Kaczynski, Cook & Urrutia, 2003).
Sp1 and Sp3 share highly homologous DNA binding domains, with Sp1 displaying three
zinc fingers, each imparting distinct binding preferences, while the first finger confers high
sequence specificity (Kriwacki et al., 1992; Thiesen & Schröder, 1991). Initially identified
as a promoter-specific binding factor essential for the transcription of the SV40 major
immediate early (Dynan & Tjian, 1983a; Dynan & Tjian, 1983b). Sp1 and the long isoform
of Sp3 contain two transactivation subdomains, A and B, where the D domain of the
Sp1 C-terminus is crucial for synergistic activation. Known for its regulatory roles in
metabolism, proliferation, apoptosis, and development, Sp1 expression is often heightened
in cancer cells, correlating with poorer prognoses in cancers like colorectal, gastric, and
lung (Chuang et al., 2009; Davie et al., 2008; Kong et al., 2010).

These Sp factors typically prefer binding to GC box motifs. By binding to GC-rich sites
within target gene promoters, Sp1 can activate their transcriptional activity (Hagen et al.,
1995; Kingsley & Winoto, 1992; Thiesen & Bach, 1990). Despite the presence of a GC box at
positions 248/243 within the CEMIP promoter, a study revealed that removing this specific
GC box did not affect CEMIP transcription, creating an apparent contradiction (Kuscu
et al., 2012). Therefore, the exact role of Sp1 in inducing CEMIP transcription warrants
further investigation.

β-catenin
β-catenin, a highly conserved and multifunctional protein, possesses a central region
featuring 12 imperfect Armadillo repeats flanked by distinctive N-terminal and C-terminal
domains (Valenta, Hausmann & Basler, 2012). Functionally, β-catenin serves as both a
structural component within cadherin-based cell junctions and a pivotal nuclear effector
of canonical Wnt signaling, controlling cell proliferation. As part of the Wnt pathway,
nuclear β-catenin activates the transcription of target genes like c-myc and cyclin D1 (Reiss
et al., 2005).

In colorectal cancer cells, the β-catenin/TCF4 complex orchestrates CEMIP transcription
upstream of the CEMIP promoter (Duong et al., 2018; Sabates-Bellver et al., 2007).
Consequently, inhibiting the β-catenin/TCF complex significantly reduces CEMIP
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levels (Sabates-Bellver et al., 2007). Nuclear β-catenin accumulation augments CEMIP
transcription. Upon interaction with OGT and β-catenin, CEMIP heightens O-
glycosylation of β-catenin, facilitating its nuclear translocation from the cell membrane
(Hua et al., 2021). These observations hint at a positive regulatory cycle between CEMIP
and β-catenin, potentially affecting Wnt/β-catenin signaling (Duong et al., 2018).

ATF4
Activated Transcription Factor 4 (ATF4) belongs to the basic leucine zipper (bZIP) family
of transcription factors. These bZIP proteins form homo- or heterodimers through their
leucine zipper domain, regulating transcription once dimerized (Landschulz, Johnson &
McKnight, 1988; Landschulz, Johnson & McKnight, 1989; Vinson, Sigler & McKnight, 1989).
ATF4 serves as a crucial subunit within many heterodimeric bZIP complexes but lacks
individual transcriptional activity (Ebert et al., 2022). The transcriptional functions of
ATF4 are contingent upon its heterodimerization with other bZIP proteins.

CEMIP has been identified as a target gene of ATF4-containing heterodimers. Through
chromatin immunoprecipitation analysis, several potential ATF4 binding sites have
been revealed within the CEMIP promoter. Subsequent experiments have conclusively
demonstrated that ATF4 induces CEMIP transcription by augmenting CEMIP promoter
activity and expression (Yu et al., 2022)

EPIGENETIC MODIFICATION-METHYLATION
DNAmethylation stands as a crucial epigeneticmechanism, where DNAmethyltransferases
transfer methyl groups from S-adenosylmethionine to the C5 position of cytosine, forming
5-methylcytosine (Robertson & Jones, 2000). This mechanism regulates gene expression
at the transcriptional level. Typically, CpG islands within gene promoters and exons
remain unmethylated under normal conditions. However, in cancer cells, genome-wide
hypomethylation is evident, while specific CpG islands undergo hypermethylation. While
DNA methylation is generally perceived to inhibit transcription, recent evidence suggests
that DNA demethylation can upregulate cancer-related genes.

In a study involving breast cancer cell lines MCF-7 and MDA-MB-231 treated with
demethylation agents, distinct responses in CEMIP expression were observed. Notably,
CEMIP expression significantly increased in MCF-7 cells, whereas no significant change
was noted in MDA-MB-231 cells. Pyrosequencing analysis of breast cancer specimens
demonstrated lower levels of average methylation in neighboring CpG sites compared
to normal controls, confirming the association between hypomethylation and increased
CEMIP expression in breast cancer (Kuscu et al., 2012). Additionally, studies suggest that
TP53 mutation might lead to hypomethylation of the CEMIP promoter. TP53, commonly
known as a tumor suppressor gene, when mutated, can impair DNMT1 function, a DNA
methyltransferase that maintains DNA methylation patterns. Consequently, the CEMIP
promoter might lose its methyl groups and become more active (Hsieh et al., 2020).

Beyond DNA methylation, histone modifications, mediated by hypoxia, also exert
influence over transcription (Watson et al., 2010). Core histones stabilize DNA and regulate
gene expression through various modifications, including methylation of lysine/arginine
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residues (Greer & Shi, 2012; Murray, 1964). Aberrant histone methylation, particularly
the loss of H3/H4 methylation and acetylation, characterizes tumor cells and profoundly
impacts the expression of critical genes (Albert & Helin, 2010; Chi, Allis & Wang, 2010;
Greer & Shi, 2012; Yang & Bedford, 2013). Histone H3 lysine 4 trimethylation (H3K4me3)
at gene promoters serves to activate transcription. Invasive breast cancer cells displaying
high CEMIP expression under hypoxia demonstrate enriched H3K4me3 at the CEMIP
promoter, while less invasive cells exhibit lower H3K4me3 levels (Evensen et al., 2015). The
demethylase JARID1A regulates H3K4me3 levels in hypoxic cells, with its overexpression
reducing H3K4me3 at the CEMIP promoter (Evensen et al., 2015; Zhou et al., 2010).

Moreover, H3K27me3 modification deactivates gene transcription by condensing
chromatin. The loss of H3K27me3 specifically characterizes aggressive subtypes of
breast cancer and can serve as a valuable diagnostic marker. Epigenetic chemical
screening has identified inhibition of histone H3K27me3 demethylation as a therapeutic
strategy for triple-negative breast cancer (TNBC). Studies using functional analyses and
RNA-seq/ChIP-seq data revealed that inactivating the protein CEMIP by increasing
H3K27me3 resulted in reduced tumor cell growth and migration (Hsieh et al., 2020).
Hence, methylation presents a multifaceted regulatory role in CEMIP transcription.

POST-TRANSCRIPTIONAL REGULATION
Gene expression undergoes multiple levels of control, including post-transcriptional
regulation following the initial transcription phase. Several mechanisms operate at this
stage to govern gene expression. One significant process involves alternative splicing
of pre-mRNA transcripts, enabling the generation of diverse protein isoforms from a
single gene. RNA stability serves as another critical checkpoint—unstable mRNAs degrade
swiftly, while stable ones persist longer for translation. RNA stability is modulated by
RNA binding proteins and microRNAs, which identify specific sequences or structures
within transcripts. MicroRNAs, in particular, bind to complementary regions in target
transcripts, silencing gene expression by impeding translation or promoting mRNA decay.
Additionally, RNA editing can modify the nucleotide sequence of RNA transcripts, often
by converting adenosine to inosine. This process can alter protein-coding sequences or
influence mRNA stability.

Regarding post-transcriptional regulation specific to CEMIP, current research
predominantly centers on its regulation by microRNAs. The advancements in this field will
be summarized to provide an overview of the progress in understanding how microRNAs
regulate CEMIP.

miR-29c-3p
The miR-29c-3p belongs to the miR-29 family, encompassing seven mature miRNAs,
among them miR-29a-3p, miR-29b-3p, and miR-29c-3p. Prior investigations have
indicated a frequent downregulation of miR-29 expression in cancer, with its diminished
presence correlating with poorer overall survival (Kwon et al., 2019; Qi et al., 2017). One
identified mode of action for miR-29c-3p as a tumor suppressor involves its indirect
elevation of p53 signaling. This is achieved by miR-29c-3p targeting and suppressing the
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PI3K subunits p85 α and CDC42, known as negative regulators of p53 (Agarwal et al.,
2015; Park et al., 2009)

Further research has revealed the inhibitory effect of miR-29c-3p on cell migration
and invasion by targeting KIF4A in ovarian cancer (Feng et al., 2020) and CEMIP in
gastric cancer (Wang et al., 2019a). CEMIP, housing miR-29c-3p binding sites in its
3′UTR, experiences reduced expression upon miR-29c-3p overexpression, resulting in the
suppression of gastric cancer cell migration (Wang et al., 2019a).

miR-140-5p and 3p
The miR-140 gene encodes pre-miR-140, giving rise to two mature miRNAs, miR-140-5p
andmiR-140-3p. Located on chromosome 16q22.1, this gene resides within the 15th intron
of the WW domain containing E3 ubiquitin protein ligase 2 (WWP2) human gene (Toury
et al., 2022). Notably, miR-140-5p exhibits specific expression in cartilage (Tuddenham et
al., 2006). Its involvement has been implicated in various disease contexts.

In retinoblastoma, miR-140-5p displays significant down-regulation in RB tissue,
coinciding with an up-regulation of CEMIP expression (Miao et al., 2018). Elevated
miR-140-5p levels reduce CEMIP expression, consequently weakening the proliferation,
invasion, and migration abilities of RB cells (Miao et al., 2018). Functioning as a tumor
suppressor in RB cells, miR-140-5p exerts its action by targeting CEMIP.

Meanwhile, miR-140-3p emerges as a potential biomarker for effective anti-tumor
therapy. In cutaneous melanoma (CM), diminished miR-140-3p levels correlate with
poorer CM survival rates, whereas overexpression of miR-140-3p impedes cell movement
(He et al., 2020). Similarly, in gastric cancer, it suppresses the migration and invasion of
gastric cancer cells by binding to SNHG12 and suppressing its expression (Wang et al.,
2021).

In colorectal cancer (CRC), a negative correlation exists between miR-140-3p and
CEMIP expression. Elevated CEMIP expression fosters the growth, colony formation, and
invasion of CRC cells (Yang et al., 2020). Co-transfection experiments involving CEMIP
and miR-140-3p in cancer cells demonstrated that miR-140-3p expression inhibits cancer
cell growth, and the introduction of CEMIP reverses this inhibition (Yang et al., 2020).
Studies indicate that miR-140-3p participates in CRC processes by binding to the CEMIP
3′UTR region and curbing its expression (Yang et al., 2020).

miR-148-3p
miR-148a-3p is a part of themiR-148a family, plays crucial roles in regulating inflammation,
immunity, and cancer progression. In laryngeal squamous cell carcinoma (LSCC), it targets
DNA methyltransferase 1 (DNMT1), thereby influencing RUNX3 expression through
DNMT1-mediated DNA methylation, effectively suppressing cell migration (Jili et al.,
2016). Moreover, in gastric cancer, the expression of CEMIP shows an inverse relationship
with miR-148a-3p levels. Reduced miR-148a-3p results in heightened CEMIP expression,
promoting cell viability while impeding apoptosis. Investigations have confirmed CEMIP
as a direct target of miR-148a-3p. The action of miR-148a-3p in regulating CEMIP portrays
its role as a tumor suppressor in gastric cancer (Song et al., 2021). The downregulation of
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miR-148a-3p consequently leads to the upregulation of CEMIP, potentially advancing
gastric cancer. Thus, the miR-148a-3p/CEMIP axis represents a promising therapeutic
target for intervention in gastric cancer progression.

miR-188-5p
It is derived from non-coding RNA transcribed by the B cell integration cluster gene
situated on chromosome 21, closely linked to various human tumors (Wang et al., 2019b).
The miR-188 family includes two members: miR-188-3p and miR-188-5p. Studies have
revealed abnormal expression of miR-188-5p in various pathological processes in vivo.
Notably, miR-188-5p exhibits high expression levels in gastric cancer and liver cancer
(Tian et al., 2019). In the context of multiple myeloma, miR-188-5p acts as a tumor
suppressor by significantly curbing tumor cell proliferation and fostering apoptosis (Liu et
al., 2021a).

In synovial fibroblasts’ gene expression profile analysis, miR-188-5p exhibited significant
regulatory influence on the hyaluronic acid binding protein CEMIP. Further exploration
indicated the presence of a binding site for miR-188-5p in the CEMIP UTR sequence,
implying direct regulation of this gene bymiR-188-5p (Ruedel et al., 2015). This interaction
slows down disease progression in which CEMIP plays a role to a certain extent.

miR-216a
MicroRNA-216a (miR-216a) is closely associated with cancer and has been consistently
found to be down-regulated in various cancers including breast cancer (Cui et al., 2019),
renal cell cancer (Wang et al., 2018), colorectal cancer (Zhang et al., 2017a), lung cancer
(Zhen et al., 2018), among others. Its tumor-suppressive role primarily involves the
regulation of multiple signal pathways and transcription factors. For instance, in pancreatic
tumors, miR-216a significantly curbs cell proliferation by targeting JAK2 and triggers
programmed cell death in pancreatic tumor cells (Hou et al., 2015).

In the context of colorectal cancer, miR-216a has been implicated in the post-
transcriptional regulation of CEMIP, influencing cancer development. The upregulation
of CEMIP in colorectal cancer tissues promotes tumor invasion and correlates with a
shorter survival period (Zhang et al., 2017a). Decreasing CEMIP expression in tumor cells
leads to increased expression of epithelial markers (E-cadherin and cytokeratin 8, 18,
19) and decreased expression of mesenchymal markers (vimentin and Twist-1) (Zhang
et al., 2017a). Conversely, CEMIP overexpression decreases cytokeratin expression and
increases Twist-1 expression. These findings highlight CEMIP’s role in promoting the
epithelial-mesenchymal transition of colorectal cancer cells (Zhang et al., 2017a). As one of
the direct functional targets of miR-216a, down-regulating CEMIP expression inhibits the
migration and invasion of colorectal cancer cells in vitro and reduces the risk of metastasis
in vivo.

miR-296-3p
MicroRNA-296-3p (miR-296-3p) exhibits varying roles in different cancer developments. It
is down-regulated in glioblastoma (Bai et al., 2013) and colorectal cancer (Xiao & Li, 2023),
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while being up-regulated in squamous cell carcinoma (Kakizaki et al., 2017). MiR-296-3p
contributes to the post-transcriptional regulation of CEMIP.

In the context of preeclampsia (PE), there’s an abnormal increase in the mRNA level of
miR-296-3p. Studies have identified a binding site for miR-296-3p on the CEMIP UTR.
Interestingly, in cancer cells, CEMIP can counteract the down-regulation of β-catenin
induced by miR-296-3p overexpression, shedding light on a potential mechanism whereby
miR-296-3p might promote the PE process through its targeting of CEMIP (Li et al.,
2021b).

miR-486-3p and 5p
MicroRNA-486 (miR-486) originates from an intron within the ANK1 locus situated
on chromosome 8p11.21. In mice, this locus harbors both miR-486a-5p and miR-
486b-5p, transcribed in opposing directions but sharing the same mature sequence
(Douvris, Viñas & Burns, 2022). MiR-486-3p displays tumor-suppressive characteristics,
being downregulated in hepatocellular carcinoma (HCC) (Ji et al., 2020), retinoblastoma
(Yang et al., 2020), osteosarcoma (Zhang et al., 2021), cervical cancer (Ye et al., 2016),
adrenocortical carcinoma (Li et al., 2021a) ,and oral squamous cell carcinoma (Garajei et
al., 2022). However, in glioblastoma (Simionescu et al., 2022), non-small cell lung cancer
(Jin et al., 2022), and β-thalassemia (Lulli et al., 2013), it demonstrates an upregulation,
thereby fostering disease progression.

In intervertebral disc degeneration (IDD) involving nucleus pulposus cells,miR-486-3p’s
expression negatively correlates with CEMIP. Experimental data affirms that miR-486-3p
directly targets and downregulates CEMIP, influencing proliferation, apoptosis, and
extracellular matrix synthesis in these cells. This sheds light on the clinical significance of
the miR-486-3p/CEMIP axis for potential IDD intervention and therapy (Cui & Zhang,
2020).

On the other hand, miR-486-5p, a muscle-enriched miRNA found abundantly in
plasma (Bayés-Genis et al., 2018; Small et al., 2010) , demonstrates differential expression
patterns across various cancers. It is downregulated in lung cancer (Moro et al., 2022),
steroid-induced osteonecrosis of the femoral head (SOFNH) (Chen et al., 2023), papillary
thyroid carcinoma (Ma et al., 2016), breast cancer (Li et al., 2019) and non-small cell lung
cancer serum (Xing et al., 2020), while being upregulated in cervical cancer (Li et al., 2018)
and sepsis patient serum (Sun & Guo, 2021).

In non-small cell lung cancer (NSCLC), miR-486-5p interacts with CEMIP, impacting
EGFR signaling and hampering NSCLC growth and metastasis upon overexpression.
MiR-486-5p downregulates CEMIP, thus contributing to the promotion of NSCLC
progression (Wang et al., 2020). The miR-486-5p/CEMIP axis provides crucial insights
into understanding NSCLC’s underlying mechanisms.

miR-600
The expression of miR-600 undergoes dysregulation across various cancers. For instance,
it is notably upregulated in prostate (Valera et al., 2020), ovarian (Shan et al., 2022)
and several other cancers. In ovarian cancer, miR-600 facilitates proliferation and
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metastasis by downregulating KLF9 (Shan et al., 2022). Additionally, in pancreatic
ductal adenocarcinoma cells, miR-600 induces autophagy by targeting NACC1, thereby
supporting proliferation (Yang et al., 2021). However, in breast tumors, low miR-600
expression correlates with active Wnt signaling and an unfavorable prognosis (El Helou et
al., 2017). Remarkably, miR-600 can also exhibit tumor-suppressive behavior by inhibiting
lung cancer through the downregulation ofMETTL3 (Wei, Huo & Shi, 2019). Furthermore,
in colorectal cancer, miR-600 reduces matrix metalloproteinase-9 levels while increasing
E-cadherin and β-catenin by negatively regulating p53 (Zhang et al., 2017b).

In colorectal cancer, a significant association exists between miR-600 and KIAA1199
(CEMIP). Notably, miR-600 displays downregulation in colorectal cancer tissues compared
to normal tissues, while KIAA1199 mRNA exhibits significant upregulation. Lucidly
demonstrated by luciferase reporter assays, miR-600 directly binds to the KIAA1199
3′UTR, solidifying KIAA1199 as a direct target of miR-600 (Sun et al., 2018).

miR-4656
The expression of miR-4656 showcases dysregulation across various cancers (Wang et al.,
2019c). In breast cancer, miR-4656 levels exhibit variability, being either upregulated or
downregulated. Hepatocellular carcinoma cells demonstrate that ST8SIA6-AS1 regulates
miR-4656, thereby upregulating HDAC11 to facilitate cell migration (Fei et al., 2020).
Moreover, miR-4656 expression correlates with survival rates in glioma patients (Shou, Gu
& Gu, 2015).

In prostate cancer, miR-4656 is typically downregulated while CEMIP is upregulated.
Experimental overexpression of miR-4656 diminishes CEMIP mRNA levels and impedes
cancer cell growth. Confirmatory studies established a binding site for miR-4656 within
the CEMIP 3′UTR, affirming CEMIP as a direct target of miR-4656. Consequently, the
downregulation of miR-4656 can result in upregulated CEMIP expression, fostering the
progression of prostate cancer (Hu & Lu, 2020). In summary, miR-4656 demonstrates both
tumor-suppressive and oncogenic roles across various cancer contexts, partly through its
modulation of oncoproteins like CEMIP.

miR-4677-3p
MiR-4677-3p, a recently identified microRNA, demonstrates varying expressions in
different cancer types. In lung cancer, it’s upregulated by circ_0001421, which acts as a
tumor promoter. Interestingly, overexpressing miR-4677-3p inhibits proliferation and
migration of lung cancer cells (Zhang et al., 2020). Conversely, in gastric cancer, miR-
4677-3p is downregulated. Its restoration suppresses cell movement by directly binding to
the UTR site of CEMIP, consequently inhibiting CEMIP expression. This inhibition leads
to decreased proliferation, migration, and invasion of gastric cancer cells (Mi et al., 2021).

CONCLUSIONS
CEMIP (cell migration inducing hyaluronan binding protein) emerges as a pivotal
oncoprotein governing cancer advancement through diverse pathways. It orchestrates cell
migration, invasion, and signaling cascades by influencing cytoskeletal dynamics, matrix
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Figure 2 Schematic diagram of CEMIP transcriptional and post-transcriptional regulation and its
consequences for cancer development. Transcription factors can enhance the transcription of CEMIP.
This leads to promoting cancer development. CEMIP is also regulated by histone methylation. H3K4me3
in the CEMIP promoter region enhances gene transcription activity. On the other hand, H3K27me3 in-
hibits this process. miRNAs play an important role in CEMIP post-transcriptional regulation, which fre-
quently leads to decreasing CEMIP and consequently inhibiting cancer development.

Full-size DOI: 10.7717/peerj.16930/fig-2

degradation, and crucial signaling pathways like ERK/MAPK. Moreover, its interaction
with hyaluronan drives cell motility and adhesion while inducing epithelial-mesenchymal
transition, a pivotal step in metastasis. Elevated CEMIP expression correlates with poor
prognosis across various cancers.

While CEMIP holds promise as a potential target for early cancer diagnosis and
therapy, it intersects with immune checkpoint blockade (ICB) therapy, mediating tumor
immune escape. Targeting CEMIP may amplify the efficacy of ICB by boosting tumor
immunogenicity and augmenting T cell activation and infiltration.

Studies employing CEMIP knockout mice elucidate its role in regulating inflammatory
responses, wound healing, and infection. However, further optimization of these models
is essential for more effective preclinical research. Efforts in drug development targeting
CEMIP have shown promise, revealing its role in drug resistance and its potential as a
biomarker for gastric cancer detection, prognostication, and treatment response.

CEMIP’s expression is tightly controlled transcriptionally by a cadre of factors like
AP-1, NF-κB, HIFs, and β-catenin, in concert with epigenetic modifications such as DNA
methylation and histone marks. Furthermore, microRNAs wield post-transcriptional
regulation over CEMIP expression, highlighting the intricate control mechanisms
underpinning its oncogenic role across various cancers.

The intricate regulatory network that governs CEMIP highlights its pivotal role within
diverse cellular pathways involved in cancer. This is visually represented in Fig. 2, while
Table 1 provides a summary of its involvement in cancers, detailing both its transcriptional
regulation and functional roles.

While recent studies have made headway in understanding CEMIP regulation,
several critical questions beckon further exploration. Delving deeper into how signaling
pathways like NF-κB, Wnt/β-catenin, and HIF-1 precisely modulate CEMIP expression,
particularly in in vivo disease models, remains paramount. Expanding investigations across
various cancer types might unveil distinct tissue-specific regulators governing CEMIP
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Table 1 CEMIP related to different cancers.

Cancer Expression Targets Mechanism Biological function Reference

Sema3A Luo et al. (2022)

MMP2,VEGF,
PDK4, LDHA

Activate the signal transduction of Sema3A
Activated by AMPK/GSK-3 β/ β-catenin cascade which
participates in the process of anti-anoikis

angiogenesis and cell metastasis,
migration and invasion Zhang et al. (2018)

ITPR3 Stablize ITPR3 expression to regulate Ca2+ signal cell detachment from matrix Liu et al. (2022)Prostate cancer
High expression
(mRNA/protein)

Bcl-2 Induce Bcl-2-ser 70 phosphorylation Autophagy, metastasis Yu et al. (2022)

EphrinA2,
ITPR3

Stabilize the expression of EphrinA2
Stabilize the Ca2 + signal involved by ITPR3

cell proliferation and invasion Tiwari et al. (2013)

EMT Regulate Wnt/ β-catenin signal cell metastasis Liang et al. (2018)

β-catenin Elevate O-GlcNAcylation of β-catenin and enhance β-catenin nu-
clear translocation from cytomembrane.

cell metastasis Hua et al. (2021)
Colorectal cancer

High expression
(mRNA/protein)

GRAF1 Enhance the degradation of GRAF1 to activate CDC42/MAPK
pathway-regulated EMT

cell metastasis Xu et al. (2023)

Cholangiocarcinoma High expression
(mRNA/protein)

EMT Mediate EMT through SMAD-independent pathway metastasis, proliferation Zhai et al. (2020)

HYAL1 Not mentioned cell growth ,migration Oba et al. (2021)
Koga et al. (2017)

Pancreatic ductal ade-
nocarcinoma (PDAC)

High expression
(mRNA) HA Promote the depolymerization of hyaluronic acid migration Kohi et al. (2017)

HA Depolymerization of high molecular weight hyaluronic acid invasion, migration,
metastasis

Li et al. (2023)

Small cell lung cancer High expression
(mRNA/protein) c-Myc Inhibit the ubiquitination of c-Myc and increase the stability of c-

Myc
cell multiplication Mo et al. (2023)

EMT Mediate EMT through PI3K-AKT axis Invasion, migration Tang et al. (2019)Non-small cell lung
cancer

High expression
(mRNA/protein) EGFR Promote EGFR signaling and regulate EGFR-related molecules

phosphorylation
Proliferation, migration Wang et al. (2020)

(continued on next page)
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Table 1 (continued)
Cancer Expression Targets Mechanism Biological function Reference

Hepatocellular carci-
noma

High expression EGFR,EMT Promote EGFR phosphorylation and induce EMT process metastasis, migration, invasion Xu et al. (2019)

Gastric cancer High expression
(mRNA)

EMT,MMP Enhance Wnt/ β-catenin signaling pathway cell proliferation, migration, in-
vasion

Jia et al. (2017)

Breast cancer High expression
(mRNA/protein)

Bip Stabilize the expression of Bip apoptosis, migration Banach et al. (2019)

Ovarian cancer High expression
(mRNA/protein)

PI3K, AKT, AKT2 Regulate the PI3K/AKT signal cell proliferation,
migration, invasion

Shen et al. (2019)

Notes.
Sema3A, Semaphoring 3A; AMPK, AMP-activated protein kinase; GSK-3 β, Glycogen synthase kinase-3 β; MMP2, matrix metalloproteinase 2; VFGF, vascular endothelial-derived growth factor;
PDK4, pyruvate dehydrogenase kinase isoform 4; LDHA, lactate dehydrogenase A; ITPR3, Inositol 1,4,5-trisphosphate receptor type 3; Bcl-2, B-cell lymphoma 2; EMT, Epithelial-mesenchymal tran-
sition; GRAF1, GTPase regulator associated with focal adhesion kinase-1; MAPK, Mitogen-activated protein kinases; HYAL1, hyaluronidase 1; HA, hyaluronidase; EGFR, Epidermal growth factor
receptor; MMP, matrix metalloproteinase; PI3K, phosphoinositide 3-kinase.
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transcriptional control. Extensive mapping of the CEMIP promoter and enhancers could
unveil novel regulatory elements and binding sites for transcription factors, augmenting
our understanding.

Epigenomic analyses represent an avenue to discover new methylation patterns or
histone modifications influencing CEMIP expression, fostering a more comprehensive
understanding of its regulation. Exploring the intricate interplay between transcription
factors and epigenetic alterations is crucial. Further exploration is warranted to identify
additional microRNAs or RNA binding proteins that target CEMIP, especially for their role
in cancer pathogenesis and metastasis. Investigating mRNA stability, alternative splicing,
or translational control mechanisms could shed light on post-transcriptional regulation.
In essence, a nuanced comprehension of the multilayered transcriptional circuitry and
post-transcriptional regulatory networks governing CEMIP expression holds promise in
unveiling novel strategies to target this oncoprotein effectively in cancer therapeutics.

Presently, contradictory or inconclusive findings regarding CEMIP in cancers stem
from its dual roles. Some studies suggest its association with tumor progression and
aggressiveness, while others indicate its potential as a suppressor of cancer development.
These discrepancies might stem from variations in experimental models, sample sizes, or
contextual differences among different cancer types. Additionally, the diverse molecular
functions of CEMIP across various cellular pathways could contribute to these conflicting
observations, highlighting the need for further comprehensive investigations to elucidate
its precise role in different cancer contexts.

ACKNOWLEDGEMENTS
Thanks to all the members who participated in writing this reviews or provided help.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This studywas supported by theNational Natural Science Foundation of China (81872005).
The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
National Natural Science Foundation of China: 81872005.

Competing Interests
The authors declare there are no competing interests.

Author Contributions
• Song Guo performed the experiments, analyzed the data, prepared figures and/or tables,
authored or reviewed drafts of the article, and approved the final draft.
• Yunfei Guo analyzed the data, prepared figures and/or tables, and approved the final
draft.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 19/33

https://peerj.com
http://dx.doi.org/10.7717/peerj.16930


• Yuanyuan Chen analyzed the data, prepared figures and/or tables, and approved the
final draft.
• Shuaishuai Cui analyzed the data, prepared figures and/or tables, and approved the final
draft.
• Chunmei Zhang analyzed the data, prepared figures and/or tables, and approved the
final draft.
• Dahu Chen conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

This is a literature review.

REFERENCES
Agarwal V, Bell GW, Nam JW, Bartel DP. 2015. Predicting effective microRNA target

sites in mammalian mRNAs. Elife 4:e05005 DOI 10.7554/eLife.05005.
Albert M, Helin K. 2010.Histone methyltransferases in cancer. Seminars in Cell &

Developmental Biology 21:209–220 DOI 10.1016/j.semcdb.2009.10.007.
Bai Y, Liao H, Liu T, Zeng X, Xiao F, Luo L, Guo H, Guo L. 2013.MiR-296-3p

regulates cell growth and multi-drug resistance of human glioblastoma by
targeting ether-à-go-go (EAG1). European Journal of Cancer 49:710–724
DOI 10.1016/j.ejca.2012.08.020.

Banach A, Jiang YP, Roth E, Kuscu C, Cao J, Lin RZ. 2019. CEMIP upregulates BiP
to promote breast cancer cell survival in hypoxia. Oncotarget 10:4307–4320
DOI 10.18632/oncotarget.27036.

Bayés-Genis A, Lanfear DE, de RondeMWJ, Lupón J, Leenders JJ, Liu Z, Zuithoff NPA,
EijkemansMJC, Zamora E, De AntonioM, Zwinderman AH, Pinto-Sietsma SJ,
Pinto YM. 2018. Prognostic value of circulating microRNAs on heart failure-related
morbidity and mortality in two large diverse cohorts of general heart failure patients.
European Journal of Heart Failure 20:67–75 DOI 10.1002/ejhf.984.

Birkenkamp-Demtroder K, Maghnouj A, Mansilla F, Thorsen K, Andersen CL, Øster
B, Hahn S, Ørntoft TF. 2011. Repression of KIAA1199 attenuates Wnt-signalling
and decreases the proliferation of colon cancer cells. British Journal of Cancer
105:552–561 DOI 10.1038/bjc.2011.268.

Black AR, Black JD, Azizkhan-Clifford J. 2001. Sp1 and krüppel-like factor family
of transcription factors in cell growth regulation and cancer. Journal of Cellular
Physiology 188:143–160 DOI 10.1002/jcp.1111.

Bouwman P, Philipsen S. 2002. Regulation of the activity of Sp1-related transcription
factors.Molecular and Cellular Endocrinology 195:27–38
DOI 10.1016/s0303-7207(02)00221-6.

Chanmee T, Ontong P, Itano N. 2016.Hyaluronan: a modulator of the tumor microen-
vironment. Cancer Letters 375:20–30 DOI 10.1016/j.canlet.2016.02.031.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 20/33

https://peerj.com
http://dx.doi.org/10.7554/eLife.05005
http://dx.doi.org/10.1016/j.semcdb.2009.10.007
http://dx.doi.org/10.1016/j.ejca.2012.08.020
http://dx.doi.org/10.18632/oncotarget.27036
http://dx.doi.org/10.1002/ejhf.984
http://dx.doi.org/10.1038/bjc.2011.268
http://dx.doi.org/10.1002/jcp.1111
http://dx.doi.org/10.1016/s0303-7207(02)00221-6
http://dx.doi.org/10.1016/j.canlet.2016.02.031
http://dx.doi.org/10.7717/peerj.16930


Chen CH, Ke GM, Lin PC, Lin KD. 2021a. Therapeutic DNA vaccine encoding
CEMIP (KIAA1199) ameliorates kidney fibrosis in obesity through inhibiting the
Wnt/β-catenin pathway. Biochimica et Biophysica Acta (BBA) - General Subjects
1865:130019 DOI 10.1016/j.bbagen.2021.130019.

Chen Y, Li L, Zhang J. 2021b. Cell migration inducing hyaluronidase 1 (CEMIP)
activates STAT3 pathway to facilitate cell proliferation and migration in breast
cancer. Journal of Receptors and Signal Transduction 41:145–152
DOI 10.1080/10799893.2020.1800732.

Chen L, Shi K, Ditzel N, QiuW, Figeac F, Nielsen LHD, TencerovaM, Kowal JM, Ding
M, Andreasen CM, Andersen TL, KassemM. 2023. KIAA1199 deficiency enhances
skeletal stem cell differentiation to osteoblasts and promotes bone regeneration.
Nature Communications 14:2016 DOI 10.1038/s41467-023-37651-1.

Cheng J, Zhang Y,Wan R, Zhou J, Wu X, Fan Q, He J, TanW, Deng Y. 2022. CEMIP
promotes osteosarcoma progression and metastasis through activating notch
signaling pathway. Frontiers in Oncology 12:919108 DOI 10.3389/fonc.2022.919108.

Chi P, Allis CD,Wang GG. 2010. Covalent histone modifications–miswritten, misin-
terpreted and mis-erased in human cancers. Nature Reviews Cancer 10:457–469
DOI 10.1038/nrc2876.

Chuang JY,Wu CH, Lai MD, ChangWC, Hung JJ. 2009. Overexpression of Sp1
leads to p53-dependent apoptosis in cancer cells. International Journal of Cancer
125:2066–2076 DOI 10.1002/ijc.24563.

Cui Y,Wang J, Liu S, Qu D, Jin H, Zhu L, Yang J, Zhang J, Li Q, Zhang Y, Yao Y. 2019.
miR-216a promotes breast cancer cell apoptosis by targeting PKC α. Fundamental &
Clinical Pharmacology 33:397–404 DOI 10.1111/fcp.12481.

Cui S, Zhang L. 2020. circ_001653 silencing promotes the proliferation and ECM
synthesis of NPCs in IDD by downregulating miR-486-3p-mediated CEMIP.
Molecular Therapy - Nucleic Acids 20:385–399 DOI 10.1016/j.omtn.2020.01.026.

Dang S, Peng Y, Ye L,Wang Y, Qian Z, Chen Y,Wang X, Lin Y, Zhang X, Sun X,Wu
Q, Cheng Y, Nie H, Jin M, Xu H. 2013. Stimulation of TLR4 by LMW-HA induces
metastasis in human papillary thyroid carcinoma through CXCR7. Clinical and
Developmental Immunology 2013:712561 DOI 10.1155/2013/712561.

Davie JR, He S, Li L, Sekhavat A, Espino P, Drobic B, Dunn KL, Sun JM, Chen HY,
Yu J, Pritchard S, Wang X. 2008. Nuclear organization and chromatin dynamics–
Sp1, Sp3 and histone deacetylases. Advances in Enzyme Regulation 48:189–208
DOI 10.1016/j.advenzreg.2007.11.016.

Deroyer C, Charlier E, Neuville S, Malaise O, Gillet P, KurthW, Chariot A, Malaise M,
de Seny D. 2019. CEMIP (KIAA1199) induces a fibrosis-like process in osteoarthritic
chondrocytes. Cell Death & Disease 10:103 DOI 10.1038/s41419-019-1377-8.

Dong X, Yang Y, Yuan Q, Hou J, Wu G. 2021.High expression of CEMIP correlates poor
prognosis and the tumur microenvironment in breast cancer as a promisingly prog-
nostic biomarker. Frontiers in Genetics 12:768140 DOI 10.3389/fgene.2021.768140.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 21/33

https://peerj.com
http://dx.doi.org/10.1016/j.bbagen.2021.130019
http://dx.doi.org/10.1080/10799893.2020.1800732
http://dx.doi.org/10.1038/s41467-023-37651-1
http://dx.doi.org/10.3389/fonc.2022.919108
http://dx.doi.org/10.1038/nrc2876
http://dx.doi.org/10.1002/ijc.24563
http://dx.doi.org/10.1111/fcp.12481
http://dx.doi.org/10.1016/j.omtn.2020.01.026
http://dx.doi.org/10.1155/2013/712561
http://dx.doi.org/10.1016/j.advenzreg.2007.11.016
http://dx.doi.org/10.1038/s41419-019-1377-8
http://dx.doi.org/10.3389/fgene.2021.768140
http://dx.doi.org/10.7717/peerj.16930


Douvris A, Viñas J, Burns KD. 2022.miRNA-486-5p: signaling targets and role in non-
malignant disease. Cellular and Molecular Life Sciences 79:376
DOI 10.1007/s00018-022-04406-y.

Duong HQ, Nemazanyy I, Rambow F, Tang SC, Delaunay S, Tharun L, Florin A,
Büttner R, Vandaele D, Close P, Marine JC, Shostak K, Chariot A. 2018. The
endosomal protein CEMIP links WNT signaling to MEK1-ERK1/2 activation
in selumetinib-resistant intestinal organoids. Cancer Research 78:4533–4548
DOI 10.1158/0008-5472.Can-17-3149.

DynanWS, Tjian R. 1983a. Isolation of transcription factors that discriminate be-
tween different promoters recognized by RNA polymerase II. Cell 32:669–680
DOI 10.1016/0092-8674(83)90053-3.

DynanWS, Tjian R. 1983b. The promoter-specific transcription factor Sp1 binds to
upstream sequences in the SV40 early promoter. Cell 35:79–87
DOI 10.1016/0092-8674(83)90210-6.

Ebert SM, Rasmussen BB, Judge AR, Judge SM, Larsson L,Wek RC, Anthony TG,
Marcotte GR, Miller MJ, YorekMA, Vella A, Volpi E, Stern JI, StrubMD,
Ryan Z, Talley JJ, Adams CM. 2022. Biology of activating transcription factor 4
(ATF4) and its role in skeletal muscle atrophy. Journal of Nutrition 152:926–938
DOI 10.1093/jn/nxab440.

El Helou R, Pinna G, Cabaud O,Wicinski J, Bhajun R, Guyon L, Rioualen C, Finetti
P, Gros A, Mari B, Barbry P, Bertucci F, Bidaut G, Harel-Bellan A, BirnbaumD,
Charafe-Jauffret E, Ginestier C. 2017.miR-600 acts as a bimodal switch that regu-
lates breast cancer stem cell fate through WNT signaling. Cell Reports 18:2256–2268
DOI 10.1016/j.celrep.2017.02.016.

EmaM, Taya S, Yokotani N, Sogawa K, Matsuda Y, Fujii-Kuriyama Y. 1997. A novel
bHLH-PAS factor with close sequence similarity to hypoxia-inducible factor 1alpha
regulates the VEGF expression and is potentially involved in lung and vascular
development. Proceedings of the National Academy of Sciences of the United States of
America 94:4273–4278 DOI 10.1073/pnas.94.9.4273.

Evensen NA, Li Y, Kuscu C, Liu J, Cathcart J, Banach A, Zhang Q, Li E, Joshi S, Yang J,
Denoya PI, Pastorekova S, Zucker S, Shroyer KR, Cao J. 2015.Hypoxia promotes
colon cancer dissemination through up-regulation of cell migration-inducing
protein (CEMIP). Oncotarget 6:20723–20739 DOI 10.18632/oncotarget.3978.

Fei Q, Song F, Jiang X, Hong H, Xu X, Jin Z, Zhu X, Dai B, Yang J, Sui C, XuM. 2020.
LncRNA ST8SIA6-AS1 promotes hepatocellular carcinoma cell proliferation
and resistance to apoptosis by targeting miR-4656/HDAC11 axis. Cancer Cell
International 20:232 DOI 10.1186/s12935-020-01325-5.

Feng S, Luo S, Ji C, Shi J. 2020.miR-29c-3p regulates proliferation and migration in
ovarian cancer by targeting KIF4A.World Journal of Surgical Oncology 18:315
DOI 10.1186/s12957-020-02088-z.

Gao F, Liu Y, He Y, Yang C,Wang Y, Shi X,Wei G. 2010.Hyaluronan oligosaccharides
promote excisional wound healing through enhanced angiogenesis.Matrix Biology
29:107–116 DOI 10.1016/j.matbio.2009.11.002.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 22/33

https://peerj.com
http://dx.doi.org/10.1007/s00018-022-04406-y
http://dx.doi.org/10.1158/0008-5472.Can-17-3149
http://dx.doi.org/10.1016/0092-8674(83)90053-3
http://dx.doi.org/10.1016/0092-8674(83)90210-6
http://dx.doi.org/10.1093/jn/nxab440
http://dx.doi.org/10.1016/j.celrep.2017.02.016
http://dx.doi.org/10.1073/pnas.94.9.4273
http://dx.doi.org/10.18632/oncotarget.3978
http://dx.doi.org/10.1186/s12935-020-01325-5
http://dx.doi.org/10.1186/s12957-020-02088-z
http://dx.doi.org/10.1016/j.matbio.2009.11.002
http://dx.doi.org/10.7717/peerj.16930


Garajei A, ParvinM,Mohammadi H, Allameh A, Hamidavi A, Sadeghi M, Emami A,
Brand S. 2022. Evaluation of the expression of miR-486-3p, miR-548-3p, miR-561-
5p and miR-509-5p in tumor biopsies of patients with oral squamous cell carcinoma.
Pathogens 11:211 DOI 10.3390/pathogens11020211.

Greer EL, Shi Y. 2012.Histone methylation: a dynamic mark in health, disease and
inheritance. Nature Reviews Genetics 13:343–357 DOI 10.1038/nrg3173.

Guo J, Cheng H, Zhao S, Yu L. 2006. GG: a domain involved in phage LTF apparatus and
implicated in human MEB and non-syndromic hearing loss diseases. FEBS Letters
580:581–584 DOI 10.1016/j.febslet.2005.12.076.

Hagen G, Dennig J, Preiss A, BeatoM, Suske G. 1995. Functional analyses of the
transcription factor Sp4 reveal properties distinct from Sp1 and Sp3. Journal of
Biological Chemistry 270:24989–24994 DOI 10.1074/jbc.270.42.24989.

HawkMA, Gorsuch CL, Fagan P, Lee C, Kim SE, Hamann JC, Mason JA,Weigel KJ,
Tsegaye MA, Shen L, Shuff S, Zuo J, Hu S, Jiang L, Chapman S, LeevyWM, De
Berardinis RJ, Overholtzer M, Schafer ZT. 2018. RIPK1-mediated induction of
mitophagy compromises the viability of extracellular-matrix-detached cells. Nature
Cell Biology 20:272–284 DOI 10.1038/s41556-018-0034-2.

HeQY, Liu XH, Li Q, Studholme DJ, Li XW, Liang SP. 2006. G8: a novel domain asso-
ciated with polycystic kidney disease and non-syndromic hearing loss. Bioinformatics
22:2189–2191 DOI 10.1093/bioinformatics/btl123.

He Y, Yang Y, Liao Y, Xu J, Liu L, Li C, Xiong X. 2020.miR-140-3p inhibits cutaneous
melanoma progression by disrupting AKT/p70S6K and JNK pathways through
ABHD2.Molecular Therapy - Oncolytics 17:83–93 DOI 10.1016/j.omto.2020.03.009.

Hinata K, Gervin AM, Jennifer Zhang Y, Khavari PA. 2003. Divergent gene regulation
and growth effects by NF-kappa B in epithelial and mesenchymal cells of human
skin. Oncogene 22:1955–1964 DOI 10.1038/sj.onc.1206198.

Hou BH, Jian ZX, Cui P, Li SJ, Tian RQ, Ou JR. 2015.miR-216a may inhibit
pancreatic tumor growth by targeting JAK2. FEBS Letters 589:2224–2232
DOI 10.1016/j.febslet.2015.06.036.

Hsieh IY, He J, Wang L, Lin B, Liang Z, Lu B, ChenW, Lu G, Li F, LvW, ZhaoW, Li
J. 2020.H3K27me3 loss plays a vital role in CEMIP mediated carcinogenesis and
progression of breast cancer with poor prognosis. Biomedicine & Pharmacotherapy
123:109728 DOI 10.1016/j.biopha.2019.109728.

Hu R, Lu Z. 2020. Long non-coding RNA HCP5 promotes prostate cancer cell prolifera-
tion by acting as the sponge of miR-4656 to modulate CEMIP expression. Oncology
Reports 43:328–336 DOI 10.3892/or.2019.7404.

Hua Q, Zhang B, Xu G,Wang L,Wang H, Lin Z, Yu D, Ren J, Zhang D, Zhao L, Zhang
T. 2021. CEMIP, a novel adaptor protein of OGT, promotes colorectal cancer
metastasis through glutamine metabolic reprogramming via reciprocal regulation
of β-catenin. Oncogene 40:6443–6455 DOI 10.1038/s41388-021-02023-w.

HuangM, Liao F, Song Y, Zuo G, Tan G, Chu L,Wang T. 2020. Overexpression
of KIAA1199 is an independent prognostic marker in laryngeal squamous cell
carcinoma. PeerJ 8:e9637 DOI 10.7717/peerj.9637.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 23/33

https://peerj.com
http://dx.doi.org/10.3390/pathogens11020211
http://dx.doi.org/10.1038/nrg3173
http://dx.doi.org/10.1016/j.febslet.2005.12.076
http://dx.doi.org/10.1074/jbc.270.42.24989
http://dx.doi.org/10.1038/s41556-018-0034-2
http://dx.doi.org/10.1093/bioinformatics/btl123
http://dx.doi.org/10.1016/j.omto.2020.03.009
http://dx.doi.org/10.1038/sj.onc.1206198
http://dx.doi.org/10.1016/j.febslet.2015.06.036
http://dx.doi.org/10.1016/j.biopha.2019.109728
http://dx.doi.org/10.3892/or.2019.7404
http://dx.doi.org/10.1038/s41388-021-02023-w
http://dx.doi.org/10.7717/peerj.9637
http://dx.doi.org/10.7717/peerj.16930


Jami MS, Hou J, LiuM, VarneyML, Hassan H, Dong J, Geng L,Wang J, Yu F, Huang X,
Peng H, Fu K, Li Y, Singh RK, Ding SJ. 2014. Functional proteomic analysis reveals
the involvement of KIAA1199 in breast cancer growth, motility and invasiveness.
BMC Cancer 14:194 DOI 10.1186/1471-2407-14-194.

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. 2011. Global cancer statistics.
CA: A Cancer Journal for Clinicians 61:69–90 DOI 10.3322/caac.20107.

Ji L, Lin Z,Wan Z, Xia S, Jiang S, Cen D, Cai L, Xu J, Cai X. 2020.miR-486-3p mediates
hepatocellular carcinoma sorafenib resistance by targeting FGFR4 and EGFR. Cell
Death & Disease 11:250 DOI 10.1038/s41419-020-2413-4.

Jia S, Qu T,Wang X, FengM, Yang Y, Feng X, Ma R, LiW, Hu Y, Feng Y, Ji K, Li Z,
JiangW, Ji J. 2017. KIAA1199 promotes migration and invasion by Wnt/β-catenin
pathway and MMPs mediated EMT progression and serves as a poor prognosis
marker in gastric cancer. PLOS ONE 12:e0175058
DOI 10.1371/journal.pone.0175058.

Jiang Z, Zhai X, Shi B, Luo D, Jin B. 2018. KIAA1199 overexpression is associated
with abnormal expression of EMT markers and is a novel independent prognostic
biomarker for hepatocellular carcinoma. OncoTargets and Therapy 11:8341–8348
DOI 10.2147/ott.S187389.

Jili S, Eryong L, Lijuan L, Chao Z. 2016. RUNX3 inhibits laryngeal squamous cell
carcinoma malignancy under the regulation of miR-148a-3p/DNMT1 axis. Cell
Biochemistry & Function 34:597–605 DOI 10.1002/cbf.3233.

Jin M, Liu X,Wu Y, Lou Y, Li X, Huang G. 2022. Circular RNA EPB41 expression
predicts unfavorable prognoses in NSCLC by regulating miR-486-3p/eIF5A axis-
mediated stemness. Cancer Cell International 22:219
DOI 10.1186/s12935-022-02618-7.

Kaczynski J, Cook T, Urrutia R. 2003. Sp1- and Krüppel-like transcription factors.
Genome Biology 4:206 DOI 10.1186/gb-2003-4-2-206.

Kakizaki T, Hatakeyama H, Nakamaru Y, Takagi D, Mizumachi T, Sakashita T,
Kano S, Homma A, Fukuda S. 2017. Role of microRNA-296-3p in the malignant
transformation of sinonasal inverted papilloma. Oncology Letters 14:987–992
DOI 10.3892/ol.2017.6193.

KarinM, Liu Z, Zandi E. 1997. AP-1 function and regulation. Current Opinion in Cell
Biology 9:240–246 DOI 10.1016/s0955-0674(97)80068-3.

Kikuno R, Nagase T,Waki M, Ohara O. 2002.HUGE: a database for human large
proteins identified in the Kazusa cDNA sequencing project. Nucleic Acids Research
30:166–168 DOI 10.1093/nar/30.1.166.

Kingsley C,Winoto A. 1992. Cloning of GT box-binding proteins: a novel Sp1 multigene
family regulating T-cell receptor gene expression.Molecular and Cellular Biology
12:4251–4261 DOI 10.1128/mcb.12.10.4251-4261.1992.

Koga A, Sato N, Kohi S, Yabuki K, Cheng XB, HisaokaM, Hirata K. 2017.
KIAA1199/CEMIP/HYBID overexpression predicts poor prognosis in pancreatic
ductal adenocarcinoma. Pancreatology 17:115–122 DOI 10.1016/j.pan.2016.12.007.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 24/33

https://peerj.com
http://dx.doi.org/10.1186/1471-2407-14-194
http://dx.doi.org/10.3322/caac.20107
http://dx.doi.org/10.1038/s41419-020-2413-4
http://dx.doi.org/10.1371/journal.pone.0175058
http://dx.doi.org/10.2147/ott.S187389
http://dx.doi.org/10.1002/cbf.3233
http://dx.doi.org/10.1186/s12935-022-02618-7
http://dx.doi.org/10.1186/gb-2003-4-2-206
http://dx.doi.org/10.3892/ol.2017.6193
http://dx.doi.org/10.1016/s0955-0674(97)80068-3
http://dx.doi.org/10.1093/nar/30.1.166
http://dx.doi.org/10.1128/mcb.12.10.4251-4261.1992
http://dx.doi.org/10.1016/j.pan.2016.12.007
http://dx.doi.org/10.7717/peerj.16930


Kohi S, Sato N, Koga A, Matayoshi N, Hirata K. 2017. KIAA1199 is induced by in-
flammation and enhances malignant phenotype in pancreatic cancer. Oncotarget
8:17156–17163 DOI 10.18632/oncotarget.15052.

Koike H, Nishida Y, Shinomura T, Zhuo L, Hamada S, Ikuta K, Ito K, Kimata K, Ushida
T, Ishiguro N. 2020. Forced expression of KIAA1199, a novel hyaluronidase, inhibits
tumorigenicity of low-grade chondrosarcoma. Journal of Orthopaedic Research
38:1942–1951 DOI 10.1002/jor.24629.

Kong LM, Liao CG, Fei F, Guo X, Xing JL, Chen ZN. 2010. Transcription factor Sp1
regulates expression of cancer-associated molecule CD147 in human lung cancer.
Cancer Science 101:1463–1470 DOI 10.1111/j.1349-7006.2010.01554.x.

Kriwacki RW, Schultz SC, Steitz TA, Caradonna JP. 1992. Sequence-specific recognition
of DNA by zinc-finger peptides derived from the transcription factor Sp1. Proceed-
ings of the National Academy of Sciences of the United States of America 89:9759–9763
DOI 10.1073/pnas.89.20.9759.

Kuscu C, Evensen N, KimD, Hu YJ, Zucker S, Cao J. 2012. Transcriptional and
epigenetic regulation of KIAA1199 gene expression in human breast cancer. PLOS
ONE 7:e44661 DOI 10.1371/journal.pone.0044661.

Kwon JJ, Factora TD, Dey S, Kota J. 2019. A systematic review of miR-29 in cancer.
Molecular Therapy - Oncolytics 12:173–194 DOI 10.1016/j.omto.2018.12.011.

LandschulzWH, Johnson PF, McKnight SL. 1988. The leucine zipper: a hypothetical
structure common to a new class of DNA binding proteins. Science 240:1759–1764
DOI 10.1126/science.3289117.

LandschulzWH, Johnson PF, McKnight SL. 1989. The DNA binding domain
of the rat liver nuclear protein C/EBP is bipartite. Science 243:1681–1688
DOI 10.1126/science.2494700.

Lauren P. 1965. The two histological main types of gastric carcinoma: diffuse and so-
called intestinal-type carcinoma. An attempt at a histo-clinical classification. Acta
Pathologica et Microbiologica Scandinavica 64:31–49 DOI 10.1111/apm.1965.64.1.31.

Lee HS, Jang CY, Kim SA, Park SB, Jung DE, Kim BO, KimHY, ChungMJ, Park
JY, Bang S, Park SW, Song SY. 2018. Combined use of CEMIP and CA 19-9
enhances diagnostic accuracy for pancreatic cancer. Scientific Reports 8:3383
DOI 10.1038/s41598-018-21823-x.

LeeW,Mitchell P, Tjian R. 1987. Purified transcription factor AP-1 interacts with TPA-
inducible enhancer elements. Cell 49:741–752 DOI 10.1016/0092-8674(87)90612-x.

Li XS, Liang L, Zhang J, TongMY, Xia CF, Yang QX,Wang XR. 2021b.MiR-296-
3p promotes the development and progression of preeclampsia via targeting the
CEMIP. European Review for Medical and Pharmacological Sciences 25:3938–3946
DOI 10.26355/eurrev_202106_26034.

Li SC, Monazzam A, RazmaraM, Chu X, Stålberg P, Skogseid B. 2021a.MiR-486-
3p was downregulated at microRNA profiling of adrenals of multiple endocrine
neoplasia type 1 mice, and inhibited human adrenocortical carcinoma cell lines.
Scientific Reports 11:14772 DOI 10.1038/s41598-021-94154-z.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 25/33

https://peerj.com
http://dx.doi.org/10.18632/oncotarget.15052
http://dx.doi.org/10.1002/jor.24629
http://dx.doi.org/10.1111/j.1349-7006.2010.01554.x
http://dx.doi.org/10.1073/pnas.89.20.9759
http://dx.doi.org/10.1371/journal.pone.0044661
http://dx.doi.org/10.1016/j.omto.2018.12.011
http://dx.doi.org/10.1126/science.3289117
http://dx.doi.org/10.1126/science.2494700
http://dx.doi.org/10.1111/apm.1965.64.1.31
http://dx.doi.org/10.1038/s41598-018-21823-x
http://dx.doi.org/10.1016/0092-8674(87)90612-x
http://dx.doi.org/10.26355/eurrev_202106_26034
http://dx.doi.org/10.1038/s41598-021-94154-z
http://dx.doi.org/10.7717/peerj.16930


Li H, Mou Q, Li P, Yang Z,Wang Z, Niu J, Liu Y, Sun Z, Lv S, Zhang B, Yin C. 2019.
MiR-486-5p inhibits IL-22-induced epithelial-mesenchymal transition of breast can-
cer cell by repressing Dock1. Journal of Cancer 10:4695–4706 DOI 10.7150/jca.30596.

Li L, Pan Y, Mo X,Wei T, Song J, LuoM, Huang G, Teng C, Liang K, Mao N, Yang J.
2020. A novel metastatic promoter CEMIP and its downstream molecular targets
and signaling pathway of cellular migration and invasion in SCLC cells based on
proteome analysis. Journal of Cancer Research and Clinical Oncology 146:2519–2534
DOI 10.1007/s00432-020-03308-5.

Li L, Shen X, Mo X, Chen Z, Yu F, Mo X, Song J, Huang G, Liang K, Luo Z, Mao N, Yang
J. 2023. CEMIP-mediated hyaluronan metabolism facilitates SCLC metastasis by
activating TLR2/c-Src/ERK1/2 axis. Biochimica et Biophysica Acta - Molecular Cell
Research 1870:119451 DOI 10.1016/j.bbamcr.2023.119451.

Li C, Zheng X, LiW, Bai F, Lyu J, Meng QH. 2018. Serum miR-486-5p as a diagnostic
marker in cervical cancer: with investigation of potential mechanisms. BMC Cancer
18:61 DOI 10.1186/s12885-017-3753-z.

Liang G, Fang X, Yang Y, Song Y. 2018. Silencing of CEMIP suppresses Wnt/β-
catenin/Snail signaling transduction and inhibits EMT program of colorectal cancer
cells. Acta Histochemica 120:56–63 DOI 10.1016/j.acthis.2017.11.002.

Liu H, Chi Z, Jin H, YangW. 2021a.MicroRNA miR-188-5p as a mediator of long
non-coding RNAMALAT1 regulates cell proliferation and apoptosis in multiple
myeloma. Bioengineered 12:1611–1626 DOI 10.1080/21655979.2021.1920325.

Liu B, Li X,Wang D, Yu Y, Lu D, Chen L, Lv F, Li Y, Cheng L, Song Y, Xing Y. 2022.
CEMIP promotes extracellular matrix-detached prostate cancer cell survival by
inhibiting ferroptosis. Cancer Science 113:2056–2070 DOI 10.1111/cas.15356.

Liu J, YanW, Han P, Tian D. 2021b. The emerging role of KIAA1199 in can-
cer development and therapy. Biomedicine & Pharmacotherapy 138:111507
DOI 10.1016/j.biopha.2021.111507.

Lu G, Ge Z, Chen X, Ma Y, Yuan A, Xie Y, Pu J. 2023. BMP6 knockdown enhances car-
diac fibrosis in a mouse myocardial infarction model by upregulating AP-1/CEMIP
expression. Clinical and Translational Medicine 13:e1296 DOI 10.1002/ctm2.1296.

Lulli V, Romania P, Morsilli O, Cianciulli P, Gabbianelli M, Testa U, Giuliani
A, Marziali G. 2013.MicroRNA-486-3p regulates γ -globin expression in hu-
man erythroid cells by directly modulating BCL11A. PLOS ONE 8:e60436
DOI 10.1371/journal.pone.0060436.

Luo Y, Yang Z, Yu Y, Zhang P. 2022.HIF1 α lactylation enhances KIAA1199
transcription to promote angiogenesis and vasculogenic mimicry in prostate
cancer. International Journal of Biological Macromolecules 222:2225–2243
DOI 10.1016/j.ijbiomac.2022.10.014.

MaX,Wei J, Zhang L, Deng D, Liu L, Mei X, He X, Tian J. 2016.miR-486-5p inhibits
cell growth of papillary thyroid carcinoma by targeting fibrillin-1. Biomedicine &
Pharmacotherapy 80:220–226 DOI 10.1016/j.biopha.2016.03.020.

Mathas S, HinzM, Anagnostopoulos I, Krappmann D, Lietz A, Jundt F, Bommert
K, Mechta-Grigoriou F, Stein H, Dörken B, Scheidereit C. 2002. Aberrantly

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 26/33

https://peerj.com
http://dx.doi.org/10.7150/jca.30596
http://dx.doi.org/10.1007/s00432-020-03308-5
http://dx.doi.org/10.1016/j.bbamcr.2023.119451
http://dx.doi.org/10.1186/s12885-017-3753-z
http://dx.doi.org/10.1016/j.acthis.2017.11.002
http://dx.doi.org/10.1080/21655979.2021.1920325
http://dx.doi.org/10.1111/cas.15356
http://dx.doi.org/10.1016/j.biopha.2021.111507
http://dx.doi.org/10.1002/ctm2.1296
http://dx.doi.org/10.1371/journal.pone.0060436
http://dx.doi.org/10.1016/j.ijbiomac.2022.10.014
http://dx.doi.org/10.1016/j.biopha.2016.03.020
http://dx.doi.org/10.7717/peerj.16930


expressed c-Jun and JunB are a hallmark of Hodgkin lymphoma cells, stimu-
late proliferation and synergize with NF-kappa B. Embo Journal 21:4104–4113
DOI 10.1093/emboj/cdf389.

Matsuzaki S, Tanaka F, Mimori K, Tahara K, Inoue H, Mori M. 2009. Clinicopathologic
significance of KIAA1199 overexpression in human gastric cancer. Annals of Surgical
Oncology 16:2042–2051 DOI 10.1245/s10434-009-0469-6.

McKeithan TW, Rowley JD, Shows TB, Diaz MO. 1987. Cloning of the chromosome
translocation breakpoint junction of the t(14;19) in chronic lymphocytic leukemia.
Proceedings of the National Academy of Sciences of the United States of America
84:9257–9260 DOI 10.1073/pnas.84.24.9257.

Mi C, Zhang D, Li Y, RenM,MaW, Lu G, He S. 2021.miR-4677-3p participates
proliferation and metastases of gastric cancer cell via CEMIP-PI3K/AKT signaling
pathway. Cell Cycle 20:1978–1987 DOI 10.1080/15384101.2021.1971375.

Mi C, Zhao Y, Ren L, Zhang D. 2023.HIF1 α/CCL7/KIAA1199 axis mediates hypoxia-
induced gastric cancer aggravation and glycolysis alteration. Journal of Clinical
Biochemistry and Nutrition 72:225–233 DOI 10.3164/jcbn.22-48.

Miao X,Wang Z, Chen B, Chen Y,Wang X, Jiang L, Jiang S, Hao K, ZhangW. 2018.
miR-140-5p suppresses retinoblastoma cell proliferation, migration, and invasion by
targeting CEMIP and CADM3. Cellular and Molecular Biology 64:42–47.

Michishita E, Garcés G, Barrett JC, Horikawa I. 2006. Upregulation of the KIAA1199
gene is associated with cellular mortality. Cancer Letters 239:71–77
DOI 10.1016/j.canlet.2005.07.028.

MoX, Shen X, Mo X, Yu F, TanW, Deng Z, He J, Luo Z, Chen Z, Yang J. 2023. CEMIP
promotes small cell lung cancer proliferation by activation of glutamine metabolism
via FBXW7/c-Myc-dependent axis. Biochemical Pharmacology 209:115446
DOI 10.1016/j.bcp.2023.115446.

MoroM, Fortunato O, Bertolini G, MensahM, Borzi C, Centonze G, Andriani F, Paolo
DDi, Perri P, Ponzoni M, Pastorino U, Sozzi G, Boeri M. 2022.MiR-486-5p targets
CD133+ lung cancer stem cells through the p85/AKT Pathway. Pharmaceuticals
15:297 DOI 10.3390/ph15030297.

Murray K. 1964. The occurrence of epsilon-n-methyl lysine in histones. Biochemistry
3:10–15 DOI 10.1021/bi00889a003.

Nakayama I, Takahari D. 2023. The role of angiogenesis targeted therapies in metastatic
advanced gastric cancer: a narrative review. Journal of Clinical Medicine 12:3226
DOI 10.3390/jcm12093226.

Oba T, Sato N, Adachi Y, Amaike T, Kudo Y, Koga A, Kohi S, Hirata K. 2021.Hypoxia
increases KIAA1199/CEMIP expression and enhances cell migration in pancreatic
cancer. Scientific Reports 11:18193 DOI 10.1038/s41598-021-97752-z.

Park SY, Lee JH, HaM, Nam JW, Kim VN. 2009.miR-29 miRNAs activate p53 by
targeting p85 alpha and CDC42. Nature Structural & Molecular Biology 16:23–29
DOI 10.1038/nsmb.1533.

Qi Y, Huang Y, Pang L, GuW,Wang N, Hu J, Cui X, Zhang J, Zhao J, Liu C, Zhang
W, Zou H, Li F. 2017. Prognostic value of the MicroRNA-29 family in multiple

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 27/33

https://peerj.com
http://dx.doi.org/10.1093/emboj/cdf389
http://dx.doi.org/10.1245/s10434-009-0469-6
http://dx.doi.org/10.1073/pnas.84.24.9257
http://dx.doi.org/10.1080/15384101.2021.1971375
http://dx.doi.org/10.3164/jcbn.22-48
http://dx.doi.org/10.1016/j.canlet.2005.07.028
http://dx.doi.org/10.1016/j.bcp.2023.115446
http://dx.doi.org/10.3390/ph15030297
http://dx.doi.org/10.1021/bi00889a003
http://dx.doi.org/10.3390/jcm12093226
http://dx.doi.org/10.1038/s41598-021-97752-z
http://dx.doi.org/10.1038/nsmb.1533
http://dx.doi.org/10.7717/peerj.16930


human cancers: a meta-analysis and systematic review. Clinical and Experimental
Pharmacology and Physiology 44:441–454 DOI 10.1111/1440-1681.12726.

Rankin EB, Giaccia AJ. 2016.Hypoxic control of metastasis. Science 352:175–180
DOI 10.1126/science.aaf4405.

Reiss K, Maretzky T, Ludwig A, Tousseyn T, de Strooper B, Hartmann D, Saftig P.
2005. ADAM10 cleavage of N-cadherin and regulation of cell–cell adhesion and
beta-catenin nuclear signalling. Embo Journal 24:742–752
DOI 10.1038/sj.emboj.7600548.

Robertson KD, Jones PA. 2000. DNA methylation: past, present and future directions.
Carcinogenesis 21:461–467 DOI 10.1093/carcin/21.3.461.

Ruedel A, Dietrich P, Schubert T, Hofmeister S, Hellerbrand C, Bosserhoff AK. 2015.
Expression and function of microRNA-188-5p in activated rheumatoid arthritis
synovial fibroblasts. International Journal of Clinical and Experimental Pathology
8:4953–4962.

Sabates-Bellver J, Flier LGVander, de Palo M, Cattaneo E, Maake C, Rehrauer H,
Laczko E, Kurowski MA, Bujnicki JM, Menigatti M, Luz J, Ranalli TV, Gomes
V, Pastorelli A, Faggiani R, Anti M, Jiricny J, Clevers H, Marra G. 2007. Tran-
scriptome profile of human colorectal adenomas.Molecular Cancer Research
5:1263–1275 DOI 10.1158/1541-7786.Mcr-07-0267.

Schmaus A, Bauer J, Sleeman JP. 2014. Sugars in the microenvironment: the sticky
problem of HA turnover in tumors. Cancer and Metastasis Reviews 33:1059–1079
DOI 10.1007/s10555-014-9532-2.

Semenza GL,Wang GL. 1992. A nuclear factor induced by hypoxia via de novo protein
synthesis binds to the human erythropoietin gene enhancer at a site required
for transcriptional activation.Molecular and Cellular Biology 12:5447–5454
DOI 10.1128/mcb.12.12.5447-5454.1992.

Shan L, Song P, Zhao Y, An N, Xia Y, Qi Y, Zhao H, Ge J. 2022.miR-600 promotes
ovarian cancer cells stemness, proliferation and metastasis via targeting KLF9.
Journal of Ovarian Research 15:52 DOI 10.1186/s13048-022-00981-7.

Shen F, Zong ZH, Liu Y, Chen S, Sheng XJ, Zhao Y. 2019. CEMIP promotes ovarian can-
cer development and progression via the PI3K/AKT signaling pathway. Biomedicine
& Pharmacotherapy 114:108787 DOI 10.1016/j.biopha.2019.108787.

Shostak K, Zhang X, Hubert P, Göktuna SI, Jiang Z, Klevernic I, Hildebrand J,
Roncarati P, Hennuy B, Ladang A, Somja J, Gothot A, Close P, Delvenne P, Chariot
A. 2014. NF-κB-induced KIAA1199 promotes survival through EGFR signalling.
Nature Communications 5:5232 DOI 10.1038/ncomms6232.

Shou J, Gu S, GuW. 2015. Identification of dysregulated miRNAs and their regulatory
signature in glioma patients using the partial least squares method. Experimental and
Therapeutic Medicine 9:167–171 DOI 10.3892/etm.2014.2041.

Simionescu N, NemeczM, Petrovici AR, Nechifor IS, Buga RC, Dabija MG, Eva L,
Georgescu A. 2022.Microvesicles and microvesicle-associated microRNAs reflect
glioblastoma regression: microvesicle-associated miR-625-5p has biomarker poten-
tial. International Journal of Molecular Sciences 23:8398 DOI 10.3390/ijms23158398.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 28/33

https://peerj.com
http://dx.doi.org/10.1111/1440-1681.12726
http://dx.doi.org/10.1126/science.aaf4405
http://dx.doi.org/10.1038/sj.emboj.7600548
http://dx.doi.org/10.1093/carcin/21.3.461
http://dx.doi.org/10.1158/1541-7786.Mcr-07-0267
http://dx.doi.org/10.1007/s10555-014-9532-2
http://dx.doi.org/10.1128/mcb.12.12.5447-5454.1992
http://dx.doi.org/10.1186/s13048-022-00981-7
http://dx.doi.org/10.1016/j.biopha.2019.108787
http://dx.doi.org/10.1038/ncomms6232
http://dx.doi.org/10.3892/etm.2014.2041
http://dx.doi.org/10.3390/ijms23158398
http://dx.doi.org/10.7717/peerj.16930


Small EM, O’Rourke JR, Moresi V, Sutherland LB, McAnally J, Gerard RD, Richardson
JA, Olson EN. 2010. Regulation of PI3-kinase/Akt signaling by muscle-enriched
microRNA-486. Proceedings of the National Academy of Sciences of the United States
of America 107:4218–4223 DOI 10.1073/pnas.1000300107.

SongM, Liu J, Zheng X, Zhou X, Feng Z, HuW. 2021.MiR-148a-3p targets CEMIP
to suppress the genesis of gastric cancer cells. Biochemical and Biophysical Research
Communications 575:42–49 DOI 10.1016/j.bbrc.2021.08.039.

Sugahara KN, Murai T, Nishinakamura H, Kawashima H, Saya H, MiyasakaM. 2003.
Hyaluronan oligosaccharides induce CD44 cleavage and promote cell migration
in CD44-expressing tumor cells. Journal of Biological Chemistry 278:32259–32265
DOI 10.1074/jbc.M300347200.

Sun B, Guo S. 2021.miR-486-5p serves as a diagnostic biomarker for sepsis and its pre-
dictive value for clinical outcomes. Journal of Inflammation Research 14:3687–3695
DOI 10.2147/jir.S323433.

Sun J, Hu J, Wang G, Yang Z, Zhao C, Zhang X,Wang J. 2018. LncRNA TUG1 pro-
moted KIAA1199 expression via miR-600 to accelerate cell metastasis and epithelial-
mesenchymal transition in colorectal cancer. Journal of Experimental & Clinical
Cancer Research 37:106 DOI 10.1186/s13046-018-0771-x.

Tang Z, Ding Y, Shen Q, Zhang C, Li J, Nazar M,Wang Y, Zhou X, Huang J. 2019.
KIAA1199 promotes invasion and migration in non-small-cell lung cancer
(NSCLC) via PI3K-Akt mediated EMT. Journal of Molecular Medicine 97:127–140
DOI 10.1007/s00109-018-1721-y.

Thiesen HJ, Bach C. 1990. Target Detection Assay (TDA): a versatile procedure to
determine DNA binding sites as demonstrated on SP1 protein. Nucleic Acids Research
18:3203–3209 DOI 10.1093/nar/18.11.3203.

Thiesen HJ, Schröder B. 1991. Amino acid substitutions in the SP1 zinc finger domain
alter the DNA binding affinity to cognate SP1 target site. Biochemical and Biophysical
Research Communications 175:333–338 DOI 10.1016/s0006-291x(05)81239-2.

Tian YJ, Wang YH, Xiao AJ, Li PL, Guo J, Wang TJ, Zhao DJ. 2019. Long noncoding
RNA SBF2-AS1 act as a ceRNA to modulate cell proliferation via binding with miR-
188-5p in acute myeloid leukemia. Artificial Cells, Nanomedicine, and Biotechnology
47:1730–1737 DOI 10.1080/21691401.2019.1608221.

Tiwari A, Schneider M, Fiorino A, Haider R, Okoniewski MJ, Roschitzki B, Uzozie A,
Menigatti M, Jiricny J, Marra G. 2013. Early insights into the function of KIAA1199,
a markedly overexpressed protein in human colorectal tumors. PLOS ONE 8:e69473
DOI 10.1371/journal.pone.0069473.

Toury L, Frankel D, Airault C, Magdinier F, Roll P, Kaspi E. 2022.miR-140-5p and
miR-140-3p: key actors in aging-related diseases? International Journal of Molecular
Sciences 23:11439 DOI 10.3390/ijms231911439.

Tsuji S, Nakamura S, Yamada T, de Vega S, Okada Y, Inoue S, ShimazawaM, Hara
H. 2021.HYBID derived from tumor cells and tumor-associated macrophages
contribute to the glioblastoma growth. Brain Research 1764:147490
DOI 10.1016/j.brainres.2021.147490.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 29/33

https://peerj.com
http://dx.doi.org/10.1073/pnas.1000300107
http://dx.doi.org/10.1016/j.bbrc.2021.08.039
http://dx.doi.org/10.1074/jbc.M300347200
http://dx.doi.org/10.2147/jir.S323433
http://dx.doi.org/10.1186/s13046-018-0771-x
http://dx.doi.org/10.1007/s00109-018-1721-y
http://dx.doi.org/10.1093/nar/18.11.3203
http://dx.doi.org/10.1016/s0006-291x(05)81239-2
http://dx.doi.org/10.1080/21691401.2019.1608221
http://dx.doi.org/10.1371/journal.pone.0069473
http://dx.doi.org/10.3390/ijms231911439
http://dx.doi.org/10.1016/j.brainres.2021.147490
http://dx.doi.org/10.7717/peerj.16930


Tuddenham L,Wheeler G, Ntounia-Fousara S, Waters J, Hajihosseini MK, Clark I,
Dalmay T. 2006. The cartilage specific microRNA-140 targets histone deacetylase
4 in mouse cells. FEBS Letters 580:4214–4217 DOI 10.1016/j.febslet.2006.06.080.

Valenta T, Hausmann G, Basler K. 2012. The many faces and functions of β-catenin.
Embo Journal 31:2714–2736 DOI 10.1038/emboj.2012.150.

Valera VA, Parra-Medina R,Walter BA, Pinto P, MerinoMJ. 2020.microRNA expres-
sion profiling in young prostate cancer patients. Journal of Cancer 11:4106–4114
DOI 10.7150/jca.37842.

van den Bosch RP, van Eijck CH, Mulder PG, Jeekel J. 1996. Serum CA19-9 determina-
tion in the management of pancreatic cancer. Hepatogastroenterology 43:710–713.

Vinson CR, Sigler PB, McKnight SL. 1989. Scissors-grip model for DNA recognition by a
family of leucine zipper proteins. Science 246:911–916 DOI 10.1126/science.2683088.

Wang Z, Chen K, Li D, ChenM, Li A,Wang J. 2021.miR-140-3p is involved in the
occurrence and metastasis of gastric cancer by regulating the stability of FAM83B.
Cancer Cell International 21:537 DOI 10.1186/s12935-021-02245-8.

Wang GL, Jiang BH, Rue EA, Semenza GL. 1995.Hypoxia-inducible factor 1 is a basic-
helix-loop-helix-PAS heterodimer regulated by cellular O2 tension. Proceedings
of the National Academy of Sciences of the United States of America 92:5510–5514
DOI 10.1073/pnas.92.12.5510.

WangM, Qiu R, Gong Z, Zhao X,Wang T, Zhou L, LuW, Shen B, ZhuW, XuW.
2019b.miR-188-5p emerges as an oncomiRNA to promote gastric cancer cell pro-
liferation and migration via upregulation of SALL4. Journal of Cellular Biochemistry
120:15027–15037 DOI 10.1002/jcb.28764.

WangW,Wang X, Li C, Chen T, Zhang N, Liang Y, Li Y, Zhang H, Liu Y, Song X, Zhao
W, Chen B,Wang L, Yang Q. 2019c.Huaier suppresses breast cancer progression
via linc00339/miR-4656/CSNK2B signaling pathway. Frontiers in Oncology 9:1195
DOI 10.3389/fonc.2019.01195.

Wang L, Yu T, LiW, Li M, Zuo Q, Zou Q, Xiao B. 2019a. The miR-29c-KIAA1199 axis
regulates gastric cancer migration by binding with WBP11 and PTP4A3. Oncogene
38:3134–3150 DOI 10.1038/s41388-018-0642-0.

WangW, Zhao E, Yu Y, Geng B, ZhangW, Li X. 2018.MiR-216a exerts tumor-
suppressing functions in renal cell carcinoma by targeting TLR4. American Journal
of Cancer Research 8:476–488.

Wang A, Zhu J, Li J, DuW, Zhang Y, Cai T, Liu T, Fu Y, Zeng Y, Liu Z, Huang JA. 2020.
Downregulation of KIAA1199 by miR-486-5p suppresses tumorigenesis in lung
cancer. Cancer Medicine 9:5570–5586 DOI 10.1002/cam4.3210.

Watson JA,Watson CJ, McCann A, Baugh J. 2010. Epigenetics, the epicenter of the
hypoxic response. Epigenetics 5:293–296 DOI 10.4161/epi.5.4.11684.

WeiW, Huo B, Shi X. 2019.miR-600 inhibits lung cancer via downregulating
the expression of METTL3. Cancer Management and Research 11:1177–1187
DOI 10.2147/cmar.S181058.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 30/33

https://peerj.com
http://dx.doi.org/10.1016/j.febslet.2006.06.080
http://dx.doi.org/10.1038/emboj.2012.150
http://dx.doi.org/10.7150/jca.37842
http://dx.doi.org/10.1126/science.2683088
http://dx.doi.org/10.1186/s12935-021-02245-8
http://dx.doi.org/10.1073/pnas.92.12.5510
http://dx.doi.org/10.1002/jcb.28764
http://dx.doi.org/10.3389/fonc.2019.01195
http://dx.doi.org/10.1038/s41388-018-0642-0
http://dx.doi.org/10.1002/cam4.3210
http://dx.doi.org/10.4161/epi.5.4.11684
http://dx.doi.org/10.2147/cmar.S181058
http://dx.doi.org/10.7717/peerj.16930


Weng J, Zhang Y, LiangW, Xie Y,Wang K, Xu Q, Ding Y, Li Y. 2023. Downregulation
of CEMIP enhances radiosensitivity by promoting DNA damage and apoptosis in
colorectal cancer.Medical Oncology 40:73 DOI 10.1007/s12032-022-01940-4.

Wenger RH, Stiehl DP, Camenisch G. 2005. Integration of oxygen signaling at the
consensus HRE. Science’s STKE 2005:re12 DOI 10.1126/stke.3062005re12.

WuYF,Wang CY, TangWC, Lee YC, Ta HDK, Lin LC, Pan SR, Ni YC, Anuraga G,
Lee KH. 2021. Expression profile and prognostic value of wnt signaling pathway
molecules in colorectal cancer. Biomedicines 9:1331 DOI 10.3390/biomedicines9101331.

XiaoW, Li P. 2023. Circ_0087862 promotes tumorigenesis and glycolysis in colorectal
cancer by sponging miR-296-3p to regulate PGK1 expression. Pathology - Research
and Practice 248:154695 DOI 10.1016/j.prp.2023.154695.

Xing Z, Zhang Z, Gao Y, Zhang X, Kong X, Zhang J, Bai H. 2020. The lncRNA
LINC01194/miR-486-5p axis facilitates malignancy in non-small cell lung cancer via
regulating CDK4. OncoTargets and Therapy 13:3151–3163 DOI 10.2147/ott.S235037.

Xu J, Liu Y,Wang X, Huang J, Zhu H, Hu Z,Wang D. 2015. Association between
KIAA1199 overexpression and tumor invasion, TNM stage, and poor prognosis
in colorectal cancer. International Journal of Clinical and Experimental Pathology
8:2909–2918.

Xu Y, Xu H, Li M,WuH, Guo Y, Chen J, Shan J, Chen X, Shen J, Ma Q, Liu J, Wang
M, ZhaoW, Hong J, Qi Y, Yao C, Zhang Q, Yang Z, Qian C, Li J. 2019. KIAA1199
promotes sorafenib tolerance and the metastasis of hepatocellular carcinoma by
activating the EGF/EGFR-dependent epithelial-mesenchymal transition program.
Cancer Letters 454:78–89 DOI 10.1016/j.canlet.2019.03.049.

Xu G, Zhao L, Hua Q,Wang L, Liu H, Lin Z, Jin M,Wang J, Zhou P, Yang K,Wu G, Yu
D, Zhang D, Zhang T. 2023. CEMIP, acting as a scaffold protein for bridging GRAF1
and MIB1, promotes colorectal cancer metastasis via activating CDC42/MAPK
pathway. Cell Death & Disease 14:167 DOI 10.1038/s41419-023-05644-z.

Xue Q,Wang X, Deng X, Huang Y, TianW. 2020. CEMIP regulates the proliferation
and migration of vascular smooth muscle cells in atherosclerosis through the
WNT-beta-catenin signaling pathway. Biochemistry and Cell Biology 98:249–257
DOI 10.1139/bcb-2019-0249.

Xue J, Zhu X, Qiao X,Wang Y, Bu J, Zhang X, Ma Q, Liang L, Sun L, Liu C. 2022.
CEMIP as a potential biomarker and therapeutic target for breast cancer patients.
International Journal of Medical Sciences 19:434–445 DOI 10.7150/ijms.58067.

Yang Y, BedfordMT. 2013. Protein arginine methyltransferases and cancer. Nature
Reviews Cancer 13:37–50 DOI 10.1038/nrc3409.

Yang H, Huang Y, He J, Chai G, Di Y,Wang A, Gui D. 2020.MiR-486-3p inhibits the
proliferation, migration and invasion of retinoblastoma cells by targeting ECM1.
Bioscience Reports 40:BSR20200392 DOI 10.1042/bsr20200392.

Yang T, Shen P, Chen Q,Wu P, Yuan H, GeW,Meng L, Huang X, Fu Y, Zhang Y,
HuW,Miao Y, Lu Z, Jiang K. 2021. FUS-induced circRHOBTB3 facilitates cell
proliferation via miR-600/NACC1 mediated autophagy response in pancreatic

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 31/33

https://peerj.com
http://dx.doi.org/10.1007/s12032-022-01940-4
http://dx.doi.org/10.1126/stke.3062005re12
http://dx.doi.org/10.3390/biomedicines9101331
http://dx.doi.org/10.1016/j.prp.2023.154695
http://dx.doi.org/10.2147/ott.S235037
http://dx.doi.org/10.1016/j.canlet.2019.03.049
http://dx.doi.org/10.1038/s41419-023-05644-z
http://dx.doi.org/10.1139/bcb-2019-0249
http://dx.doi.org/10.7150/ijms.58067
http://dx.doi.org/10.1038/nrc3409
http://dx.doi.org/10.1042/bsr20200392
http://dx.doi.org/10.7717/peerj.16930


ductal adenocarcinoma. Journal of Experimental & Clinical Cancer Research 40:261
DOI 10.1186/s13046-021-02063-w.

Yang XD, Yang BW, Jiang S, Chen XY, Ye T, Zhang J. 2018. Cell migration–inducing
hyaluronan-binding protein is regulated by miR-140-3p and promotes the
growth and invasion of colorectal cancer cells. International Journal of Im-
munopathology and Pharmacology 32:2058738418817701 eCollection 2018
DOI 10.1177/2058738418817701.

Ye H, Yu X, Xia J, Tang X, Tang L, Chen F. 2016.MiR-486-3p targeting ECM1 represses
cell proliferation and metastasis in cervical cancer. Biomedicine & Pharmacotherapy
80:109–114 DOI 10.1016/j.biopha.2016.02.019.

Yoshida H, Nagaoka A, Kusaka-Kikushima A, Tobiishi M, Kawabata K, Sayo T, Sakai
S, Sugiyama Y, Enomoto H, Okada Y, Inoue S. 2013. KIAA1199, a deafness gene
of unknown function, is a new hyaluronan binding protein involved in hyaluronan
depolymerization. Proceedings of the National Academy of Sciences of the United States
of America 110:5612–5617 DOI 10.1073/pnas.1215432110.

Yoshida H, Nagaoka A, Nakamura S, Tobiishi M, Sugiyama Y, Inoue S. 2014. N-
Terminal signal sequence is required for cellular trafficking and hyaluronan-
depolymerization of KIAA1199. FEBS Letters 588:111–116
DOI 10.1016/j.febslet.2013.11.017.

Yu Y, Liu B, Li X, Lu D, Yang L, Chen L, Li Y, Cheng L, Lv F, Zhang P, Song Y,
Xing Y. 2022. ATF4/CEMIP/PKC α promotes anoikis resistance by enhanc-
ing protective autophagy in prostate cancer cells. Cell Death & Disease 13:46
DOI 10.1038/s41419-021-04494-x.

Zhai X,WangW,Ma Y, Zeng Y, Dou D, Fan H, Song J, Yu X, Xin D, Du G, Jiang Z,
Zhang H, Zhang X, Jin B. 2020. Serum KIAA1199 is an advanced-stage prognostic
biomarker and metastatic oncogene in cholangiocarcinoma. Aging 12:23761–23777
DOI 10.18632/aging.103964.

Zhan T, Rindtorff N, Boutros M. 2017.Wnt signaling in cancer. Oncogene 36:1461–1473
DOI 10.1038/onc.2016.304.

Zhang K, HuH, Xu J, Qiu L, Chen H, Jiang X, Jiang Y. 2020. Circ_0001421 facilitates
glycolysis and lung cancer development by regulating miR-4677-3p/CDCA3.
Diagnostic Pathology 15:133 DOI 10.1186/s13000-020-01048-1.

Zhang Z, JiangW, HuM, Gao R, Zhou X. 2021.MiR-486-3p promotes osteogenic
differentiation of BMSC by targeting CTNNBIP1 and activating the Wnt/β-
catenin pathway. Biochemical and Biophysical Research Communications 566:59–66
DOI 10.1016/j.bbrc.2021.05.098.

Zhang B, Li J, Hua Q,Wang H, Xu G, Chen J, Zhu Y, Li R, Liang Q,Wang L,
Jin M, Tang J, Lin Z, Zhao L, Zhang D, Yu D, Ren J, Zhang T. 2023. Tumor
CEMIP drives immune evasion of colorectal cancer via MHC-I internalization
and degradation. The Journal for ImmunoTherapy of Cancer 11(1):e005592
DOI 10.1136/jitc-2022-005592.

Zhang P, Song Y, Sun Y, Li X, Chen L, Yang L, Xing Y. 2018. AMPK/GSK3 β/β-catenin
cascade-triggered overexpression of CEMIP promotes migration and invasion in

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 32/33

https://peerj.com
http://dx.doi.org/10.1186/s13046-021-02063-w
http://dx.doi.org/10.1177/2058738418817701
http://dx.doi.org/10.1016/j.biopha.2016.02.019
http://dx.doi.org/10.1073/pnas.1215432110
http://dx.doi.org/10.1016/j.febslet.2013.11.017
http://dx.doi.org/10.1038/s41419-021-04494-x
http://dx.doi.org/10.18632/aging.103964
http://dx.doi.org/10.1038/onc.2016.304
http://dx.doi.org/10.1186/s13000-020-01048-1
http://dx.doi.org/10.1016/j.bbrc.2021.05.098
http://dx.doi.org/10.1136/jitc-2022-005592
http://dx.doi.org/10.7717/peerj.16930


anoikis-resistant prostate cancer cells by enhancing metabolic reprogramming.
FASEB Journal 32:3924–3935 DOI 10.1096/fj.201701078R.

Zhang D, Zhao L, Shen Q, Lv Q, Jin M, Ma H, Nie X, Zheng X, Huang S, Zhou P,Wu
G, Zhang T. 2017a. Down-regulation of KIAA1199/CEMIP by miR-216a suppresses
tumor invasion and metastasis in colorectal cancer. International Journal of Cancer
140:2298–2309 DOI 10.1002/ijc.30656.

Zhang P, Zuo Z,Wu A, ShangW, Bi R, Jin Q,Wu J, Jiang L. 2017b.miR-600 in-
hibits cell proliferation, migration and invasion by targeting p53 in mutant p53-
expressing human colorectal cancer cell lines. Oncology Letters 13:1789–1796
DOI 10.3892/ol.2017.5654.

Zhao C, Qiao Y, Jonsson P,Wang J, Xu L, Rouhi P, Sinha I, Cao Y,Williams C,
Dahlman-Wright K. 2014. Genome-wide profiling of AP-1-regulated transcription
provides insights into the invasiveness of triple-negative breast cancer. Cancer
Research 74:3983–3994 DOI 10.1158/0008-5472.Can-13-3396.

ZhaoM,Wei F, Sun G,Wen Y, Xiang J, Su F, Zhan L, Nian Q, Chen Y, Zeng J. 2022.
Natural compounds targeting glycolysis as promising therapeutics for gastric cancer:
a review. Frontiers in Pharmacology 13:1004383 DOI 10.3389/fphar.2022.1004383.

Zhen Q, Gao LN,Wang RF, ChuWW, Zhang YX, Zhao XJ, Lv BL, Liu JB. 2018.
LncRNA DANCR promotes lung cancer by sequestering miR-216a. Cancer Control
25:1073274818769849 DOI 10.1177/1073274818769849.

Zhou X, Sun H, Chen H, Zavadil J, Kluz T, Arita A, Costa M. 2010.Hypoxia induces
trimethylated H3 lysine 4 by inhibition of JARID1A demethylase. Cancer Research
70:4214–4221 DOI 10.1158/0008-5472.Can-09-2942.

Guo et al. (2024), PeerJ, DOI 10.7717/peerj.16930 33/33

https://peerj.com
http://dx.doi.org/10.1096/fj.201701078R
http://dx.doi.org/10.1002/ijc.30656
http://dx.doi.org/10.3892/ol.2017.5654
http://dx.doi.org/10.1158/0008-5472.Can-13-3396
http://dx.doi.org/10.3389/fphar.2022.1004383
http://dx.doi.org/10.1177/1073274818769849
http://dx.doi.org/10.1158/0008-5472.Can-09-2942
http://dx.doi.org/10.7717/peerj.16930

