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Abstract

CEMIP (KIAA1199) was identified as migratory indicator protein which had been crudely studied
in the last decade. Firstly its mutation site was reported to cause hearing loss due to the folding
change of protein structure, meanwhile the over-expression of CEMIP referred to dreadful
invasion and uncontrolled proliferation of tumor with distant metastasis, dedifferentiation, and
limited survival opportunity of patients. Especially, over-expressed CEMIP also protected
malignant tumor from strict microenvironment in hypoxia, low glucose and cracked barrier,
leading to enhanced adaptability of tumor by stimulating the Wnt, EGFR, FGFR pathway. Here, we
intend to elaborate the clinical function and dysregulation of CEMIP under the tumorous
circumstance since CEMIP plays an important role in cytokine pathway and its over-expression in
tumors provide a novel target for individual therapy. Targeting CEMIP would thereby dysregulate
the cytokine pathway which would in turn, decide the growth and death of the vicious tumour

cells.
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Introduction

KIAA1199, defined as cell migration inducing
protein currently (CEMIP, https://www.ncbi.nlm.
nih.gov/gene/57214), is located in chromosome
15q25.1, which appears in the nucleus and cytoplasm
[1-3]. This protein contains a special G8 domain,
associated with two nonhomologous GG domain and
four pbH1 domain [4, 5]. The first report about CEMIP
discussed the mutation site of protein sequence
leading to asymptomatic loss of hearing i.e. non-
syndromic hearing loss, wherein a histidine is
mutated to a tyrosine in N-terminal of GG domain [6].
This result confirmed that the above specified domain
had major involvement in the cause of the disease.

Generally, GB8-containing protein was probably
positioned intra- or trans-membrane [4, 7]. However,
transmembrane domain prediction program for
CEMIP protein and a cytoplasmic localization of
EGFP-CEMIP fusion protein experiment were
conducted and the cytoplasm location of mature
CEMIP was verified [8]. An even distribution was
observed through electron microscope after being
treated with postembedding immunogold staining in
Corti, indicating that the favorite location of CEMIP
was cytoplasm [9]. Later, other researches revealed
that the subcellular location of CEMIP was confined
to perinuclear space which was endoplasmic
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reticulum (ER) through immunofluorescence staining
[10]. Identification of the possible property of CEMIP
revealed that it was a secreted protein rather than a
transmembrane protein, the protein with 153kDa was
tested out in supernate media when using C-terminal
V5 tag, and further confirmation showed the
full-length CEMIP emerged in immunoprecipitant of
colon cancer cell in its serum-free supernate by using
anti-CEMIP monoclonal antibodies [11].

Particular to the gene fragment, there were two
disease-required up-regulation sections roughly
around pro-1.4 in CEMIP sequence, which were
specific to -1425 to -1135 and -125 to +27, at where the
fourth NK- « B (-1345 to -1333), AP-1 (-48 to -45) were
positioned. Differently, effective CpG of CEMIP
island lied in the first intron. The level of methylation
of this region inversely correlated to CEMIP
expression making it a potential therapy site. Lower
the base sequence methylation in CpG island, the
more aggressive the cancer progression would be as
being proofed by the demethylation in aggressive
breast cancer sample [12]. Except that, C-terminal also
involved a B-domain which can pose a suitable
binding site for binding immunoglobulin protein
(BiP), leading to its excretion and correct-folding of
CEMIP through ER [13]. When BiP bond to B-domain
of CEMIP, calcium leakage would happen in ER,
resulting in the rise of cytosolic Ca?* concentration
and the release of CEMIP [13]. On the other hand,
N-terminal contained a 30 signal peptide sequence
functioning in immobilized CEMIP in ER. On the
knockdown of the 30 amino acids, protein secretion
was enhanced and therefore, an intra cytoplasmic
acceleration of mature CEMIP from ER occurred
through Golgi apparatus [5]. Furthermore, fraction
surviving with strongly cytoplasmic expression of
CEMIP was a quarter less than the strongly
nuclear-expressed one after four years post-surgery
[3]. A status of nuclear confinement for CEMIP
illustrated a relatively safe situation for cancer patient.
It also might be the evidence for early medical
intervention or diagnostic indicator when patients
suffered aggressive tumor [14, 15]. Though the
expression of CEMIP, placed in the nucleus, was
discovered in colon adenomas regardless the UICC
stage, the localization of CEMIP in the nucleus and its
over-expression might be linked to the presence of
B-catenin in nucleus [3]. A comparison between
CEMIP-containing colorectal cells and its knock-down
counterpart suggested CEMIP belonged to Wnt
signaling pathway due to the same regulated
tendency of the change of eight Wnt-axis genes
including p-catenin expression. Basically, CEMIP
assisted the catabolism of HA thereby stabilizing a
suitable microenvironment for cancer growth. CEMIP

has been reported another role in glycolysis and
gluconeogenesis for generating nutrition in tumor cell
[10]. In normal human tissues, CEMIP mRNA
expressed in terms of amounts, the maximum
quantity was in the brain, followed by lung, placenta
and testis [8]. To be specific, the abundant expression
of CEMIP in brain was found in hippocampus which
supports memory function [16]. On the other hand,
over-expression of CEMIP emerged in the special type
of cancer cells which easily diffused to their
surrounding tissues, such as gastric, colorectal, cervix,
kidney and lung cancer [3, 17]. Those researches
prevalently agreed the over-expression of CEMIP was
associated with a severe and easily diffusible situation
when patient suffered malignant tumor also a poor
prognosis.

The relationship between non-tumor
disease and CEMIP

The majority of researches focused on the
different expression level of CEMIP within tumor
tissue associating with severity of cancer progression
and prognosis. In physiological status, the presence of
CEMIP expression was observed during early
proliferating and late senescent stages in mortal cells,
renal carcinoma cell was transferred by chromosome
3 (RCC23+3), whereas no detectable amount was
investigated in their immortal counterparts.
Therefore, the CEMIP was reported as a mediator of
cellular mortality [8, 11, 18, 19]. Under the
circumstance which allowed protein mutation,
structural change of CEMIP lead to functional loss in
cochlea. Although the 187th amino acid mutation
occurred in hearing loss of human, establishing the
same through in vivo animal experiments required
strict criteria in murine [6]. The rats or mice are not the
suitable models for detecting CEMIP expression once
the gene deficiency happened at birth or later, since
the rodents possessed no hearing function when they
are born, and this gene is hard to be found in their hair
cell and outer suclus cells whereas it can be observed
in human cochlea [20]. But the mature health murine
could be modeled because of their high homology to
human [21]. Therefore, compared with rodents,
experiments on marmoset which contained higher
homology were successfully carried out. The area of
CEMIP expression were accordantly observed as in
human organs or tissues, suggesting a novel and
preferred animal model for hearing loss [20]. In order
to expose the functional change of CEMIP, three
mutation points of CEMIP were identified wherein
two were irrelevant but one became highly relevant
site which was shown as H783Y. In this position, the
mutation of histidine to tyrosine led to loss of positive
charge [6]. After the mutation, the hydrophilic
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property of protein dramatically decreased while the
aromatic ring increased its lipophilicity which could
pose as a reason for its accumulation in cytoplasm via
nuclear membrane. On the contrary, the extensive
expression of CEMIP in potassium transportation in
murine cochlea supported the assumption that
expression of CEMIP protein might induce electrolyte
disturbance in Corti as in human [6]. Therefore an
early genetic detection needs to be instigated
especially for the patients with family history [22].

Due to the regulation of hyaluronic acid (HA) by
CEMIP, over-expression of CEMIP could possibly be
associated with occurrence of disease in HA rich
organs. HA is widely distributed in human tissues
and it is a main element of forming extracellular
matrix, adjusting adhesion, migration, and
proliferation [23]. As for the modulation in
rheumatoid arthritis (RA), the over-expression of
CEMIP was investigated in synovial tissues, which
has been verified by the comparison of samples from
RA patients and healthy control, including serum
concentration, synovial and synovial tissues.
According to the ROC curve, the concentration of
CEMIP in the index could be presented as a clinical
diagnostic parameter. The expression of CEMIP was,
then, detected through IHC and FISH where its
over-expression preferred to locate in vascular
endothelium [14]. Another observation in
osteoarthritis (OA) and RA cells was the
positive-regulation of CEMIP expression in HA
degradation activity, wherein the higher expression of
CEMIP existed in synovial lining of OA [24]. The
similar mechanism was found in Crohn's disease
wherein secreted CEMIP tended to gather in HA-rich
fibroblast, and the over-expressed CEMIP was
induced by IL-6 leading to activation of inflammatory
pathway which extensively infected colon mucosa
[25]. Additionally, suppressing the expression of
CEMIP by COX-2 inhibitor supported that CEMIP
also bridged inflammatory pathways and cancerous
progression [26].

The other research found expression of CEMIP
in physiological level related to formation of benign
neoplasm, and it might accelerate canceration once its
expression had been increased. Validation had been

conducted through the mRNA isolation and
quantification from biopsy samples. CEMIP
expression level of normal duodenal mucosa

remained low. Between familial adenomatous polyp-
osis (FAP) and non-FAP groups, over-expression of
CEMIP had no clear relationship. This result further
indicated the high expression of CEMIP might
particularly appear in the proliferation and
canceration of colorectal and gastric cancer cells [15].

Table 1. Summary of over-expressed CEMIP and related cancer
diseases.

Subcellular ~ Study models Function Ref.

location

Pathology Origin

cytoplasm  RCC23+3 N/M Immortal Physiological [8]
cell distribution,
Immortal
proliferation
PDAC tissues biopsies pancreatic carcinoma Migration, [29]
ductal shorter survival
blood Pdx1-Cre:K-RaslSLG12D  adenocarcinoma Predictor for [30]
mouse models tumorigenesis
N/M BxPC-3, Increase of light  [26]
PANC-1 molecule weight
of HA,
Malignant
change
Inflammatory
pathway target
Invasion, [16]
migration,
Glycogen
breakdown

cytoplasm

N/M TU-KATOIII, Gastric cancer

SNU16

cytoplasm  Dissection from Poor [33]
patient differentiation,
Distant
metastasis,
Peritoneal
dissemination,
Late stage
N/M MDAMBA453 breast cancer Drug resistance [39]
related
Stabilize EGFR, [37]
Phenotype
change
Invasion [28]
Proliferation
Linker of Wnt [35]
signaling
pathway
Degradation of  [11]
HA,
Phenotype
imply poor
survival,
serological
marker

cytoplasm  HPV-positive CaSki

cytoplasm  MDA-MB-231

colorectal
adenomas

N/M microarray

N/M SW480 DLD-1

N/M SW480, HeLa Migration from  [42]
hypoxia
Invasion depth  [18]
Lymph node
metastasis
Secreted ability, [5]
Assumed by
Golgi apparatus
to vesicles
perinuclear SW480 Wnt signal [10]
space target,

Caz*

amplification

cytoplasm  Sample from patient

endoplasmic HEK293
reticulum

cytoplasm  Sample from patients Proliferation [3]
motility and
adhesion

nucleus Better prognosis [3]

N/M Sample from patients Tumor survive, [27]

Cell lines: HCT116, invasion,

SW480, HT29, LOVO metastasis,

and SW620 Poor prognosis,
Downstream of
miRNA-126a

N/M Sample from patient  oral squamous Potential [32]

cell carcinoma indicator for
cancer
progression

N/M Us7-MG glioblastoma blastoma  senescence [34]

multiformae

N/M array-CGH uterine sarcoma  Located at [1]

leiomyosarcoma 15q25.1

Related to
uterine
leiomyosarcoma

N/M: not mention; Ref.: reference.
Note: This table briefly listed the cancer-related researches which were included in
this paper.
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Tendency of high expression of CEMIP
referred to severe situation in cancer
patients

High measurement result of CEMIP mRNA
expression in colorectal tissues indicated a statistically
significant difference existing between adjacent
normal tissues and the former except in some cases
where it was a confirmation of malignant transfor-
mation, severe invasion or metastasis thereby ending
up in a poor prognosis [27]. Inter-constrain between
CEMIP and its upstream gene miRNA-126a revealed
they were directly interdependent targeted sites.
Furthermore, univariate Cox regression analysis
demonstrated high CEMIP expression positively
correlated with low differentiation, late TNM stage,
tumor invasion depth, lymph node metastasis and
high CEA concentration [19]. Despite the majority
trend of over-expression of CEMIP observed in many
cancer, a series of experiments in breast cancer
reversely provided evidence through inhibition of
tumor proliferation, adhesion, tumor angiogenesis
and migration meanwhile accelerated apoptosis
happened when CEMIP was absent [28]. In pancreatic
ductal adenocarcinoma, over-expressed CEMIP
alerted an aggressive tumor progression and early
mortality [26, 29, 30]. Due to the secretion ability of

beta-catnin 4/

Transcription
beta-catnin

Nucleus

Figure 1. The Simple Wnt/B-catenin pathway involving CEMIP. The Whnt signals will be captured by
Frizzled receptors, then they are passed to B-catenin after forming complex with DSH. Over-expression of
CEMIP will emphasize this formation and stimulate movement of DSH-Wnt complex towards nucleus. Also, the
expression of nucleus-settled B-catenin positively induce the expression of CEMIP. Once bond to TCF complex,
the transcription of small secreted protein would be started. Besides, CEMIP also stimulated the ITR3 leading the
increase of Ca2*, which was also one of the Wnt signaling factor leading to intracellular ions disordered. n situ

CEMIP, high CEMIP level could be detected in cancer
patients” blood, and the blood CEMIP positively
correlated to grade of tumor malignancy. According
to the report, detection of CEMIP could avoid the false
positive result which was caused by carbohydrate
antigen marker detection [30]. Among variety of
cancer tissues, over-expression of CEMIP was
commonly observed existed, especially in the late
stage accompanying with dissemination. CEMIP was
raised as a potential predictor for skin cancer after it
was screened out through the cell lines which was
extracting out of the mice with myeloma culture [31].
There were evidences supporting the high expression
among many cancer cells. Through large scale
microarrays, CEMIP gene and its protein were
investigated and a 14.66 fold higher expression
among in vitro breast cancer cells was observed
compared with the control cells [28]. Other report,
according to the mass spectrometry, showed the
protein level of CEMIP was significantly higher in late
stage oral squamous cell carcinoma (OSCC), with 9.85
fold change. Following real time quantitative
real-time reverse qRT-PCR validated the over-
expression of CEMIP in OSCC cells [32].

According to a survival study [11], the low
expression of CEMIP stabilized at above 70% and 80%
survival rate whereas the survival rate of the high
expression group continually
decreased to below 20% and
approximately 30%
respectively, both in stage III
and II. In gastric cancer, the
over-expressed-trend of CEMIP
has also reflected in the distant
metastasis, late TNM stage and
poor prognosis which has been
shown through 5-years survival
rate. There was an obvious drop
of gap between low- and high-
expression group wherein the
proportion of low-expression
group presented 60% above.
However, there was no parallel
candidate and their CEMIP
expression with at least the
same TNM stage were stated in
the comparison. Also, IHC
results were absent, to support
the patient who received posto-
perative chemotherapy which
limited the scope of prognosis
[33]. It was also worth to note
that the suppression of tumor
invasion and growth appeared
among the exact

http://lwww.jcancer.org



Journal of Cancer 2017, Vol. 8

2242

CEMIP-knockdown samples [28].

Although there is strong relationship between
expression of CEMIP and tumourigenesis as it has
been emphasised in uterine leiomyosarcomas,
prostate cancer and glioblastoma multiforme [1, 8, 34],
no further evidence showed whether the
over-expression of CEMIP could be an impetus of cell
carcinogenesis. However, over-expressed CEMIP,
indeed, promoted the transformation of tumor
phenotype. IHC provided the clues that high
proportion of up-regulated CEMIP expression was
observed in submucosa where was intruded by the
cancer cell. Then the different expression level of
CEMIP among phenotype change, epithelial-to-
mesenchymal (EMT), was suggested by detecting
intensity of E-cadherin. The intensive E-cadherin of
adjacent normal tissue and the sparse intensity of
invasive front indicated EMT process was stimulated
by over-expressed CEMIP. The similar outcomes were
also proofed through observation of breast carcinoma
with a decrease of E-cadherin and cytokerain -8/-18
and the increase of Twist-1 [13].

There is much evidence to support that the
over-expression of CEMIP facilitates tumor

progression. To be more specific on explaining the
dynamic process here we choose some of the main

Degradation -e>¢—{(LAMP2 4 xl‘

regulatory pathways to state how over-expression of
CEMIP resulted in tumor malignancy. Remarkable
up-regulation of CEMIP was observed in all
transcriptional profile of adenomas sample with an
average increase of 5.8-fold increase and were filtered,
and almost half of the Wnt targets was positively
corelated to expression of CEMIP [35]. As been well
described, the dual-regulated function of CEMIP in
regulating Wnt/B-catenin pathway is mainly through
Ca?* [10, 18]. Based on the current studies (Fig. 1),
transmembrane receptor Frizzled (Fz) firstly received
Wnt signals, then passed it to DSH to form a complex,
activating [-catenin with association of CEMIP
flowed towards nucleus. After reaching in nucleus,
B-catenin trigger TCF. However, since the expression
of CEMIP affects the expression of f-catenin [3], the
CEMIP would run to cytoplasm due to its self-trigger
[13]. Then CEMIP would deliver Wnt signal to
activate TCF, which would further initiate the
duplication and transcript small secreted proteins of
Wnt. Another sub-pathway stated that Ca?* was
regulated by the activation of ITPR3, releasing Ca?*,
thereby breaking intracellular homeostasis through
Wnt signaling pathway [36]. In colon cancer pattern
where TCF1 or TCF4 are deactivated, CEMIP showed
its down-regulation that indicated two suppressors of
CEMIP/Wnt pathway. The
similar result appeared when
LS174 cell underwent a
knockdown or inhibition of
TCF4 to suppress Wnt pathway
[35].

On the EGFR signaling
pathway (Fig. 2), around 100
amino acids of N-terminal
including G8 domain of CEMIP
possessed the binding ability to

[c—G,

Plexin A2 so that Plexin A2

‘ PlexinA2 l

signal would not further trigger

N

Semaphorin 3A

APOPTOSIS

Figure 2. The EGFR signaling pathway involving CEMIP mediation. When EGF signals firstly attach
HER2 receptor, heterodimerization and phosphorylation of HER2 and HER3 will be automatically processed
leading to enablement of EGFR signaling pathway. The signal will head into two branches, descending activation
and degradation where over-expressed CEMIP acts as connected junction. The light purple color represents
CEMIP and its simple protein structure with specific binding site, wherein survival signal Src targeted 60AA near
N-terminal, and NRG1 bond to N-terminal. Src branch towards Semaphorin-3A-meidated survive and NRGI
lead to proliferation through activation of MEKI. Plexin A2 bond to G8 domain of C-terminal initiating
suppression of apoptosis. The dashed arrows describe the EGF signaling routine, so do the curved arrows. Thick
line from Plexin A2 to Semaphorin 3A means it cuts off the delivery of apoptotic signal to Semaphorin 3A. The
participation of over-expressed CEMIP also prevent EGF signals from consumption of lysosomal enzyme

(LAMP2).

the Semaphorin 3A-apoptosis
[37]. On activating the pathway,
cancer cell would be able to
escape from apoptosis. Mean-
while, the same region of
N-Terminal of CEMIP also bond
to Semaphorin 3A/EGFR survi-
val pathway. Based on similar
decreased trend of Src, c-Cbl,
MEK1 were shown among the
deletion of CEMIP in cervical
cancer-derived cells. However,
CEMIP did not affect the
dimerization, instead, transmi-
tted the EGF signal after
phosphorylation of HER2 and

SURVIVE
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HER3 followed by MEK1 pathway, leading to the
survival of tumor cell. Also, CEMIP inhibited the
EGFR which tended to settle in LAMP2, resulting in
lowering the degradation of EGF in lysosomes [37,
38]. Besides, the accordant trend of up-regulated
CEMIP and other differentially expressed genes was
discovered in glioblastoma tissues through gene
analysis. However, further verified experiments have
not been produced. The possibility of another gene,
EPHb which was related to the tumor invasion was
later reported. It was affected by CEMIP through
cascading CCL2/
Mcp-1, further enhancing PI3K and ERK1/2 to keep
tumor cells alive [34].

Recently, FGFR pathway also caught our
attention due to the over-expression of CEMIP
strongly accumulated FGFR-apoptotic suppression
and cross-linked to EGFR tumor pathway. When
searching the signaling axis of anti-breast cancer drug,
Phenylbutyrate, ZEB1/ESRP1/CEMIP axis was reve-
aled in cancer phenotype variation. ESRP1 was an
independent indicator for EMT process, the negative
regulation of it was maintained by ZEB1 expression,
while ESRP1 was upstream suppressor for CEMIP.
Besides, both ESRP1 and ZEB1 was involved in FGFR
signaling pathway which suggested CEMIP could be
a cross-linker in this pathway [39].

Tumor resistance in harsh microenviron-
ment due to over-expression of CEMIP

Generally, tumor cells suffer the strict
microenvironment due to its rapid uncontrolled
growth and high requirement of nutrient supplement.
Hypoxia was an apparent condition in tumor growth,
wherein the abnormal formation of vessels and
heterogeneity were generally observed. As for
angiogenesis, several related factors such as VGEF,
PDGF-B and TGF were promoted, so that the existed
blood vessels would generate a new branch to feed
tumor cell. Together, hypoxia provided the
dedifferentiation and aggressiveness happened in
cancer progression [40, 41]. Moreover, research into
hypoxia stated that hypoxia could induce expression
of CEMIP in colon cancer cells, CEMIP hypoxia
promoter region was triggered by the related factors,
such as hypoxia-inducible-factor-2a (HIF-2a), resulti-
ng in an increase in CEMIP’s expression. Researchers
also analyzed a span of HRE gene located in CEMIP,
however, same increased level of activity could not be
seen in the knockout HRE of CEMIP through
luciferase assay, which implied there were co-factors
for regulating expression of CEMIP. After hydro-
xylation, mutated HIF-2a was screened, SW480 cells
showed the migrated ability via the over expression of
HIF2a mutant and a drop of migration in mutant

HIF-2a appeared in the sliced CEMIP models. Its
increased promoter role in CEMIP up-regulation later
was confirmed with the association with cell
migration, helping tumor to get rid of hypoxia
microenvironment. Another fragment of CEMIP
promoter called H3K4me3 which was regarded as a
transcription activator was abundant even in the less
aggressive cell line models SW480 after anoxic
culture, the results indicated hypoxic stress, indeed,
enhanced the up-regulation of CEMIP [42].

The tumor suffered from the hypoxia
environment since its fast proliferation and vascular
formation. To adjust this situation, the energy
supplement inside tumor was mainly produced
through glycolysis. CEMIP has been confirmed in its
function in depolymerization of HA, and it can boost
the gluconeogenesis providing energy. Besides, a
hypothesis was raised that CEMIP might affect the
tumor incidence via stimulating its metabolism,
wherein the preferred glycolysis tended to be
relevance with elevated expression of CEMIP [28]. As
for the glucose supplement, CEMIP found its ability
in glycogen breakdown after binding to glycogen
phosphorylase brain form (PYGB) in gastric cancer
tissues forming a glucose-1-phosphate which also was
the important intermediate for glycolysis and
gluconeogenesis. Growth of the cell and the
simultaneous decrease in glucose level were investi-
gated in the meantime, the fraction of glycogen
enhanced the energy supplement while the CEMIP
activated the cell survival signaling pathway, leading
to the survival of tumor cell [17, 37, 38].

HA degradation

Recently CEMIP was found to be involved in HA
catabolism in many diseases. HA takes part in
formation of tissue matrix and contributes to structure
modeling, degradation of HA is initiated through
binding of HA to the linking domain of CD44 which is
present at the cell surface thereby triggering the
encoding of a single pass transmembrane protein [43].
CD44 was also one of the upstream gene of CEMIP
whose high expression reflected the poor prognosis. It
had been reported that its over expression contributed
to the aggressive capacity in Ewing sarcoma tissues.
The experiments specifically showed a faster adhesion
of binding HA to EW7 (Ewing sarcoma cell line) and a
more effective attachment of EW7 and immobilized
HA was observed to prove its invasion ability [44].
HA depolymerisation phenomenon had been
duplicated in vitro by using [PH]JHA labeled medium.
Since the particular 30 amino acids of N-terminal was
predicted to be a signal trigger for HA degradation,
CEMIP-V5 which accepted the selected 30AA of
human CEMIP (hCEMIP) and its 30AA-knockdown
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counterpart (CEMIP A30aa-v5) were used for
distinguishing whether the HA underwent degrad-
ation or not. On the other hand, this sequence initiated
the maturation process from ER, then forced the
protein secreted extracellularly out of perinuclear
leading to cytoplasm accumulation [5]. Among the
cultured skin fibroblast, the depolymerization of HA
did not rely on CD44 and the related enzymes, which
was confirmed by the zero effect on HA degradation
after incubating siRNA with knockdown counterpart.
Followed that the elimination of HA associated with
CEMIP which was screened after the histamine and
TGF-p1 treatment criteria, also, the HA catabolism
due to the quantity of CEMIP according to the rule of
michaelis-menten equation [45].

Feasibility of murine CEMIP (mCEMIP)
associated with HA catabolism due to its high
homology to hCEMIP with 91% and 81% identical to
coding sequence and G8 domain respectively was
verified via glycosamineglycan-binding assay. Note
that the less homology of mCEMIP G8 domain caused
extracellular binding which might be the reason of
detection of different size of HA fragement [21].
Additionally, transmembrane protein 2 (TMEM2) of
zebrafish was found to be an analogue of CEMIP
which could potentially contain a better therapeutic
effect in HA completed catabolism [46]. When
HEK?293 cells was transfected with CEMIP, it was
endowed with a specific function of degenerating HA
at the site of f-endo-N-acetylglucosamine bond. Later
the fragment immunoperticitated assay illustrated
that CEMIP with its particular HA binding segment
validated this depolymerized site [24]. CEMIP had
been reported for its highly relationship between
extracellular matrix formation and the degradation of
HA which was the basic structural materials. Another
upstream regulator miRNA-188-5p was rendered
with the capacity of directly suppressing CEMIP via
binding 3’UTR site. Being measured by qRT-PCR,
CEMIP was decreased in accordance with cleavage of
glycosaminoglycan resulting in aggravating synovial
fibroblasts in rheumatoid arthritis (RSAF) by
structure degradation of cartilage and increasing
migration potential [47]. To attain more specific
details of rodent pattern, two age group were
compared using two-months-old (2M) mice and
six-months-old (6M) mice in order to investigate the
HA catabolism with its related genes under the
mechanical overload situation in mandibular joint.
Indeed the results indicated the increase of HYAL2 in
both and CEMIP existed in the 6M experimental and
control mice samples [48]. The increase of HYAL2
coupling with over-expression of CEMIP coincidently
presented that the HA degradation by HYAL2 might
be affected by CEMIP. CEMIP could be suppressed by

TGF-P1 resulting in acceleration of HA synthesis in
synovial fluids, affecting intermediate-sized HA
synthesis. This result also confirmed that the
regulation of HYAL2 due to over-expression of
CEMIP, lead to partially broken HA, an
intermediate-sized fragment [25, 29, 49]. Another
reverse testified evidence illustrated the increased
average molecular weight of HA, as well as the total
amount of HA in hippocampus of the
CEMIP-knock-out mice, however their HYAL1 and
HYAL2 remained unaffected [16]. The same
observation in heavy chain HA and over-expression
of CEMIP had been shown in TGF-f1 co-culture
porcine aortic valves which heightened expressed
CEMIP both at young stages and calcified tissue due
to the lowered HA level [49]. This phenomenon
enhanced the migratory association of CEMIP since
the low molecular weight HA assisted tumor
migration [26, 29]. Since E-cadherin was used as an
indicator of the cellular transition of EMT, it was then
discovered the inverse correlation between HYALI
intensity and the progress of cancer. After
immunohistochemical, E-cadherin staining showed
higher level in endometrium, the HYAL1 showed low
intensity whereas the HYAL2 remained negligible
change. In general, HYAL1 and HYAL2 corporately
catalyzed the decomposition of HA, wherein HYAL2
started the process by degrading HA to 20kDa
molecule followed by HYALI taking care of the rest of
the process [50]. HYAL2 has been reported that was
facilitated by the CEMIP activation. An inconsistent
with two related enzymes provided evidence that
mediation of CEMIP assisted function of HYAL2 [51].
High concentration of HA was normally observed in
tumor, previous researches addressed its balance of
production and metabolism influenced invasiveness,
angiogenesis and cancer progression [52]. According
to the reports of CEMIP-induced HA degradation, it
turns to be helpful that over expression of CEMIP
stimulated HA degradation [48, 49, 51]. However, an
extremely high level of HA could also suppress cancer
progression. Besides, no related reports so far have
showed that at accurate level of HA has the
over-expression of CEMIP has been found in tumor
cell. There were evidences which illustrated
over-expression of CEMIP activated HYAL?2 to initiate
HA depolymerization, but the specific concentration
of HA would this process start was not stated, as well
as at what level of HA the activation of HYAL2 may
or may not be stopped.

Future assumable therapeutic sites of
cancer aiming at CEMIP

Although over-expression of CEMIP was
generally validated in adenocarcinoma, which might
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be due to its secreted ability, the participation of
down-regulated miRNA-126a in OSCC explained this
excepted type of tumor [27]. Thereby pervasiveness of
detecting the plasmic level of CEMIP might be a novel
index for predicting tumor progress and prognosis of
patient, if the quantified relationship of
over-expressed CEMIP and TNM stage could be
verified.

Based on the reported data, it was no doubt
over-expressed CEMIP impaired health condition and
accelerated malignancy and progression of tumor.
Unfortunately, no therapy is existed aiming at CEMIP
mediation. Interaction among CEMIP, inflammatory
pathway and cytokine signaling pathway highlight
that CEMIP is a connection site in various signaling
cross-talk. Previous studies have provided precious
evidence for further discovery of accurate mechanism
at cytokines level. In our research team, our
unpublished results indicate over-expression of
CEMIP activate multidrug resistance gene 1 (MDR1).
Therefore we assume either drug treatment or gene
mediation towards limiting expression of CEMIP
would aid in better and faster release for cancer
patients.

Conclusion

In summary, CEMIP with its broadened and
potential function in adjusting tumor
microenvironment attracted researchers’ attention
recently. Besides, many reports have stated that
over-expression of CEMIP lead to a horrible
prognosis, and dangerous tumor progression. To our
knowledge, CEMIP is a hardcore component in
bridging various cytokines signaling pathways,
thereby transmitting or even amplifying signals in
stabilizing tumor malignancy, but still, the more
completed branch of cytokine signaling pathway
remains unknown. Evidence on why over-expressed
CEMIP could be an indicator for cancerization has
been stated with detailed gene sequence. Hence the
secreted level of CEMIP reflected in its concentration
in blood, and through the detection of CEMIP by
running blood test, cancer stage could be accurately
predicted. Despite the major tendency of
over-expressed CEMIP highly associated with tumor
malignancy, many researches have not thrown light
into how we can suppress CEMIP thereby precisely
improving individual chemotherapy. As silencing
gene experiments showed a decrease of CEMIP
expression, this finding might be an index for
knockdown or silencing of CEMIP when necessary.
Based on our assumption, the accurate methods of
suppressing CEMIP could be helpful for adjuvant
therapy in preventing chemo-drug resistance,

discovering novel chemo-agent or targeted gene
treatment.
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