Int J Clin Exp Pathol 2020;13(10):2637-2647
www.ijcep.com /ISSN:1936-2625/1JCEP0116831

Original Article

Human cytomegalovirus infection enhances
invasiveness and migration of glioblastoma

cells by epithelial-to-mesenchymal transition

Xiuli Zhut, Bo Hu?, Ming Hu?, Dongmeng Qian?, Bin Wang?

1Department of Pathogenic Biology, College of Basical Medicine, Qingdao University, Qingdao, P. R. China;
2Department of Thoracic Surgery, Municipal Hospital Affiliated to Qingdao University, Qingdao, P. R. China

Received April 23, 2020; Accepted September 3, 2020; Epub October 1, 2020; Published October 15, 2020

Abstract: Objective: This study aims to investigate the effect of human cytomegalovirus (HCMV) infection on epi-
thelial-to-mesenchymal transition (EMT) in glioblastoma cells and the possible underlying molecular mechanism.
Methods: We established primary cell cultures and measured the expression of the HCMV immediate early protein
(IE1) to determine HCMV infection by immunohistochemical assays. Human glioma cells were divided into four
groups: primary HCMV-positive, primary HCMV-negative, HCMV-positive U87, and HCMV-negative U87 cells. Cells
were treated with transforming growth factor (TGF-1, 5 ng/ml) to induce EMT. Morphologic changes of the cells
were observed microscopically at O, 24, 48, and 72 h post TGF-B1 treatment. Following EMT induction, E-cadherin
and vimentin were detected using RT-PCR. Expression of MMP-2, E-cadherin, and vimentin was measured by west-
ern blotting. The invasiveness of glioma cells was also measured using the Transwell migration assay and a wound-
healing assay. Results: Morphologic changes in primary glioblastoma cells and U87 cells were observed at different
times after exposure to TGF-B1, and the extent of these changes was greater in HCMV-positive compared with
HCMV-negative cells. Following exposure to TGF-B1, the transcription of E-cadherin was significantly lower in HCMV-
positive primary cells and U87 cells compared with HCMV-negative cells (P<0.01), which was consistent with the
results of western blotting. The expression levels of vimentin were also elevated in HCMV-positive cells at 48 and
72 h. HCMV-positive U87 cells were significantly more invasive and migratory than HCMV-positive primary cells.
TGF-B1 and HCMV were observed to accelerate EMT and cell invasion by the Jun N-terminal kinase (JNK) pathway.
Collectively, our findings indicate that HCMV and TGF-B1 promoted cell invasion and migration in glioma cells by
the JNK pathway. Conclusion: HCMV infection can promote EMT and strengthen the invasiveness of glioma cells.
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Introduction malignant gliomas are associated with human
cytomegalovirus (HCMV) infection [3-6]. After
Cobbs et al. [4] detected varying levels of HCMV

genes and proteins in glioblastoma tissues (lev-

Glioblastoma multiforme (GBM) is the most
common primary malignant brain tumor in

adults and accounts for 40%-50% of central
nervous system tumors [1]. A rapid disease pro-
gression, high invasiveness and diffuse tumor
growth, and recurrence after surgical resection
remain major challenges for patient survival.

Human cytomegalovirus (HCMV) has been
detected in various types of tumors, including
glioblastoma, medulloblastoma, neuroblasto-
ma, as well as prostate, breast, colorectal, and
ovarian cancers [2]. Recent clinical epidemio-
logical data illustrate that more than 90% of

els lI-IV) for the first time, Priel et al. also dem-
onstrated that the HCMV genome and encoded
proteins exist in more than 64% of glioblasto-
ma tissues [5]. Cobbs et al. transferred the HC-
MV genome into glioblastoma cells and ob-
served that the development and aggressive-
ness of tumor cells was enhanced [4]. Thus,
HCMV infection may play a major role in the
occurrence and development of glioblastoma.
However, the exact role of the HCMV in
tumor development or invasiveness remains
uncertain.
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The mechanism of the invasive growth of glio-
blastomas is controversial [5, 7]. Growing mor-
phologic and molecular evidence shows that
epithelial-mesenchymal transition (EMT) plays
an important part in the malignant progression
of many tumor types [8, 9]. EMT, mainly mani-
fested as changes in cell phenotype, is a
critical cellular procedure deemed important
for embryonic development, wound-healing,
tumorigenicity, and malignant progression.
During the course of EMT, the interaction
between cells and the extracellular matrix is
reconstructed, which results in the separation
of epithelial cells from each other and from the
underlying basement membrane, and also acti-
vates new transcriptional processes toward
promoting the expression of mesenchymal
cells. In tumor-producing environments, EMT
leads to an increased initial motility and meta-
static potential of cancer cells, and is selected
to display a stronger anti-elimination ability
through various regimens [10, 11]. Epithelial
cells are thought to gradually lose adhesion
under specific induction factors following which
the E-cadherin-based cytoskeleton is convert-
ed into a vimentin-based cytoskeleton. This
phenotypic transformation and loss of adhe-
sion, allows tumor cells to become more
invasive.

EMT is a dynamic process that can be triggered
by stimulation from the microenvironment,
including those from the extracellular matrices
and secreted soluble factors/cytokines such as
the transforming growth factor B (TGF-B), epi-
dermal growth factor (EGF), and hepatocyte
growth factor. The transforming growth factor 3
(TGF-B) comprised of four subtypes TGF-B1,
TGF-B2, TGF-B3, and TGF-B1B2, adjust cell
growth and differentiation. TGF-1 is most
prevalent among the group, and its involvement
in EMT and tumor metastasis has been con-
firmed [12-14]. TGF-B1 is produced by the stro-
mal cells surrounding the glioma cells, and glio-
ma cells can also secrete this cytokine. Thus,
TGF-B1 can govern the multiplication and dif-
ferentiation of tumor cells through paracrine or
autocrine mechanisms. Zhang et al. [15] dis-
covered that the TGF-B1 was expressed in
93.8% of advanced glioblastomas and 43.1%
of low-grade gliomas, respectively, and its
expression was positively related to the
microvessel density. Studies in vitro [16] have
also suggested that TGF-B1 stimulation could
significantly enhance the invasiveness of U251
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and SHG44 glioma cells. Other studies [17, 18]
indicated that TGF-B1 was a major immunosup-
pressive factor secreted by human glioma cells,
which can exert biologic effects in combination
with the TGF-B1 receptor in vivo. However, the
relationship between TGF-B1 levels and glioma
malignancy levels is unclear. Kjellman et al.
[19] used immunohistochemistry and assessed
samples from 23 patients with gliomas and
found a positive correlation between TGF-f1
levels and the severity of gliomas.

Tabata et al. [20] demonstrated that infection
with HCMV can induce activation of TGF-B1 in
endotheliocytes through an integrin-mediated
mechanism. Many studies in vivo and in vitro
have discovered that HCMV infection promotes
the secretion and activation of TGF-B1 [14].
There is less relevant literature on the role of
human cytomegalovirus infection in EMT of
other cancer. A study by Wan showed that
human cytomegalovirus infection enhanced
EMT by downregulating E-cadherin and upregu-
lating the N-cadherin, fibronectin, and vimentin
in colorectal cancer-derived stem cell-like cells
[24]. Epithelial-mesenchymal transition (EMT)
and its reversal process (mesenchymal-epithe-
lial transition, MET) run through the invasion
and metastasis of tumors. EMT is the initial link
of cancer metastasis. Cell adhesion is reduced,
and its mobility and invasiveness are enhanced,
which helps tumor cells to escape from the pri-
mary focus and enter the surrounding blood
vessels or lymphatic system. Under the influ-
ence of the microenvironment, tumor cells
undergo MET and restore the epithelial pheno-
type and the ability to adhere, which is condu-
cive to the “homing” and proliferation of tumor
cells to form metastases. Oberstein et al. dis-
covered that HCMV infection could inhibit EMT
and induce MET in two mesenchymal breast
cancer lines [18].

However, it has not been explicitly reported
whether HCMV infection can promote EMT in
glioblastoma and increase its invasiveness. In
this study, primarily cultured glioblastoma cells
were coped with TGF-B1 to induce EMT, follow-
ing which epigenetic and molecular methods
were used to investigate whether infection with
HCMV plays a synergistic role in glioblastoma
progression. This study will help to elucidate
the complexity of HCMV pathogenesis and
better understand the relationship between
HCMYV infection and glioblastomas, as well as
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Table 1. Primer sequences for RT-PCR

coated glass slides at 37°C in a

gene Primer Sequence

Product length

5% CO2 incubator for 24 h. Sub-

E-cadherin Forward: 5’-CCAGTTTTCTCGTCC ATGCC-3’
Reverse: 5’-CACTTTCAGCCAGCCTGTCT-3’

vimentin  Forward: 5’-TCCAGCAGCTTCCTGTAGGT-3’
Reverse: 5’-CCCTCACCTGTGAAGTGGAT-3’
B-actin Forward: 5’-TCGTGGGCCGCTCTAGGCAC-3’

Reverse: 5'-TGGCCTTAGGGTTCAGGGGG-3’

sequently, cells were washed,

135 bp ’ i
fixed, and then blocked with 10%
197 bp goat serum. After overnight incu-
bation with mouse anti-IgE mono-
165 bp clonal antibody, the wells were

washed and incubated in fluores-

the molecular mechanisms underlying EMT.
This information will ultimately aid in improving
the treatment of glioblastoma and preventing
its recurrence.

Materials and methods
Primary glioblastoma cell culture

Primary glioblastoma cells were harvested
from two male patients (37 and 48 years old)
pathologically diagnosed with grade IV of glio-
blastoma in the Department of Neurosurgery,
Affiliated Hospital of Qingdao University. The
pieces of tumor tissue (2-3 mm size) were
digested with trypsin for ten minutes, and then
washed with D-Hanks solution. DMEM culture
medium supplemented with 15% fetal bovine
serum (FBS) was added to the Petri dishes con-
taining tissue blocks, and placed in an aseptic
incubator at 37°C under 5% CO,, for 6 h. Medium
was changed every 24-36 hours, meanwhile
the observation was made 2-3 times a day, and
photos were recorded. Cells were digested and
passed for 2 to 3 generations to the required
quantity.

Cell culture and infection with virus

U87 cells (American Type Culture Collection)
were cultured in minimal medium. All cells were
incubated in 20% FBS (GIBCO, USA) enriched
with 1% penicillin/streptavidin (GIBCO, USA)
at 37°C in 5% CO, atmosphere. HCMV AD169
(France Pasteur Laboratory, Paris, France) was
tittered by plaque titration and expressed as
the number of plaque-forming units per millili-
ter. Glioma cell lines were infected at a multi-
plicity of infection of 10 [22].

Immunofluorescence assays
Glioblastoma cells in the logarithmic growth

phase were inoculated into a 24 well plate (den-
sity, 0.8 x 105 cells/ml) and covered with lysine-
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cein isothiocyanate (FITC)-labeled
goat anti-mouse IgG for 2 h at
37°C. Cells were stained with Hoechst dye at
room temperature for 10 min, and images were
obtained using a laser-scanning confocal micro-
scope (FV10i, Olympus).

RNA extraction and quantitative RT-PCR analy-
sis

Logarithmically growing glioblastoma cells
from all three groups were inoculated into
cell culture dishes (density, 0.8 x 10° cells/ml)
and cultured in DMEM/F12 supplemented with
2% FBS for 48 h at 37°C in a 5% CO, atmo-
sphere and saturated humidity. RNA extraction
respectively was carried out after 24, 48 and
72 hours using a mirVana miRNA Isolation Kit
(Ambion, Carlsbad, CA, USA). The cDNA was
amplified using Power SYBR Green PCR
Master Mix (Applied Biosystems, Carlsbad,
CA, USA) with appropriate primers using an
ABI 7500-fast thermocycler (Applied Biosys-
tems, Foster City, CA). Primers used for amplifi-
cation are listed in Table 1. PCR amplification
was performed as follows: 5 min at 95°C, 40
cycles of 10 s at 95°C, 40 s at 60°C, and 30 s
at 40°C.

Western blot analysis

Total cellular protein was extracted from cells
of three groups. After proteins were trans-
ferred to a PVDF membrane, the membranes
were blocked with 5% nonfat dry milk at room
temperature for 2 h and washed and incu-
bated with the primary antibodies overnight
at 4°C in a refrigerator. (Anti-E-cadherin, Im-
munoway; Anti-vimentin, Immunoway; Anti-
MMP-2, Abcam; Anti-p-actin, Abcam; antibod-
ies diluted to 1:1000). Membranes were wa-
shed and incubated in HRP-labeled secondary
antibodies (Bioss) for 2 h at room temperature.
After washing, they were incubated in a devel-
oping solution for 10 min and then imaged
using an imaging system developed by Vilber
Lourmat.
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Transwell assay

The transwell migration assay kit was obtained
from Millipore. The membrane in the bottom
chamber was coated with 50 mg/I Matrigel (1:8
ratio) and air-dried under sterile conditions.
For each cell group, a 200 ul suspension
containing 1 x 10* cells was inoculated into the
upper chamber. After incubation for 24, 48,
and 72 h at 37°C in 5% CO, atmosphere, they
were rinsed thrice with PBS, fixed with 2% para-
formaldehyde for 10-15 min and stained with
0.1% crystal violet for 10 min. Cells were count-
ed from six randomly recorded images.

Immunohistochemistry (IHC)

The main steps, used in a standard protocol,
included immobilization, paraffinization, dewax-
ing, dehydration, antigen extraction, blocking,
primary antibody incubation (HCMV IE1 anti-
body), washing, secondary antibody incubation,
diaminophenyldiamine antigen-antibody reac-
tion, and observation.

Wound healing assay

First, a horizontal line (0.5-1 cm) was evenly
drawn behind the 6-hole plate, then cells were
seeded in a 6-well plate (total number of cells ~
5 x 10° were spread overnight on the plate).
After scraping, cells were washed thrice with
PBS and the delineated cells were added to a
serum-free medium and cultured at 37°C in 5%
CO, incubator. Samples were extracted after
24 h and pictures of microscopic examination
were recorded.

Statistical analysis

Results were expressed as the mean +/- stan-
dard deviation (+s), and differences between
the groups were analyzed using the Student’s
t-test and one-way analysis of variance. P<0.05
was considered significant. All analyzes were
performed using version 21.0 of SPSS Statistics
Software (SPSS Inc., Chicago, IL, USA).

Results
Primary cell culture
Two clinical glioma samples were analyzed and

each sample was divided into two parts. One
part was used for analyzing HCMV infection by
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immunohistochemistry whereas the other was
used for primary cell culture. Immunohisto-
chemical analyzes indicated one of the sam-
ples to be positive for HCMV and the other neg-
ative for HCMV (Figure 1A). Two primary glioma
cell lines were established successfully from
the two independent glioma samples (Figure
1B). Immunofluorescence and western blot
assay confirmed one of the cell lines to be
HCMV-positive and the other to be HCMV-
negative (Figure 1C-E).

Cell morphology

As shown in Figure 1F, primary glioblastoma
cells and U87 cells were assessed for morpho-
logic changes at 24, 48, and 72 h after expo-
sure to TGF-B1. Morphologic changes in HCMV-
positive cells were greater when compared to
HCMV-negative cells. Prior to TGF-B1 exposure,
the glioma cells exhibited a stone-like, single
layer adherent growth with close intercellular
connections. However, following exposure to
TGF-B1, the cells displayed a spindle-shaped
morphology with a disorderly arrangement,
looser connections, and larger gaps between
cells.

Synergistic effect of HCMV with TGF-31 on
EMT

E-cadherin and vimentin are critical to EMT pro-
gression. To investigate the effects of HCMV
and TGF-B1 on EMT in glioma cells, we exam-
ined the expression levels of E-cadherin and
vimentin in the four different cell groups (HCMV-
positive primary cells, HCMV-positive primary
cells, HCMV-positive U87 cells, and HCMV-
negative U87 cells). The transcription levels in
these groups were examined by RT-PCR and
results are shown in Figure 3. Following expo-
sure to TGF-B1, the transcription of E-cadherin
was significantly lower in HCMV-positive prima-
ry cells and U87 cells compared with HCMV-
negative primary cells and U87 cells (**P<0.01)
(Figure 2A). These results were consistent with
those observed using western blotting (Figure
2B). Similarly, the mesenchymal cell marker
vimentin was expressed at 24 h in both the
HCMV-positive cells groups compared with the
HCMV-negative cell groups. The levels of vimen-
tin expression were also elevated in HCMV-
positive cells at 48 and 72 h (Figure 2B-D).
Moreover, we also detected an expression of
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Figure 1. HCMV-infected in primary glioblastoma cells. A. Inmunohistochemical analysis indicated one sample as HCMV-positive (left panel) and other as HCMV-
negative (right panel). B. Primary cell lines were established using the HCMV-positive and-negative cell lines and were observed using CLSM. HCMV-positive and-
negative samples were confirmed by western blotting. C, D. Using antibodies against IE1, GAPDH was used as internal reference standard for western blotting. E.
Immunofluorescence staining also confirmed the presence or absence of HCMV in the two different cell lines. F. Morphologic changes in primary glioblastoma cells
and U87 cells after O, 24, 48, and 72 h of exposure to TGF-B1 (scale bar = 100 ym).
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Figure 2. Detection of EMT-related genes and proteins. A. Transcriptional levels of
E-cadherin and vimentin in four different cell groups (HCMV-positive primary cells,
HCMV-positive primary cells, HCMV-positive U87 cells, and HCMV-negative U887
cells) at O, 24, 48, and 72 h. B. mRNA expression levels of vimentin in the corre-
sponding four cell groups at 0, 24, 48, and 72 h. C, D. Expression of EMT-related
proteins (E-cadherin and vimentin) at O, 24, 48, and 72 h post TGF-B1 exposure
and as analyzed by western blotting. GAPDH was used as an internal control.
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Figure 3. Detection of the invasive and migratory ability of glioblastoma cells. A. Transwell assay was performed to
detect cell invasion ability. B. Wound-healing assay was performed to detect cell migration ability.

MMP-2, suggesting that MMP-2 and vimentin
expression are in agreement (Figure 2B).

Migration assay and invasion assay in glioblas-
toma cells

Transwell experiments were performed to
examine the effect of TGF-B1 and HCMV infec-
tion on the invasiveness of primary glioblasto-
ma cells in vitro. The numbers of invading cells
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in the four analyzed cell groups were examined
at 24, 48, and 72 h (Figure 3). The results illus-
trated that HCMV-positive U87 cells were sig-
nificantly more invasive than HCMV-positive
primary cells (*P<0.05). Further, the HCMV-
positive cells were more invasive than their
HCMV-negative counterparts (*P<0.05). The
results corroborated those of the wound-heal-
ing assay.
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Figure 4. Western blot analysis of proteins obtained from four different cell thelial cell phenotype and

groups that were either HCMV-positive or -negative. GAPDH was used as an
internal control. TGF-B1 and HCMV promote cell invasion through the JNK

pathway.

TGF-B1 and HCMV promote cell invasion
through JNK pathway

In order to detect the underlying pathway
by which TGF-B1 and HCMV play a role in cell
invasion, we examined the expression of Jun
N-terminal kinase (JNK), p38, and ERK pro-
teins. We observed that the expression of JNK
was changed upon exposure to TFG-B1. The
expression of JNK was significantly downregu-
lated simultaneously as the invasive ability of
cells was observed to become stronger. Thus,
upon infection with HCMV, JNK may probably
play a synergistic role with TGF-p1 in promoting
cell invasion. Other proteins showed no signifi-
cant changes as observed in Figure 4. There-
fore, we speculated that TGF-B1 and HCMV pro-
mote cell invasion by the JNK pathway.

Discussion

This study aimed at better understanding the
presence of HCMV in glioblastomas (GBMs) by
investigating the effect of HCMV infection on
EMT in primary glioblastoma cells lines. To this
end, we detected a downregulated expression
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obtain one characteristic of
mesenchymal cells. Hereby,
the expression of E-cadherin
and cytoskeletal keratin is
decreased, while the expression of vimentin,
fibronectin, and N-cadherin is increased. Si-
multaneously, phenotypic changes associated
with EMT are also regulated by signaling path-
ways such as the EGF receptor, Wnt and mito-
gen-activated protein kinase, which together
promote cell movement and migration, and ulti-
mately increase their invasiveness leading to
distant metastasis of tumor cells [24].

In the current study, we selected TGF-B1 to
induce EMT in HCMV-positive and -negative
glioblastoma cells. Morphologic changes oc-
curred in all cell groups of cells after TGF-1
induced activation. However, morphologic
changes in HCMV-positive cells were signifi-
cantly greater than those in HCMV-negative
cells. These phenotypic changes led tumor
cells to gradually lose their adherence to epi-
thelial tissue, resulting in increased cell inva-
sion, escape, and transfer. Simultaneous mor-
phologic changes that occurred in the HCMV-
positive and -negative glioblastoma cells, may
reflect the low HCMV titers in the former (HCMV-
positive) group.

Int J Clin Exp Pathol 2020;13(10):2637-2647
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Further investigation indicated that TGF-B1 was
capable of downregulating the expression of
E-cadherin and upregulating that of vimentin
and MMP-2 in HCMV-positive glioblastoma
cells. E-cadherin is an epithelial cell marker,
and its downregulation or loss signifies an
important change in EMT. The extracellular
region of E-cadherin can span the cell mem-
brane, whereas its intracellular domain can
form a variety of complexes with E-catenin and
actin in order to achieve intercellular adhesion
by forming strong physical connections
between cells [25, 26]. Conversely, the upregu-
lation of vimentin and MMP-2 indicate cell
movement and matrix degradation, respective-
ly [27, 28]. Increased vimentin expression can
lead to cytoskeletal changes, which cause epi-
thelial cells to lose polarity, thus transform
them into fibroblasts with interstitial properties
such as invasive ability and capacity to metas-
tasis [19]. Results of the current study illustrat-
ed that TGF-B1 can collaborate with HCMV
to induce EMT in primary glioblastoma cells
and potentially strengthen their invasiveness.
These results were confirmed by the Transwell
assay, where the number of invasive cells was
observed to be higher in case of HCMV-positive
cells compared with HCMV-negative cells at
each analyzed time point. Similar results were
reported by Shimamura [29] who observed that
renal tubular epithelial cells infected by HCMV
can go through EMT after TGF-B1-induced acti-
vation, and cells infected with HCMV can pro-
mote the secretion of TGF-B1 through MMP-2.
MMP-2 is a type IV collagenase, an important
mediator of tumor-interstitial interaction. Its
expression gradually increases during epitheli-
al-mesenchymal transition of cells [12].

TGF-B signaling can induce EMT transformation
by a number of signaling mechanisms, such as
direct phosphorylation of SMAD transcription
factor ligands to activate receptors, and
through certain cytoplasmic factors that regu-
late cell polarity and tight junction formation
between cellular proteins that trigger the EMT
conversion process. TGF-B also affects the
activity of several other EMT triggering signal-
ing pathways, such as Notch, Wnt, and integrin
signaling pathways.

The SMAD independent TGF-f pathways
include mitogen-activated protein kinase
(MAPK) pathways, Rho-like GTPase signaling
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pathways, phosphatidylinositol-3-kinase/AKT
pathways, p38, and JNK pathways. Among the
non-SMAD pathways, the JNK and p38 path-
ways have been reported to produce transcrip-
tional modifications at cellular level necessary
for EMT after induction with TGF-p [30, 31]. In
the current study, we observed that HCMV and
TGF-B1 promoted cell invasion and migration in
glioma cells by the JNK pathway. JNK is a mem-
ber of the MAPK family that regulates a range of
biological processes implicated in tumorigene-
sis and neurodegenerative disorders. For exam-
ple, genetic studies have demonstrated that
the removal of specific JNK genes can reduce
neuronal death associated with cerebral is-
chemia. As such, targeting JNK signaling consti-
tutes an obvious opportunity for therapeutic
intervention [32].

EMT plays an important role in the occurrence
and development of tumors, which may be
applied as a major indicator for detecting can-
cer. Since the mechanisms underlying EMT are
extremely complex, there are currently no reli-
able methods for predicting the key transcrip-
tion factors engaged in different tumors. Thus,
it is significant to investigate the molecular
mechanisms of EMT in the occurrence and
development of cancer. This will also aid in clini-
cal diagnosis, prognosis, and targeted treat-
ment of cancer.

Compliance with ethics guidelines

This research was approved by the ethics
committee of the Affiliated Hospital of Qing-
dao University and the Human Investigation
Committee of Qingdao University. (Approval
number: 2017049) There is no declarable con-
flict of interest among the authors.

Acknowledgements

This work was supported by a grant from
Graduate Education Quality Improvement
Program of Shandong (grant no. SDYY171181).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Bin Wang, Depart-
ment of Pathogenic Biology, College of Basical Me-
dicine, Qingdao University, 15 Ningde Road, Shinan
District, Qingdao 266071, P. R. China. Tel: +86-
13685326203; E-mail: isabelle-anan@163.com

Int J Clin Exp Pathol 2020;13(10):2637-2647


mailto:isabelle-anan@163.com

HCMV and EMT in glioblastoma cells

References

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

(10]

[11]

[12]

[13]

PuW, Nassar ZD, Khabbazi S, Xie N, McMahon
KA, Parton RG, Riggins GJ, Harris JM and Parat
MO. Correlation of the invasive potential of
glioblastoma and expression of caveola-form-
ing proteins caveolin-1 and CAVINZ1. J Neuro-
oncol 2019; 143: 207-220.

Radestad AF, Estekizadeh A, Cui HL, Kos-
topoulou ON, Davoudi B, Hirschberg AL,
Carlson J, Rahbar A and Soderberg-Naucler C.
Impact of human cytomegalovirus infection
and its immune response on survival of pa-
tients with ovarian cancer. Transl Oncol 2018;
11: 1292-1300.

Farias K, Moreli ML, Floriano VG and da Costa
VG. Evidence based on a meta-analysis of hu-
man cytomegalovirus infection in glioma. Arch
Virol 2019; 164: 1249-1257.

Cobbs CS, Harkins L, Samanta M, Gillespie
GY, Bharara S, King PH, Nabors LB, Cobbs CG
and Britt WJ. Human cytomegalovirus infection
and expression in human malignant glioma.
Cancer Res 2002; 62: 3347-3350.

Priel E, Wohl A, Teperberg M, Nass D and
Cohen ZR. Human cytomegalovirus viral load
in tumor and peripheral blood samples of pa-
tients with malignant gliomas. J Clin Neurosci
2015; 22: 326-330.

Yang CF, Ho HL, Lin SC, Hsu CY and Ho DM.
Detection of human cytomegalovirus in glio-
blastoma among Taiwanese subjects. PLoS
One 2017; 12: e0179366.

Shamran HA, Kadhim HS, Hussain AR, Ka-
reem A, Taub DD, Price RL, Nagarkatti M,
Nagarkatti PS and Singh UP. Detection of hu-
man cytomegalovirus in different histopatho-
logical types of glioma in Iraqi patients. Biomed
Res Int 2015; 2015: 642-652.

Dongre A and Weinberg RA. New insights into
the mechanisms of epithelial-mesenchymal
transition and implications for cancer. Nat Rev
Mol Cell Biol 2019; 20: 69-84.

Williams ED, Gao D, Redfern A and Thompson
EW. Controversies around epithelial-mesen-
chymalplasticity in cancer metastasis. Nat Rev
Cancer 2019; 19: 716-732.

Aiello NM, Brabletz T, Kang Y, Nieto MA,
Weinberg RA and Stanger BZ. Upholding a
role for EMTin pancreatic cancer metastasis.
Nature 2017; 547: e7-e8.

Brabletz T, Kalluri R, Nieto MA and Weinberg
RA. EMT in cancer. Nat Rev Cancer 2018; 18:
128-134.

HaoY, Baker D and Ten Dijke P. TGF-B-mediated
epithelial-mesenchymal transition and cancer
metastasis. Int J Mol Sci 2019; 20: 2767.
Strzyz P. Cancer biology: TGF-f and EMT as
double agents. Nat Rev Mol Cell Biol 2016; 17:
202-203.

2646

(14]

(15]

(16]

[17]

(18]

[20]

[22]

(23]

[24]

Chen G, Yang X, Wang B, Cheng Z and Zhao R.
Human cytomegalovirus promotes the activa-
tion of TGF-B1 in human umbilical vein endo-
thelial cells by MMP-2 after endothelial mes-
enchymal transition. Adv Clin Exp Med 2019;
28: 1441-1450.

Zhang J, Yang W, Zhao D, Han Y, Liu B, Zhao H,
Wang H, Zhang Q and Xu G. Correlation be-
tween TSP-1, TGF-3 and PPAR-y expression lev-
els and glioma microvascular density. Oncol
Lett 2014; 7: 95-100.

Liu S, Sun J and Lan Q. TGF-B-induced miR-
10a/b expression promotes human glioma cell
migration by targeting PTEN. Mol Med Rep
2013; 8: 1741-1746.

Eisele G, Wischhusen J, Mittelboronn M, Me-
yermann R, Waldhauer |, Steinle A, Weller M
and Friese MA. TGF-beta and metalloprotein-
ases differentially suppress NKG2D ligand sur-
face expressionon malignant glioma cells.
Brain 2006; 129: 2416-2425.

Oberstein A and Shenk T. Cellular responses to
human cytomegalovirus infection: induction of
a mesenchymal-to-epithelial transition (MET)
phenotype. Proc Natl Acad Sci U S A 2017;
114: E8244-e8253.

Kjellman C, Olofsson SP, Hansson O, Von
Schantz T, Lindvall M, Nilsson |, Salford LG,
Sjogren HO and Widegren B. Expression of
TGF-beta isoforms, TGF-beta receptors, and
SMAD molecules at different stages of human
glioma. Int J Cancer 2000; 89: 251-258.
Tabata T, Kawakatsu H, Maidji E, Sakai T, Sakai
K, Fang-Hoover J, Aiba M, Sheppard D and
Pereira L. Induction of an epithelial integrin al-
phavbeta6 in human cytomegalovirus-infected
endothelial cells leads to activation of trans-
forming growth factor-betal and increased col-
lagen production. Am J Pathol 2008; 172:
1127-1140.

Teo WH, Chen HP, Huang JC and Chan YJ.
Human cytomegalovirus infection enhances
cell proliferation, migration and upregulation
of EMT markers in colorectal cancer-derived
stem cell-like cells. Int J Oncol 2017; 51: 1415-
1426.

Song J, Ma Q, Hu M, Qian D, Wang B and He N.
The inhibition of miR-144-3p on cell prolifera-
tion and metastasis by targeting TOP2A in
HCMV-positive glioblastoma cells. Molecules
2018; 23: 3259.

Loeffler I. MKP2 suppresses TGF-B1-induced
epithelial-to-mesenchymal transition through
JNK inhibition. Clin Sci (Lond) 2019; 133: 545-
550.

Vergara D, Simeone P, Franck J, Trerotola M,
Giudetti A, Capobianco L, Tinelli A, Bellomo C,
Fournier |, Gaballo A, Alberti S, Salzet M and
Maffia M. Translating epithelial mesenchymal
transition markers into the clinic: novel in-

Int J Clin Exp Pathol 2020;13(10):2637-2647



[25]

[26]

[27]

(28]

[29]

2647

HCMV and EMT in glioblastoma cells

sights from proteomics. EuPA Open Proteom
2016; 10: 31-41.

KimYJ, JeonY, Kim T, Lim WC, Ham J, Park YN,
Kim TJ and Ko H. Combined treatment with
zingerone and its novel derivative synergisti-
cally inhibits TGF-B1 induced epithelial-mesen-
chymal transition, migration and invasion of
human hepatocellular carcinoma cells. Bioorg
Med Chem Lett 2017; 27: 1081-1088.

Fang L, Wu J, Huang T, Zhang P, Xin X and Shi
Y. TGF-B1 stimulates epithelial-mesenchymal
transition mediated by ADAM33. Exp Ther Med
2018; 15: 985-992.

Bai Y, Sha J and Kanno T. The role of carcino-
genesis-related biomarkers in the wnt pathway
and their effects on epithelial-mesenchymal
transition (EMT) in oral squamous cell carci-
noma. Cancers (Basel) 2020; 12: 555-575.
Nieto MA, Huang RY, Jackson RA and Thiery JP.
EMT: 2016. Cell 2016; 166: 21-45.
Shimamura M, Murphy-Ullrich JE and Britt
WJ. Human cytomegalovirus induces TGF-B1
activation in renal tubular epithelial cells after
epithelial-to-mesenchymal transition. PL0S
Pathog 2010; 6: €1001170.

[30]

[31]

(32]

Khan GJ, GaoY, Gu M, Wang L, Khan S, Naeem
F, Semukunzi H, Roy D, Yuan S and Sun L.
TGF-B1 causes EMT by regulating N-Acetyl glu-
cosaminyl transferases via downregulation of
non muscle myosin II-A through JNK/P38/
PI3K pathway in lung cancer. Curr Cancer Drug
Targets 2018; 18: 209-219.

Sahu SK, Garding A, Tiwari N, Thakurela S,
Toedling J, Gebhard S, Ortega F, Schmarowski
N, Berninger B, Nitsch R, Schmidt M and Tiwari
VK. JNK-dependent gene regulatory circuitry
governs mesenchymal fate. EMBO J 2015; 34:
2162-2181.

Davies C and Tournier C. Exploring the function
of the JNK (c-Jun N-terminal kinase) signalling-
pathway in physiological and pathological pro-
cesses to design novel therapeutic strategies.
Biochem Soc Trans 2012; 40: 85-89.

Int J Clin Exp Pathol 2020;13(10):2637-2647



