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Patients with type 2 diabetes mellitus have been reported to be at increased risk of developing non-Hodgkin’s
lymphoma (NHL). Diffuse large B-cell ymphoma (DLBCL) is the most common type of high-grade NHL. This
study aimed to investigate the effects of high glucose on cell migration, invasion and epithelial-mesenchymal
transition (EMT), and the expression of high mobility group AT-hook 2 (HMGA2) in A20 murine DLBCL cells.
Quantitative real-time polymerase chain reaction (qRT-PCR) and Western blot were used to analyze the expres-
sion of HMGA2 at the gene and protein level and EMT markers in the A20 murine DLBCL cell line. A transwell
assay evaluated cell migration and invasion of A20 cells. Short-interfering RNA (siRNA) was used to knockdown
HMGA2 expression.

High glucose levels upregulated the expression of HWGA?2, induced phenotypic changes of EMT, and increased
cell migration and invasion in A20 cells. Knockdown of HMGA2 by siRNA effectively inhibited EMT induced by
high glucose in A20 cells by directly regulating the Wnt/B-catenin signaling pathway.

In the A20 murine DLBCL cell line, high glucose upregulated the expression of HMGA?2 to induce EMT and pro-
mote cell migration and invasion through the Wnt/B-catenin signaling pathway.
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Background

Diffuse large B-cell lymphoma (DLBCL) is the most common
type of high-grade non-Hodgkin’s lymphoma (NHL) the inci-
dence has been rising [1]. Type 2 diabetes mellitus (T2DM) is
a risk factor for several malignant tumors [2,3]. Also, patients
with T2DM have been shown to have an increased incidence
of NHL, suggesting that hyperglycemia might have a role in
the development of lymphoma [4]. However, the molecular
mechanisms involved in the association between hyperglyce-
mia and DLBCL remains unknown.

Recent studies have investigated the role of epithelial-mesen-
chymal transition (EMT) in tumor progression, invasion, and
metastasis [5,6]. During EMT, cells lose their adherence junc-
tions, undergo morphological changes, and acquire mesen-
chymal features. EMT results in the upregulation of mesen-
chymal markers, including N-cadherin, and down-regulation of
key adherence proteins, including E-cadherin, which enhance
the invasive and migratory properties of tumor cells [7]. High
glucose has been reported to induce EMT and to promote in-
vasion in colon cancer, pancreatic cancer, and breast cancer
cells [8-10]. However, it remains unclear whether hyperglyce-
mia has a role in regulating EMT in DLBCL cells.

High mobility group protein A2 (HMGA?2) is a key transcrip-
tion regulator that belongs to the HMGA family that contains
the functional sequences called AT-hooks. HMGA2 is abun-
dantly expressed in a variety of tumors, and recent studies
have suggested an important role for HMGA?2 in the progres-
sion of EMT as well as cancer invasion and metastasis [11].
HMGA?2 regulates the action of transcription factors responsi-
ble for EMT by binding to the specific AT-rich sequences in DNA
and altering the structure of chromatin [12,13]. Also, HMGA2
is involved in high glucose-induced EMT in colorectal cancer
cells [8]. However, the functional role of HMGA2 during the
process of EMT in DLBCL remains unknown.

Therefore, this study aimed to investigate the effects of high
glucose on cell migration, invasion and epithelial-mesenchy-
mal transition, and the expression of high mobility group AT-
hook 2 (HMGA2) in A20 murine DLBCL cells.

Material and Methods

Cell culture

A20 murine diffuse large B-cell lymphoma (DLBCL) cells (ATCC,
Manassas, VA, USA) were routinely cultured in complete RPMI-
1640 medium (Gibco, Thermofisher Scientific, Waltham, MA,
USA) supplemented with 10% fetal bovine serum (FBS), and
maintained at 37°C in a humidified atmosphere containing
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5% CO,. A20 cells were passaged when they were 80-90%
confluent. For glucose stimulation experiments, cells were cul-
tured in increasing concentrations of glucose at 5 mM, 25 mM,
and 30 mM (Sigma-Aldrich, St. Louis MO, USA).

Knockdown of HMGA2 by short-interfering RNA (siRNA)

Knockdown of HMGA?2 in A20 cells was conducted using siRNA.
Cells were transfected with a murine HMGA2-targeting siRNA
(siHMGA?2) or a corresponding negative control siRNA pur-
chased from RiBoBio Co. (RiboBio, Guangzhou, China) using
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA). Transient
transfection of the siRNAs was performed at a final concen-
tration of 50 nM according to the manufacturer’s instructions.
At 48 hours after transfection, cells were harvested for further
analysis and the knockdown efficiency was assessed by quan-
titative real-time PCR (qRT-PCR) and Western blot.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from A20 cells using the TRIzol RNA
extraction reagent following the manufacturer’s instructions
(Invitrogen, Carlsbad, CA, USA). The RNA quality was determined
using a NanoDrop ND-2000 spectrophotometer (Thermofisher
Scientific, Waltham, MA, USA). A specific M-MLV reverse tran-
scriptase (Invitrogen, Carlsbad, CA, USA) was used for re-
verse transcription reactions into cDNA. For the subsequent
gRT-PCR assay, a Roche LightCycler 480 system (Roche, Basel,
Switzerland) was used with a SYBR Premix system (Takara,
Minato-ku, Tokyo, Japan), according to the manufacturer’s
instructions. The gene-specific primer sequences are shown
in Table 1. Relative quantification of the target genes was con-
ducted in accordance with the comparative 224t method, and
[-actin or GAPDH was used as the internal control. Each ex-
periment was performed in triplicate.

Western blot

A20 cells were harvested and total protein was extracted by
using a specific RIPA Buffer (Beyotime, Shanghai, China), and
protein concentration was determined using the BCA protein kit
(Beyotime, Shanghai, China), according to the manufacturer’s
instructions. Equal amounts of protein (30-50ug) were then
loaded into a 10-15% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gels (Bio-Rad, Hercules, CA,
USA), and transferred to polyvinylidene fluoride (PVDF) mem-
branes (Merck Millipore, Burlington, MA, USA). The membranes
were then blocked with 5% dried skimmed milk powder at 25°C
for 1 hour and probed with primary antibodies at 4°C over-
night. The following primary antibodies were used: anti-HM-
GA2 (1: 500) (Santa Cruz Biotechnology Inc., Dallas, TX, USA),
anti-N-cadherin (1: 1000) (Thermofisher Scientific, Waltham,
MA, USA), anti-Snail (1: 1000) (Abcam, Cambridge, MA, USA),
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Table 1. Primer sequences for qRT-PCR assay.

Gene Forward primer Reverse primer

Ms HMGA2 5’-TGAGTTTGGAGAACGCACCA-3’ 5’-TGAGAGTGGAAGCGATGAGC-3’
 MsEcad §.AGGCCAGAGTTTACCCAGGA-3' ! 5'-TGACGATGGTGTAGGCGATG-3'
 MsNCad 5.GGCCTGTTICTIGCAGCAC-Y 5'ACACAACACAGACGCAAAGC-
 Mssmail §.TACCTCCCCATCCTCGCTGGS 5'TACAMGGCACTCCATCAGCC3'
 Msslig s.TCCTGGTGCGTGTCCCAS 5'TCAGTTCATCAACTACACAAGTCA-3'
 MsBactin 5.AGCTGAGAGGGAAATCGTGC-Y 5.GAACCGCTCGTTGCCAATAG-Y
 MsGAPDH S TACTGGAACATGGTTCTGGCG-3 ! 5'AGTGACCATAGGTGTGTGGGT-3'
Ms — mouse.

anti-E-cadherin (1: 500) (BD, USA), anti-B-catenin (1: 500)
Merck Millipore, Burlington, MA, USA), anti-c-myc (1: 800)
Santa Cruz Biotechnology Inc., Dallas, TX, USA), anti-cyclin D1
1: 1000) (Cell Signaling Technology, USA), anti-slug (1: 500)
Cell Signaling Technology, USA), and anti-GAPDH (1: 500)
(ABclonal, Shanghai, China). After washing thoroughly, the
PVDF membranes were incubated with the corresponding fluo-
rescent secondary antibodies (LI-COR Biosciences, Lincoln, NE,
USA) at room temperature for 1 hour. Following several washes
with TBST, the membranes were scanned, and images were ob-
tained using the Odyssey Imaging System (LI-COR Biosciences,
Lincoln, NE, USA). Image) software (National Institutes of Health,
Bethesda, MD, USA) was used for quantitative analysis, and
GAPDH was used as the internal reference. Each experiment
was performed in triplicate.

—_ o~ o~

Migration and invasion assays

The cell migration assay of A20 cells was performed using tran-
swell chambers (Merck Millipore, Burlington, MA, USA). For the
transwell migration assay, cells at a density of 5x10° per well
in serum-free RPMI-1640 medium were seeded into the up-
per chambers of the 24-well plates with a non-coated mem-
brane. RPMI-1640 medium with 10% FBS and different con-
centrations of glucose were added to the lower chambers as
the chemoattractant. After incubation for 24 hours at 37°C, the
cells in the lower chambers were fixed with methanol and then
stained with 0.2% crystal violet (Beyotime, Shanghai, China)
and counted. The invasion assay was conducted in a simi-
lar way but the membrane inserts applied were coated with
Matrigel (BD Biosciences, Franklin Lakes, NJ, USA).

Statistical analysis

Data were analyzed using SPSS version 20.0 software (IBM,
Chicago, IL, USA) and GraphPad Prism version 6.0 software
(GraphPad Software, La Jolla, CA, USA). Data were presented as
the mean + standard deviation (SD). The statistical significance

was assessed using Student’s t-test for two independent groups
and one-way analysis of variance (ANOVA) for three or more
independent groups. A P-value <0.05 was considered to be
with statistically significant.

Results

High glucose upregulated the expression of HMGA2 and
induced epithelial-mesenchymal transition (EMT) in A20
murine diffuse large B-cell lymphoma (DLBCL) cells

To investigate the effects of glucose on the expression of
HMGA?2 and the process of epithelial-mesenchymal transi-
tion (EMT), the A20 cells were treated with different concen-
trations of glucose, including normal glucose (NG) at 5 mM,
high glucose-1 (HG-1) at 25 mM, and high glucose-2 (HG-2)
at 30 mM for 48 hours. The glucose concentration at 5 mM in
the culture media was equivalent to the normal physical level
in human blood, whereas 25 mM or 30 mM of glucose corre-
sponded with the levels in patients with diabetes mellitus [14].
The results showed that the expression of HMGA2 mRNA was
significantly increased in A20 cells treated with 25 mM and
30 mM of glucose compared with those cultured with 5 mM
of glucose (Figure 1A). Treatment with high glucose (30 mM)
upregulated the expression of HMGA?2 at the protein level in
A20 cells (Figure 1B).

We next investigated the expression of EMT markers in A20
cells by using quantitative real-time polymerase chain reaction
(qRT-PCR) and Western blot. The results of qRT-PCR indicated
that high glucose (30 mM) significantly increased the expres-
sion of the mesenchymal phenotype marker N-cadherin and key
transcription factors of EMT including snail and slug. However,
the expression of the epithelial marker E-cadherin was reduced
when compared with the NG group (Figure 1C). Western blot
confirmed that stimulation of high glucose (30 mM) in A20 cells
resulted in the upregulation of N-cadherin and snail proteins,
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Figure 1. Effects of glucose on the expression of HMGA2 and markers of epithelial-mesenchymal transition (EMT) in A20 murine
diffuse large B-cell lymphoma (DLBCL) cells. A20 cells in RPMI-1640 medium and 10% fetal bovine serum (FBS) were
treated with different concentrations of glucose, including normal glucose (NG), 5mM, high glucose-1 (HG-1) 25mM, and
high glucose-2 (HG-2), 30 mM. Gene expression was analyzed 48 hours later by quantitative real-time polymerase chain
reaction (qRT-PCR) for HMGA2 (A) and EMT markers including E-cadherin, N-cadherin, snail, and slug (C). The protein levels of
HMGA2 (B) and EMT markers (D) in A20 cells treated with high glucose (30 mM) and normal glucose (5 mM) were assessed
by Western blot. Quantification analysis by Image) software was performed, as shown as a graph on the right. GAPDH was
used as an internal reference. Each experiment was performed in triplicate, and the representative images are shown. Data
are presented as the mean + standard deviation (SD). * P<0.05, compared with the Control (normal glucose) group.

and down-regulation of the key adherence protein E-cadherin,
which was consistent with the results of qRT-PCR (Figure 1D).
These data indicated that A20 cells treated with high glucose
had undergone EMT marked by phenotypic transition.

High glucose induced cell migration and invasion of A20
cells

The transwell assay analyzed the effects of high glucose on
the migration of A20 cells. The findings showed that A20 cells
treated with high glucose concentrations (30 mM) showed an
enhanced migratory capacity compared with the normal glucose
group (Figure 2A). Cells cultured with high glucose (30 mM)
also had significantly increased invasion when compared with
those grown in normal concentrations of glucose (Figure 2B).

Knockdown of HMGA?2 inhibited high glucose-induced EMT
in A20 cells

Previous studies have reported that HWGA2 was involved in
the process of EMT as a transcription regulator [15]. Short-
interfering RNA (siRNA) was used to knockdown HMGA?2 to
further validate its functional role in high glucose-induced
EMT in A20 cells. Knockdown of HMGA2 resulted in a signifi-
cant decrease in HMGA2 expression compared with the nor-
mal control (NC) group, and also reduced high glucose-induced
upregulation of HMGA2 both at gene and protein level com-
pared with the NC+HG group (Figures 3A, 4A).

Knockdown of HMGA?2 significantly reduced the expression of
mesenchymal phenotype markers including N-cadherin and
slug, and enhanced the expression of the epithelial marker
E-cadherin. Knockdown of HMGA?2 also reduced high glucose-in-
duced upregulation of N-cadherin and slug as well as down-reg-
ulation of E-cadherin, as shown by the mRNA level (Figure 3B).
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Figure 2. Effects of glucose on migration and invasion of A20 murine diffuse large B-cell lymphoma (DLBCL) cells. A20 cells were
treated with different concentrations of glucose, including normal glucose (NG), 5 mM, high glucose (HG), 30 mM. Cell
migration (A) and invasion (B) of A20 cells were evaluated by transwell assays. Quantification analysis showed that
migration and invasion in A20 cells treated with high glucose were enhanced compared with the normal glucose group.
Data are presented as the mean + standard deviation (SD). * P<0.05, compared with the Control (normal glucose) group.

Also, transfection with HMGA2 siRNA alone without HG treat-
ment did not significantly alter the EMT transcription factor,
snail mRNA expression, when compared with the NC group.
However, in the presence of high glucose, transfection with
HMGA?2 siRNA led to a significant decrease in snail mRNA ex-
pression compared with non-transfected cells (Figure 3B).

Consistent with the findings at mRNA level, Western blot showed
that in high glucose conditions, transfection with HMGA2 siRNA
significantly reduced the expression of N-cadherin and snail,
and increased the expression of E-cadherin at the protein level,
when compared with non-transfected cells (Figure 4B). Also,
high glucose (30 mM) significantly increased the expression of
slug, and knockdown of HMGA2 significantly reduced high glu-
cose-induced upregulation of slug compared with non-trans-
fected cells. However, there was no significant variation in the
expression of slug before and after treatment with high glu-
cose or knockdown of HMGA?2 at the protein level. The most
likely reason for these differences is that there may be com-
plex post-transcriptional control and post-translational mod-
ification processes involved in the regulation of slug protein
in the context of DLBCL. These findings support that HMGA2
is a valid transcription regulator that modulates the progres-
sion of high glucose-induced EMT in A20 cells.

HMGA2 has a role in high glucose-induced EMT of A20
cells by regulating the Wnt/[3-catenin signaling pathway

To further determine the underlying mechanisms of HMGA2
involved in high glucose-induced EMT in A20 cells, the role of
HMGA?2 in the Wnt/B-catenin signaling pathway was investi-
gated. This approach was taken due to the close link between
Wnt/B-catenin and EMT and cancer progression by modulating
cell adhesion and migration. After transfection with HMGA2
siRNA and treatment with high glucose (30 mM), expression
of B-catenin, cyclin D1 and c-myc were investigated, as key
proteins in the Wnt/B-catenin signaling pathway [16]. Western
blot showed that in conditions of high glucose, transfection
with HMGA2 siRNA led to a significant decrease in the expres-
sion of B-catenin and c-myc proteins compared with non-trans-
fected cells (Figure 5). Also, there was a trend in the reduction
of expression of cyclin D1 protein after knockdown of HMGA2
in high glucose-treated A20 cells, but this effect did not reach
statistical significance (Figure 5). These findings suggest that
HMGA2 was involved in high glucose-induced EMT of A20 cells
by directly regulating the Wnt/B-catenin signaling pathway.
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Figure 3. Effects of knockdown of the HMGA2 gene on the expression of markers of epithelial-mesenchymal transition (EMT) in
A20 murine diffuse large B-cell lymphoma (DLBCL) cells. A20 cells were transfected with a murine HMGA2-targeting siRNA
(siHMGA?2) at a final concentration of 50 nM, and then treated with or without high glucose (30 mM). Gene expression was
assayed 48 hours later by quantitative real-time polymerase chain reaction (GRT-PCR) for HMGA2 (A) and EMT markers
including E-cadherin, N-cadherin, snail, and slug (B). Each experiment was performed in triplicate. Data are presented as
mean +SD. * P<0.05, compared with NC group; * P<0.05, compared with NC+HG group.
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Figure 4. Effects of knockdown of the HMGA2 gene on the expression of protein markers of epithelial-mesenchymal transition
(EMT) and HMGA?2 in A20 murine diffuse large B-cell lymphoma (DLBCL) cells. A20 cells were transfected with siHMGA2
(50 nM), and then treated with or without high glucose (30 mM) for 48 hours. The protein levels of HWGA2 (A) and EMT
markers (B) were assessed by Western blot separately, and quantification analysis was performed and shown as a graph
right next to the images. GAPDH was used as an internal reference. Each experiment was performed in triplicate, and the
representative images are shown. Data are presented as the mean + standard deviation (SD). * P<0.05, compared with NC

group; * P<0.05, compared with NC+HG group.
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Figure 5. HMGA?2 expression was involved in epithelial-mesenchymal transition (EMT) induced by high glucose in A20 murine diffuse
large B-cell lymphoma (DLBCL) cells by regulating the Wnt/B-catenin signaling pathway. A20 cells were transfected with
SiHMGA2 (50 nM), and then treated with high glucose (30 mM) for 48 hours. Western blot was performed to explore the
effects of HMGA2 knockdown on the Wnt/B-catenin signaling pathway. The expression of key proteins including B-catenin,
cyclin D1 and c-myc in the signaling pathway was assessed, and quantification analysis was performed and shown as
a graph right next to the images. GAPDH was used as an internal reference. Each experiment was performed in triplicate
and representative images are shown. Data are presented as the mean + standard deviation (SD). * P<0.05, compared

with the Control (normal glucose) group.

Discussion

This study aimed to investigate the effects of high glucose
on HMGA?2 expression and epithelial-mesenchymal transition
(EMT) in A20 murine diffuse large B-cell lymphoma (DLBCL)
cells. The findings showed that high glucose upregulated the
expression of HMGA2 and induced EMT, identified by pheno-
typic change in A20 cells, which supported the role of high glu-
cose in the progression of EMT in murine DLBCL cells in vitro.
High glucose could induce and accelerate migration and in-
vasion of A20 cells, while knockdown of HMGA?2 significantly
inhibited high glucose-induced EMT. Also, because the Wnt/
[-catenin signaling pathway was previously proposed to have
a close link with EMT and cancer progression by modulating
cell adhesion and migration, the role of HWGA?2 in this sig-
naling pathway was investigated. HMGA?2 directly regulated
the expression of key proteins of the Wnt/B-catenin signaling
pathway. This study showed, for the first time, that high glu-
cose in A20 cells had an effect on HMGA2 regulated by the
Wnt/B-catenin signaling pathway. Although this was an in vi-
tro study in murine cells, a proposed hypothesis for the effects
of high glucose and the induction of EMT in the promotion
of invasion and metastasis in DLBCL is presented in Figure 6.

Impaired metabolism and chronic inflammation are two im-
portant hallmarks of cancer which facilitate the progression
to an invasive and metastatic stage [17,18]. Type 2 diabetes
mellitus (T2DM) is a factor involved in the progression of sev-
eral malignant tumors [19,20]. Recent evidence suggests that
patients with T2DM have an increased incidence of non-Hodg-
kin’s lymphoma (NHL) when compared with non-diabetes, and

[ Diffuse large B-cell lymphoma J

HMGA24
Wnt/B-catenin 4
\\(}—(atenin, cycinD1and c-myc) {//

I

EMT, Migration anf invasion T

Figure 6. Graphic conclusion. High glucose upregulates HMGA2
to regulate the Wnt/B-catenin signaling pathway and
induces epithelial-mesenchymal transition (EMT),
further promoting invasion and metastasis in diffuse
large B-cell lymphoma (DLBCL).

hyperglycemia has been proposed to be a risk factor [4,21].
The effects of T2DM on lymphoma may be attributed to its
association with chronic inflammation and autoimmune dis-
orders, which are two driving forces for the development of
lymphoma, including DLBCL [19,22]. Importantly, high glucose
has been shown to induce EMT, thus enabling cells to become
invasive and to metastasize, in colon cancer, pancreatic cancer,
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and breast cancer cells [8-10]. These previous findings sup-
port those of the present study that identified a role for high
glucose in the progression of EMT, and invasion in murine
DLBCL cells in vitro.

HMGA?2 is a key transcription regulator that is abundantly
expressed in a variety of tumors, and the expression is con-
sidered to be closely related to tumor invasion and metasta-
sis [12,13]. Also, HMGA?2 is reported to be aberrantly expressed
in some human hematopoietic malignancies as well as canine
lymphoma [23,24], suggesting that HWGA2 may have a func-
tional role in the progression of hematopoietic neoplasia.
This study firstly demonstrated that high glucose upregulated
HMGA?2 expression, and specifically targeting HMGA?2 effectively
inhibited high glucose-induced EMT in murine DLBCL cells in
vitro. The findings of the present study are supported by pre-
vious studies that showed that high glucose levels act via
HMGA?2 to induce EMT, including cell migration and invasion
in colorectal cancer cells [8], and are supported by the previ-
ous finding that HMGA2 was a key regulator of EMT in blad-
der cancer and nasopharyngeal cancer [13,15].

Several signaling pathways are considered to be involved in
HMGA2-mediated EMT, including TGF-B/Smad2, Notch, and
TGFB/ERK signaling [25,26]. Also, the Wnt/B-catenin pathway
is reported to have a close link with EMT and cancer progres-
sion by modulating cell differentiation, cell adhesion, and mi-
gration. Also, B-catenin, cyclin D1 and c-myc have been iden-
tified as critical target genes of the Wnt/B-catenin signaling
pathway [16]. Therefore, we focused on the role of HMGA2 in
the Wnt/B-catenin signaling pathway. Western blot showed that
in the conditions of high glucose, transfection with HWGA2
short-interfering RNA (siRNA) resulted in a significant decrease
in the expression of B-catenin and c-myc proteins, suggesting
that HMGA2 participates in high glucose-induced EMT of A20
cells by directly regulating the Wnt/B-catenin signaling path-
way. Also, this study showed a decreasing trend in the expres-
sion of cyclin D1 protein following knockdown of HMGA2 in
high glucose-treated A20 cells, but this effect was with not
statistically significant.
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This study was limited by the small study sample size, the use
of a single cell line, and the culture time of the cells treated
with glucose. Therefore, further studies on the role of cyclin
D1, and the in vivo effects of the Wnt/B-catenin signaling
pathway deserve further study. However, the findings of this
study are also supported by those from a previous study that
showed HMGA?2 had a fundamental role in EMT by activating
the Wnt/B-catenin signaling pathway in bladder cancer [15].
Therefore, specifically targeting HWGA2 and its downstream
signaling pathways with molecular interventions might provide
a novel approach for the prevention and treatment of DLBCL.
Further studies are required to determine whether HMGA2
could directly activate the Wnt/B-catenin pathway in condi-
tions of high glucose and whether there are any other path-
ways involved in this process.

This study had several limitations. As hyperglycemia is the
most characteristic feature of T2DM, we analyzed its effects
in isolation, which is a simplistic representation of a complex
disease process. T2DM is a complicated disease with a series
of metabolic changes that include hyperinsulinemia and hy-
perlipidemia [27]. These other metabolic disorders should be
included in future in vivo studies of hyperglycemia on DLBCL.

Conclusions

The aims of this study were to investigate the effects of high
glucose on cell migration, invasion and epithelial-mesenchymal
transition (EMT), and the expression of high mobility group AT-
hook 2 (HMGA?2) in A20 murine diffuse large B-cell lymphoma
(DLBCL) cells. The findings showed that high glucose upregu-
lated the expression of HMGA2 to induce EMT and promote
cell migration and invasion through the Wnt/B-catenin sig-
naling pathway. These findings require further investigation
to determine the significance of glucose levels in the progres-
sion of DLBCL. The findings of this study support the possi-
bility that managing hyperglycemia and molecular targeting
of the involved signaling networks may provide novel thera-
peutic strategies in patients with DLBCL, and possibly in other
types of non-Hodgkin’s lymphoma (NHL).

S,

. Santamaria PG, Moreno-Bueno G, Portillo F, Cano A: EMT: Present and fu-
ture in clinical oncology. Mol Oncol, 2017; 11(7): 718-38

6. Lemma S, Karihtala P, Haapasaari KM et al: Biological roles and prognostic
values of the epithelial-mesenchymal transition-mediating transcription fac-
tors Twist, ZEB1 and Slug in diffuse large B-cell lymphoma. Histopathology,
2013; 62(2): 326-33

. Huang R, Zong X: Aberrant cancer metabolism in epithelial-mesenchymal

transition and cancer metastasis: Mechanisms in cancer progression. Crit
Rev Oncol Hematol, 2017; 115: 13-22

8. Wu J, Chen J, Xi Y et al: High glucose induces epithelial-mesenchymal tran-
sition and results in the migration and invasion of colorectal cancer cells.
Exp Ther Med, 2018; 16(1): 222-30

~

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

3867




LAB/IN VITRO RESEARCH

e

10.

11.

12.

13.

14.

15.

16.

17.

. Li W, Zhang L, Chen X et al: Hyperglycemia promotes the epithelial-mes-

enchymal transition of pancreatic cancer via hydrogen peroxide. Oxid Med
Cell Longev, 2016; 2016: 5190314

Flores-Lopez LA, Martinez-Hernandez MG, Viedma-Rodriguez R et al: High
glucose and insulin enhance uPA expression, ROS formation and invasive-
ness in breast cancer-derived cells. Cell Oncol, 2016; 39(4): 365-78

Xia YY, Yin L, Jiang N et al: Downregulating HMGA2 attenuates epithelial-
mesenchymal transition-induced invasion and migration in nasopharyn-
geal cancer cells. Biochem Biophys Res Commun, 2015; 463(3): 357-63

Cleynen |, Van de Ven WJ: The HMGA proteins: A myriad of functions
(Review). Int ) Oncol, 2008; 32(2): 289-305

Li W, Wang Z, Zha L et al: HMGA2 regulates epithelial-mesenchymal tran-
sition and the acquisition of tumor stem cell properties through TWIST1
in gastric cancer. Oncol Rep, 2017; 37(1): 185-92

Han J, Zhang L, Guo H et al: Glucose promotes cell proliferation, glucose
uptake and invasion in endometrial cancer cells via AMPK/mTOR/S6 and
MAPK signaling. Gynecol Oncol, 2015; 138(3): 668-75

Shi Z, Li X, Wu D et al: Silencing of HMGA2 suppresses cellular prolifera-
tion, migration, invasion, and epithelial-mesenchymal transition in blad-
der cancer. Tumour Biol, 2016; 37(6): 7515-23

Wang W, Xue L, Wang P: Prognostic value of beta-catenin, c-myc, and cy-
clin D1 expressions in patients with esophageal squamous cell carcinoma.
Med Oncol, 2011; 28(1): 163-69

Flavahan WA, Gaskell E, Bernstein BE: Epigenetic plasticity and the hall-
marks of cancer. Science, 2017; 357(6348): pii: eaal2380

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

3868

Wang Y. et al.:
EMT and cell migration in A20 DLBCL cells
© Med Sci Monit, 2019; 25: 3860-3868

Vincent CT, Fuxe J: EMT, inflammation and metastasis. Semin Cancer Biol,
2017; 47: 168-69

Chang SC, Yang WV: Hyperglycemia, tumorigenesis, and chronic inflamma-
tion. Crit Rev Oncol Hematol, 2016; 108: 146-53

Duan W, Shen X, Lei J et al: Hyperglycemia, a neglected factor during can-
cer progression. Biomed Res Int, 2014; 2014: 461917

Zhang J, Luo J, Liu F et al: Diabetes mellitus potentiates diffuse large Bcell
lymphoma via high levels of CCL5. Mol Med Rep, 2014; 10(3): 1231-36

Baecklund E, Smedby KE, Sutton LA et al: Lymphoma development in pa-
tients with autoimmune and inflammatory disorders — what are the driv-
ing forces? Semin Cancer Biol, 2014; 24: 61-70

Odero MD, Grand FH, Igbal S et al: Disruption and aberrant expression of
HMGA?2 as a consequence of diverse chromosomal translocations in my-
eloid malignancies. Leukemia, 2005; 19(2): 245-52

Joetzke AE, Sterenczak KA, Eberle N et al: Expression of the high mobility
group Al (HMGA1) and A2 (HMGA2) genes in canine lymphoma: Analysis
of 23 cases and comparison to control cases. Vet Comp Oncol, 2010; 8(2):
87-95

Kou B, Liu W, Tang X, Kou Q: HMGA?2 facilitates epithelial-mesenchymal
transition in renal cell carcinoma by regulating the TGF-beta/Smad2 sig-
naling pathway. Oncol Rep, 2018; 39(1): 101-8

Hou M, Bao X, Luo F et al: HMGA2 Modulates the TGF beta/Smad, TGF beta/
ERK and notch signaling pathways in human lens epithelial-mesenchymal
transition. Curr Mol Med, 2018; 18(2): 71-82

Mbue ND, Mbue JE, Anderson JA: Management of lipids in patients with di-
abetes. Nurs Clin North Am, 2017; 52(4): 605-19

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



