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Up-regulation of the tumor promoter Glyoxalase-1
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Abstract: Glyoxalase 1 (Glol) is an enzyme that plays a role to metabolize and inactivate methylglyoxal. Previous
studies also have confirmed that Glo1 is closely related with tumorigenesis, metastasis, and drug-resistant, but its
prognostic value in breast cancer has never been explored. In this study, we investigated the expression of Glol in
breast cancer cell lines and tissues using real-time PCR, western blot and immunohistochemical analysis. We found
Glo1 was frequently up-regulated in human breast cancer cells and tissues, and high expression of Glo1 was as-
sociated with positive lymph node, lymphovascular invasion, and TNM stage (all P<0.05). The Kaplan-Meier survival
curve demonstrated that patients with high Glo1 expression had a shorter overall survival (OS) and recurrence-free
survival (RFS) (Both P<0.001) than those with low Glo1 expression. Moreover, the univariate and further multivari-
ate analysis revealed that Glol expression was an independent prognostic factor for both OS and RFS of breast
cancer patients. Next, with CCK-8 assay, cell apoptosis analysis, colony formation assay, transwell invasion/migra-
tion assay, and wound-healing assay, we validated knock-down of Glol suppressed invasion and migration and
promoted apoptosis of breast cancer cells. Taken together, we demonstrated the tumor-promoter Glo1l may serve

as a prognostic biomarker for breast cancer.
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Introduction

Breast cancer (BC) is the most frequently diag-
nosed cancer and the leading cause of cancer
death among females in less developed coun-
tries, with an estimated 1.7 million cases and
521,900 deaths in 2012, accounting for 25%
of cancer cases and 15% of cancer deaths
among females [1]. Despite advances in devel-
oping more efficient surgical techniques and
novel chemotherapeutic interventions, and the
5-year relative survival rate reached to 89% [2],
the metastasis and recurrence is still the main
cause of cancer-related mortality.

In malignant cells, glucose metabolism and
growth control are strictly linked [3]. Breast
cancer cells can rely on glycolysis as a major
source of energy rather than oxidative phos-

phorylation, even in normoxic conditions, acc-
ording the Warburg effect which has been well
described [4]. Aerobic glycolysis led to a remod-
eling of the cytoskeleton facilitating cell migra-
tion as another important physiological charac-
teristic of tumor cells and hallmark of cancer
[B]. Glyoxalase 1 (Glol) is an enzyme that plays
a role to metabolize and inactivate methylgly-
oxal (MG), one of the side-product of glycolysis
[6, 7], which had been frequently detected high-
er expression in breast cancer [8-10]. Previous
studies also have confirmed that Glol is clos-
ely related with tumorigenesis [11], metastasis
[12, 13], and drug-resistant [14, 15], but its
prognostic value in breast cancer patients has
never been explored.

In this study, we investigated the expression of
Glol in breast cancer cell lines and primary
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invasive ductal carcinoma (IDC) tissues using
real-time PCR, western blot and immunohisto-
chemical analysis. We found high expression of
Glol was associated with aggressive clinico-
pathological features and poor clinical outcome
of breast cancer patients. Moreover, knock-
down of Glol suppressed invasion and migra-
tion and promoted apoptosis of BC cells.

Materials and methods
Patients and tissue samples

Primary invasive ductal carcinomas of breast
were obtained from 121 female patients at the
Department of Breast and Thyroid Surgery, the
Eastern hospital of First Affiliated Hospital,
Sun Yat-sen University, from January 2007 to
December 2012. Pathological diagnosis, as
well as ER, PR and Her2 status, was verified by
two different pathologists. Patients with inva-
sive carcinomas, other than DCIS, underwent
six cycles of postoperative adjuvant chemo-
therapy with FAC regimen (5-fluorouracil 500
mg,/m?2, doxorubicin 50 mg/m?, and cyclophos-
phamide 500 mg/m?). Subsequently, patients
with ER(+) tumors underwent endocrine the-
rapy according to NCCN guideline. No distal
metastasis was identified in the patients upon
diagnosis. In addition, fresh samples of normal
breast tissue, benign breast tumor tissues and
invasive ductal carcinoma tissues were collect-
ed from patients who undergone mastectomy
or lumpectomy for benign or malignant breast
diseases. All samples were snap-frozen for
MmRNA assessment and were collected with
informed written consent from patients. The
complete clinical and pathological features of
these patients were collected and stored in our
database by a researcher fellow. The study pro-
tocol followed the Ethical Guidelines of the
1975 Declaration of Helsinki, revised in 2000.
All related procedures were performed with the
approval of the Internal Review and the Ethics
Boards of the First Affiliated Hospital, Sun Yat-
sen University.

Immunohistochemistry

Archived paraffin-embedded tumor tissues
collected from 121 consecutive patients with
breast cancer treated in our hospital between
2007 and 2012 were used for tissue microar-
ray construction and immunohistochemistry
(IHC). The IHC was performed using the poly-
mer HRP detection system (Zhongshan Gold-
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enbridge Biotechnology, Beijing, China) as the
protocol described. Glol expression level was
scored semi-quantitatively using the IRS (im-
munoreactive score) = Sl (staining intensity) x
PP (percentage of positive cells) as described
[16, 17]. Briefly, S| was determined as O, nega-
tive; 1, weak; 2, moderate and 3, strong. PP
was defined as 0, <1%; 1, 1-10%; 2, 11-50%; 3,
51-80% and 4, >80% positive cells. Five visual
fields from different areas of each tumor were
used for the IRS evaluation. IRS<4 was defined
as low Glol expression and IRS>4 were defined
as high Glol expression.

Cell lines preparation

The human breast cancer cell line MDA-MB-
231, MDA-MB-468, MCF7, MCF-10A, BT-549,
T-47D were obtained from the American Type
Culture Collection (ATCC, Manassas, VA). The
cells were cultured in DMEM medium (Gibco
BRL) with 10% fetal bovine serum (Gibco BRL).
The cell line was maintained in a humidified
atmosphere containing 5% CO, at 37°C. The
culture medium was renewed every 2 to 3 days.

Analysis of Glo1l mRNA expression

RNAs were extracted from tissues and cell lin-
es by Trizol (Invitrogen, USA) according to the
manufacturer’s instructions. mRNA was rever-
se transcribed to cDNA using commercial kit
(Advantage® RT-for-PCR Kit, Takara, China). Ea-
ch sample was prepared in triplicate. The mean
values were used for calculation. Glyceraldehy-
de 3-phosphate dehydrogenase (GAPDH) was
used as alleles to obtain a relative level of gene
expression. Forward and reverse primers were
as follows: Glol: F: 5-TTTTCACTCTACTTCTT-
GGCTT-3’, R: 5-AACTCTGGGTCTCATCATCTT-3,
GAPDH: F: 5-CGTATCGGACGCCTGGTTA-3’, R:
5-CGCCAGTAGACTCCACGACAT-3". Quantitative
real-time PCR analysis was performed using
LightCycler4d80 (Roche, Switzerland) Real-Time
PCR System. Each well (20 ul reaction volume)
contained 10 ul power SYBR Green PCR master
mix (SYBR® Advantage® qPCR Premix, Takara,
China).

SiRNA transfection

Glo1-siRNA, which was purchased from Ribobio
company in Guangzhou, China. siRNA (seque-
nces: 5-GATGGCTACTGGATTGAAA-3’) transfec-
tion was performed using Lipofectamine® 2000
Transfection Reagent (Invitrogen™, Garlsbad,

Int J Clin Exp Pathol 2017;10(11):10852-10862



Glol1 up-regulation indicates poor prognosis in breast cancer

CA, USA) according to the manufacturer’s
instructions. The knockdown efficiency was
assessed by gPCR and Western blot analyses.

Western blot analysis

Total proteins were extracted with RIPA lysis
buffer and separated by SDS-PAGE and then
transferred to the PVDF membrane (Roche Life
Sciences, Switzerland). The membrane were
blocked with 5% skimmed milk and incubated
with the appropriate antibody. The membranes
were incubate with different primary antibo-
dies (dilution: Glo1, 1:2000, GAPDH, 1:2000,
abcam) and horseradish peroxidase-conjugat-
ed anti-rabbit goat polyclonal secondary an-
tibodies (dilution, 1:5000, ZSGB-BIO). Signals
were visualized by chemiluminescence (Chemi-
Q3650, Bioshine, Guangzhou, China) and quan-
titated using Image J software.

In vitro cell behavior assays

To assess the cell viability, the Cell Counting
Kit-8 (CCK-8) (Dojindo Molecular Technologies,
USA) was used according to the manufacturer’s
instructions. The absorbance were measured
at 450 nm on a Microplate reader (Molecular
Device, SpectraMax Mbe, USA) every 12 h.

For colony formation assay, cells were seeded
into 6-well plates at a density of 500 cells/well
and cultured for 2 weeks at 37°C. The numbers
of colonies per dish were counted after stain-
ing with crystal violet (Beyotime Institute of
Biotechnology). Only positive colonies (diame-
ter >40 um) in the dishes were counted and
compared.

Cell apoptosis analysis was conducted by flow
cytometry (Beckman-Coulter, Fullerton, CA,
USA) using Annexin V-FITC/PI Apoptosis De-
tection Kit (Keygen Biotechnology, Nanjing,
China).

For the transwell invasion assay, 1x10° cells in
serum-free medium were seeded into the up-
per chamber of 8-um transwell inserts with a
matrigel coated membrane (BD Biosciences,
Franklin Lakes, NJ), while medium containing
10% bovine serum albumin was in the lower
chamber. After several hours of incubation at
37°C, gel and cells in the upper chamber were
removed carefully and cells adhering to the
underside of the membrane were stained with
0.1% crystal violet (Beyotime Institute of Bio-
technology, Shanghai, China) and 20% metha-

10854

nol. The number of cells was counted under an
inverted microscope (Nikon, Chiyoda-Ku, JP).

For the transwell migration assay, 5x10* cells
in serum-free medium were seeded into the
upper chamber of 8-um transwell inserts (BD
Biosciences, Franklin Lakes, NJ). And medium
containing 10% bovine serum albumin was in
the lower chamber. After several hours of incu-
bation at 37°C, cells in the upper chamber were
removed carefully and cells adhering to the
underside of the membrane were stained with
0.1% crystal violet (Beyotime Institute of Bio-
technology, Shanghai, China) and 20% metha-
nol. The number of cells was counted under an
inverted microscope (Nikon, Chiyoda-Ku, JP).

For wound-healing assays, cells were seeded
into 6-well plates and cultured for 48 h to ob-
tain 90% confluent monolayer. Created a sc-
ratch by a plastic pipette tip and replaced with
a fresh 10% DMEM medium. Images were cap-
tured at O and 48 h.

All of the above experiments were performed in
triplicate. The detailed procedure was as previ-
ously described [18, 19].

Statistical analysis

The correlation between Glol expression and
clinicopathological parameters was analyzed
by Spearman rank-correlation analysis. Kaplan-
Meier method constructed survival curves and
evaluated the difference of these groups by
using the log-rank test. The Cox proportional
hazard regression model was used to identify
factors that were independently associated
with overall survival and recurrence-free sur-
vival. Only factor which was P<0.05 in univari-
ate analysis could be analyzed in multivariate
Analysis. Continuous data in this study were
presented as mean + standard deviation (SD)
from at least three independent experiments.
The differences between groups were analyzed
by Student’s t test. SPSS 17 software and
GraphPad Prism 5 was used for performing all
Kinds of statistical analyses. In this study, P
value <0.05 was considered significant.

Results

Glol is frequently up-regulated in human
breast cancer cells and tissues

To investigate Glol expression traits in breast
cancer, we comparatively analyzed the Glol
MRNA and protein profiles in different breast
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Figure 1. Glo1l is frequently up-regulated in human breast cancer cells and tissues. A. Glol mRNA levels in breast
cancer cell lines was observably higher than mammary epithelial cell (MCF-10A) analyzed by Real-time PCR. B. The
tumor tissue to adjacent nontumorous tissue (ANT) ratio of Glo1 expression was quantified by real-time RT-PCR. C.
Glo1 protein was detected by Western blot and also showed that Glo1 protein level in breast cancer cell lines was
observably higher than that in mammary epithelial cell (MCF-10A). D. Western blot analysis of Glol expression in
each of the primary IDC tissue (T) and paired ANT (N) from four patients. E. IHC confirmed that the Glo1 protein was
significantly elevated in primary IDC tissues (T) compared to that of paired ANT (N) from eight patients. Magnifica-

tions: x100.

cancer cell lines and 8 paired surgical speci-
mens of IDC. Real-time PCR and western blot
analysis revealed that 5 different breast cancer
cell lines, including MDA-MB-231, MDA-
MB-468, MCF-7, BT-549 and T-47D, exhibited
higher levels of Glol expression compared to
that of primary normal breast cell line MCF-10A
at both the mRNA and protein levels (Figure 1A
and 1C). Further comparative analysis demon-
strated that Glol was differentially up-regulat-
ed in all eight detected samples paired with
corresponding paracancer tissues from the
same patient (Figure 1B and 1D), and this was
further confirmed by the immunohistochemical
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staining results (Figure 1E). With these find-
ings, our results indicate that Glo1 is frequently
up-regulated in breast cancer.

High expression of Glo1 in breast cancer
tissues is associated with aggressive clinico-
pathological features and lower postoperative
survival rate

To further elaborate the clinical significance of
Glol expression in breast cancer, 121 patients’
paraffin-embedded tissue specimens were
selected for microarray specimens and IHC
staining. Patients were dichotomized according

Int J Clin Exp Pathol 2017;10(11):10852-10862
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Figure 2. High expression of Glol in breast cancer tissues is associated with lower postoperative survival rate. A.

Representative immunohistochemistry (IHC) images of Glo1 in

breast cancer with low/high expression. Magnifica-

tions: x100, x400. B. The Kaplan-Meier curves showed overall survival (OS) and recurrence-free survival (RFS) of
breast cancer patients with low/high Glo1 expression. P value was shown in each panel respectively.

Table 1. The correlations of Glo1 with clinicopatho-
logical features of breast cancer patients

- ) . GLO1 expression

Clinicopathologic Variable n ———
Low High

Age (year)

<45 35 14 21

>45 86 37 49 0.760
Histological grade

I 30 13 17

11-111 91 38 53 0.880
Positive lymph node

<3 83 44 39

>3 38 7 31 <0.001
Lymphovascular invasion

Absence 73 40 33

Presence 48 11 37 <0.001
Tumor size (cm)

<2 30 14 16

>2 91 37 54 0.563
ER

Positive 83 39 44

Negative 38 12 26 0.111
PR

Positive 57 22 35

Negative 64 29 35 0.455
Her2

Negative 67 31 36

Positive 54 20 34 0.307
TNM stage

-1 79 43 36
I 42 8 34 <0.001

Abbreviations: ER, estrogen receptor; PR, progesterone receptor;
Her2, Human Epidermal Growth Factor Receptor type 2; TNM,
tumor node metastasis.

to low (IRS<4) or high (IRS>4) expression of
Glol (Figure 2A). It showed that the expres-
sion level of Glol was significantly associat-
ed with the following clinicopathological fea-
tures: positive lymph node, lymphovascular
invasion, and TNM stage (all P<0.05, Table
1). We next analyzed the relationship between
Glol expression and the patients’ prognosis.
The Kaplan-Meier survival curve demonstrat-
ed that patients with high Glol expression
had a shorter overall survival (0S) and re-
currence-free survival (RFS) (Both P<0.001,
Figure 2B) than those with low Glol expres-
sion. Moreover, the univariate and further
multivariate analysis revealed that Glol ex-
pression was an independent prognostic fac-
tor for both OS and RFS of breast cancer
patients (Tables 2, 3). The above results
demonstrated that Glo1 was closely correlat-
ed with poor survival and might be used as a
novel independent prognostic biomarker for
breast cancer. These data also suggest that
Glol might be involved in the regulation of
malignancy of breast cancer.

Knockdown of Glo1 suppresses cell prolifer-
ation and promotes cell apoptosis in breast
cancer

In order to examine the influence of Glol on
the biological behaviors of breast cancer,
siRNA-Glol was used to inhibit Glol expres-
sion in MDA-MB-231 and MCF-7 cell lines
respectively, and the knockdown efficiency of
Glol was confirmed by real-time PCR and
western blot (Figure 3). We firstly detected its
role in cell proliferation. CCK-8 assay showed

10856 Int J Clin Exp Pathol 2017;10(11):10852-10862
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Table 2. Univariate and multivariate analysis of factors associated with overall survival in breast

cancer patients

Univariate Analysis

Multivariate Analysis

Variable n RR (95% Cl) P RR (95% CI) P
Age (year)

<45 35 1

>45 86 1.416 (0.643-3.119) 0.387 n.a. n.a.
Histological grade

I 30 1

-1 91 2.033 (0.789-5.241) 0.142 n.a. n.a.
Positive lymph node

<3 83 1 1

>3 38 2.159 (1.110-4.200) 0.023 1.702 (0.213-13.588) 0.616
Lymphovascular invasion

Absence 73 1 1

Presence 48 3.588 (1.784-7.216) <0.001 2.708 (1.290-5.681) 0.008

Tumor size (cm)

<2 30 1

>2 91 2.338 (0.907-6.031) 0.079 n.a. n.a.
ER

Positive 83 1 1

Negative 38 1.955 (1.005-3.804) 0.048 1.690 (0.855-3.340) 0.131
PR

Positive 57 1

Negative 64 1.159 (0.593-2.264) 0.666 n.a. n.a.
Her2

Negative 67 1 1

Positive 54 2.279 (1.158-4.485) 0.017 2.196 (1.111-4.341) 0.024
TNM stage

-1 79 1 1

1 42 2.123 (1.094-4.122) 0.026 0.326 (0.039-2.742) 0.302
GLO1 expression

Low 51 1 1

High 70 4.193(1.739-10.113) 0.001 2.716 (1.063-6.939) 0.037

Abbreviations: n.a.: Not application; ER, estrogen receptor; PR, progesterone receptor; Her2, Human Epidermal Growth Factor

Receptor type 2; TNM, tumor node metastasis.

down-regulation of Glol significantly subdued
the proliferative ability in MDA-MB-231 cells
and MCF-7 cells, respectively (Figure 4A). Co-
lony formation assay showed a significant de-
crease in the number of colonies after knocking
down Glol in MDA-MB-231 cells and MCF-7
cells (Figure 4B). Then to explore whether kn-
ockdown of Glol induced obvious apoptosis,
the effects of Glol on cell survival were asse-
ssed using flow cytometric analysis. Compared
to the normal group, there was a significantly
increased apoptosis rate, mainly later apopto-
sis, after knocking down Glol in MDA-MB-231
cells and MCF-7 cells, whereas the early apop-
tosis was not markedly affected (Figure 4C).
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These results demonstrated down-regulation
of Glol inhibited cell proliferation and promot-
ed cell apoptosis in breast cancer.

Knockdown of Glo1 suppresses breast cancer
cell invasion and migration

Next we continued to explore the role of Glol in
breast cancer cell invasion and migration. We
performed transwell invasion/migration assay
and found invasion and migration of both MDA-
MB-231 cells and MCF-7 cells were significan-
tly decreased after knocking down Glol (Figu-
re 5A). Moreover, we adopted wound-healing
assay to further evaluate its effect on migration

Int J Clin Exp Pathol 2017;10(11):10852-10862
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Table 3. Univariate and multivariate analysis of factors associated with recurrence-free survival in

breast cancer patients

Univariate Analysis

Multivariate Analysis

Variable n RR (95% Cl) P RR (95% CI) P
Age (year)

<45 35 1

>45 86 1.033 (0.542-1.968) 0.922 n.a. n.a.
Histological grade

| 30 1

[1-111 91 1.905 (0.851-4.266) 0.117 n.a. n.a.
Positive lymph node

<3 83 1 1

>3 38 2.282 (1.270-4.102) 0.006 1.682(0.222-12.775) 0.615
Lymphovascular invasion

Absence 73 1 1

Presence 48 3.192 (1.746-5.837) <0.001 2.356 (1.245-4.456) 0.008
Tumor size (cm)

<2 30 1

>2 91 1.385 (0.686-2.799) 0.364 n.a. n.a.
ER

Positive 83 1

Negative 38 1.568 (0.863-2.848) 0.140 n.a. n.a.
PR

Positive 57 1

Negative 64 1.099 (0.610-1.978) 0.754 n.a. n.a.
Her2

Negative 67 1 1

Positive 54 1.942 (1.078-3.499) 0.027 1.881(1.042-3.399) 0.036
TNM stage

-1 79 1 1

1 42 2.192 (1.221-3.936) 0.009 0.395 (0.049-3.166) 0.382
GLO1 expression

Low 51 1 1

High 70 4.151 (1.931-8.923) <0.001 2.917 (1.296-6.563) 0.010

Abbreviations: n.a.: Not application; ER, estrogen receptor; PR, progesterone receptor; Her2, Human Epidermal Growth Factor

Receptor type 2; TNM, tumor node metastasis.

capacity, and results showed cells with Glol
knocked down had a markedly slower wound
closure rate than Mock cells (Figure 5B). All
these data indicated Knockdown of Glol sup-
pressed breast cancer cell invasion and mig-
ration.

Taking all of these in vitro results into consider-
ation, it suggests Glo1 play an oncogenic role in
breast cancer.

Discussion

In recent years, there have been major bre-
akthroughs in the targeted therapy of breast

10858

cancer. However, a targeted therapeutic agent
inhibiting one key pathway in a tumor may not
completely shut off a hallmark capability, allow-
ing some cancer cells to survive with residual
function until they or their progeny eventually
adapt to the selective pressure imposed by the
therapy being applied [20]. In breast cancer,
around 15% of patients develop disseminated
metastasis before or after diagnosis, and dis-
tant metastasis is responsible for approximate-
ly 90% of breast cancer-associated mortality
[21]. Therefore, identifying novel key regulators
in cancer metastasis and targeting all of these
supporting pathways therapeutically become
increasingly important. In this study, we identi-

Int J Clin Exp Pathol 2017;10(11):10852-10862
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confirmed Glol overexpres-
sion by western blot in paired
normal and tumor breast tis-
sues in clinical stages I-1ll, and
by immunohistochemistry on
tissue microarrays (TMA) com-
prising a cohort of 98 breast
tumors and 20 healthy speci-
mens. They found that Glol
was overexpressed in 79% of
tumors, and its up-regulation
correlated with advanced tu-
mor grade. But interestingly,
our cohort study demonstrat-
ed Glol was not correlated
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Figure 3. To confirm the silencing efficiency on Glol. A. Silencing efficiency
of Glo1 in mRNA level by siRNA in indicated cells were identified by qRT-PCR.
**P<0.01. B. Silencing efficiency of Glol in protein level by siRNA in indi-
cated cells were identified by western blot. *P<0.05, **P<0.01.

fied Glol promoted cell proliferation, invasion
and migration and suppressed cell apoptosis in
breast cancer, and high expression of Glo1l was
associated with aggressive clinicopathological
features and poor clinical outcome of breast
cancer patients. Yet there still exist some po-
tential problems to be further discussed and
explored.

The glyoxalase system is a ubiquitous detoxifi-
cation pathway consisting of glyoxalase 1 (Glo1)
and glyoxalase 2 (Glo2), which act in concert to
convert the spontaneously formed hemithioac-
etal adduct between glutathione and MG into
D-lactate and glutathione [22-24]. Increasing
evidences have indicated Glol play oncogenic
role in various cancers. Several studies also
focused on its clinical significance. Antognelli
et al [25] performed an Italian case-co-
ntrol study, and found GLO1 gene polymor-
phisms were associated with an increased ri-
sk of breast cancer. Fonseca-Sanchez et al [10]
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with histological grade. Maybe
this difference was caused by
different ethnic population. Th-
eir research sample was Mex-
ican, whereas ours was from
China. This difference also pr-
omoted us to hypothesize that
the mechanism of tumorigen-
esis and progression of breast
cancer might be different in
different population. Chiavar-
‘}é\“ ina et al [26] reported Glol
o\o“‘ immunostaining performed on

human triple negative and tri-
ple positive breast cancer les-
ions did not show any signific-
ant difference; conversely, the
measurement of Glol activity
performed on fresh samples
showed a significant increase in Glol enzymat-
ic activity in triple negative tumors. This finding
suggests Glol enzymatic activity might be also
used as a prognostic indicator, and this needs
to be further explored. Moreover, to be strictly
complied with REMARK guidelines for reporting
prognostic biomarkers in cancer [27] and thus
further corroborate our finding that Glol high
expression indicated poor prognosis in breast
cancer, another cohort form a different rese-
arch center is necessary. In future, we will
attempt to solve this shortage.

In summary, our data demonstrated that GloZl,
frequently up-regulated in breast cancer, asso-
ciated with aggressive tumor phenotypes, was
an independent prognostic indicator for breast
cancer patients. In addition, the in vitro assays
validated knock-down of Glo1 suppressed inva-
sion and migration and promoted apoptosis
of breast cancer cells. Therefore, we suppose
strategies designed to down-regulate Glo1l may

Int J Clin Exp Pathol 2017;10(11):10852-10862
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Figure 4. Knockdown of Glol suppresses cell proliferation and promotes cell apoptosis in breast cancer. A. CCK-8 results showed the cell proliferation ability of
Glo1-siRNA group was significantly decreased from 24 h to 72 h than Blank and Mock groups (P<0.05, respectively). B. The effect of Knockdown of Glo1 on cell
proliferation was measured by colony formation assay. Representative images of colony formation are shown (left panel). Results represented the mean + SD in
triplicate using bar graph (right panel). **P<0.01. C. The effect of Knockdown of Glo1 on cell apoptosis was measured by flow cytometry analysis.
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Figure 5. Knockdown of Glo1 suppresses breast cancer cell invasion and migration. A. The effect of Knockdown of
Glo1 on cell invasion and migration was measured by transwell invasion/migration assay. Representative images
are shown (left panel). Magnification: x100. Results represented the mean + SD in triplicate using bar graph (right
panel). **P<0.01. B. The effect of Knockdown of Glol on cell migration was measured by wound-healing assay.
Representative images are shown (left panel). Magnification: x100. Results represented the mean + SD in triplicate

using bar graph (right panel). **P<0.01.

provide a promising method to alleviate breast
cancer progression.
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