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Glyoxalase 1 as a candidate for indicating the metastatic
potential of SN12C human renal cell carcinoma cell clones
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Abstract. Three clones with differential metastatic potential
were established from the parental SN12C human renal cell
carcinoma (HRCC). We previously reported that in the two
high metastatic SN12C clones, two isoforms of ubiquitin
carboxyl-terminal hydrolase isozyme L1 (UCH-L1) showed
decreased expression by using two-dimensional electropho-
resis (2-DE) covering a pH range (pH 3.0-10.0) followed by
liquid chromatography-tandem mass spectrometry. However,
in the case of the low metastatic clone, the spot volume for
UCH-L1 was almost the same as for the parental SN12C.
In the present study, we found one protein spot which was
correlated with the metastatic potential of SN12C clones by
using 2-DE over a narrow pH range (pH 4.0-7.0). The protein
glyoxalase 1 (GLOL1) appeared to be directly proportional
to the metastatic potential of the SN12C clones. GLO1 was
the only protein which consistently varied according to the
metastatic potentials of SN12C clones. GLO1 was increased
in high metastatic cell lines by western blot analysis. These
findings suggest that GLOLI is associated with the metastatic
potential of SN12C HRCC clones. We expanded our experi-
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mental range to include clones of scirrhous gastric cancer
cell lines (OCUM-2M, OCUM-2D and OCUM-2MLN) and
similar results were obtained, thereby further strengthening
our original findings.

Introduction

Cancer is a major cause of mortality worldwide, mainly due
to metastasis (World Cancer Report 2008; URL: http:/www.
iarc.fr/en/publications/pdfs-online/wcr/index.php). However,
the molecular mechanism of metastasis is not well known.
The metastatic cascade has a series of discrete steps, including
epithelial-mesenchymal transition, invasion, anoikis, angio-
genesis, transport through vessels and outgrowth of secondary
tumors. Furthermore, recent findings suggested yet another
step, a premetastatic niche, before metastasis becomes
evident (1). This cascade is a complex process.

SN12C clones have been established to be a suitable model
for spontaneous metastasis (2). SN12C was established from
a human renal cell carcinoma (HRCC) surgical specimen (3).
SN12C-clone 2 and SN12C-PM6 have higher metastatic
potential than parental SN12C, with SN12C-PM6 having the
highest metastatic potential of all cell clones (4,5). On the
other hand, SN12C-clone 4 has lower metastatic potential than
parental SN12C (4).

Our previous studies using two-dimensional electropho-
resis (2-DE) covering pH 3.0-10.0 suggested eight protein
spots as potential candidates for high metastatic potential in
SN12C cell clones. In particular, ubiquitin carboxyl-terminal
hydrolase isozyme L1 (UCH-LI1) correlated with high
metastatic potential SN12C clones. However, we were not
able to show any candidate for the low metastatic potential
of SN12C-clone 4 (6). In the present study, we performed
proteomic differential display analysis for the four SN12C cell
clones with different metastatic potential (3-5) by using 2-DE
over a narrow pH range (pH 4.0-7.0), since in our previous
study, several protein spots were separated in the range of
pH 4.0-7.0 on the gels. In the present study, we showed that
glyoxalase 1 (GLO1) increases in high metastatic clones at the
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protein level and we also discussed the biological significance
of the increase in the metastatic potential of SN12C HRCC
clones and scirrhous gastric cancer OCUM.

Materials and methods

Tumor cell lines and culture conditions. We used four
SN12C cell clones: SN12C (parent cell line), SN12C-clone 2,
SN12C-clone 4 and SN12C-PM6 (3-5). The parental SN12C
was established in culture from a primary renal cell carci-
noma from a 43-year-old man as previously described (3).
SN12C-clones 2 and 4 were isolated from SN12C by a double
limiting dilution technique (7). SN12C-PM6 was established
in vitro from a solitary metastatic lung HRCC nodule of
Balb/c nude mouse which had been injected with 1x10° viable
parental SN12C into the renal subcapsule (5). SN12C-clone 2
and SN12C-PM6 have a higher metastatic potential than the
SN12C 4.5).

We also used three human scirrhous gastric cancer
cell lines: OCUM-2M, OCUM-2D and OCUM-2MLN.
OCUM-2M has a low metastatic potential, while OCUM-2D
and OCUM-2MLN, which have a high metastatic poten-
tial, were previously established by Yashiro et al (8) and
Fujihara et al (9). OCUM-2M, OCUM-2D and OCUM-2MLN
were maintained in high-glucose Dulbecco's Modified Eagle's
Medium (DMEM) with 10% fetal bovine serum (FBS) at 37°C
in a 5% CO, atmosphere.

The SN12C cell clones were maintained in RPMI-1640
medium (Nissui, Tokyo, Japan) supplemented with 10% FBS
at 37°C in a 5% CO, atmosphere.

We used SN12C clones and human scirrhous gastric cancer
cell lines passaged less than fifteen times culture after the cells
had been sent to our laboratory. We used passage number of
8th to 15th culture for 2-DE and western blot analysis.

As confirmation, we used seven cell lines with varying
metastatic potential.

Sample preparation. Cells were homogenized in lysis buffer
(50 mM Tris-HCI, pH 7.5, 165 mM sodium chloride, 10 mM
sodium fluoride, 1 mM sodium vanadate, ] mM PMSF, 10 mM
EDTA, 10 ug/ml aprotinin, 10 yg/ml leupeptin and 1% NP-40)
on ice. The suspensions were incubated for 1 h at 4°C, centri-
fuged at 21,500 x g for 30 min at 4°C, and the supernatants
were stored at -80°C until use (10-13).

Two-dimensional gel electrophoresis (2-DE). Eighty micro-
grams of protein were used for each 2-DE. For the first
dimension, isoelectric focusing (IEF) was performed in an
IPGphor 3 IEF unit (GE Healthcare, Buckinghamshire, UK)
on 11 cm, immobilized, pH 4.0-7.0 linear gradient strips
(Bio-Rad, Hercules, CA, USA) at 20°C and 50 uA/strip.
Samples were mixed with 200 pl of rehydration buffer (8 M
urea, 2% CHAPS, 0.01% bromophenol blue, 1.2% Destreak
reagent and 0.5% IPG buffer; GE Healthcare) and loaded
onto the IPGphor strip holder. IEF was performed using the
following voltage program: rehydration 10 h (no voltage), IEF
stepwise increase from 0O to 500 V for 240 min, 500-1,000 V
for 60 min, 1,000-8,000 V for 240 min, a linear increase
from 8,000 V for 20 min and a final phase of 500 V from
20,000 to 30,000 Vh. In the second dimension, SDS-PAGE
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was performed on a precast polyacrylamide gel with a linear
concentration gradient of 5-20% (Bio-Rad), run at 200 V (14).

Flamingo staining. Agitation was carried out at all stages.
After 2-DE, the gels were subjected to a fixing solution with
40% ethanol and 10% acetic acid for 4 h. The gels were stained
with Flamingo™ (Bio-Rad) overnight. Next, background stain
was removed by wash solution containing 0.1% Tween-20 for
10 min. Prior to imaging, the gels were washed twice in ultra
pure water for 10 min.

Image analysis and spot picking. The positions of protein
spots on each 2-DE gel were recorded by using a Pro Express
2D Proteomic Imaging System (PerkinElmer, Waltham, MA,
USA). Expression levels of the proteins were quantified by
analyzing the intensity of each spot with Progenesis PG240
software (PerkinElmer). We selected the protein spots whose
expression level significantly increased or decreased by
>1.5-fold (P<0.05) compared with that of the SN12C parent
cell line in all experiments. In addition, these protein spots
were picked up and analyzed further for correlation with the
metastatic potential of SN12C clones as suggested from the
results of 2-DE. The intensity of each spot was statistically
analyzed by the Student's t-test. We performed five runs of
2-DE for image analysis.

Following statistical analysis, the gels were re-stained
with See Pico™ (Benebiosis Co., Ltd., Seoul, Korea) and
the selected spots were petal picked for mass spectrometry
(MS) analysis. The spots, whose expression was significantly
different between SN12C and SN12C-clone 2, SN12C-clone 4
or SN12-PM6, were selected for picking (15).

In-gel digestion. The See Pico dye was removed from the gel
piece by rinsing two times in 60% methanol, 50 mM ammo-
nium bicarbonate and 5 mM DTT for 10 min. The protein
sample in the gel piece was reduced twice in 50% ACN,
50 mM ammonium bicarbonate and 5 mM DTT for 10 min.
The gel piece was dehydrated in 100% ACN twice for 30 min
and then rehydrated with an in-gel digestion reagent containing
10 pg/ml Sequencing Grade Modified Trypsin (Promega,
Madison, WI, USA) in 30% ACN, 50 mM ammonium bicar-
bonate and 5 mM DTT. This procedure for the in-gel digestion
was performed overnight at 30°C. The samples were lyophi-
lized overnight using a Labconco Lyph-lock 1L Model 77400
(Labconco, Kansas, MO, USA). Lyophilized samples were
dissolved in 0.1% formic acid.

Liquid chromatography and mass spectrometry (LC-MS).
Samples dissolved in 0.1% formic acid were centrifuged at
21,500 x g for 5 min and the supernatant was stored at -80°C
until use. An Agilent 1100 LC/MSD Trap XCT (Agilent
Technologies, Palo Alto, CA, USA) was used for HPLC and
MS/MS. Protein identification and post-transmodification
search were performed in the Agilent Spectrum MILL MS
Proteomics Workbench against the Swiss-Prot protein
database search engine (http://kr.expasy.org/sprot/). Using
the Agilent Spectrum MILL MS Proteomics Workbench,
we performed the final assessment for protein identification
using the peptide sequencing tag. The criteria for positive
identification of proteins were set as follows: filter results by
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Figure 1. Two-dimensional electrophoresis (2-DE) pattern of parental SN12C when stained with Flamingo stain. (A) A total amount of 80 g was applied to
each gel. The protein spot [glyoxalase 1 (GLO1)] whose expression levels varied with increasing metastatic potential in SN12C clones is indicated by a circle.
The upper panel shows the pattern of 2-DE using a wide range of pH 3.0-10.0. The lower panel shows the pattern of 2-DE using a narrow range of pH 4.0-7.0.
(B) Representative zoomed in sections of the circled segment in the overview gel for the SN12C clones SN12C-clone 4, SN12C-clone 2 and SN12C-PM6 as well
as for the corresponding parental SN12C. The spots were significantly altered according to the metastatic potential of the SN12C clones. The graph shows the
spot intensity from 2-DE. SN12C clones were statistically analyzed by the Student's t-test ('P<0.05, “P<0.01). Results are expressed as the mean = SD (n=5).

valid, filter by protein score 10.0 and filter peptide by score
>8, % scored peak intensity (%SPI) >70. The Spectrum Mill
workbench can search MS/MS spectra using an MS/MS ion
search (16,17).

Western blot analysis. Thirty and forty micrograms or forty
micrograms of protein were used for 1-D or 2-D (IEF followed
by SDS-PAGE) western blotting, respectively. After electro-
phoresis, proteins were transferred electrophoretically onto
PVDF membranes (Immobilon-P; Millipore, Bedford, MA,
USA) and blocked overnight at 4°C with Dulbecco's PBS (-)
containing 5% skimmed milk and 0.2% Tween-20. The
primary antibody used was anti-GLO1 mouse polyclonal anti-
body (dilution range 1:2,000; Abnova Corp., Taipei, Taiwan)
and anti-actin goat polyclonal antibody (1:200) (dilution range
1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA).
Membranes were incubated with the primary antibody for
1.5 h at room temperature, washed four times with Dulbecco's
PBS (-) containing 0.2% Tween-20 and then incubated with a
horseradish peroxidase-conjugated secondary antibody (dilu-
tion range 1:10,000; Jackson; ICN Biomedicals, Aurora, OH,
USA) for 1.5 h at room temperature. Membranes were devel-
oped using a chemiluminescense reagent (ECL Plus Western
Blotting Detection Reagents; GE Healthcare). The immuno-
reactive protein bands were then quantified using Progenesis
PG240 software (PerkinElmer). The differences in expression
between parental SN12C and SN12C-clone 2, SN12C-clone 4

or SN12-PM 6, as well as between OCUM-2M and OCUM-2D
or OCUM-2MLN, were analyzed statistically by the Student's
t-test.

Results

Differential expression of GLOI in 2-DE analysis. Protein
expression in the SN12C cell clones was assessed by 2-DE
over a narrow pH range covering pH 4.0-7.0. This pH range
was selected as our previous 2-DE study using a wide pH
range covering pH 3.0-10.0 showed that most spots were
concentrated in the pH 4.0-7.0 range (Fig. 1A).

The 2-DE was performed five times under the same
conditions. From 200 to 350 spots were visualized on
the 2-DE gels, and differences in spot intensity between
parental SN12C and SNI12C-clone 2, SN12C-clone 4 or
SN12C-PM6 were analyzed with Progenesis PG240 software
for each gel. We identified proteins whose expression was
significantly different in agreement with the metastatic
potential of the clone. Since several studies used the criteria
of >1.5 fold-change, we used this criteria as well (6,18,19).
The spot whose expression level increased or decreased by
>1.5-fold (P<0.05) are indicated by the circle (Fig. 1). We
found only one protein spot whose intensity was >1.5-fold
different. The spot was consistent with our previous study (6)
and significantly increased in high metastatic clones. However,
this spot could not be identified by using MS analysis in our
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Table I. Identification of the protein which was differentially expressed between parental SN12C and other SN12C cell clones.

Low metastatic High metastatic

clone clones
Distinct ~ Sequence MS/MS
Accession no. Theoretical pI Theoretical Mr Protein name peptides coverage (%) search score Clone 4 Clone2 PM6
Q04760 5.12 20777.8 Glyoxalase 1 25% 5349 - + +

The protein spot was identified to be GLO1 by LC-MS/MS as described in Materials and methods. The spot intensity significantly decreased in the low
metastatic clone and increased in high metastatic clones compared with parental SN12C by >1.5-fold (P<0.05); +, increased; -, decreased. MS, mass
spectrometry; GLO1, glyoxalase 1; LC-MS/MS, liquid chromatography-tandem mass spectrometry.
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Figure 2. Western blot analysis for glyoxalase 1 (GLO1) in SN12C cell clones.
(A) Thirty micrograms of protein were used for each gel of SDS-PAGE.
GLOL1 was significantly increased in high metastatic clones. The graph
shows the spot intensity of each band. The immunoreactive GLO1 band
intensity between the clones was statistically analyzed by the Student's t-test
(""P<0.001). Results are shown as the mean + SD (n=6). (B) Forty micro-
grams of protein were used for 2-D western blotting as indicated in Materials
and methods. (C) GLOLI protein spots on 2-DE gels were stained by Flamingo
staining as described in Materials and methods.

previous study. In the present study, the protein spot showed
lower expression in the low metastatic clone than parental
SN12C and higher expression in the high metastatic clones.
The spot with differential expression was picked, digested and
used for MS analysis. The results of LC-MS/MS for this spot
are shown in Table I.
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Figure 3. Western blot analysis for glyoxalase 1 (GLOL) in scirrhous gastric
cancer cell lines. Protein (30 ug) was used for each gel. GLOLI expression level
in OCUM-2D and OCUM-2MLN was significantly increased compared to
OCUM-2M. The graph shows spot intensity of each band. GLO1 expression
level between the cell lines was statistically analyzed by the Student's t-test

ok

(""P<0.01). Results are shown as the mean + SD (n=5).

Increase of GLOI by western blotting in high metastatic poten-
tial SN12C clones. Western blot analysis of GLO1 was performed
for all four SN12C clones. The immunoreactive GLOI band was
increased in the two high metastatic clones (Fig. 2A). In the 2-D
immunoblotting for GLOLI, four isoforms were observed for the
SN12C clones (Fig. 2B); only Spots 3 and 4 (Fig. 2B and C) were
identified as GLOI from 2-DE analysis by using LC-MS/MS.
However, the nature of the modifications of these GLO1 variants
is thus far unknown. The intensity of Spot 4 (Figs. 1B and 2C)
was significantly different in the SN12C clones compared with
parental SN12C on 2-DE (Figs. 1B and 2C). Western blotting
for Spot 4 in SN12C-clone 2, SN12C-clone 4 and SN12C-PM6
was consistent with 2-DE results.

To confirm whether an increase of GLOI was also present
in other cell lines observable of known differential metastatic
potential, we performed western blotting for GLOLI in the scir-
rhous gastric cancer cell lines OCUM-2M, OCUM-2D and
OCUM-2MLN. The results are shown in Fig. 3. The expres-
sion of GLOLI in the high metastatic scirrhous gastric cancer
cell lines was also increased.
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Discussion

In the present study, we showed proteomic differential display
analysis of SN12C HRCC cell clones having different meta-
static potential by using 2-DE in the range of pH 4.0-7.0, since
most protein spots in our previous study were separated in the
range of pH 4.0-7.0 on the gels by using 2-DE in the range of
pH 3.0-10.0 (6). Only one protein spot level was found to be
significantly different in accordance with the metastatic poten-
tial of the cells. The protein spot was identified as GLOI1 by
LC-MS/MS. Western blotting with a specific antibody against
GLOI1 confirmed an increase in GLO1 expression in high
metastatic cells compared with low metastatic cells. By 2-D
immunoblotting for GLOI, four isoforms were observed in
SN12C clones. Spot 4 in SN12C-clone 2, SN12C-clone 4 and
SN12C-PM6 were consistent with the significantly different
spot observed in the 2-DE results. Furthermore, western
blotting for GLO1 in scirrhous gastric cancer cell lines was
performed. GLOI expression was increased in the high meta-
static OCUM cell line.

GLOl is part of the glyoxalase system in the cytosol of cells,
a side-product of glycolysis. This system is one of the most
effective detoxification systems for reactive a-oxoaldehydes,
including methylglyoxal (MG) (20). The major physiological
substrate for GLO1 is MG. GLOI plays an important role in
catalyzing the conversion of MG to S-D-lactoylglutathione.
In addition, GLOI1 activity in situ is proportional to the
cellular concentration of glutathione (20,21). Several reports
suggested that different isoforms of GLOLI exist (22-25) and
these isoforms are subjected to several post-translational
modifications, including a nitric-oxide (NO)-responsive form
and phosphorylation (23). NO-responsive GLO1 appeared to
be the most basic isoform of GLO1 on 2-DE gels (22,23). In
the present study, the most basic isoform of GLO1 was signifi-
cantly altered in the SN12C clones. However, the nature of
these modifications present in the additional GLOI1 variants
is thus far unknown. The GLOI1 protein may be modified
post-translationally. Previous reports indicated that a corre-
lation between the expression level of GLOI and the nature
of various tumors exists (26-29). Cheng et al (26) reported
that high expression of GLOI1 in gastric cancer enhances the
metastatic ability of tumor cells in vitro and in vivo. MG has
long been regarded as a natural anticancer agent and, there-
fore, GLOI1 inhibitors have long been considered possible
anticancer agents (30,31). For example, Santel er al (30)
reported curucumin (a naturel phenol) inhibits GLO1 and has
a strong impact on highly proliferative and invasive tumor
cells such as 1321N, PC-3 and MDA-MB-231. Recently,
GLOI was identified as a methyl-gerfelin (M-GFN)-binding
protein. M-GFN (a methyl benzoate) inhibited the enzymatic
activity of GLOLI in vitro and in situ (32). Imoto (33) reported
that invasion of cancer cells was inhibited by the inhibitory
activity of M-GFN. These results suggest that the increased
GLOIl expression provides advantages to the metastatic
potential in SN12C clones. In addition, inhibition of GLOI1
may have therapeutic potential for the treatment of metastatic
cancer.

The increase of GLO1 and the decrease of UCH-L1
are significant at the protein level in high metastatic clones
compared with parental SN12C. Our findings strongly suggest
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that GLO1 and UCH-L1 are associated with the metastatic
potential of SN12C HRCC cells. However, the type of rela-
tionship that exists between increased GLOI1 and decreased
UCH-LI remains to be clarified.

Collectively, in the present study, we performed differen-
tial display analysis of proteins in an attempt to find candidate
proteins linked to the metastatic potential of SN12C renal
cell carcinoma clones by using 2-DE in the narrow range of
pH 4.0-7.0. From 200 to 350 spots were visualized on the 2-DE
gels, but only one GLO1 spot was significantly increased in
the high metastatic clones and decreased in the low metastatic
clone compared with parental SN12C. The increase of GLOI1
was confirmed in high metastatic SN12C clones and addition-
ally in metastatic scirrhous gastric cancer cell lines. Further
studies are required to clarify the biological significance of
GLOl in the metastatic potential of these cell lines. The type
of post-translational modification that occurred in the GLOI1
isoforms and the difference between these isoforms need to
be examined. In addition, we need to assess the correlation
between GLOI and other metastasis-related factors, including
UCH-L1.
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