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Reactive oxygen species (ROS) released from poly-
morphonuclear leukocytes and macrophages could
cause DNA damage, but also induce cell death. There-
fore inhibition of cell death must be an important issue
for accumulation of genetic changes in lymphoid cells
in inflammatory foci. Scavengers in the post culture
medium of four lymphoid cell lines, lymphoblastoid
cell lines (LCL), Raji, BJAB and Jurkat cells, were
examined. Over 80% of cultured cells showed cell
death 24 h after xanthine (X)/xanthine oxidase (XOD)
treatment, which was suppressed by addition of post
culture medium from four cell lines in a dose-depen-
dent manner. H,O, but not O}~ produced by the
X/XOD reaction was responsible for the cytotoxity,
thus we used H,0O, as ROS stress thereafter. The H,O,-
scavenging activity of post culture media from four cell
lines increased rapidly at the first day and continued to
increase in the following 2-3 days for LCL, Raji and
BJAB cells. The scavenging substance was shown to be
pyruvate, with various concentrations in the cultured
medium among cell lines. Over 99% of total pyruvate
was present in the extracellular media and less than
1% in cells. a-Cyano-4-hydroxycinnamate, a specific
inhibitor of the H*-monocarbohydrate transporter,
increased the H,O,-scavenging activity in the media
from all four cell lines via inhibition of pyruvate

re-uptake by cultured cells from the media. These
findings suggest that lymphoid cells in inflammatory
foci could survive even under ROS by producing
pyruvate, so that accumulation of lymphoid cells
with DNA damage is possible.

Keywords: Hydrogen peroxide, scavenger, pyruvate,
a-cyano-4-hydroxycinnamate, cell death,
malignant lymphoma

INTRODUCTION

From the pathoepidemiological studies on the
two types of B cell malignant lymphomas, lym-
phoma of thyroid developing in Hashimoto’s
thyroiditis""! and lymphoma in chronic pyo-
thorax patients,'™® we proposed the concept
of malignant lymphoma developing in chro-
nic inflammation."!” Malignant lymphoma of
mucosa-associated lymphoid tissue (MALT)
is also included in this category,® in that
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Helicobacter pylori-induced follicular gastritis pre-
disposes to gastric lymphoma.”™ In the inflam-
matory lesions, reactive oxygen species (ROS)
released from polymorphonuclear leukocytesand
macrophages might exert a genotoxic effect on
cells,'” thus could be carcinogenic.”?* Indeed
previous studies have shown that ROS can cause
DNA strand breaks'®! and chromosomal altera-
tions''? in resting peripheral blood lymphocytes
or phytohemagglutinin-stimulated lymphocytes.
Cytokines secreted by inflammatory cells also
have growth promotional effects."'?!

Alternatively ROS are cytotoxic agents and can
induce apoptotic cell death, which is inhibited by
the bcl-2 family of apoptosis regulatory genes.!"!
Using xanthine(X)/xanthine oxidase (XOD) sys-
tem for generation of ROS,**! we recently showed
that pretreatment with IL-6 protected LCL cells
from cell death (submitted for publication). IL-6
is also supposed to be secreted in inflammatory
foci.">1511 In the course of that study, we
noticed that extracellular medium of LCL cells
protected lymphoid cells from cell death which
was independent of IL-6 treatment. This medium
also reduced H,O; in the cell free system. These
findings might suggest the presence of some
agents which protect LCL cells from apoptosis
via reducing H,O,. Several anti-oxidant enzymes
such as catalase and glutathione peroxidase and
low molecular weight compounds such as glu-
tathione, uric acid}m pyruvate,[w’]‘gl and bili-
rubin®® are known to scavenge H,O,. But little
is known about anti-oxidant enzymes and sca-
vengers in human lymphoid cells. In this study,
we demonstrated the emergence of the H,O,-
scavenging activity of extracellular medium
from all four lymphoid cell lines examined and
identified it as pyruvate.

MATERIALS AND METHODS

Cell Culture

LCLs were established from peripheral blood
lymphocytes of healthy adults by infection with

Epstein—Barr virus (EBV). Other human lym-
phoid cell lines, Raji, BJAB, and Jurkat cells were
obtained from the Japanese Cancer Research
Resources Bank. Cells were cultured in RPMI
1640 medium (Nissui, Tokyo, Japan) supple-
mented with 10% heat-inactivated fetal calf
serum (FCS, BioWhittaker, Walkersville, MD),
100U/mL penicillin, and 100 pg/mL strepto-
mycin, and 1mM glutamine, in a humidified
atmosphere with 95% air, and 5% CO, at 37°C.
Cells, washed twice with RPMI 1640 medium and
collected by centrifugation at 400g for 5 min, were
suspended in fresh medium, counted in a hemo-
cytometer after treatment with trypan blue, and
seeded at a density of, usually, 2.0 x 10% cells/mL.
At various elapsed time after cultivation, extra-
cellular medium was obtained by centrifugation
at 400g for 5min and kept at —20°C until use.
Cells were collected by centrifugation at 3000g
for 5 min, washed twice with phosphate buffered
saline (PBS), and kept at —80°C until use.

Detection of DNA Ladder

The DNA ladder in X/XOD-treated cells was
determined by the method described by Sellins
and Cohen" with some modification. Briefly, the
cell pellet was lysed with lysing buffer
(10mM Tris, 10mM EDTA, pH 7.5) containing
0.5% Triton X-100, and the lysates were centri-
fuged. The supernatant, containing fragmented
DNA, was incubated with RNase A, and further
incubated with proteinase K. DNA was quanti-
fied by measuring OD at 260nm, and electro-
phoresed in 1.5% agarose gel and visualized on
an ultraviolet transilluminator after stained with
ethidium bromide.

Preparation and Treatment of Each Reagent

X (ICN biochemical Inc., Aurora, OH) dissolved
in PBS and XOD (Sigma Chemical Co., St. Louis,
MO) in RPMI 1640 medium were added to culture
at 200 uM and indicated units, respectively. H,O,
(Mitsubishi Gasu Kagaku Inc., Tokyo, Japan)
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and sodium pyruvate (Sigma) dissolved in
PBS and sterilized deionized water, respec-
tively, were used for experiments. a-Cyano-4-
hydroxycinnamate (Sigma) was dissolved in
dimethylsulfoxide, superoxide dismutase from
bovine erythrocytes (4100 U/mg protein) (SOD,
Sigma) in PBS, and catalase from bovine liver
(11,000 U/mg protein) (Sigma) and lipopolysac-
charide (Sigma) in sterilized deionized water.
Human recombinant IL-6 and human IFN ~
were kindly provided by Ajinomoto Co. (Tokyo,
Japan) and Ohtsuka Pharmaceutical Co. (Tokyo,
Japan), respectively. IL-6 and IFN ~ were dis-
solved in RPMI 1640 medium and PBS, respec-
tively. The prepared solutions containing each
reagent with a volume of less than 10% of total
culture medium were added to culture. As
controls, the same volume of solvent without
reagent was used. After incubation for the indi-
cated time, extracellular medium and cells were
prepared as described above. Cell viability was
estimated with trypan blue assay or 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazoliuum bro-
mide (MTT) assay as previously described.!*?

Determination of H,O,

The concentration of H,O, was estimated with
a colorimetric assay using ferrous ammonium
sulphate.!”®! Briefly, 200 uL of 4% trichloroacetic
acid (TCA) was added to 200puL sample. The
supernatant was obtained after centrifugation
at 3000¢, and 40pL of 10mM FeSO,(NH,4),SO,
solution was added to 200 pL of supernatant and
mixed. Then 16 uL. of 3.0 M NaSCN solution was
added and mixed, kept for 10 min at room tem-
perature, and absorbance at 480 nm was read.

Assay of the H,0,-Scavenging Activity

For assay of the H,O,-scavenging activity, 100 uL.
of 280 uM H,0O, solution was added to 100 uL. of
sample and the mixture was incubated at 37°C
for 2 h. Then 200 pL of ice-cold TCA was added to
stop the reaction and cooled on ice for 20 min.

After centrifugation at 3000g at 4°C, the super-
natant was assayed for H,O,. The initial amount
of H,O, was determined by measuring the reac-
tion mixture containing the medium and TCA
prior to incubation. The background level of
H,0, was obtained by assay of the reaction
mixture prepared with PBS without addition of
H,0, solution.

Assay of Pyruvate

The concentration of pyruvate in extracellular
medium and cell lysate was estimated with a
colorimetric assay''® using LDH (Boehringer
Mannheim, GmbH, Germany) and NADH
(Oriental Yeast Co., LTD, Tokyo, Japan). Briefly,
5U of LDH, 100uM of NADH, and 100 pL. of
sample in 1mL potassium phosphate buffer
(100 mM, pH 7.4) were incubated at 37°C. The
decrease of fluorescence of NADH (excitation,
340nm; emission, 460nm) was followed by a
Hitachi F-2000 fluoresence spectrophotometer.

Assay of Uric Acid, Bilirubin, and LDH

The concentrations of uric acid, bilirubin, and
LDH in extracellular medium were determined
using commercial kits, COBAS INTEGRA Uric
Acid (Roche Diagnostics K.K. Tokyo, Japan),
JIATRO D-BIL (Iatron Laboratories, Inc. Tokyo,
Japan), and L-Type-Wako-LDH (Wako Pure
Chemical Indusries, Ltd. Osaka, Japan), respec-
tively. For determination of uric acid, the media
were lyophilized and dissolved in a small volume
of sMQ before assay.

Statistical Analysis

Statistical significances of differences in LDsq of
H,0; for cell lines cultured in the presence or
absence of post culture medium, and differences
in the H»O,-scavenging activity of the medium
from cell lines cultured between in the presence
and absence of 1 mM «-cyano-4-hydroxycinna-
mate were evaluated using Two group t-test:
Paired.
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RESULTS

The H,0,-Scavenging Activity in the
Medium of LCL Cells

Twenty-four hours after X/XOD treatment, cell
death began in a dose-dependent manner. A
parallel relationship was observed between try-
pan blue assay and MTT assay (Figure 1). Elec-
trophoretic analysis of DNA at 4-8h after X/
XOD treatment revealed the occurrence of DNA
laddering, which suggests that this cell death
was partly due to apoptosis. Addition of allo-
purinol,[m a specific inhibitor of XOD, with
concentration of more than 50 uM, completely
suppressed cell death, indicating that ROS was
produced by X/XOD. It has been reported that
two ROS, O3~ and H,0,, are produced in X/XOD
system.™ The production rate of H,O, in our
system was 30+1uM/h, when 200uM of X
and 4mU/mL of XOD were used. Effects of
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FIGURE 1 Correlation between cell viability (trypan blue
assay) and MTT assay; 4.5 x 10* LCL cells were seeded in a
well of 96-well tissue culture plate in a 150 uL of medium
in the presence of 200 uM of X and XOD (at indicated con-
centration). After 24 h incubation, an aliquot of culture was
subjected to trypan blue assay and the mean value of four
counts from independent wells was presented with SD
(O). For MTT assay, a 50 uL of MTT solution was added to
each well and the cells were further incubated for 4h. The
mean absorbance value of quadruplicate wells was indi-
cated with SD (@).

elimination of O by SOD and H,O, by cata-
lase were examined. SOD up to 1000U/mL in
the culture of LCL cells could not suppress
X/XOD-mediated cell death. In the cell free
system, catalase with concentration higher than
125U/mL reduced H,O, from 140 uM to unde-
tectable level (less than 10 uM) after incubation
at 37°C for 2h. Alternatively addition of H;O,
instead of X/XOD in LCL culture induced cell
death in a dose-dependent manner (Figure 2B).
These findings indicated that H,O, but not O3~
was responsible for the cytotoxicity. Thus in
the following studies, we used H,O, instead of
X/XOD as ROS stress.

Cell death induced by either X/XOD
(Figure 2A) or H,O, (Figure 2B) was suppres-
sed by adding the post culture medium in a dose-
dependent manner. The post culture medium
used was prepared as follows: LCL cells were
started to cultivate at a density of 2.0 x 10°
cells/mL in RPMI 1640 medium supplemented
with 10% heat-inactivated fetal calf serum. At
Day 4, extracellular medium was obtained by
centrifugation at 400g for 5min, and used for the
experiment. As shown in Table I, LDsq of H,O,
for all four cell lines increased by adding an
equal amount of Day 2 culture medium to fresh
medium, although the increases were variable
among cell lines, with the highest increase in
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FIGURE 2B and C

FIGURE 2 Cytoprotective activity of post culture medium
against X/XOD A; and H,O, B; in LCL cell culture, and the
H,0Os-scavenging activity of post culture medium C. Post cul-
ture medium was prepared from the LCL cell culture on Day
4. (A) LCL cells were cultured in the medium supplemented
with post culture medium at indicated extents in the presence
of 200 uM xanthine and 4 mU/mL XOD, respectively. Twenty-
four hours after culture starting, cell viability was measured
by MTT assay. Relative cell viability was expressed as percen-
tage to a X/XOD free control. Means of duplicate assay. (B)
LCL cells were cultured in the medium supplemented at 50%
with fresh medium (Q) or post culture medium (@) in the
presence of H,O, at indicated concentrations. Twenty-four
hours after culture starting, cell viability was measured by
MTT assay. Means of duplicate assay.(C) Post culture medium
was diluted with PBS at indicated extents and incubated
with 140 pM H,0, at 37°C for 2 h. Residual H,O, was deter-
mined with a colorimetric assay using ferrous ammonium
sulphate. Means of duplicate assay.

TABLE I Effect of supplement of post culture medium on
LDsg of H,O, (uM)* for four lymphoid cell lines

Cell line Supplement of Ratio P-value
post culture medium
No Yes
LCL 175 65+13 39 0.024
Raji 16 +4 57 +10 3.6 0.008
BJAB 1342 22+5 1.7 0.052
Jurkat 3148 37+12 1.2 0.097

*Means of triplicate assay for LCL, Raji and BJAB cells, and
quadruplicate assay for Jurkat cells with SD; LCL: lympho-
blastoid cell line.

LCL cells. Day 4 culture medium of LCL cells
removed H;O, in a dose-dependent manner
(Figure 2C). This H,O;-scavenging activity
was dependent on the reaction temperature:
0.22 nmol/min at 0°C and 1.6 nmol/min at 37°C.
In fresh medium, over 90% of the initial H,O,
amount was maintained even 24 h after incuba-
tion at 37°C. The increased LDsy of H,O, must
result from the H,0O,-scavenging activity of
post culture medium. We tentatively defined the
activity as unit: one unit being the activity of
eliminating 14 nmol H,O, within 2 h of incuba-
tion at 37°C.

Time Course of the H,O,-Scavenging
Activity of the Medium in Culture

The extracellular media of four cell lines were
daily prepared for 7 days and their H,O,-scaven-
ging activities were assayed in the cell free sys-
tem. All cell lines grew exponentially by Day 4,
and then cell density decreased (Figure 3). The
emergence of the H,O,-scavenging activity was
observed in all cell lines, though the degrees of
activity were variable among cell lines and with
time elapsed after culture. The activity increased
rapidly at the first day in all cell lines and
continued to increase in the following 2-3 days
for LCL, Raji and BJAB cells. In Jurkat cells, the
activity remained at a low level by Day 7. The
rapid decrease of the activity was observed in
Raji and BJAB cells after reaching the peak,
while the activity in LCL cells remained high
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FIGURE 3 Changes of cell density and the H,O,-scavenging activity in the media from four lymphoid cell lines during
culture for seven days. Culture of four lymphoid cell lines, LCL (A), Raji (B), BJAB (C), and Jurkat cells (D), were started at
2.0x10° cells/mL. An aliquot of cultures was obtained daily and prepared for measurements of cell density (O) and the
H,0,-scavenging activity in the medium (@). Means of duplicate assay.

by Day 7. A positive relationship was observed
between the initial cell density in culture and
the H,Oy-scavenging activity of extracellular
medium in LCL cells.

Identification of the HO,-Scavenging
Substance

The H,O;-scavenging activity of the cultured
medium was preserved after boiling, treatment
with 0.05% trifluoroacetic acid (pH 1), and
treatment with proteinase K. Over 90% of total

activity passed through a dialysis membrane
with a pore size of 3500 Da. These results indi-
cated that the H,O,-scavenging substance was
stable to heat and acid, thus not an enzyme, a
low molecular-mass scavenger.

The concentrations of glutathione, uric acid, ¥
pyruvate,[lg’zm and bilirubin®" in the medium
were measured before and after cell culture
(Table II). Changes of concentration were
observed in pyruvate and uric acid. The HyO,-
scavenging activity of these substances was
determined as follows: (1) uricase treatment did

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/21/11

For personal use only.

PYRUVATE PROTECTS AGAINST LYMPHOID CELL DEATH 51

TABLE II Scavenger concentrations in fresh medium
and Day 4 culture medium from LCL cell culture

Scavenger Concentration of scavenger (pM)*
Fresh medium  Day 4 culture medium

Pyruvate 64 820

Uric acid <07 1.5

Bilirubin <0.5 <05

*Means of duplicate assay.

g B +NADH &LDH
z 100
S 74 + NADH only
B Boiling+NADH
ki O +LDHonly
= 80
o
Q
c
2
& _
> 60
2
}
«
(=]
£ 401
>
c
[}
>
©
(&)
w
= 201
=)
o
w
[+]
o
0

FIGURE 4 Effects of treatment of post culture medium
from LCL cell culture with LDH and NADH on the H,0,-
scavenging activity. Post culture medium was prepared
from LCL cell culture at Day 2. Five mU LDH and 2mM
EDTA were added to the medium. After incubation at 37°C
for 1h, the mixture was boiled for 5min. The residual
H,0y-scavenging activity was measured. Means of triplicate
assay with SD.

not reduce the activity, (2) addition of either glu-
tathione up to 50 mM or uric acid up to 50 uM in
fresh medium did not raise the H,O,-scavenging
activity. These results showed that glutathione,
uric acid, and bilirubin were not the scavengers
in post culture medium. On the other hand,
enzymatic elimination of pyruvate from post
culture medium by LDH and NADH brought
about over 80% loss of the activity (Figure 4).
Though LDH alone did not affect the HO,-
scavenging activity of post culture medium,

TABLE III Pyruvate concentrations in the media and
cells at 48 h in cultures of four lymphoid cell lines

Cell line Pyruvate concentration*
Medium (uM) Cells (nmol /107 cells)

LCL 520 28

Raji 225 18

BJAB 215 29

Jurkat 180 13

*Means of duplicate assay.

NADH alone brought about the activity loss
to the same extent as obtained by LDH and
NADH. When the medium was boiled prior to
treatment with NADH, the activity loss was
limited. These results indicated the presence of
endogenous LDH in the medium. Because the
amount of LDH in the medium did not change
between before and after culture, i.e., 10 U, it must
be derived from fetal calf serum supplemented
to RPMI 1640 medium. Treatment of post culture
medium from Raji, BJAB and Jurkat cells with
LDH and NADH also removed the H,O,-scaven-
ging activity by over 80% of 1 mM pyruvate.

The concentrations of pyruvate in the extra-
cellular media and in cells were measured at 48 h
in culture (Table III). Pyruvate concentrations in
the media were variable among cell lines, but
those in cells were rather similar. Over 99% of total
pyruvate was present in the extracellular media
and less than 1% in cells. Pyruvate lowered the
H,O, concentration (Figure 5A), and suppressed
cell death in a dose-dependent manner in Jurkat
cell culture (Figure 5B). As a summary, pyruvate
secreted rapidly from cells and accumulated in
the extracellular medium was responsible for the
H,0;-scavenging activity: 250 pM pyruvate was
equivalent to one unit of the I,O,-scavenging
activity in this study.

Elevation of the Scavenging Activity in the
Medium by «-Cyano-4-hydroxycinnamate

In order to elucidate the accumulation mecha-
nism of pyruvate in the culture medium,
several experiments were performed. Catalase
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FIGURE 6 Dose effects of a-cyano-4-hydroxycinnamate on
the H,O»-scavenging activity in post culture medium from
Jurkat cell culture. Jurkat cells were cultured in the pres-
ence of a-cyano-4-hydroxycinnamate at indicated concentra-
tions. Forty-eight hours after culture starting, post culture
medium was prepared for measurement of the H,O,-
scavenging activity. Means of triplicate assay with SD.

TABLE IV Effects of a-cyano-4-hydroxycinnamate on the
H>O,-scavenging activity (U)* in culture medium from four
lymphoid cell lines

Cell line Treatment with a-cyano- Ratio  P-value
4-hydroxycinnamate

Viability (% to H, O, free control)

T T
0.001 0.0t 0.1 1

Concentration of pyruvate (mM)

FIGURE 5A and B

No Yes
LCL 1.95+0.06 2.34+0.01 1.20 0.010
Raji 1.86 £0.04 2.50+0.01 1.34 0.001
BJAB 1.87 £0.06 2.30+£0.02 1.23 0.011
Jurkat 0.91+0.07 226 +0.04 2.49 0.001

FIGURE 5

The H,Os-scavenging activity of pyruvate (A),

and its cytoprotective activity against H,O, in Jurkat cell
culture (B). A; Pyruvate at indicated concentrations was
incubated at 37°C for 2h with 140 uM of H»O,. The residual
H,O, was determined. Means of duplicate assay. B; Jurkat
cells were cultured in the medium containing 140 uM of
H>0O, and pyruvate at indicated concentrations. Twenty-
four hours after culture, cell viability was measured by
MTT assay. Means of quadruplicate assay with SD.

was reported to elevate the pyruvate concentra-
tion in the medium of several cell lines via
elimination of the endogenous H,O, produced
by cells."® Addition of catalase at 1000 U/mL
in culture of four lymphoid cell lines did not
change the H,O,-scavenging activity after 48 h.
Neither lipopolysaccharide at 10 pg/pL, IL-6 at

*Means of triplicate assay with SD.

100U/mL, nor IEN « at 100 U/mL changed the
activity. On the contrary a-cyano-4-hydroxycin-
namate, a specific inhibitor of the H*-monocar-
bohydrate transporter (MCT),"?>?® increased the
H,0O; scavenging activity in the culture medium
48 h after in Jurkat cell culture in a dose-depen-
dent manner (Figure 6). This effect of a-cyano-4-
hydroxycinnamate was also observed in the
media from other three cell lines, though the
increasing degrees were variable among cell
lines, with the highest increase in Jurkat cells
(2.1 times higher than thatin LCL cells) (Table V).
Cell growth and viability were not affected
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by 1mM a-cyano-4-hydroxycinnamate. In this
experiment, concentration of pyruvate could
not be determined because of the presence of
a-cyano-4-hydroxycinnamate, which has intrin-
sic fluorescence and affects the colorimetric
assay. However the combined findings that
a-cyano-4-hydroxycinnamate-mediated scaven-
ging activity was stable after boiling and 86%
of its activity was removed by the treatment
with LDH and NADH indicated that the pyru-
vate increased in the media. Considering that
a-cyano-4-hydroxycinnamate inhibits the pyru-
vate transporters, MCTs, this elevation of pyru-
vate in the extracellular media might result from
inhibition of pyruvate re-uptake by cultured cells
from media. Differences in response to a-cyano-
4-hydroxycinnamate among cell lines suggested
differences in MCT types among cell lines.

DISCUSSION

Cell death by apoptosis and necrosis plays a
principal role in tumor development. In chronic
inflammatory foci, ROS produced by polymor-
phonuclear leukocytes and macrophages could
cause DNA damage and contribute to lympho-
magenesis.”’? ROS are also cytotoxic agents
and can induce apoptotic and necrotic cell
death,""® therefore suppression of cell death of
lymphoid cells with DNA damage must be
essential for accumulation of genetical changes.
Recently using the X/XOD system we observed
that ROS cause structural abnormalities of
chromosomes in LCL cells and IL-6 inhibited
ROS-induced cell death of LCL cells through
upregulation of bcl-2 expression (submitted for
publication). The present study showed that
pyruvate produced by lymphoid cell lines pro-
tected cells from ROS.

Pyruvate, a major end-product of glycolysis,
nonenzymatically reacts with H,O, and forms
acetate, carbon dioxide and water,[27] therefore
having the H,0O,-scavenging activity. Indeed
cytoprotective activity of pyruvate against H,O,

in renal cells,®® heart muscle,’® neuron®® and

lymphocyte™® has been reported. Secretion of
pyruvate and its cytoprotective activity in seve-
ral mammalian cell lines was also reported by
O'Donnell et al™ However little is known
about secretion of pyruvate from human lym-
phoid cells. This is the first report demonstrating
that secretion of pyruvate is common in human
lymphoid cell lines. The concentrations of pyru-
vate in post culture media from lymphoid cell
lines (180-800uM at plateau with 2.0 x 10°
cells/mL) were much higher than those reported
by O’Donnell et al.*®! on human cell lines derived
from fibroblasts and breast adenocarcinoma or
mouse cell lines derived from mastocytoma and
connective tissue (60.4-149.9 yM with 2.5 x 10°
cells/mL). The concentrations of pyruvate were
much higher in B cell lines than in T cell lines,
with the highest concentration in EBV-positive B
cell lines. The intracellular concentration of
pyruvate was roughly similar among each cell
line. Thus concentration of pyruvate in the extra-
cellular medium might be regulated through
secretion and/or re-uptake by lymphoid cells,
and EBV infection might accelerate the accumu-
lation of pyruvate in the extracellular medium.

Recently several free radical scavengers have
been reported to protect carcinoma from apopto-
sis by eliminating ROS. TGF-g-induced apop-
tosis of human hepatoma cells is suppressed by
carboxyfullerene, a novel free radical scaven-
ger®Y N-(4-hydroxyphenyl) retinamide enhan-
ces ROS production in cervical carcinoma cells
and causes apoptosis which is suppressed
by pyrrolidine dithiocarbamate, an oxygen radi-
cal scavenger.*? These findings together with the
results from our study suggested that ROS scav-
engers might play an important role in tumor
development through suppressing apoptotic cell
death.

In our experiments, several chemical media-
tors such as lipopolysaccharide, IL-6, and IFN ~
did not affect the H,O,-scavenging activity of
post culture medium from all cell lines, indicating
that these mediators might not be involved in
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the accumulation mechanism of pyruvate. On
the other hand, o-cyano-4-hydroxycinnamate
increased the H,O,-scavenging activity which
was removed by the treatment with LDH and
NADH, suggesting that a-cyano-4-hydroxycin-
namate increases pyruvate concentration in the
medium via inhibition of re-uptake of pyruvate
by cultured cells from media. Meanwhile a rapid
decrease of pyruvate concentration in the me-
dium of Raji and BJAB cells during the long term
culture might be due to pyruvate re-uptake by
cultured cells from the medjia. It is well-known
that transport of pyruvate is mediated by MCTs.
MCT1 is firstly cloned from Chinese hamster
ovary cell,® and subsequently its homologues
were cloned and sequenced from human fibro-
blast genomic library,®* rat small intestinal
¢DNA library,®® and mouse Ehrlich Lettre tumor
cells.®®! A second MCT, termed as MCT2, was
isolated from a Syrian hamster liver library,?”’
and its homologues were cloned and sequenced
from human liver ¢cDNA library"®® and rat
testis,'* and its expression was reported in the
several human cancer cell lines including Raji
cells.®® MCT2 has a higher affinity for pyruvate
than MCT1 and shows different tissue distribu-
tion from MCT1.5®! Recently the third MCT,
MCT3, was isolated from chicken retinal pigment
epithelium.”*”’ Differences in response to cinna-
mate observed in four cell lines might be due to
differences in MCT type used.

O’Donnell et al™® reported that addition of
catalase in culture of a mastocytoma cell line
enhanced pyruvate accumulation in the medium
at 1.5 times, suggesting that endogenous H,O,
produced by cultured cells could be eliminated
by catalase. In this study, however, addition of
catalase did not change pyruvate concentration,
suggesting that the secretion level of H,O, from
lymphoid cell lines might be lower than that
from a mastocytoma cell line.

In conclusion, the present study showed
the anti-apoptotic effect of pyruvate produced
by lymphoid cell lines via scavenging H,O,.

Therefore lymphoid cells in inflammatory foci
could survive even under influence of lowered
level of ROS, which makes the accumulation of
lymphoid cells with DNA damage possible.
This might provide a basis for lymphoma devel-
opment in inflammatory foci.

Acknowledgements

This work was supported in part by a grant
from the Vehicle Racing Commemorative Foun-
dation, grants from the Ministry of Education,
Science and Culture (09670184, (09770148,
10042005, 11670212, 11680546), Japan. We thank
Dr. Yasuhiko Tomita (Department of Pathology,
Osaka University Graduate School of Medicine,
Osaka) for valuable discussion and Dr. Tomofumi
Nagareda (Izumisano Municipal Hospital,
Osaka) for measurement of uric acid, bilirubin,
and LDH.

References

[1]11. Kato, K. Tajima, T. Suchi, K. Aozasa, F. Matsuzuka,
K. Kuma and S. Tominaga (1985) Chronic thyroiditis as
a risk factor of B-cell lymphoma in the thyroid gland.
Japanese Journal of Cancer Research, 76, 1085-1090.

[2] K. Tuchi, A. Ichimiya, A. Akashi, T. Mizuta, Y.-E. Lee,
H. Tada, T. Mori, K. Sawamura, Y.-S. Lee, K. Furuse,
S. Yamamoto and K. Aozasa (1987) Non-Hodgkin’s lym-
phoma of the pleural cavity developing from long-standing
pyothorax. Cancer, 60, 1771-1775.

[3] K. Tuchi, K. Aozasa, S. Yamamoto, T. Mori, K. Tajima,
K. Minato, K. Mukai, H. Komatsu, T. Tagaki, Y. Kobashi,
H. Yamabe and M. Shimoyama (1989) Non-Hodgkin’s
lymphoma of the pleural cavity developing from long-
standing pyothorax. Summary of clinical and patho-
logical findings in thirty-seven cases. Japanese Journal of
Clinical Oncology, 19, 249-257.

[4] K. Aozasa (1992} Malignant l[ymphoma of the mucosa-
associated lymphoid tissue. American Journal of Surgical
Pathology, 16, 90-92.

[51]. Parsonnet, S. Hansen, L. Rodriguez, A.B. Gelb,
R.A. Warnke, E. Jellum, N. Orentreich, J.H. Vogelman
and G.D. Friedman (1994) Helicobacter pylori infection and
gastric lymphoma. New England Journal of Medicine, 330,
1267-1271.

[6] PA. Cerutti and B.F. Trump (1991) Inflammation and
oxidative stress in carcinogenesis. Cancer Cells, 3, 1-7.

[71 R. Zimmerman and P. Cerutti (1984) Active oxygen acts
as a promoter of transformation in mouse embryo
C3H/10T/?/C18 fibroblasts. Proceedings of the National
Academy of Sciences USA, 81, 2085-2087.

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/21/11

For personal use only.

PYRUVATE PROTECTS AGAINST LYMPHOID CELL DEATH 55

[8] S.A. Weitzman, A B. Weitberg, E.P. Clark and T.P. Stossel
(1985) Phagocytes as carcinogens: Malignant transfor-
mation produced by human neutrophils. Science, 227,
1231-1233.

[9] D.A. Carson, S. Seto and D.B. Wasson (1986) Lymphocyte
dysfunction after DNA damage by toxic oxygen species:
A model of immunodeficiency. Journal of Experimental
Medicine, 163, 746-751.

[10] TH. Duell, E. Lengfelder, R. Fink, R. Gijesen and
M. Bauchinger (1995) Effect of activated oxygen species
in human lymphocytes. Mutation Research, 336, 29-38.

[11] H. Kanno, Y. Yasunaga, K. Iuchi, S. Yamauchi, T. Tatekawa,
H. Sugiyama and K. Aozasa (1996) Interleukin-6-medi-
ated growth enhancement of cell lines derived from
pyothorax-associated lymphoma. Laboratory Investigation,
75,167-173.

[12] G. Tosato, J. Tanner, K.D. Jones, M. Revel and S.E. Pike
(1990) Identification of interleukin-6 as an autocrine
growth factor for Epstein-Barr virus-immortalized
B cells. Journal of Virology, 64, 3033-3041.

[13] D.M. Hockenbery, ZM. Oltvai, X.-M. Yin, C.L. Milliman
and S.J. Korsmeyer (1993) Bcl-2 functions in an antiox-
idant pathway to prevent apoptosis. Cell, 75, 241-251.

[14] T. Sofuni and M. Ishidate, Jr. (1984) Induction of chro-
mosomal aberrations in cultured Chinese hamster cells
in a superoxide-generating system. Mutation Research,
140, 27-31.

[15] S. Akira, T. Taga and T. Kishimoto (1993) Interleukin-6 in
biology and medicine. Advances in Immunology, 54, 1-78.

[16] A. Yokoyama, M. Maruyama, M. Ito, N. Kohno,
N. Hiwada and S. Yano (1992) Interleukin 6 activity in
pleural effusion: Its diagnostic value and thrombopoietic
activity. Chest, 102, 1055-1059.

[17] B.N. Ames, R. Cathcart, E. Schwiers and P. Hochstein
(1981) Uric acid provides an antioxidant defense in
humans against oxidant- and radical-caused aging and
cancer: a hypothesis. Proceedings of the National Academy
of Sciences USA, 78, 6858—6861.

[18] ]J. O’Donnell-Tormey, C.F. Nathan, K. Lanks, C.J. DeBoer
and J. de la Harpe (1987) Secretion of pyruvate. An
antioxidant defense of mammalian cells. Journal of
Experimental Medicine, 165, 500-514.

[19] N. Ramakrishnan, R. Chen, D.E. McClain and R. Bunger
(1998) Pyruvate prevents hydrogen peroxide-induced
apoptosis. Free Radical Research, 29, 283-295.

[20] R. Stocker, Y. Yamamoto, A.F. McDonagh, A.N. Glazer
and B.N. Ames (1987) Bilirubin is an antioxidant
of posible physiological importance. Science, 235,
1043-1046.

[21] K.S. Sellins and J.J. Cohen (1987) Gene induction by
v-irradiation leads to DNA fragmentation in lympho-
cytes. Journal of Immunology, 139, 3199-3206.

[22] D.A. Scudiero, R.H. Shoemaker, K.D. Paull, A. Monks,
S. Tierney, TH. Nofziger, M.J. Currens, D. Seniff and
M.R. Boyd (1988) Evaluation of a soluble tetrazolium/
formazan assay for cell growth and drug sensitivity in
culture using human and other tumor cell lines. Cancer
Research, 48, 4827-4833.

[23] A.G. Hildebrandt and I. Roots (1975) Reduced nicotin-
amide adenine dinucleotide phosphate (NADPH)-depen-
dent formation and breakdown of hydrogen peroxide
during mixed function oxidation reactions in liver micro-
somes. Archives of Biochemistry and Biophysics,171,385-397.

[24] ].G. Puig, F.A. Mateos and Y.D. Diaz (1989) Inhibition of
xanthine oxidase by allopurinol: A therapeutic option for
ischaemia induced pathological processes? Annals of the
Rhewmatic Diseases, 48, 883—888.

[25] AP. Halestrap and R.M. Denton (1975) Specific inhib-
ition of pyruvate transport in rat liver mitochondria and
human erythrocytes by a-cyano-4-hydroxycinnamate.
Biochemical Journal, 138, 313-316.

[26] R.C. Poole, A.P. Halestrap, S.J. Price and A.J. Levi (1989)
The kinetics of transport of lactate and pyruvate into
isolated cardiac myocytes from guinea pig. Biochemical
Journal, 264, 409-418.

[27] M.A.E Holleman (1904) Notice I'action de I'’eau oxygénée
sur les acides a-cétoniques et sur dicétones 1.2. Recueil des
travaux chimiques des Pays-Bas et de la Belgique, 23,169-171.

[28] A.K. Salahudeen, E.C. Clark and K.A. Nath (1991)
Hydrogen peroxide-induced renal injury. A protective
role for pyruvate in vitro and in vivo. Journal of Clinical
Investigation, 88, 1886-1893.

[29] L. Cavallini, M. Valente and M.P. Rigbello (1990) The
protective action of pyruvate on recovery of ischemic rat
heart: comparison with other oxidizable substrates.
Journal of Molecular and Cellular Cardiology, 22, 143-154.

[30] D. Solange, G. Jaques and P. Joel (1997) Pyruvate protects
neurons against hydrogen peroxide-induced toxicity.
The Journal of Neuroscience, 17, 9060—9067.

[31] Y.L. Huang, C.K. Shen, T.Y. Luh, H.C. Yang, K.C. Hwang
and C.K. Chou (1998) Blockage of apoptotic signaling of
transforming growth factor-beta in human hepatoma
cells by carboxyfullerene. European Journal of Biochemistry,
254, 38-43.

[32] N. Oridate, S. Suzuki, M. Higuchi, M.FE. Mitchell,
W.K. Hong and R. Lotan (1997) Involvement of reactive
oxygen species in N-(4-hydroxyphenyl) retinamide-
induced apoptosis in cervical carcinoma cells. Journal of
the National Cancer Institute, 89, 1191-1198.

[33] C.K. Garcia, J.L. Goldstein, R.K. Pathak, R.G.W. Anderson
and M.S. Brown (1994) Molecular characterization of a
membrane transporter for lactate, pyruvate, and other
monocarboxylates: Implications for the Cori cycle. Cell,
76, 865-873.

[34] C.K. Garcia, X. Li, J. Luna and U. Francke (1994) cDNA
cloning of the human monocarboxylate transporter 1
and chromosomal localization of the SLC16A1 locus to
1p13.2-p12. Genomics, 23, 500-503.

[35] H. Takanaga, I. Tamai, S. Inaba, Y. Sai, H. Higashida,
H. Yamamoto and A.T.I Tsuji (1995) cDNA cloning and
functional characterization of rat intestinal monocarbox-
ylate transporter. Biochemical and Biophysical Research
Communications, 217, 370-377.

[36] L. Carpenter, R.C. Poole and ADP. Halestrap (1996)
Cloning and sequencing of the monocarboxylate trans-
porter from mouse Ehrlich Lettre tumour cell confirms
its identity as MCT1 and demonstrates that glycosylation
is not required for MCT1 function. Biochimica et Biophysica
Acta, 1279, 157-163.

[371 CK. Garcia, M.S. Brown, RK. Pathak and
J.L.ADD. Goldstein (1995) cDNA cloning of MCT2, a
second monocarboxylate transporter expressed in differ-
ent cells than MCT1. Journal of Biological Chemistry, 270,
1843-1849.

[38] R.Y. Lin, J.C. Vera, R.S. Chaganti and D.W. Golde (1998)
Human Monocarboxylate transporter 2 (MCT?2) is a high

RIGHTS

i,



Free Radic Res Downloaded from informahealthcare.com by Library of Health Sci-Univ of 1l on 11/21/11

For personal use only.

56 H. MIWA et al.

affinity pyruvate transporter. Journal of Biological
Chemistry, 273, 28 959-28 965.

[39] V.N. Jackson, N.T. Price, L. Carpenter and A.P. Halestrap
(1997) Cloning of the monocarboxylate transporter
isoform MCT2 from rat testis provides evidence that
expression in tissues is species-specific and may involve
post-transcriptional regulation. Biochemical Journal, 324,
447-453.

[40] M.C. Wilson, V.N. Jackson, C. Heddle, N.T. Price,
H. Pilegaard, C. Juel, A. Bonen, I. Montgomery,
O.F. Hutter and A.P. Halestrap (1998) Lactic acid efflux
from white skeletal muscle is catalyzed by the mono-
carboxylate transporter isoform MCT3. Journal of
Biological Chemistry, 273, 5920—5926.

RIGHTS

i,



