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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. H202 but not O~- produced by the 
X/XOD reaction was responsible for the cytotoxity, 
thus we used H202 as ROS stress thereafter. The H202- 
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, c~-Cyano-4-hydroxycinnamate, a specific 
inhibitor of + the H -monocarbohydrate transporter, 
increased the H202-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. 

Keyzoords: Hydrogen peroxide, scavenger, pyruvate, 
c~-cyano-4-hydroxycinnamate, cell death, 
malignant lymphoma 

INTRODUCTION 

From the pathoepidemiological  studies on the 

two types of B cell malignant  lymphomas ,  lym- 

p h o m a  of thyroid developing in Hash imoto ' s  

thyroiditis I1~ and l y m p h o m a  in chronic pyo-  
thorax patients, ~2"3J we proposed  the concept 

of malignant  l y m p h o m a  developing in chro- 

nic inflammation, llJ Malignant  l y m p h o m a  of 

mucosa-associated lymphoid  tissue (MALT) 
is also included in this category, I4~ in that 

* Corresponding author. Tel.: +81-6-6879-3710. Fax: +81-6-6879-3713. E-mail: aozasa@molpath.med.osaka-u.ac.jp. 
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46 H. MIWA et al. 

Helicobacter pytor i - induced follicular gastritis pre- 
disposes to gastric lymphoma. [5] In the inflam- 
matory lesions, reactive oxygen species (ROS) 
released from polymorphonuclear leukocytes and 
macrophages might exert a genotoxic effect on 
cells, [61 thus could be carcinogenic. [7'8] Indeed 
previous studies have shown that ROS can cause 
DNA strand breaks I91 and chromosomal altera- 
tions [1°1 in resting peripheral blood lymphocytes 
or phytohemagglutinin-stimulated lymphocytes. 
Cytokines secreted by inflammatory cells also 
have growth promotional effects. [11'12] 

Alternatively ROS are cytotoxic agents and can 
induce apoptotic cell death, which is inhibited by 
the bcl-2 family of apoptosis regulatory genes. [131 
Using xanthine(X)/xanthine oxidase (XOD) sys- 
tem for generation of ROS, [14] 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. [12"15"16] 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 H202 in the cell free system. These 
findings might suggest the presence of some 
agents which protect LCL cells from apoptosis 
via reducing H202. Several anti-oxidant enzymes 
such as catalase and glutathione peroxidase and 
low molecular weight compounds such as glu- 
tathione, uric acid, [171 pyruvate, [18'~91 and bili- 
rubin [2°] are known to scavenge H202. But little 
is known about anti-oxidant enzymes and sca- 
vengers in human lymphoid cells. In this study, 
we demonstrated the emergence of the H202- 
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~tg/mL strepto- 
mycin, and I mM glutamine, in a humidified 
atmosphere with 95% air, and 5% CO2 at 37°C. 
Cells, washed twice with RPM11640 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 105 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 D N A  Ladder 

The DNA ladder in X/XOD-treated cells was 
determined by the method described by Sellins 
and Cohen [21] 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 260 nm, 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 RPM11640 medium were added to culture 
at 200 ~tM and indicated units, respectively. H202 
(Mitsubishi Gasu Kagaku Inc., Tokyo, Japan) 
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PYRUVATE PROTECTS AGAINST LYMPHOID CELL DEATH 47 

and sodium pyruvate (Sigma) dissolved in 
PBS and sterilized deionized water, respec- 
tively, were used for experiments. ~-Cyano-4- 
hydroxycinnamate (Sigma) was dissolved in 
dimethylsulfoxide, superoxide dismutase from 
bovine erythrocytes (4100 U / m g  protein) (SOD, 
Sigma) in PBS, and catalase from bovine liver 
(11,000U/mg protein) (Sigma) and lipopolysac- 
charide (Sigma) in sterilized deionized water. 
Human recombinant IL-6 and human IFN ~y 
were kindly provided by Ajinomoto Co. (Tokyo, 
Japan) and Ohtsuka Pharmaceutical Co. (Tokyo, 
Japan), respectively. IL-6 and IFN 7 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-diphenyltetrazolium bro- 

[112v] mide (MTT) assay as previously described. ' 

Determination of H202 

The concentration of H 2 0 2  w a s  estimated with 
a colorimetric assay using ferrous ammonium 
sulphate. L23I Briefly, 200 btL of 4% trichloroacetic 
acid (TCA) was added to 200btL sample. The 
supernatant was obtained after centrifugation 
at 3000g, and 40 btL of 10raM FeSO4(NH4)2SO 4 
solution was added to 200 btL of supernatant and 
mixed. Then 16 ~tL 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 H202-Scavenging Activity 

For assay of the H202-scavenging activity, 100 btL 
of 280 ~tM H 2 0 2  solution was added to 100 btL of 
sample and the mixture was incubated at 37°C 
for 2 h. Then 200 I~L 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 2 0 2  . The initial amount 
of H 2 0 2  w a s  determined by measuring the reac- 
tion mixture containing the medium and TCA 
prior to incubation. The background level of 
H202 was obtained by assay of the reaction 
mixture prepared with PBS without addition of 
H202 solution. 

Assay of Pyruvate 

The concentration of pyruvate in extracellular 
medium and cell lysate was estimated with a 
colorimetric assay l~sl using LDH (Boehringer 
Mannheim, GmbH, Germany) and NADH 
(Oriental Yeast Co., LTD, Tokyo, Japan). Briefly, 
5U of LDH, 100 ~tM of NADH, and 1001~L of 
sample in I mL potassium phosphate buffer 
(100 raM, pH 7.4) were incubated at 37°C. The 
decrease of fluorescence of NADH (excitation, 
340nm; emission, 460 nm) 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), 
IATRO 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 LDs0 of 
H 2 0 2  for cell lines cultured in the presence or 
absence of post culture medium, and differences 
in the H202-scavenging activity of the medium 
from cell lines cultured between in the presence 
and absence of i mM c~-cyano-4-hydroxycinna- 
mate were evaluated using Two group t-test: 
Paired. 
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The H2Oz-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 - 8 h  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, [241 a specific inhibitor of XOD, with 
concentration of more than 50 #M, completely 
suppressed cell death, indicating that ROS was 
produced by X/XOD. It has been reported that 
two ROS, 02 and H 2 0 2 ,  a r e  produced in X/XOD 
system. [141 The production rate of H 2 0  2 in our 
system was 30+1~tM/h, when 200~tM of X 
and 4 m U / m L  of XOD were used. Effects of 
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FIGURE 1 Correlat ion be tween  cell viability ( t rypan b lue  
assay) and  MTT assay; 4.5 x 104 LCL cells were seeded  in a 
well of 96-well t issue culture plate in a 150 ~tL of m e d i u m  
in the  presence of 200 ~tM of X and  XOD (at indicated con- 
centration). After  24 h incubation,  an  al iquot of cul ture was  
subjected to t rypan  blue assay  and  the  m e a n  va lue  of four  
counts  f rom i n d e p e n d e n t  wells  was  presen ted  wi th  SD 
(©). For MTT assay, a 50 ~tL of MTT solut ion was  a d d e d  to 
each well  and  the  cells were fur ther  incubated  for 4 h. The 
m e a n  absorbance  value  of quadrupl ica te  wells was  indi- 
cated wi th  SD (@). 

elimination of 02 by SOD and H 2 0  2 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 
125 U/mL reduced H202 from 140 ~tM to unde- 
tectable level (less than 10 ~tM) after incubation 
at 37°C for 2h. Alternatively addition of H202 
instead of X/XOD in LCL culture induced cell 
death in a dose-dependent manner (Figure 2B). 
These findings indicated that H 2 0  2 but not O~- 
was responsible for the cytotoxicity. Thus in 
the following studies, we used H 2 0 2  instead of 
X/XOD as ROS stress. 

Cell death induced by either X/XOD 
(Figure 2A) or H202 (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 × 105 
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 5 min, and used for the 
experiment. As shown in Table I, LD~0 of H202 
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 H202 B; in LCL cell culture, and the 
H202-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 BM 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 (O) or post culture medium (0)  in the 
presence of H202 at indicated concentrations. Twenty-four 
hours after culture starting, cell viability was measured by 
MTTassay. Means of duplicate assay.(C) Post culture medium 
was diluted with PBS at indicated extents and incubated 
with 140 pM H202 at 37°C for 2 h. Residual H202 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 
LD50 of H202 (~tM)* for four lymphoid cell lines 

Cell line Supplement of Ratio P-value 
post culture medium 

No Yes 

LCL 17 i 5 65 9-13 3.9 0.024 
Raji 16 ±4  574-10 3.6 0.008 
BJAB 13 ± 2 22 4:5 1.7 0.052 
Jurkat 31 ± 8 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 H202 in a dose-dependent manner 
(Figure 2C). This H2Oa-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 2 0  2 

amount was maintained even 24 h after incuba- 
tion at 37°C. The increased LD50 of H 2 0 2  must 
result from the HaO2-scavenging activity of 
post culture medium. We tentatively defined the 
activity as unit: one unit being the activity of 
eliminating 14 nmol H202 within 2 h of incuba- 
tion at 37°C. 

Time Course of the H202-Scavenging 
Activity of the Medium in Culture 

The extracellular media of four cell lines were 
daily prepared for 7 days and their H202-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 H202-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 H202-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 
2.0 x 105 cells/mL. An aliquot of cultures was obtained daily and prepared for measurements of cell density (O) and the 
H202-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 H202-scavenging activity of extracellular 
medium in LCL cells. 

Identification of the H202-Scavenging 
Substance 

The H202-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 H202-scavenging substance was 
stable to heat and acid, thus not an enzyme, a 
low molecular-mass scavenger. 

The concentrations of glutathione, uric acid, [18] 
pyruvate, [19'2°1 and bilirubin I2~1 in the medium 

were measured before and after cell culture 
(Table II). Changes of concentration were 
observed in pyruvate and uric acid. The H202- 

scavenging activity of these substances was 
determined as follows: (1) uricase treatment did 
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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 (gM)* 

Fresh medium Day 4 culture medium 

Pyruvate 64 820 
Uric acid < 0.7 1.5 
Bilirubin < 0.5 < 0.5 

*Means of duplicate assay. 

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

Cell line Pyruvate concentration* 

Medium (~M) Cells (nmol/107 cells) 

LCL 520 28 
Raji 225 18 
BJAB 215 29 
Jurkat 180 13 

*Means of duplicate assay. 
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FIGURE 4 Effects of treatment of post culture medium 
from LCL cell culture with LDH and NADH on the H202- 
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 lh, the mixture was boiled for 5rain. The residual 
H202-scavenging activity was measured. Means of triplicate 
assay with SD. 

not reduce the activity, (2) addit ion of either glu- 

tathione up  to 50 mM or uric acid up  to 50 ~tM in 

fresh med ium did not raise the H202-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 pyruva te  from post 

culture med ium by LDH and N A D H  brought  

about  over 80% loss of the activity (Figure 4). 

Though LDH alone did not affect the H202- 
scavenging activity of post culture medium,  

N A D H  alone brought  about  the activity loss 

to the same extent as obtained by LDH and 

NADH.  When  the med ium 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 med ium 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 

med ium from Raji, BJAB and Jurkat cells with 

LDH and N A D H  also removed the H202-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 

H20  2 concentration (Figure 5A), and suppressed 
cell death in a dose-dependent  manner  in Jurkat 

cell culture (Figure 5B). As a summary,  pyruva te  

secreted rapidly from cells and accumulated in 

the extracellular med ium was responsible for the 

H202-scavenging activity: 250 pM pyruvate  was 
equivalent to one unit of the H202-scavenging 

activity in this study. 

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

In order to elucidate the accumulat ion mecha- 
nism of pyruva te  in the culture medium,  

several experiments were performed.  Catalase 
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FIGURE 5A and B 

FIGURE 5 The H202-scavenging activity of pyruvate (A), 
and its cytoprotective activity against H202 in Jurkat cell 
culture (B). A; Pyruvate at indicated concentrations was 
incubated at 37°C for 2 h with 140 gM of H202. The residual 
H202 was determined. Means of duplicate assay. B; Jurkat 
cells were cultured in the medium containing 140gM of 
H202 and pyruvate at indicated concentrations. Twenty- 
four hours after culture, cell viability was measured by 
MTT assay. Means of quadruplicate assay with SD. 

w a s  r e p o r t e d  to e l eva t e  the  p y r u v a t e  c o n c e n t r a -  

t ion  in  the  m e d i u m  of  s e v e r a l  cel l  l ines  v ia  

e l i m i n a t i o n  of  the  e n d o g e n o u s  H202  p r o d u c e d  

b y  cells.  L18] A d d i t i o n  of ca ta l a se  at  1 0 0 0 U / m L  

in c u l t u r e  of  f o u r  l y m p h o i d  cell  l i nes  d i d  n o t  

c h a n g e  the  H 2 0 2 - s c a v e n g i n g  ac t i v i t y  a f te r  48 h. 

N e i t h e r  l i p o p o l y s a c c h a r i d e  at  10 g g / p L ,  IL-6 at  

FIGURE 6 Dose effects of c~-cyano-4-hydroxycinnamate on 
the H202-scavenging activity in post culture medium from 
Jurkat cell culture. Jurkat cells were cultured in the pres- 
ence of c~-cyano-4-hydroxycinnamate at indicated concentra- 
tions. Forty-eight hours after culture starting, post culture 
medium was prepared for measurement of the H202- 
scavenging activity. Means of triplicate assay with SD. 

TABLE IV Effects of c~-cyano-4-hydroxycinnamate on the 
H202-scavenging activity (U)* in culture medium from four 
lymphoid cell lines 

Cell line Treatment with (~-cyano- Ratio P-value 
4-hydroxycinnamate 

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 2.26 ± 0.04 2.49 0.001 

*Means of triplicate assay with SD. 

1 0 0 U / m L ,  n o r  I F N  ~/a t  1 0 0 U / m L  c h a n g e d  the  

act ivi ty.  O n  the  c o n t r a r y  c~-cyano-4 -hydroxyc in -  

n a m a t e ,  a spec i f ic  i n h i b i t o r  of  the  H + - m o n o c a r  - 

b o h y d r a t e  t r a n s p o r t e r  (MCT) ,  [25"26] i n c r e a s e d  the  

H 2 0  2 s c a v e n g i n g  a c t i v i t y  in the  c u l t u r e  m e d i u m  

48 h af te r  in  Ju rka t  cell  c u l t u r e  in  a d o s e - d e p e n -  

d e n t  m a n n e r  ( F i g u r e  6). This  effect  of  c~-cyano-4- 

h y d r o x y c i n n a m a t e  w a s  a lso  o b s e r v e d  in  t he  

m e d i a  f rom o t h e r  t h r ee  cell  l ines ,  t h o u g h  the  

i n c r e a s i n g  d e g r e e s  w e r e  v a r i a b l e  a m o n g  cel l  

l ines ,  w i t h  the  h i g h e s t  i n c r e a s e  in  J u r k a t  ce l ls  

(2.1 t imes  h i g h e r  t h a n  tha t  in LCL cells) (Table  IV).  

Cel l  g r o w t h  a n d  v i a b i l i t y  w e r e  no t  a f fec ted  
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by I mM o~-cyano-4-hydroxycinnamate. In this 
experiment, concentration of pyruvate could 
not be determined because of the presence of 
o~-cyano-4-hydroxycinnamate, which has intrin- 
sic fluorescence and affects the colorimetric 
assay. However the combined findings that 
~-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 
~-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 ~-cyano- 
4-hydroxycinnamate among cell lines suggested 
differences in MCT types among cell lines. 

D I S C U S S I O N  

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. [9"~°1 ROS are also cytotoxic agents 
and can induce apoptotic and necrotic cell 
death, [19] 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 H202 and forms 
acetate, carbon dioxide and water, [27] therefore 
having the H202-scavenging activity. Indeed 
cytoprotective activity of pyruvate against H202 

in renal cells, [28] heart muscle, [291 neuron[30] and 
lymphocyte [191 has been reported. Secretion of 
pyruvate and its cytoprotective activity in seve- 
ral mammalian cell lines was also reported by 
O'Donnell et al. L181 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 (180-800~tM at plateau with 2.0x105 
cells/mL) were much higher than those reported 
by O'Donnell et al. [18] on human cell lines derived 
from fibroblasts and breast adenocarcinoma or 
mouse cell lines derived from mastocytoma and 
connective tissue (60.4-149.9~tM with 2.5 x 106 
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 /o r  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-fl-induced apop- 
tosis of human hepatoma cells is suppressed by 
carboxyfullerene, a novel free radical scaven- 
ger. ~311 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. [32] 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 "7 
did not affect the H202-scavenging activity of 
post culture medium from all cell lines, indicating 
that these mediators might not be involved in 
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the accumula t ion  m e c h a n i s m  of pyruvate .  On 
the other hand,  c~-cyano-4-hydroxycinnamate 
increased the H202-scavenging activity which  
was  r emoved  by  the t rea tment  wi th  LDH and 
N A D H ,  suggest ing that  c~-cyano-4-hydroxycin- 
nama te  increases py ruva t e  concentrat ion in the 
m e d i u m  via inhibition of re -uptake  of py ruva te  
by  cul tured cells f rom media .  Meanwhi le  a rapid  
decrease of py ruva te  concentrat ion in the me-  
d i u m  of Raji and BJAB cells dur ing  the long te rm 
culture migh t  be due  to py ruva t e  re-uptake  by  
cul tured cells f rom the media .  It is we l l -known 
that t ranspor t  of py ruva t e  is med ia t ed  by  MCTs. 
MCT1 is firstly cloned f rom Chinese hamste r  
ova ry  cell, [33l and  subsequent ly  its homologues  

were  cloned and sequenced f rom h u m a n  fibro- 
blast  genomic  library, 1341 rat  small  intestinal 
cDNA library, I351 and  mouse  Ehrlich Lettre t u m o r  

cells. [361 A second MCT, t e rmed  as MCT2, was 
isolated f rom a Syrian hams te r  l iver library, E371 

and its homologues  were  cloned and  sequenced 
f rom h u m a n  liver cDNA library I381 and  rat 

testis, [391 and its expression was  repor ted  in the 

several  h u m a n  cancer cell lines including Raji 
cells. [381 MCT2 has a higher  affinity for py ruva t e  

than MCT1 and shows different t issue distribu- 
tion f rom MCT1. Egsl Recently the third MCT, 

MCT3, was  isolated f rom chicken retinal p igmen t  
epi thel ium. I4°l Differences in response  to cinna- 

ma te  observed  in four  cell lines migh t  be due  to 
differences in MCT type used. 

O 'Donne l l  et al. [181 repor ted  that addi t ion of 

catalase in culture of a m a s t o c y t o m a  cell line 
enhanced pyruva te  accumula t ion  in the m e d i u m  
at 1.5 times, suggest ing that  endogenous  H 2 0  2 
p roduced  by  cul tured cells could be  el iminated 
by  catalase. In this study, however ,  addi t ion of 
catalase did not change py ruva t e  concentration,  
suggest ing that  the secretion level of H 2 0  2 f rom 
lympho id  cell lines might  be lower  than that 
f rom a mas tocy toma  cell line, 

In conclusion, the present  s tudy  showed  
the ant i-apoptot ic  effect of py ruva t e  p roduced  

by  l ympho i d  cell lines via scavenging H202. 

Therefore  l ympho id  cells in i n f l ammato ry  foci 
could surv ive  even unde r  influence of lowered  
level of ROS, which  makes  the accumula t ion  of 
l ympho id  cells wi th  D N A  d a m a g e  possible.  
This migh t  p rov ide  a basis for l y m p h o m a  devel-  
o p m e n t  in i n f l ammato ry  foci. 
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