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ABSTRACT : Reactive oxygen species (ROS) contribute to several cellular functions and are involved in the
regulation of signal transduction, gene expression, and proliferation. In the present study, we investigated
the effect of H,0, treatment on IgM secretion in LPS-stimulated murine B lymphoma, CH12.LX. Cells were
treated directly with H,0, and stimulated with LPS. H,0, treatment during 72 h time period inhibited IgM
secretion in LPS-stimulated CHI12.LX cells in a dose- and time-dependent manners. After treatment with
50 uM H,0, during 72 h time period, the level of IgM in LPS-stimulated CHI2.LX cells was markedly
decreased, whereas cell viability was not significantly changed. Addition of H,0, concomitantly with LPS,
or 12 h post-LPS stimulation, produced a significant inhibition of IgM secretion, whereas inhibitory effect of
H,0, on IgM secretion was not observed when added 24 h after LPS stimulation. These _findings suggest
that H,0, can inhibit the secretion of IgM in LPS-stimulated CH12.LX cells, and may alter the events neces-

sary for terminal B cell differentiation.
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I. INTRODUCTION

Reactive oxygen species (ROS), such as hydrogen
peroxide (H,0,), superoxide, and hydroxyl radical, are
known to play multiple roles in physiological and
pathological states and are constantly produced in
living organisms (Yaar and Gilchrest, 1990; Halliwell
and Gutteridge, 1990). Although excessive generation
of ROS is associated with cell injury in a variety
pathological conditions, it has been known that ROS
also have normal roles as second messengers in sev-
eral signal transduction pathways (Halliwell and Gut-
teridge, 1990; Nakamura et al., 1997; Sundaresan et
al., 1995}. At low concentrations, hydrogen peroxide

* mobilization and activation

is known to induce Ca’
of protein tyrosine kinases, mitogen-activated protein
kinases and transcription factors (Nakamura et al.,
1997; Qin et al., 1997; Suzuki et al., 1996). Protein
tyrosine kinases play crucial roles in a variety of cel-

lular responses, such as cellular activation, prolifera-
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tion, differentiation, and apoptosis (Ullrich and Schles-
singer, 1990). At high concentrations of hydrogen per-
oxide, cells appeared to die through necrosis while
lower concentrations induced apoptosis (Brenneisen
etal., 1997).

It has been reported that B cells are relatively sensi-
tive to HyO, treatment, and high doses of H,O, induce
cell necrosis, whereas low doses of H,0, (10~100 uM)
induce cellular apoptosis in B cells (Gardner et al.,
1997; Lee and Shater, 1997; Lee and Shater, 1999). It
has been reported that Syk protein-tyrosine kinase is
rapidly activated in B cells after treatment with low
doses of H,O, (Qin et al., 1997). Syk plays a crucial
role in B cell receptor (BCR)-mediated signaling (Yamada
et al., 1993). There are growing evidences that upon
BCR-activation, Syk mediates the activation of phos-
pholipase Cy, resulting in the subsequent production
of inositol 1,4,5-triphosphate, thereby inducing an
elevation in intracellular Ca®* (Takata et al., 1994).
These findings suggest that H,O, can modify B cell
differentiation following LPS stimulation.

Here, we have examined whether H,O, is able to
modify the differentiation process triggered by LPS
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stimulation in murine B cell lymphoma. It was found
that H,0, strongly inhibits IgM production in LPS-
stimulated CH12.LX cells. Also, IgM secretion exhib-
ited the greatest inhibition to H,O, during first 24 h
post-LPS stimulation.

II. MATERIALS AND METHODS
1. Chemicals

Hydrogen peroxide (30%) was purchased from Sigma-
Aldrich (St. Louis, MO} and a stock solution was pre-
pared in serum-free RPMI medium. Bovine calf serum
was purchased from HyClone (Logan, UT).

2. Cell culture and treatment

The CH12.LX B cells, derived from the murine
CH12 B cell lymphoma, were grown in RPMI 1640
(GIBCO Lab., Grand Island, NY) supplemented with
heat-inactivated 10% bovine calf serum, 13.5 mM
HEPES, 23.8 mM sodium bicarbonate, 100 U/ml peni-
cillin, 100 pg/ml streptomycin, 2 mM L-glutamine, 0.1
mM non-essential amino acids, 1.0 mM sodium pyru-
vate, and 50 uM B-mercaptoethanol. CH12.LX cells
were cultured in 24 well plates (Costar, Cambridge,
MA) at a density of 2.5x10* cells/well in 1 m! treat-
ment media (growth media as stated above but with
5% bovine calf serum) overnight at 37°C in an atmo-
sphere of 5% CO,. H,0, was directly added to culture
media the day after plating into plate.

3. Cell viability

Cell viability was measured by hemocytometry using
trypan blue exclusion. One volume of trypan blue
(0.4%, Sigma) was added to two volumes of cell sus-
pension harvested from cultures. The cells were ex-
amined by inverted light microscopy. Cell viability
was expressed as fold change from naive.

4. ELISA

Culture’supernatants were harvested at indicated
times from naive or LPS (5 pg/ml)-stimulated CH12.LX
cells that were treated with H,O, or vehicle (serum-
free RPMI medium). Supernatants were analysed for

IsM by sandwich ELISA as previously described
(Sulentic et al., 1998). Briefly, 100 ! of supernatant
or standard (mouse IgM x) were added to wells of a
96 well plate (Immulon 4, Dynex Technologies Inc.,
Chantilly, VA) previously coated with anti-mouse Ig
capture antibody (Roche Molecular Biochemicals, In-
dianapolis, IN), and then incubated at 37°C for 1.5 h.
After the incubation period, the plate was washed
with 0.05% Tween-20 PBS and H,0O. A horseradish
peroxidase-linked anti-mouse IgM detection antibody
was added to the plate and incubated for 1.5h at
37°C. After washing the plate with 0.05% Tween-20
PBS and H,0O, ABTS substrate (Roche Molecular Bio-
chemicals) was added and colorimetric detection was
performed over a 1 h period using an EL808 auto-
mated microplate reader with a 405 nm filter (Bio-
Tek, Winooski, VT). The concentration of total IgM in
the supernatants was calculated using a standard
curve generated from the absorbance readings of
known IgM concentrations.

5. Statistical analysis of data

The meanz*standard deviation was generated for
each treatment group. The statistical difference
between treatment groups and the appropriate con-
trols was determined using a Dunnett’s two-tailed ¢t
test.

III. RESULTS AND DISCUSSION

Bacterial lipopolysaccharide (LPS), a potent stimu-
lant of B cells, induces B cell proliferation and differ-
entiation into antibody secreting cells (Venkataraman
et al., 1999). In a first set of experiments, we studied
IgM secretion pattern in LPS-stimulated CH12.LX
cells. CH12.LX cells were stimulated with LPS (5 pg/
ml). The level of IgM in supernatant was measured at
indicated time periods. Figure 1 shows a time course
of IgM secretion in CH12.LX cells stimulated with
LPS. The level of IgM in supernatant was slightly
increased 24 h after LPS stimulation, but markedly
increased 48 h and 72 h post LPS-stimulation.

To investigate the effect of H,O, treatment on IgM
secretion in LPS-stimulated CH12.LX cells, cells were
treated directly with various concentrations of H,0O,
(10~100 uM) and stimulated with LPS (5 ug/ml). Cul-
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Fig. 1. IgM production of LPS-stimulated CH12.LX cells.
CH12.LX cells were stimulated with LPS (5 pg/ml). Super-
natants were harvested at 0, 24, 48 or 72 h after LPS stimu-
lation and analyzed for IgM by a sandwich ELISA. IgM is
represented on the y-axis as ng/ml. Results represent the
combined mean+S.D. from three separate experiments,
each with an n = 4.
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Fig. 2. The level of IgM in LPS-stimulated CH12.LX cells
after 72 h post-H,0, treatment. CH12.LX cells were stimu-
lated with LPS (5 pg/ml) and treated with H,O, or vehicle
{serum-free medium). Supernatants were harvested at 72 h
post-LPS stimulation and analyzed for IgM by a sandwich
ELISA. The level of IgM was expressed as fold change from
naive. Results represent the combined mean+S.D. from
three separate experiments, each with an n = 4. *, donates
a value significantly different from vehicle at p < 0.05.

ture supernatants were harvested at indicated time
periods after LPS stimulation. The level of IgM in
culture supernatant was measured by a sandwich
ELISA. Figure 2 and Fig. 3 show concentration- and
time-dependent response curve, respectively. As
shown in Fig. 2, the level of IgM was significantly
decreased after H,0, treatment at doses of 50 and
100 uM in LPS-stimulated CH12.LX cells.

To assess whether H,0,-induced inhibition of IgM
secretion in LPS-stimulated CH12.LX cells was due
to cytotoxicity of H,O, to CH12.LX cells, cytotoxic
effects of different concentrations of H,O, were mea-
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Fig. 3. Effect of H,0O, on IgM production in LPS-stimulated
CH12.LX cells. CH12.LX cells were stimulated with LPS
(5 ug/ml) and treated with H,0, (50 uM) or vehicle (serum-
free medium). Supernatants were harvested at 0, 24, 48 or
72 h after LPS stimulation. The level of IgM in supernatant
was analyzed by a sandwich ELISA. Results represent the
combined mean=S.D. from three separate experiments,
each with an n = 4. *, donates a value significantly different
from vehicle at p < 0.05.
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Fig. 4. Cell viability of LPS-stimulated CH12.LX cells after
72 h post-H,0, treatment. CH12.LX cells were stimulated
with LPS (5 ug/ml) and treated with H,O, at various concen-
trations. Cells were harvested at 72 h post-H,O, treatment.
Cell viability was measured by trypan blue exclusion
method. Results represent the combined mean+S.D. from
three separate experiments, each with an n = 4. *, donates
a value significantly different from vehicle at p < 0.05.

sured. CH12.LX cells were incubated with increasing
concentrations of H,O, during 72 h, and cytotoxic
effects were assayed by trypan blue exclusion method.
As shown in Fig, 4, cell viability (fold change from
naive) in a vehicle group, stimulated with LPS but not
treated with H,0,, was 1.31 0.21, which might be due
to increased proliferation in LPS-stimulated CH12.LX
cells. Concentrations of H,0, below 10 uM had no
effect on cell viability over a 72 h time period (Fig. 4).
However, as shown in Fig. 4, cell viability (fold change
from naive) of CH12.LX cells exposed to 100 uM H,O,
was significantly decreased to 0.67 0.17, whereas cell
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viability at 50 uM H,0O, was slightly decreased as
compared to vehicle group, but not significantly dif-
ferent.

As shown in Fig. 2 and Fig. 4, after treatment with
50 uM H,0, during 72 h time period, the level of IgM
in LPS-stimulated CH12.LX cells was markedly de-
creased, whereas cell viability was not significantly
changed. These findings suggest that H,0;-induced
inhibition of IgM secretion in LPS-stimulated CH12.LX
cells is not due to cell death, but partly due to inter-
ference of H,0, in activation processes of LPS-stimu-
lated B lymphoma cells. It is well known that ROS
contribute to several cellular functions and are in-
volved in the regulation of signal transduction, gene
expression, and proliferation (Burdon, 1995).

LPS dramatically increases IgM secretion in CH12.LX
cells at 48 and 72 h post-LPS stimulation (Fig. 1),
while the levels of IgM in the presence of H,O, (50~
100 uM) were significantly decreased (Fig, 2). In time
of addition studies, TCDD had to be added to mouse
splenocyte culture within the first 24 h after antigen
treatment to produce an inhibition of the antibody
forming cell response (Tucker et al., 1986). This crit-
ical time period of sensitivity for H,O,-induced inhibi-
tion of IgM secretion in LPS-stimulated CH12.LX
cells was also observed in our experiments (Fig. 5).
Addition of H,0, concomitantly with LPS, or 12 h
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Fig. 5. Effects of time of addition on inhibition of IgM
secretion in LPS-stimulated CH12.LX cells. CH12.LX cells
were treated with H,O, (50 uM) or vehicle (serum-free me-
dium) at O, 12, or 24 h after LPS stimulation. Supernatants
were harvested at 72 h post-LPS stimulation and analyzed
for 1gM by a sandwich ELISA. Results represent the com-
bined mean+S.D. from three separate experiments, each
with an n = 4. *, donates a value significantly different from
vehicle at p < 0.05.

post-LPS stimulation, produced a significant inhibi-
tion of IgM secretion. However, the inhibitory effect of
H,0, on IgM secretion was not observed when added
24 h after LPS stimulation. These findings suggest
that H,O, may alter the events necessary for terminal
B cell differentiation.

ACKNOWLEDGEMENTS

This project has been carried out under the Nuclear
R&D Program by MOST of Korea.

REFERENCES

Brenneisen, B, Briviba, K., Wlaschek, M., Wenk, J. and
Scharffettter-Kochansk, K. (1997): Hydrogen peroxide
(H,0,) increases the steady-state mRNA levels of colla-
genase/MMP-1 in human dermal fibroblasts, Free
Radic. Biol. Med., 22, 515-524.

Burdon, R.H. (1995): Superoxide and hydrogen peroxide
in relation to mammalian cell proliferation, Free
Radic. Biol. Med., 18, 775-794. '

Gardner, A.M., Xu, FH., Fady, C., Jacoby, EJ., Duffey,
D.C., Tu, U. and Lichtenstein, A. (1997): Apoptotic vs.
nonapoptotic cytotoxicity induced by hydrogen perox-
ide, Free Radic. Biol. Med., 22, 73-83.

Halliwell, B. and Gutteridge, J M. (1990): Role of free rad-
icals and catalytic metal ions in human disease : an
overview, Methods Enzymol., 186,1-85.

Lee, Y.J. and Shater, E. (1997): Bcl-2 does not protect
Burkitt’s lymphoma cells from oxidant-induced cell
death, Blood, 89, 4480-4492.

Lee, Y.J. and Shater, E. (1999): Oxidative stress inhibits
apoptosis in human lymphoma cells, J. Biol. Chem.,
274, 19792-19798.

Nakamura, H., Nakamura, K. and Yodoi, J. (1997): Redox
regulation of cellular activation, Annu. Rev. Immunol.,
15, 351-369.

Qin, S., Minami, Y., Hibi, M., Kurosaki, T. and Yamamura,
H. (1997): Syk-dependent and -independent signaling
cascades in B cells elicited by osmotic and oxidative
stress, J. Biol. Chem., 272, 2098-2103.

Sulentic, C.D., Holsapple, M.P and Kaminski, N.E. (1998):
Aryl hydrocarbon receptor-dependent suppression by
2,3,7,8-tetrachlorodibenzo-p-dioxin of IgM secretion
in activated B cells, Mol. Pharmacol., 53, 623-629.

Sundaresan, M., Yu, Z.X., Ferrans, V.J., Irani, K. and
Finkel, T. (1995): Requirement for generation of H,0,
for platelet-derived growth factor signal transduction,
Science, 270, 296-299.

Suzuki, Y., Ohsugi, K. and Ono, Y. (1996): Oxidative stress
triggers tyrosine phosphorylation in B cells through a



redox- and inflammatory cytokine-sensitive mecha-
nism, Immunology, 87, 396-401.

Takata, M., Sabe, H., Hata, A., Inazu, T., Homma, Y,
Nukada, T., Yamamura, H. and Kurosaki, T. (1994):
Tyrosine kinases Lyn and Syk regulate B cell receptor-
coupled Ca** mobilization through distinct pathways,
EMBO J., 13, 1341-1349.

Tucker, A.N., Vore, S.J. and Luster, M.I. (1986): Suppres-
sion of B cell differentiation by 2,3,7,8-tetrachlorod-
ibenzo-p-dioxin, Mol. Pharmacol., 29, 372-377.

Ullrich, A. and Schlessinger, J. {1990}: Signal transduc-
tion by receptors with tyrosine kinase activity, Cell, 61,
203-212.

367

Venkataraman, C., Shankar, G., Sen, G. and Bondada, S.
(1999): Bacterial lipopolysaccharide induced B cell
activation is mediated via a phosphatidylinositol 3-
kinase dependent signaling pathway, Immunol. Lett.,
69, 233-238.

Yaar, M. and Gilchrest, B.A. (1990): Cellular and molecu-
lar mechanisms of cutaneous ageing, J. Dermatol.
Surg. Oncol., 16, 915-922.

Yamada, T., Taniguchi, T., Yang, C., Yasue, S., Saito, H.
and Yamamura, H. {1993): Association with B-cell-
antigen receptor with protein-tyrosine kinase p72 syk
and activation by engagement of membrane IgM, Eur.
dJ. Biochem.. 213. 455-459.



