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Spermine enhances IgM productivity of human-human hybridoma HB4C5
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Abstract

The polyamine spermine was assessed for enhancement of IgM production by human-human hybridoma, HB4C5
cells, under serum-free conditions. IgM production of HB4C5 cells was stimulated approximately 6-fold by the
addition of 7.3 mM of spermine. The facilitating effect was observed soon after inoculation. In spite of suppression
of cell growth, the IgM production rate was accelerated for at least 5 days without medium change. Moreover,
laser confocal microscopic analysis revealed that the IgM content inside HB4C5 cells was increased by spermine
treatment. These findings suggest that spermine enhances specific IgM productivity of the hybridomaline. Spermine
also facilitated IgM production by human peripheral blood lymphocytes under serum-free conditions. This result
implies that spermine enhances immunoglobulin production of not only specific hybridoma lines, but also non-
specific immunoglobulin producers. Immunoglobulin production stimulating activity of spermine was accelerated
2-fold by the addition of DNA whith a chain length of about 400—-7000 base pairs (bp). However, degraded short-
chain DNA fragments (less than 200 bp) did not facilitate the immunoglobulin production stimulating activity of
spermine.

Abbreviations:BSA — bovine serum albumin; DNA — deoxyribonucleic acid; ELISA —enzyme-linked immunosor-
bent assay; FITC — fluorescein isothiocyanate; GAPDH — glyceraldehyde-3-phosphate dehydrogenase; Ig —
immunoglobulin; IPSF — immunoglobulin production stimulating factor; PBL — peripheral blood lymphocytes;
PBS — phosphate buffered saline

Introduction tion of immunoglobulin (Ig), we have searched for
factors which stimulate Ig production by hybridoma
Monoclonal antibody has high specificity against an cell lines and lymphocytes. As a result of screen-
antigen. This is the reason why monoclonal anti- ing, several protein factors termed Ig production
bodies have been employed in various areas, suchstimulating factors (IPSF) have been discovered. For
as diagnosis, therapy, purification by immunoaffinity example, glyceraldehyde-3-phosphate dehydrogenase
chromatography, and immunohistochemistry. There- (GAPDH), enolase and lysozyme have been identified
fore, mass production of monoclonal antibody using asIPSF’s (Sugahasdal., 1992 and 1995, and Muraka-
hybridoma cell culture in serum-free media has been mi et al., 1997). On the other hand, protein-free media
improved. There are two approaches applied for effi- are necessary for efficient production of bioactive sub-
cient production of monoclonal antibodies by hybrido- stances, such as monoclonal antibody, because of the
mas and genetically engineered cell lines. One is the difficulty of purification of those from culture media
high-density large-scale culture of cells, and the oth- supplemented with serum or protein factors. For that
er is enhancement of cellular productivity of mono- reason, we tried to discover new low molecular weight
clonal antibody. For achievement of efficient produc- substances which stimulate Ig production by hybrido-
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ma cell lines and peripheral blood lymphocytes. Human PBL obtained from peripheral blood of a
Many IPSFs are categorized as basic proteins or healthy donor were also applied for assay of the IPSF
basic poly-amino acids, such as histone (H1, H2A and effect of spermine on IgM and IgG production. Periph-
H2B), poly-lysine, GAPDH, enolase and lysozyme. eral blood diluted with the same volume of sterilized
We focused on spermine as a candidate for a novel low phosphate buffered saline (PBS) was placed on lym-
molecular weight IPSF. Spermine, a polyamine, is an phocyte separation medium (LSM; Organon Teknika,
important factor which affects nucleic acid and protein U.S.A.) in centrifuge tubes and centrifuged at 600 xg
synthesis (Taboet al, 1976) and proliferation and for 30 min. The thin layer of lymphocytes at the
differentiation of cells (Peg@t al, 1982). Here we  blood/LSM interface was collected and the PBL frac-
report the Ig production stimulating activity of sper- tion was washed with ERDF medium 3 times by cen-
mine under serum-free conditions, and the mode of trifugation at 700 xg for 5 min. The retrieved human
action of spermine as IPSF. PBL were pre-cultured in ERDF medium containing
10% of newborn calf serum for 1 day to remove
adhesion-dependent cells such as monocytes. After

Materials and methods pre-culture, the assay of IPSF effect on human PBL was
performed using ITES-ERDF medium supplemented
Spermine with spermine.

Spermine (N,N-bis[3-Aminoppyl]-1,4-butanediamine) Assay of IPSF activity

was purchased from SIGMA, U.S.A.. Spermine was

dissolved in 10 mM sodium phosphate buffer (pH 7.4), The IPSF activity of spermine was assessed by mea-
and stored at —80C until needed. After neutralization  suring the amount of Ig secreted by HB4C5 cells or
by 6 N HCI, it was diluted to 780 mM with 10 mM  human PBL in culture media. HB4CS5 cells and human

sodium phosphate buffer (pH 7.4). PBL were inoculated in ITES-ERDF medium sup-
plemented with or without spermine at110° cells
Deoxyribonucleic acids ml—t and 1x 10° cells mi-1, respectively. Cultivation

was performed in 96-well culture plates whose culti-
Deoxyribonucleic acid (DNA) from salmon spermwas vation volume was 20@l/well. After cultivation, the
purchased from Wako Pure Chemical (Japan) and amount of Ig in each culture medium was measured by
degraded DNA from herring sperm was from Sigma enzyme-linked immunosorbent assay (ELISA) using
(U.S.A). Agar gel electrophoresis revealed that the anti-humanIgM or anti-human IgG antibodies (TAGO,
chain length of DNA from salmon sperm was about U.S.A)).
400-7000 base pairs (bp), and that from herring sperm
was less than 200 bp. In this paper, we term the for- Laser confocal microscopic analysis of intracellular
mer DNA preparation as long-chain DNA and the latter IgM.
as degraded short-chain DNA, respectively. Each DNA
preparation was dissolved in 10 mM sodium phosphate HB4C5 cells were inoculated atx110° cells mt?

buffer (pH 7.4), and boiled for 5 min before use. in ITES-ERDF medium with or without spermine and
cultured for 8 h. After cultivation, cells were fixed with
Cells and cell culture 95% ethanol and incubated in phosphate PBS contain-

ing 3% bovine serum albumin (BSA) for 1 h. After
Ig production stimulating activity of spermine was washing 3times with PBS, cells were treated with FITC
examined with a human-human hybridoma cell line, conjugated anti-human IgM antibody (TAGO, U.S.A))
HB4C5, which produces monoclonal IgM antibody in 3% BSA-PBS for 1 h. Then, HB4C5 cells were
(Murakamiet al, 1985). HB4C5 cells were main- washed 3 times with PBS and mounted on slides using
tained in ERDF medium (Kyokuto Pharmaceutical, Permafluor (Immunothech S.A., France) containing

Japan) supplemented with/& ml~?! insulin, 209 50% glycerol. Fluorescence derived from FITC was
ml~1 transferrin, 20uM ethanolamine and 25 nM  determined and visualized with a laser scanning con-
sodium selenite (ITES-ERDF) at 3T under humidi- focal microscope with an argon ion laser coupled with
fied atmosphere of 5% CI®5% air (Murakamet al, Meridian InSIGHT plug™ confocal unit attached to

1982). an Olympus IMT-2 inverted research microscope with



a SPlanApox 100 objective lens.

Results
Effect of spermine on IgM production by HB4C5 cells

HB4CS5 cells were inoculated atd10° cells mr-t in
ITES-ERDF medium supplemented with various con-
centrations of spermine. After cultivation for 6 h, the
amount of IgM in each culture medium was measured
by ELISA. As shown in Fig. 1, the amount of IgM
secreted by HB4C5 cells was 37.5 ngThifor 6 h
when spermine was added at 7.3 mM. IgM production
in ITES-ERDF medium without spermine was about
6 ng mi*. IgM production is enhanced about 6-fold
by spermine. However, the optimal range of spermine
for stimulation of IgM production was very narrow
because of the toxicity of spermine. For this reason,
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As shown in Fig. 3, spermine suppressed the pro-
liferation of HB4C5 cells. However, the decline of
viability was not significant for 3 days. On the other
hand, the specific IgM productivity was significantly
enhanced by the addition of spermine. The specific
IgM productivity between the 2nd day and the 3rd day
after inoculation was about 54 ngfil@ells/d when
spermine was supplemented at 2.4 mMin ITES-ERDF
medium, and that in ITES-ERDF was 7 ngf1@lls/d.
This result means that the specific IgM productivity
of HB4C5 cells was enhanced 7.7-fold by spermine.
All these results suggest that spermine contributes to
enhancement of specific IgM productivity of HB4C5
cells without growth promotion.

Fluorescence confocal microscopic analysis of
intracellular IgM

HB4C5 cells were cultured in ITES-ERDF medium

the optimal concentration of spermine for subsequent supplemented with or without 2.4 mM spermine for

experiments was selected as 2.4 mM at which IgM
production was enhanced 5-fold.

Time-course effect of spermine on IgM production by
HBA4C5 cells

Atfirst, the time-course effect of spermine on IgM pro-

8 h. After cultivation, these cells were fixed with
95% ethanol, and intracellular IgM was stained with
FITC-conjugated anti-human IgM antibody. Then the
samples were visualized using laser scanning confo-
cal microscope with an argon ion laser. As shown in
Fig. 4, the fluorescence intensity of spermine-treated
cells was greater than that of control cells. This result

duction was examined to investigate the mode of action clearly demonstrates that the amount of intracellular

of spermine. HB4CS5 cells were inoculated at 10°
cells mr! in ITES-ERDF medium with or without
2.4 mM spermine, and the amount of IgM secreted

into the culture medium was measured at each sam-

pling period. As demonstrated in Fig. 2, IgM produc-
tion by HB4CS5 cells was facilitated 2- to 3-fold within
6 h after inoculation, and the IPSF effect was main-
tained throughout 48 h. Finally, the IgM production
was enhanced 6-fold at 48 h after inoculation.

Effect of spermine on proliferation and specific IgM
productivity of HB4CS5 cells

As indicated above, spermine stimulated the IgM pro-

IgM was increased by spermine. It is supposed from
these findings that spermine enhances IgM productiv-
ity of HB4C5 cells by acceleration of IgM synthesis.

Effect of spermine on Ig production by human PBL

Human PBL derived from peripheral blood of a healthy
donor were pre-cultured in ERDF medium containing
10% newborn calf serum for 1 day. After pre-culture,
human PBL were inoculated at110° cells mi~* in
ITES-ERDF medium supplemented with each concen-
tration of spermine, and cultured for 5 days. After cul-
tivation, the amount of IgM and 1gG secreted in each
culture medium was determined by ELISA. As shown

duction of HB4C5 cells dose-dependently and the IPSF in Table 1, IgG production was not affected by sper-

activity was maintained for 48 h. Next the long-term
culture of HB4C5 cells was performed to investigate
the effect of spermine on cell proliferation, viability,
and specific IgM productivity. HB4C5 cells were inoc-
ulated at 5.6< 10* cells m~* in ITES-ERDF medium
with or without 2.4 mM spermine and cultured for 5

mine at all. The IgM production by human PBL was
enhanced 1.8-fold when 0.8 mM of spermine was sup-
plemented in ITES-ERDF medium. The cell density
was not affected by the addition of 0.8 mM spermine
(data not shown). This fact reveals that spermine stim-
ulates specific Ig productivity of IgM producing PBL.

days. Cell density was measured using hemocytometerHowever, IgM productivity was suppressed at high-

and viability was determined by trypan blue staining.

er dose of spermine, even though IgG productivity



114

40 -

35 |-

20

15 |-

Amount of IgM ( ng/ml)

,5_.

o1~
0 001 01 1 10 100 1000

Spermine conc. ( mM)

Figure 1 Effect of spermine on IgM production by HB4C5 cells. HB4CS5 cells were inoculateck di0t cells mi—1 in ITES-ERDF medium
supplemented with various concentrations of spermine. HB4C5 cells were maintainetiCau8der humidified atmosphere of 5% g86%
air. After 6 h cultivation, the amount of IgM in each culture medium was measured by ELISA. Results are expressed as theShizanfs
three independent measurements.

Table 1 Effect of spermine on Ig production by human peripheral blood lymphocytes

1gG production IgM production

Spermine conc.  Amount of IgG  Relative Amount of IgM  Relative
(mM) (ng mi~1) production (ng 1) production

0.0 15.74-0.8 1.0 1.80.1 1.0

0.8 15.8:2.0 1.0 3.2:0.3 1.8

2.4 12.4+:0.6 0.8 0.80.0 0.4

7.2 12.5+0.6 0.8 0.5:-0.1 0.3
21.8 13.8:0.5 0.9 0.3:0.0 0.2

Human peripheral blood lymphocytes (PBL) were obtained from peripheral blood of a healthy
donor. Human PBL were inoculated ak11P cells mi-! in ITES-ERDF medium supple-
mented with spermine at various concentrations. After cultivation for 5 days, the amounts of
1gG and IgM in the culture medium was measured by ELISA. Results are represented as the
meangS.D. of four independent measurements.
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Figure 2 Time-course effect of spermine on IgM production by HB4C5 cells. HB4C5 cells were inoculated in ITES-ERDF mediugn)with (
or without (O) 2.4 mM of spermine at & 10° cells mi-1. After cultivation, the amount of IgM secreted in culture medium was measured by
ELISA. The error bars denote S.D. calculated from four independent measurements.

was not suppressed, These results suggest that sperERDF medium for assay of IPSF activity of spermine.
mine accelerates IgM production not only of a specific The final concentration of spermine in ITES-ERDF
hybridoma line, but also of non-specific IgM producing medium was 1.2 mM. HB4CS5 cells were inoculated at

cells at appropriate dose. 1 x 10° cells mI! in these media and cultured for 6 h.
After cultivation, the effect of DNA on IPSF activity
Effect of DNA on IPSF activity of spermine of spermine was examined by measuring the amount

of IgM in the culture media. As shown in Fig. 5A, the
It is well known that spermine binds to, and interacts IPSF activity of spermine was enhanced about 2-fold
with nucleic acids (Igarastdt al., 1977, and Flinlet by the addition of 7Q.g mI~* of long-chain DNA from
al., 1975). Then, the effect of DNA on IPSF activity of salmon sperm. However, degraded short-chain DNA
spermine was investigated. Long-chain and degradedfrom herring sperm did not accelerate IPSF activity of
short-chain DNA preparations were boiled for 5 min. spermine at all as indicated in Fig. 5B. On the other
Following immediate ice-cooling, these DNA prepa- hand, synthetic poly-nucleic acids such as poly (U),
rations were diluted at various concentrations with poly (C) and poly (1)(C) suppressed IPSF activity of
10 mM sodium phosphate buffer (pH 7.4). These DNA spermine (data not shown). All these facts show that
solutions and the spermine preparation were mixed atthe IPSF activity of spermine is strongly associated
the same volume, and immediately added to ITES- with nucleic acids.
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Figure 3 Effect of spermine on proliferation and specific IgM productivity of HB4C5 cells. HB4C5 cells were inoculated in ITES-ERDF
medium containing 2.4 mM spermin@ @nd meshed bars) or n@b(@nd oblique lined bars) at 5:610* cells m—1. The viable cell density were
determined using hemocytometer after trypan blue staining. The amount of IgM in culture medium was measured by ELISA. The measurement

was performed with duplicate culture series. Specific IgM productivity between day) ar(d day 2 (gd) was calculated by the following
formula (Merten, 1988): Specific IgM productivity% x10* (ng/1¢* cells/d), where ¢and G are the IgM concentrations

(ng mi-1) at day 1 and day 2, respectively; Xnd % are the viable cell densities (cells ™) at day 1 and day 2. The measurements of cell
density, viability and the amount of IgM in culture medium were duplicated.

Discussion ucts (Sugaharat al, 1995). As a matter of interest,
these enzymes have a common feature, namely, basic
Low Ig productivity of hybridomas in serum-free medi- protein. Therefore, we focused on basic proteins and
um compared to that in serum supplemented medium poly-basic amino acids. As might have been expected,
prompted us to screen Ig production stimulating fac- lysine-rich histones (H1, H2A and H2B), and poly-
tors. As the result of screening, we have found several lysine had IPSF activity (Sugahagtal., 1994).
proteins which stimulate Ig production by hybridomas Protein-free media are necessary for the effi-
and lymphocytes. Some glycolytic pathway enzymes, cient production of bioactive materials by animal
such as GAPDH, enolase, and aldolase stimulate Ig cells. Low molecular and non-protein IPSF is indis-
production by hybridomas and lymphocytes (Suga- pensable to develop protein-free high-productivity
haraet al, 1991 and 1992). Alcohol dehydrogenase-l media. Thus, we screened low molecular weight
and lysozyme also accelerate Ig production of HB4C5 IPSF paying attention to basicity of substances.
cells and PBL. IPSF activities of these enzymes were As the result of screening, spermine was identi-
irrelevant to their enzymatic activity or reaction prod- fied as an IPSF. Spermine is a polyamine whose
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Figure 4 Laser confocal microscopic analysis of intracellular IgM. HB4C5 cells were inoculated &0fcells mi=1 in ITES-ERDF medium
containing 2.4 mM spermine or not, and cultured for 8 h. After cultivation, intracellular IgM were labeled by anti-human IgM antibodies
conjugated with FITC. Fluorescence of FITC was monitored by an argon ion laser scanning confocal microscope.
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Figure 5 Effect of DNA on IPSF activity of spermine. Section [A]: Long-chain DNA from salmon sperm was mixed with the same volume
of spermine @) or not (O) at various concentrations just before supplement to ITES-ERDF medium. Section [B]: Degraded short-chain DNA
from herring sperm was mixed with the same volume of sperngeof not (D) at various concentrations. HB4C5 cells were inoculated at
1x 10 cells mi-1 in ITES-ERDF media containing DNA with or without 1.2 mM spermine. After cultivation for 6 h, the amount of IgM in
culture medium was measured by ELISA. Results are expressed as thetm8dnsof three independent measurements.

molecular weight is 202.3 composed of 2 imino Spermine stimulated IgM production by human
groups, 2 amino groups, and 10 methylene groups hybridoma line HB4C5 cells 6-fold at 7.3 mM in
[H2N(CH)sNH(CH2)4NH(CH,)3NH2;  CioH26N4]. serum-free medium. The Ig production stimulating
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activity against HB4C5 cells was observed soon after  levels of spermidine or spermine are required for optimal DNA
inoculation in ITES-ERDF medium with spermine, synthesis in lymphocytes activated by concanavalin A. Proc. Nat.

. - Acad. Sci. U.S.A. 72: 4042-4045.
and the effect was maintained for 5 days. Though the Flink | and Pettijohn DE (1975) Polyamines stabilize DNA folds.

cell growth of HB4CS5 cells was suppressed by sper-  Nature 253: 62-63.
mine, it enhanced Ig production of the hybridomal line. Igarashi K, Aoki Y and Hiroshe S (1977) Base specificity of
This result suggests that spermine enhances specific polyamine binding to synthetic polynucleotides. J. Biochem. 81:

o . . 1091-1096.
IgM pI’OdUCtIVIty of the cell. This hypOtheSISwaS clear- Ikemura T (1969) The relation between the strong binding of sper-

ly proved by quantitative analysis of intracellular IgM mine to polynucleotides and the conformation of polynucleotides.
using a laser scanning confocal microscope. Spermine  Biochim, Biophys. Acta. 195: 389-395.

also facilitated IgM production by human PBL. This Merten O-W (1988) Batch production and growth kinetics of

. . . . hybridomas. Cytotechnology 1: 113-121.
fact |mplles that spermine can be applled as IPSF for Murakami F, Sasaki T and Sugahara T (1997) Lysozyme stimulates

non-specified cell lines. These findings suggest that  immunoglobulin production by human-human hybridoma and
spermine is useful as a low molecular weight IPSF  human peripheral blood lymphocytes. Cytotechnology 24: 177—

which is absolutely necessary for improving protein- 182. .
f hiah d y di y P 9p Murakami H, Masui H, Sato GH, Sueoka N, Chow TP and Kono T
ree high-productivity media. (1982) Growth of hybridoma cells in serum-free medium. Proc.

Several important physiological features of Natl. Acad. Sci. U.S.A. 79: 1158-1162.
polyamine analogs including spermine have been Murakami H, Hashizume S, Ohashi H, Shinohara K, Yasumoto

reported. Spermine stimulates DNA synthesis in con- < Nomoto K and Omura H (1985) Human-human hybridomas
secreting antibodies specific to human lung carcinoma. In Vitro

canavalin A treated lymphocytes (Fillingare¢ al., Cell. Develop. Biol. 21: 593-596.
1975). Spermine binds to synthetic polynucleotides Pegg AE and McCann PP (1982) Polyamine metabolism and func-
(Igarashiet al., 1977 and lkemura, 1969), and stabi- __tion. Cell Physiol. 12: 212-221.

P . . Pingoud A, Urbanke C, Alves J, Ehbrecht H-J, Zabeau M and
lizes DNA folds (Flmket al, 1975)' Moreover, hlgh Gualerzi C (1984) Effect of polyamines and basic proteins on

Concent_rat_ions of spermine inhi_bit cleavage of DNA cleavage of DNA by restriction endonucleases. Biochemistry 23:
by restriction endonuclease (Pingoat al., 1984). 5697-5703.
In regard to these findings, the effect of DNA bind- Sugahara T, Shirahata S, Akiyoshi K, Isobe T, Okuyama T and

. . . . . . Murakami H (1991) Immunoglobulin production stimulating
ing affinity on Ig production stimulating activity of factor-lloe (IPSF-llx) is glyceraldehyde-3-phosphate dehydroge-

spermine was examined. Thus, the IPSF activity of  nase like protein. Cytotechnology 6: 115-120.
spermine was examined in coexistence with DNA and Sugahara T, Nakajima H, Shirahata S and Murakami H (1992) Purifi-

found to enhance the activity of spermine more than o adcharacterizaton of runodobuin productr st
2-fold by coexistence with long-chain DNA. Howev- 10° 137-146.

er, degraded short-chain DNA did not accelerate IPSF sugahara T, Sasaki T and Murakami H (1994) Enhancement
activity of spermine. The reason why long-chain DNA of immunoglobulin productivity of human-human hybridoma

; N A HBA4CS5 cells by basic proteins and poly-basic amino acids. Biosci.
stimulated the IPSF activity of spermine is not known. Biotech. Biochemm. 58: 22129214,

DIISCOVG_I’Ing th_e mechanisms of the actions of sper- Sugahara T, Shirahata S, Sasaki T and Murakami H (1995) The
mine will contribute not only to the development of mode of actions of glyceraldehyde-3-phosphate dehydrogenase
protein-free medium, but also to the improvement of identified as an immunoglobulin production stimulating factor.

; FEBS Lett. 368: 92—-96.
more useful low molecular weight IPSF. Tabor CW and Tabor H (1976) 1,4-diaminobutane (putrescine), sper-

midine, and spermine. Annu. Rev. Biochem. 45: 285-306.

References Address for correspondenc&akuya Sugahara, Ph.D., College of

Agriculture, Ehime University, 3-5-7 Tarumi, Matsuyama, Ehime
Filingame RH, Jorstad CM and Morris DR (1975) Increased cellular - 790, Japan.



