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The effect of deoxyspergualin (DSG, NKT-01) on humoral immunity was investigated both in
vitro and in vivo. DSG inhibited the primary and secondary responses to T cell-dependent antigens
and the response to T cell-independent antigens in thymic and athymic mice. However, natural
antibodies in non-sensitized mice were affected less by the administration of DSG. The agent produced
a dose-dependent inhibition of B cell proliferation and antibody production to lipopolysaccharide
in vitro. Suppression of secondary antibody response was also shown, whenever antigen stimulation
was not given, antibody production was not affected. These results suggest that DSG affects the
proliferative stage of B lymphocytes in such a way as to inhibit their growth and antibody production.

Deoxyspergualin (DSG, NKT-01) an analogue of spergualin® has strong antitumor activity?, and
immunosuppressive activity®. DSG administration to animals results in inhibition of cellular immune
responses including allograft rejection*™~7?, xenograft rejection®, graft-vs-host disease®'®, and delayed
type hypersensitivity®. It also has therapeutic effects on experimental animal models for autoimmune
disease, which are responsible for humoral immunity* V.

We have been investigating the mode of action of DSG on immunosuppressive activity. At the
concentration detected following in vivo administration and therapeutic efficacy, DSG has less activity
in vitro. Recently, we reported that the lower activity of DSG in vitro is due to decomposition of DSG in
the culture medium?!?.

This paper shows the suppressive effects of DSG on humoral immune responses against several kinds

of antigens both in vitro and in vivo in BALB/c thymic and athymic mice.

Materials and Methods

Animals

BALB/c male mice were obtained from Charles River Japan Inc. (Kanagawa) and Shizuoka Laboratory
Animals Center (Shizuoka). Athymic BALB/c (nu/nu) mice were obtained from Clea Japan Co., Ltd.
(Tokyo). These mice were 6 ~9 weeks old and maintained in specific-pathogen-free conditions.

Antigens ‘

Egg albumin (EA) and bovine serum albumin (BSA; Seikagaku Kogyo, Tokyo) were
dinitrophenylated using dinitrobenzenesulfonic acid (DNP-EA, 6.3 DNP groups/mol; DNP-BSA, 7.0 DNP
groups/mol). Keyhole limpet hemocyanin (KLH) was dinitrophenylated using dinitrofluorobenzene
(DNP-KLH; 6.6 DNP groups/MW 50,000). DNP-lysyl-Ficoll (DNP-Ficoll, 3.0 DNP groups/MW 50,000)
was prepared by dinitrophenylation of Ficoll (Nakarai Chemicals, Ltd., Kyoto), according to the procedure
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described by KLAUS et al.*3). Escherichia coli lipopolysaccharide (LPS; 055; B5, Difco, Detroit, MI, U.S.A.)
was dinitrophenylated in a similar fashion (DNP-LPS 2.7 DNP groups/MW 50,000).

Agents and Culture Medium

DSG (1-amino-19-guanidino-11-hydroxy-4,9,12-triazanonadecane-10,13-dione) and deoxymethyl-
spergualin (MeDSG: 1-amino-19-guanidino-11-methoxy-4,9,12-triazanonadecane-10,13-dione) were pro-
vided by Takara Shuzo Co., Ltd. (Kyoto). Spergualins were dissolved in physiological saline and sterilized
by Millipore filtration. RPMI-1640 and sodium pyruvate were purchased from Gibco (Grand Island, NY,
U.S.A)), and complete serum free medium S-clone SF-H was obtained from Sanko Pure Chemical Co.,
Ltd. (Tokyo).

Immunization
DNP-EA or DNP-KLH were given by ip injection as an alum-precipitate (1 ug/mouse) or FREUND’s
complete adjuvants (FCA, 100 ug/mouse). DNP-LPS and DNP-Ficoll were given by iv injection.

Measurement of Anti-DNP Antibody by Enzyme-linked Immunosorbent Assay (EIA)

EIA was carried out by a modified method of MAEKAWA and Ovary*#. Nunc Immunoplate I (Nune,
Roskilde, Denmark) was coated with DNP-BSA (10 pg/ml) dissolved in 0.1 M sodium carbonate buffer pH
9.6. After incubating for 2 hours at 37°C, free-sites were blocked with 0.2% BSA. 1/200~1/2,000 dilution
of the samples were added to the plates, then washed and 1/1,000 dilution of goat anti-mouse IgG (Cooper
Biochemical, Inc., Malvern, PA, U.S.A.) was added. After washing, 1/1,000 dilution of alkaline
phosphatase-conjugate rabbit anti-goat IgG (Miles Laboratories, Inc., Elkhart, IN, U.S.A.) was added.
The pipetted volume in each well was 0.1 ml except in wells for blocking nonspecific binding where it was
0.2ml. The plates were washed using phosphate buffered saline with 0.1% gelatin as the washing and
diluting buffer. The wells were incubated for 1.5 hours at 37°C without coating. Finally 200l of
p-nitrophenyl phosphate disodium salt (Wako Pure Chemical Industries, Ltd., Osaka) in 10%
diethanolamine buffer pH 9.8 at 0.2 mg/ml was added and incubated for 1 hour at room temperature. The
absorbance of p-nitrophenyl moiety was measured at 405 nm. Mouse anti-DNP-IgM monoclonal antibody
for standard was purchased from Sera-lab, Ltd. (Sussex, England). Anti-DNP-IgG antibody was produced
by multiple immunization of the mice with DNP-EA in FCA, and was purified from their sera on
DNP-sepharose column and DEAE-cellulose column chromatography.

Immunodiffusion Assay
Anti-DNP standard and serum IgG and IgM were measured using Radial immunodiffusion (RID)
kits (ICN Immunobiological, Lisle, IL, U.S.A.).

Mitogenic Response to LPS In Vitro

Mitogenic response to LPS was carried out by incubating BALB/c mouse spleen cells (2 x 105/ml)
with 20 ug/ml of LPS in RPMI-1640 supplemented with 0.5% murine serum, |mm pyruvate and
2-mercaptoethanol 25um for 72 hours. Four hours before harvest, 1uCi of [*H]thymidine (PHJTdR)
(15.5mCi/mmol, New England Nuclear, Boston, MA, U.S.A.) was added to each well.

Antibody Production In Vitro

Antibody production to DNP-LPS was performed by incubating BALB/c mouse spleen cells
(5 x 10%/ml) with 20 ug/ml of DNP-LPS in complete serum free medium, S-clone SF-H for 120 hours.
Anti-DNP-IgM in the supernatant was measured by EIA.

BALB/c mice were primed for secondary response by giving 100 ug of DNP-KLH with FCA. Six to
eight months later, the primed cells were obtained as spleen cells and cultured in complete serum free
medium (5 x 108 cells/ml) with or without DNP-KLH for 120 hours.




VOL. XLIII NO. 2 THE JOURNAL OF ANTIBIOTICS 215

Results

Effect of DSG on Antibody Response to T Cell-Dependent (TD) Antigens

DNP-specific IgG concentrations in plasma increased in mice following immunization with DNP-EA
alum of TD antigen. When various doses of DSG were given to the immunized mice daily for 14 days
from day 0 to 13, the increase in IgG levels in plasma was reduced dose-dependently (Table 1). DSG at
3 mg/kg/day suppressed over 95% of the IgG response. When the DSG administration was carried out
from the day 10 to 23 instead of day 0 to 13, an increase in the anti-DNP-IgG levels in plasma was
similarly inhibited (Fig. 1).

The effect of DSG and MeDSG on the in vitro secondary response to DNP-KLH was examined
following stimulation with 10 ng/ml of the antigen, both DSG and MeDSG exhibited marked inhibition
of anti-DNP-IgG and IgM production (Fig. 2). The )

Table 1. Effect of various doses of DSG on the
ICs, values of the IgM response in terms of response to TD antigen of DNP-EA.
concentration of DSG and MeDSG were 1.0 and

Daily dose Anti-DNP IgG concentration

0.017 ug/ml, respectively. Both DSG and MeDSG (mg/kg) (ug/ml £ SD)
inhibited the IgG response and ICs, values were None 544+70 ( 0)
: 0.1 486+49 (11)
0.006 and 0.004 ug/ml, respectively (data not 03 362141% (33)
shown). In contrast, unless DNP-KLH primed cells 1.0 76+42% (86)
were stimulated by the antigen, spergualins did not 3.0 17£16*  (O7)
10.0 4+ 2 (99

affect either IgM or IgG antibody production.
Groups (n=35) of BALB/c mice were given 1ug

Effect of DSG on Responses to alum-precipitated DNP-EA (day 0) for the immunization
. and various doses of DSG on day 0 through 13. The
TI-1 and TIIT Antigens anti-DNP IgG level in plasma samples, which were

The effect of DSG on responses of antibody  collected on day 14, was measured by EIA.

. . igni diff f; trol by t-test.
formation to DNP-LPS (TI-I antigen) and DNP- ffl:%cglllt Hierence from - controt by °s

Ficoll (TI-II antigen) were examined. BALB/c mice *  Suppression percent compared to control response.
were immunized with DNP-LPS or DNP-Ficoll on
Fig. 2. Effect of spergualins on secondary antibody
Fig. 1. Effect of DSG on anti-DNP-IgG production. production to DNP-KLH in vitro.
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Fig. 3. Effect of DSG on the response to TI antigens.
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BALB/c mice were given 50 ug of DNP-LPS (T1-I antigen) (A) or DNP-Ficoll (TI-II antigen) (B)
on day 0, and various doses of DSG from day 0 to 7. Plasma samples were collected on day 4 and 8 vig
retro-orbital plexus puncture, and EIA was carried out.

Significant difference from control by t-test.

*P<0.01.

Table 2. Effect of DSG on the response to DNP-LPS in athymic mice.

Anti-DNP antibody concentration (ug/ml)

Daily
dose Day 4 Day 8
(mg/kg/day)
IsM IeG IeM IgG

Saline 424428 (0 81+14 (0) 224423 (0) 1,318-189 ( 0)
1.0 360 4-24** (15) 48+20% (41) 147 £19%* (34) 1,0594188  (20)
3.0 235+39%* (45) 434+ 6** (47) 99+ 9** (56) 555+323%* (58)
10.0 84 +29** (80) 30+ 12%* (63) NT 81+ 22%* (94)

Groups (n=5) of BALB/c nu/nu mice were given 50 ug of DNP-LPS (day 0) and various doses of NKT-01

daily from day 0 to 7. Plasma samples were collected on day 4 or § via retro-orbital plexus puncture, and EIA
was carried out.

Significant difference from control by t-test. * P<0.05, ** P<0.01.
NT: Not tested.

* Suppression percent compared to control response.

day 0 and given various doses of DSG from day 0 to 7. The responses to DNP-LPS or DNP-Ficoll were
assayed by measurement of anti-DNP-IgM or IgG concentrations in the plasma obtained from the above
immunized mice on day 4 and 8. Both anti-DNP-LPS IgM and IgG concentration in the plasma responses
were reduced dose-dependently (Fig. 3). The IgM response following DSG administration at doses of 1,
3 and 10mg/kg/day caused 30, 57 and 83% suppression compared to controls by the 4th day after



VOL. XLHI NO. 2

Fig. 4. Effect of DSG on the response to LPS induced
blastogenesis in vitro.
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BALB/c spleen cells (2x 10°/well/200 1) were
cultured with 20 ug/ml of LPS for 72 hours. Mean
control dpm=162,802+6,173.

immunization, while the IgG response was reduced
20, 90 and 98% by day 8. There were no discernible
differences in the susceptibility of the DNP-LPS
response in nu/nu and nuf/+ mice. Both IgM and
IgG responses to DNP-Ficoll were also reduced
dose-dependently, and 1, 3 and 10mg/kg/day of
DSG caused 68, 85 and 96% suppression of the IgM
response (day 8), respectively. DSG markedly
reduced the response to DNP-LPS and DNP-Ficoll.

To examine the direct effect of DSG on B cells,
nu/nu mice were immunized with DNP-LPS and
given various doses of DSG from day 0 to 7. Both
1gM and IgG responses to DNP-LPS were markedly
reduced dose-dependently in nu/nu mice by DSG
administration (Table 2). DSG at the dose of
3mg/kg/day caused 40~60% suppression of both
Ig responses. This result indicates that DSG has the
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Fig. 5. Effect of spergualins on antibody production
to DNP-LPS in vitro.
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BALB/c spleen cells (1 x 10%/well/200 ul) were

cultured with 20 ug/ml of DNP-LPS for 120 hours.
Anti-DNP-IgM were measured by EIA.

Table 3. Effect of DSG on total IgM and IgG
concentrations in serum.

IgG concentration

Immunize? DSG
(ug/ml)
Normal — 1,000+ 80 (100)°
Normal + 1,090+ 40 (109)
DNP-EA — 2,280+ 310* (228)
DNP-EA + 940+ 40 (949

Groups (n=5) of BALB/c mice were given 3 mg/kg
of DSG from day 0 through to 14. Plasma samples were
collected on day 14, bleeding via cardiac puncture and
then RID was carried out.

Significant difference from control by t-test. * P< 0.01.
* Mice had received 100 ug of DNP-EA with FCA on
day 0.

® Percentage of control response.

capability to directly suppress the B cell function, not via T cells.
The in vitro effect of DSG and MeDSG on mitogenic response to LPS was assessed. DSG and MeDSG

inhibited the mitogenic response over the concentration of 1.0 to 0.1 ug/ml. The maximum inhibition

observed was 60~ 70% suppression relative to control levels at a dose of 100 ug/ml (Fig. 4).

The effect of DSG and MeDSG on IgM production to DNP-LPS was also examined. These compounds
inhibited the response dose-dependently (Fig. 5). DSG and MeDSG exhibited marked inhibition of the
response over 0.1 and 0.01 ug/ml, respectively. The ICs, values of DSG and MeDSG were 0.17 and

0.026 pg/ml, respectively.
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Effect of DSG on Total IgM and IgG in Plasma

Non-immunized or immunized mice were treated daily with saline or 3 mg/kg/day of DSG for a
14-day-period, and the total plasma IgG and IgM concentration were measured on day 15 by RID. The
total IgG in the immunized mice increased, but the levels in DSG-administered mice did not. In contrast,
the total IgG of the non-immunized mice was not affected by DSG, and the total IgM decreased slightly
(Table 3). This indicates that DSG has a suppressive effect on antibody production which is induced by
antigen stimulation, but non-stimulated antibody production (natural antibody) is less sensitive to DSG.
Histological examination of spleen specimens obtained from non-immunized mice did not show a decrease

in plasma cell number even after 14 days administration of DSG.

Discussion

DSG shows little in vitro immunosuppressive activities at the therepeutic concentration found following
in vivo administration. Recently we reported that there are some technical problems with in vitro experiments:
1) DSG is hydrolyzed in the culture medium during incubation causing loss of activity!?. 2) DSG is
oxidized by amine oxidase in fetal calf serum, and the oxidized products!® have cytotoxic effects on
lymphocytes and leukemia cells, but the fact has no relation to in vivo activities. The in vitro effects were
examined using a stable analogue, MeDSG, and in culture media which have no amine oxidase activity.
Spergualins exhibit suppressive effects on LPS induced blastogenesis and antibody production to TD and
TI antigens in vivo'® and in vitro indicating that spergualins affect the proliferation and differentiation of
B cell lineage directly. Unless antigen stimulation was given, antibody production or serum titer of natural
antibody was not affected.

IgM and IgG antibody responses to TI-I in nude mice were inhibited significantly, which indicates
that DSG directly affects B cells. The B cell population can be divided into two groups using CBA/N
mice'”. One B cell population which is activated by TI-I and TI-II antigens expresses a surface markers
Lyb 5, the other insensitive to TI-II antigen is devoid of some surface marker such as Lyb 5. The responses
to TI-I and TI-II antigens were inhibited by DSG. This indicates that DSG affects both Lyb 5* and Lyb
57 B cells.

Fourteen days administration of DSG inhibited the increase of total immunoglobulins in sensitized
mice, but was not so effective in normal mice. It has been reported that the life span of plasma cells is
only a few days'®, half lives of IgG are 6 ~8 days, and IgM is shorter than IgG*®-2%, These results indicate
that DSG has a less direct effect upon plasma cells and upon the generation of plasma cells from B
lymphocytes in a steady state where antigen stimulation is absent.

It was reported that cyclosporin A (CYA) had a suppressive effect on antibody production of Lyb
5% B cells which were stimulated by TI-II antigens directly, but Lyb 5~ B cells had enhanced antibody
production or not affected?*:??), Spergualins suppressed antibody production following stimulation by
both TI-I and TI-II antigens. The effects of spergualins were obviously different from CYA.

In conclusion DSG has an anti-proliferative effect on proliferating cells, such as leukemia cells® and
lymphocytes!?. The immunosuppressive effect of DSG on humoral immunity was due to the anti-
proliferative effect or to the inhibitory effect on B cell maturation. However DSG has little effect on
plasma cells and non-stimulated B lymphocytes which don’t proliferate potently.
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