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thiomimetic of the branched tetrasaccharide repeating
unit of the immunostimulant polysaccharide,
schizophyllan. Evaluation as potential immunomodulator
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Abstract

The conjugate with human serum albumin (HSA) of the S-linked thioanalogue of the branched tetrasaccharide
repeating unit of the polysaccharide, schizophyllan, was synthesized from 1,2,4,6-tetra-O-acetyl-3-S-[2,4-di-O-acetyl-
3,6-di-S-(2,3,4,6-tetra- O-acetyl-B-D-glucopyranosyl)-3,6-dithio-p-D-glucopyranosyl]-3-thio-B-D-glucopyranose [M.O.
Contour-Galcera et al., Carbohydr. Res., 281 (1996) 119-128] in five steps, and its potential immunomodulatory
activity was evaluated in human blood mononuclear cells. The protein glycoconjugate did not effect proliferation or
production of IL-4, IL-5 and IFN-g in a significant way. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The extracellular polysaccharide, schizo-
phyllan, produced by the fungus Schizophyl-
lum commune, contains a main chain of
B-(1 - 3)-D-glucopyranosyl units in which ev-
ery third unit carries a (1 — 6)-branched B-D-
glucopyranosyl substituent [1]. Schizophyllan
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has been in use since 1986 as an anticancer
drug in Japan, and its clinical effectiveness
was observed in patients with lung, cervical
and gastric cancers. The antitumor effect is
host-mediated and believed to be correlated
with an activation of macrophages and T-
lymphocyte cells, as well as enhancement of
interferon production [2]. It has been claimed
that the antitumor activity is molecular weight
dependent [3] and related to the overall con-
formation of the polysaccharide [4]. However,
there is some discrepancy in the literature on
this point since it has also been reported that
ultrasonic degradation of schizophyllan, in
which there was a 75% decrease in molecular
weight, resulted in a similar or even slightly

0008-6215/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.

PII: S0008-6215(00)00082-3



72 Y. Ding et al. / Carbohydrate Research 328 (2000) 71-76

better antitumor effect against Sarcoma 180
(solid tumor form) in mice [5]. It was then of in-
terest to investigate the biological activity of
simpler analogues, namely of the repetitive
branched tetrasaccharide sequence. The synthe-
sis of a bovine serum albumin (BSA) conjugate
of this tetrasaccharide has already been report-
ed [6]. We now describe the preparation of the
conjugate with human serum albumin (HSA) of
the branched S-linked thiotetrasaccharide ana-
logue of the polysaccharide repetitive sequence
1 as an enzymatically stable mimetic [7], and its
biological evaluation on human cells.
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Fig. 1. The conjugate, CHO-HSA, has no effect on
lymphocyte proliferation and cytokine production. PBMC
from healthy donors (0.7-1.0 x 10° cells/well) were stimulated
by various means for 72 h, and supernatants were tested for
cytokines by ELISA or CLIA. Cell proliferation was deter-
mined by *H-thymidine incorporation as described in Section
2: (a) anti-CD2/CD28 stimulation induced 6-fold IL-5, 80-
fold IFN-g and 65-fold proliferation over background; (b)
PPD stimulation induced 4-fold IL-5, 7-fold IFN-g and 6-fold
proliferation over background. All samples were run in tripli-
cate. Percent response was calculated from the difference of
cytokine levels induced in the presence or absence (100%) of
test compounds. The data are representative of three different
experiments.

The synthesis of the target glycoconjugate
followed well-established procedures. The per-
acetylated thiotetrasaccharide 2 [8] was con-
verted into its glycosyl bromide 3 by reaction
with 33% hydrogen bromide in acetic acid, and
the product was then reacted with 8-methoxyl-
carbonyloctanol in the presence of silver trifl-
ate, resulting in 4 in 80% overall yield (two
steps). O-Deacetylation of 4 with sodium
methoxide in methanol, afforded the tetra-
saccharide 5 in 80% yield, which was then con-
verted into the hydrazide 6 in 90% yield by
treatment overnight with hydrazine hydrate in
ethanol. NMR spectroscopy and FABMS data
were consistent with the structure 8-carbazoyl-
octyl B-trithiotetrasaccharide (6). The hydra-
zide was then converted into its acyl azide,
which was conjugated to the carrier protein
HSA, by the method of Chatterjee et al. [9], to
give the thiotetrasaccharide conjugate 1. Its
MALDI mass spectrum showed a molecular
ion at m/z 79,980, as compared with the corre-
sponding signal at m/z 67,199 for native HSA,
indicating that this glycoconjugate incorpo-
rated an average of 14 thiotetrasaccharide
units.

woé;» =

2 R=Ac, Rl=OAc,R?=H

3 R=Ac, Rl=H,R=B

4 R=Ac, R?=H, Rl—O(CHz)gCO Me
5 R=R2=H, R' = O(CH,),CO,Me

6 R=R2=H, Rl = O(CH,),CO,NHNH,

The results of the immunostimulation tests
for compound 1 are reported in Fig. 1. This gly-
coconjugate does not effect proliferation or
production of IL-4, IL-5 and IFN-g in a signifi-
cant way. The conjugate inhibited IFN-g by
50% only at very high doses (300 pg/mL), indi-
cating that this thiotetrasaccharide conjugate
was inactive. As can be seen in Figs. 2 and 3,
two classical immunosuppressive drugs, cy-
closporin A and dexamethasone, inhibited the
proliferation and the cytokine production with
expected IC,, values in the same test. In
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Fig. 2. Cyclosporine A, used as control, is a potent inhibitor
of lymphocyte proliferation and cytokine production. PBMC
were stimulated for 72 h and cell proliferation and cytokines
levels were determined as described in the legend to Fig. 1. (a)
Anti CD2/CD28 stimulation induced 30-fold IL-4, 50 fold
IL-5, 118-fold IFN-g and 30-fold proliferation over back-
ground; (b) PPD stimulation induced 226-fold proliferation
over background (cytokines levels were not determined). All
samples were run in triplicate. Percent response was calcu-
lated from the difference of cytokine levels induced in the
presence or absence (100%) of test compounds. The data are
representative of two experiments.

addition, using the same assays, we have
observed that certain compounds enhanced
cytokine levels significantly (data not shown),
indicating that our assay system is capable
of detecting immunomodulatory activities.
This absence of immunomodulatory activity
with the conjugate 1 might then be in further
support of the hypothesis that the immunos-
timulant activity of schizophyllan is corre-
lated with the molecular weight and helical
structure of the polysaccharide [4], although
it would have been of interest to compare
in parallel biological tests the corresponding
O-linked tetrasaccharide—protein conjugate

[6].

2. Experimental

Materials and methods.—TLC was per-
formed on Silica Gel 60-Fs,, (E. Merck) with
detection by charring with 5% H,SO,; column
chromatography was performed on Silica Gel
60 (E. Merck, 40—63 mesh). '"H NMR spectra
were recorded at 300 MHz (Bruker AM 300)
or 360 MHz (Bruker AM 360) on solutions in
CDCl; or CD,OD; "*C NMR spectra were
recorded at 75 or 90 MHz on the same instru-
ments. The FAB mass spectra were obtained
on a Kratos AEI MS9 instrument; the
MALDI mass spectra were recorded on HP
G2020A (LD-TOP) instrument using gentisic
acid as the matrix. Elemental analyses were
carried out on a Carlo Erba EAI108. HSA
was obtained from Novartis.
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Fig. 3. Dexamethasone, used as a control glucocorticoid, is a
potent inhibitor of lymphocyte proliferation and cytokine
production. PBMC were stimulated for 72 h and cell prolifer-
ation and cytokine levels were determined as described in the
legend to Fig. 1. (a) Anti-CD2/CD28 stimulation induced
5-fold IL-5, 80-fold IFN-g and 65-fold proliferation over
background; (b) PPD stimulation induced 4-fold IL-5, 7-fold
IFN-g, 6-fold proliferation over background. All samples
were run in triplicate. Percent response was calculated from
the difference of cytokine levels induced in the presence or
absence (100%) of test compounds. The data are representa-
tive of two experiments.



74 Y. Ding et al. / Carbohydrate Research 328 (2000) 71-76

2,4,6-Tri-O-acetyl-3-S-[2,4-di-O-acetyl-3,6-
di-S-(2,3,4,6-tetra-O-acetyl- f-D-glucopyra-
nosyl)- 3,6-dithio- p -D-glucopyranosyl]- 3- thio-
o-D-glucopyranosyl bromide (3).—To a solu-
tion of 1,2,4,6-tetra-O-acetyl-3-S-[2,4-di-O-
acetyl-3,6-di-S-(2,3,4,6-tetra-O-acetyl-B-D-gluc
opyranosyl)-3,6-dithio- -D-glucopyranosyl]-
3-thio-B-D-glucopyranose [§] (2, 100 mg, 0.077
mmol) in dry CH,Cl, (2 mL) was added 33%
HBr in AcOH (0.5 mL) at 0 °C. The solution
was stirred at 0 °C for 2 h. Toluene (10 mL)
was added, and the solution was concentrated
under reduced pressure to give 3 as a syrup.
This compound was used directly for the next
step without further purification.

8-Methoxycarbonyloctyl 2,4,6-tri-O-acetyl-
3-S-[2,4-di-O-acetyl-3,6-di-S-(2,3,4,6-tetra-O-
acetyl- p -D-glucopyranosyl)- 3,6 - dithio - § - D-
glucopyranosyl]- 3 - thio - f - D - glucopyranoside
(4).—To a solution of 3 in dry CH,Cl, (2 mL)
containing 4 A powdered molecular sieves
(400 mg), was added methyl 8-hydroxyoc-
tanoate (30 mg, 0.15 mmol). After stirring for
30 min at rt, this mixture was cooled to
—10°C and AgOTf (26 mg, 0.1 mmol) was
added. Stirring was continued for another 2 h
at this temperature under argon, and the reac-
tion mixture was filtered through Celite and
concentrated. The residue was purified on a
silica gel column with 1:2 hexane—EtOAc, af-
fording the desired tetrasaccharide 4 as a
syrup (88 mg, 80%). 'H NMR (360 MHz,
CDCly): 6 4.58 (d, 1 H, J 10.4 Hz, H-1"), 4.54
(d, 1 H, J 10.1 Hz, H-1""), 4.51 (d, 1 H, J 9.9
Hz, H-1"), 4.37 (d, 1 H, J 7.6 Hz, H-1"), 3.65
(s, 3 H, OCH;), 227 (t, 2 H, J 7.5 Hz,
COCH,); C NMR (300 MHz, CDCl,): ¢
101.83, 85.83, 84.11, 83.17 (C-1', C-1", C-1'"
and C-1"v), 79.92, 75.92, 75.57, 74.39, 73.20,
73.63, 73.61, 71.90, 70.01, 69.91, 69.62, 68.24,
68.06, 66.87 (C-2!, C-2", Cc-2", C-2%, C-3,
C-3", C4', Cc4", c4™M c4v, C-5', C-5",
C-5", and C-5vV), 62.43, 61.88, 61.79 (C-6',
C-6"" and C-6"Y), 51.35, 49.65 (C-3"" and C-
3%V), 33.45 (C-6"); FABMS: m/z 1453 [M +
Na]*. Anal. Calcd for CyHg04,S;: C,
50.35%; H, 6.01. Found: C, 49.79, H, 5.72.

8-Methoxycarbonyloctyl 3-S-[3,6-di-S-(f -D-
glucopyranosyl)-3,6-dithio-f -D-glucopyranosyl]-
3-thio-f -D-glucopranoside  (5).—Methanolic
NaOMe (1 M, 0.5 mL) was added to a solu-

tion of 3 (60 mg, 0.042 mmol) in dry MeOH
(2 mL). After stirring at 0 °C for 24 h, the
solution was demineralized with Dowex 50
(H™*) resin. The resin was removed by filtra-
tion, the solvent was evaporated, and the
residue was purified on a silica gel column
with 5:1 CHCl,—MeOH to afford 5 as a syrup
(33 mg, 90%). '"H NMR (360 MHz, CDCl,): ¢
472 (d, 1 H, J 9.5 Hz, H-1V), 4.60 (d, 1 H, J
9.7 Hz, H-1""), 4.59 (d, 1 H, J 9.8 Hz, H-1"),
430 (d, 1 H, J 7.5 Hz, H-1"), 3.64 (s, 3 H,
OCH,), 2.31 (t, 2H, J 7.8 Hz, COCH,); "*C
NMR (300 MHz, CDCl,): 6 105.44, 87.89,
87.89, 86.52 (C-1', C-1", C-1'", C-1V), 83.82,
82.00, 81.72, 80.27, 79.44, 79.44, 74.69, 74.25,
74.69, 74.25 (C-2', C-2", Cc-2", C-2VWV, C-3',
C-3", C-4', Cc4", Cc4" c-4v, C-5', C-5,
C-5"" and C-5%), 63.00, 63.00, 62.72 (C-6',
C-6"" and C-6"), 58.12, 56.44 (C-3"" and C-
3%V, 33.24 (C-6"); FABMS: m/z 907 [M +
NaJ*.

8-Carbazoyloctyl 3-S-[3,6-di-S-(f -D-glu-
copyranosyl)- 3,6-dithio- - D - glucopyranosyl]-
3-thio-a-D-glucopyranoside (6).—To a solu-
tion of 5 (23 mg, 0.026 mmol) in 95% EtOH (2
mL) was added hydrazine (0.5 mL), and the
solution was stirred at rt for 24 h. After
concentration, the residue was purified on a
silica gel column with 1:1 CH,Cl,—MeOH,
yielding 6 as a syrup (20 mg, 90%). 'H NMR
(360 MHz, CDCly): 6 4.73 (d, 1 H, J 9.6 Hz,
H-1"), 4.62 (d, 1 H, J 9.6 Hz, H-1"""), 4.60 (d,
1 H, J 9.7 Hz, H-1"), 431 (d, 1 H, J 7.6 Hz,
H-1Y), 2.14 (t, 2 H, J 7.5 Hz, COCH,); *C
NMR (300 MHz, CDCl;): ¢ 105.45, 87.91,
87.91, 86.51 (C-1', C-1", C-1"" and C-1v),
83.79, 82.01, 81.74, 80.28, 79.44, 79.44, 74.66,
74.24, 74.24, 72.01, 71.51, 71.31, 71.31, 70.80
(C-2Y, c21, c2m c2v, Cc-3', Cc-3" C-4,
C-4", Cc-4™M C4Yv, C-5', C-5", C-5" and C-
5V, 62.99, 62.99, 62.71 (C-6', C-6"" and C-
6"), 58.12, 56.44 (C-3"" and C-3"), 33.26
(C-6"); FABMS: m/z 907 [M + Na]*.

3-S-[3,6-Di-S-(f-D-glucopyranosyl)- 3,6-
dithio- f-D-glucopyranosyl]- 3-thio- f-D-gluco-
pyranosyl-(1— 8)-oxyoctyl-HSA (1).—To a
stirred solution of 6 (8 mg, 0.009 mmol) in dry
DMF (0.2 mL) at — 30 °C, was added aq 1.3
M HCI in dioxane (60 pL) and fert-butyl
nitrite in DMF (1:10, w/v, 50 puL). After stir-
ring for 10 min at — 30 °C, this mixture was
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then added dropwise to a solution of HSA (15
mg) in 0.1 M Na,B,0, at 0 °C. This mixture
was then stirred at rt for 4 h, and dialyzed for
4 h with a membrane that retained proteins of
molecular weight 12,000 or higher. Removal
of water by lyophilization gave the thio-
tetrasaccharide conjugate 1 (11.4 mg) as a
white powder. MALDIMS: m/z 79980.

Biological evaluation for 1.—(1) Antigen
(PPD)-induced T-cell proliferation and cy-
tokine production [10,11]: peripheral blood
mononuclear cells (PBMC) were prepared
from heparinized venous blood (10 U heparin/
mL, liquemine, Roche) by the standard Fi-
coll-Hypaque (Pharmacia) method. The cells
were washed 2-3 times with phosphate-
buffered saline (PBS) and resuspended in
RPMI 1640 supplemented with 10% fetal calf
serum (all from Gibco). Cell concentration
was adjusted to 0.7—1 x 10° cells/mL. After
adding 1.0 mg/mL PPD (purified protein
derivative of M. tuberculosis, Serum Inst.,
Kopenhagen) the cells (150 mL per well) were
distributed in 96-well flat-bottom plates
(Costar) which already contained 50 mL/well
of test compounds. Stimulated cultures were
pulsed after 4-5 days (37 °C, 7% CO, in air)
with 1.0 mCi *H-thymidine/well (Amersham:
spec. act, 5 Ci/mmol) in 10 mL RPMI 1640.
After an additional 20 h, the cells were har-
vested with a 96-well harvester on glass fibre
filters (LKB). Results are expressed as the
mean cpm of triplicate wells in the presence
and absence of drugs. Standard deviations
were generally below 15%. Supernatants from
parallel triplicate cultures were taken at cer-
tain time points and tested for cytokine
activity.

Detection of IFN-g in culture supernatants
by ELISA and CLIA. Coating buffer or PBS
(phosphate buffered saline, pH 7.4, 100 pL)
containing 5 mg/mL mAb (43-11) was dis-
tributed into the wells of microtiter plates
(Dynatech) and left overnight at 4 °C. The
solution was removed by flicking, and the
plates were washed six times with washing
buffer (washing buffer plus 1% BSA and
0.01% merthiolate) and incubated for 1 h at
rt. ELISA buffer was removed, and the plates
were washed six times with washing buffer.
Then, mAb (45-15) coupled to biotin was

diluted appropriately (usually 1 mg mAb/mL)
in ELISA buffer and distributed (50 pL/well),
followed by 50 uL/well of IFNg standard or
test samples. The plates were then incubated
at rt for 2 h. The plates were washed and
incubated with 100 pL/well extravidin—perox-
idase conjugate (Sigma 2 mg/mL, diluted 1/
1000 in ELISA buffer) for 1 h at rt. After
washing, 150 pL/well of substrate solution
containing 1.5 mg OPD/mL buffer (add 1/
1000 vol water before use) was distributed in
each well. The intensity of color was deter-
mined by a computerized Titertech multiscan
ELISA reader (Biorad) at 490/630 nm. The
amount of IFN-g present in the samples was
calculated by using a standard curve. For each
experiment, an IFN-g standard (Biogen or
Kyowa Hakko) consisting of at least seven
dilutions (0.002—-10 ng/mL IFN-g) was used.
These samples were freshly prepared from a
stock solution (100 mg/mL), which was stored
at — 80 °C. All samples were run in triplicate.
For the measurement of other human cyto-
kines, the following mAb pairs were used in
the CLIA (chemiluminecent immunoassay, all
modified from ELISA): 3H4/8F12 for IL-4;
4H8/5A5 for IL-5. First, mAbs were immobi-
lized (5 pg/mL, 100 pL/well), and then mAbs
were labeled with acridinium ester and used at
0.2-0.5 pg/mL final concentrations, as de-
scribed previously [10].

(2) Antibody (CD2/CD28)-induced T-cell
proliferation and cytokine production. Nor-
mal human PBMC were prepared as above
and stimulated with a cocktail of soluble anti-
CD2 and anti-CD28 (4B2 and 6G4 all from
Holland Biotechnology, CLB, each 1 pg/mL)
mAbs for 72 h, and cytokine levels were deter-
mined by CLIA as described [10,11]. Inhibi-
tion of cytokine production was calculated
from the difference of cytokine levels induced
in the presence or absence of test compounds.
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