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Abstract

v

Multiple sclerosis is an autoimmune disease that affects the cen-
tral nervous system. The key role of the glycosylation in disease
pathogenesis has been previously studied and the synthetic N-
glucosylated peptide CSF114(Glc) proved its efficiency in autoan-
tibody recognition in the sera of multiple sclerosis patients. Here-
in, pure natural triterpene glycosides containing different glyco-
syl moieties were isolated and tested in multiple sclerosis pa-
tients’ sera to better understand the role of glycosylation. They
were selected taking into account the nature and complexity of
their osidic part. Five triterpene glycosides were isolated from
several plants with more than 95% purity. The interaction be-
tween these glycosides and autoantibodies was evaluated in an
enzyme-linked immunosorbent assay measuring IgG and IgM
levels in multiple sclerosis patients and healthy blood donors,
and the results were compared with those of CSF114(Glc). For
each antigen, Mann Whitney and receiver operating characteris-
tic-based analysis were performed to evaluate any statistical sig-
nificance of the results. The five natural triterpene glycosides
showed good capacity to recognize IgMs (sensitivity up to 38%)
with a high specificity (88.9%) for multiple sclerosis patients.

Key words
multiple sclerosis - triterpene glycosides - autoimmune disease
- biomarkers - autoantibody recognition

Supporting information available online at
http://www.thieme-connect.de/products

Complex glycoconjugates, including glycolipids and glycopro-
teins, are commonly displayed on cell surfaces, where they play
crucial roles as intermediaries in extracellular communication
and signalling networks [1-3]. Therefore, studies on glycan mod-
ification patterns of glycoconjugates are a great challenge in med-
ical diagnostic research, offering insight into cellular molecular
mechanisms. Moreover, glycoconjugates can be proposed as mo-
lecular biomarkers for the disease activity [4,5]. In the field of au-
toimmunity, different approaches are used to investigate the
structures and functions of complex naturally occurring glyco-
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conjugates leading to the identification of autoantigens associ-
ated with different autoimmune diseases. In particular, in the
context of multiple sclerosis (MS), the development of serum
antibodies as biomarkers to be used for the diagnosis, monitor-
ing, and prognosis of such a heterogeneous disease is a challenge
because of the ambiguous identification of antigens (Ags) impli-
cated in the disease.

MS pathogenesis has not been yet elucidated but includes viral,
immunological, and vascular hypotheses [6]. Most of the putative
Ags belong to the myelin protein family (i.e., myelin basic protein,
proteolipid lipoprotein, and myelin oligodendrocyte glycopro-
tein). Moreover, pathophysiological post-translational modifica-
tions of native Ags can trigger the immune system to generate
autoantibodies escaping conventional diagnostic procedures [7].
Thus, autoantibodies against aberrant glycosylations have been
hypothesized as diagnostic biomarkers in MS [8,9]. In particular,
the N-glucosylated peptide CSF114(Glc) detecting disease-specif-
ic autoantibodies as biomarkers of MS has been developed as a
probe for the detection of autoAbs present in the serum of MS pa-
tients [10,11]. This probe is able to identify and measure MS-re-
lated autoAbs whose levels correlated with a clinical assessment
of MS activity and MRI profile of brain lesions [8]. The CSF114
(Glc) peptide represents an unconventional approach since its
structure is completely unrelated to any primary myelin protein
structure and is not linked to any particular pathogenetic hy-
pothesis. The main characteristic of CSF114(Glc) is its conforma-
tional B-turn structure exposing the sugar moiety on an Asn res-
idue, possibly the key element, for Ab recognition [12,13]. Differ-
ent synthetic sugar moieties were assembled into the amino acid
sequence of CSF114 and their reactivity studied with MS pa-
tients’ sera, confirming the role of N-glucosylation in the autoAb
recognition [14]. On the other hand, the nature of the native anti-
gen bearing the sugar moiety has not been deeply investigated.
With all these considerations in mind, structures containing nat-
urally occurring glycosylations are attractive as possible antigen-
ic probes mimicking native glycoconjugates. Triterpene glyco-
sides are good candidates for this purpose due to their aglycon
bearing various glycosidic moieties, from a single sugar to an oli-
gosaccharide chain, as mono or bidesmosidic structures. Many of
these compounds have been isolated and characterized during
the last decades [15,16]. Herein we report the selection of iso-
lated natural triterpene glycosides as structures bearing different
glycosyl moieties and their immunochemical characterization in
MS patients’ sera. They have been used as antigenic probes, for
the first time, to detect specific IgG and IgM antibodies in the sera
of MS patients and normal blood donors (NBD) by using an en-
zyme-linked immunosorbent assay (ELISA). Results were com-
pared with the CSF114(Glc)-based ELISA [17].

Five natural triterpene glycosides, selected for the complexity of
their osidic part (compounds 1-5, ©Fig. 1), were used for the
first time to detect specific IgG and IgM antibodies in MS pa-
tients’ sera and NBD by ELISA: 3-0-(B-D-glucopyranosyl)prese-
negenin 28-{0-B-D-galactopyranosyl-(1 — 4)-0O-[B-D-glucopyra-
nosyl-(1 — 3)]-0-B-D-xylopyranosyl-(1 — 4)-0-a-L-rhamnopyra-
nosyl-(1 - 2)-{4-0-[(E)-3,4-dimethoxycinnamoyl]}-B-D-fuco-
pyranosyl} ester (1) isolated from Polygala arenaria Willd.
(Polygalaceae) [18], 3-0-(B-D-2-0-sulphonylquinovopyranosyl)
quinovic acid-28-0-(B-D-glucopyranosyl) ester (zygophyloside
E) (2) and 3-O-(B-D-2-0-sulphonylglucopyranosyl)quinovic ac-
id-28-0-(B-D-glucopyranosyl) ester (zygophyloside G) (3) from
Zygophyllum geslini Coss. (Zygophyllaceae) [19], 3-0-B-D-gluco-
pyranosylpresenegenin (tenuifoline) (4) from Polygala ruwenzor-
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iensis Chod. [20], and 3-O-B-D-xylopyranosyl-24-0--D-gluco-
pyranosyl-20,25-epoxycycloartane-38,6a,16p,24a-tetrol (5)
from Astragalus caprinus Maire (Fabaceae) [21,22]. In parallel,
we used the glycopeptide CSF114(Glc)-based ELISA to compare
antibody titers. The unglucosylated peptide CSF114 was em-
ployed as a negative control. Moreover, we tested the ursolic acid
(6) containing a similar structure of compounds 1-5 but lacking
glycosyl moieties in order to define if antibody responses are di-
rected to glycosylated sites. The isolated compounds were coated
in ELISA microplates to evaluate antibody titers in the sera. For
each antigen, IgG and IgM measurements and statistical analysis
were performed separately. Data distribution of IgG antibody re-
sponses to glycopeptide CSF114(Glc), its unglucosylated counter-
part CSF114, and compounds 1-6 can be observed in © Fig. 2. The
glycopeptide CSF114(Glc) displayed the better performance, but
the two-tailed Mann-Whitney test revealed no significant differ-
ences between patients and healthy control populations for
CSF114(Glc), CSF114, triterpene glycosides 1-5, and ursolic acid
6 (p values > 0.05).

Column scatter of data reported in © Fig. 3 summarizes IgM sero-
logical results obtained in ELISA for all of the compounds ana-
lyzed. All compounds presented lower mean values for NBD than
for MS populations, except ursolic acid (6). This result highlighted
the important role of the glycosylation for specific MS antibody
recognition. Moreover, the glycopeptide CSF114(Glc) presented

Fig.1 Structure of the triterpene glycosides (1-5)
and ursolic acid (6).

the best performance with significant differences between pa-
tients and controls (two-tailed Mann-Whitney test, p value
<0.001), evidencing the role of the amide bond linkage.

The receiver operating characteristic (ROC) analysis was em-
ployed to compare the discrimination power of the compounds,
and the different cutoff values, sensitivity, specificity, and likeli-
hood ratios were also calculated [23]. Selected cutoff values, sen-
sitivities, and the rest of the statistical parameters are summar-
ized in ©Table 1. The characteristics of the curves, their shape
and steepness, and their underlying area provide evidence that
the selected natural triterpene glycosides are able to identify MS
patients with a high degree of confidence at the selected cutoff
values. These values are in any case lower than those obtained
with the glycopeptide CSF114(Glc) as a synthetic antigenic probe
highlighting the role of the N-glucosyl linkage in the antibody
recognition. The diagnostic power of ursolic acid 6 was, in any
case, lower than those presented by the triterpene glycosides 1-
5.

A statistical analysis based on the Spearman ranking coefficient
correlation was performed to determine cross-reactivity of the
antibody titers for the glucopeptide CSF114(Glc), the triterpene
glycosides 1-5, and the ursolic acid 6. The calculated Spearman r
values for compounds 1-4 to the glucopeptide CSF114(Glc) range
from 0.499-0.742, demonstrating a good correlation of antibody
reactivities (calculated p values <0.05, two-tailed Spearman
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Fig.2 Data distribution of IgG antibody responses
to CSF114(Glc), the unglucosylated peptide
CSF114, saponins 1-5, and the ursolic acid 6 in the
sera of multiple sclerosis patients (MS) and normal

1.5- 1.5
CSF114(Glc) CSF114 blood donors (NBD) determined by ELISA. Data are
reported as absorbance at 405 nm of sera diluted
g 1.0 o, g 1.0 1:100. The lines represents the means values with
10 . Y the SD. Mann-Witney evaluation showed that the
——y— < . Y
M P data do not differ significantly between the MS pa-
< 05 g 051 tient population and NBD for all compounds tested
T (p value >0.05)
u . p value >0.05).
0.0 ..1.". ... 0.0-—“‘“ & REE
& éQ)o ®6 é@o
1.54 1 1.5+
E 1.0 E 1.0
[r] wn
s o 5]
0 @ °
< 054 ° < 0.5
[y [ ]
001 —2eg fcae® e p.0lo° oo
&
S & ® &
1.5+ 3 1.5+ 4
E 101 £ 1.0
wn wn
g o g
3 3 o
2 0.5 2 0.5
-~
0.0l Ceal,ee Oomezson 0.0 Sagiea® .
9D D
\“ & N &
1.54 5 1.5 6
E 1.0 E 1.0
g . g
5 o0s ‘e 305 °
< 059 < 051 :
] ° ]
ol el T oo '%E-_" e
. » : . - T
N \g;o N eq,o

test). On the other hand, a lower correlation was observed with
compound 5 (r=0.256, p value > 0.05, two-tailed Spearman test)
and no correlation was observed with the ursolic acid 6
(r=-0.032, p value > 0.05, two-tailed Spearman test).

Therefore, we investigated the correlation between the five natu-
ral triterpene-type glycoside structures and their biological ac-
tivity highlighting their similarities with the CSF114(Glc) struc-
ture. From a structural point of view, compounds 1-3 and 5 are
bidesmosides, with an O-heterosidic linkage with only one sugar
at the C-3 position of the aglycon. In particular, they are glucopyr-
anosyl, sulfated glucopyranosyl, sulfated quinovopyranosyl, and
xylopyranosyl moieties. Even if the number of the tested mole-
cules till now is not statistically relevant, we can hypothesize
the relevant role of the ester carboxyl function at the C-28 posi-
tion in compounds 1-3 in IgM recognition. Among the bidesmo-
sidic compounds with a C-28 ester (1-3), the best performance
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was obtained with 2 followed by 3, emphasizing the role of the
size of the sugar, which is reduced at only one glucopyranosyl
moiety in the natural triterpene glycosides 2 and 3. Moreover, an-
alyzing the nature of the sugar at the C-3 position of the aglycon,
we expected the best results with the glucosylated triterpenes. In
fact, the ursolic acid 6, presenting the scaffold of compounds 1-5
but lacking the glycosyl moieties, was not able to identify specific
MS antibodies. This result demonstrated that ELISA based on tri-
erpene glycoside structures bearing glycosyl moieties does not
disrupt antibody recognition. On the basis of these results, the
best structures to be selected should be: monodesmosidic with
only one glucopyranosyl moiety in position C-3 or bidesmosidic
with one sugar, sulfated or not, at the C-3 position and a substitu-
tion with only one glucopyranosyl moiety at the C-24 or C-28 po-
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Fig.3 Data distribution of IgM antibody responses
to CSF114(Glc), the unglucosylated sequence
CSF114, saponins 1-5, and ursolic acid 6 in the sera
of multiple sclerosis patients (MS) and normal
blood donors (NBD) determined by ELISA. Data are
reported as absorbance at 405 nm of sera diluted
1:100. Data are presented as mean values with the
corresponding standard deviations.
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sition. From a chemotaxonomic point of view, desertic plants as
the Zygophyllaceae family represent a potential source of sulfated
triterpene glycosides [19,24].

We report for the first time the use of triterpene glycosides as
natural antigenic probes. These could allow a screening by immu-
noenzymatic assays to evaluate serum titers recognition by com-
plex sugar epitopes. In fact, the data obtained confirmed the im-
portance of carbohydrate structures in antibody recognition.

Material and Methods

v

Plant material

The harvest of P. arenaria and P. ruwenzoriensis from the Demo-
cratic Republic of Congo, Z. geslini from the Algerian Sahara, and
A. caprinus from Monastir, Tunisia, is detailed in the references
[18-22].

e@
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&

Extraction, isolation, and characterization

The extraction, isolation, and the physicochemical and spectro-
scopic data of the triterpene glycosides (1-5, © Fig. 1) have been
previously reported in references [18-22] (see Supporting Infor-
mation). Ursolic acid (6) was purchased from Sigma-Aldrich.

Glycopeptide synthesis

The glycopeptide antigen CSF114(Glc) and its unglucosylated
analog were prepared by microwave-assisted solid-phase pep-
tide synthesis. The glycopeptide was purified to homogeneity by
solid-phase extraction and reverse-phase high-pressure liquid
chromatography (HPLC), and further characterized by mass spec-
trometry and analytical HPLC, as described elsewhere [25].
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Table 1
corresponding sensitivity, specificity, and likelihood ratio.

Values obtained from ROC analysis of compounds 1-6 and glycopeptide CSF114(Clc) for the area under the curve, p value, established cutoff, and the

Compound Area under curve (AUC) Criterion value and coordinates
AUC Standard 95% Confidence P value Cutoff Sensitivity (%) Specificity (%) Likelihood
error (SE) interval ratio
1 0.839 0.08 0.68-0.99 0.0047 >0.115 77.8% 88.9% 7.00
52.4-93.6 51.8-99.7
2 0.624 0.11 0.41-0.83 0.3037 >0.199 50.0% 88.9% 4.50
26.0-73.9 51.8-99.7
3 0.726 0.10 0.54-0.92 0.0605 >0.101 66.7% 88.9% 6.00
41.0-86.6 51.8-99.7
4 0.617 0.11 0.40-0.83 0.3285 >0.269 55.6% 88.9% 5.00
30.8-78.5 51.7-99.7
5 0.500 0.11 0.28-0.72 1.0 >0.212 38.9% 88.9% 3.50
17.3-64.3 51.8-99.7
6 0.722 0.11 0.52-0.93 0.0641 >0.186 11% 72.2% 0.40
0.3-48.3 46.5-90.3
CSF114(Glc) 0.94 0.05 0.84-1.05 0.00022 >0.364 94.4% 88.9% 8.50
72.7-99.9 51.8-99.7

Immunoenzymatic assays

Twenty-seven sera were obtained for diagnostic purposes from
MS patients (18) and healthy blood donors (9) who had given
their informed consent, and stored at —20°C until use. Patients
were previously diagnosed after a lumbar puncture, MRI exami-
nation, and cerebrospinal analysis. Samples were preselected de-
pending on their reactivity to CSF114(Glc). Antibody responses
were determined in solid-phase ELISA (SP-ELISA).

The glycopeptide CSF114(GlIc) and its unglycosylated analog were
coated independently on 96-well activated polystyrene ELISA
plates (NUNC Maxisorb SIGMA) using a solution of 10 pg/mL in
pure carbonate buffer 0.05M at pH9.6 (100 pL/well) and incu-
bated at +4°C overnight. After three washes with 150 mM NaCl
solution containing 0.05% Tween 20 (washing buffer), nonspecific
binding sites were blocked with fetal bovine serum (FBS) 10% in
washing buffer (100 pL per well) at room temperature for 60 min.
Sera diluted from 1:100, 1:1000, and 1:10000 in 10% FBS in
washing buffer were incubated at +4°C overnight. After three
washes, 100l of alkaline phosphatase conjugated antihuman
IgM (diluted 1:200 in 150 mM NaCl/0.05% Tween 20/10% FBS)
or IgG (diluted 1:8000 in 150 mM NaCl/0.05% Tween 20/10%
FBS; Sigma-Aldrich) were added to each well. After a 3-h incuba-
tion at room temperature and three washes, 100 uL/well of 1 mg
x mL™! p-nitrophenyl phosphate (Sigma-Aldrich) in 10% dietha-
nolamine substrate solution (pH 9.8) were added. After 30 min,
the reaction was stopped with 1M NaOH (50 uL/well), and the
absorbance was read in a multichannel ELISA reader (Tecan Sun-
rise) at 405 nm. ELISA plates, coating conditions, reagent dilu-
tions, buffers, and incubation times were preliminary tested
[10]. Antibody levels are expressed as absorbance in arbitrary
units at 405 nm (sample dilution 1:100).

The compounds 1-6 were coated on 96-well microplates BD Fal-
con™ separately using a solution of 10 ug/mL in pure ethanol
(100 pL/well). The plates were then incubated at +4 °C overnight.
Microplates coated with the triterpene glycosides were washed
once with 150 mM NaCl without surfactants. The nonspecific
binding sites were blocked with 10% FBS in 150 mM NaCl solu-
tion at room temperature for 60 min. Then, the same protocol as
above for the glycopeptide CSF114(GlIc) was performed without
using Tween 20.

Peroni E et al. Natural Triterpene Glycosides... Planta Med Lett 2016; 3: e2-e7

Statistical analysis was performed using GraphPad software v4.0.
Mann-Whitney tests were used to evaluate the predictive anti-
body values, and two-tailed p values were calculated. ROC curves
were calculated for significant triterpene-type saponins and cut-
off values were established.

Supporting information
The extraction and isolation of the test compounds are available
as Supporting Information.
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