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Abstract

The E2 glycoprotein is the target of broadly neutralizing antibodies against
Hepatitis C Virus (HCV). There is evidence that the HCV E2-specific antibody
glycosylation profile is associated with hepatic fibrosis progression. The main
aim of this study was to compare the sialylation of E2-specific and naturally
occurring antiglycan Abs to determine whether their combination could be
beneficial for the non-invasive evaluation of hepatic damage. Fifty-eight patients
with various stages of hepatic fibrosis or without were tested. The sialylation of
HCV E2 glycoprotein-specific antibodies (E2-Abs), the Thomsen-Friedenreich
antigen- and aGal glycotope-specific antibodies (TF-Abs, aGal-Abs) was
analysed using the ELISA platform. The level of IgG Abs and their reactivity
to Sialospecific Sambucus Nigra Lectin (SNA) were determined and changes
in Abs sialylation were analysed based on the stage of liver fibrosis, HCV
genotype and antiviral therapy efficacy. The late stage of liver Fibrosis (F4) was
characterized by dramatically decreased E2-Ab SNA reactivity unlike stages
with no fibrosis (P=0.003) and stages F1-F3 (P=0.0007). In contrast, anti-
glycan Abs showed an increased sialylation. In multiple regression analysis, the
combination of E2 and TF-Abs sialylation patterns gave a significant advantage
in assessing liver damage. A high rate of discrimination between FO and F4
stages of fibrosis as well as between F1-F3 and F4 was obtained (ACC=0.948
and ACC=0.90, respectively). Thus, the combined analysis of disease-specific
and natural Abs sialylation can remarkably enhance the clinical value of the
approach in the non-invasive evaluation of hepatic damage.
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hepatic fibrosis progression [14]. Alterations in the glycosylation
of immunoglobulins and some other glycoproteins (haptoglobin,
a-fetoprotein, al-antitripsin) have been described in patients with
HCYV infection [15-17].

Abbreviations

Ab: Antibody (ies); ACC: Accuracy; AUC: The Area Under the
Curve in ROC Analysis; E2-Ab: Antibody to HCV E2 Glycoprotein;
E2-SNA: The Level of SNA Binding to E2-Specific Antibodies;
ELISA: The Enzyme-Linked Immunosorbent Assay; Gal-Ab/IgG:
aGal-Specific Antibodies/IgG; Gal-SNA: The Level of SNA Binding
to Alpha-Gal Glycotope Specific Antibodies; IF-RBV: Pegylated
Interferon-a-2a Plus Ribavirin Therapy; ACC: Accuracy of ROC
analysis; ROC: Receiver Operator Curve Analysis; SNA: Sambucus

Many human natural antibodies to glycans, including the so-
called Thomsen-Friedenreich antigen (Galal-3Gal NAc-R) and
aGal glycotope (Galal-3GalB1-4GlcNAc-R), are produced mostly
against carbohydrate antigens on gastrointestinal bacteria and may
interact with microbial and viral envelope glycoproteins carrying

Nigra Agglutinin; TF-Ab/IgG: TFantigen-Specific Antibodies/IgG;
TF-SNA: The Level of SNA Binding to TF-Specific Antibodies; TFa:
Thomsen-Friedenreich Antigen (Galal-3Gal NAc-R, alpha anomer);
aGal: Xenogenic Alpha-Gal Glycotope (Galal-3GalB1-4GlcNAc-R)

Introduction

The E2 glycoprotein (gp70) is one of the main targets of broadly
neutralizing antibodies against hepatic C virus (HCV) [1-3].
Antibody glycosylation is a critical modification of antibody activity
occurring via Fc-mediated effector mechanisms [4-8]. The diverse
clinical effect of different Ab glyco-subsets has been demonstrated
in autoimmunity, infections, and cancer [9-13]. We have shown
recently that the sialylation of E2-specific Abs is associated with

these epitopes, thus protecting the human organism against bacteria
and viruses [18-24]. The presence of anti-microbial Abs in patients
with liver cirrhosis may reflect an increased bacterial translocation
[25]. Abs against the Thomsen-Friedenreich (TFa) glycotope play an
important role in the elimination of TF-expressing neoplastic cells
[26], and a higher sialylation of anti-TF Abs was revealed in patients
with cancer [27].

The increased galactosylation and fucosylation of aGal-specific
IgG have been found to occur in the late stages of HCV-induced
hepatic fibrosis [15]. Notably, compared with total serum IgG, these
changes were mostly observed with anti-aGal IgG. The TF glycotope-
specific Abs have not yet been investigated in this respect. Thus,
there is evidence that the glycosylation of E2-specific and natural
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Table 1: The characteristics of patients under investigation.

HCV Hepatic fibrosis stage Response to treatment
Genotype 0 1 2 3 4 SVR NR RL ST
(n) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
1b (26) 11 (42,3) 6 (23,1) 0 (0) 3(11,5) 6 (23,1) 12 (46,2) 7 (26,9) 4 (15,4) 3(11,5)
3a (27) 14 (51,9) 5 (18,5) 3(11,1) 1(3,7) 4 (14,8) 21(77.8) 1(3,7) 2(7,4) 3(11,1)
1a+2al2c (5) 3(60) 1(20) 1(20) 0(0) 0(0) 4 (80) 0(0) 0(0) 1(20)
All cases (58) 28 (48,3) 12(20,7) 4(6,9) 4(6,9) 10 (17,2) 37 (63,8) 8(13,8) 6(10,3) 7(12,1)

Genotype 1a- one patient and GT 2a/2c—four patients. SVR: Sustained Virologic Response, NR: No Response, RL: Relapse. In seven patients treatment was Stopped

(ST) due to intolerance.

Abs to aGal glycotope is altered in the late stages of hepatic fibrosis
induced by HCV infection. Whether these changes are common to
both HCV-specific Abs and antibodies to HCV non-related targets
remains yet unknown. The main aim of this study was to compare the
sialylation profile of E2-specific and naturally occurring antiglycan
Abs and determine whether their combination could contribute to
the non-invasive evaluation of hepatic damage. The benefit of such
combination is demonstrated and discussed.

Material and Methods

Subjects

Serum samples were taken from fifty-eight HCV infected
treatment-naive patients: men-32 and women-26 of median age of
37 years (range 19-57). The HCV genotype-based characteristics of
patients and the effect of antiviral therapy are presented in Table
1. The investigation was carried out in accordance with the ICH
GCP Standards and approved by Tallinn Medical Research Ethics
Committee, Estonia. A written informed consent was obtained from
all patients.

The diagnosis of HCV infection was based on the presence of
anti-HCV antibodies in the patients sera, detection of serum HCV
RNA, histologically verified fibrosis stage and clinical follow-up. The
HCV genotype was determined by the hybridization technique using
VERSANT HCV genotype assay (LiPA) (Bayer HealthCare LLC,
Tarrytown, NY). The range of fibrosis was classified according to the
Metavir scoring system from FO to F4 (cirrhosis). The serum samples
were stored in aliquots at -40°C until use.

HCV infection treatment (pegylated interferon-a-2a plus
ribavirin therapy) (IFN-RBV) was conducted according to the
National Guidelines approved by the Estonian Society for Infectious
Diseases in 2010. The response to therapy was evaluated as a Sustained
Virological Response (SVR), No Response (NR) or Relapse (RL) at 24
weeks following the end of treatment.

The E2 glycoprotein- and glycan-specific IgG antibody
assay

The level of anti-E2 and two antiglycan IgG antibodies was
determined by the enzyme-linked immunosorbent assay (ELISA)
as described earlier [14,28], with minor modifications. The plates
(NUNC Maxisorp, Denmark) were coated with an E2 recombinant
protein (ViroStat, ME, USA), or with a synthetic TFa-polyacrylamide
conjugate (10%),and aGal-polyacrylamide conjugate (20%) (Lectinity,
Russia) in carbonate buffer, pH 9.6, 2.5 pg/ml and 5 ug/ml for E2 and
antiglycan Abs, respectively. After the overnight incubation, triple

washing and blocking with a Superblock solution (Pierce, USA) for
30 min at 25°C, the serum samples diluted 1:50 in PBS-0.05% Tween
(Tw) were applied for 1.5 h at 25°C. After the subsequent washing
with PBS-Tw, the level of bound Abs was determined using the
Alkaline Phosphatase (AP) conjugated goat anti-human IgG, (Sigma,
USA) and p-nitrophenylphosphate disodium hexahydrate (pNPP,
Sigma, USA). The absorbance values were read at 405 nm (Tecan
Reader, Austria). The Optical Density Value (OD) of control wells
(no serum sample) was subtracted from that of Abs-coated wells and
each sample was analysed in duplicate.

SNA lectin reactivity of E2 and anti-glycan antibodies

The lectin reactivity of E2-specific and anti-glycan antibodies was
measured in a similar way, except that the binding of the neuraminic
acid (sialic acid)-specific Sambucus Nigra Agglutinin (SNA) to the
absorbed antibodies was determined. After triple washing with the
biotinylated SNA (Vector Laboratories, Inc., USA) in 10 mmol/L
Hepes, 0.15 mol/L NaCl, 0.1 mmol/L CaCl,, pH 7.5 was applied at
a concentration of 5 pg/mL for 1.5 h at 25°C. The bound lectin was
detected with a streptavidin-AP conjugate (Dako, USA) and pNPP
(Sigma, USA). The O.D. of control wells (no serum sample) was
subtracted from that of serum-coated wells to determine the lectin
binding. Each sample was analysed in duplicate. The value of the SNA
binding to Abs and the ratio of SNA binding to IgG level (SNA/IgG
ratio) were determined. In addition, the ratio of E2-Ab SNA reactivity
(E2-SNA) to TF-SNA or Gal-SNA values (E2-SNA/TF-SNA or E2-
SNA/Gal-SNA) were calculated.

Statistical analysis

Comparisons between the groups were performed using
the nonparametric Mann-Whitney U test for unpaired data or
Student’s t-test where appropriate and P < 0.05 value was considered
statistically significant. The Receiver Operator Characteristic (ROC)
curve analysis was used to evaluate the sensitivity and specificity of
the changes found in hepatic fibrosis. The differences in Abs levels
and SNA reactivity were also evaluated by multiple regression analysis
using the combination of parameters for the diagnostic accuracy
discrimination between hepatic fibrosis stages. All calculations were
performed using the STATISTICA 10 and RStudio-1.1.463 software.

Results

The E2-Abs level was significantly higher in patients with stage
F4 fibrosis than in those with stage FO, P=0.007. The level of both
anti-glycan Abs was also increased in stage F4 of fibrosis (P=0.04).
This was also true for aGal antibodies in stages F1-F3 vs FO (P=0.01)
(Figure 1(c)).
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Figure 1: The level of anti-E2, TF and aGal IgG antibodies by hepatic fibrosis stage (FO-F4).

Each dot corresponds to one individual. Medians, ranges and quartiles are shown and P values are indicated for significant differences. Stages F1, F2 and F3 of
fibrosis are combined due to the small number of patients (n=12, 4 and 4, respectively).
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Figure 2: E2-specific, TF and aGal antibody SNA reactivity by hepatic fibrosis stage: (a) E2 IgG; (b) TFa (c) aGal. Medians, ranges and quartiles are shown and

In contrast, the SNA binding to E2- Abs (Figure 2) was much lower
in F4 group than in groups FO or F1-F3 (P=0.003 and P=0.00075,

respectively), but was higher to TF-Abs (P=0.02, FO vs F1-F3 and
P=0.14 for FO vs F4). A similar trend in increase was observed for
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Figure 3: The ratio of E2 Abs SNA reactivity to TF Abs and aGal Abs SNA binding in patients with fibrosis stages FO, F1-F3 and F4.
(a) E2 SNA/TF SNA ratio; (b) E2 SNA/ aGal SNA ratio.
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Figure 4: The diagnostic accuracy of discrimination between FO and F4 fibrosis stages by ROC (The term is given above). Using E2- and TF-specific antibody
sialylation profiles: (a) E2-Abs; (b) TF-Abs; (c) a combination of E2 and TF antibodies as determined by multiple regression statistics. Predicted values calculated
by multiple regression analysis: Z = —0.47808" (X E2-SNA (OD)) + 0.307414" (X TF-SNA (OD)) + 0.754585.

Gal Abs (P=0.12; FO vs F4). This regularity persists despite great
interindividual variations. of antiglycan Abs levels independent of
fibrosis stage.

Both the E2-Abs SNA /TF Abs-SNA and E2-SNA/Gal-SNA
ratios showed lower values in stage F4 than in stage FO (P=0.007 and
P=0.001, respectively) (Figure 3). Significant yet less pronounced
changes were observed also for FO vs F1-F3 fibrosis stages (P=0.04
and P=0.02, for TF-Abs and Gal-Abs, respectively). In patients with
no fibrosis (FO stage), a positive correlation was found to exist between
the SNA binding to TF-Abs and aGal-Abs (r=0.604, P=0.0006). This
was also true for fibrosis stage F4 (r=0.86, P=0.001), whereas there
was no correlation between Abs levels. In stages F2-F3, no significant
correlation between these levels was found.

Given the ambiguos and partly opposite changes in E2-Abs and
anti-glycan Abs sialylation all the tested parameters were analysed by
multiple regression analysis. In discriminating fibrosis stages FO and
F4, the E2 Abs-SNA and TF Abs-SNA binding profile showed the
ACC values of 0.789 and 0.71, respectively (Table 2, Figure 4 (a,b)).

The highest ability of discrimination (ACC=0.948) between
fibrosis stages FO and F4 was obtained using a combination of two
parameters, E2-SNA and TF-SNA. Notably, a high discrimination
ability persisted also in comparing stages F1-F3 with F4: the area
under curve 0.905, sensitivity 0.85, specificity 1.0, ACC 0.90). The
combination of E2-SNA and Gal-SNA parameters showed a lower
accuracy of the assay (ACC=0.833).

Table 2: The E2- and TF- specific antibody sialylation in discriminating FO and
F4 stages of hepatic fibrosis as determined/by ROC and multiple regression
analysis.

E2-SNA + TF SNA

Variables | E2-SNA (OD) TF-SNA (OD) Predicted values
AUC 0.8214 0.6571 0.9964
95% Cl 0.6886-0.9542 0.4396-0.8747 0.9849-1.008
P Value 0.003 0.1 <0.0001
Cutoff 0.9585 1.39 0.1653
Sensitivity 0.8571 0.7857 0.9643
Specificity 0.6 0.5 0.9
ACC 0.7895 0.7105 0.9487

Patients with HCV 1b genotype demonstrated a clear trend to
higher E2 Abs levels compared with GT3 (P=0.054) but antiglycan
Abs levels remained unchanged, differently from other genotypes. No
significant differences in SNA binding was found, except a higher E2-
SNA/IgG ratio (P=0.015) in patients infected with HCV 3a genotype,
unlike GT1b. The HCV genotype was not associated with changes of
TF-Abs and Gal-Abs parameters (data not shown).

E2, TFa and aGal specific Abs levels showed no relationship with
the efficacy of RBV-IF virotherapy. A higher level of SNA binding
to aGal Abs was found in patients with relapse (RL) compared with
non-responders (significant for Gal, P=0.03) and the SVR group
(P=0.005) (Figure 5). A similar trend in TF Abs levels (P=0.10) was
observed in RL and NR groups. The “Stop Treatment” (ST) group
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Figure 5: The SNA binding to aGal-specific antibodies and IFN-RBV therapy
efficacy.

Abbreviations: SVR: Sustained Virologic Response; NR: No Response;
RL: Relapse. Medians, ranges and quartiles are shown and P values are
indicated for significant differences.

showed a profile similar to “no response” patients.

Thus, based on the predicted values calculated by multiple
regression analysis of the combination of two parameters (E2-SNA
and TF-SNA), hepatic cirrhosis (F4 stage of fibrosis) may be present
with high accuracy distinctive of other stages of hepatic damage, or
be absent (stage FO0). It appears that an increased sialylation of TF-
and Gal-Abs is more often observed in patients with a future relapse,
which is predictive of IF-RBV virotherapy inefficacy.

Discussion

The important role of anti-envelope Abs response in the
resistance to and a spontaneous cure of HCV infection has been
demonstrated [1-3,29] but E2-Abs structural heterogeneity, in
particular, the glycosylation profile remains mostly unexplored,
yet. Our recent findings showed a significant decrease in E2-Abs
sialylation in the late stages of hepatic fibrosis [14]. It is considered
that a broad spectrum of naturally occurring antiglycan Abs in
humans are induced by enteric microorganisms or their products
[30,31]. Significant alterations of intestinal microbiota with microbial
translocation and hepatic inflammation occur in the late stages of
fibrosis [30,32]. However, there is still no evidence that TF- or Gal-
epitope expressing microbiota takes part in such translocation. No
information exists about the possible expression of TFa or aGal
glycotopes in hepatocytes or stromal cells during HCV infection
either.

Two naturally occurring Abs specific to TFa and aGal glycotopes
were included in this study due to their natural ubiquitous presence
in each individual, being thus convenient glycotope-specific
targets in contrast to highly polymorphic total serum IgG (tIgG).
Approximately 1% of human blood immunoglobulins belong to Abs
against xenogeneic aGal epitope [24, 33]. A much lower amount of
TF specific Abs is present in human serum: about 0.5 mkg and 5 mkg
per ml for IgG and IgM, respectively [34].

Itis of interest that E2 and TF-Abs sialylation demonstrated quite
opposite (and partly independent) changes in fibrosis stage F4, i.e.
the decrease and increase, respectively. Therefore we assumed that
the combination of these two parameters might be clinically more
informative. In fact, the multiple regression statistics showed an
appreciable advantage of such a combination compared with the

sialylation analysis of single parameters alone. Another combination
of parameters under study exhibited lower ACC values.

Thereasons for changesin thesialylation ofanti-E2 and anti-glycan
Abs observed in this study remain yet unclear. It is well accepted that
sialylated Igs have anti-inflammatory activity [4,13,35,36]. Alterations
of Abs glycosylation in autoimmunity is a well-documented fact and
the low level of IgG sialylation is usually associated with increased
inflammation [6,7,10,16]. The agalactosylation and decreased
sialylation of IgG appear as a proinflammatory mechanism common
to numerous inflammatory diseases. It appears that the decreased
sialylation of IgG is a proinflammatory mechanism common to
numerous inflammatory diseases.

The most intriguing finding of the study was that changes in the
sialylation of anti-E2 and anti-glycan Abs revealed quite opposite
trends in the late stages of fibrosis, i.e. the decrease and increase,
respectively, thus suggesting that both parameters are independent
variables. Moreover, namely the sialylation changes of E2 and
antiglycan Abs not their levels demonstrated an association with liver
damage and therapy outcome. It is important to note that the total
serum IgG glycosylation profile may significantly differ from that of
antigen-specific IgG Abs involved in the pathogenesis of a specific
disease [10,12,37-39], suggesting the presence of disease-specific
IgG changes of potential clinical importance. This also implies that
the glycosylation pattern of Abs against the target antigens involved
in the pathogenesis of a specific disease may be more informative
than just the level of IgG Abs to a specific antigen. It seems that a
decreased sialylation of the HCV specific E2 Abs in the late stages
of fibrosis may reflect a higher degree of inflammation due to the
proinflammatory activity of hyposialylated antibodies and represent
an epiphenomenon derived from the inflammatory environment
induced by HCV.

We suggest that the higher proportion of SVR responders in
patients with increased SNA binding to all tested Abs (especially
aGal-Abs) compared with “no responders” could be explained by
the anti-inflammatory activity of higher sialylated Abs. The decrease
of E2-Abs sialylation could partly explain the observed association
of this phenomenon with a higher hepatic damage as well as with a
higher effect of virotherapy in these patients.

In conclusion, the significant and in part opposite changes in
the sialylation of E2 and glycan-specific Abs were found in the late
(F4) stage of hepatic fibrosis. As established by multiple regression
analysis, the combination of E2-Abs and TF-Abs sialylation patterns
provided a significant advantage in assessing liver damage with high
accuracy (ACC higher than 90%). We suggest that the combined
analysis of HCV-specific and natural anti-glycan Abs glycodiversity
may substantially enhance the clinical value of the approach in
the non-invasive evaluation of hepatic damage induced by HCV
infection. Detailed retrospective and prospective analysis of E2 and
antiglycan Abs glycosylation signatures as well as their association
with inflammatory parameters will be needed to further assess their
efficacy in clinical settings.
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