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The National conference on “Upcoming avenues for elimination of Viral Hepatitis in India” was
organised to celebrate World hepatitis day by ICMR-National Institute of Immunohaematology on
29"’July, 2018 at Durbar Hall, Haffkine Institute of Testing, Research and Training. The event
coincided with the National Program for Prevention and Control of Hepatitis by Government of
India.

National conference was inaugurated by Dr. Avinash Supe, Dean, Seth G S Medical College and
KEM hospital. Dr. Arora, Dr. Ghosh, Dr. Philip, Dr. Aggawal and Dr. Kale delivered lectures on
Viral hepatitis and its elimination.
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Protein glycosylation in Hepatitis B related liver diseases
Kruti Bhavik Dalal

Protein glycosylation is a ubiquitous post translational modification, playing important role in
pathophysiological processes. Glycomic and glycoproteomic analyses involve the characterization of
oligosaccharides (glycans) conjugated to proteins. Glycans are produced through non-template driven
series of competitive enzymes that extend the nascent chain. As most serum glycoproteins are from
hepatic origin, characterization of glycans in the liver diseases would lead to better understanding of
molecular pathogenesis of liver diseases including cancer. Only FDA approved marker for liver
cancer, alpha-fetoprotein is not sensitive and specific enough for diagnosis of hepatocellular
carcinoma. Hence, there is urgent need to explore specific marker for diagnosis, prognosis and
therapeutic monitoring of the liver diseases in HBV infection. Technical advancement in the
glycomics and glycoproteomics may allow a more comprehensive understanding of liver disease
related glycosylation in biological fluid and tissue samples in HBV related liver diseases.

Introduction:

Glycosylation is a common co/post translational modification of proteins. Approximately 70% of
human proteins are glycosylated. [1] Glycosylation is catalyzed by enzymatic additions of
heterogeneous glycans with specific linkage of monosaccharides to specific amino acids within
glycoprotein. Numerous biological functions have been associated with protein glycosylation,
including cell—cell signaling, protein stability, protein folding, protein localization, and immune
response, tumour initiation and metastasis. Also, protein glycosylation plays important role in
maintaining health and in diseases. [2] Protein glycosylation occurs in the endoplasmic reticulum and
Golgi apparatus involving multiple enzymatic steps.

Study of modification of proteins by glycosylation is challenging for following reasons:

e No template for the glycome: Protein sequences are primary gene products but glycan structures
are not encoded directly in the genome and are secondary gene products. A few percent of known
genes in the human genome are dedicated to producing the enzymes and transporters responsible
for the biosynthesis and assembly of glycans.

e Structural diversity: Glycans are produced by a set of competing and sequentially acting enzymes
such as glycosidases and glycosyltransferases, thus representing numerous combinatorial
possibilities.

e Glycan-macro-heterogeneity: Glycan structures on glycoconjugates may vary by
monosaccharide/ oligosaccharide symmetry, length, linkages, number of antennae and
composition at glycosylation site occupancy.
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e Glycan-micro-heterogeneity: at any particular glycan attachment site on a given protein
synthesized by a particular cell type, a range of variations might be found in the structures of the
attached glycan called “glycoforms”, each constituting a distinct molecular species. In other
words, site specific glycan structures at the same glycosylation site.

Glycosylation types

Glycosylation is characterized by various glyosidic linkages, including N-, O- and C-linked
glycosylation, glypiation (GPI anchor attachment) and phosphoglycosylation (Table 1). However,
major protein glycosylation can be found in two main types: N glycosylation and O glycosylation.
The complex assortment of glycosylation enzymes comprise an intricate assembly line for glycan
maturation from the ER through the Golgi. The localization, dynamics, interactions, regulation and
substrate competition of these enzymes within the ER and Golgi play crucial role in glycosylation
pathway.[3]

N-Glycosylation involves the attachment of a glycan chain to the amide end of an asparagine
residue in an Asn-X-Ser/Thr sequon, where X can be any amino acid except proline. The
glycoprotein is correctly folded, after the glycan attachment; therefore, N-glycosylation influences
the tertiary structure and the stability of the glycoprotein. N-Glycans are produced at first in the
endoplasmic reticulum on a lipid (dolichol) to yield ultimately a high mannose structure with a
triglucose terminus. This structure is then transferred to a nascent polypeptide chain where it guides
the protein folding process. When folding is complete, the glycan structure first losses the triglucose
structure and a stepwise process disassembles the high mannose structure and rebuilds a variety of
structures in the Golgi. Typically, N- glycans have a common core consisting of two N-
acetylglucosamine residues attached to three mannose residues. This core structure may be
extended using multiple substitutions to form different branching patterns as well as large number
of linkages. [4] Mechanistic pathway of formation of N glycan is shown in figure 1.

Table 1 : Different types of glycosylation

N-linked : Glycan binds to amino group of Asparagine (Asn-X-Ser,
X#Pro) in the ER
O-linked : Glycan binds to hydroxyl group of Serine/Threonine in the ER,

Golgi, cytosol and nucleus

C-linked : Mannose binds to the indole group of Tryptophan
Glypiation : Glycan core links phospholipid and protein
Phosphoglycosylation : Glycan binds to Serine via phosphodiester bond
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Figure 1: Protein N-glycosylation in ER and Golgi.

On the other hand, O-glycosylation represents great challenge as it is complex, relatively less
abundant, does not involve any consensus sequence but includes the modification of Serine or
Threonine residues through the attachment of oligosaccharides and it occurs after protein folding.
The O-linked glycans are built up in a stepwise fashion with sugars added incrementally. Eight
common core structures of O-glycans are illustrated in figure 2.
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Figure 2: Eight common core structures of O-glycans
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Glycomics and Glycoproteomics

Glycomics can be defined as study of the complete repertoire of glycans that a cell or tissue
produces under specified conditions of time, location and environment. Glycoproteomics
determines which sites on each glycoprotein of a cell are glycosylated and identification,
quantitation of each glycan structure at each site on the heterogeneous glycoforms in the cell. [5]
Mass spectrometry (MS) techniques such as high-performance liquid chromatography-electrospray
tandem mass spectrometry (LC—ESI-MS/MS) and matrix-assisted laser desorption/ionization time-
of-flight tandem mass spectrometry (MALDI-TOF MS/MS), coupled to a variety of dissociation
techniques has become tool for analysis of sugars in the field of glycomics and glycoproteomics.
Prior to MS analysis, various techniques such as purification, enrichment, chemical labelling,
derivatization and release of glycan is performed for sequencing of complex oligosaccharide. [6]

Glycosylation in liver diseases in HBV infection
Hepatitis B virus (HBV), a partially double stranded DNA virus, is the major cause of chronic
infection, liver cirrhosis and hepatocellular carcinoma. There are about 40—45 million HBV carriers

in India.[7] India lies in the intermediate endemic zone of HBV infection leading to more than 50%
cases of HCC. [§]

HBYV envelop contains three distinct glycoproteins (L, M, S), the N-glycosylation of which is
necessary for HBV release. Yu D et al have concluded that N-glycosylation changes in the major
hydrophilic region of HBV surface contribute to immune escape due to decreased binding affinity
of anti-HBs antibodies.[9] Mehta A et al have shown that with the advent of modern proteomic and
glycomic methodologies, fucosylation, increased branching and increased sialylation have been
identified in serum proteins of HCC patients either by direct glycan sequencing or lectin based
methods. Similar findings are found directly in HCC tissue suggesting that these glycan changes
may play a role in tumour formation and development. [10]

Study done by Qin Y et al have facilitated the discovery of biomarkers for HCC during its early
stages based on precise alterations of N-linked glycans in saliva. The proportion of hybrid N-
glycans was the highest (72.4%) and complex N-glycans was the lowest (27.6%) in cirrhotic
patients. Tetra-antennary structures were increased in both cirrhosis (34.5%) and HCC (27.3%)
patients groups. The proportion of fucosylated N-glycans were increased and sialylated N-glycans
were decreased in HCC group when compared with other groups.[11] Purified carbohydrate chains
from HCC against liver tissue showed chains with high-mannose levels in liver pathological
conditions.[12]

Most serum glycoproteins are from hepatic origin, so it is inferred that liver diseases associated with
abnormal glycosylation can display significant changes in glycoproteins. 1,6-GlcNAc branched N-
glycan was found to be increased significantly in sera of HCC patients and 11 PHA-L reactive
glycoproteins with significantly changed N-glycosite occupancy were identified, which were
associated with cell migration, invasion and adhesion through p38 MAPK and NF-kB signaling
pathway.p1,6 GlcNAc branching of N-glycans might be a metastasis-promoting glycoform which
needs further investigation. [13] Core fucosylation of serum Vitronectin has been reported at Asn86
in HCC patients. Hybrid type and fucosylated N-glycans of vitronectin were increased in HCC
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patients due to suppression of alpha mannosidase in Golgi apparatus in HCC. Also, sialylation and
O-glycosylation in Hemopexin were increased in HCC [14]. Several liver secreted Acute phase
proteins such as o-1-antitrypsin, transferrin, haptoglobin, complement factor C3, fetuin A, serum
paraoxonase 1, ceruloplasmin are glycosylated in advanced liver disease stage which play important
roles in immunity processes in response to tissue injury and infection. The distribution of altered
glycoforms could have important implications for receptor-mediated responses involved in the
progression of viral hepatitis-related liver diseases. [15] Major changes in glycosylation associated
with different liver diseases stages in HBV infection is shown in the figure 3.
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Figure 3 : Changes in glycosylation associated with different liver diseased condition in HBV
infection

Indian Scenario

Chaerkady R et al identified 34 N-glycosylated peptides from lectin affinity enriched proteins from
HCC tissue samples using LC-MS/MS. Majority of the confirmed N-glycosylation sites were found
in proteins upregulated in HCC such as hemopexin, clusterin, and ceruloplasmin, haptoglobin. [16]
Mondal G et al investigated enhanced fucosylation of al-acid glycoprotein in the sera of chronic
hepatitis B and hepatitis B cirrhosis patients and compared with healthy controls using high
performance anion exchange chromatography and ELISA with fucose binding aleuria aurantia
lectin. There was no apparent change in sialylation and branching of al-acid glycoprotein in
chronic hepatitis in comparison to controls. [17] There are only few published reports available.
Glycomics and Glycoproteomics approach in liver diseases due to viral infection is still in infancy
in India.

Experience at ICMR-NITH

In a study at NIIH Mumbai, patients (N=90) aged between 18-65 years were recruited from the
Department of Gastroenterology, King Edward Memorial Hospital, Mumbai and were categorized
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into three groups namely chronic hepatitis B, liver cirrhosis and hepatocellular carcinoma based on
guidelines of the Asian Pacific Association for the Study of the Liver. Healthy controls (N=30)
aged between 18-65 years were included in this study with no history of HBV, HCV and HIV.
Liver function tests, including total protein, albumin, aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase, total and direct bilirubin were measured using Cobas
C111. HBV serology, HBV DNA viral load was performed. Serum haptoglobin levels were
measured using ELISA according to manufacturer’s instruction. Glycopeptide mapping and glycan
sequence variance analysis of Haptoglobin-beta were performed at Centre for molecular platforms
(C-CAMP), NCBS-TIFR, Bengaluru and full-scan MS spectra were acquired.

Haptoglobin protein expression was significantly correlated with different liver disease stages
(p<0.05). HCC cases had lower protein expression as compared to other disease groups and
controls. Here, it was found that site N184: MVSHHNLTTGATLINE, N207: NLFLNHSE and
N241: VVLHPNYSQVD contained eight, nine and two glycoforms respectively having bi- and tri-
antennary glycans. The quantitative results revealed that fucosylated structures at N184 increased in
LC and HCC patients compared to that in chronic HBV patients and healthy controls.

Conclusion

As majority of serum glycoproteins are hepatic in origin, many studies have shown that protein
glycosylation is commonly altered in different liver diseases which may provide new opportunities
for identifying diagnostic/prognostic/therapeutic biomarkers. Glycan modification combined with
protein expression profiling may be used for monitoring development and progression of liver
disease.
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Rurerdy gafia agd @l fRal § fM Waefas™ & &
AT qeTeq

ARG #1377

qMG & S H HTUROEs w0% e 9T “TAFHI@sH Ifesar &1l 1 29 Ufeea UHaEA & BT Ia¥eh 21l ol
%Wwaﬁﬁaﬁ%%@gﬁs{ﬁﬁﬁ(Aminoacidchain)ﬁﬁT%Tﬁlﬁ;{W%W
(Glycans) Ml 3= # J=d & 1 UM T@EGBIFWIHT T80 3 S BT & fo1g ST &M € T S
ST e, Gifed &l Revar fGam, Wifest & @@t &1 ¥ A2 (folding), WA @ A& TE UF TAWIEEHI
(localization), fc&T Ui (immuneresponse), 2R (tumor)@l FAIT 3 Gelrd 3M17¢ FHT Bl 7 e
AT UIEM TARIAASH H o & T UM TAEaI R MR ae1d 7o & (60 qecaqul YT F91 2 T

ARG @l GRATST

TARDIDHGIE o TAEHLREH , TEGIAIE § AE HAREse & Wadkd Fed ¢ 1 & (serum) J
TEAT ST WEGMEN Jgd 4 a9 & 1 agd @l [@al A7 6= W@Eed & 57 & Jd9 |, @6 6
AT TATT € T SThI-TeIIEN &1 ‘o &7 &1 M (Biomarker) AT AT € 1 {67 97 396 &7 g2
2T, T 61 qel el & 1 g bt Tt famiat § HBYV &t uigwia fig &1 g € 1

RurerEE B fAuEEI AR a%a § MR Iiedr

feqreraér B faumy =g %22 (doubleStranded)3T . T . T.(DNA)FT] 2 1 75 o % famiat 2 fammy
& ABIT F BN © T @A § dead W a9 § @A 2 & 1 WA g dee a1 9% o 1
feverge IR § 37 Aifaq fear mar E 1 7.3, (Yu D etal)d7 39 W@ T 39 9 SE fear 1
A @R (HCC) # 709 & @1 § ANjE T@Hdd &l 961 Jrdr T 1 9909 A8 =9 @6 & e
T HOAT § U T TWESHH Bl AT @ 3T 91 T HCC % § 1, 6-GluNACT™® N-glycandhl FTer
qEAT ¥ U . A T [6Q gU FIEEH § FaH qeaqul Wi N-linked glycan 9T @l B @l FHI
EEIEA

N-linked glycan &7 9Rag

N-linked glycan ®HI®IT § MO T9ad I § 7eg ad & 1 U H T N9 [9gd N linked TN
N € T @R § a9 UM @1 ard ywr 7 A2 (folding), JaEe WEH, Rerdr weaqf & ¥ 1 N-
linked glycanzd & @l MARA & @ &M &0 ¢ 1 39@! (N-linkedglycan) Ffdr @ifue & g
U= feaged (ER) H 21l & . 37T Zehl Ml H & arer il & ol fael Ual &rdl & 1

3 6 T 3R - T T AT TF 7 ST

FE@Ie Ure™e™ a1 (chronic hepatitis B), et BRIFA (Liver cirrhosis) 3 %@ﬁw EAIREI]
(HCC), & <0 &I & AT § I [haT AT T 39! 30 ec-e4 ad 4T T 39 1Y & gl & [og 30 Y
UGl & @ J T FHT FRWIiEl § fae? v <2 (LFT), UM AgFA &l a6, 3P J-I3MEs
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(AST), @M ZFF3MEAA (ALT), 3Feadzd Bihied, [Afdsae &l 961, 31E Jgd @l (parameter) A
@0 T 1 feraal (ELISA) @ 7 4" g=ralad (serum haptoglobin) @l wE= Sl 7T 1 faaRe smives
T T AR BT SN &Y TARRIIRIES HYT, TWEEM Jad= dRuq MIfare & Su ¥ eRrdde —
12T &1 312G el T T

[T g @l femTial 5 gereliiad Ui &l A e e Gl T1 QM &l e, S S0 gRrand
P T F U FEY 9 T 1 fer BRiim (LC) AR Rugreger @iiEm (HCC),H 3= i § N
184 TATIHM @l TAT T¢I g5 &1 1 agaie ud af & (chronic HBV) 37 %7 FewRIEl § 6! 9131 &9 41 1

Freapeds

T ¥ AE AEGA WEGMIEH (serum glycoprotein) Fd ¥ @9d & 1 UM T@RBINGY Uk AHar
FE T T A% @l [T § UM TAESIHI Sl IBdl g H WEEE 4 I gedd A €, S Sl &
LI METdd &3 € 1 TEdH &1 A BECHE ANdd 21 Fbdl © adiich ST dl e, dadl, Wiae §
eI W &M JedTd @l el AT o FeT T




The EQAS workshop 2018 round I was conducted by National Reference
Laboratory of HIV testing ICMR-NIIH) on 5"July and participants were

from Mumbai and MP.
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