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Abstract

Hepeatitis B virus (HBV) infection, 30 years later since the launch of its vaccine, is still a global health
Problem. The infection by HBV is a multiplex process dependent on host immune response involving
the genetic milieu of the host for proliferation. In acute self-limiting hepatitis, a broad T-cell immune
response occurs that is strong enough to eradicate the virus or suppress viral replication. The role of
T-cell in the immunopathogenesis of HBV is to control HBV replication, destroy hepatocytes
infected by HBV and ultimately eradicate infection. Vitamin D (1, 25(OH) Ds) with its autocrine,
intracrine and endocrine functions, is an important regulator of immune function, affecting both
innate and adaptive immunity. T cells are richly provided with vitamin D receptor (VDR) and have
been shown to play a critical role in the pathogenesis of viruses. The toll like receptors (TLR-2)
activated by HBV attack, stimulates CYP27B1 (la-hydroxylase) enzyme within macrophages to
convert vitamin 25(OH)D2 to 1,25(OH)Ds which increases regulatory T cells and enhances the
secretion of IL-10, and decreases the IL-2 release from dendritic cells. In addition it transcribes
mRNAs for the synthesis of antimicrobial proteins which help in the phagocytosis of the HBV
pathogens. This systematic review of the literature focuses on the role of vitamin D on the course of
HBYV infection. How vitamin D regulates the development and function of the immune complexes
and the phagocytic proteins to control the clearing of the HBV infection is assessed and discussed.
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1. Introduction

Hepatitis B virus (HBV) infection, 30 years later since the launch of its vaccine, is still a
global health Problem. The outcome of HBV infection depends on host-pathogen interactions
involving the genetic milieu of the host and his immune system [l HBV is a common
infectious disease of the liver, remains the major cause for complex hepatic diseases, and is
endemic particularly in developing countries, affecting 240 million people worldwide with
an estimated 600,000 deaths per year 2. Acute hepatitis of varying severity exists in 95% of
children and 2-10 % of adult population 1. Chronic HBV infection is currently the most
common cause of cirrhosis and hepatocellular carcinoma (HCC) in the world. Several
mutations and core promoter changes result in 15 to 40% of chronically infected people
acquiring serious complications, whereas, the remaining individuals become asymptomatic
carriers 4. The individual difference in clinical presentations of HBV infection in various
people is due to differences in host immune response of the person. The host immune
system, in particular, the cellular immune response involving immunomodulatory
metabolites such as Cytokines and regulatory molecules, play a fundamental role in the
immunopathogenesis of HBV infection ). There are several hypotheses but exact cellular
mechanism(s) is not yet completely understood ). Among these metabolites Vitamin D3, 1,
25-dihydroxycholecalceferol (1, 25(OH) Ds) is proven to provide prompt immune response.
Hepatocytes are richly provided with 1,25(OH)D; receptors (VDR) and so do sinusoidal
endothelial cells, Kupffer cells, stellate cells of normal liver, and the biliary cell line which
suggest its role in hepatocellular injury ). The immunomodulatory action of 1,25(OH)D;
activates monocytes, increases cell-regulated immunity, inhibits lymphocyte proliferation,
immunoglobulin, and cytokine synthesis, and inhibits type 1 cytokine secreting T helper
(Th1) response while activating Th2 response [®l. This systematic review of the literature
focuses the current understanding of role of immunity on the course of HBV infection and
how vitamin D regulates the development and function of the immune complexes and the
phagocytic proteins to control the clearing of the HBV infection is assessed and discussed.
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Discussion

Pathogenesis of HBV

Following the entry of HBV, the body responds with a
coordinated innate and adaptive reaction, activating humoral
and cellular immune systems. The clinical route of HBV is
determined by the interaction between viral replication and
the host immune response. HBV enters hepatocytes and uses
transcriptional machinery of the hepatocyte to synthesize
mRNAs for its DNA and envelop proteins. HBsAg particles
and virions produced by reverse transcription in hepatocytes
are presented on surface of the cells directly in association
with class I MHC. These infected cells are lysed and taken
up by macrophages that present these peptides in association
with class I and class II MHC molecules. Dendritic cells
(DCs) which are potent antigen-presenting cells (APC) and

are key modulators of the immune response process the viral
peptides from infected cells and present these in association
with class I and II MHC molecules. DCs present signals,
which are integrated by the T cells and determine the final
outcome of T-cell activation. The HBV antigens are
processed by APCs and presented to naive T cells by major
histocompatibility complex (MHC) molecules which deliver
a primary signal to initiate T-cell activation by engaging the
T-cell receptor/CD3 complex with foreign antigens
associated with MHC molecules. CDS8-T cells recognize the
infected cell which presents viral proteins, release cytokines
TNF-a and IFN-y to inhibit viral replication. CD4-T cells
bind with MHC class II molecule and activate CD8-T cell
which bind with MHC class I molecule and release IFN-y
and TNF-o. [*1°] Figure 1.
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Figure 1- 1.HBV encounter and enters hepatocytes.2.It uses DNA of hepatocyte to replicate its DNA and forms RNA (HBV) cores (HBV
peptides). 3.a) These peptides are presented on surface of the cells directly in association with class I MHC. b) These infected cells are lysed
and taken up by macrophages who present these peptides in association with class I and class II MHC molecules. 4.C8-T cells recognize the
infected cell which presents viral proteins, release cytokines IFN-y and TNF-o. TNF alfa and INF gama that inhibit viral replication. 5.APC
macrophage processes the viral peptides from infected cells that it has taken up and present there in association with class I and I MHC
molecules. 6.CD 4 T cells bind with MHC class II molecule and activate CD 8 +T cell. 7.CD8 +T cell bind with NHC class I molecule and

release INF- gama and TNF alfa.

Role of Toll like Receptors (TLRs)

The transmembrane pattern recognition receptors (PRR),
such as Toll like receptors (TLR) are expressed on immune
cells (monocytes, macrophages and polymorphonuclear
cells). These receptors interact with viral nucleic acids to
activate an inflammatory (IL-6, IL-1b & TNF) or the
immune responses (both humoral & cellular) to HBV
antigens that could lead to viral clearance during infection
and HBV pathogenesis. Among the TLRs, TLR3 recognizes
viral double-stranded RNA, TLR9 detects viral DNA while
TLR7 and TLRS identify viral single-stranded RNAs [']
Major-histocompatibility-complex (MHC) class II-restricted,
CD4+ helper T cells contribute to generation of antibodies
against viral envelope antigens those clear circulating virus
particles. MHC class I-restricted, CD8+ cytotoxic T
lymphocytes eliminate infected cells antimicrobial response
in the host [12],

Progression of HBV

Hepatitis B infection is based on the host immune response.
The resulting acute hepatitis is self-limiting in individuals
with strong immunity leading to protective memory B cells
1 1t is only 1-5% of individuals who develop chronic
infection following acute HBV infection. In approximately
10% of new infections, basically in immunocompromised
individuals, HBsAg persists in the serum for greater than six
months and chronic HBV infection is established ['*. Some
5% of immunocompetent individuals may develop necro-
inflamatory liver disease which later on might lead to
Cirrhosis and HCC. Thus, HBV is a noncytopathic virus,
which evades the cellular immunity to cause persistent
infection 1. A number of other factors, including genetics of
the host, or environmental causes and insults such as
hygiene, nutrition, treatment, vaccination and pathogen-
related features like viral load, genotypes, geographic
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location may affect the outcome of HBV infection [,
Reviewing host related immune factors reveal that cytokines
and regulatory molecules play a fundamental role in the
immunopathogenesis of HBV infection.

Immunomodulatory Response to HBV

The major role is played by T-cells which not only destroy
hepatocytes infected by HBV, but also control HBV
replication or eradication. In acute hepatitis the T-cells
response to HBV is dynamic, polyclonal, and multispecific,
ultimately leading to the clearance of the virus. On the other
hand weak or poor T-cells response aggravate the HBV
infection and may lead to complex liver disorders ['*]. Large
genome wide association studies have confirmed that genetic
variants in the genes involved in immune response are strong
predictors of outcome of viral Hepatitis.

Cytokines

Cytokines, the major group of immune molecules, the major
player in the initiation and regulation of immune responses,
might affect susceptibility of HBV’s natural course of the
infection. Though, cytokines include a large number
however, polymorphisms of specific genes or receptor of IL-
1, IL-8, IL-10, IL-18, IL-28B, tumor necrosis factor-o. (IFN-
a), interferon-y (IFN-y), tumor growth factor-f1, or vitamin
D receptor and chemokine receptor affect the clinical course
of chronic hepatitis B virus (HBV) infection 31, Dendritic
cells and HBV infected cells are the main source of IFN-o/,
whereas, type 1 IFNs are triggered directly by the presence
of viral RNA or DNA synthesized during viral replication.
Frequencies of gamma interferon (IFN-y) positive CD8+T
cells in inactive HBV surface antigen in HBsAg carriers
show a much stronger core-protein-specific cytotoxic T cell

The T memory lymphocytes are imperative in the immune
pathogenesis of chronic HBV infection. Thus activation of
innate components of immune system seems to represent a
key element in control of the initial HBV burst 17,

The proinflammatory cytokine, IL-1 defend against HBV
infection by increasing the production of IL-1 B which
increases the production of other cytokines; IL-2, IL-6, and
TNF-a and stimulate the clearance of HBV. However,
subjects with IL-1B (-511) polymorphic genotype CC have a
high risk of cirrhosis and end stage liver disease or HCC
because this genotype has been closely related with HBV-
DNA replication [ and is a genetic indicator of
hepatocellular cancer development in chronic HBV-infected
patients [, IL-6 is a cytokine involved in cellular
proliferation and differentiation. It is produced by a variety
of cells such as macrophages, B and T cells and fibroblasts,
and thus plays a central role in the inflammatory response
associated with the course of chronic hepatitis due to HBV
(20 Similarly, other cytokines and their polymorphic
genotypes such as IL-6 21), 1L-8 221) 1L-10 23], TL-18 4],
IL-28B 1 have been found to influence HBV infection.

Vitamin D combating infection

Vitamin D (1, 25(OH) 2D) with its autocrine, intracrine and
endocrine functions, is an important regulator of immune
function, affecting both innate and adaptive immunity
(Figure 2). In healthy individuals, vitamin D is synthesized in
the skin or acquired via the diet. Active D3 requires to be
hydroxylated at two positions, C1 and C25. The first C25-
hydroxylation of vitamin D occurs in the liver. The final
activation by hydroxylation occurs principally in the kidney
(261 and also at other sites including the prostate, breast,
colon, macrophages etc (2281,

response than other types of chronically infected patients

[10],

Figure 2: Endocrine Role of Vitamin D
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Although vitamin D has been studied for over 100 years
(1922, Edward Mellanby), the link between vitamin D and
immunity has become known for only three decades. Until
1980, vitamin D was recognized as a vitamin to promote
calcium homeostasis and bone Health through its classical
actions of enhancing calcium absorption in the small
intestine, resorption from bone and controlling excretion in
the kidney. In 1983, vitamin D3 ( 1,25-(OH)2D3) receptors
were discovered on activated Human peripheral blood
monocytes (T cells) ! and established lines of malignant B,
T, and non-B, non-T human lymphocytes, as well as in T and
B lymphocytes obtained from normal humans and activated
in vitro 3%,

Mechanism of action of vitamin D

Vitamin D is activated by stimulation of TLRs. They are
found on many cells including macrophages, dendritic cells
and epithelial cells. In humans, TLR2/1 and TLR4 when
triggered result in the induction of the CYP27B1 (la-
hydroxylase) enzyme. This converts 250H-vitamin D to

active vitamin Ds (1, 25(0OH) D). The 1,25(0OH)2D binds to
the vitamin D receptor along with retinoid X receptors
(RXR) which then bind to vitamin D-response elements
(VDRE) unlocking the DNA, targeting genes transcribing
mRNA that encode proteins like cytokines (ILs)
Cathelicidin, defensins etc. Cathelicidin is positively
charged, it disrupts the viral envelop in a way similar to the
breakdown of bacteria in macrophages. Defensin acts as
chemoattractants for T cells.TH-1 are inhibited by T
regulatory cells (Treg) and protein synthesized (IL-2 and
TNFa) from macrophages via VDR activation. Treg increase
secretion of IL10 and TGF-B which inhibit TH-1 cell. TH-1
decrease IL-2 secretion inhibiting cellular response. These
interlukins also inhibit B-cells producing Immunoglobulins
and activates TH-2 cells to increase synthesize of IL4, 5, 10
and 13. This shifts the response from TH-1 to TH-2 cell type.
Antibodies synthesized by plasma cells bind to viral antigens
and infected hepatocytes giving signals for its destruction B!,
(Figure 3)

Figure 3 - Vitamin © Mediate Innate and Adaptive Response
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Figure 3: 1.Active vitamin D enters the cell and bind to its receptors.2.Inactive is converted by CYP27BI1 to active and binds to its receptor.
3.Pathogen HBV binds to TLR-2 and activates CYP27B1 increasing vitamin D synthesis.4.VDR binds to RXR (retinoic X receptors) and
forms hetrodimers.5.This binds to VDRE (response element) or DNA to synthesize protein like cytokines (ILs) Cathelicidin, defensins etc.6.
Cathelicidin is positively charged, it disrupts the viral envelop in a way to smiles to breakdown of bacteria in macrophages. 7.Defensin acts
chemoattractants for T cells. 8.TH are inhibited by T regulatory cells and protein synthesized from macrophages via VDR activation. T reg
increase secretion of IL10 and TGF B which inhibit TH1 cell . TH1 decrease IL2 sec inhibiting cellular response . Actually it puts a break on
T cellular response to avoid autoimmunity.9.1t inhibits B-cells Ig formation.10.It activates TH2 cells that increase synthesize of 1L4, 5, 10

and 13. This shifts the response fromTH1 to TH2 cell type.

Effect of deficiency and supplementation of vitamin D on
Hepatitis

Vitamin D deficiency is associated with Acute and chronic
HBV and may cause the stimulation of antiviral immune
response. Patients with liver cirrhosis are known to be at high
risk for vitamin D deficiency in direct proportion to the
severity of their chronic liver disease 2. It has also
preventive effect on necroinflammation and liver fibrosis
Therefore, it may affect path of HBV infection ¥, Even in

conditions that require long-term use of the HBV-active
drug, such as in HIV-HBV-coinfection, routine vitamin D
assessment and supplementation should be considered
necessary because it leads to hypovitaminosis D even in
patients who live in the tropics P4, Vitamin D deficiency
may increase viral replication and diminished 25-D3 levels
which may portends a poor prognosis in patients infected
with HBV B3l Abu-Mouch and colleagues discovered that by
adding vitamin D to conventional Peg-a-2b/ribavirin therapy

~ 38~



European Journal of Biotechnology and Bioscience

of chronic HCV genotype 1 patients significantly improves
the viral response 31 and this should be a regular practice for
all hepatitis patients.

Vitamin D receptor (VDR) Gene Polymorphism in HBV
Gene polymorphisms such as the single nucleotide
polymorphism (SNP; replacement of a nucleotide with
another one) may change the structure and biological
function of the protein coded by that gene. A SNP in the
promoter region of a gene may cause increased or decreased
production of the relevant protein. The presence of these
types of inherited gene polymorphisms may make a person
more susceptible or resistant to a certain disease such as
chronic viral hepatitis 7. A member of the nuclear receptor
family of transcription factors, VDR expression in
hepatocytes suggests its role in hepatocellular injury. Several
polymorphisms have been identified in the VDR gene, and
their functional significance and potential effects on disease
susceptibility have been investigated [**]. The VDR binds the
biologically active form of vitamin D, 1, 25-
dihydroxyvitamin D or calcitriol and interacts with specific
nucleotide sequences of target genes to produce a variety of
biologic effects. VDR polymorphisms have been investigated
in the context of some chronic liver diseases. Four
polymorphisms of the VDR gene have been found associated
with various immune diseases. Gene polymorphism of VDR
genotype tt is significantly less frequent in patients positive
for hepatitis B surface antigen, whereas VDR a/a allele is
associated with severity of HBV-related liver disease and
with higher viral load. It was suggested that genotype
tt provides resistance to chronicity of HBV infection 3% 4%,
On the other hand Falleti et al ™! observed that patients
affected by liver cirrhosis of viral (HBV or HCV) and
alcoholic origin did not demonstrate any differences in the
allelic or genotypic frequencies of the VDR polymorphisms
compared to controls but differences in
the VDR polymorphisms in patients with liver cirrhosis in
relationship to the etiology of their liver disease were
detected.

Vitamin D deficiency mediated antimicrobial response in
HBV

The mammalian Toll-like receptor (TLRs) homologs,
including the TLR2 and TLR1 heterodimer 2, recognize a
variety of microbial-derived ligands which also includes
bacterial lipopeptides. Activation of TLRs results in a direct
antimicrobial response in monocytes and macrophages.
Various human body cells including lung, colon and prostate
cancer cells contain alpha 1 hydroxylase (la (OH) ase)
enzyme that produce 1, 25(OH) D; which in turn binds
nuclear receptor VDR. Activation of 1, 25(OH) Dj; results in
the production of cathelicidin, an antimicrobial peptide
involved in the killing of mycobacteria ¥, Vitamin D
deficiency or polymorphism of VDR or CYP27B1 (la-
hydroxylase) enzyme dull the macrophages ability to
produce antimicrobial peptides ™. Liu et al 8. had
previously also shown that TLR activation up-regulated
VDR expression and subsequent induction of cathelicidin.
Ojaimi et al 7 demonstrated that optimal vitamin D levels
after supplementation may improve the expression of TLR2
and hence the body’s ability to fight infections. They have
also reported a marked reduction in the induced cytokine

profile, specifically IL6, TNF and IFN alpha associated with
higher vitamin D levels and the reversibility of the innate
immune profile with decreasing levels.

Conclusion

Before the advent of revolutionary pharmaceutics clinicians
used to believe in the healing power of sunlight and exposed
patients to sun for treatment. Decades later we understand
the role of 1, 25(OH) D3 as a sunlight agent that boost up the
immune system against a spectrum of diseases that we are
gradually recognizing. Today the circulating 1, 25(OH)D3 or
vitamin D3 is known to function as a hormone influencing
all systems of the body from wound/infections repairs to UTI
cure, playing a major role in the prevention of viral, bacterial
or fungal infections,.
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