W J

World Journal of
Gastroenterology

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748 / wjg.v22.i25.5623

World | Gastroenterol 2016 July 7; 22(25): 5623-5626
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

EDITORIAL

Symbiotic chemo- and immuno-therapy for hepatitis B and

C viruses

Babita Agrawal, Rakesh Kumar

Babita Agrawal, Department of Surgery, Faculty of Medicine
and Dentistry, University of Alberta, Edmonton, AB T6G 2R3,
Canada

Rakesh Kumar, Department of Laboratory Medicine and
Pathology, Faculty of Medicine and Dentistry, University of
Alberta, Edmonton, AB T6G 2R3, Canada

Author contributions: Agrawal B and Kumar R wrote the
manuscript.

Conflict-of-interest statement: Agrawal B and Kumar R have
no conflict of interest to declare.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Dr. Rakesh Kumar, Professor, Depart-
ment of Laboratory Medicine and Pathology, Faculty of Medicine
and Dentistry, University of Alberta, 116 St and 85 Ave, Edmonton,
AB T6G 2R3, Canada. rkumar@ualberta.ca

Telephone: +1-780-4927545

Received: May 4, 2016
Peer-review started: May 4, 2016
First decision: May 27, 2016
Revised: May 31, 2016

Accepted: June 13,2016

Article in press: June 13,2016
Published online: July 7, 2016

Abstract
Hepatitis B and C viruses (HBV and HCV), both cause
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serious chronic infections leading to fatal liver diseases.
The prototype therapy for both HBV and HCV was
based on IFN-a with or without ribavirin. The advent
of direct-acting antivirals (DAA) for both HBV and HCV
has remarkably improved the standard of treatment
for both infections. While HCV can be eliminated
following combination DAA therapy, HBV persists even
after treatment, requiring life-long therapy with DAAs.
Treatment with DAAs is also associated with high cost,
the development of resistance and side effects. There
is ample published evidence that both HBV and HCV
can be eliminated from infected host cells through non-
cytolytic immune mechanisms. We need to identify
the mechanisms behind this successful elimination
of replicating viruses and develop them into novel
immunotherapeutic regimens. Moreover, a synergy
of, chemo- and immuno-therapeutic strategies will be
necessary to eradicate HBV or HCV from a host.
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acting antiviral; Chemotherapy; Immunotherapy
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Core tip: Immune related mechanisms have been
shown to eliminate both Hepatitis B and C viruses
(HBV and HCV) from chronically infected host cells
via non-cytolytic mechanisms. Current direct-acting
antivirals against replication of both HBV and HCV
are effective and provide significant viral suppression
in a relatively short period of time. This time window
should be harnessed to target host-mediated immune
mechanisms to clear the host of the infection. This
strategy would lead to a significant reduction in cost,
duration, side effects and development of resistance
associated with direct-acting antivirals therapy. In
summary, regimens combining chemo- and immuno-
therapy must be used in a mutually beneficial manner
to eradicate HBV and/or HCV from a host.
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INTRODUCTION

Hepatitis B and C viruses (HBV and HCV) cause
serious chronic infections globally in about 350 million
and about 170 million people, respectively, leading
to fatal liver diseases such as fibrosis, cirrhosis and
hepatocellular carcinoma (HCC). In addition, 7-10
million people are co-infected with both HBV and HCV,
resulting in more severe liver disease and increased
risks of hepatocellular carcinoma and higher mortality
rates compared to mono-infected people!’’.

HBV and HCV belong to different families of viruses
and have entirely different genomes and modes of
replication: HBV belongs to the family Hepadnaviridae,
has a partially double stranded circular DNA and
replicates through an RNA intermediate via reverse
transcription, whereas HCV belongs to the family
Flaviviridae, has a single stranded + sense RNA
genome and undergoes RNA replication®?!, Apart
from these major genetic differences, they have many
similarities including routes of transmission, hepato-
tropism, ability to cause chronic infections, end-
stage liver diseases and modulate host immunity.
Importantly, both HBV and HCV can also trigger self-
clearing acute infections by inducing protective and
efficient immune responses in a fraction of infected
individuals®®?,

The very first successful therapy for HBV and
HCV infections was immunotherapy with interferon-a
(and peginterferon-a) and interferon-o plus ribavirin,
respectively'?!, While these primitive immunotherapies
have been used for decades, their exact mechanisms
of action are still unclear and there are severe li-
mitations associated with their use™. Nevertheless,
they provide definitive proof of concept that both
HBV and HCV are susceptible to immunotherapeutic
regimens and their elimination can be associated with
antiviral immune responses.

Great enthusiasm in HBV therapy was realized
with the approval of direct acting antiviral (DAA) drug
lamivudine, which was followed by the development
of the next generation anti-HBV drugs entecavir,
tenofovir, adefovir and telbivudine®®”. All of these are
nucleoside analogs, which inhibit HBV DNA polymerase
with varying potentials and have various resistance
barriers®”), These nucleosides efficiently suppress
viral DNA replication in the majority of patients but
seldom induce HBsAg seroconversion, a marker of
a “functional cure” and eradication of intracellular
virus®”1, Therefore, treatment of chronic HBV with
these agents requires continued life-long therapy

Baishidenge ~ WJG | www.wjgnet.com

to achieve sustained inhibition of viral replication.
However, this is expensive, and can result in drug
toxicities and development of resistant viral strains®™”’.
Long-term suppression of viral DNA replication does
indeed lead to the beneficial effects of preventing or
reversing liver diseases such as fibrosis, cirrhosis and
HCC, and partial restoration of immune responses®™”,
But while viral DNA synthesis is efficiently inhibited
by antiviral nucleosides, they have limited effects on
the levels and activity of cccDNA, which can persist
for decades in hepatocytes'”'®!. Although it was
hypothesized initially that with continued suppression
of HBV DNA replication, the pool of cccDNA will
eventually diminish to negligible levels that would
provide a cure, this expectation has not withstood
the test of time!”\. Efforts are continuing to seek new
drugs targeted at other steps of the viral replication
cycle such as inhibitors of entry, cccDNA formation,
secretion, nucleocapsid formation etc®®. Whether or
not these approaches will lead to “cure” from chronic
HBV infection remains to be seen.

For about 20 years, the combination of interferon
and ribavirin (RBV) was the standard of care (SOC)
therapy for chronic HCV. This treatment had limited
success rates (< 50%) and had severe side effects,
which at times discouraged patients to even get
treated™. The first DAAs approved for HCV therapy
were protease inhibitors boceprevir and telaprevir,
which were given with the SOC (IFN-a + RBV).
Within the last few years, the treatment for HCV has
exploded tremendously with the approval of several
DAAs, acting directly on various enzymes/steps
of HCV replication such as NS3, NS5A, NS5B and
NS4. As a result, several interferon-free treatment
regimens have been approved for chronic HCV, which
include various 2-3 drug combinations comprising of
sofosbuvir, ledipasvir, ritonavir, dasabuvir, simeprevir,
daclatasavir, ombitasvir, velpatasvir etc*®'*, These
combinations of DAAs lead to sustained viral
response (SVR) in about 95% of the treated patients
harboring all HCV genotypes except genotype 3.
SVR is a clinical surrogate of treatment success
defined as an undetectable HCV RNA (< 15 IU/mL)
12 wk (SVR12) and 24 wk (SVR24) after the end of
treatment. The patients who achieved SVR did not
relapse to HCVRNA" status upon long-term follow-
up (4-5 years), confirming SVR as an indication of
curet™®*1 Even with the 95% success rate, there
are several limitations associated with the current
all oral DAA regimens such as the very high cost of
treatment, emergence of drug resistance, side effects,
contraindications for patients with comorbidities,
inefficacy in patients with genotype 3, the possibility
of reinfection, etc"*. Also, in real-life situations,
patients may not comply with daily drug doses for 3
mo, especially if they are asymptomatic and are not
feeling sick. Further, in @ number of DAA combination
regimens, ribavirin is still being recommended,
suggesting that besides simultaneously targeting
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several viral enzymes/processes by DAAs, an immu-
nomodulatory component is required. At present,
even in the United States, the DAA therapy is being
used in < 20% of the diagnosed patients (in some
cases, a triage system eliminates people with less-
severe liver disease to reduce cost), and many more
remain unaware of their infection status. Above
all, the accessibility, affordability and questionable
success of DAAs in resource-poor populations of the
world, where the majority of the 170 million chronic
HCV patients reside, remain major issues. Continued
efforts are needed to search for more affordable,
accessible, compliance-friendly approaches to cure
HCV and eradicate it from the world.

Hepatocytes and hepatoma cell lines infected
with HBV and/or HCV in cell culture and/or animal
models have been investigated extensively to examine
immune mediated viral clearance™*'®. While there are
ongoing debates and individual studies demonstrating
the role of innate vs adaptive immunity and soluble
vs. cellular immune components in viral clearance for
both HBV and HCV, one aspect remains clear: non-
cytolytic effector mechanisms induced by a nhumber of
cytokines and/or a combination of cytokines are most
effective in clearing hepatocytes of HBV and/or HCV
infections irrespective of whether they are produced
by innate immune cells (e.g., NK, NKT) or adaptive
immune (CD4" and CD8" T) cells. Notably, clearance
of long-lived HBV cccDNA from infected hepatocytes
has only been demonstrated through immune effector
mechanisms mediated by a number of cytokines!*®?%,
Obviously, treatment with combinations of effector
cytokines is not foreseeable even in the future due
to associated toxicities and systemic side effects.
Consequently, the research focus must shift towards
investigating more natural and balanced ways of
inducing physiological levels of these effector molecules
at the target organ - liver.

After the discovery of innate receptors such as
TLRs, NLRs, RIG1 etc., and the observations that
in cell cultures the agonists of the innate receptors
such as TLR receptors demonstrate very promising
antiviral effects against both HBV and HCV, several
synthetic TLR agonists were tested in clinical trials.
However, due to the ubiquitous presence of TLRs
throughout the body and induction of systemic,
non-physiological amounts of cytokines, so far TLR
agonists have not succeeded in providing a safe
and successful immunotherapeutic approach, which
can be used universally®?*, Immunotherapeutic
vaccine approaches for treatment of chronic HBV
and HCV have also not been very attractive because
of limitations associated with targeting specific viral
epitopes by T cells due to mechanisms including T
cell exhaustion, tolerance via anergy and deletion of
antigen-specific T cells, viral immune escape mutants
etc®!. There is a need to investigate and discover
more natural and regulated means of stimulating
physiological levels of immune effector molecules,
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which are induced and localized in the target organ,
to obtain the viral eradication without associated
immuno-toxicities and systemic inflammation.

Traditionally, research has been isolated in two
camps with chemists and immunologists working
in their own small silos. This approach has led to
many groundbreaking discoveries, including the
understanding of antiviral immune mechanisms and
the direct acting antiviral treatments available to
date. What has been remarkably demonstrated in
animal models as well as in patients is that specific
DAA regimens against both HBV and HCV are highly
effective in suppressing viral replication in relatively
short period of time. Importantly, this period of active
suppression of extensive viral replication is associated
with reduction in systemic viral antigens’ levels and
associated immune suppression or immune blockade,
and restoration of some of the immune components!®..
This time window should be exploited with an im-
munotherapy administered on a weekly to monthly
schedule that will help stimulate effector functions
through innate and/or adaptive immune mechanisms
and induce intrinsic non-cytolytic clearance of virus-
infected hepatocytes. Such an approach should also
allow substantial shortening of the DAA therapy in
both HBV and HCV infections, leading to reduced
costs, reduced emergence of drug-resistance, reduced
side effects and improved compliance. This strategy,
although attractive, is still far-sighted as there are
not too many options available for immunotherapy.
Consequently, there is an unprecedented need to
identify a range of novel immunotherapies, which can
be either combined or used sequentially with DAAs
in a symbiotic relation to produce synergistic antiviral
effects, if significant steps towards literal “cure” and
“eradication” of HBV, HCV and HBV/HCV infections
have to be realized.
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