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Over the last decade it has become evident that in addition to producing antibody, B cells
activate the immune system by producing cytokines and via antigen presentation. In addition, B
cells also exhibit immunosuppressive functions via diverse regulatory mechanisms. This subset
of B cells, known as regulatory B cells (B regs), contributes to the maintenance of tolerance,
primarily via the production of IL-10. Studies in experimental animal models, as well as in
patients with autoimmune diseases, have identified multiple B(reg) subsets exhibiting diverse
mechanisms of immune suppression. In this review, we describe the different B(reg) subsets
identified in humans, and their diverse mechanisms of suppression in HCV and diabetic
patients.
Aims: The main objectives of the study are to identify the role of B (reg) in the hepatitis C virus
infected patients and diabetes.

INTRODUCTION
Hepatitis C virus
Hepatitis C virus (HCV) is an important
human pathogen that causes hepatitis, liver
cirrhosis and hepatocellular carcinoma1. HCV
is a small single-stranded ribonucleic acid
(RNA) of positive polarity, and is an enveloped
virus belonging to the Hepacivirus genus
within the Flaviviridae family2. The total length
of RNA genome is about 9.6 kb with one open
reading frame (ORF) and 50 and 30
untranslated regions (UTRs) at both edges3.
HCV particles are 50–80 nm in diameter4
and contain the single-stranded RNA genome,
core and the envelope glycoproteins, E1 and
E25. The HCV genome interacts with the core
protein to form the nucleocapsid that is
surrounded by a lipid membrane, called the
viral envelope, in which the envelope
glycoproteins are anchored. Importantly, due to
virion
association
with
lipoproteins,
apolipoproteins such as apoE, apoB, apoA1,
apoC1, apoC2, and apoC3 can also be found in
association with HCV particles (Fig. 1).
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Fig. 1: Hepatitis C virus complete genome .

In developing countries HCV is
transmitted by IVDU, sexualexposure and
blood products7. Symptoms can appear anytime
from 2 weeks to 6 monthsafter a person is
infected with the virus. Symptoms include
jaundice, fatigue, gray-colored stool, joint pain,
belly pain, weakness, anorexia, itchy skin and
dark urine. Mild cognitive problems and
fatigue are the major symptoms of chronic
hepatitis C8.
Egypt has the highest prevalence of HCV
in the world. Nearly 15 million Egyptians
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currently suffer from HCV, with 40,000 dying
from the disease each year9. Genotype 4 is the
predominant genotype, which accounts for
more than 90% of infections10&11.
Most infected individuals have no
symptoms during the acute infection, although
15-30%
may
experience
non-specific
symptoms12. Because most acute HCV
infections are sub-clinical, it is difficult to
calculate how many patients clear HCV
without treatment12. This typically occurs in the
first 6 months after exposure and is estimated
to be between <20% and about 50% in
different populations13; spontaneous clearance
is affected by host genetics, race, age, sex, and
comorbidities such as HIV14.
Immune response to hepatitis C virus
Innate immune responses to HCV infection
Soon after establishing infection in hepatic
foci, HCV undergoes an exponential ‘ramp-up’
phase of replication15; the rate of increase
decreases abruptly when cells in the liver
express a host of IFN-stimulated genes (ISGs)
that limit HCV replication and spread16. Innate
immunity is a first line of defence against HCV
infection15 and stimulates adaptive immunity.
HCV RNA binds to retinoic acid-inducible
gene I, activating mitochondrial antiviral
signalling (MAVS) proteins; double-stranded
RNA bound to Toll-like receptor- 3 induces
signalling via TIR domain-containing adaptor
inducing IFN-b (TRIF). Both pathways activate
nuclear factor kappa-lightchain- enhancer of
activated B cells (NFkB) and interferon
regulatory factor 3 (IRF3) translocation to the
nucleus. Here, they promote expression of IFNs
and ISGs to inhibit viral replication, plus
proinflammatory and chemokines to recruit and
activate immune cells. HCV's NS3-4A protease
specifically cleaves MAVS and TRIF to
dampen
IFN
induction17.
Hepatocytes
preferentially express IFN-l following HCV
infection18. Dendritic cells, Kupffer cells, and
other nonparenchymal cells also recognize viral
molecular patterns, contributing to IFN and
cytokine production and response without
themselves harbouring replicating HCV15&17.
Cellular immune response to HCV infection
The adaptive immune response includes
two major types of effector mechanisms:
cellular responses comprising CD4 T helper
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(Th) cells and cytotoxic CD8 T lymphocytes
(CTL); and humoral responses consisting of
antibodies produced by HCV-specific B cells.
Recognition of a specific viral epitope/protein
is required for both adaptive immune effector
mechanisms, which can target any HCV
protein. However, only some B cell epitopes
localized on the viral envelope or capsid
proteins can induce HCV neutralizing
antibodies and efficiently prevent the binding
and entry of the virus, i.e., prevent HCV
infection. Activated dendritic cells can present
HCV antigens to specific Th cells that respond
by proliferation and production of cytokines
such as interleukin (IL)-2, IFN-γ or IL-4. Th
cell activation and cytokine production is
required for the development of CTL. Ideally,
stimulated CTL found in the liver will lyse
HCVinfected liver cells by cytolytic and noncytolytic mechanisms19.
Acute infection and chronic infection
Acute hepatitis C infection is infrequently
diagnosed as the majority of acutely infected
individuals are asymptomatic. Chronic hepatitis
C is marked by the persistence of HCV-RNA in
the blood for at least 6 months after onset of
acute infection20.
Diagnosis and genotyping of HCV
HCV-RNA by PCR is the quickest and
most informative method for HCV detection,
while long infection time is required to detect
virus using antibodies21. The hepatitis C
diagnosis mostly depends on serological assay
and HCVRNA22.
New lines of treatment of hcv
Treatment with antiviral medication is
recommended in all people with proven chronic
hepatitis C who are not at high risk of dying
from other causes. People with the highest
complication risk should be treated first, with
the risk of complications based on the degree
of liver scarring.
In 2016, the American Association for the
Study of Liver Diseases and the Infectious
Diseases Society of America jointly published
a recommendation for the management of
hepatitis C. In this recommendation, sofosbuvir
and ledipasvir, or sofosbuvir and ribavirin, with
or without peg interferon, are part of all firstline treatments for HCV genotypes 1 to 6, and

are also part
treatments23&24.
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Type 2 diabetes mellitus (T2DM)
Diabetes mellitus is a heterogeneous and
complex disease characterized by chronic
hyperglycemia. Type 2 diabetes mellitus
(T2DM), characterized by a variable defect of
insulin secretion and action, is by far the most
common cause, accounting for >90% of
cases25.
Over the past decades, there has been a
major increase in type 2 diabetes (T2D)
prevalence in most regions of the world26. After
adjusting for the impact of ageing populations,
diabetes prevalence in adults (85-95% T2D)
almost doubled between 1980 and 2014
worldwide. Increases were more pronounced in
low- and middle-income countries and in men
compared to women26.
This increase in type 2 diabetes is
inextricably linked to changes towards a
western lifestyle (high-energy diets with
reduced physical activity) in developing
countries and the rise in the prevalence of
overweight and obesity27.
The International Diabetes Federation
(IDF) listed Egypt among the world top 10
countries in the number of patients with
diabetes. Currently, diabetes is a leading cause
of vision loss in Egypt. It is estimated that 42%
of patients with diabetes in Egypt have diabetic
retinopathy, 5% are legally blind, and 22% had
peripheral neuropathy. Diabetes is also the
major cause of end-stage renal disease and leg
amputation in Egypt25.
T2DM is characterized by defective and
delayed insulin secretion as well as abnormal
postprandial suppression of glucagon. These
abnormalities explainthe defective suppression
of endogenous glucose production after a meal;
this, combined with decreased peripheral
glucose uptake, contributes to postprandial
hyperglycemia. The islets of people with longstanding T2DM have a characteristic
appearance, with prominent amyloid deposition
and a decrease in functional β-cells. These
anatomical defects underlie the decrease in
insulin secretion (Fig. 2).

Fig. 2: Showing pathophysiology
Diabetes28.
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The most significant symptoms of diabetes
Symptoms of marked hyperglycemia
include polyuria, polydipsia, weight loss,
sometimes with polyphagia, and blurred vision.
Impairment of growth and susceptibility to
certain infections may also accompany chronic
hyperglycemia.
Acute,
life-threatening
consequences of uncontrolled diabetes are
hyperglycemia with ketoacidosis or the
nonketotic hyperosmolar syndrome29.
Hepatitis C Virus and insulin resistance
/diabetes mellitus
A potential synergism exists between
HCV infection and diabetes and this is
attributed to multi-level and multi-faceted
interactions between HCV and glucose
metabolism. Allison et al.30 first reported an
increased prevalence of diabetes mellitus in
patients with HCV associated liver cirrhosis
but the categorization of diabetes was not
possible initially due to lack of genetic and
immunological data31.
HCV infections can trigger autoimmune
reactions
against
pancreatic
β-cellsin
genetically susceptible subjects leading to
direct destruction of b cells thereby causing
type 1 diabetes32. Conversely, a complex
interaction between insulin resistance (IR),
hepatic steatosis and inflammatory cytokines
have been implicated for the development of
type 2 diabetes in HCV infected individuals33.
HCV causes alteration in hepatic carbohydrate
and lipid metabolism and has also been linked
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with modifications of molecular mechanisms
like oxidative stress, mitochondrial function,
signalling in the insulin receptor substrate-1
pathway and influences on the activities of proinflammatory cytokines and adipokines34. This
creates an environment for metabolic syndrome
leading to altered glucose homeostasis resulting
in impaired glucose tolerance and type 2
diabetes. HCV infection is the most common
indication for liver transplantation. Patients
may either have pre-existing diabetes mellitus
(PDM) or may develop new-onset diabetes
after transplant (NODAT)35. In the first year
post-transplant, diabetes is most likely due to
intense immunosuppression which potentiates
the dysglycaemic effects of HCV by enhancing
viral replication36. This potentially resolves
after the immunosuppressive regimen is
stabilized but long-term diabetes (pre-existing
and NODAT) may persist, leading to advanced
hepatic fibrosis and graft failure35.
B (reg) cells
In 2002, Mizoguchi and collaborators
introduced the term “regulatory B cells” and
identified B (regs) as an IL- 10-producing B
cell subset37. B (reg) cells have been identified
as a negative regulator of the immune system
that inhibit pathological immune response by
suppressing both uncontrolled protective
immune response and damaging autoimmune
responses. The mechanism by which B (regs)
suppress inflammatory responses is mainly via
the production of IL-1038. Mauri et al.39
reported that B (regs) arise from a common
progenitor named transitional 2 marginal zone
precursor (T2-MZP) B cells40 as they have
most of the indicated markers for B (regs)39.
Human regulatory B-cells or also known as
human IL-10 producing B cells are a subset of
B cells is enriched in the CD19 +
CD24highCD27 - CD38highCD1dhighCD5 +
transitional B cell subset. Additionally, these B
cells are highly enriched in IL-10 expressing B
(B10) cells41. In the presence of toll like
receptor (TLR) ligands, the inflammation
cascade initiated and B cells receive BCR,
CD40, or CD80/CD86 activating signals
leading to release IL-1039. IL-10 playsan
essential role in inducing immuno regulatory
phenotype of B cells that exert massive antiinflammatory and immuno suppressive
actions42.
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Mechanism of action
Human B regulatory cells (B regs) effector
mechanisms. B (regs) can secrete different antiinflammatory cytokines such as interleukin 10
(IL-10), transforming growth factor β and IL35. They also express surface molecules
including CD80, CD86, or PD-L1 that mediates
suppression by direct cell-cell interactions. B
(regs) can also use enzymes to exert its effects
in target cells; these are for example
intracellular granzyme B or indoleaminepyrrole 2, 3-dioxygenase or the membraneexpressed CD73 that mediates the generation
of adenosine. Finally, some B (regs) subsets
can also switch to produce immunoglobulin 4
after activation; a secreted immunoglobulin
also
related
with
immune-suppressive
functions. Collectively, these elements can
suppress the functionality of lymphoid
(inhibiting for example the IL-17 or interferonγ production by Th17, Th1 or T CD8+ cells) or
myeloid (preventing the secretion of tumor
necrosis factor-α or IL-12 by inflammatory
monocytes or dendritic cells, respectively). In
addition, B (regs) can also enhance the effector
abilities of B (regs) (promoting IL10 secretion) and invariant natural killer cells
(inducing them to produce IL-4 and IL-13) to
favor
an
anti-inflammatory
microenvironment43 (Fig. 3).
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Fig. 3: Mechanism of B (reg) cells .

Role of B (reg) cells in HCV infection and
diabetes
Regulatory B (B reg) cells, both in mice
and humans, are a potent regulatory component
of the immune system. Regulatory B cells (B
regs) may act earlier than regulatory T cells (T
regs) and may play as important a role in
autoimmune and allergic diseases44. During the
pathogenic process of CHC, many patients
develop immunodeficiency and impaired virusspecific responses. However, the mechanisms
underlying virus-specific immune impairment
have not been clarified. Immuno regulatory
cells, such as IL-10+ B (regs), T (regs) and
TFR cells have been shown to down-regulate
immunity45. Numbers of circulating IL-10 + B
(regs) in CHC patients were greater than in the
healthy donors46. The hepatitis C virus eludes
the host immune response by stimulating some
of the B (reg) cells in the mucous membranes47.
B (regs) play an important role in shaping
T cell responses48. IL-10 + B (regs) have been
shown to inhibit antigen-presenting activity and
immune response49.
Previous studies have shown that T cell
immunity, particularly for virus-specific CD8+
T cell responses, is crucial for the control of
virus replication and liver-injury during the
pathogenic process of CHC50. Given that IL-10
is a potent inhibitor of T cell immunity, it is
possible that IL-10 secreted by B (regs) downregulates T cell immunity and impairs virus
eradication. In addition, IL-10 + B (regs) may
promote the development of functional T
(regs), impairing anti-virus T cells immunity.
Furthermore, levels of serum IL-2, IFN-γ and
TNF-α were significantly changed in the CHC
patients. However, the precise mechanisms
underlying the regulatory effect of IL-10 + B
(regs) and the association of these regulatory
cells with the change in the levels of
proinflammatory cytokines remain to be
investigated. IL-10 + B (reg) cells may secrete
TGF-β1, which activates the Smad signaling to
promote liver fibrosis and to induce other
unknown factors, causing liver injury in those
CHC patients46. Chronic HCV infection not
only causes continual liver damages, but also is
associated with the development of cirrhosis
and HCC43.
B (regs) may suppress the antitumor
immunity and promote HCC progression via
several mechanisms including the CD40

/CD40L
signaling-mediated
cytokine
production of IL10, TGF-β which down
regulate TNF- α which is crucial for antitumor
immunity51. Depletion of B (reg) or blockage e
of CD40/CD154 interaction between B (reg)
and HCC cells might be a future novel
therapeutic approach in treatment of HCC
because inhibition of this pathway will
decrease the secretion of IL10, TGF-β1 but
increase in the level of TNF- α which inhibit
tumor growth51. There is strong evidence that B
(reg) interact with T (reg) in the tumor micro
environment; B (reg) may induce the
conversion of resting CD4+ T cells into T (reg)
to support tumor progression and metastasis by
suppressing the T cell anticancer immune
response52.
B cells play a pathogenic role in the
initiation of type 1 diabetes(T1D) in NOD
mice53, which is a Th1-mediated autoimmune
disease54. However, activated B cells can also
maintain tolerance and transfer protection from
T1D in this mouse model55. The repeated
intravenous transfusion of 1.2-107 BCR
stimulated NOD spleen B cells into NOD mice
starting at 5–6weeks of age both delays the
onset and reduces the incidence ofT1D, while
treatment at 9 weeks of age before disease
onset onlydelays T1D onset. Protection from
T1D requires B-cell IL-10 productions, because
the transfusion of activated NOD-IL-10B cells
does not confer protection from T1D or the
severe insulitis observed in the islets of NOD
recipients. The therapeutic effect of transfusing
activated NOD B cells correlates with
polarization of CD41 T-cell response toward a
Th2 phenotype. These findings suggest the
possibility that therapeutic transfusion of
autologous IL-10-producing BCR-activated B
cells may protect human subjects at risk for
T1D.
Discussion
The prevalence of Hepatitis C Virus
(HCV) infection varies throughout the world,
the highest rate reported in Egypt and it is a
major cause of chronic hepatitis, liver cirrhosis,
hepatocellular carcinoma and transplantation in
the country56
A main characteristic feature of HCV
infection is its persistent nature and high
frequency of chronicity. Chronic hepatitis may
progress into liver cirrhosis (LC). After
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cirrhosis has been diagnosed the incidence of
HCC is roughly 2% of patients/year57
Type 2 diabetes (T2D) is one of the major
global human health problems. In Egypt, the
prevalence of T2D is around 15.56% among
adults between 20 and 79 years of age, with an
annual death of 86,478 related to diabetes58. In
2013, the International Diabetes Federation
(IDF) estimated that 7.5 million individuals
have diabetes and around 2.2 million have
prediabetes. Furthermore, reports indicate that
43% of patients with diabetes and most patients
with prediabetes in Egypt are likely
undiagnosed25.
Various studies reported that the T2D
tends to increase the HCC development and
induces a poor prognosis for those patients, in
both presence or absence of cirrhosis59. It has
been recognized as a cofactor that may modify
the course of HCV infection, as well as
functioning as an independent predictor of
HCC60. Hence, the search for specific
immunological markers, which follow the
progression of HCV to LC in association with
T2D, has become a topic of great scientific
interest.
T2D can affect liver functions as was
mentioned by61. Individuals with T2D have a
higher incidence of liver function tests
abnormalities than individuals who do not have
diabetes. They explained this by postulating
different mechanisms; the excess in free fatty
acids found in the insulin-resistant state is
known to be directly toxic to hepatocytes.
Other mechanisms include cell membrane
disruption at high concentration, mitochondrial
dysfunction, toxin formation, and activation
and inhibition of key steps in the regulation of
metabolism.
B (regs) play an important role in shaping
T cell responses (Yoshizaki, Miyagaki et al.
2012). IL-10 + B (regs) have been shown to
inhibit antigen-presenting activity and immune
response (Yanaba, Bouaziz et al. 2009). It is
possible that the systemic inflammatory state
caused by hepatitis induces the expansion of
peripheral B (regs) (Chen, Song et al. 2012).
Immuno regulatory cells, such as IL-10 + B
(regs), T (regs) and TFR cells have been shown
to down-regulate immunity45.So,44. During the
pathogenic process of CHC, many patients
develop immunodeficiency and impaired virusspecific responses.
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Conclusion
Clearly, B (regs) are critical for tolerance
maintenance and for the suppression of
inflammation. B regstargeted therapies, aside
from their potential risks or the lack of
understanding of their mechanisms of action,
now emerge as a challenging treatment option
that shows great promise and could represent a
new tactic to deal with immune-related
diseases.
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