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V iral infections are eradicated by efficient T and natural 
killer (NK) cell responses. When these responses fail, 

viruses escape and persist in relevant cells causing continu-
ous inflammation and chronic organ damage. In this review, 
we will focus on the mechanisms by which hepatitis C virus 
(HCV) infection escapes efficient peripheral clearance, and 
on the role of T regulatory (Treg) cells in the persistence of 
HCV infection. We will also review the issue of B regulatory 
(Breg) cells and their role in viral evasion and failure of cellular 
immune responses to eliminate these infections.

Peripheral immune responses against HCV antigens, 
namely effector T cells, and natural killer (NK) cell activity 
act as a first-line defense aiming to clear HCV infection and 
inhibit its escape to the liver. The failure of the above immune 
responses to clear HCV from peripheral blood was considered 
to be the result of one of two mechanisms. The first is ligation of 
CD81 (HCV receptor on many immune cells) by binding major 
envelope protein HCV (HCV-E2). Engagement of CD81 on 
NK cells inhibits their cytotoxic activity through a mechanism 
that is distinct from the negative signaling pathways associated 
with NK cell inhibitory receptors for major histocompatibility 
complex class I. Thus, NK cell inhibition allows HCV evasion 
strategy and the development of chronic infection [1].  The 
second is enhanced peripheral T cell apoptosis, reported by us 
to be another mechanism by which HCV could possibly escape 
efficient peripheral cellular immune responses. Increased Th1 
apoptosis was found to be in association with decreased NF-kB 
(but not bcl-2) expression. Of the other possible mechanisms 
by which HCV infection increases the sensitivity of T cells to 
undergo apoptosis, one could mention: (i) down-regulation of 
MHC class II and B7 molecules on HCV-infected dendritic 
cells, thus attenuating the delivery of co-stimulation; (ii) inhibi-
tion of the production of interferon-gamma (IFNγ) and inter-
leukin (IL)-12, leading to enhanced responsiveness to IL-10 

modulating effects and down-regulation of Th1 responses; (iii) 
induction of an autoimmune responses due to cross-reactions 
between HCV core proteins and cryptic epitopes on activated T 
cells; and (iv) enhancement of T cell apoptosis by causing G1/S 
arrest and c-myc up-regulation [2]. 

T REGulATORY CEllS AnD hCV InFECTIOn 
T regulatory cells (Tregs) (CD4+CD25high) are highly impor-
tant in maintaining self-tolerance and therefore very important 
in defining the course of many autoimmune diseases, malig-
nancy and infections (mainly viral) [3]. In this case the balance 
between Treg cell function and the efficient antiviral effector 
Th1 cell function was discussed with respect to HCV chronic 
infection. In a recent study, Treg cell function was found to 
be enhanced in patients suffering from chronic HCV infec-
tion. Here, the expression of granzyme B on CD4+CD25high 
T cells of HCV patients was significantly higher than that on 
Treg cells of normal individuals (in which granzyme B is almost 
absent). Treg cells from chronic HCV patients produced higher 
amounts of granzyme B, thereby increasing Th1 apoptosis and 
suppressing autologous CD4+CD25low effector T cell activity 
and reducing CD4+ T cell response against HCV [4]. In another 
study, CD4+CD25highFoxP3+ Treg cells were increased in 
patients with chronic hepatitis C and were positively correlated 
with HCV RNA and HCV core protein levels in the blood. In 
addition, HCV core protein induced the secretion of IL-10 and 
transforming growth factor-beta (TGFβ) by CD4+CD25high 
Treg cells, thereby decreasing CD4+ T cell proliferation and 
INFγ production [5]. In agreement with the above, T regula-
tory cells (CD4+CD25high) were found to be activated early 
in patients with acute and chronic HCV, probably causing low 
activity of effector T cells which allows the survival of hepatitis 
C virus [6]. The eradication of HCV by ribavirin was shown to 
be through polarization of Th cell balance into Th1 dominance. 
In this respect, ribavirin inhibited the differentiation of naïve 
Th cells into adaptive Treg cells by down-modulating FoxP3. 
This results in the maintenance of Th1 activity, pointing to the 
role of increased Treg function in HCV infection [7]. 

B REGulATORY CEllS
B lymphocytes play a key role in both the innate and adaptive 
immune systems. Apart from being the source of antibodies, 
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they are efficient antigen-presenting cells (APCs) and produc-
ers of pro-inflammatory cytokines. On the other hand, B cells 
are a source of inhibitory cytokines such as IL-10 and TGFβ. 
Depending on the signals B cells receive, pro- or anti-inflamma-
tory cytokines can be produced, and the shift towards an inflam-
matory or a protective/regulatory response will be induced. 

B regulatory (Breg) cells were intensively studied in the 
last decade and were shown to be of many phenotypic sub-
sets. CD19+CD38highCD24highCD1dhigh were reported 
to be IL-10 producers, able to suppress the differentiation of 
Th1effector cells. When assessed in patients with systemic lupus 
erythematosus (SLE), they failed to suppress tumor necrosis 
factor (TNF) and IFN production by Th1 cells compared to 
their ability in healthy individuals [8]. In our laboratory, we 
characterized Breg cells being CD19+CD25highCD86highIL-
10high. Here also, these cells were able to suppress Th1 cell pro-
liferation and also to enhance Treg cell phenotypic character-
istics when co-cultured together. These results suggested that 
Breg cells may induce their suppressive function by increasing 
Treg cell function [9]. Similar to T regulatory cells, the function 
of B regulatory cells was also shown to be enhanced in malig-
nancy and during long-lasting infections, thus delaying proper 
T cell responses and control of malignancy spread [10]. This 
concept was recently strengthened by a study demonstrating 
that B regulatory cells were increased in HIV patients. In this 
study, it was suggested that in an IL-10 and PD-L 1 synergistic 
mechanism, regulatory B cells may inhibit APC function and 
autologous CD4+ T cell proliferation, leading to anti-HIV CTL 
attenuation, thereby hindering viral eradication [11]. B regula-
tory cells are expanded by many well-established stimulatory 
signals such as CD40L and CpG. In a recent study it was also 
elegantly shown that the addition of IL-21 and IL-35 increased 
regulatory activity and IL-10-producing B cells, resulting in the 
modulation of inflammatory immune responses and limitation 
of autoimmune diseases [12,13].

“KIllER” B REGulATORY CEllS In VIRAl InFECTIOnS
Herpes simplex virus type I (HSV) was reported to induce a 
population of B cells in spleens of mice, which can inhibit lym-
phocyte proliferation upon stimulation with lectins and allo-
antigens. In this early study, B cell suppression was suggested 
to occur by mechanisms such as interference with antigen-pre-
senting cells, the neutralization of cytokines/lymphokines, and 
the release of mediators that inhibit T cell activation. Such sup-
pression may allow the escape of HSV from efficient immune 
responses [14]. The FasLigand/Fas receptor pathway was stud-
ied extensively as a mechanism of killing over-active CD4+ T 
cells and other immune cells, thereby preventing autoimmunity. 
Evidence has emerged that in addition to activated cytotoxic T 
cells (CTL) and natural killer (NK) cells, B lymphocytes were 
also found to express Fas ligand, thus mediating cell death of 
many over-activated immune cells. The expression of Fas ligand 

and IL-10 and other death-inducing ligands such as TRAIL, 
PD-L1 and PD-L2 was highest on CD5+ B cells, suggesting 
this subset to be unique in the field of human Breg cells. In this 
case CD19+CD5highFaslhigh were defined as “killer” Breg cells 
and considered to play a role in preventing autoimmunity but 
allowing cancer spread and persistence of infections [Figure 1] 
[15]. Killer B cells were initially reported in a murine model of 
Schistosoma mansoni infection. In this model, female worms 
secrete soluble antigens leading to T cell-mediated granulo-
matous inflammation in the host liver. The study showed that 
splenic B cells defined as CD5+FasLhigh mediate apoptosis 
of CD4+ T lymphocytes during the early stage of Schistosoma 
infection [16]. Furthermore, it was shown that the lacto-N-
fucopentaose (LNFP-III), a component of Schistosoma eggs, is 
able to stimulate IL-10 production from B cells and induce Fas 
ligand expression on CD5+ B cells [17]. Viral infections have 
been reported to induce Fas ligand expression in CD5+ B cells 
in human peripheral blood. In a study of patients with acute 
infectious mononucleosis (caused by Epstein-Barr virus), it was 
shown that EBV increases Fas receptor expression on CD4+ T 
cells as well as Fas ligand on B cells and macrophages, leading 
together to increased CD4+T cell apoptosis. In addition, the 
study showed that EBV glycoprotein gp350, which initiates 
virion attachment to CD21 receptor on host B cell leading to 
virus entry, can function as an immune modulator and leads 
to increased CD95 expression in CD4+ T cells [18]. A similar 
study on HIV-infected individuals has shown over-expression 
of Fas ligand on CD5+ B cells and increased levels of Fas recep-
tor on T cells stimulated by HIV gp120 which initiates virion 
attachment to the host cell leading to virus entry [19]. 

The expansion of CD5+FasLhigh B cells allows persistence of 
viruses and their escape from efficient T cell responses. Future 
studies should assess the possible role of this subset of cells in 
the development of chronic HCV and other viral infections. 
Targeting “killer” Breg cells may become one of the therapeutic 
tools in viral infections.

Figure 1. “Killer” B regulatory cells are characterized by being 
CD5(high)Fasligand(high) and expressing/producing high amounts of 
IL-10. They decrease their proliferation and increase Th1 apoptosis
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Naturally acquired immunity to malaria develops only after 
years of repeated exposure to Plasmodium parasites. Despite 
the key role antibodies play in protection, the cellular pro- 
cesses underlying the slow acquisition of immunity remain 
unknown. Using mouse models, Ryg-Cornejo and fellow 
researchers show that severe malaria infection inhibits the 
establishment of germinal centers (GCs) in the spleen. The 
authors demonstrated that infection induces high frequencies 
of T follicular helper (Tfh) cell precursors but results in impair- 
ed Tfh cell differentiation. Despite high expression of Bcl-6  

and IL-21, precursor Tfh cells induced during infection display- 
ed low levels of PD-1 and CXCR5 and co-expressed Th1-asso- 
ciated molecules such as T-bet and CXCR3. Blockade of the 
inflammatory cytokines TNF and IFNγ or T-bet deletion restor- 
ed Tfh cell differentiation and GC responses to infection. Thus, 
this study demonstrates that the same pro-inflammatory medi- 
ators that drive severe malaria pathology have detrimental 
effects on the induction of protective B cell responses. 

http://www.sciencedirect.com/science/journal/aip/22111247
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Severe malaria infections impair germinal center responses by inhibiting T follicular helper cell 
differentiation

Chronic pain is a major reason why people visit a doctor. 
Unfortunately, the underlying causes of chronic pain are 
still poorly understood. To gain more insight, Ren et al. 
studied a mouse model of neuropathic pain. Nerve injury 
resulted in a rewiring of neuronal circuits in a region of 
the brain called the nucleus accumbens, which regulates 
emotions and addictive behavior. The excitability of some 
neurons increased, but their number of excitatory synapses 

fell. Nerve injury also led to reduced extracellular dopamine 
concentrations in the nucleus accumbens. Combined treat- 
ment of mice with dopamine receptor antagonists and a 
non-steroidal anti-inflammatory drug blunted neuropathic 
pain, suggesting potential new drug combinations for 
treating chronic pain.

Nat Neurosci 2015; 10.1038/nn.4199
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A double-drug approach for chronic pain




