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Marginal zone (MZ) B-cells are innate-like, and possess a polyreactive B-cell receptor (BCR) and several pattern
recognition receptors (PRR) [1,2]. They are known to generate low-affinity first-line antibody responses against invading
pathogens such as encapsulated bacteria.
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| 1. Introduction

Marginal zone (MZ) B-cells are innate-like, and possess a polyreactive B-cell receptor (BCR) and several pattern
recognition receptors (PRR) 2, They are known to generate low-affinity first-line antibody responses against invading
pathogens such as encapsulated bacteria &1,

| 2. MZp in the Context of HIV

Initial work with HIV-Tg mice showed an expanded marginal zone in the spleen of these animals, as well as B-cell
hyperactivity and hyperglobulinemia with elevated anti-nuclear auto-antibodies . Interestingly, the numerous extra-
follicular IgM bright plasma-cells were found in the spleen of these HIV-Tg mice . Notably, BAFF levels were found to be
in excess in the serum of these animals . Similar observations have been made with BAFF-Tg mice . In agreement
with findings with HIV-Tg mice, it can be shown that frequencies of MZp are increased in the blood of HIV-infected
individuals from the Montreal primary HIV infection (PHI) cohort, as soon as in the acute phase, and despite HAART; they
are concomitant with excessive BAFF levels which persist throughout, suggesting that deregulations of MZ population
frequencies in the HIV context could involve excess BAFF Bl As such, and as mentioned above, BAFF signals are
important for the selection of the MZ B-cell pool €. The fact that BAFF has been shown to increase the expression of
NOTCH2, whose signal is essential to MZ cell-fate decision, suggests that in excessive BAFF contexts, increased
NOTCH2 may skew differentiation towards the MZ type, contributing to their increased frequencies [&1129,

Chemokines such as CCL20 and CCL25 were found in excess in the blood of HIV-infected individuals from the Montreal
PHI cohort, and MZp from these individuals strongly migrated in response to these chemokines in vitro . CCL20 and
CCL25 are important chemokines that allow B-cell migration to peripheral sites such as the mucosal associated lymphoid
tissues (MALT) 22113l This modulation in MZp migratory capacities could also help explain the increased frequencies of
MZp in the blood, as these cells are being actively recruited to peripheral sites; where they are possibly solicited in an
attempt to control HIV inflammation in places where the active battle against the virus is held. Notably, populations such
as MZ accumulated in lymphoid organs of SIV-infected macaques 24l Importantly, MZps from the blood of HIV-infected
individuals from the Montreal PHI cohort express a47, shown to bind to gp120 and be important for mucosal migration
(data not published). It is possible that some MZps be naturally recruited to the MALT, where they perform Breg- and
antibody-producing activities 24, As such, the fact that MZ populations are capable of CSR could suggest their being
related to the recently reported a4B7 IgA-expressing Bregs, promoted by APRIL via TACI 28Il18] Any disturbance in the
activities of such populations is likely to have a deleterious outcome.

Importantly, the recent work shows that the Breg potential of blood MZps from HIV-infected individuals of the Montreal PHI
cohort is severely altered despite therapy, and suggests that BAFF may directly contribute to this altered profile. Given the
association of excess BAFF with hyperglobulinemia and autoimmune manifestations, it is reasonable to think that in such
circumstances, MZps are rather driven to antibody production, the desirability of which is questionable.

Interestingly, MZ B-cells were shown to bind to glycoproteins of the HIV Env, such as gp120, via C-type lectins—such as
dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN)—and the mannose receptor, or
via their polyreactive BCR; and a fraction of IgG and IgA produced following gp120 stimulation in the presence of BAFF
was shown to recognize gp120 4. Additionally, the stimulating effect of gp120 on MZ populations is enhanced in the



presence of BAFF 11, MZ B-cell populations can also recognise HIV Env proteins such as gp41 through TLR10 and
CD21 via the complement system 1819 (see Figure 1). However, the exact contribution of MZ and MZp to anti-Env Abs
and/or to hyperglobulinemia and auto-antibodies needs further assessment.
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Figure 1. MZp immune functions and how they can be affected in the HIV context. MZps possess a strong Breg potential,
as attested by the expression of several immunoregulatory molecules. Indeed, MZps express CD39 and CD73, which will
convert the extracellular ATP into ADO. This molecule will then be uptaken by purinergic receptors such as A2,, which will
induce cAMP accumulation in the cytosol and the activation of the CREB pathway. CREB will induce the expression of
CREB-induced elements such as the NR4A molecules and IL-10, which will allow for the maintenance of a regulatory
phenotype. The NR4As will then induce the expression of even more immunoregulatory molecules such as CD83 and PD-
L1, while also impeding unwanted cell activation by the BCR or the TLR. However, this homeostasis is heavily altered in
the HIV context due to the chronic inflammation, excess BAFF and viral proteins. For instance, MZ B-cells are able to
class-switch following CD40 engagement and subsequent NF-kB pathway activation. However, in the HIV context, HIV
Nef could impede this CSR. HIV gp120 could activate B-cells by cross-linking DC-SIGN an action that is enhanced by
BAFF. Excess BAFF could induce TACI-dependent CSR by activating the mTOR pathway, which intersects with the TLR
pathway (also engaged due to HIV-mediated recognition by TLR7, expressed by MZ B-cells), lowering the MZ activation
threshold. HIV proteins such as Vpr could also directly affect MZp immunoregulatory protein expression such as CD83.
Thus, in the HIV context, MZps could possibly lose their immunoregulatory functions, become easily activated and
produce poor-affinity antibodies, with possible auto-reactivity.

HIV proteins can directly affect MZ and MZp capacity and function. For instance, it has been shown than soluble Nef,
possibly produced and released by the HIV reservoirs, penetrates B-cells and directly impedes CD40 signaling mediated
through the NF-kB and STAT pathway, and thus, CSR 2. Moreover, the HIV Viral protein R (Vpr) has been shown to
downregulate CD83 expression in both macrophages and DCs [222 Fyrthermore, as described above, HIV Env
glycoproteins can directly activate MZ populations (Figure 1).

Lastly, consistent with the notion that they are highly solicited, MZps from the blood of HIV-infected individuals present an
exhausted profile; this is depicted by the upregulation of the negative regulators CD22 and CD72, as well as the
exhaustion markers CD85] and FCRL5. The expression of T-bet and CD11c were also upregulated by these MZps.
Interestingly, T-bet and CD11c expression are related to extra-follicular B-cell responses and to a population identified as
“age-associated B-cells”; these are also described in the contexts of chronic inflammation and autoimmunity (discussed
below), and are dependent on IL-21R and TLR7 signalling 3. Age-associated B-cells are thought to produce antibodies
of poor affinity. Interestingly, MZps express both IL-21R and TLR7, which means that they have the potential to take part
in the age-associated B-cell pool.
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