J c I The Journal of Clinical Investigation

New therapy to revert dysfunctional antibody responses during
HIV-1 infection

Francesca Chiodi

J Clin Invest. 2010;120(11):3810-3813. https://doi.org/10.1172/JC144872.

Individuals infected with HIV-1 progress to AIDS at different rates. Rapid progressors develop AIDS within 2-5 years of
initial infection, compared with approximately 10 years in typical progressors. Progression to AIDS is associated with
impaired humoral and cellular immunity. In this issue of the JCI, Titanji and colleagues report that activated memory B
(mBpgt) cells are depleted in SIV-infected macaques defined as rapid progressors. Depletion was mediated by
programmed death-1 (PD-1) and resulted in reduction of antibody titers specific for SIV and bacterial antigens.
Interestingly, blockade of PD-1 in infected animals protected B cells from apoptosis and increased levels of SIV-specific
antibodies in blood. These findings pave the way for a new therapeutic strategy aimed at improving humoral immunity in
HIV-1 infection.
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Individuals infected with HIV-1 progress to AIDS at different rates. Rapid
progressors develop AIDS within 2-5 years of initial infection, compared
with approximately 10 years in typical progressors. Progression to AIDS is
associated with impaired humoral and cellular immunity. In this issue of
the JCI, Titanji and colleagues report that activated memory B (mB,.) cells
are depleted in SIV-infected macaques defined as rapid progressors. Deple-
tion was mediated by programmed death-1 (PD-1) and resulted in reduc-
tion of antibody titers specific for SIV and bacterial antigens. Interestingly,
blockade of PD-1 in infected animals protected B cells from apoptosis and
increased levels of SIV-specific antibodies in blood. These findings pave the
way for a new therapeutic strategy aimed at improving humoral immunity

in HIV-1 infection.

The use of antiretroviral therapy (ART)
has dramatically reduced the number of
individuals infected with HIV-1 that rap-
idly progress to AIDS in developed coun-
tries. However, rapid progression remains
a problem in developing countries, where
the majority of individuals infected with
HIV-1 live, because use of ART is lim-
ited. Patients are clinically determined
to have progressed to AIDS when their
CD4" T cell counts drop below 200 cells
per microliter of blood. Although CD4*
T cell counts remain the gold standard
to predict immunological impairment
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upon disease progression and to monitor
immunological recovery during ART, the
quality of responses mediated by CD4*
T cells during HIV-1 infection does not
always correlate with their numbers (1).
Thus, the identification of immunological
biomarkers that reflect pathogenic events
occurring during HIV-1 infection and that
are predictive of progression to AIDS is an
important research goal.

Progression to AIDS is associated with
increased susceptibility to opportunistic
infections as a result of both impaired
cellular immune responses and dys-
functional humoral responses. In this
regard, loss of memory B cells has been
shown to lead to impaired HIV-specific
and non-HIV-specific humoral immune
responses (2). Understanding more clearly
the mechanisms underlying B cell deple-
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tion during HIV-1 infection and the role
of B cell defects in disease pathogenesis
and progression could prove informative
for developing approaches to improve
humoral immunity in patients infected
with HIV-1.

Depletion of memory B cells

during SIV infection

In this issue of the JCI, Titanji and col-
leagues present new results on depletion
of activated memory B (mBac) cells dur-
ing the early phases of SIV infection in
rhesus macaques rapidly progressing to
AIDS (3). In their study, depletion of this
B cell subset was found to be associated
with failure to produce SIV-specific anti-
bodies. Alteration in B cell phenotype
and in the percentages of different B cell
subsets has also been described during
acute and chronic phases of HIV-1 infec-
tion, with depletion of memory B cells
(4-6). Accordingly, it is likely that the
impaired capacity to mount an efficient
neutralizing antibody response to HIV-1
may be directly correlated to the damage
occurring to B cells devoted to antibody
production.

SIV infection in macaques defined as
rapid progressors not only affected SIV-
specific memory B cells, but randomly
eradicated memory B cells specific for
other previously encountered antigens.
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Two-phase model for depletion of mBac: from circulation. The model outlined here is based on data generated by Titanji et al. (3) and Peruchon
et al. (9). During the early stages of SIV infection (2 weeks), mBac cells leave the blood to home to lymphoid tissues. At 12 weeks after SIV
infection, mBa: cells migrate from the lymphoid tissues and rebound in the blood of typical progressor macaques and, to a much lesser extent,
in the blood of rapid progressors. This model implies that mBac: in rapid progressors die through apoptosis in lymphoid tissues, according to a
mechanism related to PD-1 signaling on B cells (see Figure 2).

Accordingly, the SIV-infected macaques in
which depletion of mB cells was mani-
fest showed a decline in antibody titers
against intestinal bacteria (3). These data
parallel similar findings on loss of anti-
body titers in response to viral and bacte-
rial antigens in HIV-1-infected children
and adults (2, 7, 8). As loss of mBa cells
was associated with rapid disease pro-
gression, Titanji et al. suggest that loss of
mBac cells should be evaluated as an early
predictor of HIV-1 disease progression
(3). If this holds true in individuals infect-
ed with HIV-1, this would be extremely
important, as immunological biomarkers
other than CD4* T cell counts are needed
to predict disease progression.

Altered homing of B cells

to lymphoid tissues

Titanji and colleagues showed that follow-
ing SIV infection of macaques, the percent-
ages of total B cells and mBy cells among
blood lymphocytes rapidly decreased at
2 weeks after infection in both rapid and
typical progressors (3). At 12 weeks after
SIV infection, the total B cell numbers in
blood rebounded in all animals, although
the frequency of mBac cells remained
significantly lower than baseline levels
in rapid progressors. Thus, the authors
speculate that B cells, including mBac
cells, home away from the circulation to
lymphoid tissues early after infection (at
2 weeks) and return to the circulation at

The Journal of Clinical Investigation  http://www.jci.org

12 weeks after infection. This possibility
is consistent with a previously published
study in which a decline in the number of
circulating total B cells was reported in
SIV mac2si-infected cynomolgus macaques
2 weeks after infection as a result of B
cell trafficking to lymphoid organs, with
preferential accumulation in spleen and
intestine (9). Furthermore, altered expres-
sion of the chemokine receptor/ligand pair
CXCRS/CXCL13, important for homing
of B cells, has been reported during HIV-1
infection, especially in patients with low
CD4* T cell counts (10).

It is conceivable that the reduced num-
bers of total B cells and mB cells detect-
ed by Titanji and colleagues early during
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SIV infection (3) may be due to the transi-
tory altered homing of B cells (Figure 1),
occurring in all animals, combined in
rapid progressors with the depletion of
memory B cells, occurring by apoptosis
in lymphoid tissues and leading to cumu-
lative loss of B cells. Thus, the acute peri-
od of SIV infection appears to be charac-
terized by intense fluctuation in levels
of B cell chemoattractants in blood and
affected tissues.

Role of PD-1 in B cell survival

and differentiation

All subsets of resting, activated, and tissue
memory B cells in noninfected and SIV-
infected animals analyzed by Titanji et al.
expressed high levels of PD-1, with mBac
cells expressing the highest level of PD-1
and accounting for the largest number
of PD-1* cells (3). The depletion of mBx
cells shown to occur in rapid progressors
related to high PD-1 expression. Howev-
er, more studies are needed to clarify why
signaling through PD-1 leads to deple-
tion of mBa. cells only in rapid progres-
sors, despite similar preinfection PD-1
expression levels on mBa cells of rapid
and typical progressors. The involvement
of other apoptotic pathways, including
Fas (3), and differential expression of the
PD-1 ligands PD-L1 and PD-L2 in rapid
and typical progressors may account for
this difference.

PD-1 was first described as a negative
regulatory molecule, the expression of
which increases on T cells during activa-
tion (11). PD-1 expression during chron-

Figure 2

Biological action of PD-1 blockade on mBag
cells and antibody production during SIV
infection. (A) As shown by Titanji and col-
leagues, PD-1 on mBag; of rapid progressors
leads to apoptosis of these cells (3). The
signal to undergo PD-1-mediated apopto-
sis can be provided in an autocrine fashion
from PD-1 ligands present on B cells, or from
PD-1 ligands on Th cells. In this context, it is
likely that PD-1 present on Th cells does not
receive signaling from PD-1 ligands present
on B cells, since they are engaged in auto-
crine binding to PD-1 on B cells. (B) One
possible interpretation of the data presented
by Titanji et al. (3) is that upon PD-1 block-
ade, the autocrine binding of PD-1 to PD-1
ligands is inhibited, thus preventing apopto-
sis of B cells. Thus, blocking PD-1 on B cells
can improve the possibility for these cells to
produce specific antibodies to SIV and other
microbial antigens, by channeling T cell help
toward B cells in GCs.

ic viral infections has been linked to an
exhausted phenotype, in which T cells are
burned out and do not exert their effector
functions. PD-L1 and PD-L2 are broadly
expressed on dendritic cells, macro-
phages, B cells, and T cells. A role for PD-1
in negative regulation of B cell responses
has been suggested by the findings that
PD-1 inhibits BCR signaling through
recruitment of src homology 2 domain-
containing tyrosine phosphatase 2
(SHP-2) to its phosphotyrosine (12) and
that PD-1-deficient mice develop anti-
body-mediated autoimmune diseases
(13). A new view has recently emerged on
the contribution of PD-1 signaling to the
regulation of humoral immunity: interac-
tion of PD-1 ligands on B cells with PD-1
on T cells was shown to exert a positive
effect on antibody production by affect-
ing the quality of germinal center (GC)
responses and by fine-tuning the regula-
tion of long-lived plasma cell formation
(14). In the absence of PD-1 signals, aug-
mented B cell death in GCs was reported
to occur, with lower numbers of long-
lived plasma cells formed (14).

Limited information is currently avail-
able on the autocrine role of PD-1 and PD-1
ligands in B cell responses and on the func-
tion of PD-1 on B cells in GC formation
(15). Titanji and colleagues postulate a role
for PD-1 signaling in regulating the surviv-
al/apoptosis of mBa cells during SIV infec-
tion (Figure 2A), since in vitro exposure of B
cells from SIV-infected macaques to PD-L1
expressed on a cell line increased mBac.
cell apoptosis (3). Noticeably, upon these
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conditions, mBa cells from control, non-
infected animals did not die, even though
they expressed similar levels of PD-1, which
suggests that expression of proapoptotic
factors prevails over that of antiapoptotic
factors in mBy cells of infected animals,
especially fast progressors, and that dif-
ferential expression of PD-L1 and PD-L2
may distinguish infected from noninfected
animals. The cellular source of PD-L1 and
PD-L2 in the SIV-infected macaques was
not investigated. A previous study indicated
that PD-L1 upregulation occurs in several
cell types, including B cells, in progressive
HIV-1 infection (16); however, more stud-
ies in SIV-infected animals are needed to
define to what extent B cells express PD-L1
and/or PD-L2 and whether these ligands
induce apoptosis of mBa cells.

PD-1 blockade contributes to
production of SIV-specific antibodies
With an aim to unravel the role of the PD-1
pathway during SIV infection of macaques,
Titanji et al. treated the SIV-infected
macaques with PD-1-specific blocking
antibodies (3). This approach turned into a
successful therapeutic strategy to enhance
the survival and proliferation of mBy cells
and the production of SIV-specific and
non-SIV-specific antibodies. This is con-
sistent with previous data from the same
group suggesting that titers of SIV-specific
antibodies could be enhanced as a conse-
quence of PD-1 blockade (17).

Hyperactivation of immune cells, likely
as a result of persistent antigenic stimula-
tion, has been suggested as an important
component of SIV and HIV-1 immunopa-
thology. This abnormal activation leads to
altered expression of mediators of cell sur-
vival/proliferation. Of particular interest
is the suggestion by Titanji and colleagues
of a connection between the PD-1 pathway
and the Fas death receptor that leads to a
reduced level of Fas-mediated apoptosis in
B cells during PD-1 blockade; this would
indicate that survival of memory B cells is
negatively regulated by molecular interac-
tions between Fas and PD-1 (3).

Blockade of PD-1 during SIV infection (3)
may operate to control two pathogenic com-
ponents linked to SIV infection (Figure 2B).
First, PD-1 blockade on Th cells may lead
to recovery of T cell exhaustion by inter-
fering with PD-1 (15) and, indirectly,
with additional molecules linked to T cell
exhaustion. Second, the masking of PD-1
on B cells may result in increased survival
of B cells, mBac cells, and newly formed



plasma cells in the GCs (Figure 2B). These
two events may synergize and lead to higher
levels of SIV-specific antibodies. A detailed
analysis of the cellular components express-
ing PD-1 and its ligands needs to be per-
formed in the GCs of SIV-infected animals
to clarify the cellular components involved
in PD-1 blockade.

Concluding remarks

There is a need to develop innovative ther-
apeutic strategies to ameliorate responses
to common vaccination antigens in HIV-1-
infected children and adults (3, 6), since
limited access to ART and fast progression
to AIDS upon HIV-1 infection in develop-
ing countries impairs responses to vacci-
nation with bacterial and viral antigens in
HIV-1-infected subjects. The present study
from Titanji and colleagues (3) paves the
way for a new treatment intervention, based
on PD-1 blockade, that aims to ameliorate
B cell responses. By reducing T cell exhaus-
tion (17) and by improving B cell responses
(3), this PD-1-based approach may provide
a platform to accelerate immune reconsti-
tution during HIV-1 infection.
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beating the rap on bone marrow failure
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Patients suffering from sustained acute or chronic illness often have
decreased white blood cell and platelet counts as well as anemia, and
bone marrow studies routinely show only decreased numbers of blood
precursor cells. While much has been recently learned about the cause
of isolated anemia, the pathogenesis of true bone marrow failure (i.e.,
low bone marrow cellularity and low counts in multiple blood lineages)
has remained elusive. In this issue of the JCI, Chen et al. present evi-
dence that overactivation of mammalian target of rapamycin signaling
in HSCs is found in two mouse models of bone marrow failure, and they
show that treatment with rapamycin significantly normalizes the low

blood counts.
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The recent explosions in genomics and sys-
tems biology highlight the usefulness of
mathematic techniques, such as differential
equations and linear algebra, for the manip-
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ulation and analysis of large data sets. One
powerful mathematical concept for sim-
plifying and understanding such complex
systems is the eigenvalue, a dominant vec-
tor within a complex linear system, around
which other vectors rotate and relate. The
effects of an eigenvalue explain and domi-
nate those of others in the system.

The concept of the eigenvalue has impor-
tantimplications beyond mathematical mod-
els. It is especially important in experimental
biology and clinical medicine, as investiga-
tors search for single molecules or pathways
whose effects dominate complex reactions
within a cell. Even if we do not always have at
hand detailed mathematical models and thus



