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B Lymphocyte Memory in X-Linked Lymphoproliferative Disease (XLP)
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Abstract: X-linked hmphoproliferative disease (XLF) 15 a severe mmommnodeficiency characterized by hypogamma-
globulmemia, fulminant mfectious mononucleosis, and'or lymphoma associated to mutations of the SH2DIA gene,
encodmg SAP (signalng lymphocyhe zctvation molecule-associated protein). The mitial encounter with Epstein Bamr
vims (EBV) triggers a massive response that leads to a fatal outcome m around 50% of the NP indmiduals. Most
surviving patents develop Inpogammaglobulmemia and eventually B cell lymphoma. B hmphocvte development seems
to be normal, butf there is a marked reduction of memory B cells (CD27+ B lymphocytes). In addifion, Th] cell mediated
immune responses predommate over Th? responses. Hypogammaglobulinemia and failure to develop a long term humoral
immune response can be explained because both the germinal center (GL) reaction and GC formation m secondary
lympheid organs are greatly impaired both in human XTI P and in expermmental SAP deficiency. Moo switched memory B
cells (Ighi+, IgD+, COX27+ B lymphocytes) persist m XLP patients, suggesting that m spite of the lack of a GC reaction,
some subgroups of memory B hrmphocytes can play a role in mmmmne homeostasis m these patients. In addition, thew
persistence in the presence of EBV infection, could perhap: be associated to late cccwrence of extranodal B-cell

lymphoma, whick 15 another pathological condibion associated to the absence of SAP in humans.
Keywords: B cell memory, XLP, SAP, lumoral response, CD27, long term memory.

INTRODUCTION

X-linked lymphopreliferative (XLP) disease is a rare
complex disorder characterized by severe immume
dysregulation that is exacerbated by Epsten Barr vims
(EBV) infection, which many times leads to fatal infections
moenonmucleesis [1]. It was mifially desenbed by DT Purtilo
as an immunodeficiency affectng 1 m 500,000 to 1 mullion
males [2]. EBV is the canse of the clinical presentation in
arcund 20 % of the cases. XLP patients are not as susceptible
as other T or B cell deficient mdividuals to viral infections
known to play a major immunopathogenic role (herpes
simplex, varicella zoster or cytomegalovims). Hypogamma-
globulinemia or dysgammaglobulinemia frequently occur in
XLP patients who survive acute EBV infection, and they
may in time develop B cell lymphomas (Fig. 1) [3]. Because
EBEV may initiate disease progression in the majonty of the
cases, the defense mechamsms agamst EBV m XLP
mdividuals have been carefully compared to those of non
deficient confrols. It is thought that matially, SAP-deficient
NE and NET cells fail to control EBV mfection, leadmg to
massive EBV expansion. Later on, a dysregulated mmune
response Tesults in uncontrolled expansion of activated T
lymphocytes and cells of the monocyte/macrophage lineage
that cause hissue damage through the release of inflammatory
cytokines and cytotoxic mediators. However, EBV is not the
exclusive trigger of disease manifestations in XLP. Genefic
studies have demonstrated that XLP is associated to
mutations affecting SH2DI1ASAF/DHSF, a gene encoding a
128 amino acid protein comprised largely of an SH2 domain:
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the signal lmphocyte-activation molecule (SLAM)-associated
molecule (SAP) [4]. SAP is expressed in T cells, NK cells,
NKT cells and in some B cell populations. SAP participates
m signal transduction by mediating proten/protein binding
to conserved tyrosine-contaming motifs in the inracellular
domains of SLAM (CD130) and related family members [5].
It also recrwits the Src family kinase Fyn, resulting in
receptor tyrosine phosphorylation and binding of several
down stream protemns [6]. Animal models of SAP deficiency
have been useful to provide insight inte the pathophysiology
of XLP [7]. although in these mice knockout models the
tnggering viral stimmlus for disease is not EBV and they do
not develop lymphoma (a relatively common climical
manifestation of XLP disease), lLimiting some of the
interpretations regarding human pathology [8].

In this review we shall focus on the mechanisms that lead

to impaired B cell memory generation underlying humoral
mmmunodeficiency in XLP patients.

B CELL MEMORY

Immunelogical memory is a highly effective mechanism
that ensures quick protection against infection by
environmental microorganisms. B cell memory relies on two
cellular compartments: plasma cells giving rise to antibodies
(effector memory) and memory B cells representing central
memory precursors capable of generating the plasma cell
compartment through a combination of anfigen-dependent
and antigen-independent mechanisms. This view mmst be
completed by incorporating other important fimctions that
can be performed by “central” memory B cells as antigen
{(Ag) presentation, T and dendntic cell (DC) regulation and
cytokine and chemokine production [9]. In primary immune
responses, naive B lymphocytes migrating into secondary
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Fig. (1), Immunopathology of HLP disease. Mutations i SHID1A/SAP lead to SAP functional deficiency in XILP mdmiduals. Epstein Banr
Vs (EBV) (or other virzl infections) can mgger the chnical mamfestations of this genetic deficiency; 50% of the patents die after the
onset of fubminant mfectious mononucleosis cansed by EBV. Surviving XLP patients develop dysgamma globulmemiz / kyvpogamma

globulmerua, and 1n fime extranodal B cell lymphoma may ocewr.

lymphoid organs encounter Ag i the extra-follicular
regions. Ag-receptor signaling leads B cells to an activated
state in which they can present Ag peptides to Ag-primed T
cells. CD4+ T cells are important players m the generation of
B cell memory, providing stimmlatory ligands (CD40L,
OX40, mducible co-stmulator ICOS) and cytokines that
determine the fate of B lymphocytes (IL-4, IL-10, IL-21}.
Defects in the complicate mechanisms of T-B cell
cooperation impair the correct set up of an effective humoral
immune response. Help provided by T lymphocytes to B
Iymphocytes is fundamental to allow the production of high-
affinity memory B cells and long-lived plasma cells specific
for foreign antigens. B cells can also be activated in a T-cell
mdependent manmner by bacterial capsular polysaccharides
and by microorganism-derived Toll-like-receptor ligands
(TLE). These T-cell independent responses generally result
m a rapid antibody response to pathogens through the
generation of short-lived, low-affinity extrafollicular plasma
cells. T-cell help oceurs in secondary tissues providing the
suitable microenvironment for cell interaction. B cells that
can either become short-lived plasma cells or migrate into
the follicles, where in cooperation with specialized CD4+
Teells and DC, they form the essential structures for T cell-
dependent responses. These are the germinal centers (GC)
that develop within the B cell follicles of lymph nodes,
spleen, tonsils and the Peyer’s patches of nmcosal-associated
Iympheid fissue [10] (Fig. ). Thus, GC anse following
antigenic stimmlation providing the mulien for B cell
proliferation, somatic hypermmutation and class-switch-

recombination of immunoglobulins. Proliferation is required
for the selection of amfigen reactive clones with increased
antigen affimity and different immunoglobulin isotypes that
are functionally adapted to confront different classes of
foreign antigens or pathogens [11].

FOLLICULAE T CELLS AND B CELL DIFFERENTI-
ATION

It is now recognized that a subset of CD4+ T cells with
follicular tropism (follicular T cells, Tgg) are essential for the
formation of the GC reaction that gives mse to a fully
differentiated humoral immune response with high affinity,
class switched antbodies and long term memory B cells
necessary to mamtam an efficient humoral response and
replenish the long-lived plasma effector cell compartment
that will be required fo face successfully renewed encounters
with foreign antigens [12]. Ty constiate a subgroup of non
polarized CD4+ T lymphocytes that express the chemokine
receptor CXCES. DC priming of T cells in the T-cell zone
results m upregulation of CXCES expression and
downregulation of CCR7 expression. DC-derived IL-12 is
mvolved m this reaction [13, 14]. This allows cell migration
to the T-cell-follicle boundary in response to the chemokme
CXCL13, an 1deal location for T-B mteraction. It has been
suggested that primed CD4+ T lymphocytes with high
CHCES expression, differentiate into different subgroups of
effector T cells according to the cytokine milien, giving rise
to T lymphocytes with different function and transcription
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Fig. (2). B cell memory. a) Priming: natve B cells and naive T helper (TH) cells encounter anfigen (Ag); b) Az primed B and follicular T
cells (Tiy) mmteract before the permmal center (GC) reachon (pre-GC); shori-lved plasma cells (PC) evohre or B and Tpy mbate the GC
reaction (¢} that mvobres mymuneoglobulm (Ig) 1sotvpe switching and affimity matiration, leading to long-lived memory cells; d) post-GC B
cells follow the path to memory B cells, Ty zrve nise to memory Ty and some Beells follow the path to long-lived PC. The cytokine milisu

favors differentiation into cells with distinct switched Iz 1sotvpes.

factors. Teg interact with B cells at different levels, and this
reaction is crucial in order to ensure the complete assembly
of a diversified, high affinity humoral immune response (Fig.
3) [12, 15, 16]. Tey secrete IL-21 (as NET and Thl7 cells),
and this cytokine is cenfral for B cell help. Other cytokines
and costimulatory molecules produced by Tey as IL10 and
ICOS are also mportant in B cell help. In this regard it i3
noteworthy that ICOS deficiency leads to a condition in
humans resembling X1 P in the severe reduction of CXCES5+
CD4+ germunal center T cells and lack of GC formation in
secondary lymphoid organs [17]. CXCES+ Trr may also
express CD537 m humans, and this fact has been used to
distinguish tensillar CD4+ T cells from polarized Thl and
Th2 cells [18]. While CD57+ CXCES+ CD4 T cells present
in the bloodstream are thought to represent GC Tgg. capable
of providing B cell help [19], it has been recently suggested
that helper activity 15 mdependent of CD57 expression and
more related to ICOS expression [20]. It has been proposed
that Bel-6, a transcription factor whose expression is
regulated by -6 and II-21, plays a central role in Tgg cell
generaticn [21]. Bel-6 deficient T cells fail to develop into T
ra and GC generation 15 abolished [22]. Bel-6 acts on B
lymphecytes by inhibiting terminal differentiation of GC B
cells into plasma cells or memory B cells, and on T cells by

repressing the transcription factor GATA-3 that is involved
in Th? differentiation [22]. It has been shown that the action
of Bel-6 1s opposed to that of Blimp-1. a transcription factor
that 15 down regulated in Trg [23] In order to generate a GC
reaction leading to affinity maturation and B cell memory,
Trm mmst establish a stable contact with B lymphocytes.
When SAP is absent. this does not oceur and the GC reachion
fails, B cells do not acquire sufficient help from SAP-
deficient T cells and SAP-deficient T cells are not recruited
and retained into the GC. In Sap-/- mice it was shown that
mitial T-DC interactions were not altered, suggesting that
impaired T-B interactions were responsible for failure of the
GC reaction [24]. SAP regulates the function of Tgy but
apparently SAP-Fyn interactions are not required in this
[23]. Heterogeneity of T gy is associated to their role as
helper T cells at different levels: 1) during first contact with
anfigen-primed B cells at the pre-GC level, where they
control commitment to antibody isotype and entry into the
short lived plasma cell pathway; 2) after entry into GC.
where they control GC B cell selection and enfry into the
long-lived compartment. Finally their persistence in the
lymph nodes as resting memory T rm will favor memory B
cell expansion and rapid PC differentiation upon re-
encountering antigen (Fig. 4) [26].
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Fig. (3). Differentiation mto distinct classes of effector TH cells. Accordng fo the cytokine muben, TH cells differentiate into cells with

drverse function, mediated by different transeniphion factors.
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Fig. (4). Folbeular T helper calls (Tyy) mtervene at different points of B cell differentiation.

B CELLMEMORY INXLP

A striking feature i both humans and mice with
mutations m SH2D14 15 a deficiency m the generation of B
cell memory that leads to hypogammaglobulinemia [1]. In
human XIP, the number of circulating B lymphocytes
expressing CDI7 (memory B cells) = low [27, 28]

Interestingly, this deficiency seems to be the result of T cell
defects rather than B cell defects. In the Sap-~ knockout
mouse model, it can be corrected by supplymg Sap+/+ T
cells to the deficient amimals [8]. In Sap-~ nuce, however, 1t
was suggested that lack of SAP controlled both T and B cell
activities [29]. In humans, 1t was observed that CD4+T cells
from XLP patients were impaired m their B cell helping
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ability. comcidently with decreased IL-10 secretion and
ICOS expression [28]. On the other hand, the few purified B
lymphocytes that were isolated from XLP could undergo
somatic hypermutation and secrete Ig i vitro [30],
indicating that the main defect in the generation of B cell
memory I XLP was related to T cells rather than to B cells.
Besults from SAP-deficient mice and from XLP patients
mmdicate that there is a perfwbation in the balance of
cytokines, with predominance of Thl cytokines owver Th2
cytokines [7], although SAP's regulation of cytokine
production appears to be ndependent of SAP's participation
in the generation of long term B cell memory in T-dependent
responses [31]. Because Th? cytokines are known to be
important m the generation of a correct humoral immune
response, we imvestigated if the normal ratic of Thl/Th2
lymphocytes was preserved m XLP. T lymphocytes
associated to Thl responses (CXCF3+ T cells) were high,
while those corresponding to Th2 responses (CCR4+) were
low in human XTP patients [27]. Because, T g are a central
player in the construction of long term B cell memory, which
15 @ main defect in XLP patients, we have looked for their
presence In hypogammaglobulinemic XLP. Our results
mdicate that in contrast to ICOS deficiency and CD40L
deficiency, there are not significant differences m the
proportion of CD537+, CXCE3+ T cells in the peripheral
bleed of XLP mdividuals (Coraglia A, ef al, 2009) (Table
1), suggesting that functional defects as peor ICOS or IL-21
production, or inappropriate location and stability at the GC
site, may underlie their lack of participation in the generation
of long term memory.

Table 1.
CXCRS, CD4/CD4 | CXCRS, CDS7, CD4/iCDd
() (%)
HLP #4 (n=5) 10.91 =143 0552020
HLP &0 (n=5) 714=070 086=028
N (n=6) 11.18=1.87 055022

Defects in the generation of long term B cell memory
have been lmked to deficient formation of GC n lymphoid
tissue m Sap-~ mice. Lack of conventional GC formation
has also been observed in human XTP [30]. Since memory B
cells are a heterogeneous group, it is interesting to know if
the generation of all the subsets of memory B cells is equally
mpaired in XLP patients. FEecently, it was shown that
somatically mutated Ight+, CD27+ (but not Iz-subtype
switched B cells) could be found m XLP in spite of the
absence of GC in secondary lymphoid organs [30]. When
XLP PEMC are put in culture without exogenous stimulation
[32] during 20-30 days, the proportion of Ighi+, IgD+, B
lymphocytes expressing CD27 increases over the imitial
values (Fig. 5), suggesting that this particular group of “non
switched” memory XLP B lymphocytes can be expanded in
vitro. In fact it is nteresting fo note that this special type of
B lymphocytes was also associated to EBV persistence m
these patients [33]. Az GC of gastrointestinal follicles
nommally contain CD27+, [ghi+, IgsD+, B lymphocytes [30],
it is tempting to assume that therr increased wviability in
association with EBV might be related to the observed
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occurrence of extranodal, gut-restricted lymphoma n these
patients [33, 34] After prolonged in vifro culture of XLP
PEMC, most surviving cells are CD&+ T lymphocytes, and it
15 possible that contimous challenge with transformed EBV-
mnfected B cells within the system provides a continuous
stmuhas for their differentiation and survival [33]. The
remaining B lymphocytes have a “non switched” memory
phenotype. In vive, in addition to defective GC formation
associated to poor ICOS, IL-10 and IL-21 production,
selective loss of EBV transformed B lymphocytes by
reaction with EBV-reactive CD8 effector cells could be part
of the reaction leading to hypogammaglobulinemia and lack
of memory switched B cells.
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Fiz. (5). Double positive Ighi+, IgD+ B cells m XLP. IgM+, IgD+
cells were determuned in a CD19+ B cell zate by flow cytometry.
MLP patents #4 and #9 and N controls were studied: 10 monthly
blood samples of XLP patients and blood samples from 10 different
M donors were analyzed. X+5EM 1= given.

CONCLUSION

Generation of long term B cell memory 15 impaired in
XLP patients. Multiple factors are involved mn the generation
of this defect, which is generally triggered by infection with
EBV. While the percentage of CD4 T cells expressing the
chemokine receptor CXCES and CDS7 (Teg helper cells) is
not significantly reduced, it is possible that their fimetion
may be impaired in XLP. On the other hand, other types of B
memory cells that do not require the GC reaction (non
switched CD27+ Igh+, IgD+ memory B cells) may stll
persist m XLP individuals and could play a role in the
eventual generation of extranodal B cell lymphoma which 13
one of the clinical complications of progressive XLP disease.
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