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Abstract Survival of lymphocytes after prolonged culture was studied in two asymptomatic XLP
patients. Viability of XLP PBMC after 30 days of non-stimulated culture was higher than that of
normal controls (N), mainly due to the persistence of CD8 memory lymphocytes. IFNγ high CD8 T
lymphocytes remained higher in XLP than in N after 30 days. The number of perforin+ CD8
lymphocytes was markedly reduced after 30 days in XLP and in N. Increased viability was not
related to CD127, PD-1, CD27, or CD62L expression. Concerning B lymphocytes, memory CD27+
CD19+ cells prevailed over CD27− cells after 30 days in both XLP and N, with far more surviving

cells in XLP. In N, few CD19+ B lymphocytes were viable after prolonged culture. In XLP, these
cells were also IgD+, IgM+ and EBNA2+. These results demonstrate that IFNγ-positive memory CD8
Tcells persist in XLP after prolonged culture in association with a subset of viable memory CD27+
B cells expressing latent EBV antigens. The survival advantage of XLP cells might be related to
increased frequency of extranodal lymphoma in XLP patients.
© 2009 Elsevier Inc. All rights reserved.
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Introduction

Occurrence of malignant T or B cell proliferation in indi-
viduals with X-linked lymphoproliferative (XLP) disease who
survive acute Epstein Barr virus (EBV) infection is one of the
complications associated to deficiency of SLAM associated
protein (SAP) controlled by the SH2D1A gene [1]. It has been
established that the development of lymphoma or other
lymphoproliferative diseases is a major determinant in the
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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reduced life expectancy of this group of patients. The
mechanisms that lead to the development of neoplasia are
not fully understood. Since the oncogenic potential of EBV
has been established [2], it is thought that defects in EBV
control may cause immortalization and transformation of
infected clones in XLP patients. In this regard, a persistently
high EBV viral load has been detected in some XLP patients
with hypogammaglobulinemia without evidence of B or Tcell
lymphoma [3,4]. However, it is not known if SH2D1A
deficiency directly affects cell survival, contributing to cell
immortalization.

Along the studies designed to analyze the development of
memory T and B lymphocytes in adult XLP patients [5], we
observed a survival advantage for XLP lymphocytes after
culture. Because this fact could be related to lymphocyte
immortalization and transformation leading to malignancy,
we have studied cell viability and the phenotypic character-
istics of XLP lymphocytes that survive in vitro after non-
stimulated culture [6]. Our results indicate that survival of
memory CD8 T lymphocytes was higher in XLP patients
compared to normal controls (N). After 30 days the surviving
memory CD8 T cells in XLP cultures corresponded to those
with high IFNγ and low perforin [5]. Regarding B lympho-
cytes, while at the beginning of the culture B cells with a
naïve phenotype predominated in XLP, mainly B cells with a
memory CD27+, IgD+, IgM+ phenotype [7] prevailed in XLP
after 30 days of culture. Interestingly, these cells were also
EBNA2 positive at the end of the culture. It is not known if
expansion of CD8 T lymphocytes and enrichment of memory
CD27+, IgD+, IgM+ B cells are related events, but it will be
important to explore this possibility in relation to the
mechanisms that lead to the occurrence of malignancy in
XLP.
Material and methods

XLP patients #9 and #4

Two surviving hypogammaglobulinemic siblings of an estab-
lished XLP family were studied. Four siblings had died
previously of different causes related to the XLP condition.
The inactivating mutation identified in this family resulted
from the substitution of a G for a C nucleotide at position 383
within SH2D1A exon 1 [3]. Patient #4, now 43 years old,
developed a tonsilar lymphoma at 4 years of age while
patient #9 (30 years old) developed severe acute infectious
mononucleosis (AIM) at 26 years of age and was successfully
treated with humanized anti-CD20 monoclonal antibody
(Rituximab) [8] in combination with acyclovir. Since both
patients became hypogammaglobulinemic, they currently
receive monthly intravenous IgG infusions. EBV infection had
been confirmed before by determination of EBV viral load
above 500 viral copies/106 leukocytes [3,4]. The blood
samples used in these investigations were obtained on a
monthly basis before the IgG infusion over a period of 2–
4 years. Informed consent was obtained. For these studies,
normal control individuals (N, n=25) consisted of asympto-
matic adults (25–40 years of age) with positive EBV serology
(IgG anti-VCA+1:16–1:32), indicative of past EBV infection,
whose blood samples were drawn and processed at the same
time than XLP samples.
Please cite this article as: L. Belmonte, et al., Increased lymphocyte
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Non-stimulated PBMC culture

PBMC were obtained by Ficoll–Hypaque (FH) centrifugation
of heparinized blood and resuspended to 1×106/ml in RPMI
tissue culture medium containing 10% fetal calf serum
(GIBCO, Grand Island, USA), streptomycin and penicillin
(RPMI-FCS). PBMC cultures were carried out in round bottom
5 ml polystyrene tubes (Falcon) containing 2×106 PBMC that
were suspended in 2 ml RPMI-FCS [6]. For each patient 4–30
different tubes (depending on the lymphocyte yield) were
set up and left undisturbed in the CO2 incubator in order to
observe cellular morphology and viability. For each experi-
ment, PBMC cultures from different N donors were set up in
parallel (1–2 different N donors per experiment). Beginning
on days 5–6, partial changes of RPMI-FCS (1 ml every
3–4 days) were carried out without centrifugation, by gentle
aspiration above the cell pellet. PBMC cultures were
maintained for 30–60 days (XLP patients) or until complete
loss of viable cells (N, days 20–40).

Cell surface and intracellular staining and viability
of cultured PBMC from XLP patients and N controls

PBMC were stained with fluorescein isothiocyanate (FITC)-,
phycoerythrin (PE)-, and perdidin chlorophyll protein
(PerCP)-labelled monoclonal antibodies according to the
manufacturers' instructions, and flow cytometry was per-
formed using a FacScan (Becton Dickinson, San Jose, CA).
FACS data were analyzed with CELLQuest software. Anti-
CD4, CD8, CD19, CD45RA, CD45RO, CCR7, CD27, CD127,
Programmed-death 1 (PD-1) and CD62L were purchased from
BD PharMingen (BD Biosciences, San Jose, CA). Anti-IgM, IgD
and IgG were purchased from Dako (Dako A/S, Denmark). The
phenotype of viable PBMC from XLP and N donors was
analyzed after different periods of non-stimulated culture
(0, 7, 14, 30 and N40 days). Lymphocyte viability was
calculated taking into account the proportion of live
lymphocytes in the SSC/FSC dot plots (R1). Alternatively,
cell viability was determined by dye exclusion in cells stained
with acrydine orange-ethidium bromide.

For intracellular staining, cells were fixed and permea-
bilized with Fix and Perm cell permeabilization reagents
(Caltag Laboratories, Burlingame, CA) according to the
instructions of the provider. After permeabilization, cells
were stained with anti FoxP3 (BioScience), anti-perforin (BD
Pharmingen) or anti-EBNA2 (Dako). The proportion of CD8 T
cells with intracellular perforin was determined gating in the
CD8 region. To establish the expression of intracellular
EBNA2 in B lymphocytes, CD19+ cells were gated. Tregs
staining for surface CD25 (Becton Dickinson, San Jose, CA)
and intracellular FoxP3 were determined gating in the CD4
region. Results are shown as a percentage of viable
lymphocytes for each culture date, or in absolute values
calculated on the basis of the % and the number of each class
of cells (cells/mm3) for 0 or 30 days of culture.

Intracellular IFNγ staining

PBMC were stimulated with phorbol-12-myrisytate-13-acet-
ate (PMA) (50 ng/ml) and ionomycin (0.5 μg/ml) during 4 h in
the presence of Brefeldin A (BD Golgi Plug) (10 μg/ml). After
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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Fig. 1 Lymphocyte viability in XLP and N after non-stimulated
culture. (A) Total viable lymphocyte count (cells/mm3) at days
0, 14 and 30 of culture is shown for XLP patient #4 (light grey
bars), XLP patient #9 (black bars) and N controls (dark grey bars).
Cell viability was calculated on the basis of FSC and SSC
parameters in flow cytometry dot plots. Each experimental
result corresponds to analysis of samples obtained on a monthly
basis at different dates during a 2–3 year period. N controls
correspond to individual N PBMC samples processed and cultured
in parallel. (B) CD4+ T lymphocyte count (cells/mm3) in the
viable lymphocyte region at days 0, 14 and 30 of culture is shown
for XLP patient #4 (light grey bars), XLP patient #9 (black bars)
and N controls (dark grey bar). C) CD8+ T lymphocyte count
(cells/mm3) in the viable lymphocyte region at days 0, 14 and 30
of culture is shown for XLP patient #4 (light grey bars), XLP
patient #9 (black bars) and N controls (dark grey bars).
Statistical differences were calculated (t test) between XLP
patients and N. ⁎pb0.05; ⁎⁎pb0.0001. Mean±SEM, n=7 is given.
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washing, the cells were stained with CD4 and CD8monoclonal
antibodies for 20 min at room temperature, and then fixed
and permeabilized with the Fix and Perm cell permeabiliza-
tion reagents (Caltag Laboratories, Burlingame, CA). Cells
were finally stained with anti-IFNγ (BD Pharmingen) and the
appropriate isotype control for 45 min at 4 °C, washed again
and the CD4+ IFNγ+ or CD8+ IFNγ+ cell count was then
calculated by flow cytometry on the basis of % values.

Statistical analysis

All statistics were performed using Prism software (version
3.0; GraphPad Software). The unpaired t test or the Mann–
Whitney test was used for statistical comparisons between
data sets from XLP patients and N. p values of less than 0.05
were considered significant.

Results

Viability of lymphocytes from XLP patients

In order to study survival of lymphocytes from XLP patients,
long term non-stimulated cultures of PBMC [6] were set up
and the viability and phenotype of the persisting cells were
compared to that of normal controls. Each experiment
corresponds to culture of PBMC drawn from XLP at different
monthly extractions over a 2–3 year period, excluding the
acute phase and the subsequent 24 months following primary
EBV infection in patient #9 and more than 30 years after the
initial XLP marker disease in patient #4. Lymphocyte viability
fell to 30–35% after 14 days of culture in both XLP patients
and in the normal controls. At 30 days, while viability was
below 10% in the normal PBMC cultures, around 25–30% of
the lymphocytes remained viable in both #4 and #9 PBMC
cultures (Fig. 1A) and continued to be viable after more than
40 days (40–60 days) of non-stimulated culture compared to
less than 2% viable lymphocytes in the control N PBMC
cultures (data not shown) (2/3 of the original N PBMC
cultures could not be evaluated at that time because viable
cells were insufficient for cytometry studies).

T lymphocytes persisting after non-stimulated
PBMC culture

In order to determine if the survival advantage associated to
lymphocytes from patients with SH2D1A deficiency, was
present in all T lymphocytes, we analyzed the composition of
the persisting viable cells at different times of culture and
compared it to that of non SAP-deficient PBMC (N). The CD4+
T cell count fell to around 10% of the original day 0 value on
day 14 in XLP patients and was slightly higher in N (Fig. 1B).
At 30 days the CD4+ cell count decreased further in #4 and N
than in #9. In contrast, after an initial loss up to day 14, CD8+
T lymphocyte count remained stable in XLP patients, even
after 30 days of culture, while it was further reduced in N. At
30 days of culture viable CD8+ T lymphocytes were 72–91% of
the viable cells in XLP cultures and around 37% in N cultures
(Fig. 1C). As expansion of CD8 T cells could be the result of
their response to viral antigens (EBV) during the culture, we
studied co-expression of CD4 and CD8 on T cells, as this has
been observed in response to viral stimuli [9]. The % of CD4+,
Please cite this article as: L. Belmonte, et al., Increased lymphocyte
(PBMC) culture in patients with X-linked lymphoproliferative disease (
CD8+ T cells, that was initially similar in XLP and in N (#4,
1.8±0.25, n=5%; #9, 2.32±0.39%, n=5; N, 2.43±0.50%,
n=5) increased after 30 days of culture (#4, 8.64±1.57%,
n=4; #9, 7.25±2.49%, n=4; N, 18.15±5.64, n=4).
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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Because a subgroup of CD4 Tcells expressing CD25 and the
transcription factor FoxP3 (regulatory T cells, Treg) is
important in the regulation of the immune response [10],
we analyzed if the proportion of Tregs was different in XLP
and in N. The percentage of Treg in XLP and N was similar at
Fig. 2 Markers of cell memory (CD45RA, CD45RO) and differentiati
of CD4+ or CD8+ Tcells expressing CD45RA, CD45RO or CD27 is shown.
culture in XLP patients #4 (grey dots), #9 (black diamonds) and N (b
expressing CD45RA or CD45RO. CD45RA expression was significantly
expression was not different in XLP compared to N. However, at day 3
reduced when compared to their own initial values (p=0.03 #9 day
differences were observed between #4, #9 and N in CD45RO express
CD45RA or CD45RO. CD45RA expression was significantly lower in #4 c
between #4, #9 and N at day 30. CD45RO expression was significantly
not different at day 30. Expression of CD45RO was significantly incr
(p=0.0026 #9 day 0 vs #9 day 30; p=0.02 N day 0 vs N day 30). (C)
significantly lower in CD4 T lymphocytes from #9 than in #4 and N at d
and N (pb0.05). Expression of CD27 was also lower (pb0.001) in CD8
was maintained at day 30 (pb0.0001). At day 30, only in N CD4 T lymp
day 0 (p=0.0008).

Please cite this article as: L. Belmonte, et al., Increased lymphocyte
(PBMC) culture in patients with X-linked lymphoproliferative disease (
the beginning (#4, 5.70±0.16%; #9, 5.63±0.74%; N, 5.22±
0.82%) and did not vary significantly after 30 days of culture
(#4, 7.60±1.65%; #9, 6.18±1.35%; N, 9.29±2.34%) suggest-
ing that differences in the proportion of CD8 T cells at the
end of the culture were not related to Treg action.
on (CD27) in XLP and N after non-stimulated culture. Percentage
Mean±SEM of different assays performed at 7, 14 and 30 days of
lack dots, broken line) are shown. (A) Percentage of CD4 T cells
lower in #4 and #9 compared to N at day 0. At day 30, CD45RA
0 CD45RA expression in CD4 cells from #9 and N were significantly
0 vs #9 day 30; p=0.0002 N day 0 vs N day 30). No significant
ion at any time tested. (B) Percentage of CD8 T cells expressing
ompared to #9 or N at day 0, while no differences were observed
higher in #4 compared to #9 and N at day 0 (pb0.0001) and were
eased in #9 and in N when compared to their own initial values
Percentage of CD27+ CD4 and CD8 T cells. CD27 expression was
ay 0 (pb0.01). At day 30 it was still significantly lower in #9 vs #4
Tcells from #9 compared to N and #4 at day 0 and this difference
hocytes expression of CD27 decreased significantly compared to

viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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Table 2 Expression of PD-1 and CD127 in CD4 and CD8 T
lymphocytes from XLP patients and N controls after culture.

Days of culture PD1/CD4 (%) PD1/CD8 (%)

#4 0 23±7.7 17±6
30 20±8 7.5±2

#9 0 19±6 16.5±3.8
30 24±9 12.5±4.6

N 0 8±3 12±3.2
30 24±7 14.2±5

Days of culture CD127/CD4 (%) CD127/CD8 (%)

#4 0 94.6±0.4 85±2
30 77.6±8 66.5±7

#9 0 89.5±0.9 25.7±3.5
30 66±10 33±4.3

N 0 92.8±0.7 68±10
30 63.8±8.2 72±15

PD-1 and CD127 were assayed by flow cytometry in CD4 and CD8 T
lymphocytes at days 0 and 30 of culture. The results represent
the percentage of PD-1+ or CD127+ CD4 or CD8 lymphocytes at 0
or 30 days of culture PD-1/CD4 or PD-1/CD8; CD127/CD4 or
CD127/CD8. No significant differences were observed for PD-1
expression in CD4 or CD8 T lymphocytes from XLP patients or N at
0 or 30 days of culture. CD127 expression was lower in #9 CD4 T
lymphocytes than in #4 and N at day 0 (pb0.02) and no significant
differences were observed at day 30. In CD8 T lymphocytes,
CD127 was significantly lower in #9 compared to #4 or N, both at
day 0 and at day 30 (pb0.01). Mean±SEM of 5–8 experiments are
shown.
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Markers of cell memory (CD45RA, CD45RO),
differentiation (CD27) and homing (CD62L) in
T lymphocytes after non-stimulated PBMC culture

The stage of differentiation may be a factor determining
survival of lymphocytes in culture. Therefore, we examined
the expression of memory and differentiation markers in XLP
and N after culture. CD45RA was lower while CD45RO was
higher in both XLP CD4 T lymphocytes than in N at the
beginning of the culture. As the PBMC culture progressed,
CD45RA expression in CD4 T lymphocytes tended to decrease
as CD45RO expression increased in the three groups (Fig. 2A).
In CD8 T lymphocytes, CD45RA did not change in N, but it
decreased in XLP patients. CD45RO expression in CD8 T
lymphocytes followed a similar pattern in both XLP and N,
increasing as the culture progressed. Therefore, at the end
of the culture (N30 days) most CD4 and CD8 T lymphocytes
were CD45RO+ (Fig. 2B), indicating that memory cells were
enriched after culture. On the other hand, expression of the
differentiation marker CD27 was fairly stable in XLP CD4 T
cells along the culture, and decreased in N after 30 days.
CD27 expression in CD8 T cells increased in N and #9 after
30 days, but it did not vary in patient #4 CD8 T lymphocytes
(Fig. 2C).

In order to study the homing characteristics of T
lymphocytes that survived prolonged non-stimulated cul-
ture, expression of L selectin (CD62L) was surveyed in XLP
and N PBMC. Results shown in Table 1 indicate that CD62L
expression (initially lower in XLP than in N) tended to
increase in XLP both in CD4 and CD8 T lymphocytes, while it
remained stable in N T lymphocytes.

Expression of cell death or survival receptors in
viable T cells after non-stimulated PBMC culture

Because survival of T lymphocytes in culture may be
associated to expression of receptors involved in initiation
of the cell death program (PD-1) [11] or of the IL-7 receptor
(CD127) [12], we analyzed expression of PD-1 and CD127 in
Table 1 Expression of CD62L in CD4 and CD8 T lymphocytes
from XLP and N controls after culture.

Days of culture CD62L/CD4 (%) CD62L/CD8 (%)

#4 0 56.2±3.6 30.4±4.7
30 70.3±5.9 45.9±3.6

#9 0 35.5±2.8 16.9±1
30 48.7±4 28±4.2

N 0 71.9±6.8 39±4.2
30 78.2±4.1 38.2±4.6

CD62L expression was assayed by flow cytometry as described in
Materials and methods. The results represent the percentage of
CD62L+ CD4 or CD8 lymphocytes at 0 or 30 days of culture
(CD62L/CD4 or CD62L/CD8 %). Significant differences were
observed between #9 when compared to #4 and N at day 0,
both in CD4 and in CD8 T lymphocytes (pb0.01). At day 30 CD62L
expression significantly increased in CD4+ lymphocytes from #9
and in CD8 T lymphocytes from #4 and #9 when compared to their
own values at day 0 (pb0.04).
Mean±SEM of 4–7 experiments are shown.

Please cite this article as: L. Belmonte, et al., Increased lymphocyte
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CD4 and CD8 lymphocytes along the culture. As shown in
Table 2, expression of PD-1 in CD4 T cells was unchanged in
XLP patients while it increased in N CD4 T lymphocytes. In
CD8 T cells no significant variations in PD-1 expression were
observed up to day 30 of culture, either in N or XLP patients.
On the other hand, expression of CD127 decreased in CD4 T
lymphocytes of both XLP patients and N, but it did not vary
significantly in CD8 T lymphocytes, either from N or from XLP
patients.

Intracellular IFNγ and perforin expression in XLP
and N CD4 and CD8 T cells

In order to get an insight into the function of cells that
survive after prolonged culture, the proportion of CD4+ or
CD8+ T cells with intracellular IFNγ or perforin was
investigated. At day 0, the percentage of cytokine secreting
cells was higher in XLP patients than in controls (around 30%
IFNγ CD4 Tcells for #4 and #9 vs 10% for N and 45% IFNγ+ CD8
T cells for #4 and #9 vs 20% for N) yielding higher absolute
counts of IFNγ+ CD4 and CD8 Tcell counts at the beginning of
the culture, as shown in Table 3. After 1 month of culture,
around 30% of the original IFNγ+ CD8 T cells persisted in XLP
cultures, while they were lost in N cultures. Since we had
shown that the basal percentage of expression of CD45RA and
perforin in CD8+ memory cells from patients #4 and #9
differed, probably in relation to the initial EBV impact and
treatment of these two patients [5], we evaluated the
persistence of perforin+ CD8 T cells after culture. As
previously shown, at day 0 the percentage of perforin+ CD8
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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Table 3 IFNγ+ CD4 and CD8 lymphocytes and perforin+ CD8 lymphocytes at 0 and 30 days of culture.

IFNγ, CD4 cells/mm3 IFNγ, CD8 cells/mm3 Perforin, CD8 cells/mm3

Day 0 Day 30 Day 0 Day 30 Day 0 Day 30

#4 203.8±24.0⁎⁎ (n=8) 2.4±0.8 (n=7) 817±173# (n=7) 295±19.9# (n=3) 328±32.7 (n=6) 6.3±2.1⁎ (n=3)
#9 254.1±44.0⁎ (n=7) 36.3±26.8 (n=3) 1035±74.5# (n=5) 240.1±40.8# (n=3) 317±26.9 (n=6) 28.9±8.5⁎⁎ (n=5)
N 78.3±14.4 (n=6) 3.1±0.3 (n=3) 108.2±24.7 (n=5) 2.2±0.4 (n=3) 260.4±67.8 (n=6) 1.2±0.5 (n=6)

Intracellular IFNγwas assayed in permeabilized CD4+ or CD8+ cells from XLP patients #4 and #9 and N controls, after PMA stimulation in the
presence of Brefeldin, at initiation of the culture and after 30 days. Intracellular perforin was determined in CD8 lymphocytes at days 0 and
30 of culture. Reactions were carried out as described in Materials and methods and the results are expressed in terms of IFNγ+ CD4 or CD8
cells/mm3, calculated on the basis of the number of CD4 and CD8 lymphocytes (cells/mm3) at the beginning and at the end of the culture
(these values are shown in Fig. 1). Mean±SEM of the results of experiments performed in samples obtained at different times over a two
year period are given; n is shown between parentheses. Statistical differences (t test) between XLP and N, ⁎pb0.05; ⁎⁎pb0.01; #pb0.001.
Differences between 0 day and 30 days of culture were significant for each XLP patient and for N (pb0.001).
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T cells was lower in XLP patient #4 than in #9 and N (around
15% for #4 compared to 40% in #9 and 35% in N), but since the
total CD8 count was higher in XLP than in N, the absolute
numbers of perforin+ CD8 T cells were not statistically
different in XLP and N. However, at the end of the culture
(30 days), although the absolute count of perforin+ CD8 T
cells was reduced in both XLP PBMC cultures when compared
to the initial values (Table 3), they were still higher than in N.
Persistence or expansion of cytokine secreting cells in
culture could be related to the initial activation status or
differences in growth factor secretion between XLP and N
PBMC. This does not seem to be the case, as expression of
activation markers CD38 (Mean±SEM %, n=6, CD38, CD4/
CD4, #4: 45.15±2.53; #9: 24.69±7.8; N: 42.9±8.2; CD38,
CD8/CD8, #4: 35.2±5.4; #9: 37.4±14.5; N: 43.9±9.1) and
CD69 (Mean±SEM %, n=5, CD69, CD4/CD4, #4: 3.6±2.0; #9:
8.4±1.8; N: 6.9±1.3; CD69, CD8/CD8, #4: 16.8±5.0; #9:
12.1±2.7; N: 16.0±3.6) was similar in N and in XLP. Likewise,
release of IL-2 to the culture supernatants was similar in both
XLP and N during the culture (data not shown).

B lymphocyte markers after prolonged culture

CD19+ B lymphocytes decreased rapidly after 1–2 weeks of
culture both in patients #4 and #9 and in N. After 30 days,
only 1–7% of the original B lymphocytes remained viable in
#9 and #4 PBMC cultures. In the N group, B lymphocytes
were reduced to 0.3% of the original value after 30 days
and in only 1/3 of the initial N PBMC cultures, there were
enough viable cells to perform cytometry studies (Fig. 3).
In order to determine if the surviving B lymphocytes had a
naïve or memory phenotype, we analyzed the expression of
the B cell memory marker CD27. Although at the beginning
of the culture, the number of B lymphocytes expressing
CD27 was lower in XLP than in N, after 30 days the CD27,
CD19 lymphocyte count was significantly higher in XLP
(especially in #4) than in N (Fig. 3).

As described before [7] the % of IgM+ and IgD+ cells
was initially higher in XLP (especially in #9) than in N
(Table 4). After culture, the proportion of these cells
increased both in XLP and in N PBMC, and after 30 days
around 78–90% of the viable XLP B lymphocytes were
CD27+, IgD+ and IgM+. Interestingly most of these cells
(N70%) could be stained with antibodies to Epstein Barr
virus latency antigen EBNA2.
Please cite this article as: L. Belmonte, et al., Increased lymphocyte
(PBMC) culture in patients with X-linked lymphoproliferative disease (
Discussion

Survival of lymphocytes after culture depends on a number of
factors: stage of differentiation, response to growth factors
and cytokines, response to apoptosis signals, etc. In addition
to other factors, if the weight of cell survival factors is higher
than that of cell death signals, a greater chance of
immortalization and transformation leading to malignancy
could be possible. Association of XLP with increased
susceptibility to develop hematologic cancers has been
reported in XLP individuals who overcome the acute phase
of EBV infection [1]. It is not known if this depends of
impaired immune response to this oncogenic virus, or if
SH2D1A deficiency directly affects cell survival or the
response to death signals.

We addressed this question by analyzing the survival of
lymphocytes from XLP patients in comparison to that of N
controls in a non-stimulated culture system [6]. Our results
demonstrate that while in the first 2 weeks of culture viable
lymphocyte loss was similar in XLP and in N, the viable
lymphocyte count was higher in both XLP patients than in N
after 30 days of culture. Sustained lymphocyte viability
(around 20–30%) even after more than 40 days of culture
contrasts with the results of the normal PBMC cultures where
viable N PBMC represented 7% at 30 days and less than 2% at
40 days, suggesting that absence of SH2D1A provided a
survival advantage to these lymphocytes in culture. We
focused on the phenotypic markers of cells that remain
viable in XLP when compared to N after prolonged non-
stimulated culture.

CD8 T lymphocytes continued to prevail over CD4
lymphocytes in XLP cultures, while CD4 T lymphocytes
decreased after 30 days of culture. The number of both
CD4 and CD8 T lymphocytes was greatly reduced in N after
30 days. In fact, in XLP PBMC cultures, persistence of viable
CD8 T lymphocytes accounts for increased viability of total
lymphocytes after 30 days. Greater viability could not be
related to differences in initial activation or IL-2 secretion.

We had recently shown that CD8 cells differed in the
expression of cell markers of memory and differentiation in
XLP patients with the same SAP mutation [5]. In one of these
patients (#9), peripheral blood CD8 T lymphocytes appeared
to be end-stage differentiated effector cells expressing
perforin, CD45RA and low CD27, while 70% of the CD8 Tcells
in patient #4 corresponded to an early/intermediate effector
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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Fig. 3 Viability of B lymphocytes andmemory B cells after non-
stimulated culture of XLP and N PBMC. (A) #4 CD19+ lymphocyte
count (cells/mm3), grey bars; #4 CD27, CD19/CD19 lymphocyte
count (cells/mm3), black bars. Mean±SEM of 6 experiments are
shown in parentheses above the bars. (B) #9 CD19+ lymphocyte
count (cells/mm3), grey bars; #9 CD27, CD19/CD19 lymphocyte
count (cells/mm3), black bars. Mean±SEM of 6 experiments are
shown in parentheses above the bars. (C) N CD19+ lymphocyte
count (cells/mm3), grey bars; N CD27, CD19/CD19 lymphocyte
count (cells/mm3), black bars. Mean±SEM of 6 experiments are
shown in parentheses above the bars.

7Survival of XLP lymphocytes in culture

ARTICLE IN PRESS
memory phenotype as did CD8 T cell of N. It had been
suggested that primed CD8+ T cells re-expressing CD45RA
were approaching terminal differentiation [13]. However, it
has been recently shown that these cells were not terminally
differentiated end-stage effector cells and could be part of a
stable apoptosis-resistant memory pool retaining functional
Please cite this article as: L. Belmonte, et al., Increased lymphocyte
(PBMC) culture in patients with X-linked lymphoproliferative disease (
and replicative capacity [14]. Since CD8+ memory cells from
patients #4 and #9 differed in the expression of CD45RA [5],
we tried to determine if their viability was different after
prolonged non-stimulated culture. There were no differ-
ences in the viability of CD8+ T lymphocytes of patients #4
and #9. Concerning the expression of CD45RO, considered as
a marker of memory cells, most cells were CD45RO+ after
prolonged culture in both N and XLP, while CD45RA
expression was reduced, indicating that survival of memory
cells was favoured after prolonged culture. As for the
expression of CD27, it remained stable in patient #4 and in
N CD8+ T lymphocytes but it increased in patient #9 CD8+ T
lymphocytes after 30 days of culture. Thus, CD45RA+, CD27−
CD8 T cells could have been replaced in part by CD45RO+,
CD27+ CD8 Tcells in patient #9 long term cultures, suggesting
either that they were more susceptible to cell death, or that
death resistant cells had divided recovering CD45RO and
CD27 expression.

Co-expression of CD4 and CD8 in mature T lymphocytes
occurs after viral stimulation [9]. Because control of
expanding EBV+ B cell clones during culture could provide
such a stimulus, we looked for T lymphocytes co-expressing
both molecules and observed that the percentage of CD4+,
CD8+ T lymphocytes increased after culture both in XLP and
in N, suggesting that culture conditions rather than
differences in SAP expression influenced changes in the
co-expression of CD4 and CD8. Likewise, the proportion of
CD4 regulatory T cells (CD25+Foxp3+) [10] was the same for
XLP and N before and after the culture, suggesting that
neither the absence of SAP nor factors depending on the
culture conditions affected the expression of markers
associated to Tregs. Since IL7 receptor (CD127) in T cells
has been associated to their ability to survive [11], we
analyzed CD127 expression in CD4 and CD8 T lymphocytes
from XLP and N. When compared to initiation of the culture,
CD127 decreased in CD4 T lymphocytes of both XLP patients
and N at 30 days while its expression did not vary significantly
in CD8 T cells. These results suggest that CD127 alone could
not account for the observed survival advantage of XLP T
cells. Concerning expression of PD-1, known to be involved in
cell death [12], there was no relationship between PD-1
expression and the ability to survive both in CD4 and in CD8 T
lymphocytes of XLP when compared to N. Increased viability
of T lymphocytes in XLP patients after culture seems to be
more related to SH21A deficiency and expansion of CD8
memory T lymphocytes than to over expression of IL-7
receptors or impaired death cell programming.

As previously suggested [5,15], IFNγ producing cells were
higher in XLP than in N at the beginning of the culture.
Furthermore, at 30 days 25–35% of the original IFNγ
producing CD8 T cells remained viable in XLP, while only 2%
persisted in N. The perforin+ CD8 T cell count, that was
initially similar in both XLP patients and in N, was reduced
after 30 days to 1–2% of the original value in #4 and N, but
remained higher (30%) in #9. Thus, XLP CD8 lymphocytes that
survived after prolonged culture were relatively enriched in
IFNγhigh, perforinlow CD8 T cells (Table 3). It is tempting to
speculate that in XLP, early effector cells or central memory
cells [16,17] (IFNγ+, perforinlow CD8 T cells) had a survival
advantage in culture over those of N.

B lymphocytes were greatly reduced in XLP and most of
them were lost in N PBMC after 1 month in culture. The
viability after non-stimulated peripheral blood mononuclear cell
XLP), Clin. Immunol. (2009), doi:10.1016/j.clim.2009.05.015
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remaining viable B lymphocytes corresponded to memory
cells (CD27+), both in XLP and in N. Most of these cells also
expressed IgD, IgM and intracellular EBNA2. Chaganti et al.
[18] have recently shown that EBV can establish persistence
in non switched IgM+, IgD+ CD27+ B lymphocytes in XLP.
These patients lack functional germinal centers in the
spleen. In our series, IgM+, IgD+ B lymphocytes were present
in patient #9 in a higher proportion than in #4 and N at day 0.
This is interesting, since the circulating EBV viral load was
also persistently higher in this patient than in #4 and in N [3].
At 30 days, IgM+, IgD+ B lymphocytes had expanded (or
resisted) in XLP (as well as in N although in a smaller
proportion). At the end of the culture, 75–94% in XLP and 64%
of the remaining viable B lymphocytes in N could also be
stained intracellularly with anti EBNA2 antibodies. It is not
known if enrichment of EBNA2+, IgM+, IgD+ memory B
lymphocytes could also be favoured in gut associated
germinal centers (GC) in XLP patients (18). This poses an
important question, since it has been suggested that the
presence of normal GC in gastrointestinal follicles in spite of
their absence in the spleen of these patients [7] could be
related to the occurrence of extranodal, gut restricted
lymphoma in these patients.

It is also tempting to link the expansion or persistence of
SAP-deficient CD8 memory effector T cells expressing IFNγ
with enrichment of the particular subset of memory B cells
expressing EBV latency antigens after prolonged culture both
in N and in XLP. Because expression of SAP in peripheral B
lymphocytes has not been demonstrated, it is difficult to
attribute increased survival of memory B cells to a direct
effect of SAP deficiency. Predominance of IFNγ producing
CD8 T lymphocytes in cultured XLP PBMC, could be the
combined consequence of the immune response to a higher
EBV load or to continuous antigenic stimuli during culture
and/or increased viability of XLP lymphocytes. Taken
together, these results suggest that the overall cell survival
advantage associated to SH2D1A deficiency should be taken
into account as one of the factors that may determine the
higher incidence of hematologic neoplasia in XLP patients.
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