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Abstract

Transmembrane adaptor protein PAG, also known as Csk-binding protein (Cbp), which binds and activates the cytoplasmic tyrosine kinase
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sk, the major negative regulator of Src-family kinases, was found to be expressed in germinal centers of lymphoid follicles as
ollicular, but not mantle cell lymphomas. Expression of PAG may reflect its role in regulation of proliferation and differentiation of g
enter B-cells. From the routine histopathology point of view, PAG might be a new positive marker of follicular lymphoma and a
arker of mantle cell lymphoma.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Phosphoprotein associated with glycosphingolipid enrich-
d microdomains (PAG), also known as Csk-binding protein
Cbp), is a broadly expressed transmembrane adaptor protein
resent in membrane microdomains called membrane rafts
r glycosphingolipid enriched microdomains[1,2]. Tyrosine
hosphorylated PAG binds a tyrosine kinase Csk, the major
egative regulator of Src-family kinases[1–7]. This brings

he cytoplasmic Csk to the proximity of its membrane-
ocalized substrates; furthermore, complexing with PAG
ncreases the intrinsic activity of Csk[6]. In resting peripheral
lood T lymphocytes, relatively high level of the phospho-
AG/Csk complex appears to suppress activity of Src-kinases
ck and Fyn, and thereby helps to set an activation threshold

n these cells. Following ligation of T-cell receptor (TCR),
AG becomes dephosphorylated which leads to release of
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Csk and activation of the Src-kinases; this may play a
in the onset of T-cell-based immune responses[1,3,7,8].
Suppression of PAG expression may participate in patho
B-cell lymphoproliferation, as recently demonstrated
theileriosis [9]. Therefore, it may be expected that P
expression (and phosphorylation) may participate in r
lation of lymphoid cell proliferation and differentiation, a
that is why we wished to determine the PAG expressio
various compartments of secondary lymphatic follicles an
lymphomas derived from them. Our present data demon
that the protein is strongly expressed in germinal cente
lymphoid follicles and also in follicular, but not mantle c
lymphomas.

2. Materials and methods

Thirty malignant lymphomas diagnosed in the Dep
ment of Pathology, Faculty Hospital Královsḱe Vinohrady
Prague, since May 2001 to March 2004 were tested fo
165-2478/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.imlet.2005.05.002
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PAG expression. The diagnoses were established according
to the WHO classification[10] after consensus of at least
two pathologists on the basis of histological features and
immunohistochemical profiles. Diagnoses of five mantle cell
lymphomas were further confirmed by PCR and/or FISH
detection oft(11; 14) translocation and by flow-cytometric
immunophenotyping in two other cases. In addition, one
superficial and four deep lymph nodes displaying follicu-
lar pattern of hyperplasia and an appendix with hyperplastic
lymphoid tissue were included in the study.

Tissue samples were formalin fixed and routinely pro-
cessed. The immunohistochemical reaction included an anti-
gen retrieval step heating in citrate buffer pH 6.0 for 20 min.
Mouse IgG2a monoclonal antibody MEM-255 (Exbio Praha,
Czech Republic) was prepared from a mouse immunized
with recombinant human PAG as described elsewhere[1];
it reacts optimally with denatured PAG (under the conditions
of Western blotting) whether tyrosine phosphorylated or not.
MEM-255 was used here for the tissue section immunostain-
ing as a primary antibody. The reaction was visualized by the
Universal LSAB+ kit (DAKO, Carpinteria, CA) according to
the manufacturer’s recommendation.

The samples were considered positive if the brown reac-
tion product clearly highlighted cytoplasmic membranes in
a distinct linear pattern in more than 10% of the neoplastic
cells. Each reaction was compared to the negative control
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lymphomas (3/3), plasmocellular neoplasms—plasma cell
myeloma and plasmocytoma (2/2) were completely negative
(not shown). Diffuse large B-cell lymphomas (DLBCL) were
heterogenous—two cases were positive and three negative.
Classic Hodgkin lymphomas (7/7) were PAG-negative (not
shown). The results are summarized in theTable 1.

4. Discussion

The strong expression of PAG in proliferating cells of
germinal centers and in follicular lymphomas derived from
these cells is in striking contrast to the expectation based
on the assumption that PAG participates at negative regula-
tion of Src-kinases (thus, proliferating cells should express
little PAG in order to keep the Src-kinases active). Simi-
larly, surprising is the observed lack of PAG expression (or
at least substantially lower expression not detectable under
the conditions used) by mantle cells that in fact represent a
virgin cell population being in a resting not activated state. It
should be noted that PAG is relatively strongly expressed and
constitutively phosphorylated in resting peripheral blood T-
cells [1,3,5,7]. The present observation that PAG is much
more strongly expressed in proliferating centrocytes and
centroblasts than in resting B-cells could be explained by
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reated in the same procedure, but the primary antibody
mitted.

. Results

In hyperplastic lymphatic tissue, the germinal centre
econdary lymphatic follicles were strongly positive w
he PAG-specific mAb MEM-255, clearly contrasting w
ssentially negative small lymphocytes in the follicle m

le that contained only scattered clearly positive cells wh
istribution correlated with CD3+ T-cells (Fig. 1A and B and
ata not shown). The paracortical T-cell area displayed a
ositive reaction. Malignant lymphomas followed the sa
attern of expression: follicular lymphomas (four cases g
, four cases grade 2, one case grade 3) were strongly po
9/9) highlighting neoplastic “germinal centers” (Fig. 1D),
hereas mantle cell lymphomas (7/7) (Fig. 1C), small lym-
hocytic lymphomas (3/3), and extranodal marginal z

able 1
xpression of PAG in various types of lymphoma as determined in the

iagnosis (WHO classification)

mall lymphocytic lymphoma/chronic lymphocytic leukemia
antle cell lymphoma
xtranodal marginal zone lymphoma

N
plenic marginal zone lymphoma
ollicular lymphoma (grade 1–3)
iffuse large B-cell lymphoma
he hypothesis that Src-family kinases may play some
ifferent roles in B-cells than in T-cells. Supposedly,

owing activation of resting peripheral T-cells, Src-kina
ck/Fyn phosphorylate immunoreceptor tyrosin-based
ation motifs (ITAMs) of signalling subunits of the T-c
eceptor, and thus propagate the signal leading, final
ctivation of nuclear transcription factors AP1, NFAT a
F �B. In B-cells, however, the phosphorylated Src-kina
ay preferentially phosphorylate immunoreceptor tyro
ased inhibitory motifs (ITIMs) of negative signalling re
lators such as CD22 or PIR-B[11]. The latter possibi

ty concurs well with the observation that cross-linking
he B-cell receptor results in phosphorylation of PAG,
owed by recruitment of Csk to the membrane rafts[12]
esulting in suppression of the Src-kinases that in its e
ay temporarily block the negative regulatory signals b
n ITIM phosphorylation. Moreover, molecular profili
f a various DLBCL revealed three subgroups of th

ymphomas—germinal center B-cell-like, activated B-c
ike, and type 3 DLBCL; four groups of genes predictive

nt study

on Number of cases PAG

h node 3 Negative
node 7 Negative
ach 1 Negative
rynx 1 Negative
n 1 Negative
node 9 Positive
node 5 Two positive, three neg
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Fig. 1. PAG is relatively specifically expressed in germinal centers of lymph node lymphoid follicle and in follicular lymphoma. Quandrants (A and B):a
secondary lymphatic follicle containing a germinal center surrounded by a mantle zone, note strong positivity in the germinal center and negativityin the mantle
zone. Quadrant (C): mantle cell lymphoma, note negativity of the lymphoma cells, the single positive cell in the centre is probably a T lymphocyte. Quadrant
(D): follicular lymphoma grade 2, note strong positivity of the lymphoma cells. (B–D) Immunostaining with MEM-255 and (A) hematoxylin-eosin staining.
Magnification: (A and B) 200× and (C and D) 600×.

chemotherapy were identified[13]. We suspect that the het-
erogeneous expression of PAG among DLBCL cases might
reflect different oncogenic pathways. Further analysis is
needed to determine possible correlation of PAG expression
with these subtypes and/or chemotherapy response. Recent
results on signaling perturbations in lipid rafts of anaplas-
tic large cell lymphoma and Hodgkin lymphoma cell lines
involving also PAG[14] lend further support to the idea
that PAG may be involved in neoplastic lymphoproliferation.
Mechanisms participating in regulation of PAG expression in
various subsets and differentiation stages of B lymphocytes
remain to be elucidated. Finally, it should be acknowledged
that the reactivity of the mAb under the particular condi-
tions used in this study may not perfectly reflect the expres-
sion of the PAG molecule. It is imaginable that a critical
post-translational modification of a subset of PAG molecules
(perhaps differentially occurring in different cell types) may
affect the recognition by MEM-255. Nevertheless, based on
Western blotting data, MEM-255 reactivity is apparently not
compromised by phosphorylation, the major physiological
modification of PAG.

From the routine histopathology point of view, PAG (or at
least the MEM-255 epitope of PAG) might be a new positive
marker of follicular lymphoma and a negative marker of some
“small cell lymphomas”.
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