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CD150 (IPO-3/SLAM) is a cell surface receptor that
belongs to novel CD2/CD150 subfamily of Ig super-
family of cell surface receptors. Expression of this re-
ceptor was found on activated hematopoietic cells: T
and B lymphocytes, monocytes and dendritic cells. High
expression of CD150 was also revealed on thymocytes.
CD150 was shown to play a dual role in regulation of
lymphocyte fate, and as the B cell receptor (BCR), CD40
or CD95/Fas has a potential to transmit positive or
negative signals [1, 2]. CD150 cytoplasmic tail pos-
sess specific signaling motif TxYxxI/V that serves a
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CD150 belongs to novel CD2/CD150 subfamily of cell surface receptors. Expression of this receptor was found on
activated T and B lymphocytes, monocytes and dendritic cells. CD150 was shown to play a dual role in regulation of
lymphocyte fate and a potential to transmit positive or negative signals. The objective of this paper was to study CD150
expression in normal human tissues and tumors of different histogenesis using immunohistochemical approach. Our pillot
tissue screening studies revealed CD150 expression outside of hematopoietic system: in basalioma and squamous cell
carcinomas of uterine cervix, rectum and oral cavity. These tumors have ectodermal origin and their normal counterparts
did not show expression of CD150. Detailed studies of non-Hodgkin’s lymphomas showed CD150 expression in T-cell
lymphoma, mantle cell lymphoma (very low level) and in diffuse large B-cell lymphoma with activated B cell phenotype that
is in accordance with CD150 expression in their normal counterparts. We also found CD150 expression in Hodgkin/
Reed — Sternberg cells in Hodgkin’s lymphoma. In these lymphomas, except mantle cell lymphoma, CD150 was coex-
pressed with the small adaptor protein SH2D1A. Since SH2D1A is involved in regulation of CD150 signaling and function,
coexpression of SH2D1A and CD150 could contribute to pathogenesis of these types of lymphomas.
Key Words: CD150, lymphocytes, non-Hodgkin’s lymphomas, Hodgkin’s lymphomas, immunohistochemistry.

CD150 îòíîñèòñÿ ê íîâîìó ñóïåðñåìåéñòâó êëåòî÷íûõ ïîâåðõíîñòíûõ ðåöåïòîðîâ CD2/CD150. Ýêñïðåññèÿ äàííîãî
ðåöåïòîðà áûëà îáíàðóæåíà íà àêòèâèðîâàííûõ Ò- è Â-ëèìôîöèòàõ, ìîíîöèòàõ è äåíäðèòíûõ êëåòêàõ. Áûëî
ïîêàçàíî, ÷òî CD150 èãðàåò äâîéíóþ ðîëü â ðåãóëÿöèè êëåòî÷íûõ ïðîãðàìì ëèìôîöèòîâ ïóòåì ïåðåäà÷è
ïîëîæèòåëüíûõ è îòðèöàòåëüíûõ ñèãíàëîâ. Çàäà÷åé äàííîãî èññëåäîâàíèÿ ÿâèëîñü èçó÷åíèå ýêñïðåññèè CD150
â êëåòêàõ íåêîòîðûõ íîðìàëüíûõ òêàíåé ÷åëîâåêà, à òàêæå â îïóõîëÿõ ðàçëè÷íîãî ãèñòîãåíåçà ñ èñïîëüçîâàíèåì
ìåòîäîâ èììóíîãèñòîõèìèè. Â ðåçóëüòàòå ïðîâåäåííîãî àíàëèçà óñòàíîâëåíî, ÷òî âíå ãåìîïîýòè÷åñêîé ñèñòåìû
ðåöåïòîð ýêñïðåññèðîâàí íà êëåòêàõ áàçàëèîìû, ïëîñêîêëåòî÷íîãî ðàêà øåéêè ìàòêè, ïèùåâîäà, ïðÿìîé êèøêè
è ðîòîâîé ïîëîñòè. Äàííûå îïóõîëè èìåþò ýêòîäåðìàëüíîå ïðîèñõîæäåíèå, îäíàêî íà èõ íîðìàëüíûõ àíàëîãàõ
ýêñïðåññèÿ CD150 íå íàáëþäàëàñü. Äåòàëüíîå èçó÷åíèå íåõîäæêèíñêèõ ëèìôîì è ëèìôîãðàíóëåìàòîçà ïîêàçàëî,
÷òî CD150 ýêñïðåññèðóåòñÿ íà çëîêà÷åñòâåííûõ êëåòêàõ ïðè Ò-êëåòî÷íîé ëèìôîìå, ëèìôîìàõ èç êëåòîê ìàíòèéíîé
çîíû (ñëàáàÿ ýêñïðåññèÿ) è ïðè äèôôóçíûõ êðóïíîêëåòî÷íûõ Â-êëåòî÷íûõ ëèìôîìàõ ñ ôåíîòèïîì àêòèâèðîâàííûõ
Â-êëåòîê, ÷òî ñîîòâåòñòâóåò ýêñïðåññèè CD150 íà èõ íîðìàëüíûõ àíàëîãàõ. Ïðè ëèìôîãðàíóëåìàòîçå ýêñïðåññèÿ
íàáëþäàëàñü â ïàòîãíîìîíè÷íûõ êëåòêàõ Õîäæêèíà è Áåðåçîâñêîãî — Øòåðíáåðãà. Ïðè âñåõ èññëåäîâàííûõ
ëèìôîìàõ, çà èñêëþ÷åíèåì ëèìôîìû èç êëåòîê ìàíòèéíîé çîíû, CD150 áûë êîýêñïðåññèðîâàí ñ àäàïòîðíûì
áåëêîì SH2D1A. Â ñâÿçè ñ òåì, ÷òî SH2D1A âîâëå÷åí â ðåãóëÿöèþ ïåðåäà÷è ñèãíàëîâ ÷åðåç CD150, êîýêñïðåññèÿ
ýòèõ äâóõ ìîëåêóë ìîæåò áûòü ñâÿçàíà ñ ïàòîãåíåçîì ëèìôîì.
Êëþ÷åâûå ñëîâà:  CD150, ëèìôîöèòû, íåõîäæêèíñêèå çëîêà÷åñòâåííûå ëèìôîìû, ëèìôîãðàíóëåìàòîç,
èììóíîãèñòîõèìèÿ.
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docking site for a number of SH2-containing mole-
cules — a key components of signal transduction path-
ways.  These include: tyrosine phosphatase SHP-2,
inositol phosphatase SHIP, Src-family kinases Lyn, Fgr,
Lck and Fyn, and also small adaptor protein SH2D1A
[3–7]. CD150 functions as a coreceptor molecule trans-
mitting signals that initiate activation of ERK1/2 and Akt
pathways [1, 4]. That is why CD150 is an attractive re-
ceptor for modulation of signal transduction pathways
that regulate cell fate. However, a little is known about
expression of this receptor outside of hematopoietic
system and on malignant cells.

The aim of this study was to carry out wide and
detailed analysis of CD150 in normal human tissues
and tumors of different histogenesis. Since CD150 is
upregulated on lymphoid cells after activation, special
emphasis of this paper was on human lymphoma stu-
dies. We chose immunohistochemical methods as the
most adequate approach for studies of CD150 in nor-
mal and malignant tissues. This allowed us to analyze
CD150 expression in distinct tissues zones, and what
is the most important — directly in tumor cells.

MATERIAL AND METHODS
CD150 expression was investigated in normal tis-

sues and also in some benign and malignant tumors of
different histogenesis. Biopsies and after-surgery tis-
sues were obtained from liver, intestine, rectum, kid-
ney, lung, thyroid gland, salivary glands, breast, skin,
lymph nodes, and tonsils. At least 3 samples of normal
tissue were analyzed. Each disease entity was defined
on the basis of combination of morphologic and clinical
features. Verification of diagnosis for non-Hodgkin’s
lymphoma and Hodgkin’s disease was performed on
the basis of combination of morphologic, immunophe-
notypic, and clinical characteristics. Tumor samples in-
cluded: non-Hodgkin’s lymphoma (26), Hodgkin’s lym-
phoma (14), basalioma (2), fibromioma of the uterus (2),
colorectal adenocarcinoma (6), adenocarcinoma of the
breast (5), salivary glands (2), lung (4), stomach (2),
kidney (2), squamous cells carcinomas of oral cavity
(12), esophagus (2) and lower rectum (5).

Two step immunohistochemical method with mono-
clonal antibodies IPO-3 followed by dextran polymeric
conjugate (EnVision) technique was used for CD150 an-
tigen detection on cryostat tissue sections.  Expression of
SH2D1A was studied only on paraffin sections using either
PAP complex or EnVision. Anti-SH2D1A rabbit antiser-
um was a kind gift from Dr. K. Nichols (USA).

The pieces of normal and tumor tissues were fro-
zen in liquid nitrogen and placed into cryostat. 4–6 µm-
thick sections were mounted further on poly-L-lysine
coated slides, dried in air and fixed in acetone for 5 min
at room temperature. Antigen expression was assayed
at the same day, otherwise the specimens were
wrapped into aluminum foil and stored at –20 °C. Im-
mediately before immunohistochemical assay the fro-
zen specimens were brought up to the room tempera-
ture for 20 min. In order to reduce nonspecific back-
ground, section were treated with normal rabbit serum
and 0.1% solution of BSA. Then incubation with opti-

mal dilutions of monoclonal antibody (mAB) anti-CD150
was performed.  EnVision system was used in 30 min
second step incubation. After washes in phosphate-
buffered saline peroxidase activity was assayed using
DAB. Then sections were counter-stained with hae-
matoxylin for 1–2 min, embedded in balm and studied
by light microscopy.

For investigation of SH2D1A expression on paraffin
sections, pieces of tissues were fixed in 4% paraform-
aldehyde and embedded in paraffin. The 4–6 µm-thick
paraffin sections were left for a day at 37 °C. Prior to
immunohistochemical assay the specimens were de-
paraffined, placed in citrate buffer (pH 6.0) for antigen
retrieval in microwave. Immunohistochemical investiga-
tion was carried out as described above.

Lymphomas were classified according to WHO clas-
sification [8]. Standard set of mAbs antibodies was used
for immunophenotyping of lymphomas, which included:
CD3 (RIV9), CD4 (RIV7), CD5 (CRIS-1), CD7 (124-
1D1), CD8 (RIV11), CD10 (CB-CAAL), CD15 (BRA4F1),
CD20 (93-1B3), CD22 (MYG13), CD37 (IPO-24), CD38
(AT1), CD45 (BRA-55), CD54 (1H4), CD95 (IPO-4),
CD150 (IPO-3), kappa (L1C1), lambda (ICO-107),
HLA-DR (IPO-10), IPO-38 (all mAbs produced and
purified at the Institute of Experimental Pathology, On-
cology and Radiobiology NAS, Kyiv, Ukraine), CD19
(HD37) and anti-IgM (4B8) mAbs were kindly provided
by Dr. E.A. Clark, CD30 (Ber-H2) was from DAKO Cor-
poration (USA). Final concentration of mAbs in immu-
nohistochemical procedures was 20 µg/ml.

RESULTS AND DISCUSSION
Outside the hematopoietic system a limited num-

ber of cells in normal tissues expressed CD150 anti-
gen. In skin CD150 was detected only on lymphocytes,
which were localized under the epidermis. However,
high density of CD150 receptor was detected in skin
basalioma (data not shown). Cells in normal liver, kid-
ney, lung, thyroid gland, salivary gland, rectum and
breast tissues were CD150-negative. We also did not
detect expression of CD150 in tumor cells of lung, sto-
mach, breast, kidney, uterus and colorectal adenocar-
cinomas. However, tumor cells in squamous cell car-
cinomas of uterine cervix, esophagus rectum and oral
cavity expressed CD150 (Fig.1). All these CD150+ tu-
mor cells have ectodermal origin and demonstrated in-
tracellular localization of CD150. Besides that, 30% of
malignant cells in adenocarcinomas of salivary gland
were also CD150-positive.

Previous immunohistochemical and flow cytometry
studies described CD150 expression in hematopoietic and
lymphoid tissues [9]. Studies of lymph nodes, tonsils,
spleen, thymus and lymphocytes from peripheral blood
of healthy donors revealed CD150 expression on normal
cells that have a cell surface phenotype of activated lym-
phocytes, monocytes and dendritic cells [9–14].

CD150 could bind the SH2-containing adaptor pro-
tein SH2D1A, which presumably regulates function of
this receptor [1, 3, 15]. Expression of this adaptor pro-
tein was found in T-lymphocytes [16–18] , NK-cells
[19, 20] and only in small subpopulation of B-cells in
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Table. CD150 and SH2D1A expression in non-Hodgkin’s lymphomas 

B-cell NHL Immunophenotype of  
malignant cells 

IPO-38 CD150 SH2D1A 

SLL  
(n = 7) 

IgM+(weak), CD5+, CD10–, 
CD19+, CD20+, CD22+, CD23+ 

< 10% — — 

MCL  
(n = 2) 

IgM+, CD5+, CD10–, CD19+, 
CD20+, CD22+ 

80–85% + (low) — 

BL  
(n = 3) 

IgM+, CD5–, CD10–, CD19+, 
CD20+, CD22+ 

> 80% — — 

GC-DLBCL  
(n = 7) 

IgM+/–, CD5+/–, CD10+/–, CD19+, 
CD20+, CD22+ 

> 50% — + 

ABC-DLBCL  
(n = 2) 

IgM+, CD5–, CD10–, CD19–, 
CD20–, CD22+/ –, CD30+/–, CD38–/+ 

> 70% ++ ++ 

LPL  
(n = 2)  

cyIgM+, CD5–, CD10–, CD19+, 
CD20+, CD22+ 

< 10% — — 

 

tonsils [5]. At the same time some Burkitt’s lymphoma
cell lines and B lymphoblastoid cell lines MP-1 and
CESS showed high level of SH2D1A both on mRNA
and protein levels [5, 21].

One of the tasks of this study was to find out the
stage of B-cell differentiation where CD150 and
SH2D1A are co-expressed.  Malignant cells in non-
Hodgkin’s lymphomas and Hodgkin’s disease repre-
sent their normal analogs on the different stages of cell
maturation [22, 23]. That is why the focus of this study
was on parallel analysis of CD150 and SH2D1A ex-
pression in normal lymph nodes and tonsils, and ma-
lignant cells in different lymphomas.

In reactive lymph nodes and tonsils (Fig. 2, à) CD150
was localized in the cytoplasm and on the surface of
germinal center cells and on the surface of the half of
mantle zone B cells (Fig. 2, b). This receptor was found
also on subpopulation of endothelial cells. In germinal
center the number of SH2D1A+cells often exceeded the
number of CD150 + cells, however only few scattered
SH2D1A+ cells were found in mantle zone (Fig. 2, c).
On the other hand, CD150-negative interfollicular zone
contained some SH2D1A + cells.

Morphological investigation of lymph nodes from pa-
tients with small lymphocytic lymphoma of B-cell origin
(SLL) showed diffuse effacement of architecture. The
lymphoma cells are small, with round nuclei, condensed
chromatin, inconspicuous nucleoli, and scanty cytoplasm.
Plasma cells are sparse or absent. The mitotic count is
usually low (Fig. 3, a). From 2 patients on low-power
examination the dark-staining lymphoid infiltrates were
punctuated by pale, round foci representing proliferation
centers (“pseudofollicles”) — this is pathognomonic of
SLL. Proliferation centers are typically non-expansible
and comprise a mixture of prolymphocytes, which are
slightly bigger than small lymphocyte, and have more
diffuse chromatin, a distinct nucleolus, and a greater
amount of pale cytoplasm. Malignant cell in SLL had
following phenotype: IgM +, CD5+, CD10–, CD19+, CD20+,
CD22+. In all investigated cases the level of surface IgM
was low, and often CD20 expression was weak. The
level of proliferating cells (IPO-38+) was low, and did
not exceed 10% of cells. Immunohistochemical exami-
nation of CD150 (Fig. 3, b) and SH2D1A (Fig. 3, c) in the
cells of the lymph nodes from patients with B-SLL did
not reveal expression these proteins  in malignant cells,
however we found CD150+ large cells with long microvil-
lies, probably dendritic cells, that are dispersed through
SLL lymphoma tissue.

Mantle cell lymphoma (MCL) was defined morpho-
logically as a neoplasm of monomorphic medium-sized
B lymphoid cells of mantle zone of primary follicles.
The growth pattern was diffuse without nodular struc-
tures. Lymphoma cells appear monotonous and were
slightly larger than small lymphocytes. Their nuclei show
variable degrees of indentation or sometimes the nu-
clei were round. The chromatin is fairy condensed and
nucleoli are inconspicuous. Immunophenotype of ma-
lignant cells was: IgM +, CD5+, CD10–, CD19+, CD20+,
CD22+. The mitotic count and the level of proliferating

cells (IPO-38 +) were very high (80–85% of positive
cells). Immunohistochemical investigation disclosed
SH2D1A expression only in few scattered cells. Neo-
plastic cells expressed CD150 on very low level.

Sporadic Burkitt’s lymphoma (BL) was characterized
by monotonous infiltrate of medium-sized cells with
round nuclei, coarse chromatin, 2–5 basophilic nucleoli
and basophilic vacuolated cytoplasm. Although most
nuclei were round, some show small nuclear protrusions.
A “starry sky” pattern at low power was pathognomonic
of Burkitt’s lymphoma. The proliferative rate, as mea-
sure by IPO-38, was higher than 80% of cells. Malig-
nant cell in BL were CD150 and SH2D1A negative. In
one case, where lymphoma was associated with gut tis-
sue, epithelial cells expressed the high level of SH2D1A.

Diffuse large B-cell lymphoma (DLBCL) is an aggres-
sive, fast growing neoplasm. Diffuse large B-cell lym-
phoma typically replaced the normal architecture of the
lymph node in a diffuse pattern. Lymph node involve-
ment was complete, partial, interfollicular or seldom sinu-
soidal. The perinodal soft tissue was often infiltrated.

Gene expression profiling has revealed two distinct
DLBCL subtypes: germinal center (GC-DLBCL) and
activated B cell (ABC-DLBCL) [24, 25].  Malignant cells
in GC-DLBCL had immunophenotype of GC B-cells
(Table). B-lineage markers such as CD19, CD20 and
CD22 were positive. In some cases malignant cell ex-
pressed CD5 and CD10. All studied GC-DLBCL cas-
es were CD150-, however majority of malignant cells
showed SH2D1A expression. SH2D1A expression va-
ried from low to moderate level depending on case.

Both studied ABC-DLBCL cases showed CD150
and SH2D1A coexpression in this subtype of DLBCL.
Case 46 was classified as anaplastic variant of diffuse
large B-cell lymphoma. Tumor was composed of very
large round, oval or polygonal cells with voluminous
cytoplasm and large bizarre nuclei (Fig. 3, d). Some
Reed — Sternberg-like cells were present. Immu-
nophenotype was: sIgM+, CD5–, CD10–, CD19–, CD20-,
CD22+, and CD30+. Malignant cells showed high level
of surface and cytoplasmic CD150 expression with
moderate level of SH2D1A in cytoplasm (Fig. 3, e, f). In
diffuse large B-cell lymphoma with plasma cell differ-
entiation (case 126) neoplastic cells were engorged with
some globular inclusions of IgM. These cells were IgM+

and CD38+, but lack other B-cell markers (CD5–, CD10-,
CD19–, CD20–, CD22–). These malignant cells showed
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very high level of surface CD150 expression as well as
high level of cytoplasmic SH2D1A.

The nodal architecture of lymphoplasmacytic lym-
phoma (LPL) was totally obliterated with diffuse infiltra-
tion of neoplastic lymphocytes, proliferation centers were
absent. Small lymphocytes were admixed with large ac-
tivated lymphoid cells, lymphoplasmacytoid cells and
plasma cells. The plasma cells often contain abundant
crystalline immunoglobulin inclusions. B-lineage mark-
ers were positive (cyIgM, CD19, CD20, CD22). CD5 and
CD10 were negative. Malignant cells in LPL did not show
expression either CD150 or SH2D1A.

Anaplastic large cell lymphoma from null cells (pri-
mary systemic type, 1 patient) was characterized by
large neoplastic cells with bizarre looking nuclei and
abundant cytoplasm that expressed high level of CD30.
CD30+ cells disseminated within lymph node sinuses.
Neoplastic cells did not express CD150, nevertheless,
majority of these cells showed high cytoplasmic reac-
tion on SH2D1A. On the other hand, 2 cases of pe-
ripheral T-cell lymphoma (unspecified) had high CD150
expression with very low level of SH2D1A.

In Hodgkin’s lymphoma (HL) the malignant Hodgkin/
Reed — Sternberg (HRS) cells characteristically con-
stitute only a minority of the tumor load. Their origin
was debated for decades, but now it is clear that in
most instances HRS cells represent clonal population
of transformed germinal centre B cells. There are evi-
dences that HRS cells in classical HL originate from
pre-apoptotic GC B cells, while in lymphocyte predom-
inant type of HL malignant cells resemble mutating and
antigen-selected GC B cells [23, 26]. Using immuno-
histochemical approach we were able to reveal both
CD150 and SH2D1A expression in Hodgkin’s and
Reed-Sternberg cells in classical as well as in lym-
phocyte predominant type HL.

Our tissue screening studies revealed CD150 ex-
pression outside of hematopoietic system: in basalioma
and squamous carcinomas of uterine cervix, esopha-
gus, rectum and oral cavity. These tumors have ecto-
dermal origin and their normal counterparts did not show
expression of CD150. CD150 is upregulated on hemato-
poietic cells in response to antigenic and mitogenic stim-
ulation, with interleukins and via toll-like receptors [1, 10–
13, 27]. Possibly, CD150 expression in tumors of ecto-
dermal origin reflects activation state of tumor cells in
response to bacterial/viral antigens and/or cytokines in
the site of inflammation. We will test this hypothesis in
our future studies.

CD150 was found on the surface of mantle zone cells
and germinal center cells. Detailed studies in lymphomas
of B cell origin showed CD150 expression in MCL (very
low level) and in ABC-DLBCL that is in accordance with
CD150 expression in their normal counterparts. We also
found CD150 expression in T-cell lymphoma.

Parallel analysis of CD150 and SH2D1A expres-
sion in lymphoma cells reveal stages of cell differenti-
ation where these molecules are coexpressed. SH2D1A
was found in GC-DLBCL and anaplastic large cell lym-
phoma from null cells that did not express CD150. More

mature cells in T cell lymphoma and ABC-DLBCL co-
express CD150 with SH2D1A. Presumably, SH2D1A
is expressed on earlier stages of differentiation than
CD150 in cells of both T- and B-cell lineage, and
CD150 is upregulated later, especially after cell acti-
vation. This is also in line with CD150 and SH2D1A
coexpression in HRS cells in HL. Only MCL (normal
counterpart pre-GC B cell) with low level of CD150
expression did not fit in this scheme.

Taken together, this study showed expression of
CD150 in both T cell and B cell lymphomas that origi-
nate from mature T and B cell with activated pheno-
type. We also found SH2D1A expression in HRS cell in
HL, GC-DLBCL and anaplastic lymphomas of null-,
T- and B-cell origin. Moreover, we revealed SH2D1A
and CD150 coexpression in malignant cell in HL, ABC-
DLBCL and T-cell lymphoma, where normal counter-
parts are mature T and B cells with activated pheno-
type. SH2D1A is involved in regulation of CD150 sig-
naling and function especially in CD150-mediated
activation of Akt/PKB kinase [1, 4, 6, 15], Akt/PKB is a
key anti-apoptotic serine/threonine kinase that deliv-
ers cell survival signals via different pathways [28]. Since
ABC-DLBCL are agressive NHL with poor prognosis,
coexpression of SH2D1A and CD150 in ABC-DLBCL
and other NHL could contribute to pathogenesis of these
types of lymphomas. We will adress this question in
our future studies.
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