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SLAMF1/CD150 EXPRESSION AND TOPOLOGY IN PROSTATE
AND BREAST CANCER CELL LINES

IL.M. Gordiienko, O.0. Lykhova, V.M. Shcherbina, L.M. Shlapatska*
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Kyiv 03022, Ukraine

Background: SLAMF1/CD150 receptor is aberrantly expressed in malignant hematopoietic cells compared to ubiquitous expression
in their normal analogues. However, the data about CD150 expression and function outside the hematopoietic system are limited.
The aim of this pilot study was to examine the profile of mRNA expression of CD150 isoforms and the protein topology in highly
and low malignant breast (BC) and prostate cancer (PC) cell lines. Materials and Methods: The study was performed on BC T47D,
MDA-MB-231, BCC/P and BC/ML cell lines and PC LNCap, Du-145 and PC-3 cell lines. The quantitative polymerase chain
reaction was applied for study of CD150 isoforms mRNA expression and flow cytometry was used for determination of protein
localization. Results: Analyzed BC cell lines did not express CD150 on the cell surface membrane (csCD150-), but more than
45% of cells were positive for CD150 cytoplasmic reaction (cyCD150%). The cyCD150 expression level in T47D cells of luminal
BC subtype was higher than in basal BC cell lines MDA-MB-231, BCC/P and BC/ML. The PC cell lines expressed CD150 both
on the cell surface and in cytoplasm. The highest number of csCD150" and cyCD150" cells was revealed in less aggressive andro-
gen responsive, non-metastatic LNCap cell line. All studied BC and PC cell lines expressed mRNA of canonical transmembrane
mCD150 and novel nCD150 isoforms but with different pattern of prevalence. Soluble CD150 isoform was revealed at the low level
only in BCC/P BC cell line and LNCap, PC-3 PC cell lines. Conclusions: We have shown that BC and PC cell lines differentially
expressed multifunctional receptor CD150 at the mRINA and protein levels that may indicate its association with the degree of their

malignancy.
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Originally, signaling lymphocytic activation mol-
ecule family member 1 (SLAMF1/CD150) receptor was
identified on the activated B- and T-lymphocytes [1, 2].
Plethora of studies concerning CD150 structure,
signaling properties and function were conducted
on the hematopoietic cells including normal and
malignant B lymphocytes, T lymphocytes, dendritic
cells, etc. [3]. CD150 is an active player in innate and
adaptive immunity regulation, an essential component
of malignant B cells signaling network, especially
in Hodgkin lymphoma and chronic lymphocytic leuke-
mia, bacterial sensor and receptor for measles virus.
CD150 multifunctionality, existence of structurally
different CD150 isoforms and their differential expres-
sion makes it an attractive candidate for development
of new approaches to malignant cell fate modulation,
and may open new prospects for the differential diag-
nosis and improvement of therapeutic strategy. How-
ever, our current knowledge about CD150 expression
and functions outside hematopoietic system s limited
by immunohistochemical studies in squamous cell
carcinomas of uterine cervix, esophagus, rectum and
oral cavity [4]. CD150 protein and mRNA expression
was found in more than 70% tumors of central ner-
vous system, including glioblastoma, astrocytoma,
ependymoma and others [5]. It should be noted
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that tumors of central nervous system in contrast
to malignancies of B cell origin express exclusively
novel CD150 (nCD150) isoform. High CD150 level was
detected in methotrexate-resistant choriocarcinoma
JEG3/MTX and JAR/MTX sublines [6]. Moreover,
CD150 might be directly involved in forming metho-
trexate resistance via activating protective autophagy.
A study that was performed on HEK293T cell line
transfected with mCD150 and nCD150 isoforms may
shed the light on the CD 150 isoforms function outside
hematopoietic system [7]. It was shown that both
mCD150 and nCD150 isoforms in the in vitro model
system show a growth-stimulating effect on cells,
inducing proliferation, cell cycle progression and
the ability to form colonies with a more pronounced
effect of nCD150 isoform. Unfortunately, the data
on CD150 functions and profile of its isoform’s expres-
sion in malignant cells of non-hematopoietic origin
are currently fragmentary and far from complete
understanding.

In this study, we are focused on the detection
of CD150 protein expression and cellular localization
as well as evaluation of CD150 splice isoforms mRNA
expression in breast cancer (BC) and prostate cancer
(PC) cell lines. We believe this can help answering the
question whether CD 150 may be associated with pheno-
type of malignant cells outside the hematopoietic system.

MATERIALS AND METHODS

Cell lines. BC cell lines T47D, MDA-MB-231,
BCC/P, BC/ML and PC cell lines LNCap, Du-145,
PC-3 were obtained from the Bank of Cell Lines from
Human and Animal Tissues of the R.E. Kavetsky In-
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stitute of Experimental Pathology, Oncology and Ra-
diobiology, National Academy of Sciences of Ukraine
(Kyiv). The detailed characteristics of PC and
BC cell lines are listed in the Table. All cell lines were
maintained in IMDM (BioWest, France) medium
supplemented with 20% FCS, 2 mM L-glutamine
and antibiotics at 37 °C in a humidified atmosphere
containing 5% CO.,.

Flow cytometry. Surface and cytoplasmic
CD150 expression was detected by direct immu-
nofluorescent method using anti-CD150 (IPO-3)
FITC-conjugated mAbs (R.E. Kavetsky Institute
of Experimental Pathology, Oncology and Radio-
biology, National Academy of Sciences of Ukraine,
Kyiv). For cytoplasmic CD150 expression cells were
pre-fixed before staining with 2% paraformaldehyde
for 30 min, washed in PBS and then permeabilized
with 0.2% Tween-20 for 30 min. Stained cells were
examined using Beckman Coulter DxFLEX fluores-
cence flow cytometer (Beckman Coulter, USA) and
CytExpert for DxFLEX software. CD150 expression
analysis was performed three times for each cell line.
The results are presented as the geometric mean
fluorescence intensity (GeoMFI) index (GeoMFI ratio
of antigen to isotype control) and as a percentage
of CD150* cells.

Quantitative polymerase chain reaction
(gqPCR). Total RNA was isolated from 1 x 10° cells
using NucleoZOL (MACHEREY-NAGEL GmbH & Co.
KG, Germany) according to manufacturer’s proto-
col. A detailed description of cDNA synthesis and
real-time polymerase chain reaction were reported
elsewhere [8, 9]. The primers sequences formCD 150,
nCD150 and control TBP (TATA-box binding protein)
genes were published earlier [8]. gPCR reaction was
performed on the QuantStudio 5 Dx Real-Time PCR
System (Thermo Fisher Scientific, USA). The Ct val-
ues for target genes were determined and normalized
to the Ct value of TBP internal control gene using
comparative Ct (ddCt) method.

Statistical analysis. All statistical data process-
ing was performed using Student’s t-test with Prism
software Version 4.0. The results were presented
as mean of three independent experiments (+ SEM).
Differences between the comparison groups were
considered as significant at p < 0.05.

RESULTS AND DISCUSSION

Rationality for studying CD150 expression
in BC and PC cell lines was based on bioinformatic
analysis of CD150 mRNA expression in different
cancer types using a publically available data-

Table. Characteristics of BC and PC cell lines

base Oncomine containing the published data
of tumor DNA/RNA microarrays that have been
collected, standardized, annotated and ana-
lyzed by Compendia (http://www.oncomine.com).
Analysis of the large number of presented data
sets on DNA microarrays of breast and prostate
cancer revealed that majority of tissue samples
expressed CD150 mRNA. Preliminary data showed
high CD150 mRNA level in BC samples and its dif-
ferential expression depending on BC histological
subtype, whereas in PC tissue CD150 mRNA expres-
sion was low and depended on differentiation grade
of PC. Thus, bioinformatic analysis in the Oncomine
database justifies the need for further experimental
study of CD150 expression and function in BC and
PC with due regard to their molecular phenotype.

Analysis of primary BC or PC tissue samples for
the CD150 mRNA and protein expression is com-
plex since infiltration of CD150 positive immune
cells can lead to false positive results. Thus for the
first step of our research, we used highly and low
malignant cell lines of BC (T47D, MDA-MB-231,
BCC/P, BC/ML) and PC (LNCap, Du-145, PC-3),
which have been previously characterized based
on their molecular biological characteristics [10-
13]. The abovementioned cell lines were analyzed for
mRNA expression levels of CD150 isoforms as well
as CD150 topology.

The CD150 cellular localization was studied
by flow cytometry in the BC cell lines of different mo-
lecular subtypes and its expression was revealed only
in the cytoplasm, but not on the cell surface. It should
be noted that the intracellular CD150 level in the cells
of the luminal BC subtype T49D (11.9 £ 0.3 r.u.) was
significantly higher than that in the cells of the basal
BC subtype MDA-MB-231, BC/ML and BCC/P (from
4.6+0.1t06.8x0.2,p<0.05) (Fig. 1). The percent-
age of CD150-positive cells was comparatively similar
in all analyzed cell lines with the exception of MDA-
MB-231 cellline that demonstrated the lowest percent
of CD150-positive cells.

In contrast to the BC cell lines, in the PC cell
lines, CD150 was found both on the cell surface
membrane and in the cytoplasm (Fig. 2). In general,
cell surface CD 150 expression level was significantly
lower than that in cytoplasm in all studied PC cell
lines (p < 0.05) (Fig. 2). The number of csCD150*
cells differed in PC cell lines (Fig. 2, a). The lowest
number of csCD150* cells (3.0 = 0.2%) was de-
tected in the most malignant PC cell line — PC-3,
while the hormone-sensitive LNCap cell line had

Cell line Qrigin Histological type Molecular biological characteristics

BC cell lines

T47D Pleural effusion Infiltrative ductal carcinoma Luminal A subtype

MDA-MB-231 Pleural effusion Adenocarcinoma Basal subtype

BCC-P Pleural effusion Adenocarcinoma Basal subtype

BC/ML Pleural effusion Adenocarcinoma Basal subtype
PC cell lines

LNCap Metastasis in supraclavicular lymph node Adenocarcinoma Androgen responsive

Du-145 Metastasis in brain Adenocarcinoma Androgen non-responsive

PC-3 Metastasis in bone Small cell neuroendocrine carcinoma Androgen non-responsive
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Fig 1. Cytoplasmic CD150 expression in BC cell lines. Results
of flow cytometry analysis are presented as mean of three
independent experiments (+ SEM): a — percent of CD150-
positive cells; b — CD150 expression level, *p < 0.05 compared
to highly malignant MDA-MB-231, BCC/P, BC/ML cell lines,
**p < 0.05 compared to T49D and BCC/P cell lines
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Fig. 2. CD150 protein expression and topology in PC cell lines.
Results of flow cytometry analysis are presented as mean
of three independent experiments (+ SEM): a — percent of cell
surface CD150-positive cells; b — CD150 cell surface expres-
sion level; ¢ — percent of cytoplasmic CD150-positive cells,
d — CD150 expression level in the cytoplasm, *p < 0.05 com-
pared to highly malignant cells, **p < 0.05 compared to LNCap
and PC-3 cell lines

18.0 + 0.3% csCD150" cells. At the same time, the
levels of CD150 expression did not significantly differ
in these cell lines (1.4 + 0.1and 1.2 = 0.1, respec-
tively) (Fig. 2, b). The highest level of csCD150 ex-
pression was found in Du-145 PC cells (3.3 = 0.1)
compared to LNCap and PC-3 cells (p < 0.05), while
the number of csCD150* Du-145 cells was 12.0 *
1.2%. Therefore, despite the fact that the percent-
age of csCD 150" Du- 145 cells was significantly lower

than ¢csCD150" LNCap, the expression level of this
marker on more aggressive PC cell line is significantly
higher than on cells of less aggressive phenotype.
This trend was not observed in PC-3 cells, which can
be explained by the lower percentage of csCD150*
cells (at the limit of antigen detection). As for the
cytoplasmic CD150 expression, the highest number
of cyCD 150" cells was also recorded in the hormone-
sensitive cell line LNCap (90.0 = 2.2%), while in Du-
145 and PC-3 celllines, that are hormone-insensitive
and more aggressive, percentage of cyCD 150" cells
was significantly lower (66.0 + 2.6% and 70.0 £ 3.2%,
p < 0.05, respectively) (Fig. 2, c).

Thus, PC cell lines differed in topology and expres-
sion level of CD150. The highest number of CD150*-
cells expressing CD150 both on the plasma membrane
and in the cytoplasm was detected in less malignant
hormone-sensitive non-metastatic LNCap cell line, but
the highest expression level of this marker was found
in the cells of hormone-insensitive Du-145 cell line.

CD150 receptor has several alternatively spliced
structurally different isoforms that can possess dif-
ferent signaling properties and mediate multiple
functions [3, 9]. What is the profile of CD150 isoforms
expression in BC and PC cell lines? We analyzed
mRNA expression level of canonical transmembrane
mCD150 isoform with two ITSM signaling motifs in cy-
toplasmic tail, novel nCD150 isoform without known
signaling motifs and soluble sCD150 isoform that lack
transmembrane part and cannot be translocated to the
cell surface.

All analyzed BC cell lines (T47D, MDA-MB-231,
BCC/P and BC/ML) expressed conventional trans-
membrane mCD150 isoform and novel transmembrane
isoform nCD150 (Fig. 3). Only BCC/P BC cell line ex-
pressed soluble or secreted sCD150 isoform. The high-
est mRNA expression level of mCD150, nCD150 and
sCD150 isoform was observed in BCC/P cell line (Fig.
3). The mCD150 isoform was predominant in MDA-
MB-231 and BCC/P cell lines, while in T47D and BC/
ML mCD150 and nCD150 isoforms were expressed
at the same level.

As for the PC cell lines, the mRNAs of three analyzed
CD150 isoformswere foundin LNCap and PC-3 celllines
with prevalence of nNCD 150 (Fig. 3). The Du- 145 cells ex-
pressed onlymCD150 and nCD150 isoforms. The high-
est mRNA expression level of CD150 isoforms was
detected in LNCap cell line (Fig. 3).

We did not reveal any associations between
CD150 protein expression, topology and CD150 iso-
forms mRNA expression. Exclusively cytoplasmic
CD150 expression in BC cell lines shown in pres-
ent study cannot currently be explained. However,
CD150 cytoplasmic localization is not unique to stud-
ied cell lines. This phenomenon was observed in ma-
lignant csCD150- CLL B cells, monocytes, inactivated
dendritic cells, glioma cell lines [5, 8, 14]. Malignant
cells may have disrupted vesicular trafficking that
impairs CD150 transport from the intracellular com-
partments to the cell surface. For example, in dendritic
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Fig. 3. Profile of CD150 isoforms mRNA expression in BC and
PC cell lines. Quantitative real-time PCR. The presented results
are from one of three independent experiments

cells, CD150 translocation to the cell surface depends
on sphingomyelinase activity and ceramide generation
that are essential for lipid raft formation [15]. Another
possibility that could explain cytoplasmic CD150 lo-
calization is differential CD150 isoforms expression
in BC and PC cell lines. However, our data demon-
strate that predominantisoform in BC and PC cell lines
is transmembrane mCD150 and nCD 150 that poten-
tially could be translocated to the cell surface. Most
studied cell lines did not express sCD150 isoform.
Thus, itis more likely that CD 150 retention in cytoplasm
is associated with the disruption of cell signaling that
coordinate vesicular trafficking.

Taking together, we studied CD150 protein and
mRNA expression in BC and PC cell lines that varied
in CD150 cellular localization and CD150 isoforms
expression profile. BC cell lines retained CD150 ex-
clusively in the cytoplasm while PC cell lines showed
differential levels of cell surface and cytoplasmic
CD150 expression. High CD150 expression level was
associated with less aggressive phenotype of BC and
PC celllines. Intracellular CD150 expression level was
significantly higher in low malignant T49D BC cell line.
Similarly, more CD150* cells were detected in PC cell
line LNCap with less aggressive phenotype.

Considering the functional significance
of CD150 in hematopoietic cells, differential CD150 iso-
forms expression and aberration of CD150 expres-
sion in malignant hematopoietic cells, we assume
the prospects of the comprehensive determination
of CD150 topology and expression in primary BC and
PC tissue samples with the focus on the association
with malignancy degree, tumor stage, molecular
profile, etc. These studies will be helpful for finding
new CD150 functions outside hematopoietic system
and developing the fundamental base for under-
standing biological features and improving prognosis
of BC and PC.
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EKCIMPECIS TA TOMOJIOr9 SLAMF1/CD150
B KJIITUHAX JIHIA PAKY NEPEOMIXYPOBOI
3AJ1I03U TA PAKY MOJIOYHOI 3AJ1I03U

1.M. ITopdienxo, 0.0. Jluxosa, B.M. Illep6ina, JI.M. Illr1anayvka

Inemumym excnepumenmanvroi namonoeii, onkonoeii i padiobionoeii
im. PE. Kaseyvkoeo HAH Yxpainu, Kuie 03022, Ykpaina

CtraH nutaHHs:. Peuentop SLAMF1/CD150 abepaHTHO ekc-
NPECYETbCA Y 3M0AKICHUX KIITUHAX rEMOMOETUYHOro psay
MOPIBHSHO 3i CBOIMU HOPMaNbHUMWN KNITUHHUMW aHanoramu.
OpHak pgaHi npo ekcnpecito i dyHkuilo CD150 no3a mexamn
reMonoeTu4yHoOi CUCTEMU € [OCUTb OBOMexeHumun. Meroro
LbOro MifIoOTHOro AOCHIAXEHHS Oy/I0 BUBYEHHS Npodisnto ekc-
npecii MPHK isodopm CD150 Ta Tononorii 6inka y KnitMHax
NiHI paky Mono4YHoi 3ano3n (PM3) Ta paky nepeamixypoBoi
3ano3u (PlMN3) 3 BUCOKMM | HU3BbKUM CTyrneHeM 3105KICHOCTI.
Martepiann Ta metogu: [JOCNioKEHHS NPOBOAVAM HA KNiTU-
Hax NiHi paky Mono4yHoi 3ano3u (PM3) T47D, MDA-MB-231,
BCC/P 1a BC/ML i xnituHax niHin PMN3 LNCap, Du-145Ta
PC-3. na pnocnigxerHs ekcnpecii MPHK isodopm CD150 3a-
CTOCOBYBaNM KiNbKiCHY noniMepasHy NaHLUroBy peakLito,
a [/1si BU3HaYeHHs nokanisadii 6isika — NpoToYHY LUTOMETPIIO.
Pe3ynbtaTrn: [locnigxeHi knitnHu ninii PM3 He ekcnpecysa-
nn CD150 Ha nna3maTuyHii membpani (csCD150), ane 6inb-
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we sk 45% knitnH ekcnpecyeann CD150 y unTtonnaami KnituH
(cyCD150%). PiBeHb ekcnpecii cyCD150 y knituHax T47D ntomi-
HaNIbHOrO MOJIEKYSIPHOrO NigTUNy 6YB BULLMM, HiX Y KIITUHAX
niHin MDA-MB-231, BCC/P 1a BC/ML 6a3anbLHoro mosneky-
nsapHoro nigTuny. KnitnHm ninii PMN3 ekcnpecysann CD150 sk
Ha nnas3maTtuyHiin MembpaHi, Tak i B uuTonnaami. Haiibinbwa
Kinbkictb csCD150* i cyCD 150" kniTnH Byna BUsiBNeHa y MeHLU
arpecuBHiIN, YyTAMBIA 00 aHAPOreHiB, HEMeTacTaTUYHIN NiHil
knitvH LNCap. Yci gocnigxeHi knituHum nidii PM3 i PIM3 ekcnpe-
cyBanu MPHK knacuyHoi TpaHcMem6paHHoi mCD 150 Ta HoBOI
nCD150 i3odopMm, NpoTe BIAPISHANMCSA 3a iX OOMIHYBAHHSM.
Po3uunHHa isodopma CD150 6yna BusiBfieHa Ha HU3bKOMY PiBHi
nuwe y knitnHax ninii BCC/P PM3 Ta knituHax niHin LNCap i
PC-3 PlM3. BucHoBok: Hamu BCTAHOBNEHO, WO KIITUHW JiHii
PM3 i PMN3 ekcnpecytoTb 6aratodyHKLiOHaNbHWI peuenTtop
CD150 Ha pisHi MPHK i 6inka. AndepeHuiiHa ekcnpecis i no-
kanizauis CD150 y knitnHax ninin PM3 i PM3 moxe BkasyBatu
Ha y4actb CD150y dopmyBaHHi MonekynsipHoro geHoTuny
3/I09KICHUX KJTITUH | aCOLLIIOETLCA 3i CTYNEHEM iX 3/105KICHOC-
Ti. Lle pocnigxeHHs BiokpnBae nepcnekTMem aas NoaanbLoro
nocnipkeHHs ekcnpecii CD150 y 3paskax NepBUMHHUX MYyXJINH
3 ypaxyBaHHAM iX iHAMBIAyanbHUX 0COBINBOCTEN.

Kno4osi cnosa: SLAMF1/CD150, pak nepegMixypoBoi 3ano-
3U1, paK MOJSIOYHOI 321031, KIITUHHI AiHii.



