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SUMMARY

Tetraspanin antigens are implicated in the prognosis of different types of tumours. In this study we
determine by semiquantitative reverse transcriptase-polymerase chain reaction (RT-PCR) the level of
13 tetraspan messages in 21 Burkitt lymphoma (BL) cell lines. All tumour cell lines have a common
pattern of tetraspanin gene expression. There are five antigens which are detected in 90% of cell lines at
high levels, CD53, CD81, CD63, SAS and CD82. Another two, CD9 and CD37, were detected in 60% of
cell lines, and have a very variable level of expression. The remaining antigens, A15, CoO29, KRAG,
L6, TI-1 and il-TMP, are expressed at low levels in very few cell lines without any specific pattern. The
level of gene expression corresponds with the level of cell surface antigen determined by flow
cytometry. The average number of tetraspan proteins expressed per cell line is six. These proteins
may form subunits of an oligomeric structure with 24 transmembrane domains. There are no major
differences in tetraspan expression pattern among sporadic or endemic tumours, type of translocation or
Epstein–Barr virus status, suggesting the original cell of these tumours is the same, probably a late pre-
B cell, at the CD9 to CD37 transition point. Tetraspanin gene expression is consistent with BL being a
single entity, despite variations in other parameters.
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INTRODUCTION

Cancer is nowadays considered a genetic disease, but many of the
genetic changes that differentiate a normal from a tumoural cell are
quantitative rather than qualitative. Thus, in addition to genetic
damage, many other important changes are related to the expres-
sion level of genes that because of their product function contribute
to some aspect of the tumour phenotype [1]. The contribution to the
tumoural phenotype of changes in expression levels is well known,
such as the down-regulation of MHC class I antigens [2], or the
over-expression of the epidermal growth factor (EGF) receptor [3]
in many tumours, but so far most of the quantitative differences in
tumour cells remain to be identified.

Tetraspanin or tetraspan transmembrane antigens (TST), or
transmebrane-4-superfamily proteins, represent a novel group of
proteins of unknown function [4,5], but whose implication in
cancer biology is increasing. These proteins are defined by their
structural characteristics and appear to be inversely correlated with
the evolution of the tumour. There are at least 15 known tetra-
spanin proteins in human cells, most of them identified as tumour
antigens, and having a heterogeneous cell type distribution [4,5]. In
normal cells some tetraspan markers have been reported as

essentially haematopoietic, such as is the case for CD53, a
panleucocyte antigen, or CD37, a B cell marker [6]. Other antigens
are more heterogeneous in cell type distribution, such as CD81,
CD82, CD9, CD63, and SAS, and are detected in cells of very
different origins. A group of them is mostly epithelial in its cellular
distribution, such as CoO29, L6, II-1, il-TMP, and KRAG, which
were detected in gastrointestinal tumours, such as colon, pancreas,
and stomach carcinomas, or in melanomas as CD63. CD81 [7,8],
CD53 and CD82 [9] have been shown to modulate proliferation
and selection of T cells in the thymus. Others are involved in
activation of B cells and monocytes as CD53 [10] or CD82 [9].
Several TST proteins when ligated are able to induce mobilization
and changes in intracellular calcium levels in different cell types
[10,11].

The expression level of several TST antigens has been corre-
lated with the prognosis of different types of carcinomas. The
initial correlation was reported for CD63/ME491 in melanomas,
where the more aggressive the melanoma the lower the level of this
protein [12]. More recently the level of CD82/KAI1 has been
related to the evolution of prostate [13,14], pancreatic [15], and
non-small lung cancer [16]. Similarly, CD9 levels in breast [17],
and non-microcytic lung carcinoma [18] have also been associated
to the prognosis of these tumours [19]. In all cases a low TST
expression level was an indicator of poor prognosis and evolution.
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This effect has been postulated to result from their ability to modulate
metastatic potential as a consequence of the effect of tetraspanin
proteins on cell motility properties of the cell [19–21]. It has been
demonstrated that several tetraspan proteins interact on the cell
surface with members of the integrin family and appear to modulate
cell adhesion properties [22–24]. Therefore, it is thought that TST
proteins can control cell motility by acting as brakes, thus low levels
will facilitate migration of the tumour cell [20,21], and the combina-
tion of different integrins with several TST proteins would determine
the mobility properties of a given tumour cell [25].

Burkitt lymphomas (BL) represent a well defined type of
tumour in terms of its major genetic alterations, Epstein–Barr
virus (EBV) presence, and type of presentation, sporadic or
endemic [26]. For this reason we determined if a specific type of
tumour, such as BL, has a defined pattern of TST gene expression,
with regard to number of antigens expressed, level of expression
and ratio of different antigens in case they are forming a higher
order superstructure [5], and concluded that these proteins have a
well defined pattern in BL, thus defining the cells as a single entity
from this point of view, and consequently must have a similar
clinical evolution.

MATERIALS AND METHODS

Cell lines
BL cell lines used in this work were Daudi, Raji, BL60, Ly91,
Namalwa, Maku, BL29, BL41, J1, JBL2, Ly65, Ly66, Ly67, BL2,
BL37, BL28, BL47, P3 H1, Jijoye, Ramos, KK124 and PA682, and
we also used the Bjab lymphoblastoid cell line. All cell lines,

obtained from Professor G. Klein (Karolinska Institut, Stockholm,
Sweden), were grown in RPMI 1640 medium supplemented with
10% fetal calf serum (FCS; Life Technologies, Paisley, UK) and
antibiotics.

RNA extraction and reverse transcription
Total RNA from all cell lines was extracted with the guanidinium
thiocyanate–CsCl centrifugation method [27] as previously
described [28]. The reverse transcriptase (RT) reaction was per-
formed using 2 U of Moloney Murine Leukaemia Virus reverse
transcriptase from Pharmacia (Uppsala, Sweden) or Life Technol-
ogies according to manufacturer’s instructions. For RT we used the
following general primer: 50-AACTGGAAGAATTCGCGGCGG-
CAGGAAT18–30, specific for the polyA tail. As substrate for RT
we used 1, 5 and 15mg of total RNA in a final volume of 25ml.
After termination of the reaction the volume was diluted to a final
50ml by the addition of DEPC-treated water.

Primers
The oligonucleotide primers used for each specific tetraspan cDNA
are indicated in Table 1 with their corresponding position in the
nucleotide sequence. All primers are located within the coding
region of the cDNA and the size of the amplified bands corre-
sponds to the mature, fully processed RNA messages.

Polymerase chain reaction amplifications
From the RT reaction products we used 1/50th to determine the
linearity of the polymerase chain reaction (PCR) amplification
signals as a function of the starting RNA, equivalent to RT

Tetraspanin antigen gene expression in Burkitt lymphomas 347

q 1998 Blackwell Science Ltd,Clinical and Experimental Immunology, 113:346–352

Table 1. Primers used for individual tetraspan transmembrane antigen (TST) amplification by polymerase chain reaction (PCR)

Position in Size GenBank
TST/antigen Primers cDNA (nt) accession no.

CD53 50-GCTGGGCAATGTGTTTGTCATCG-30 226–248 479 M60871
50-CAATCTGGCAGTTCAGGGTCAGTGC-30 680–704

CD81/TAPA1 50-GCGCCCAACACCTTCTATGTAGGC-30 398–421 518 M33680
50-AGCACCATGCTCAGGATCATCTCG-30 892–915

CD63/ME491 50-TGCAGTGGGACTGATTGCCG-30 122–141 674 X56941
50-AGATGAGGAGGCTGAGGAGACC-30 774–795

CoO29 50-CGTTGCTGTGGACATATTGATTGC-30 296–319 591 M35252
50-GGTTTGACTGACGATAGGTTGATGC-30 862–886

A15 50-TGGCACCACTATTGTTGTCTTTGGC-30 204–228 538 D10653
50ATTGGCCGTGATGAACCGGG-30 722–741

KRAG 50-TGTCTGCTTAGTGGCCTATCTTGGC-30 201–225 278 X89105
50-TGGTACAGTCCGTCACATCCCG-30 457–478

SAS 50-AGCTTGTTGCTCATTGGAGTGG-30 172–193 647 U01160
50-ACGGTTACAGACCCTAGATATTCCC-30 794–818

CD37 50-TTTGTGGGCTTGGCCTTCGTGC-30 199–220 444 X14046
50-TAGGATTGTGGAGTCGTTGGTCGCC-30 618–642

L6 50-AGCAGACCACCATGTGCTATGGG-30 98–120 529 M90657
50-TCAATTCCACCAAGAGCCAAGAGG-30 603–626

il-TMP 50-TGAAGGAGGCAGTGAGGAGC-30 112–131 702 U31449
50-TCGTCATGCTGTAGAGTCTGAGC-30 791–813

CD82/KAI1 50-AGTCCTCCCTGCTGCTGTTGTTG-30 65–87 1030 U20770
50-TCAGTCAGGGTGGGCAAGAGG-30 1075–1095

TI-1 50-CTCTACCCATTGCTTGAAGCCACCG-30 195–219 421 M64428
50-CGGCATCATTATTCGCAGTCCGG-30 593–615

CD9/MRP1 50-TGCATCTGTATCCAGCGCCA-30 800 19–38 M38690
50-CTCAGGGATGTAAGCTGACT-30 799–818



products from 20, 100 or 300 ng of total RNA, and number of PCR
amplification cycles. For thermal amplification we used 2 U of
Thermus brockianusDNA polymerase (Fynnzymes, Espoo, Fin-
land), 200mM of each deoxynucleotide, 1·5 mM MgCl2, 50 mM KCl,
0·1% Triton X-100, 10 mM Tris–HCl, pH 8·8, and 100 pmol of the
corresponding primers. The reaction mix was denatured for 5 min
at 948C, followed by a programme consisting of three steps, 40 s at
948C, 40 s at 558C and 90 s at 728C, followed by a final elongation
step at 728C for 5 min. These conditions were used for either 10, 20
or 30 amplification cycles. The control amplifications with primers
for b-actin and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) [16,18] were performed under the same conditions as
those used for specific TST primers. The size of these two controls
covers the size range of the PCR-amplified bands corresponding to
specific TST antigen messages.

Southern blots
The PCR products were fractionated in 2% agarose gels and
transferred to Hybond-Nþ membranes (Amersham, Aylesbury,
UK). Blots with PCR products were hybridized to the correspond-
ing probe at high stringency conditions as previously described
[28,29].

Gel quantification
The images from ethidium bromide-stained gels were captured
with a CCD video camera and the light intensity of the bands was
quantified using the GelWorks software package (UVP, Cam-
bridge, UK). The blots hybridized with radioactive probes were
directly quantified using a FUJIBAS-1000 phosphorimager (Fuji,
Japan).

Antibodies
The MoAbs used were MEM53 (anti-CD53), MM2/57 (anti-CD9),
JS64 (anti-CD81), WR17 (anti-CD37), CLB180 (anti-CD63).
MoAbs were obtained from Serotec (Oxford, UK), or Pharmingen
(San Diego, CA).

Flow cytometry
Briefly, 105 cells were incubated with MoAb against the indicated
antigen for 30 min at 48C. After washing in PBS the cells were
stained with an FITC-labelled rabbit anti-mouse IgG antibody
(Sigma, St Louis, MO). The cells were analysed in a flow
cytometer EPICS 751 from Coulter Corp. (Hialeah, FL).

RESULTS

Linearity of the RT-PCR reaction
To standardize the semiquantitative approach used we first deter-
mined the linearity of the amplification, as a function of both the
amount of starting total RNA used for the RT reaction and the
number of PCR amplification cycles. In the RT reaction we used as
starting template 1, 5 and 15mg of total RNA, and for PCR
amplification we tested 10, 20 or 30 cycles. In this PCR reaction
we used 1/50 of the RT product, which is equivalent to 20, 100 and
300 ng of total RNA. This approach was used with bothb-actin and
GAPDH. Because of the abundance of these messages we expected
them to become limiting for reaction earlier than less abundant
RNA messages. To illustrate the approach in Fig. 1 we show the
amplification ofb-actin with three starting amounts of RT product.
The reaction is linear for the three amplification numbers of cycles
if the amount of RNA used for RT was lower than 5mg. Linearity
was lost when we used a 30-cycle reaction with 15mg of total RNA

as starting material for cDNA synthesis, of which the cDNA
aliquot used for the PCR reaction corresponded to 1/50 (see
Materials and Methods). Therefore, we only used for PCR quanti-
fication experiments the cDNA products derived from using 25–
50 ng of total RNA as substrate of RT.

Antigen cell surface expression corresponds with PCR level of
expression
To show that the relative level of PCR product is consistent with
the level of cell surface antigen we determined in individual cell
lines some of the antigens, such as CD53, CD81, CD63, CD9 and
CD37. To illustrate this observation the data for the Raji cell line
are shown in Fig. 2. The flow cytometry data correspond quite well
with the variation detected by RT-PCR. As expected, there is at
least 10-fold difference between CD53 and CD9, consistent with
the expected difference determined by semiquantitative PCR,
shown as an insert in the flow cytometry pattern. The good
correlation between surface antigen level and PCR products was
also applicable to the CD63 antigen; this antigen is known to
localize on the membrane of intracellular granules in some cell
types such as platelets [30]. In the case of cells derived from the B
cell lineage, the good correlation might be explained by the fact
that this lineage is not rich in intracellular granules.

TST antigen genes are expressed at different levels in BL
We determined the level of expression of the following genes
coding for TST proteins, CD53, CD81, CD63, CoO29, A15,
KRAG, SAS, CD37, L6, il-TMP, CD82, TI-1 and CD9. All band
intensities were normalized using the internal controls,b-actin and
GAPDH. In Fig. 3 we show the patterns obtained for several
individual antigens in all cell lines. The size of the amplified
bands corresponds to the expected value for the mature message
based on the cDNA sequence (Table 1). There are antigens which
are expressed in most of the cell lines at relatively very high levels
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a    b   c a    b   c

Fig. 1. Linearity of the reverse transcriptase-polymerase chain reaction
(RT-PCR) using different amounts of starting total RNA, 1mg (a) 5mg (b)
or 15mg (c), for the RT reaction. For the PCR amplification 1/50th of the
product of RT was used. The data shown correspond to the amplification of
a message that is abundant, such asb-actin, and therefore is likely to
become limiting sooner than rarer messages. The proportionality on the
starting amount of cDNA is detectable both in ethidium bromide-stained
gel (A) and by specific hybridization (B).JX174 DNA digested withHae
III was used as size marker (M).



(CD53, CD81). Other antigens are also expressed in many cell
lines, but the level of expression is very variable, such as CD9 and
CD37. These two antigens appear to follow an inverse correlation
in their level of expression (Fig. 3). All the other antigens of the
family are expressed in few cell lines or with a different origin,
such as carcinomas or sarcomas (Fig. 3).

Burkitt lymphomas have a common pattern of TST antigen expres-
sion
The comparison of the expression of all TST antigens in the 21 cell

lines revealed that the individual pattern of expression is very
similar for all cell lines. In Fig. 4 we show the expression pattern in
several cell lines, where we detected antigens at high and low
levels, commonly expressed antigens, or rarely expressed antigens.
The minor differences were detected in the expression at low level
of antigens which are mainly expressed in cells of non-lymphoid
origin, and might reflect an ectopic expression, represented by A15
in the Jijoye cell line (Fig. 4).

There is a major pattern of TST expression and six antigens are
expressed per cell
Among the antigens expressed in BL, there are three groups, based
on the level of expression. These data are summarized in Fig. 5,
which presents the overall pattern of expression in all cell lines for
all antigens. CD81, CD63, CD53 in general were expressed at very
high levels. A second group of antigens include CD9, CD82, CD37
and SAS, which were expressed on almost all cell lines but their
level was very variable. CD9 and CD37 level of expression
appeared to be inversely correlated. The third group are TST
antigens, expressed in general at relatively low levels in individual
cell lines. In this latter group are the antigens known to be
expressed mainly in cells of non-lymphoid origin, such as A15,
KRAG or il-TMP, although A15 has also been described as the
TALLA-1 antigen in T-acute lymphocytic leukaemia [31].

The number of antigens expressed by each cell line was on
average six, with a range of five to eight. Based on the different
levels it appears as if they are major and minor subunits of a protein
complex.

TST expression has no correlation with type of translocation and
EBV status
The next task was to determine if any of these tetraspan subgroups
could be correlated with any of the already known molecular
parameters of BL. We used the EBV status, the endemicversus
sporadic type of cancer, and specific translocation involving the
MYC and immunoglobulin genes. We found no correlation
between any of these parameters and TST gene expression.

DISCUSSION

The importance of the pattern of TST antigen expression in specific
tumours is due to its potential as an indicator of the evolution of the
tumour. We show in this study that the overall pattern of TST gene
expression detected is very similar for all BL cell lines, and its
determination by RT-PCR is in good agreement with the determi-
nation on the cell surface by flow cytometry. This major pattern of
TST expression in BL cell lines is composed of antigens CD53,
CD81, CD63 and SAS.

CD9 is expressed in pre-B cells within the B cell lineage, and
CD37 is a more mature B cell antigen. The observation of a
transition pattern in the BL cell lines between CD9 and CD37
(Fig. 3) suggests that the original cell precursor of BL might be
located within the B cell developmental pathway near the transi-
tion point from CD9 to CD37 gene expression.

Variations in individual TST gene expression might account
for particular phenotypic differences among tumours of the same
type. The differences are observed in antigens which are mainly
expressed in cells of epithelial origin. These antigens, such as A15,
il-TMP, CoO29, KRAG or L6, were detected at low levels in
isolated tumour cell lines. SAS is a gene which was identified
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Fig. 2. Flow cytometry pattern of the Raji cell line with several MoAbs
against human CD53, CD81, CD63, CD37 and CD9 antigens, and a
negative control (C). As an insert the polymerase chain reaction (PCR)-
amplified band for each antigen is shown. As starting material we used 25–
35 ng of total RNA for the synthesis of the cDNA which was utilized as
target for 30 cycles of PCR amplification with gene-specific oligonucleo-
tides.



as amplified and over-expressed in sarcomas, tumours of
mesenchymal origin [32]. This antigen is expressed at relatively
high levels in all BL cell lines studied.

There is experimental evidence for the close proximity of
different TST proteins on the cell surface of B cells and monocytes,
as demonstrated by experiments of energy transfer for CD53,
CD81 and CD63 antigens [33]. Individual TST proteins, such as
CD53, have also been shown to interact with MHC class II
molecules [33]. This topological proximity has been confirmed
by immunoprecipitation experiments where different TST proteins
co-precipitate with each other, such as CD53, CD63, CD81 or CD9
[22–24,34]. Furthermore, the over-expression of one of them, such
as CD9 by transfection, changes the proportion of different TST
proteins forming the immunocomplex [35]. The expression of
several TST genes in a cell line is consistent with the formation
on the cell surface of a TST core complex that interacts with other
membrane proteins. This has been extended in the last 2 years by
the demonstration that a TST protein complex also co-precipitates
with different integrins, mainly of theb1 type [23]. CD9, CD63
and CD81 have been shown to co-precipitate witha3b1, and CD63
with a6b1 [23]. The complex CD53/CD63/CD82 also co-precipi-
tates with a4b1 [34]. These interactions with integrins might
explain the effects on motility observed by transfection of CD9
[36] or CD63 [37] antigens on cell motility. In the Raji cell line,
which has no detectable CD9 (Fig. 4), the reintroduction of either
human or feline CD9 changes its motility properties on fibronectin
and laminin [36]. These data are consistent with the clinical
observations suggesting that TST levels can influence the biologi-
cal evolution of the tumour, as shown in numerous tumours for
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several TST proteins, being the most relevant in their influence on
metastatic potential.

It could be argued that TST proteins aggregate as a complex
on the cell surface to form a structure of 24 transmembrane
domains. Similar organization has already been described for
other proteins with four transmembrane domains, as connexins
[38]. Experimental evidence with uroplakin, a uroepithelial TST
protein, suggests that they are indeed forming such a complex
[39,40]. Around this central TST core other membrane proteins
might attach, such as MHC class II [33] or integrins [25]. This
type of organization would provide a link of TST antigens to cell
signalling pathways, and at the same time, by changes in subunit
composition, individual TST members might modulate functional
properties of the molecules with which they interact [41]. The
ectopic expression of TST antigens might represent phenotypic
variants of the tumour if these proteins are indeed forming a
membrane complex. Through the interactions between TST
antigens and integrins, which allow many different possible
combinations, the adhesion and migration properties of a given
cell type could be specified and regulated. This aspect of tumour
biology will only be understood when the function of TST
proteins and their biological differences are known, and will
have important consequences for the explanation of the biological
behaviour of individual tumour types.
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Fig. 5. Diagram summarizing the relative expression of 13 tetraspan transmembrane antigen (TST) antigens in the Bjab lymphoblastoid cell
line and in the 22 Burkitt lymphoma (BL) cell lines. For the relative quantification all samples were normalized with respect to bothb-actin
and glyceraldehyde-3-phosphate dehydrogenase, which cover the size range of all amplification targets. Similar results were obtained with
both probes by quantification of fluorescence in agarose gels or specific hybridization signals in Southern blots.
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