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Syndecan-1 is considered an important transmembrane proteoglycan in cell-microenvironment 
interactions, but its exact function in normal or in transformed B cells is still unknown. In this study, 
RNA was isolated from peripheral cells of chronic lymphocytic leukaemia (B-CLL) and ‘normal’, 
non-leukaemic patients, as controls. Reverse PCR showed no or very low syndecan-1 mRNA expres- 
sion in controls, while in 11113 B-CLL the circulating leukaemic cells expressed syndecan-1. Similar 
results were obtained for interleukin-1 p (IL-l p) and interleukin-6 (IL-6). Furthermore, syndecan-1 
protein was detected in the majority of circulating B-CLL cells by flow cytometry and immunocy- 
tochemistry using anti-syndecan-1 MAb. Control cells were practically negative. Further study is 
required to understand the biological significance of syndecan-1 on B-CLL cells. 0 1997 Elsevier 
Science Ltd. 
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INTRODUCTION 

ALTHOUGH CANCER is considered to be a genetic disease, and 
the continuous accumulation of malignant cells is dictated 
mainly by autocrine factors, the progression of a given 
tumour is also highly dependent on cell-microenvironmental 
interactions. Syndecans are a gene family of four transmem- 
brane heparan sulphate (HS) proteoglycans, that mediate a 
variety of these interactions by binding-via their sugar 
chainsdiverse components of the cellular microenviron- 
ment. Syndecan-1 can influence cell shape, cell-cell contact, 
cell-matrix interactions and can participate in signal 
transduction, as receptor or coreceptor for collagen I-III, 
fibronectin as well as for bFGF, aFGF, GM-CSF, IL-3, 
yIFN) [l-3]. It is known that each syndecan family member 
is expressed selectively in a cell-, tissue- and development- 
specific manner [4,5]. Syndecan- 1 is expressed in distant stages 
of differentiation, of B cells, including pre-B cells (B cells 
maturing in the bone marrow) and immunoglobulin-producing 
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plasma cells [6,7]. The function of syndecan-1 in normal B 
cells is still not understood and there are hardly any data on 
its expression in lymphoproliferative diseases, except myelo- 
mas. If tumour progression is strongly dependent on the 
relationship between tumour cells and their microenviron- 
ment, and syndecan can influence this relationship, it would 
be interesting to determine how syndecans are expressed in 
malignant forms of B-cells. Here, we studied syndecan-1 
expression in the circulating cells of chronic lymphocytic 
leukaemia (CLL) patients together with the expression of IL- 
1 p and IL-6 which can interact with proteoglycans and seem 
to be present in CLL [8,9]. 

Cells 
MATERIALS AND METHODS 

10-l 5 ml peripheral blood from 6 ‘normal’ (non-leukaemic 
or healthy) individuals and from 15 leukaemic (13 B-CLL, 1 
T-CLL, 1 CML) patients were placed on Ficoll-Paque 
(Pharmacia, Sweden) gradient and mononuclear cells were 
isolated from the interphase. The morphology of the cells was 
verified on cytospin slides stained with routine haematoxylin 
and eosin. 
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Preparation of RNA Cl C2 C3 C4 C5 C6 12 15 

RNA was prepared from 2 x 1 OS cells of each case using the 
RNeasy Total RNA kit (Quiagen, Germany). The yield and 
quality of the preparation were determined by 0Da6,-,,sso. 

Reverse PCR 
0.5 pg RNA was used as template in each case. The reac- 

tion mixture consisted of 50mM Tris-HCl, pH 8.3, 
75mMKC1, 3mM MgCla, 0.2mM dNTPs (50 uM each) 
(Boehringer-Mannheim, Germany), 5 mM DTT, 10 U RNasin, 
0.25 ug random primer (Promega, U.S.A.), 200UMMLV 
reverse transcriptase (Gibco-BRL, U.S.A.) in 2Ol.d total 
volume. The reaction was carried out at 42°C for 40 min and 
followed by 5min denaturation at 95°C. 3 ~1 of the first 
strand synthesis product (corresponding to 0.075 l.tg original 
total RNA) was used as a template to amplify each cDNA. 
The reaction mixture contained: 10 mM Tris-HCl, pH 8.3, 
50 mM KCl, 2 mM MgCla, 0.2 mM nucleotide mixture, 
1.5 U Taq DNA polymerase (Boehringer-Mannheim, Ger- 
many), 25 pmol of each primer in 50 ~1 reaction volume. 

syndecan 

IL-l p 

IL-6 

p actin 

360 bp 

803 bp 

271 bp 

534 bp 

Figure 1. Expression ofsyndecan-1, IL-lfl, IL-6, p-actin genes 
(RT-PCR analysis) In control (Cl-6) and B-CLL samples 
(cases 12 and 15). Equal amounts of the same cDNA were used 

as a template for amplification of each message. 

p-actin 

sense: 5’ GTG GGG CGC CCC AGG CAC CA 3’ 

antisense: 5’ CTC CTT AAT GTC ACG CAC GAT TTC 3’ 

538 bp 

Primers for PCR amplification 
syndecani-extracellular part with GAG binding region 

sense: 5’ ATG TCG ACG GAG GTG GAG 3’ 

antisense: 5’ GCT GAG CCT GCA GCT GGC 3’ 

syndecana-extracellular + transmembrane regions 

sense: 5’ AGC TGA CCT TCA CAC TCC 3’ 

antisense: 5’ TCG GCT CCT CCA AGG AGT 3’ 

IL-1g 

size: 230 bp 

360 bp 

sense: 5’ ATG GCA GAA GTA CCT GAG CTC GC 3’ 

antisense: 5’ ACA CAA ATT GCA TGG TGA AGT CAG TT 3’ 

803 bp 

IL-6 

sense: 5’ -lTG TAC TCA TCT GCA CAG CTC TGG C 3’ 

antisense: 5’ CGG TAC ATC CTC GAC GGC ATC TCA G 3’ 

271bp 

We designed syndecan primers according to the cDNA 
sequence of human syndecan-1 [lo]. The IL-6 primers and 
the sequences of IL-lp and p-actin were kindly provided by 
Professor And& Falus and Professor Giuliano Ramadori, 
respectively. 

The cycling parameters after denaturation (95°C 5min) 
were 94°C 1 min-62°C (60°C for IL-6) 1 min-75°C 1 min, 
30 cycles with a final extension at 75°C for 10 min. Products 
were run on 1.5% agarose gel in the presence of I &ml EBr. 
Gels were visualised under UV light (Eagle Eye Still Video 
System, Stratagen, U.S.A.). 

Flow cytomety 

For syndecan-1 staining, the fixed (80% methanol for 
30min) and washed cells isolated from interphase were 
incubated in 3% BSA (bovine serum albumin) for 30 min and 

Table 1. Clinical data and RT-PCR results 

Sex Age (years) CD5 IgM dg Therapy WBC Rai(*) synllsyn2 IL10 IL6 

1 m 75 
2 f 76 

3 f 74 
4 f 59 

5 m 71 

6 m 54 
7 m 56 
8 m 79 

9 f 64 

10 f 62 
11 m 65 
12 f 72 

13 m 81 
14 m 54 
15 m 65 

Cl 

c2 
c3 
c4 
c5 
C6 

f 49 
m 29 
f 27 

m 25 
m 45 
f 70 

+ 
+ 
+ 
+ 
+ 
+ 
- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

_ 
+ 
+ 

1990 steroid 20 900 

1988 - 68 200 

1993 CT/St 210 000 
1985 CT 23 900 

1987 CT 138 000 

1985 CT 47 800 

1994 

1984 

1992 
1995 
1990 

1992 
1992 

1989 

235 000 

- 90 300 

96 000 
59 600 
19300 

20 000 

CT 18300 
CT 68 000 

B; III/I 

B; 010 
T; III/IV 

B; I/IV 

B; III 

B; O/IV 

CML 
B; O/O 

B; O/O 

B; O/O 
B; I/I 
B; II/II 

B; O/O 
B; I/IV 

B; II/IV 

hypertension 

depression 
normal 
normal 
hypertension 
oesophagitis 

ncl- 
nd+ 

rid/- 
nd- 
rid+ 
ndl+ 

+ 

+ 
+ 
+ 
+ 
_ 
+ 
+ 
_ 
+ 
+ 
+ 
+ 
+ 

+ 
_ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
_ 
+ 
+ 
+ 
+ 
+ 

+ 
_ 

+ 

dg, year of diagnosis; st, steroid; WBC, white blood cells/ul; Rai (*), at diagnosis/present; C, control; synlkyn2, syndecan 1 and 2 primer pairs; 
nd, not determined; CT, chemotherapy. 
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Cases l-15 

syndecan 

syndecan 

IL-q3 

IL-6 

230 ‘v 
360 bp 
803 b 
271 bp 

Figure 2. Expression of syndecan-1, IL-l@ and IL-6 genes 
(RT-PCR analysis) in 15 human leukaemic patients (CLL: 

cases l-6, S-15; case 7: CML). 

for 60min with anti-human syndecan-1 antibody (Serotec 
MCA 68 1, U.K. 10 pl/106 cells). The bound primary anti- 
body was detected by anti-mouse IgG-FITC antibody 
(Amersham, U.K. diluted 1:60 in phosphate-buffered saline). 
For double immunostaining, the Ficoll-separated unfixed 
peripherial blood mononuclear (PBMN) cells were labelled 
by syndecan-1 antibody (see above). Secondary anti-mouse 
IgGl FITC or RPE conjugated antibodies were used to 
detect syndecan-I labelling (1:25 FITC, 1:200 Rl?E South- 
ern Biotechnology Associates, U.S.A.). The free binding sites 
of anti-mouse antibody were saturated with mouse serum. 
Next, the cells were incubated by one of the direct labelled 
monoclonal anti-human CD19 (FU’E, Dako, Denmark) or 
CD3 (FITC, Becton Dickinson, U.S.A.) antibodies in 1% 
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BSA. For double-staining experiments, we used several nega- 
tive controls and the HT58 human NHL (B) cell line [ 1 l] as a 
positive control for syndecan-1 expression. The immunophe- 
notype of the CLL cases was characterised with anti-human 
IgM and anti-human CD5 (Dako, Denmark) MAbs. 

After washings, the cells were measured for fluorescence at 
530/30 and 575/42nm in FACStar Plus flow cytometer 
(Becton Dickinson, U.S.A.) and the analysis was performed 
with Winlist Software (Verity Software House, U.S.A.). 

Immuncytochemisty 

Cytospin slides were fixed in methanol for 5 min and anti- 
human syndecan-1 MAb (see above) in 1:50 dilution and 
Vectastain anti-mouse IgG-ABC kit (Vector, U.S.A.) were 
used to detect syndecan-1 protein. After the last step-ABC 
incubation-biotinylated tyramin (0.056 PM) diluted in 
0.03% Hz02 was added and the slides were incubated for 
10min and a second round of ABC reaction was carried out 
to amplify the sensitivity of the reaction [ 121. Diaminobenzi- 
dine tetrahydrochloride was used as a chromogen. 

RESULTS 
In controls (non-leukaemic patients), the peripheral 

mononuclear cells (not only B cells) showed either no or very 
low syndecan mBNA expression (360 bp product), similarly 
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Figure 3. Analysis of syndecan-1 protein expression by flow cytometry: cant (negative controls), syn (syndecan), I-I (healthy 
patient), l-6 (B-CLL patients). The percentages of positive cells: contH: 1.47%, synI-k 2.66%; contl-6: 1.34-3.93%, syn1,2,3,4,6: 

88.84-98.34%, syn5: 58.56%. 
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(a) (b) 

I 
SYND 

(e) 

I CONT 

Figure 4. Co-expression of syndecan with lymphocyte mar- 
kers in normal peripheral blood mononuclear cells (a-d) and 
expression of syndecan on HT58 lymphoma cells (e-f). Cont, 

control (no primary antibody); synd, syndecan-1. 

to IL-6 (Table 1). IL-l 8 message was expressed in all sam- 
ples but at different intensities (Figure 1). Most (1204) CLL 
cases (case 7 was a CML) showed syndecan mRNA expres- 
sion. In case 9, only syndecan-1 was expressed, while case 4 
was negative for both syndecans (it was positive for both ILs). 
The results for case 2, which was also negative for both syn- 
decans, are probably inaccurate due to technical failure since 
there was a lack of signals for any primers. IL-6 mRNA was 
absent in two, IL-l 8 mRNA in three samples (Figure 2). 

Since the presence of mRNA does not necessarily indicate 
protein production [13,14], 6 CLL cases (positive for mRNA 
by RT-PCR) were further analysed. Approximately 88-98% 
of circulating B-CLL cells reacted positively with anti-synde- 
can-l MAb in all cases except one, where the positivity was 
58.5%. All controls remained below 5% (Figure 3). A similar 
reaction pattern was observed using the same MAb and tyr- 
amine amplified immuncytochemistry on cytospin slides. In 
positive cells, the syndecan-1 protein was located on the cell 
surface. 

To verify syndecan-1 expression on normal PBMN cells, 
they were double stained with anti-syndecan as well as anti- 
CD3 or anti-CD1 9 antibodies. No or hardly any positive cells 
were identified by flow cytometry, while HT58 B-NHL cells 
showed the expected positivity (Figure 4). 

DISCUSSION 
The low level of syndecan-1 mRNA and the absence of 

syndecan-1 protein in control mononuclear cells are in 
agreement with previously published data showing that syn- 
decan-1 is not expressed in circulating murine B cells, only in 

those in tissue environment [6] and that it is expressed in 
human pre-B and plasma cell lines, but not in activated B 
cells (using RT-PCR) [15]. Here, we provide the first evi- 
dence that peripheral B-CLL cells express both mRNA and 
protein of syndecan-1. Also, our data support the fact that 
there is no syndecan-1 expression on human peripheral lym- 
phoid cells. What is the biological significance of syndecan-1 
in circulating B-CLL cells? One explanation would be the 
promotion of a more efficient adherence and cooperation 
with growth factors to stimulate accumulation of leukaemic 
cells in distant sites. However, this appealing idea is just the 
opposite of what has been observed for non-haematopoietic 
(epithelial) malignancies where syndecan- 1 expression 
decreased or disappeared during malignant transformation, 
both in viva and in vitro [ 16-181. This difference between 
epithelial and haematopoietic cells was also indicated in 
another study, when syndecan transcription was detected in 
human myeloma cell lines by RT-PCR and also by immu- 
nodot blotting [19], similarly to the normal counterparts, 
plasma cells. 

Direct evidence that syndecan-1 plays a role in homotypic 
adhesion comes from experiments where human B lymphoid 
cells (ARH-77) and human lymphoblastoid (Raji) cells were 
transfected with cDNA of murine syndecan-1 and the trans- 
fectants formed large multicellular aggregates in suspension 
cultures. The aggregation was inhibited by the addition of 
heparin and heparin-like glycosaminoglycans and by the 
removal of HS from the cell surface [20]. The transfected 
Raji cells, showing strong syndecan-1 expression, could bind 
to and spread on thrombospondin and fibronectin [21]. 
These observations support the idea that syndecan-1 can 
function as a receptor or co-receptor for different factors 
including growth factors (e.g. which are ligands for the HS 
chains of the proteoglycans like bFGF) [22], or others (e.g. 
which can promote homotypicheterotypic or matrix adhe- 
sions) [2,3,23]. 

There is only limited information on the regulatory 
mechanisms of syndecan expression in lymphoid cells [24- 
26]. In murine B lymphoid cells, syndecan-1 expression is 
regulated by IL-6 via post-transcriptional mechanisms [27], 
but data on the expression and production of IL-6 and other 
suggested regulatory cytokines in human CLLs are conflic- 
ting. In one study, B-CLL cells produced IL-18, TNFa, 
TGF8 and IL-6, similarly to the cytokine pattern of normal 
resting B lymphocytes [28]. Others have shown no significant 
release of IL-6 in B-cell leukaemia or lymphomas, including 
B-CLL [29]. Similarly, no RNA message for IL-6 or IL-l 
and only low levels of TNFol mRNA could be detected in 
cultured mononuclear cells from patients with B-CLL. In situ 
hybridisation revealed no IL-6 mRNA, but TNFcl and IL- 18 
mRNA were detected in a minority of mononuclear cells 
[30]. In our study, 12/14 circulating leukaemic cells of CLL 
patients expressed IL-6 mRNA, compared with 2/6 normal 
controls, and this difference was not seen for IL-18. Due to 
the fact that almost all cases were positive, an estimation of 
the relationship between the expression of syndecan-1 and 
clinical, biochemical data (Table 1) had no relevance. We 
had only one ‘true’ syndecan-1 negative B-CLL case, and this 
was also IgM negative. To understand this finding and to find 
any correlation between clinical data and the syndecan expres- 
sion would require more syndecan-1 negative B-CLL cases. 

Considering all possibilities, we believe that this first evi- 
dence of the presence of syndecan mRNA and protein on 
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circulating B-CLL cells is an important result and could 

be one of the starting observations clarifying the biological 
role of transmembrane HS proteoglycans in lymphomas and 
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