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SUMMARY

We have examined normal T-cells and T-cell lines with respect to expression of various somatostatin

receptor subtypes (SSTR1±5) using RT-PCR and PCR. To evaluate the function of these receptors we

have further studied the effects of subtype specific signalling on T-cell adhesion using somatostatin

analogs specific for various receptors as probes. Human T-lymphocytes showed SSTR expression

related to activation and stage of differentiation. Normal T-cells (peripheral blood, T-cell clone) and T-

leukaemia cell lines expressed SSTR2, SSTR3 and SSTR4. Normal T-cells expressed SSTR1 and

SSTR5 while T-leukaemia lines did not. SSTR5 was selectively expressed in activated normal T-cells.

T-lymphocytes produced no somatostatin themselves. Somatostatin and somatostatin analogs specific

for SSTR2 and/or SSTR3 enhanced adhesion of T-cells to fibronectin (FN), and to a certain extent, also

to collagen type IV (CIV) and laminin (LAM). T-lymphocytes express multiple SSTR and somatostatin

may therefore regulate lymphocyte functions via distinct receptor subtypes as shown here for adhesion to

extracellular matrix components (ECM) via SSTR2 and SSTR3. SSTR expression also distinguishes

normal and leukaemic T-cells. Our findings suggest that SSTR subtypes may be useful targets for

therapy during inflammatory diseases and malignancies affecting lymphocytes.
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INTRODUCTION

Somatostatin-producing cells are widely distributed in the central

and peripheral nervous system, in the endocrine pancreas and gut,

but they also occur in the thyroid, prostate, placenta, adrenals,

kidneys and skin [1,2]. Somatostatin induces inhibitory effects on

two key cellular processes, secretion and cell proliferation [2,3].

Somatostatin functions as a neurotransmitter in the brain and

inhibits the release of growth hormone and thyroid stimulating

hormone (TSH) [4,5]. In the gastrointestinal tract somatostatin

inhibits the release of virtually all hormones and it has a

generalized inhibitory effect on gut exocrine secretion [1,2]. Its

synthetic analogue octreotide, which has a more prolonged

duration of action, is used in clinical practice for the suppression

of the symptoms of neuroendocrine tumours, and to prevent

complications after pancreatic surgery [6]. Somatostatin has been

shown to suppress the inflammatory reaction [7], and somatostatin

has been used in several clinical trials to treat inflammatory

disorders, such as psoriasis [8] and rheumatoid arthritis [9].

Antineoplastic activity of somatostatin has been demonstrated in

several tumour models [10,11]. New potent and more selective

somatostatin analogs effectively inhibit proliferation and induce

apoptosis in different cancer and leukaemia cell lines [12±14].

Consequently various somatostatin analogs have also been

evaluated in clinical trials on malignancies that are known to

express receptors for somatostatin, including breast cancer [15],

hepatocellular cancer [16], pancreatic cancer [17] and lymphoma

[18].

There is increasing evidence that the neuroendocrine and

immune systems communicate with each other [19]. Somatostatin

receptors (SSTR) and receptors for vasoactive intestinal peptide

and substance P have been found in lymphoid tissues [20].

Somatostatin inhibits lymphocyte proliferation induced by mito-

gens, antibody production and cytokine production in CD41
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T-cells [2,21]. The functional roles of neuropeptides in the

immune system, however, is far from clear. Reports on

nonlymphoid cells have shown that the most widely studied

neuropeptide, somatostatin, binds to five distinct receptors [22].

These receptors have recently been cloned and their function

characterized using selective ligands for individual receptor

subtypes [23±28]. Some data show that the various receptor

subtypes may mediate different actions of somatostatin.

Somatostatin is present in normal and pathological lymphoid

tissues [29]. Macrophages from granulomas express mRNA for

preprosomatostatin [30]. Rat B- and T-lymphocytes have been

reported to synthesize and secrete somatostatin [31]. Indirect

evidence indicates that lymphocytes express somatostatin

receptors. Lymphocyte proliferation increases markedly after

removal of somatostatin and this suggests that somatostatin is a

paracrine/autocrine inhibitor of lymphocyte proliferation [32].

Adhesive interaction with ECM components is of pivotal

importance to migration and proliferation of cells of the

immune system [33]. It is interesting in this context that

leukaemic T-cells seem to exhibit defective cell substrate

adhesion [34]. Recently neuropeptides have been reported to

augment binding of peripheral blood T-cells to FN [35]. This

somatostatin-induced adhesion to ECM components is depen-

dent on b1-integrins [35].

In view of the fact that somatostatin seems to affect several

fundamental lymphocyte functions, very few direct studies have

been done on the expression of various somatostatin receptors on

lymphocytes [36,37]. In the present paper we have directly

tackled the question whether T-lymphocytes produce somatos-

tatin. We have also studied the expression of various

somatostatin receptor subtypes in normal and leukaemic T-cells.

To determine the function of these receptors we used

somatostatin analogs specific for distinct SSTR subtypes as

probes of SSTR-mediated enhancement of T-lymphocyte adhe-

sion to ECM components [38]. The adhesion response of T-

lymphocytes to somatostatin analogs specific for various SSTR

subtypes enabled conclusions about the function of individual

SSTR subtypes. The experiments were made using eight human

leukaemia T-cell lines in various stages of differentiation, with a

human T-cell clone and normal blood T-cells, differing in their

adhesion to ECM components.

MATERIALS AND METHODS

Chemicals

Table 1 lists the somatostatin analogs used: somatostatin-14

(Sigma Chemical Co., St. Louis, MO and Peninsula Laboratories,

Belmont CA); somatostatin-28 and RC-160 (Peninsula Labora-

tories); octreotide acetate (gift from Novartis Laboratories, Basel,

Switzerland); and NC 8±12 (Affinity Research Products LTD,

Exeter, UK). Human FN was purified, as described elsewhere

[39]; CIV, LAM, bovine serum albumin (BSA) and phorbol 12-

myristate 13-acetate (TPA) were purchased from the Sigma

Chemical Co. We used the following reagents for RT-PCR and

PCR: Taq polymerase, MuLV reverse transcriptase, RNasin,

dNTP, 25 mm MgCl2 and 10� PCR buffer (Promega, Madison,

WI, USA); random hexamers (Perkin Elmer Cetus, Norwalk, CT,

USA). Human leukaemic T-cell lines CCRF-HSB2, CCRF-CEM,

DND-CCRF, Jurkat, Molt-4, P30, Peer and HUT-78 were

obtained from the American Type Culture Collection, Manassas,

VA, USA, and the human T-cell clone AF 24 from ALK Research

Laboratories, Hoersholm, Denmark.

Analysis of somatostatin and somatostatin receptor mRNA

expression

Isolation of cellular RNA. RNA was isolated from the human

leukaemic T-cell lines CCRF-HSB2, CCRF-CEM, DND-CCRF,

Jurkat, Molt-4, P30 and Peer (representing various stages of

differentiation), the SeÂzary cell line HUT-78, the normal T-cell

line AF 24 and from nonactivated and TPA-activated CD2-

positive human blood T-cells [40]. Cells from the decidua and

trophoblasts (T220) were kindly provided by Lucia Mincheva-

Nilsson (University of UmeaÊ), and used as a positive control.

10 � 106 cells were collected by centrifugation, washed in

1 � 10 ml phosphate-buffered saline (PBS) and 2 � 10 ml

DEPC-treated PBS before being dissolved in 1 ml of solution

D2 (4 m guanidine isothiocyanate, 25 mm sodium citrate pH 7´0,

0´5% N-lauroyl sarcosine and 0´1-b -mercaptoethanol). RNA was

isolated from each of the cell lines using 500 m l of a cell

suspension (� 5 � 106 cells). The following steps were carried

out on ice in an RNase free area; 100 m l sodium acetate, 500 m l

TE saturated phenol (mix), and 200 m l chloroform/isoamyl

alcohol (24 : 1) were added. The mixture was placed on ice for

15 min. After centrifugation (25 min, 14000 r.p.m. at 48C), the

upper phase, containing RNA, was carefully removed and

transferred to new tubes. An equal volume of isopropanol

(500 m l) was added, and the tubes were kept at 2 208C
overnight. Centrifugation (20 min, 14000 r.p.m. at 48C) was

carried out to pellet RNA. The supernatant was removed and the

pellets resuspended in 400 m l of solution D2. 800 m l of 100%

ethanol was added, and the tubes were kept at 2 208C overnight.

RNA pellets were collected by centrifugation (20 min,

14000 r.p.m. at 48C) and washed 2 � 1 ml in 70% ethanol.

After the final wash, the tubes were allowed to air-dry on the

Table 1. Binding selectivity of somatostatin analogs to the somatostatin receptor subtypes*

Peptide Structure Receptor selectivity

Somatostatin 14 Ala-Gly-c(Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys) SSTR 1 2 3 4 5

Somatostatin 28 Ser-Ala-Asn-Ser-Asn-Pro-Ala-Met-Ala-Pro-Arg-Glu-Arg-Lys-Ala-

Gly-c(Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys)

SSTR 1 2 3 4 5

Octreotide D-Phe-c(Cys-Phe-D-Trp-Lys-Thr-Cys)-Thr(ol) SSTR 2 3 5

RC 160 D-Phe-c(Cys-Tyr-D-Trp-Lys-Val-Cys)-Trp-NH2 SSTR 2 5 (3 4)

NC 8±12 D-Phe-c(Cys-Tyr-D-Trp-Lys-Abu-Cys)Nal-NH2 SSTR 2 3

*The somatostatin agonist binding selectivity, as determined by Patel and Srikant on SSTR 1±5 expressing CHO-K1 cells (38).
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bench for 45 min. The pellets were then resuspended in 30 m l of

DEPC-treated water 1 0´5 m l RNasin. RNA solutions were

stored at 2 708C).

Reverse transcription-polymerase chain reaction (RT-PCR).

RT-PCR from 0´5 m l of purified RNA was done in the presence of

RNasin. Temperature cycling for the reaction was: step 1 428C,

15 min; step 2 998C, 5 min.

Polymerase chain reaction (PCR). We used the following

primers for PCR [41]: somatostatin (223 bp) 5 0primer GTTTCTG

CAGAAGTCCCTGG, 3 0primer AATTCTTGCAGCCAGCTTTG;

SSTR1(656 bp) 5 0primer AAGGTAGTAAACCTGGGCGTG,

3 0primer GGCTCAGAGCGTCGTGATCCG; SSTR2 (626 bp)

5 0primer ATGATCACCATGGCTGTGTGG, 3 0primer GATACT

GGTTTGGAGGTCTCC; SSTR3 (402 bp) 5 0 primer CTTCATCC

ATCATCGGTGTCC; 3 0primer TCATGACAGTCAGGCAGAAT

AT; SSTR4 (635 bp) 5 0primer AAGCTCATCAACCTGGGCGTG,

3 0primer GGGTTCTGGTTGCAGGGCTTC; SSTR5 (599 bp)

5 0primer CTGTCTCTGTGCATGTCGCTG, 3 0primer TCACAGC

TTGCTGGTCTGCAT.

The temperature cycling for all reactions was: step 1, 948C for

1 min; step 2, 558C for 1 min; and step 3, 728C for 2 min. Steps 1

through 3 were repeated 35 times, followed by 728C for 10 min

[42]. Amplified products were run on 1´5% agarose gels with

0´5 mg/ml ethidium bromide. Bands were visualized on a UV-

table and photographed using a CCD-camera.

Cell preparations and culture conditions

Mononuclear cells were isolated from 10 healthy blood donors by

centrifuging heparinized venous blood on a Ficoll gradient

(Lymphoprep, Nycomed, Oslo, Norway). Recovered cells in the

interface were carefully washed in PBS and remaining erythro-

cytes were lysed with a buffer containing 0´15 m NH4Cl, 0´01 m

KHCO3 and 0´1 m EDTA. The remaining mononuclear cells were

then treated with carbonyl iron and phagocytic cells removed by a

magnet. The CD21 blood T-cells for preparation of RNA were

purified using anti-CD2-coated Dynabeads (Dynal, Norway).

Recovered cells were resuspended in RPMI 1640 (Life Technol-

ogies Inc., Paisley, Scotland) supplemented with 2 mm l-

glutamine, 0´16% sodium bicarbonate, 100 IU/ml benzylpenicil-

lin, 100 mg/ml streptomycin and 10% FCS. The cells were

cultured in Nunclon Bottles (Nunc, Delta, Denmark) in a

humidified CO2 incubator at 378C and the cell attachment assays

were done the following day. We also performed experiments on

the human leukaemic T-cell lines P30, CCRF-HSB2, CCRF-

CEM, DND-CCRF, Jurkat, Molt-4, HUT-78 (SeÂzary) and the

normal human T-cell clone AF 24. The cell lines were cultured in

complete RPMI supplemented with 10% FCS as described above.

Cell attachment assays

In the cell attachment assays, plastic Petri dishes (60 mm, Becton

Dickinson, Mountain View, CA) were coated with FN, CIV, LAM

or BSA 10 mg/ml in a buffer containing 0´02 m NaH2PO4 and

0´15 m NaCl (pH 7´4) at 228C overnight. After coating with the

ECM proteins, the dishes were washed in the coating buffer. A

total of 2 � 106/ml of cells were washed in RPMI supplemented

with 10% FCS, resuspended in complete medium and used in the

adhesion experiments. The T-cells were preincubated with

somatostatin-14 1024 to 1028 m (in some experiments 1024 to

10214 m), with one of the somatostatin analogs listed in Table 1 or

with a negative control, in a humidified CO2 incubator for 2 h at

378C. Somatostatin was also present during the adhesion assay.

Unbound cells were removed after 1 h by gentle aspiration. Bound

cells were fixed in cold glutaraldehyde 2´5% in PBS for 10 min

and the adherent cells were counted using an inverted microscope

(IMT-2, Olympus). Cells from five microscope fields were

counted and the mean of the adherent cells was determined.

Statistical methods

The findings were analysed using one-way analysis of variance

(anova) with repeated measures. Post hoc comparison of means

was done with the Tukey HSD test. The distribution of some of

the variables was skewed and the data have therefore been log-

transformed to meet requirements for an adequate anova.

RESULTS

Lack of somatostatin mRNA expression in human normal and

leukaemic T-cells

The possible expression of somatostatin mRNA in the human

leukaemic T-cell lines CCRF-HSB2, CCRF-CEM, HUT-78,

Jurkat, Molt-4, P30 and Peer, the normal T-cell clone AF24,

and in nonactivated and activated CD21 blood T-cells was

analysed with RT-PCR. The somatostatin primers were designed

to detect mRNA for both somatostatin-14 and somatostatin-28.

Human decidua and trophoblast cells, which express somatostatin,

were used as a positive control (Fig. 1) [43]. We found no

somatostatin mRNA expression in the leukaemic T-cell lines

(Fig. 1), in blood lymphocytes and AF24 (not shown).

mRNA expression of SSTR subtypes in human leukaemic and

normal T-cells

The expression of mRNA in the five SSTR subtypes by the human

leukaemic T-cell lines CCRF-HSB2, CCRF-CEM, HUT-78, Jurkat,

Molt-4, P30 and Peer, the human T-cell clone AF 24, and in

nonactivated and TPA-activated CD21 blood T-cells was analysed

using RT-PCR and PCR (Table 2). The leukaemic T-cell lines

expressed mRNA for SSTR2, 3 and 4, of which the amplified products

for SSTR2 and SSTR4 were pronounced in all cell lines (Fig. 2). The

expression of mRNA for SSTR1 and 5 was very weak or undetectable

in the leukaemic cell lines (Fig. 2). SSTR1 was expressed in resting

and activated CD2 positive T-cells and in the T-cell clone AF24, while

SSTR5 was expressed selectively in activated CD2 positive T-cells

and AF24. In the T-cell clone AF 24, mRNA for all five receptors

could be detected, with the strongest expression for SSTR5 (Fig. 3).

Nonactivated CD21 cells from healthy blood donors expressed

mRNA for SSTR1±4 of which the amplified product for SSTR3

showed the highest intensity, while activated CD21 cells showed an

intense SSTR5 band, but a weak expression of SSTR1±4 (Fig. 3).

These findings show that normal blood T-cells and T-cell clones

express SSTR1 and 5, while the leukaemic T-cell lines show weak or

negligible expression of these receptors. It is also obvious that SSTR2,

3 and 4 are expressed in all T-cell lines, but vary in expression in

normal T-cells in relation to activation.

Somatostatin enhances adhesion of T-cells to ECM proteins

To determine whether the expression of SSTR could exert

functional effects on T-lymphocytes, we evaluated the influence

of somatostatin-14 on the adhesion of T-cells to surfaces coated

with the ECM proteins FN, CIV and LAM. Somatostatin at high

concentration (1024 m and 1025 m) significantly increased the

adhesion of peripheral blood T-lymphocytes from healthy donors

(n � 10) to FN (P , 0´001) (Fig. 4). Somatostatin at concentrations
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of 1024 to 1026 m tended to increase T-lymphocyte adhesion also

to CIV and LAM (data not shown). Treatment with somatostatin

also increased adhesion of TPA-activated blood T-lymphocytes to

ECM proteins.

Adhesion experiments with somatostatin were also performed

using the human leukaemic T-cell lines CCRF-HSB2, CCRF-

CEM, DND-CCRF, Jurkat, Molt-4, P30 and Peer, the Sezary cell

line HUT-78 and the human T-cell clone AF 24. The leukaemic

Fig. 1. Expression of somatostatin mRNA in human leukaemic T-cell lines. RT-PCR and PCR were performed on RNA from the various

human leukaemic T-cell lines using a primer specific for somatostatin. Cells from decidua and trophoblasts (T220) were used as positive

controls. The products were run on an agarose gel containing ethidium bromide, and visualized on a UV table. The amplified products

measured 223 bp.

Fig. 2. Expression of somatostatin receptor (SSTR) subtypes in a normal T-cell clone (AF 24) and in human leukaemic T-cell lines. RNA

from the T-cell lines was reverse-transcribed and subjected to PCR amplification with primers specific for SSTR1 (a), SSTR2 (b), SSTR3

(c), SSTR4 (d), SSTR5 (e) and b-aktin (f). The products were visualized using agarose electrophoresis. The amplification gave products of

the following sizes: SSTR1: 656 bp; SSTR2: 626 bp; SSTR3: 402 bp; SSTR4: 635 bp; SSTR5: 599 bp; b-aktin: 540 bp.
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T-cell lines showed a high spontaneous adhesion to FN, which

was only slightly augmented by somatostatin. The leukaemic T-

cell lines showed weak `spontaneous' adhesion to CIV and LAM.

However, somatostatin markedly increased the adhesion of the T-

cell lines to these ECM components as exemplified by

representative experiments with CCRF-CEM and HUT shown in

Figs 5 and 6.

In repeated experiments with HUT, somatostatin caused a

significant increase in the adhesion to FN in concentrations of

1024 m (P , 0´01) and 1025 m (P , 0´05), and also to CIV at

1025 m (P , 0´05) (Fig. 6). The T-cell clone AF 24 showed a

high `spontaneous' adhesion to FN, CIV and LAM, and no further

increase occurred after somatostatin treatment.

Adhesion experiments with somatostatin analogs having different

receptor affinities

The RT-PCR studies showed that all T-cell lines in the adhesion

experiments and normal T-cells expressed mRNA for SSTR2, 3

and 4 (Table 2; Figs 2, 3). The leukaemic T-cell lines showed

negligible expression of mRNA for SSTR1 and 5 (Figs 2, 3).

Somatostatin-14 has a high affinity for all five SSTR

which would suggest that it can enhance adhesion via all these

receptors. To determine whether a specific SSTR subtype is

mainly responsible for the increased T-cell adhesion to ECM

components induced by somatostatin, we did experiments with

somatostatin analogs selective for various SSTR (Table 1) [38].

NC 8±12 (highly selective for SSTR2 and 3) in a

concentration of 1024 m, increased T-cell adhesion to FN,

CIV and LAM more effectively than the other analogs. The

somatostatin analogs octreotide (specific for SSTR2, 3, 5), RC

160 (specific for SSTR2, 5; in higher concentrations also to

SSTR3, 4), and somatostatin-28 (specific for SSTR1±5),

increased T-cell adhesion to the same extent as somatostatin-

14, although the effect of somatostatin-14 was stronger in

most experiments.

Thus, NC 8±12 and octreotide, which both have a high affinity

for SSTR2 and 3, effectively increased T-cell adhesion. This

finding, taken together with the fact that all the T-cell lines and

normal T-cells as shown by RT-PCR expressed SSTR2 and 3,

supports the conclusion that the enhancement of T-cell adhesion

to ECM induced by somatostatin is probably mediated via SSTR2

and/or 3.

Fig. 3. Somatostatin receptor (SSTR) expression in normal human blood T-cells. RNA from resting (CD2 and CD2 B, two donors) and

TPA-activated (CD2 activ.) CD2 fractions from blood T-cells were reverse-transcribed and subjected to PCR amplification with primers

specific for SSTR1 (656 bp), SSTR2 (626 bp), SSTR3 (402 bp), SSTR4 (635 bp) and SSTR5 (599 bp). The products were visualized using

agarose electrophoresis.
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DISCUSSION

Although somatostatin probably has an important functional role

for the immune system, and new somatostatin analogs are under

development as putative drugs in the treatment of inflammatory

diseases and malignancies, there is relatively little previous

information concerning the expression of somatostatin receptor

subtypes on lymphocytes. This study presents new information

regarding somatostatin receptor expression and function of T-

cells, and provides evidence that SSTR expression distinguishes

normal and leukaemic T-cells. By using RT-PCR, we have

mapped the mRNA expression of five different somatostatin

receptors in normal blood T-lymphocytes, in eight human

leukaemic T-cell lines and in a human T-cell clone. The

expression of somatostatin receptors by T-lymphocytes has also

been compared to the effect of signals exerted via these receptors

on adhesion of T-cells to FN, CIV and LAM. To evaluate the

function of signals via the separate somatostatin receptors, we

used somatostatin analogs with known specificity according to

binding assays (Table 1) [38]. The experiments show that SSTR

may have a profound effect on fundamental lymphocyte functions.

Normal T-lymphocytes as well as a T-cell clone and all the

eight T-cell lines studied were found to be negative with respect to

somatostatin mRNA expression. Therefore, although T-cells can

respond to somatostatin, they do not seem to produce the

neuropeptide themselves. The finding that lymphocytes produced

somatostatin in a previous study may have been due to use of a

cell suspension from rat spleen which could have contained

macrophages/monocytes [32].

The normal T-lymphocytes, including peripheral blood T-cells

and a T-cell clone, and the leukaemic T-cell lines, showed some

consistent differences and similarities with respect to SSTR

expression. SSTR2, 3 and 4 were generally present in all the

normal and leukaemic T-cells examined. The normal T-cells

expressed mRNA for SSTR1 and SSTR5 while the leukaemic cell

lines did not have SSTR1 and 5. The leukaemic T-cell lines

showed a strong expression of SSTR2 while the normal T-cells
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Fig. 4. Somatostatin-induced adhesion of blood T-cells to fibronectin

(FN). T-lymphocytes from 10 blood donors in separate experiments were

allowed to adhere to FN-coated wells in the presence of somatostatin-14.

After fixation, we determined the mean of five microscopic fields.

Significant differences between the control and somatostatin-treated cells

are indicated (***P , 0´001).

control 10–7 10–6 10–5 10–4

Somatostatin (M)

0

50

100

150

200

250

300

350

C
C

R
F-

C
E

M
 a

d
h

es
io

n
 (

n
u

m
b

er
 o

f 
ce

lls
)

Fig. 5. Somatostatin-induced adhesion of CCRF-CEM T-cells to various ECM components. Note that this T-cell line shows poor adhesion

to CIV and LAM in the absence of somatostatin. CCRF-CEM cells were allowed to adhere to FN, CIV, LAM and BSA-coated wells in the

presence of somatostatin-14. After fixation the number of adherent cells in five microscopic fields were counted and the mean determined.

The graph shows the results of one representative experiment. The spontaneous adhesion to FN is high and not affected by somatostatin. The

adhesion to BSA is not influenced by somatostatin. X FN; P LAM; B CIV; O BSA.
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had a relatively weak SSTR2 expression at the mRNA level. Two

studies have previously reported the expression of somatostatin

receptors on cells of the immune system. The receptors have been

detected in normal lymphoid tissue and in pathological tissues,

e.g. Hodgkin and non-Hodgkin lymphomas, rheumatoid arthritis

and sarcoidosis [19,44]. Tsutsumi et al. [36] and Cardoso et al.

[37] analysed somatostatin receptor expression at the mRNA level

in Jurkat cells, which were also examined in the present study.

Cardoso et al. reported expression of SSTR3 but not the other

subtypes in Jurkat, while Tsutsumi et al. detected mRNA for

SSTR3,4 and 5 but not SSTR1 and 2. In our experiments, Jurkat

clearly expressed SSTR2,3 and 4. The expression of SSTR3 was

very strong in our study, which may be consistent with the data of

Cardoso et al. A plausible explanation why Cardoso et al. did not

detect the other SSTR subtypes may be the use of different

primers.

The fact that the individual T-cell lines express multiple SSTR

may suggest that the different receptors operate in concert rather

than as individual receptors. However, there is some evidence

from other test systems for a subtype selectivity of SSTR effects

in that SSTR1, 2, 4, and 5 can arrest cell growth, but SSTR3 is

cytotoxic [45±47]. A comparison of the SSTR expression in

various leukaemic T-cell lines and of the responsiveness of the

same cells to somatostatin and its analogs in adhesion tests as

described in 0results', suggests that SSTR2 and/or 3 are

responsible for the enhancement of adhesion to extracellular

matrix components. Functional diversity of the different SSTR,

however, can not be excluded [46,48]. Such a diversity might

explain our finding that SSTR2 and 3 seem to be the most likely

inducers of the augmented capacity to adhere to ECM compo-

nents.

The present findings are relevant to understanding the

functional role of neuropeptides for the immune system.

Neuropeptides are probably present in sufficient amounts in

tissues to affect various lymphocyte functions such as adhesion

[3,20]. Neuropeptides, including somatostatin, can be released
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Fig. 6. Somatostatin-induced adhesion of HUT-78 T-cells to various ECM components. Note that this T-cell line in the absence of

somatostatin shows poor or negligible substrate adhesion to all the three ECM components FN, CIV and LAM. The SeÂzary cell line HUT-78

was allowed to adhere to FN, CIV or LAM-coated wells in the presence of somatostatin-14. After fixation, we determined the mean of five

microscopic fields. Mean values and standard error of eight experiments are shown. Significant difference between control and somatostatin-

treated cells are indicated (*P , 0´05, **P , 0´01).

Table 2. Expression of mRNA for somatostatin receptor subtypes by

human T-lymphocytes*

Cell type SSTR1 SSTR2 SSTR3 SSTR4 SSTR5

P30 ± 1 1 1 1 1 1 ±

CCRF-CEM ± 1 1 1 1 1 ±

Molt-4 ± 1 1 1 1 1 1 1

Jurkat ± 1 1 1 1 1 1 1 1 1

CCRF-HSB2 ± 1 1 1 1 1 1 ±

Peer ± 1 1 1 1 1 1 1 ±

HUT-78 ± 1 1 1 1 1 1 ±

AF 24 1 1 1 1 1 1 1 1 1 1

CD2 1 1 1 1 1 1 ±

CD2(activated) 1 1 1 1 1 1

*Relative expression of mRNA for somatostatin receptor subtypes in

human leukaemic T-cell lines (P30, CCRF-CEM, Molt-4, Jurkat, CCRF-

HSB2, Peer and HUT-78), the normal T-cell clone AF 24 and normal

nonactivated and activated CD21 blood T-cells was determined by RT-

PCR and PCR (Figs 1±3). The findings from two identical experiments are

summarized here: ± no expression; 1 weak signal; 1 1 moderate to

strong signal; 1 1 1 strong signal.
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from nerve endings and secreting cells in lymphoid tissues and in

most major peripheral nonlymphoid organs. For example, in the

gut, where lymphocytes are found in large numbers, somatostatin

may act as an important regulator of gastrointestinal physiology

and function of the immune system. However, it is not yet

possible to present a unifying concept of the specific actions of

neuropeptides and their receptors in the function of the immune

system.

T-lymphocytes express multiple SSTR and somatostatin may

therefore regulate cell functions via distinct receptor subtypes.

SSTR expression also distinguishes normal and leukaemic T-cells.

It is now an important task to identify the exact functional role of

each SSTR subtype on T-lymphocytes. The development of

selective SSTR receptor antagonists in the future will provide

further information in this regard. The present findings and

particularly the distinct SSTR expression in normal and leukaemic

T-cells suggest that SSTR subtypes may be useful targets for

specific somatostatin analogs in the treatment of inflammatory

diseases and lymphocyte malignancies.
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