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1125RfD-Rla*1-DEndorphin (DEP*) bindinu to Epstein-Barr Virus FEBUl transfoned 8 Lymphocytes or to freshly 
isolated lpphocytes was characterized. The bindinu Uas tile-, taperature- and p&dependent; furthenore, 
it was reversible and cell concentration dependent. Naxirug bindinu appeared at 15C in Tris buffer tpH 7.6) 
containins both 8Sb 0.51 and Bacitracin 0.1 M&l. DEP inhibited DEP. bindinu to transfoned lymphocytes and 
to freshly isolated lymphocytes by 502 at rpproxiDately 4x10’* N and 8x10-’ N, respectively. Peptides 
representinu agino-acid sequences 1-5, l-16 and 1-17 of SEP did not inhibit E.EP bindinu, neither did the 
opiates cogpounds Naloxone, Horphine, Brenazocine and Ethylketocyclazocine. On the contrdry, BEP (6-31) 
inhibited BEP* bindinu as effectively as BEP, thus indicatinu that DIP* bindinu to lygphocytes does not 
involve the N-terginal reuion of SEP. ZxlO’nl freshly isolated lymphocytes bound 1.534l.751, whereas 
2xlOu1gl transformed lymphocytes hound 1.66~.752 (ueantiD1 8EP’ at tracer concentration. E8U transforged 
lymphocytes and freshly isolated lymphocytes gay be useful to study DEP receptors in hugam. Q 1989 Academic 
Press, Inc. 

It has been suuuested that I-Endorphin (DEP) has various receptor-mediated actions on lygphocytes such as 

eodulation of both the Phytohaeuoagglutinin- and Concanavalin R-induced proliferative responses (I, 2), and 

stimulation of both Natural Killer activity 13-5) and Interferon production 161. Furthergore, it has been 

suggested that 8EP receptors nay play a role in certain clinical states, such as Non-Insulin Dependent 

Diabetes Nellitus (71, Polycystic Ovarian Disease (8) and eating disorders (9). Therefore, experiments 

have been carried out in order to characterize BEP receptors in lymphocytes since they are easily 

obtainable frog human beinus and they should be a suitable Dodel to study: il the iggunogodulatory role of 

BEP; ii) the presence of EEP receptor defects in hugans; and, iii) the role of receptor defects in the 

pathogenesis of disease states, 

MTERIRLS RID NETNODS 

RPNI 1640, Fetal Calf Serue WCS), Phosphate Buffer Saline Solution [PBS), Penicillin-Streptonycin and 
Clutarine mere frog Flow Laboratories (Irvin, Scotland); Lyephoprep nas frog Nieuard and Co. A/S (Oslo, 
Norway); Di-n-buthyl-phtrlate uas froD Nerck (Darestadt, FRG), Bovine Sew Rlburin (fraction U), Bacitracine, 
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a, B and y  Endorphin, .Het- and Leu-Enkephalin, llCTH l-39, a, I andyH!iH, tlaloxone uere from SICflll (St.Louis, 
USA); Ceuazocinc was kindly provided by Sandoz (Basiler, Suitzerland). 
Blood sauples, dram from the antecubital vein, were obtained from uolunteers. They uere norral as far as body 
ueinht (Geigy Table, 7th edition), heuatocheuical parameters and physical examination. purthenore, 
volunteers had no family history of diabetes uellitus, obesity, hypertension, headache, neurological or 
psychiatric disorders. Hone had taken any drug during the last tuo months. 

Cell oreoaration blood uas collected in a heparinized syringe, diluted 1:2 in PBS, peripheral 
blood mononuclear cells isolated on a gradient of Lyuphoprep according to Boyuu (10) and finally washed three 
times in PBS. In the case of transformed lymphocytes, cells were suspended in RPM 1640 uediuu supplemented 
with 202 FCS, 50 I.Wnl Penicillin, 50 uml Streptomycin and 2 Eli Glutauine, and subsequently B Lymphocytes 
uere transforred with Epstein-Barr Virus (EBU) obtained fror the supernatant of the Narroset lyaphoblastoid 
line 895-8, as previously described (111. EBU exposed cells mere incubated at 37C in presence of an rtuosphere 
of 51 CO -9510 and began to proliferate after 5 ueeks of incubation. In the case of freshly isolated 
lyaphocytes, cells were suspended in RPKI 1640 medium, incubated for 1 hr at 37C in a plastic Petri dish, non 
adherent cells harvested, washed repeatedly and finally suspended in the binding buffer. In the final sample 
over 981 of the cells were lymphocytes. 

112511 2 - - ID Ala 1 -BEP binding studipg: human [D-A1a21-IEP was labeled by leans of Chlorauine T according to the 
method described by Ham et al. (12). Specific activity uas approximately 200 udm. Transformed lymphocytes 
(2x10 s&l), or freshly isolated lyrphocytes tMO’/rll, mere suspended, unless otherwise indicated, in TRIS 
25uti, KC1 5d, NaCl 1201ti, EDTA l.Wi, WgSO l.tufl, Glucose lOuti buffer (pii 7.6) (TRIS buffer) (131 

containing both BSA 0.51 and Bacitracine 0.1 wel. Cells uere incubated uith WiIbtD-Lla21-BEP uxlO”% 
(BEP*) in the presence or absence of increasing auouns of IEP, various opioid peptides or opiate compounds. Rt 
the end of the incubation period 200 ul aliquots were layered over 200 ul Di-n-buthyl-phtalate (d-1.05) 
(13) and centrifuged in Beckran Nicrofune E. Non specific binding uas estimated as the binding of BEP* in the 
presence of lO*.llEP. Cell viability, measured at the beginning and at the end of each incubation period 
by the Tripan Blue exclusion test, was always over 972. BEP* degradation was measured by both the 
Trichloroacetic acid precipitation technique and rebinding studies. 

RESULTS AtID DISCUSSION 

Initially, tile-course binding experiments have been performed on transforaed lymphocytes in TRIS buffer 

(pH 7,61 at 1X. Under these experimental conditions non specific binding uas about 402 of total binding due 

to tracer degradation (data not shoun). In order to overcoee this problem, the binding buffer uas 

supplemented uith 0.1 ug/ul Bacitracine plus BStl at concentrations ranninn froa 0.1 to 12. Tracer 

degradation uas completely abolished in the presence of both 0.52 BSA and 0.1 up/r1 Bacitracine. Therefore, 

subsequent experiments uere carried out adding these corpouns to the binding buffer. 

Figure.1 shous that BEP* binding to transforred lymphocytes was tile- and temperature-dependent, the 

uaximur specific binding appearing at 15C. At this terperature steady state uas achieved in thr and lasted 

until 3hrs uithout any considerable tracer degradation; non specific binding uas 202 of total binding, 

Conversely, at 24C the steady state uas achieved in 30ein and lasted lhr uhereas at 37C the steady state 

was achieved in 20 &in (Fin.1). It is noteuorthy that after lhr of incubation tracer degradation uas 142 

at 24C and 181 at 37C. At these temperatures degradation disappeared in the presence of 1 we1 

Bacitracine but the specific binding decreased consistently. BEP* binding uas pH-dependent; uaxiuuu specific 

binding US obtained in a pH range from 7.4 to 7.8. DEP. binding uas reversible, in fact at the steady state 
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finvrrl The effect of incubation time and teaprrcturr on specific 1125X1-ID-AlPI-BEndorphin (IEP*) bindina 
to transfonrd lyuphocytts. 2xlO*cells&l mere incubated uith IEP* at tracer concentration in TRIS buffer (pli 
7.61 at 15, 24 and 5X for urrying tiles in the presence or absence of 104k IEP. Values represent uedns of 
three experiments, each done in triplicate. 

(90 xin at 150, the addition of lodk IEP to the incubation rediug induced a progressive dissociation of 

the bound radioactivity, so that after lhr about 802 of the radioactivity uas dissociated (data not 

shown). The binding reaction uas carried out in the presence of a variety of buffers and media 

(Hank’s, Krebs-Ringer Bicarbonate, Hepes-TRISI but the highest specific binding xas obtained in the 

presence of the aforegentioned TRIS buffer (data not show). Experi#ents carried out on circulating 

lyrphocytes gaue superigposable results. The binding i,ncreased as function of transforred lygphocyte 

concentration in the range frog 0.5~10~ to 4~10~ cells/g1 ;fig.Zaf. Furtherrore, binding also increased 

as function of freshly isolated lpphocyte concentration in the range fror 0.5x10’ to 3xlO’A. 

2~10~ /11 tramfomed lygphocytes frog 5 noraal subjects bound specifically l&9.752 tgean&DI, uhereas 

2xlO7/ul freshly isolated lymphocytes frog 9 nonal subjects bound specifically 1.53$1.752 IreandDI BEP* at 

tracer concentration. 

Competition-inhibition studies shoued that REP and IEPU-31) haue sirilar inhibitory properties for BEP* 

binding, 502 inhibition occurring at about 4x10-% in the case of transforgated lygphocytes (Fio.3aI and at 

about RxlO-gtl in the case of freshly isolated lygphocytes tFig.JbI. The forger value is in close agreerent 

with data reported by Ham et al. (14) on 5EP receptors in RPRI 6237 cultured lymphocytes. Therefore, 

circulating lymphocytes seer to bind IEP uith higher affinity in corparison to transferred lymphocytes. 

Scatchard analysis of data shoued curvilinear plots suggesting the presence of tuo different receptor 
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.Finure 2 The effect of cell number on specific 1125X1-tDdl?l-I1Endorphin (BEP.1 binding to transformed 
ly~pbocytcs tr) or‘fmhly isolated lysphocyte~ Ib). Cells mm incubated at 15C and at varying concentratio 
in TRIS buffer (pH7.6) uith DEP. at tram concentration for PO sin in the presence or absence of 1 o-4 
BEndorphin. Values ‘represent acans of three expcrisentr, rach done in duplicate. 

populations or negative cooperativity (fig.3b; inset). Therefore, it is not possible to calculate the 

affinity constant (15). 

It has been reported that IEP influences lymphocyte proliferative (1) or blastogenic (2) response through 

its non-opioid C-tewinal setment rather than its opioid active moiety (i.e. the N-terminal searent of the 

~oleculr). II-terminus is not involved in tht binding to both freshly isolated lymphocytrs and transformed 

lymphocytes. In fact Leu-Enkephalin, fttt-Enkephalin tcorrespondina to the N-terninal aninoacid t-51, aEP and 
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pime 3 The corpetition-inhibition effect of unlabeled 5Endorphin (O-0 1, IEndorphinU-31) (A----A) 
and ACM CL--01 on specific tlZSII-[Ddla’l-5Endorphin 15EPpl bindino to transfomed ljlrphocytes UxlO%lI 
to) or unlabeled 5Eadorpbin on specific 5Ep bindinp to freshly isolated ly&qtes t2xlO’nlI (bl. Cells 
uert incubated at 15C in the presence or absence of increasing amounts of the aforuentionrd corpounds. Data 
uere plotted as ptrctntaua of the rpeclfie bindinu obtained in the presrntr of 5EPu at tracer concentration 
alone The bindina obtaintd in the prescncc of lo-?I 5Endorphin uas considered non-specific and subtracted. 
values represent was of data obtained vith cells frou 5 norual subjects, each point done in duplicate. 
Inset: Example of Scatchard plot of the 5Endorphin coupetitiw bindinn data. 

y5P (corresponding to the If-tminal sequence 1-16 and l-17, rtspectiuely) mere not able to inhibit BEP* 

bindinn at 1& (data not sboun). On the other hand, OEPU-311 lrckinn the Ii-terminal sequence 1-5, inhibited 

UEPu bindi,m as effectively as IEP, indicating that IEP interacts with lymphocyte receptors throunh the 

central-, C-ttninal fragrent. These data are in aprtertnt uith results reported in RPM 6237 cultured 
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lymphocytes (141, EL4 souse thyuora cells (161, hum neuroblrstota cell lines (17) and huuan SF 126 cells 

(181, and in various rat tissues (19). Horeover Waloxone, Breuazocine, Horphine and Ehtylketocyclazocine did 

not inhibit gEP* binding at lo-‘II (data not shown) confirming that both transforued lymphocytes and freshly 

isolated lymphocytes possess non-opioid EEP receptors. 

a&X, EtlSH and yllSH at lo-‘fl did not influence E.EP* binding (data not shown). Conversely, RCTH inhibited 

DEP* binding at high concentration (fig.3a). Ye do not knou the biological relevance of this result; it is, 

however, noteuorthy that DEP and ACTH originate from the saue prohoruone, and that opioid and 

corticotrophic systeus have several opposite or overlapping effects (20, 21). 

Inxonclusion, this report describes the presence of non-opioid DEP receptors on both EBU transforred B 

lymphocytes and freshly isolated lymphocytes. These tuo models might be useful to study DEP receptors in 

human beings; in particular, transforaed lyuphocytes have been proven useful to study receptors for other 

horuones (22, 23) since it is possible to obtain large quantities of houonenous cells that continue to 

proliferate indefinitely bearing the genetic receptor pattern of the donor. 
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