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In patients with cutaneous T-cell ly’r’n‘i’;pihomﬁs”;(CTCL),,;solu«-
ble interleukin-2 receptor serum levels (sIL-2R) were deter-
mined by ELISA technique, and natural killer cell (NK) activ-
ity, by a 4-h chromium-51 release assay. Decrease of NK
activity correlated with the augmentation of serum sIL-2R.
After a 4-d stimulai vith interleukin 2 CTC ients”
peripheral mononue ells (PMC ved a :
cytotoxic activity similar to that in healthy denors’ PMC.
Normal donors” PMC. demonsirated a diminished IL-2—
induced cytotoxic activity in 25% CTCL serum (sIL-2R of
3000, 7330, and 10700 U/ml, respectively) compared to
control serum (SIL-2R of 400, 340, and 420 U/ml, respec-

showed an increase of

tively). IL-2~dependent proliferation of 2-d phytohemag--
glutinin (PHA) blasts was lower in CTCL serum than i
control serum. sIL-2R was enriched from one CTCL pa-,
tient’s serum by IL-2 affinity chromatoegraphy. Transfection.

- of the Tac gene into NIH/3T3 fibroblasts resulted in the-

production of a recombinant sIL-2R. The presence of
ched native or recombinant s[L-2R inhibited

‘interleukin-2-dependent generation of cytotoxic activity

and PHA blast proliferation. We suggest that elevated sIL-
2R levelsgﬁc-‘oﬂn"t fordiminished NK activity by neutralizing
interleukin 2 in CTCL patients. J Invest Dermatol 98:50-54,
1992

eceptor shedding is a well-known phenomenon in
cellular biology: [1~4]. Seluble molecules have been
detected for a broad range of surface proteins; they
include: T-cell anitigens such as CD -8 [2], adhesion

w molecules [3] such asintercellular adhesion molecule-
1, and cytokine receptors such as thealpha-chain (p55 kD protein or
Tac protein) of the high-affinity interleukin-2 receptor [4]. The
phiysiologic significance of these released surface proteins is still
unclear. ‘

Recently, elevated seruin levels of soluble interleukin-2 receptors
(Tac-protein) in patients with cutaneous T-cell lymphomas
(CTCL) were reported [5;6]. These diseases include:a heterogenos
group of lymphoproliferative disordets originating inthe skin [7]. A
stage-related decrease of nat activity in these
patients was reported [8, ecause ‘interleukin 2 is a potent
stimulating factor for NK activity [10]; and sIL-2R is able to
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Abbreviations

PBS: phosphate-buffered:

PHA: phytchema i
PMC:.peripher:
sIL-2R; soluble interleukin-2 receptor (Tac-protein)
SL: specific lysis .
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‘Preparation of Peripheral Mononuclear Cells (PMC);{

bind IL-2 efhciently [11], we analyzed the interactions of NK acti
ity and sIL-2R in vivo in CTCL patients. In order to: define t
role of the soluble Tac protein in JL-2~dependent p.r,olifcratio
and generation'of cytotoxicity, sIL-2R wasenriched from the se:

of a CTCL patient and a recombinant molecule was produced::
Thgiir'd influence on interleukin 2 in vitio cﬂgct’s wi

studied.

MATERIALS AND METHODS

Patients Seventeen non-leukemic patients with histologically:
proved CTCL in different stages were investigated. Patients’ char-
acteristics are summarized in Table I. Patients were without sy
temic treatment orintensive topical treatment for at least 2 weeks:
before peripheral blood mononuclear cells for Cr-51 release ass
and serum for determination of the sIL-2R were taken.

Quantitation of Soluble Interleukin-2 Receptors sIL-2R
the serum or in culture medium were determined by sandwi
ELISA (T Cell Sciences Inc., Cambridge, USA) [12]. The test e
ploys two non-competing murine monoclonal antibodies to t
alpha-chain of human IL-2R, .and was carried out according to t
manufacturer’sinstructions. After the developinientof the colort
ELISA plates were read at-490 nm on a Dynatech MR 700 mier
platereader. Units.of sIL-2R wete calculated from a standard cu

constructed on the basis of a supernatant from phytohemagglu-
tinin-stimulated peripheral blood mononuclear cells (T Cell®
Sciences), Interassay variation was 5%.

Human PMC were obtained from healthy age-matched volun-;
teers and from CTCL patients after.informed consent, and separ-
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Table]. Patients’ Characteristics and Immunoparameters (sIL-2R, NK activity)®

Patient Stagc"i:NM; [32] Histologic Diagnosis Pretreatment sIL-2R (U/ml) Specific Lysis (%)
GE A Myessis fungoides external steroids; électron 1,690 5.0
beam radiation B
HE 1B Mycosis fungoides cx‘ternnl; steroids 385 13.0
WA 1A Mycosis futigoides external steroids 405 16.5
BA ITA Myicosis fungoides extcrnal steroids 330 4.0
HO B High-grade pleomorphic MTX, IEN=¢, PUVA 538 30.7
ST 1B Mycosis:fungoides ¥ topical, external 3,000 6.4
steroids o

Tl HI external stéroidss 1,320 4.0
KA ITA extetnal steroids;, IEN-a¢ 3,570 6.0
KAI 1B PUVA, external steroids 10,700 6.0
KE A eexternal stetoids: 1,190 21.9
RE A external steroids 720 15.0
SCH 1A Vyeos ‘ extégnal steroids , 950 10.5
TR 1A Mycosis ,‘-‘!lng\_ [es PUVA, extetnal steroids 800 42.3
BET 1A Myecosis fungoides noné 7,330 2.3
HER IA. Mycosis fungoides PUVA, external steroids 1,110 6.9
KU IB Granulomarous slack skin ‘external steroids 650 24.7
VA B Mycosis fungoides | ‘external steroids 300 225

* MTX, methothrexate; BCNU, cariiustinie, IFN-d, intcfferon-c2a,

ated by Ficoll-Hypaque gradient centrifugation. After separation
the cells were w:{sge,d twice and immediately resuspended in com-
plete medium (CM) consisting of RPMI 1640 (Gibco/BRL, Eg-
genstein, FRG) supplemented with 5% fetal calf serum (Gibco/
BRL) or huinan seriith as inidicated, 2 miM L-glutamine (Seromé
Berlin, FRG), 10 mM s n pyruvate (Seromed); 100U/ml peni-
cillin (Seromed), 100 pg/ml streptomycin (Seromed), and 50 ug
gentamycin (Seromed).. For determination of NK activity, cells
were used immediately after preparation in the Cr-51 reledse
assay.

Induction of Cytotoxicity PMC were incubated for 4 d in CM
supplemented with different concentrations of recombinant 1L-2,
kindly provided by Eurocetus, Frankfurt, FRG. The cell concentra-
tion was 1 X 10%/ml, conditions were 37°C, 100% huniidity, 5%
CO;. Before use the. cells were harvested and. washed twice with
CM. As indicated is ; i i ' ined
25% allogeneic ser )
In the stimulation experniments:u
protein PMC were tal

supplemented with 5%

Cr-51Release Assay: Cytotoxicidctivity wasdetermined ina 4-h
Cr-51 release assay as previously described [10], with the “NK-sen-
sitive” erythroblastoma cell line K562 as target cells, Atithe time of
tured in logarithmic proliferation in
ice of mycoplasmal infection. The effec-
Spontancousrelease wasassessed by incu-

m, I Hoé’é_t'i\h - mieasured in a Phatma-
cifie lysis (SL) way calciilited as follows:

X 100:

Proliferation Assays In order to study the influence of CTCL
seruin or Tac-protein on IL-2-dependent prolifetation, PMC of
healthy donets were stimulated with phytohemagglutinin for2 d.
After washing they wer ;
recombinant IL-2 for 3 d. Proliferation was quantified by *H-thy-
midine uptake: in triplicate a3 previously described [13] or by a-co-
Eorﬁi]met;ri'c, assay, which uses hexosaminidase 4s indicator substrate
14].

Expression System for sIL-2R  The gene coding for a soluble
Tac species consisting of 223 amino acidsand lacking the 28 C-ter-
minal residues (i.e., most of the membrane anchor and the whole
vimra'cyt_opl'asnlatj‘ic‘ domain[15]) was prcpa‘tedbyBeh]‘di'gcstion and
BamHI conversion from a human cDNA clone. It originated from
peripheral blood lymphocytes and was modified by inserting the
stop-signal bearinig oligonucleotide TGACTGCAGTCA into the
Nae | site within the terminal region of the Tac gene sequence [16].
The isolated modified gene was cloned into the Xhol site of the
‘BMGneo-expression vector. (kindly provided by F. Mclchcrg Basel
[17)) by filling up with Klenow polymerase and blunt-end ligation
(enzymes from Bochringer Mannheim, FRG).

Cultivation of Fibroblast Cells Used for IL-2R Expression
NIH/3T3 fibroblasts were cultivated in Dulbecco’s modified
Eagle’s medium (DMEM) suppleinented with 10% fetal calf serum,
2% 10~2 M L-glutamine, 100 U/ml penicillin, and 100 pg/ml.
‘s-t_'vrcpt_omycin‘(BiOC'hrom KG, Berlin, FRG) at 10% CO,, 37°C, and

bated with: various concentrations of
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Figure 1. Negative rank correlation (p < 0.03) between NK activity (Cr-
51 release assay, target cell K 562) and soluble interleukin-2 receptor serum

levels in 17 CTCL patients.
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Pigure 2. [L-2-induced generation of 4-d natural killer cell activity (spe-
cific lysis) is Tower in CTCL ser n in healthy:donor’s serutn (Ci<51
release assay, target cell K 562)..0), 25% control serum (sIL-2R =:400'U/
ml). B, 25% CTCLssétuin (sIL-2R = 3000 U/ml).

100% humidity. For selection, isolation, and maintenance of trans-
fected cells 700 ug/ml G 418 (Geneticin, Gibco/BRL) were added
to the complete medium. ‘
Transfection Stable transfection of NIH/3T3 cells was per-
formed using the calcium-phosphate - precipitation method [18).
Purification of Soluble Tac from PRibroblast Supernatant or
CTCL Serum The purification of SIL-2R was performed by TL-2
affinity chromatography. About-80: mg of recombinant IL-2'U 94/
T125 [19)] were coupled to 4.2 g (dry weight) CNBr-preactivated
sepharose 4B (Pharmicia) according to the manufactisrer's protocol.
A small syringe column was filled with about 1.5 ml swollen affin-
ity matrix and equilibrated with PBS buffer, pH 7.4.

For purification of recombinant sIL-2R. about 250 m! of condi-
tioned fibroblast medium were pumped continuou
column during 14 hi at a low flow rate of about, 0.5
loading, the column was washed with PBS unti :
280 nm returned to startiing levels. Elution was performed with
0.2 M acetic acid/0.2 M NaCl [20,21]. One-milliliter fractions of
eluate were collected, neutralized with 0.3 vol 1 M Tris/Cl, pH 8,
to a final pH. of 7 and stored frozen. Tac-free control buffer was
treated the same way. The analogous procedure was performed
asing 20 ml of 1:1 PBS-diluted CTCL serutir.

Western Blot Analysis: Westetn blots were performed accord-
ing to standard. procedures {22] under reducing and nonreducing
conditions. We u 5 (kindly provided by D. L. Nelson,
NIH, Bethesda, ) 3239 (kindly provided by R. J. Robb,
Glenoden, PA) as pr antibodies and an alkaline-phosphatase
coupled secondary antibody (Sigma, Taufkirchen, ERG).
RESULTS:
Statistical Analysis of NK Activity and sIL-2R sIl-2R was
found significa {(p'<0.01, t test) higher in CTCL patients
(mean % SD is 2058 & 2833 U/ml, n =17) than in age-matched
control patients (mean + SDis412 + 72 U/ml, ii-= 17). NK activ-
ity of fresh PMC was significantly lower in CTCL patients (13.1 +
11.5% SL, n*= 17) compated to healthy controls (28.2 # 17.8%
SL, n = 10) (p < 0,01, t'test). ‘
Statistical analysis.of thein vivo immunologic findings revealed a.
nc‘gati'vé correlation be i NK activity and sIL-2R in CTCL
vp‘at’i'ents (’Sp'cafrm@n’\s rank icorzelation coefficient is —0.5423, p <

I
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0.03, n=17, Fig 1) as well as in CTCL patients plus 10 control-
patients, whose SIL-2R and NK activity had been determined simul-
taneously (Spearman’s rank .correlation coefficierit is — 0.4568, p <
0.02, n=27).

=Stimulati_on,EXpexfimentsA Using CTCL and Normal Donors
PMC A 4-d stimulation of PMC(1000 TU IL-2//ml) from CTCL
patients resulted in an average incredse of cytotoxic -activity 0
19.2+16.5% in CTCL patients (n= 12) and an increase of
29.9 * 12.8% in controls (n = 10) (no significant difference).

Stimulation Experiments Using CTCL and Normal Donor’s
Serum  PMC from healthy donors were stimulated in: the serum

of three CTCL patients (sIL-2R of 3000, 7330, and 10700 U/ml
respectively). and in control serum (sIL-2R of 320, 400, and 420

U/ml, ‘réaSipcc,‘tiyt.l.){'). A 4-d stimulation of a fiormal donor’s PMC
50 ot 5 TU IL-2 in 25% CTCL serum teslted in a reduced
induction of cytotoxic activity compared to control serum for an-

effector : target ratip of 40: 1. One typical example is shown in Fig,

2. In a similar manner, 1L-2-dependent PHA-blast proliferationt
(hexosaminidase assay [14]) was 60% (50 IU IL-2/ml) or 50%1
(51U IL-2/ml) lower in CTCL. serum (sIL-2R = 3000 U/ml).
compated to control serum (sIL-2R = 400'U/ml).

Tac Production by Transfected Fibroblasts In order to en

“hance the basic expression of soluble Tac, 5 M CdCl, werc added

to the medium, because the expression of a foreign gene inserte

into the BMGneo vector is mediated by a metallothionein promoter.
(18]: The supernatants of Cd* *-treated fibroblasts reached soluble:
Tac concentrations (ELISA) up t6 30,000 U/ml during 4 d of incuy
bation, i.e., about 6000'U/24 h/108 cells. 1,000,000 U were deter;
mined as about 3 ug Tac protein. :

Purification of sIL-2R.  With fibroblast supernatants, peak frac-;
tions of IL-2 afhnity chromatography exhibited soluble Tac cong;
centrations up to about 1,000,000 U/ml. Thus, a single purificationy
step was able to concentrate the protein more than thirtyfold. Tac
peak fractions were highly pure, and medium-derived proteins likef

albumin were removed efficiently (data not shown). i
From 20 ml of one: CTCL patient’s serum (patient ST, slL-2R =

3000 U/ml), a single purification step resulted in a maximal .con
centration of 8000 U/ml sIL-2R. The eluation profile is shown iny
Fig 3. i
Western Blotting of Purified Recombinant Tac Proeeinsigif
Western blots wete performed using 7G7/B6 (non-reducing const

ditions) and R239 (reducing and non-reducing conditions) as pri-}

mary aritibodies. The results are summarized in Fig 4. The maint
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Figure 3. Eluation profile of IL-2-affinity chromatography of one CTCL!
patient’s serum determined by ELISA.
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Figure 4. Western blots perforimed with IL-2-affinity putified sIL:2R.
Lanes A, B: R 239 as primaryantibody. Lane C: 7G7/B6 ag primary intibody.
Lane A: reducinig conditions. Lanes B,C: Non-reducing conditions,

band at about 45 kD corresponds to the soluble Tac monomer,
whereas the band at about 100 kD — present only under ‘ex
ducing conditions— obviously is due to dimer formation [21]. Extra
bands below and above the main bands probably cotrespond'to gly-
cosylation modifications.

Inhibition of IL-2-Induced Generation of Cytotoxicity and
Proliferation by Natural and Recombinant Ta¢ Protein In
the presence of fraction 6( 25% of total volume), 5 U IL=2/
ml induced a SL of 56.7% in healthy doner’s PMC. The addition:
(25% of total volume) of the peak fraction 3 (Fig 3; sIL-2R = 8000
U/mi) resulted in a SL of 32.3%: that presents a 57% inhibition..
Proliferation.of PHA blasts d 8.5¢
fraction 3 compared to fractic g pin. vetsus:
15,900 * 1,387 cpm). Healthy donoérs’ PMC déveloped a reduced
enhancement of cytotoxic-activity in the presence of recombinant
Tacproteinin a dose-depenc !
nantsIL-2R blocked 1L.-2
toxicity completely. These:
IL-2~dependent proliferat
dose-dependent manner. A 509
2R concentration of 18,000 U/ml (!

)-induced enhancementofeéyto-
lts are summarized in Fig 5.
n of PHA blasts, was inhibited in a

DISCUSSION

Suppressed NK activity in CTCL patientsisa well-known phenom-
enon [8,9). In this report we provide evidence that sIL-2R may
account for the: ed NK activity. Stimul

fon experimerits

with IL-2 demonstrated that the response: of PMC froin CTCL
patients to the I t of nornial denets’ PMC.

Thissupports the
cytotoxic function
and;cytotoxicity ¢
in the setiim of these pati
levéls. sIL-2R from one:CT
affinity-chromatogra)

nt'ss s.enriched by IL-2
ity -chromt R ~énriclied fraction.inhibited
IL-2-dependent p €. thar the native
serum. Therefore, the ™1 thibitor” in CTCL serurh seems tobe
able to bind to IL-2. Because large volumes of CTCL serum were
not aviilable, and'the presence of other IL-2~binding proteinssuch
“as antibodies to IL-2 or shed fragments of the beta-chais, of the
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high-affinity IL-2 receptor [23] in the purified serum fraction can-
notbe excluded, transfection experiments were performed to clarify
the specific role of the Tac protein on IL-2~dependent effects.

The transfection of a modified Tac gene using 2 BMGneo expres-
sion vectorsystem résulted in the production of afééémbinant Tac
protein. In order to fule out disturbing factors in theisupérnatant of
the transfected fibroblasts the recombinant protein was purified by
an IL-2 ;affnity column, again. These purified Tac proteins were
characterized by Western blotting. As previously described the pro-
tein was found in monomeric and dimeric foring [20,21]. The free
SH-residue at position Cys 192 could explain the dimer formation
of the recombinant soluble Tac species used-in our experiments
[15,24]. Using th ombinant protein -we found-adose-dependent
inhibition of IL-2~mediated: proliferation an ction of cytotox-
icity. These results correspond well to the observation that the re-
leased IL-2:teceptor 1s able to-bind IL-2 éfficiently [11). However,
comparing the neutralizing capacity of recombinantand native sIL-
2R, the natural protein seemsito be tore ¢ffective.than the recombi-
nant sIL-2R. Possible explanations for this phenomenon include
distinct affinities to their ligand due to different degrees of dimer
formation. or changes in the protein structure by the manner of
glycosylation. : o

As a consequence, sIL-2R seems to be'a physiologic inhibitor of
IL-2{25). Because this cytokine is able to stimulate‘its production by
a positive. feed-back mechanism [26], the release of the surface re-
ceptor neutralizing the corrésponding cytokine might be an elegant
method to limit-its biologic effects. ’

Recently, proteins isolated from iuman uririe had been shown to
be striicturally related to the tumor-necrosis factor-alpha receptor.
These proteins were able to bind tumor-necrosis factor-alpha, and
provided protection against cytotoxic effects of its ligand in vitro

27]. In addition, the soluble extracellular portion of the interleu-
kir-1 receptor seems-to be a regulator of allograft rejection, proba-
bly by its biologic efficacy in neutralizing interleukin-1 [28]

Soifar, soluble receptotsalso are known toiexistfor cytokines such
as interleukin-1 [28], interleukin-2 [4], interleukin-4 [29], or
tumot-necrosis factor-alpha [27] ind a broad spectrunrefothermol-
ecules [2,3]. Therefore, we suggest that receptor shiedding might be
a simple and widespread principle to regulate biolegic functions.

It has been reported that highly elevated-serumsIL-2R levels are
predictors of ari-unfavorable prognosis in patients:with lyinphopro-
liferative disorders such as lymphoblastic lymphoma [30], Hodgkin

Q30 ’
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control buffer 90.000 U/mi 180.000 U/mi
recombinant siL-2R

Figure 5: Recombinant Tac protein inhibits IL<2-induced increase of cy-

" totoxi¢ activity in a dose-dependent ‘manner (specific lysis of IL-2-

stimulatcd PMC minus specific lysis of cultured PMC without TL-2 addi-
tion, Cr-51 release assay, target cell K 562).
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disease [31], ot CTCL [5]. We suggest that the elevated levels of this
soluble cytokine receptor chain have an impact on IL-2-dependent
immunosurveillance.

We wish toithank Ms. C. Pietzschand Ms. 1. Grelle for excellent technical assistance
and I Haubitz, Ph. D., Institute for Biostatistics, University of ':W.ii‘rz‘burg,i Jorthe
statistical evaliiation.
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