818

ate synthetase in freshly separated malignant cells from solid tumors.
Variability in the susceptibility of interferon. Eur J Cancer Clin Oncol
1987, 23, 1607-1613.

4. GrandérD, Oberg K, Lundqvist M-L, et al. Interferon-induced
enhancement of 2',5’-oligoadenylate synthetase in mid-gut carcinoid
tumors. Lancer 1990, 336, 337-340.

5. Rosenblum MG, Maxwell BL, Talpaz M, et al. In vivo sensitivity
and resistance of CML cells to a-IFN: correlation with receptor
binding and induction of 2',5'-oligoadenylate synthetase. Cancer Res
1986, 46, 4848-4852.

6. Talpaz M, Rosenblum M, Kurzrock R, et al. Clinical and laboratory
changes induced by alpha interferon in chronic lymphocytic leukem-
ia-A pilot study. Am ¥ Hematol 1987, 24, 341-350.

Eur ¥ Cancer, Vol. 28A, No. 45, pp. 818-825, 1992.
Printed in Great Britain

D. Grandér et al.

7. Ferbus D, Khosravi S, Dumont J, et al. In vivo and in vitro induction
of 2',5' oligoadenylate synthetase by interferon-alpha in nodular non-
Hodgkins’s lymphoma and correlations with the clinical response. ¥
Biol Regul Homeostat Agents, 1991, 4, 127-134.

8. Zajicek J. Aspiration biopsy cytology; part I: supradiaphragmatic
organs. In: Wied GL, ed. Monographs in Clinical Cytology. Basel, S
Karger 1974, Vol. 4.

Acknowledgements—We thank Ann-Charlotte Bjérklund and Elisabet
Anderbring for assistance. This work was supported by the Swedish
Cancer Society and the Cancer Society of Stockholm.

0964-1947/92 $5.00 + 0.00
© 1992 Pergamon Press Lid

Interleukin-2 Bolus Therapy Induces Immediate
and Selective Disappearance from Peripheral
Blood of all Lymphocyte Subpopulations
Displaying Natural Killer Activity: Role of Cell
Adhesion to Endothelium

Giuseppe Salvo, Paola Samoggia, Rosalba Masciulli, Giovanni Boccoli,
Paola Allavena, Gualtiero Mariani, Angela Bullo, Elisabetta Montesoro,
Daniela Bulgarini, Paolo Carlini, Enzo Maria Ruggeri, Maria Grazia Arena,
Antonio Camagna, Ugo Testa, Federico Calabresi and Cesare Peschle

As early as 10-15 min after the start of a 30 min interleukin-2 (IL-2) infusion, a rapid, virtually complete
disappearance of all natural killer (NK) lymphocyte subpopulations (including both CD3~ CD56* and CD3*
CD56* cells with either alpha/beta or gamma/delta T-cell receptor) was observed from peripheral blood. In
contrast, the number of T lymphocytes (CD3+ CD56~) was unmodified for at least 2 h after IL-2 injection. The
IL-2-induced, rapid disappearance from peripheral blood of NK and NK-like lymphocytes may be related to
their massive adherence to the activated endothelium. In this regard, IL-2 infusion caused a very rapid rise of
tumour necrosis factor-alpha (TNF-a) plasma concentration, whereas other cytokines, such as interferon-gamma
(IFN-v), were induced only at later times. In vitro experiments indicated that IL-2, either alone or better
combined with TNF-«, exerts a rapid and selective stimulatory effect on NK adhesion to endothelial cells. On
the basis of these findings, we suggest that the activation of NK lymphocytes induced by IL-2, alone or combined
with TNF-a, plays a key role in mediating the massive and selective adherence of NK and NK-like cells following
IL-2 bolus infusion.

Eur¥ Cancer, Vol. 28A, No. 4/5, pp. 818-825, 1992.

INTRODUCTION
ADOPTIVE CANCER immunotherapy involves activation in vitro
by recombinant interleukin-2 (rIL-2) of lymphocyte subpopula-
tions (lymphokine-activated killer (LAK) cells) from a tumour-
bearing patient and their subsequent administration to patients
[1, 2]). LAK cells exhibit the in vitro capacity of lysing fresh
tumour cells in a non-MHC restricted manner [2].

In the present study, we used the National Cancer Institute
adoptive immunotherapy protocol [1, 2], which has been mainly
applied in patients with metastatic malignant melanoma and
renal cell carcinoma resistant to standard therapy [1, 2]. This

protocol includes three phases: (i) high-dose IL-2 adminis-
tration; (ii) autologous lymphocytes obtained by leukapheresis
are collected and cultured with IL-2 to generate LAK cells; (iii)
patients are reinfused with LAK cells together with high-dose
IL-2.

In vitro infusion of IL-2 produces a variety of biological effects
[3-5], ranging from induction of LAK cell activity markers (i.e.
IL-2 receptors) [4] to alterations in the differential leukocyte
count (i.e. eosinophilia) thought to be caused by the secretion
of other cytokines [4]. Particularly, IL-2 infusion elicits dramatic
fluctuations of the number of peripheral blood lymphocytes,
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Table 1. Characteristics of the patients undergoing adoptive immun-
otherapy with IL-2 and LAK cells

IL-2 dosage
Patient diagnosis Age (sex) (U/m?/day)
A Renal carcinoma 60 (F) 4.5 x 10¢
B Melanoma 52 (M) 6.0 x 10°
C Melanoma 51(F) 6.0 x 10°
D Melanoma 67 (M) 6.0 x 10°
E Melanoma 69 (F) 6.0 x 10°
F Renal carcinoma 39(M) 4.5 x 10°

with an early depletion of all lymphoid cells followed by their
rebound after discontinuation of IL-2 therapy [6, 7]. These
studies also showed a rapid decrease of peripheral blood NK
cells occurring at 30 min-1 h after IL-2 administration {6, 7]
this phenomenon was tentatively attributed to a rapid adhesion
of these cells to the vascular endothelium [8, 9].

Recent studies indicate that lymphoid cells exhibiting in vitre
NK activity pertain to three different cell types, as evaluated
by membrane phenotype and T-cell receptor (TCR) genes
rearrangement and expression: (a) CD56*/TCR alpha—beta™/
TCR gamma—delta~/CD3~; (b) CD56'/TCR alpha-beta'/
gamma~delta=/CD3"; (¢) CD56'/TCR alpha-beta”/gamma-
delta*/CD3" [10]. In this study we have investigated the kinetics
of these three cell populations in peripheral blood at early times
after IL-2 bolus infusion. Our results indicate that all three
NK populations, regardless of their different cellular origin,
membrane phenotype and in vive distribution, almost totally
disappear from peripheral blood within 5~15 min, with an
identical kinetic pattern.

PATIENTS AND METHODS
Patienss
The characteristics of the 6 patients submitted to adoptive
immunotherapy are reported in Table 1: 4 patients had mela-
noma and 2 had renal cell carcinoma; their Karnofsky perform-
ance status ranged from 70 to 100. Their response to therapy
will be reported separately.

Adoptive immunotherapy protocol

The adoptive immunotherapy protocol consisted of three
phases. The first one (days 1-5) involved intravenous adminis-
tration of human recombinant IL.-2 (Roche) by means of a
central catheter. The IL-2 dosage was 4.5 x 10%/3 times/day/m?
of body surface for patients A and F, and 6 X 10%m? for cases
B,C,DandE.

In phase II, after a 48-h rest period, patients underwent daily
leukapheresis (days 8-11). Harvested cells were centrifuged
through a Ficoll-Hypaque density gradient. The resulting lym-
phocyte preparations were cultured in RPMI-1640 (Flow) con-
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taining 2% heat-inactivated AB serum, penicillin (10 U/ml),
glutamine (2 mM) and gentamicin sulphate (5 mg/ml). rIL-2
was then added to the culture at a final concentration of
1500 U/ml.

Phase I1I (days 12-15), consisted of infusion of IL-2 activated
(LAK) cells together with IL-2 every 8 h as in phase I or as
tolerated.

Plasma specimens

Blood samples were collected in 5 ml vacuum-sealed tubes
containing 10.5 mg EDTA and 3.5 units aprotinine (Sigma) and
centrifuged at 750 g for 10 min. The plasma was carefully
removed and centrifuged at 10000 g for 4 min to eliminate
residual platelets and stored at —70°C until assayed for cytokines.

Lymphocyte analysis

Peripheral blood mononuclear cells (PBMC) were isolated
from blood samples obtained before and sequentially after the
first 30-min IL-2 bolus infusion. Time O corresponds with the
start of the injection. Venous blood, mixed with 12 U/ml sodium
heparinate, was separated on Ficoll-Hypaque (Pharmacia) at
450 g/40 min. PBMC were washed three times with RPMI-1640
medium (Flow) counted and suspended (5 x 106 cell/ml) in the
same medium containing 2 mg/ml bovine serum albumin (BSA,
Sigma). 0.1 ml aliquots were then incubated for 60 min at 4°C
with an appropriate ditution of two monoclonal antibodies (Mab)
recognising different lymphocyte subsets and labelled with
different fluorochromes (i.e. fluorescein or phycoerythrin).

The following Mabs were used: Leu 2 (anti-CD8), Leu 3
(anti-CD4), Leu 4 (anti-CD3), Leu 7 (anti-CD57), Leu 19 (anti-
CD56) (Becton-Dickinson) and TCR-delta 1 (anti-gamma/delta
T-cell receptor) (T Cell Sciences, Boston).

The cells were washed three times at 4°C in phosphate
buffered saline, resuspended in the same solution containing
2% formaline and analysed using flow cytometry.

Flow cytometry analysis

Flow cytometry (FCM) ahalysis was performed using a FAC-
Scan (Becton-Dickinson) equipped with a CONSORT 30 com-
puter (Hewlett-Packard). Data were analysed by the ‘Lysis
Program’. Fluorescence data are displayed as ‘dot plots’ in which
logarithmically increasing green fluorescence intensity on the X-
axis and red fluorescence on the Y axis are plotted, respectively.

Evaluation of NK activity

Cytotoxicity was determined in a 4 h *'Cr-release assay.
Human target NK sensitive cells K562 (free of mycoplasma)
were labeled with sodium *'Cr solution (New England Nuclear)
in RPMI-1640 medium supplemented with 10% heat-inactivated
fetal calf serum (FCS, Flow), 10 mmol/l Hepes, 100 U/ml
penicillin, and 100 pg/ml streptomycin. The effector-to-target
cell ratios varied from 50:1 to 1.5:1. All groups were tested in
triplicate. The percentage of specific cyrotoxicity was calculated
as follows: %  specific cytotoxicity = (experimental
release-spontaneous release) X 100/(maximal release— spon-
taneous release). The mean spontaneous release from the
medium control was 5% and never exceeded 10%. One lytic unit
(LU) was defined as the number of effector cells required to
produce 50% lysis of target cells.

Cytokine concentration
The level of IFN-vy in patients’ plasma and culture super-
natants was measured by a sensitive radioimmunoassay
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(Centocor, Philadelphia), which can detect values as low as
0.1 U/ml.

TNF-a levels in plasma and culture supernatants were meas-
ured by an enzyme sandwich immunoassay (T Cell Sciences),
which allows detection of 1 pg TNF-alpha/ml.

The level of IL-1-beta was assessed by a sensitive enzyme
linked immunosorbant assay (ELISA) (Cistron Biotechnology,
Pine Brook, New York), which can detect as little as 5 pg/ml.

Control experiments were performed to carefully assess the
specificity of these immunoenzymatic assays: particularly
addition of IL-2, even at very high dosage (10* U/ml) did not
modify the assayed level of these cytokines.

In vitro adherence of NK or PBMC to endothelium

Endothelial cells (EC). Human EC were obtained from
umbilical vein and cultured as described [11]. Routinely, we
used confluent cells (10%/2 cm? culture well) between the first
and the fourth passage maintained in 199 medium (Biochrom

KG, Berlin) with 20% newborn calf serum (Hyclone Lab, -

Logan, UK) supplemented with EC growth supplement
(50 pg/ml; Collaborative Research Inc., Lexington) and heparin
(100 pg/ml; Sigma). The purity of EC cultures was checked by
expression of factor VIII antigen (>>99% positive cells).

Adhesion assay. Adhesion of purified NK lymphocytes to EC
was evaluated as described [12]. EC were grown to confluence
in flat bottomed 96-well trays. For the assay of NK lymphocyte
adherence, purified NK lymphocytes were resuspended in com-
plete medium at (107 cells/ml) and labeled with 3.7 MBq *'Cr
(sodium chromate, Amersham International) at 37°C for 1 h.
At the end of the incubation, the cells were washed with medium
and resuspended at a density of 10 cells/ml. Thereafter, 0.1 ml
was dispensed to each well and incubated for 30 min at 37°C. At
the end of the incubation, the wells were carefully washed
three times with phosphate buffered saline (PBS) + 1% FCS.
Adherent cells were solubilised with 0.2 ml of 0.025 mol/l
NaOH, 0.1% sodium dodecyl sulphate (SDS), and radioactivity
was counted in a gamma counter. Results are presented as the
percentage of adherent cells (S.D.) (3-5 replicates/group). The
level of statistical significance was evaluated by ¢ test.

The adherence of monocyte-depleted PBMC (PBL) was
assayed by an identical assay except that: (i) EC were grown to
confluence in flat-bottomed 6-well trays; (ii) PBMC were not
labeled with 3!Cr, and 1 ml of cells at a density of 5 x 108 cells
per ml was dispersed into each well; (iii) at the end of the
incubation, the membrane phenotype of non-adherent cells was
assessed by immunofluorescence.

Cytokine stimulation. In the adhesion assay IL-2 (10° U/ml)
alone or combined with TNF-a (10° U/ml) was added during
both the preincubation (5-20 min) of purified NK cells or
monocyte-depleted PBMC and the adhesion assay. In other
experiments, EC were preincubated for 30 min with IL.-2 and/or
TNF-a at the above dosages, and the adhesion assay was then
performed as described.

Effect of IL-2 on the expression of cell adhesion molecules on the
membrane of NK lymphocytes. NK lymphocytes were purified
according to the procedure outlined above. The cells were
resuspended in Iscove’s medium containing 5% heat-inactivated
human AB serum and then either IL-2 (10° U/ml) or TNF-«
(10® U/ml) or IL-2 plus TNF-« (both at 10 U/ml) were added
and aliquots of cells were removed from bulk cultures at different
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Fig. 1. Immunofluorescence labeling of NK lymphocyte subpopula-

tions at different times after IL-2 bolus injection. The NK lymphocyte

subpopulations were identified by double staining immunofluoresc-
ence using anti-CD56, anti-CD3 and anti-TCR gamma/delta Mabs.

time intervals (10, 30, 60 min and 20 h) and processed for
the evaluation of the expression of membrane cell adhesion
molecules by indirect immunofluorescence using specific Mabs
including: anti-CD1la and -VLA-4 Mabs (Immunotech,
Marseille); anti-ICAM-1 (RRV/1, kindly provided by Dr T.
Springer, Boston); anti-CD56 (Leu 19) and -CD16 (Leu 11)
(Becton-Dickinson). The cells were then processed and analysed
for immunofluorescence and flow cytometry as reported above.

RESULTS

Effect of IL-2 bolus infusion on NK lymphocyte subpopulations

Peripheral blood samples were obtained just before and after
the start of bolus IL-2 infusion. The percentage of cells reacting
with either anti-CD56 and anti-CD3, or anti-CD3 and TCR-
delta-1 Mab were evaluated using a double labeling assay.
This analysis showed that CD56*CD3~, CD56"CD3* and
CD3*TCR-delta-1* lymphocytes rapidly disappear from per-
ipheral blood as a consequence of IL-2 infusion, being virtually
undetectable 15 min after the start of IL-2 injection (Fig. 1). An
analysis performed at early times after IL-2 infusion in 1 of
these patients showed that: (a) CD3*CD56~ and CD3*TCR-
delta-1* lymphocytes virtually disappear from peripheral blood
after 5 min; (b) CD56"CD3* lymphocytes almost completely
disappear from peripheral blood 15 min after the start of IL-
2 injection (Fig. 1). These results indicate that lymphocyte
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Fig. 2. NK activity of PBL derived from the blood of patients C, D

and E at different times (0-90 min) after IL-2 bolus injection. NK

cytotoxic activity was assayed using a standard 4-h*'Cr release assay;
K562 were used as NK-sensitive tumour targets.

subpopulations i vitro exhibiting NK activity are rapidly
induced to disappear from peripheral blood by IL-2.

The NK activity of PBMC from 3 patients, obtained before
and after IL-2 injection, was evaluated by a standard >'Cr release
assay using K562 as target cells. A marked decrease in NK
activity was observed as early as 15 min after the start of TL-2
infusion (Fig. 2).

Effect of IL-2 bolus infusion on CD4' and CD8" lymphocytes

The effect of IL-2 bolus infusion on the number of circulating
CD4* and CD8' lymphocytes was also investigated using
the procedure described for NK lymphocyte subpopulations.
Results presented in Fig. 3 show that: (a) the percentage of total
lymphocytes (CD3*CD56~) was essentially unmodified after
IL-2 infusion; (b) the percentage of CD4" cells showed a slight
increase in the early minutes following IL-2 infusion; (c) the
percentage of CD8" lymphocytes rapidly diminishes after IL-2
injection, reaching nadir values corresponding to approximately
50% of starting levels. Analysis of the fluorescence intensity of
CD8* cells showed two distinct subpopulations defined as
‘bright’ or ‘dim’ (see Fig. 3). Evaluation of PBL at different
times after IL-2 infusion showed that the dim CD8* population
virtually disappeared from peripheral blood after IL-2 infusion,
whereas the bright CD8* lymphocytes remained unmodified
(data not shown).

Further experiments were performed to characterise the
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Fig. 3. Immunofluorescence labeling of CD4* and CD8* lympho-
cyte subpopulations at different times after IL-2 bolus administration.
The CD4* and CD8* populations were identified by direct immuno-
fluorescence using Leu 2 (anti-CD8) and Leu 3 (anti-CD4) Mab.
Fluorescent cells were processed as in the legend to Fig. 1.

CDS8" lymphocyte subpopulation induced to disappear from
peripheral blood by IL-2. Since T NK lymphocytes are
CD537'CD8" double-labeling experiments were carried out
using anti-CD8 and anti-CD57 Mab: after 1L-2 infusion all
CD57+*CD8" lymphocytes rapidly disappear from peripheral
blood, in contrast to only 20-40% of CD8* CD57~ lymphocytes
(data not shown).

Effect of IL-2 bolus infusion on the release of secondary cytokines

In vitro incubation of endothelial cells with TNF-o, IFN-y or
IL-1-B leads to an increased binding of resting or IL-2-stimu-
lated NK cells [9-13]. On the other hand, it has been shown that
IL-2 infusion elicits secretion of secondary cytokines including
TNF-a, IFN-y and IL-1-8 [14-17]. On the basis of these
findings, we evaluated the plasma concentration of TNF-a,
IFN-y and IL-1-B in the early minutes following bolus IL-2
infusion, thus expanding and confirming our preliminary data
on the first two cytokines [17].

We observed that within 2-5 min IL-2 induced a significant
rise of TNF-a plasma concentration, whereas IFN-y and IL-1
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Fig. 4. Plasma TNF-a, IFN-y and IL-1-f levels at early times after

IL-2 bolus infusion. Plasma samples were collected just before the

infusion and at sequential minutes following the start of treatment.

Plasma TNF-alpha, IFN-gamma and IL-1 beta levels were evaluated

by means of a sensitive immunoenzymatic method. Mean (S.E.)
values from 6 patients are presented.

B levels remained unmodified (Fig. 4). An increase in plasma
IFN-v was observed after 120 min, thus confirming our previous
results [20]. These findings suggest that IL-2-induced TNF-a
release may play a key role in the disappearance of NK cells
mediated by IL-2.

In order to identify the cell type(s) responsible for the IL-2-
mediated TNF-a production, total PBMC, purified T lympho-
cytes or NK cells were incubated in vitro with IL-2 and the
TNF-a level was evaluated in the culture supernatants at
different times thereafter. The results suggest that PBMC and
NK lymphocytes release significant amounts of TNF-«a (data
not shown). However, this phenomenon is monitored only at
3 h of in vitro culture, as compared to the early rise of TNF-a
level after the start of IL.-2 in vivo infusion.

Effect of IL-2 and TNF-a on the in vitro adherence of PBMC to
endothelium

In order to evaluate whether the IL-2-induced disappearance
of NK lymphocytes is due to massive adherence of these cells to
endothelium, the in vitro adherence of PBMC or purified NK
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Fig. 5. Adhesion of IL-2-activated or IL-2 + TNF-«-activated NK
cells to resting human endothelial cells (top panel). Percentage
adhesion was determined after 30 min incubation at 37°C of 5!Cr-
labeled cells. Values represent mean (S.D.) of two separate exper-
iments (each point was evaluated in triplicate). The percentage of
cell adhesion of NK cells stimulated for 5, 10 min with IL-2 or IL-
2 plus TNF-a is significantly different from that of resting NK
lymphocytes (P < 0.01). Cell adhesion of NK cells stimulated with
IL-2 alone is significantly lower than that of cells stimulated with IL-
2 + TNF-a (P < 0.01). The cells were incubated for different times
in the presence of 10° U/ml IL-2 alone or together with 10 U/ml
TNF-a. Adhesion of IL-2 activated NK cells to either resting or IL-
1$ or TNF-a activated human endothelial cells (lower panel). EC
were incubated 30 min at 37°C in medium without additives (EC) or
in medium containing 10* U/ml IL-1p (EC+IL-1) or 10° U/ml TNF-
o (EC+TNF-a) and then utilised for the NK adhesion assay perfor-
med as above; NK cells were incubated for different periods of time
in the presence of 10° U/ml IL-2 under the conditions reported above.

to endothelium in the presence of IL-2 and TNF-alpha was
analysed.

Resting NK lymphocytes exhibit a relatively low level of
‘spontaneous’ adhesion to EC (Fig. 5), thus in line with a
previous report [12]. NK lymphocytes activated for 5-10 min
by IL-2 (10° U/ml) exhibit a 2-fold increase in their binding to
EC (Fig. 5). Combined addition of IL-2 and TNF-a (102 U/ml)
elicited at 5 min a further increase in the adherence of activated
NK cells (Fig. Sa). Control experiments indicated that treatment
with TNF-a alone does not exert any significant effect (data not
shown). Furthermore, NK cells preincubated with IL-2, for
longer times (i.e. 20 h) exhibited a marked enhancement of their
adhesion to EC (data not shown), as observed previously [12].
Finally, dose~response studies showed that peak-stimulation of
NK adhesion to endothelial cells was observed using IL-2 at
10° U/ml, a significant effect with IL-2 at 10? U/ml and no effect
using lower IL-2 concentrations (i.e. 10 or 1 U/ml) (data not
shown). In a second series of experiments it was shown that, a
short preincubation (30 min) of EC with IL-1 g (10 U/ml) or



Role of Cell Adhesion to Endothelium

Table 2. Phenotype analysis of EC non-adherent PBL after incu-
bation with EC monolayer: effect of IL-2 + TNF-a preincubation

% Positive cells

CD14 CD3 CD16 CDs56
Cell population A B A B A B A B

Total PBL 1.1 1.5 659 757 149 15 17 235
EC non-adherent
PBL 23 09 647 787 141 179 16 21.6
EC non-adherent
PBL + IL-2 +
TNF-a 09 08 71 81.2 9.9 124 112 14

PBL were isolated from PBMC of 2 different subjects (A and B) after
two cycles of plastic adherence (Total PBL). PBL were then incubated
S min at 37°C in medium alone or in the presence of IL-2 (10° U/ml)
and TNF-a (10° U/ml) and then plated without washing 30 min at 37°C
on EC; at the end of the incubation, non-adherent PBL pre-incubated
without additives (EC non-adherent PBL) or with IL-2 plus TNF-«
(EC non-adherent PBL + IL-2 plus TNF-a), were recovered and
analysed by indirect immunofluorescence using anti-CDI14, -CD3,
-CD16 and -CD56 Mabs.

TNF-a leads to a slight, but significant, rise of the adhesion of
NK celis to endothelium (Fig. 5b).

In order to investigate whether the stimulatory effect of 1L-2
on the adhesion to endothelium selectively affects NK cells,
PBMC depleted of monocytes (peripheral blood lymphocytes,
PBL) were first activated (10 min in the presence of IL-2 plus
TNF-«), and then incubated with EC. The percentage of the
different lymphocyte subpopulations among non-adherent cells
was finally assayed. After binding of PBMC to EC the percentage
of unbound CD3' T lymphocytes and CD16*/CD56' NK
lymphocytes remained unmodified, as compared to the values
observed before incubation with EC (Table 2). In contrast,
treatment with IL-2 combined with TNF-« induced a slight
increase of the percentage of T lymphocytes and a marked
decrease of NK cells in the non-adherent population (Table 2).

Expression of adhesion molecules on the membrane of NK cells after
IL-2 activation

To characterise the dynamic changes in cell adhesion mol-
ecules (CAM) expression induced by in wvitro IL-2 activation,
purified NK lymphocytes were incubated in medium containing
IL-2 (10® U/ml) and then analysed at 10 min, 30 min and
18 h. NK cells demonstrated consistent changes in their CAM
phenotype after activation with IL-2. Thus, CD1la antigen
expression showed a slight increase early after I1L-2 activation
and a marked elevation at later times (18 h) (data not shown).
Furthermore, CD54 (ICAM-1) antigen expression is substan-
tially increased at both 10-30 min and 18 h after IL-2 activation
(data not shown). The expression of other CAM, i.e. CD56 or
VLA-4 antigens, remained unmodified at all times of observation
(data not shown here).

DISCUSSION
In the present study we have investigated the kinetics of
lymphocyte subpopulations immediately after high-dose IL-2
infusion. The results indicate that as early as 5-15 min after the
start of IL-2 bolus infusion the three subpopulations exhibiting
in vitro NK activity virtually disappear from peripheral blood.
It is of interest that these populations are highly heterogeneous:
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some are T cells (e.g. gamma—delta lymphocytes), others rep-
resent the ‘NK lineage’ (CD3~ NK cells) and finally other

anes nertain to hoth T and NK lineages (CDA+TCR m/rﬂl’+

ones pertain to both T and NK lineages (CD4*TCR
lymphocytes). In spite of this diversity, all of these lymphocyte
types exhibiting NK activity were similarly induced by IL.-2 to
rapidly migrate from peripheral blood. In parallel, we observed
that NK activity, as assayed by a standard *'Cr release assay, is
virtually undetectable in PBMC obtained a few minutes after
the start of IL-2 infusion, as expected on the basis of the rapid
and complete disappearance of the different NK subpopulations.
Conversely, T lymphocytes not displaying NK activity (i.e.
CD56-CD3") are not induced by IL-2 to rapidly disappear
from peripheral blood.

Our findings extend previous data indicating that NK lympho-
cytes disappear from peripheral blood as a consequence of in
vivo I11.-2 administration [6, 7]. In these studies, NK lympho-
cytes were evaluated (i) at later times than in the present study
(i.e. at 30 min-1 h, 5-15 min), (ii) on the basis of PBMC
reactivity with anti-CD16 and -CD57 Mab [6, 7], thus rendering
it impossible to monitor the kinetics of the three NK subpopula-
tions mentioned above.

IL-2 elicited the rapid disappearance of only a fraction of
CD8* lymphocytes, which were identified on the basis of
fluorescence intensity labeling and expression of NK markers
(e.g. CD57). Previous studies showed that at later times (days
and weeks) IL-2 therapy causes a marked decrease in the relative
number of bright CD8* cells with an accompanying rise in dim
CD8' cells [18]. Altogether, these results suggest that IL-2
administration exerts a biphasic effect on two subpopulations
of CD8' cells: (a) at early times IL-2 induces a complete
disappearance of dim CD8" cells associated with only a moderate
decrease of bright CD8* cells; (b) at later times, IL-2 causes
an increase of circulating dim CD8"* cells, associated with a
pronounced decline of bright CD8* cells.

It has been suggested that the IL-2 induced disappearance of
NK lymphocytes may be related to massive adhesion of these
cells to activated endothelium {9]. Indeed, NK cells exhibit a
pronounced capacity to adhere to activated endothelium [8-19].
TNF-a, IFN-y and IL-1-B may activate endothelial cells, in
vitro [13] and i vivo [20], as shown by induction of endothelial
adhesion structures. Interestingly, these cytokines are second-
arily released after high-dose IL-2 in vivo administration [14-17].
Thus, the hypothesis may be considered that the complete,
rapid and selective disappearance of NK cells occurring after
IL-2 administration may be mediated by two alternative or
complementary mechanisms: (i) the activation of NK cells by
IL-2 and/or TNF-a, (ii) the activation of EC by IL-2, TNF-a
and/or other secondary cytokines rapidly released after IL-2
infusion.

The first hypothesis is directly supported by in vitro exper-
iments of cell adhesion to normal human endothelium showing
that: (i) a short incubation (5-10 min) of NK cells with IL-2
alone or better combined with TNF-a stimulates the adhesion
of these cells to EC; (ii) a 10-min incubation of PBMC with IL-
2 alone or combined with TNF-a selectively induces the EC
adhesion of NK lymphocytes, but not of other lymphocyte
subpopulations.

The first hypothesis is also supported by experiments showing
that IL-2 rapidly elicited a slight, but significant, increase in the
expression of CAM, i.e. CD11aand CD54 [intercellular adhesion
molecule-I (ICAM-1)] on NK cells. These two molecules are
involved in mediating the interaction of both resting and IL-2-
activated NK cells to endothelium [12]: it is hence tempting to
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suggest that their increased expression may at least in part
mediate the IL-induced adhesion of NK cells to endothelium.
It is noteworthy that the early effects of IL-2 on CAM expression
on NK cells described here are in line with a previous analysis
at later times (>>20 h) of incubation with IL-2 [21].

The second hypothesis is also supported by NK cells/EC
adhesion experiments involving preincubation of EC wtih IL-
1 and TNF-a. However, in quantitative terms this second
mechanism seems to be less relevant as compared to the first
one. The possibility cannot be excluded that other secondary
cytokines rapidly released by activated NK and/or other cells
may activate EC, thus contributing to the IL.-2-induced adhesion
of NK cells to endothelium. In this regard, agonists such as
thrombin or histamine induce a rapid expression on EC surface
of adhesion structures such as PAF and gp140.

It has to be emphasised that a discrepancy does exist between
the in vivo and in vitro data; in fact, in vivo IL-2 induced a rapid
and complete disappearance of all NK lymphocyte subpopula-
tions, whereas in vitro IL.-2 elicited after 5-30 min of incubation
the adherence of not more than 20% of NK cells. This discrep-
ancy may be related to the fact that the in vitro assay does not
entirely reproduce the conditions occurring in vivo (i.e. presence
of ‘specialised’ endothelial cells promoting the adherence of
activated NK cells and/or release of specific humoral mediators).

Lymphocyte migration from peripheral blood into lymphoid
tissues is dependent upon receptor-ligand interactions between
lymphocytes and specialised EC in the high venules of lymph
nodes [22, 23]. Although normal EC exhibit a low affinity for
circulating lymphocytes, cytokines released at sites of inflam-
mation and in the course of immune reactions, may cause
endothelial activation, associated with an increased expression
of surface antigens [13]: these include the adhesion protein
ELAM-1 (endothelial leucocyte adhesion molecule), which
binds neutrophils and monocytes [24], ICAM-1 and ICAM-2
which interact with all leucocytes [25] and VCAM-1 (vascular
CAM), which binds lymphocytes and monocytes [26].

The lymphocyte membrane molecules mediating the interac-
tion with EC pertain to the integrin family. Integrins have been
subdivided into three major subgroups: the beta-2 subfamily
(CDlla, CD11b and CDllc¢) is mostly involved in cell-cell
interactions with the immune system [27-30], whereas beta 1
and beta 3 integrins subfamilies predominantly mediate cell
attachment to the extracellular matrix [27-30]. In this context,
itis of interest that integrin molecules are differentially expressed
on NK vs. T cells: thus, CD11a/CD18 is the only heterodimer
normally present on T lymphocytes, whereas all three
CD11/CD18 heterodimers (a, b and c) are expressed on NK
cells [27-30].

Further studies are in progress in an attempt to elucidate the
membrane molecules involved in the in vivo IL-2-induced
adherence of activated NK cells to endothelium. In this regard,
a recent study allowed to identify the membrane molecules
involved in the in vitro interaction of both resting and IL-2-
activated NK lymphocytes to resting or activated EC [16]. The
-2 leukocyte integrin CD18/CD11a was identified as the major
adhesion pathway of both resting and IL-2-activated NK cells
to unstimulated EC. In addition, the interaction of resting or
IL-2-activated NK cells to activated EC involves the VLA-4 (a-
4 8-1) with vascular CAM (1 receptor/counter receptor pair).
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Does Extragonadal Presentation Impart a Worse
Prognosis to Abdominal Germ-cell Tumours?

James J.A. McAleer, Judy Nicholls and Alan Horwich

The prognostic significance of extragonadal rather than gonadal presentation of germ-cell tumour in 51 patients
presenting between 1979 and 1988 with abdominal tumours was compared with that of 51 control patients with
testicular primary tumours matched for bulk of disease, serum tumour marker concentration, age and year of
treatment. Very large volume tumour was found at initial staging in 24 extra-gonadal cases (47%) and high tumour
markers in 29 (57%). Actuarial survival at 2 and 5 years was 82% and 70% for cases and 78% and 63%, respectively,
for controls. These outcomes were not significantly different and the relative hazard of death for cases compared
with controls was 0.7 (95% confidence intervals 0.3-1.5). Thus the presentation of germ-cell tumours with a
retroperitoneal mass does not itself adversely influence prognosis compared with testicular presentation with
equivalent disease extent. However it is rare for extragonadal presentation to be associated with small volume

disease.
Eur ¥ Cancer, Vol. 28A, No. 4/5, pp. 825-828, 1992.

INTRODUCTION
APPROXIMATELY 5—10% of male patients with germ-cell tumours
present without an overt testicular primary [1]. These presen-
tations are termed “‘extragonadal” although in some cases they
may arise from a small occult testicular primary tumour. It has
been suggested that extragonadal presentation is associated with
a poor prognosis [2, 3] and in the classifications used by the
Memorial Sloan Kettering Cancer Center and by the National
Cancer Institute all such patients are classified as having an
adverse prognosis regardless of other features of their illness
(4]. However, the lack of early symptoms with extragonadal
presentation gives rise to a pattern of bulkier and more advanced
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disease at presentation than with testicular primary tumour and
may account for the perception that the prognosis is worse.
We have therefore compared the prognosis of patients with
extragonadal germ-cell tumour (EGCT) to that of matched
controls presenting with a testicular primary tumour to deter-
mine if extragonadal presentation is an independent indicator of
poor prognosis, or merely linked to extent of metastatic disease.

PATIENTS AND METHODS

Patient selection

Patients selected for this study were diagnosed in the years
1979 to 1988 inclusive and met the following criteria: diagnosis
of germ-cell malignancy (histology or raised serum levels of
alphafetoprotein (AFP) or beta sub-unit of human chorionic
gonadotropin (HCG); and both testes present in scrotum without
palpable testicular tumour. Patients with disease limited to
the mediastinum or pineal area were excluded as there were
inadequate numbers of matched controls. 51 patients fulfilled



