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ABSTRACT

Natural killer (NK) activity against K-562 myeloid cell line

was evaluated in 21 spleens and 14 lymph nodes from patients
with Hodgkin's disease (HD). NK activity of eight HD-involved
(HD+) spleens [556 lytic units (LU)] was found 5-fold higher
than that of 13 HD-uninvolved (HD~) spleens (112 LU) (p <
0.01). Moreover, NK activity of HD+ spleens was significantly

different (p < 0.05) from that of three spleens involved by non-

HD lymphoma (100 LU). NK activity of four spleens from
nonneoplastic patients (250 LU) was intermediate between
those of HD* and HD~ spleens. Lymph node cells were about
10-fold less cytotoxic. NK activity of seven HD* lymph nodes

(43 LU) was 3-fold higher than that of three lymph nodes
involved by non-HD lymphoma (8 LU). However, these differ

ences were not statistically significant. Our data are compatible
with increased NK activity in HD* tissues as well as with
depressed NK activity in HD~ tissues. The observation that NK

activity of peripheral blood leukocytes from nine HD patients
(116 LU) (p < 0.05 only at 100:1 effectortarget cell ratio) may
support the latter interpretation. Partial characterization of ef
fector cells in HD* and in HD~ spleens indicated that, in both

instances, NK cells were nonadherent and almost equally dis
tributed between the erythrocyte-negative and -positive cell
fractions. Finally, NK activity of both HD* and HD~ spleen cells

could be further potentiated in vitro by interferon.

INTRODUCTION

Several studies have demonstrated that human PBL3 exert

NK activity in vitro against neoplastic cell lines (9, 22). The
large granular lymphocyte was indicated recently as the NK
effector cell (25, 26). Presence of low-affinity erythrocyte re
ceptors (29) and reactivity with anti-T-lymphocyte antisera (14)
and with OKT-10 monoclonal antibodies (19) suggest that NK
cells belong to the T-cell line. However, the evidence that NK
cells react also with OKM-1 monoclonal antibodies (16) may

indicate that the NK cell population is rather heterogeneous.
HD is a human lymphoma often associated with defective cell-
mediated immunity. Abnormal distributions of Tg and Tm in
peripheral blood and in lymphoid tissues (8), increased num
bers of T-lymphocytes in HD* tissues (15, 20), and decreased
T-cell mitogen reactivity in HD* spleens and lymph nodes as
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compared to HD tissues (2, 30) were all observed in HD
patients. These data suggest that HD is associated with marked
alterations of number, distribution, and function of T-lympho-

cyte subpopulations.
In the present study, we have evaluated NK activity in pe

ripheral blood, spleen, and lymph nodes obtained from HD
patients. Our results indicate that tissue distribution of NK
activity is also profoundly affected in HD. In fact, NK activity
was found increased in HD involved tissues whereas it was
found decreased in HD~ tissues. Furthermore, these alterations

seem to be peculiar to HD since spleen or lymph node involve
ment by non-HD lymphoma was not found associated with

increased NK activity.

MATERIALS AND METHODS

Patients. Peripheral blood, spleens, and lymph nodes were obtained
from 27 untreated patients with histologically proven HD and from 6
untreated patients with non-HD lymphoma. All patients were hospital

ized at the Radiology Institute of the University of Rome in the period
September 1980 to June 1981. Age, sex, histology, and clinical stage
of HD patients are listed in Table 1. Peripheral blood from HD patients
was obtained on the day of staging laparotomy and splenectomy but
prior to anesthesia. Spleens from nonneoplastic donors were obtained
from 3 patients with traumatic rupture of the organ and from one patient
with hypersplenism syndrome. Normal peripheral blood was obtained
from 28 healthy donors (16 male and 12 female; mean age, 32 Â±10).

Cell Preparations. Fragments from spleens and lymph nodes were
minced and passed through a stainless steel sieve. Cell suspensions in
RPMI 1640 (Eurobio, Paris, France) were layered onto Lymphoprep
(Nyegard, Oslo, Norway) and centrifugea at 400 x g for 40 min at
room temperature. Heparinized peripheral blood was diluted 1:2 with
RPMI 1640 and layered on Lymphoprep. The mononuclear cell layer
was collected and washed twice with medium. The cell concentration
was adjusted to 10 x 106 cells/ml in RPM11640 containing 10% FCS

(Eurobio). Differential cell counts were made on Giemsa-stained cell

smears prepared by cytocentrifugation (Cytospin centrifuge; Shandon
Southern Instruments, Camberley, England).

Adherent cells were separated from nonadherent by 3 successive
passages on plastic Petri dishes. Adherent cells were obtained by
scraping the plastic surface with a rubber policeman.

Erythrocyte-positive and -negative cell fractions were prepared as
follows. Equal volumes of cell suspensions containing 5x10'' cells/

ml and 1% neuraminidase-treated sheep RBC (Sciavo, Siena, Italy)
were incubated at 37Â° for 15 min. This cell suspension was spun at
200 x g for 5 min and then incubated at 4Â°for 60 min (13). After

incubation, the cell suspension was layered on Lymphoprep and cen-
trifuged at 400 x g at room temperature for 30 min (21). Erythrocyte-
negative cells were recovered from the interface; erythrocyte-positive

cells were obtained from the pellet after lysis of the attached sheep
RBC by Tris-buffered 0.83% ammonium chloride (pH 7.2).

NK Assay. NK activity was tested against human myeloid cell line K-
562. Target cells were maintained in RPM11640 containing L-glutamin,
gentamicin, and 10% FCS in 75-sq cm tissue culture flasks (3024 F;

Falcon Plastics, Oxnard, Calif.). The cells were passed 2 to 3 times per
week. Target cell labeling was performed by incubating 5 x 106 cells
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Table 1

Age. sex, histology, and clinical stage of patients
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' MC, mixed cellularity: NS. nodular sclerosis; LP, lymphocyte predominance; LN. lymph node; LO, lymphocyte depletion.

with 150 ftCi of sodium [51Cr]chromate(Radiochemical Centre, Amer-
sham, England) for 60 min at 37Â°;cells were then washed twice with
medium and resuspended at the concentration of 10s cells/ml in 10%
FCS RPMI 1640. One hundred .Â«Iof this cell suspension (10" 51Cr-
labeled K-562 cells) were added to each well of a round-bottomed
microtiter plate (3040; Falcon Plastics). Cell suspensions were tested
in triplicate at several effectortarget cell ratios (100:1 to 12.5:1).
Autologous controls (unlabeled target cells added to the labeled tar
gets) were used to determine spontaneous release (SR) in all experi
ments. Microtiter plates were incubated for 4 hr at 37Â°in 5% CO-

humidified air. Total counts were determined by direct measurementof
cpm present in 104 5'Cr-labeled K-562 cells. Specific release was

calculated according to the formula:

% of specific release
cpm experimental - cpm SR
cpm total counts - cpm SR x 100.

In all experiments reported in this paper, SR ranged from 5 to 13% of
total counts.

In vitro treatment with Interferon was made by incubating 5 x 10*

spleen cells in 0.5 ml 10% FCS RPM11640 with or without 1000 units
of partially purified fibroblast Interferon (HEM Research, Rockville,
Md.; 3 x 107 units/protein mg) for 3 hr at 37Â°in 5% CO2humidified

air. Preliminary experiments indicated that 30 min of incubation with
1000 units Interferon resulted in maximal expression of NK activity. A
LU was defined as the number of effector cells required to produce
30% cytotoxicity. This value was selected because it generally fell in
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the linear portion of the dose-response curve. LU/107 cells were

calculated to provide an index of the relative cytotoxic reactivity of a
given cell population.

RESULTS

NK Activity in Spleens and Lymph Nodes. In the present
study, we have evaluated NK activity against the K-562 cell

line of cells from 21 spleens (Table 1; Chart 1) and 14 lymph
nodes (Table 1; Chart 2) obtained from HD patients. NK activity
of HD+ tissues was compared to equal numbers of cells from
HD~ tissues. Results from these experiments indicated that
cells from HD+ tissues were more cytotoxic than cells from
HD" tissues. On the average, NK activity of cells from 8 HD+

spleens (556 LU) was about 5-fold higher than that of cells
from 13 HD" spleens (112 LU). Lymph node cells were about

10-fold less cytotoxic than spleen cells against K-562 tumor
cells. Nevertheless, the average NK activity of 7 HD+ lymph
nodes (43 LU) was about 3-fold higher than that of 7 HD~

lymph nodes (15 LU). Statistical evaluation of these results
indicated that the difference between HD~ and HD+ spleens

was highly significant at all effectontarget cell ratios tested.
The difference between HD" and HD+ lymph nodes was not

statistically significant.
An abnormal distribution of NK activity in lymphoid tissues of

HD patients was also suggested by experiments in which PBL
and spleen cells from the same patient were tested simultane
ously (Chart 3). In fact, the ratio between NK activity of PBL
and spleen cells was found to be approximately 1 in one
nonneoplastic patient as well as in 2 patients whose spleen
was not involved by the disease. This ratio was found to be
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Chart 1. NK activity in vitro against K-562 target cells of cell suspension from:
13 HD spleens (â€¢);8 HD ' spleens (O); 3 spleens involved by non-HD lymphoma
(*); and 4 nonneoplastic spleens (A). NK activity was evaluated in a 4-hr 51Cr
release assay. Statistical analysis indicated that NK activity of HD* spleens was
significantly different from that of HD' spleens (p < 0.01 at 12.5:1, 25:1, and

50:1 effectortarget ratio; p < 0.05 at 100:1 ratio) as well as that of spleens
involved by non-Hodgkin's lymphoma (p < 0.05 at all effectortarget ratios). All
the other differences were not statistically significant (NSi (Student's ( test).
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Chart 2. NK activity in vitro against K-562 target cells of cell suspensions
from 7 HD* lymph nodes (O), 7 HD~ lymph nodes <â€¢),and 3 lymph nodes

involved by non-HD lymphoma (A). All the differences are not statistically signifi
cant (Student's t test).

higher than 1 (1.7, 3.7, and 7.3, respectively) in 3 patients with
HD+ spleens. In Charts 1 and 2, we have also reported NK

activity of cells from 3 spleens (100 LU) and 3 lymph nodes (8
LU) involved by non-HD lymphoma. Cytotoxic activity of these
cells was very similar to that of cells from HD" tissues and was
significantly different (p < 0.05) from that of cells from HD+

spleens. Finally, since NK activity of 4 nonneoplastic spleens
(250 LU) was found intermediate between those of HD~ and

HD* spleens, we were unable to establish if NK activity was
enhanced in HD* tissues or depressed in HD" tissues. This

latter interpretation seems to be supported by preliminary
experiments indicating that the NK activity of PBL from 28
healthy donors (208 LU) was about 2-fold higher than that of

PBL from 9 HD patients (116 LU) (Chart 4). This difference,
however, was statistically significant (p < 0.05) only at the
highest effectontarget cell ratio tested.

Characterization of Splenic NK Cells. In human PBL, NK
cells are Fc-positive nonadherent cells which can be detected
in the erythrocyte-negative as well as the erythrocyte-positive

cell fractions (29). In the experiments shown in Charts 5 and 6,
we have evaluated the plastic adherence and the presence of
erythrocyte receptors in NK cells obtained from HD" and HD+

spleens. Our results demonstrate that, in both instances, NK
cells were found to be nonadherent and almost equally distrib
uted between the erythrocyte-negative and -positive cell frac

tions.
In Vitro Activation by Interferon. NK activity is increased by

Interferon (27) or by supernatant fluids from human lymphoma
cell lines (3, 12). In the experiments reported in Chart 7, cells
from 2 nonneoplastic spleens, 4 HD" spleens, 5 HD+ spleens,

and 2 spleens involved by non-HD lymphoma were cultured in

10% FCS RPMI 1640 with or without 1000 units of partially
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S:PBL 1.7 tissue distribution of NK activity in humans is similar to that
described for rats (18) and for guinea pigs (1 ) and is slightly
different from that observed in mice (10). In fact, in this last
species, lymph node cells were found moderately cytotoxic.

Characterization of NK effector cells has not led to any
definitive conclusion. Nonadherent lymphoid cells with intra-
cytoplasmic Giemsa-positive granules, the large granular lym

phocyte (25, 26), were indicated recently as NK effector cells.
However, both T-cell markers and monocyte-myeloid markers

were demonstrated on large granular lymphocytes (19). Fur
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Chart 3. NK activity of spleen cells (S) and PBL obtained from the same
patient. PBL and spleens (2 HD and 3 HD*) were obtained from 5 HD patients

and from one nonneoplastic patient (W). PBL from healthy donors are reported as 28 healthy donors (â€¢)and 9 HD patients (O). Differences were tested by
a positive control. The spleen:PBL ratio is reported in the chart. Student's ( test. NS. not significant.
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Chart 4. NK activity in vitro against K-562 target cells of PBL obtained from

purified fibroblast Interferon for 3 hr. Results from these ex
periments indicate that HD~ spleen cells were less cytotoxic
than HD+ spleen cells even after in vitro treatment with inter-
feron. However, they indicate also that NK activity of HD+

spleen cells could be potentiated by interferon almost at the
same extent as that of HD" spleen cells (HD", from 500 to 800
LU, ratio 1.6; HD~, from 131 to 250 LU, ratio 1.9).

DISCUSSION

Human PBL from normal donors exert in vitro NK activity
against different tumor cell lines (22). Distribution of NK activity
in peripheral lymphoid tissues was poorly investigated in hu
mans. NK activity was evaluated in cells from either normal (6)
or tumor draining lymph nodes (6, 28) and from tonsils (6,17).
NK activity of all these lymphoid tissues was found to be much
lower than that of PBL. In the present study, we have evaluated
NK activity in 4 nonneoplastic spleens, 13 HD~ spleens, and 7
HD" lymph nodes. Furthermore, in 6 patients, NK activity was

measured simultaneously in peripheral blood and spleen. Our
results clearly indicate that, in humans, PBL and spleen cells
exert similar levels of NK activity; in contrast and as previously
reported (28), lymph node cells are poorly cytotoxic. Thus,
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Chart 5. NK activity of adherent and nonadherent cells obtained from 2 HD
and 2 HD* spleens. Nonadherent cells were obtained after 3 successive pas

sages on plastic surfaces. Adherent cells were obtained by scraping the plastic
surface with a rubber policeman after extensive washing of nonadherent cells.
NS. nodular sclerosis; MC, mixed cellularity.
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Chart 6. NK activity of erythrocyte-positive {Â£)and -negative (NON E) cell
fractions obtained from 2 HD and 2 HD* spleens. The phytohemagglutinin
proliferative response of cell fractions, measured as | 'H]thymidine incorporation,

was kept as a positive control of the separation procedure (Experiment 1:
unfractioned, 25,610 cpm; erythrocyte positive, 21,771 cpm; erythrocyte nega
tive, 4,650 cpm. Experiment 2: unfractioned. 63,160 cpm; erythrocyte positive,
80,100 cpm; erythrocyte negative, 5,160 cpm. Experiment 3: unfractioned.
10,830 cpm; erythrocyte positive, 18,460 cpm; erythrocyte negative. 950 cpm.
Experiment 4: unfractioned, 122.010 cpm; erythrocyte positive, 143,190 cpm;
erythrocyte negative, 5.160 cpm). NS, nodular sclerosis; MC, mixed cellularity.
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Chart 7. NK activity of spleen cells after treatment with Interferon. Spleencells from 4 HD' spleens, 5 HD* spleens, 2 spleens involved by non-HD

lymphoma, and 2 nonneoplastic spleens were cultured in 10% PCS RPMl 1640
with (O) or without (â€¢)1000 units inferieron for 3 hr prior to being added to K-
562 target cells.

thermore, it was recently reported that purified human mono-
cytes are cytotoxic against K-562 cells in a short-term 51Cr

release assay (7). Thus, since cells from different origin are
able to exert cytotoxic activity in vitro, identification and quan
tification of NK effector cells in lymphoid tissues is highly
difficult.

NK Activity in HD

Our data indicate that cell suspensions from HD * tissues are
more cytotoxic than those from HD" tissues. This finding may
be explained either by increased levels of NK activity in HD+

tissues (higher frequency of effector cells and/or higher levels
of activation of NK cells) or by depressed NK activity in HD~

tissues. The observation that NK activity of PBL from 9 HD
patients was, on the average, 2-fold lower than that of PBL

from 28 healthy donors ( p < 0.05 only at 100:1 effectortarget
cell ratio) may indicate that NK activity is effectively suppressed
in HD tissues. In this regard, it should be noted that suppres
sor monocytes acting through prostaglandin release were re
peatedly described in PBL of HD patients (11, 23, 24) and that
prostaglandins suppress NK activity of normal human PBL (5).
Thus, a prostaglandin-mediated suppression of NK activity in

PBL of HD patients does not seem to be an unlikely event.
Finally, it cannot be excluded that the neoplastic cell present
in HD lesion is per se cytotoxic.

Increased NK activity could not be demonstrated in spleens
and lymph nodes involved by non-HD lymphoma. This obser

vation, besides providing a further element to differentiate HD
from other lymphoma, is strikingly similar to another observa
tion made recently in SJL/J mice (4). In fact, in this strain of
mice, spleen or lymph node involvement by transplantable
reticulum cell neoplasms, a HD-like murine tumor, was found

associated with increased levels of NK activity. In contrast,
spleen or lymph node involvement by other types of tumors
was never found associated with alterations of NK activity.
Further characterization of this system indicated that the neo
plastic cells were not per se cytotoxic and that the increased
NK activity was due to activation of the host cells by the
reticulum cell neoplasm cells.
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