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Abstract

Spleen cells from tumor-bearing mice showed decreased natural killer (NK) activity and de-
creased binding to target cells with progression of the tumor. Treatment of spleen cells from
tumor-bearing mice with vibrio cholerae neuraminidase (VCN) increased the cytotoxicity to a
level twice or more as high as that of untreated cells, but the same treatment of spleen cells from
normal mice had no or little effect. On the other hand, neither in spleen cells from tumor-bearing
mice nor in those from normal mice, the VCN treatment had no effect on their binding to M-HeLa
cells. The suppression of NK activity by preincubation with serum from tumor-bearing mice or
prostaglandin E2 was completely abolished by VCN treatment. The above results indicate that
VCN treatment of lymphocytes might augment NK activity by an antagonistic effect against an
immune suppressive factor.
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Augmentation of Natural Killer Activity by Neuraminidase
Treatment of Lymphocytes from Tumor-Bearing Mice

Minoru Ono and Noriaki Tanaka

First Department of Surgery, Okayama University Medical School, Okayama 700, Japan

Spleen cells from tumor-bearing mice showed decreased natural killer (NK) activity and
decreased binding to target cells with progression of the tumor. Treatment of spleen cells from
tumor-bearing mice with vibrio cholerae neuraminidase (VCN) increased the cytotoxicity to
a level twice or more as high as that of untreated cells, but the same treatment of spleen cells
from normal mice had no or little effect. On the other hand, neither in spleen cells from tumor-
bearing mice nor in those from normal mice, the VCN treatment had no effect on their binding to
M-HeLa cells. The suppression of NK activity by preincubation with serum from tumor-bearing
mice or prostaglandin E, was completely abolished by VCN treatment. The above results indi-
cate that VCN treatment of lymphocytes might augment NK activity by an antagonistic effect

against an immune suppressive factor.

Key words : NK cell, neuraminidase, tumor-bearing serum, target-binding cell, MH-134

hepatoma.

Natural cytotoxicity may play an impor-
tant role in immune surveillance against
tumors and viral infection in experimental
animals and in man (1-3). Diminished natu-
ral killer (NK) activity has been found in
tumor-bearing animals (4) and in humans
with malignant disease, especially those with
widely disseminated tumors (5-7). The
mechanism of suppression in these situations
is not clearly understood. It has been re-
ported that the treatment of peripheral blood
lymphocytes from healthy donors with vibrio
cholerae neuraminidase (VCN) increases
their cytotoxic activity against tumor cells
in vitro (8). In order to analyze this phe-
nomenon, changes in NK activity and in
target binding of spleen cells after treat-
ment with VCN were studied in tumor-
bearing mice.
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Materials and Methods

Mice and Tumors. Inbred C3H/He and CBA
mice, 8-10 weeks of age, were supplied by the
Mouse Colony of the Okayama University Medical
School.

MH-134 ascites hepatoma cells (1X10° cells/
0.1 ml) were inoculated subcutaneously in the back
of C3H/He mice. Spleen and peripheral blood
samples were taken at various intervals after
tumor inoculation to obtain spleen cells and serum.

Effector Cells. Spleens were removed asep-
tically and cut into small pieces in culture medium
(CM) consisting of Rosewell Park Memorial Insti-
tute Tissue Culture Medium 1640 (RPMI 1640)
with 100 ug/ml streptomycin, 100 U/ml penicillin
(Meiji Pharmaceutical Co., Ltd.), 25mM N'-2-
hydroxy ethylpiperazene N'-2-ethane sulfonic acid
(HEPES) and 10% heat-inactivated fetal calf
serum (FCS, GIBCO). The cell suspension and
spleen fragments were passed through #150 plat-
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inum mesh, and the erythrocytes were lysed with
0.75% NH,Cl-tris buffer at room temperature for
1 minute. The cells were then centrifuged and
washed twice with RPMI 1640 and once with CM
solution.

Reagenis. Serum from tumor-bearing mice
was obtained 17 days after the MH-134 tumor
inoculation and inactivated by heating at 56°C for
30 min. Vibrio cholerae neuraminidase (VCN) was
dissolved in culture medium. Aspirin (500 ug/kg)
or indomethacin (5 mg/kg) dissolved in saline was
administrated for 7 days after the MH-134 tumor
inoculation and again 24 h before measuring the
NK activity. Prostaglandin E, (PGE,) was dis-
solved in 95% ethanol and then diluted in culture
medium to the desired concentration. Ethanol up
t0 0.01% did not affect cell viability or NK activ-
ity. IFN (mouse crude interferon) produced by
L-cells derived from mouse fibroblasts was used.

Treatment of spleen cells with each reageni.
Spleen cells (2X107 cells) of normal mice or MH-
134 tumor-bearing mice were treated with serum
from tumor-bearing mice, VCN (0-250 U/ml),
PGE, (107°*M) or IFN (4X10% U/ml) for 1h at
37°C and washed three times with CM.

Target cells and NK assay. The details of

Fig. 1

The microscopic appearance of Superbeads
nearly confluent with M-HelLa target cells. X100.
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the NK assay have been described elsewhere (4).
M-HeLa cells, measles virus infected HeLa cells,
and YAC-1 cells, Molony virus induced lymphoma
cells of A/Sn mice, were used as target cells in
the NK assay. The target cells were labeled with
200 «Ci of Na,[*Cr]O, (New England Nuclear,
Boston, MA., specific activity 200-500 Ci/g) for
60 minutes in 0.5ml of CM. The target cells
were then washed 3 times with CM and added to
effector cells at an effector cell to target cell
(E/T) ratio of 50 or 100 in flat-bottomed micro-
test IIl tissue culture plates (Falcon 3072). The
total volume was adjusted to 200 ul/well. The
plates were incubated at 37°C under a humidified
5% CO, atmosphere for 6 hours (for YAC-1) or
12h (for M-HeLa). The culture supernatants
were then harvested, and radioactivity was counted
in a gamma-counter. Spontaneous release was
measured by incubating the targets in CM alone.
The percentage of lysis (NK activity) was calcu-
lated by the following formula :

% cytotoxicity =

Experimental cpm— Spontaneous c¢pm

Total cpm— Spontaneous cpm X 100.

Target binding of effector cells. As an assay
for lymphocyte binding with target cells, we appl-
ied method of Saksela (9). This method, using
Superbeads (Flow Laboratories, U.S.A.), detects
the effector-target conjugate, making quantification
easy with a gamma-counter. After Superbeads
(0.2mg in 1 ml) were incubated with 2.5X10°
target cells for 5 days in a tissue culture flask
(Falcon 3013, U.S.A.), the Superbead surfaces
were nearly saturated with target cells (Fig.1).
Two hundred «Ci of **Cr was added to 2X10°¢
lymphocytes, and then the mixture was incubated
at 37°C for 1h. The lymphocytes were washed
three times. The lymphocytes (1 X10°%) were mix-
ed with 0.2 ml (0.04 mg) of Superbeads with the
attached target cells, and incubated for 6 h. The
suspension was gently removed to test tubes filled
with FCS, and the tubes were left to stand for
30 minutes. Non-adherent lymphocytes were col-
lected from the upper layer, and lymphocytes
adherent to the beads from the bottom of the tube.
Radioactivity of each fraction was compared with
Superbeads pretreated only with the medium. The
percent of binding cells was calculated in accord-
ance with the following formula :
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% binding cells =

cpm of lymphocytes adhering
to experimental beads

cpm of total lymphocytes

cpm of lymphocytes adhering
to control beads

cpm of total lymphocytes X 100.

Results

Kinetics of target binding and natural kill-
ing of normal lymphocytes. The binding of
normal lymphocytes to target cells increased
rapidly during the first hour, reached a peak
at 3h, and decreased slowly thereafter. On

Fig. 2 Kinetics of natural killing

the other hand, the natural killing progress-
ed slowly for the first 6 h, then the activity
rapidly elevated, and reached a plateau at
12 h (Fig. 2). Thus, there was a long in-
terval of 9 hours between the maximal bind-
ing and the maximal killing.

Changes in NK activity and target binding
of spleen cells by tumor progression. Both
NK activity and binding of spleen cells to
target cells decreased with the progression
of the tumor. The decrease in NK activity
was more marked than that in target bind-
ing. The spleen cells obtained from tumor-
bearing mice 17 days after the MH-134
tumor inoculation showed little NK activity.

30r
(@—@) and target binding (O— L I I .
—Q)) of normal spleen cells against o 1 X
M-HeLa target cells. The values I 1 [ ]
are expressed as the meantS. D. of N 20’:‘6‘
3 separate experiments. g 20 '7 .
2> 3
2
.0 5°
= @
o o
@ ®
& 100 g 1o &
X ,\l 'i
o A , A " . e
o1 3 6 9 12 15 18 24
Culture time(h)
Fig. 3 Changes in natural killing A. B.
(A) and target binding (B) of spleen
cells from MH-134 tumor-bearing
mice. The values are expressed as " 20t % 204
the meant S. D. Significance of the i ——-[— o
difference from normal mice : *p < 2 ‘éﬂ ™)
0.001, **p < 0.1 (Student’s t-test). 2 2 —1—
o e
8_ -
2 10 8’0 10}
& * E
&
v
Normal MH-134 Normal MH-134
mice bearing mice mice bearing mice

Produced by The Berkeley Electronic Press, 1986



Acta Medica Okayama, Vol. 40 [1986], Iss. 1, Art. 7

48 Ono and Tanaka
Fig. 4 The effect of various con- 401
centrations of neuraminidase (VCN) * %k

on NK activity of spleen cells
from normal (@—@) and MH-
134 tumor-bearing mice (O——O)
against M-HeLa target cells. Sig-
nificance of the difference from spleen
cells treated with medium only :
*p < 0.01, **p < 0.001 (Student’s
t-test). The values are expressed as
the mean+ S. D. 20F
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Fig. 5 The effect of neuramini-
dase (VCN) treatment on binding
to M-Hel.a target cells of spleen @
cells from normal mice (@—@) 3 20
and tumor-bearing mice (O——Q)). ©
Spleen cells were obtained 16 days %ﬂ
after the MH-134 inoculation. 2
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Binding to target cells was retained at a low  activity exceeding that of normal spleen
level, but showed no further reduction until cells (Fig. 4). On the contrary, the binding
death (Fig. 3). activity to target cells was not influenced
Influence of vibrio cholerae neuraminidase  significantly by VCN treatment in normal
(VCN) treatment of effector cells on the NK  spleen cells or in spleen cells from tumor-
activity and target binding. The changes in  bearing mice (Fig. 5).
NK activity and binding activity against M- When using YAC-1 cells as target cells,
Hel.a cells after treatment with VCN (5 U/  the VCN treatment brought a dose dependent
ml to 250 U/ml) were examined. The NK increase in NK activity of not only the nor-
activity of normal spleen cells exhibited no mal spleen cells but also the spleen cells
significant change after the treatment, but in  from tumor-bearing mice (Fig. 6). The
the spleen cells 16 days after tumor inocu- activity of the latter exceeded that of the
lation, the NK activity was augmented after  former at VCN concentrations of 50 U/ml
VCN treatment (50 U/ml), showing a peak to 100 U/ml.
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Fig. 6 The effect of various con-
centrations of neuraminidase (VCN)
on NK activity of spleen cells from
normal mice (@—@) and MH-
134 tumor-bearing mice (O—)
against YAC-1 target cells. The
values are expressed as the mean
+S.D.

% specific lysis

]
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Concentration of neuraminidase(units/mf)

The suppressive effect of the serum from
tumor-bearing mice and the recovery from
the suppression by VCN treatment. NK
activity of tumor-bearing mice disappeared
completely 17 days after tumor inoculation.
When normal spleen cells were incubated at
37°C for 60 min with serum from the tumor-
bearing mice, the NK activity and target
binding were both inhibited. This inhibitory
effect was noted up to a 50-fold dilution of
the original serum (data not shown). The
target binding of lymphocytes was less af-
fected by the serum than NK activity. When
the spleen cells were preincubated with
VCN, the binding activity recovered to the
normal level, and the NK activity exceed-

Table 1

ed the normal level by 150% augmentation
(Table 1).

Effect of in vive administration of aspirin
or indomethacin on NK suppression of serum
Sfrom tumor-bearing mice. Tumor-bearing
C3H/He mice 17 days after the MH-134
tumor inoculation, expected to have serum
suppressive to NK cells, were treated pre-
viously with an oral administration of aspi-
rin (500 ug/kg) or indomethacin (5 mg/kg).
Twenty-four hours after the last adminis-
tration, sera were obtained to test for the
presence of a suppressive factor against NK
activity. The serum from tumor-bearing
mice without pretreatment blocked consider-
ably the NK activity of normal spleen cells.

Influence of serum from tumor-bearing mice and neuraminidase (VCN) on NK activity and binding to target cells

% Cytotoxicity®

Source of Cells Treatment % Binding
YAC-1 M-Hel.a

Normal spleen Medium 31.0+1.5° 26.3+£2.2 19.8+0.8

Normal serum 30.6+1.2 21.0+2.1 14.8+1.1

MH-134 serum 15.6+1.0 9.6+1.4 11.8+1.1

MH-134 serum-+ VCN¢ 45.5+2.3* 36.6+2.7* 17.1£1.6

a: YAC-1 cells (1 X10*) or M-HeLa cells (5X10°) labeled with *'Cr, and effector cells (E/T = 100: 1) were mixed,
cultured at 37°C with 5% CO, for 12 hours (M-HelLa) or 6 hours (YAC-1).

b: Meant S. D. Significance of the difference from MH-134 serum, *p < 0.01.

¢ : Spleen cells (2X10°) were treated for 1 h with VCN (50 U/ml) and serum 16 days after the MH-134 transplan-

tation.
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Table 2 Effect of in vivo administration of aspirin or indomethacin on NK suppression of serum from tumor-bearing

mice

Source of Cells

Treatment with serum from

% Cytotoxicity®

Target cells

M-Hel.a YAC-1
Normal spleen Normal mice Saline 15.8+2.0° 22.4+3.5
Aspirin 13.2+2.8 23.0+4.2
Indomethacin 15.24+2.5 21.44+2.9
MH-134 mice Saline® 3.3+4.2 7.6L£2.8
Aspirin® 13.0+3.4 19.6+3.3
Indomethacin® 13.6+3.0 18.7+3.4

a: YAC-1 cells (1X10*) or M-HeLa cells (5X10?%) labeled with *'Cr, and effector cells (E/T = 50) were mixed,
cultured at 37°C with 5% CO, for 12 hours (M-HeLa) or 6 h (YAC-1).

b : Percent cytotoxicity, mean+S. D.
¢ : 17 days after MH-134 transplantation.

By the previous administration of these
agents, the serum lost its suppressive func-
tion completely (Table 2).

Effect of VCN on PGE, depressed NK
activity. It has already been shown that
NK activity can be inhibited by PGE,. This
experiment was undertaken to examine the
effect of VCN or interferon treatment on NK
activity and target binding of spleen cells
which were pretreated with PGE,. Treat-
ment with VCN returned the depressed NK
activity of PGE,-pretreated normal spleen
cells to the normal level, as did IFN. In
PGE,-pretreated lymphocytes from tumor-
bearing mice, in which NK activity was
almost negligible, NK activity returned to

the normal level after VCN treatment. On
the other hand, IFN was not so effective.
Target binding of spleen cells was slightly
decreased by PGE,, but it was not affected
by successive treatment with VCN or IFN
(Table 3).

Discussion

Diminished NK activity has been found
in tumor-bearing animals (4) and in hu-
mans with malignant disease (5-7). It has
been reported that cancer patients who had
diminished NK activity did not have de-
creased numbers of large granular lympho-

Table 3 Effect of neuraminidase VCN on PGE, pretreated NK cells
% Cytotoxicity® % Binding
Source PGE, B R
of Cells Pretreatment® Treatment Treatment
None IFN VCN None IFN VCN
Normal — 25.8+6.2¢ 40.2+4.6 29.8+1.6 17.7+3.4 18.2%+4.1 16.3+£3.5
+ 13.3+2.8 27.7+3.2 25.2+3.7 15.2+3.5 17.0x3.2 16.4+2.9
MH-134°¢ - 14.0£5.1 32.3+4.3 36.7£5.6 13.5+2.6 12.0+3.7 10.2+3.4
+ 5.7t2.0 19.6+1.8 26.1+2.8 8.9+4.3 11.3+2.8 8.8+3.3
a : Spleen cells were pretreated for 30 min with medium only (—) or 10™°M PGE, (+).
b : See Table 2. M-Hela were used as target cells.
¢ : Treatment with IFN (4 X10° U/ml) or VCN (50 U/ml) for 1 h at 37°C.
d : Percent cytotoxicity, mean+S. D.
e : Tumor-bearing mice 10 days after the MH-134 transplantation.
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cytes (LGL) in comparison with normal
donors (10). In this study, we observed
that both the NK activity and target binding
of spleen cells were decreased in tumor-
bearing mice. The former was more affect-
ed than the latter.

The existence of cells and factors regu-
lating the level of NK activity both in vive
and in vitro is suggested by experimental
evidence. Interferon enhances the activity
of NK cells (11, 12). Prostaglandin has
both an inhibitory effect and a stimulatory
effect on NK cells (13, 14). In humans,
carcinomatous pleural effusion was found to
contain macrophages which suppress NK ac-
tivity (15). In our study, the preincubation
of normal spleen cells with serum of tumor-
bearing mice was found to decrease both NK
activity and target binding of effectors. The
suppressive effect of the serum was elimi-
nated when the tumor-bearing mice were
administered either aspirin or indometha-
cin. Therefore, prostaglandin appears to
be related to the phenomenon of NK inhi-
bition by the tumor-bearing mouse serum.
Serum factors, such as ol antitrypsin (16)
and immunosuppressive substance (ISS) (17)
are known to be NK inhibitors. These
substances, which are serum components
elevated during acute inflammation, have
been implicated in the suppression of vari-
ous immunological responses. Binding of
substances to cell membrane may result
in a marked increase in cell surface as-
sociated sialic acid and hence in negative
surface charge. Such an increase in neg-
ative surface charge could alter antigenic
recognition, cellular incorporation and spe-
cific membrane-associated events leading to
lymphoid cell activation.

Neuraminidase treatment has been shown
to enhance the attachment of effector and
target cells (18) and to augment the im-
mune response in vivo (19) and in witro
(20). It has been reported that neuramin-

Produced by The Berkeley Electronic Press, 1986

idase increases both cell-mediated cytotox-
icity (CMC) and antibody-dependent cellular
cytotoxicity (ADCC) (21). In the present
study, the treatment of spleen cells from
tumor-bearing mice was found to augment the
depressed NK activity to an extent exceed-
ing that of the normal level.

There are several possible explanations
for the activation effect. A change in the
topologic distribution and exposure of hidden
receptor-sites could increase the contact
between the attacker and the targets cells.
Sialogylcoproteins and sialic acid could con-
tribute to the negative charge of the cell
surface, so that removal of sialic acid by
neuraminidase would markedly decrease the
electro-negative charge. It is possible that
mild proteolysis with neuraminidase reduces
the repulsive forces and increases contact
between reacting cells. Non-specific block-
ing factors or specific blocking immune
complexes could be removed by proteolysis.
Stimulation of cellular metabolic activity
could result from enzyme treatment.

It was reported that the enhanced cell me-
diated cytotoxicity following VCN-treatment
may result from an activation of killer cells,
including VCN-treated T-lymphocytes which
possess an increased capacity to attach to
target cells (8). Our studies have indicated
that NK activity was enhanced following ex-
posure of lymphocytes to VCN, whereas
target binding activity was not significantly
changed. This seeming discrepancy is not
contradictory since, in Galili’s study, the
increased attachment of VCN-treated T-
lymphocytes was not associated with the
increased killer activity of T-lymphocytes
themselves. Therefore, the augmentation of
NK activity was not thought to be related to
increased contact of target cells and effector
cells, nor to exposure of the receptor.

It was found by several investigators that
immunoglobulins or other serum factors are-
involved in some way with NK cells. Cell
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bound monomeric IgG can inhibit NK activity
(22). This inhibition is caused by attach-
ment of IgG via Fc v receptors (FeyR) to NK
cells. Since VCN treatment is known to aug-
ment FcyR expression (23), but the VCN-
induced FcyR expression was not associated
with enhanced cytotoxic activity in an assay
for ADCC and spontaneous CMC (23), it
can be deduced that VCN treatment can
restore the NK activity suppressed by cyto-
philic IgG.

Consequently, from studies in the litera-
ture and our own in vilro expriments we
adopt the last of the above mentioned pos-
sible explanations. As VCN treatment is
known to influence ATPase on the cell mem-
brane (24) and to activate lymphocytes (25),
it is reasonable to speculate that the VCN
treatment augments NK activity via cellular
metabolic activity.

In the present study, VCN treatment of
spleen cells from tumor-bearing mice pro-
duced a prominent increase in NK activity,
whereas the same treatment of normal spleen
cells had no effect on NK activity against
M-HeLa cells and some effect against YAC-
1 cells. In a study on human peripheral
blood lymphocytes, NK activity of normal
lymphocytes against M-HelLa cells was not
augmented by VCN. On the other hand,
lymphoeytes of cancer patients were acti-
vated (26).

It seems that the augmentation of NK
activity by VCN treatment is more effective
in the immuno-suppressive state, such as in,
the case of malignant disease, than in the
normal state. In cancer patients and tumor-
bearing animals, PGE, might play an impor-
tant role in the low NK cell activity. VCN
treatment which had no significant effect on
normal spleen cells augmented the PGE,-
depressed NK activity of cells from tumor-
bearing mice to the normal level.

Acknowledgment.  The authors wish to thank Prof.

http://escholarship.lib.okayama-u.ac.jp/amo/vol 40/issl/7

Kunzo Orita for his valuable suggestions and kind guidance
in this study.

References

1.

-

[=2]

10.

11.

12.

Herberman R B, Nunn M E and Lavrin D H : Natu-
ral cytotoxic reactivity of mouse lymphoid cells
against syngeneic and allogeneic tumors. 1. Distribu-
tion of reactivity and specificity. Int J Cancer
(1975) 16, 216-229.

Pross H F and Baines M G : Spontaneous human
lymphocyte-mediated cytotoxicity against tumor target
cells. VI. A brief review. Cancer Immunol Immuno-
ther (1978) 3, 75-85.

Welsh R M Jr, Zinkernagel R M and Hallenbeck
L A : Cytotoxic cells induced during lymphocytic
choriomeningitis virus infection of mice. II. “Spec-
ificities” of the natural killer cells. J Immunol
(1979) 122, 475-481.

Ono M, Tanaka N and Orita K : Dissociation of
natural killer activity and antibody-dependent cellular
cytotoxicity in spleen cells of tumor bearing mice.
Acta Med Okayama (1983) 37, 367-376.

Pross H F and Baines M G : Spontaneous human
lymphocyte-mediated cytotoxicity against tumor tar-
get cells. 1. The effect of malignant disease. Int J
Cancer (1976) 18, 596-604.

Takasugi M, Ramseyer A and Takasugi J : Decline
of natural nonselective cell-mediated cytotoxicity in
patients with tumor progression. Cancer Res (1976)
37, 413-418.

Tanaka N, Hashimoto T, Matsui T, Ohida J, Ono M
and Orita K : Natural cytotoxic reactivity of periph-
eral blood lymphocytes from digestive tract cancer
patients against a colon cancer cell line and virus-
infected HeLLa cells. Gann (1983) 74, 419-425.
Galili V and Schlesinger M : Regulation of the cyto-
toxic effect of human ‘normal killer cells’ on tumor
cell lines by neuraminidase-treated T-lymphocytes.
Cancer Immunol Immunother (1978) 4, 33-39.
Saksela E, Timonen T, Rank A and Harry P : Mor-
phological and functional characterization of isolated
effector cells responsible for human natural killer
activity to fetal fibroblasts and to cultured cell line
targets. Immunol Rev (1979) 44, 71-123.
Steinhauer E H, Poyle A T, Reed J and Kadish
A S : Deffective natural cytotoxicity in patients with
cancer : Normal number of effector cells but de-
creased recycling capacity in patients with advanced
disease. J Immunol (1982) 129, 2255-2259.
Gidlund M, Orn A, Wigzell H, Senik A and Gresser
I : Enhanced NK cell activity in mice injected with
interferon and interferon inducers. Nature (1978)
273, 759-761.

Djeu J Y, Heinbauch J A, Holden H T and Herber-
man R B : Augmentation of mouse natural killer cell



13.

14.

15.

16.

17.

18.

19.

20.

Ono and Tanaka: Augmentation of natural killer activity by neuraminidase

NK Cell Augmentation by VCN 53

activity by interferon and interferon inducers. J Im-
munol (1979) 122, 175-181.

Droller M J, Schneidler M V and Perlman P :
A possible role of prostaglandins in the inhibition
of natural and antibody-dependent cell mediated cyto-
toxicity against tumors. Cell Immunol (1980) 39,
165-177.

Keudull R A and Targan S : The dual effect of
prostaglandin and ethanol on the natural killer cyto-
lytic process effector activation and natural killer
cell target conjugate lytic inhibition. J Immunol
(1980) 125, 2770-2777.

Uchida A and Mickshe M : Suppressor cells for
natural killer activity in carcinomatous pleural effu-
sions of cancer patients. Cancer Immunol Immunother
(1981) 11, 255-263.

Hudig D, Haverty T, Fulcher C, Redelman D and
Mendelsohn J : Inhibition of human natural cytotox-
icity by macromolecular antiproteases. J Immunol
(1981) 126, 1569-1574.

Ohnishi K, Fuchimoto S, Hamada F, Akura Y,
Kamitani S, Beika T, Naomoto Y, Kimura T, Itano
S, Tanaka N, Sakagami K and Orita K : Suppres-
sive mechanisms for cellular immunity by immuno-
suppressive substance (ISS) in gastrointestinal can-
cer patients. Digestive organ Immunol (1985) 14,
267-271, (in Japanese).

Wekerle H, Lanai P and Feldman M : Fractionation
of antigen reactive cells on a cellular immunoadsorb-
ent : factors determining recognition of antigens by
T-lymphocytes. Proc Natl Acad Sci USA (1972)
69, 1620-1624.

Bekesi J G, Roboz J P, Walter L and Holland
J F : Stimulation of specific immunity against can-
cer by neuraminidase treated tumor cells. Behring
Inst Mitt (1974) 55, 309-321.

Watkins E Jr, Gray B N, Anderson L. L, Baralt
O L, Nehril L R, Waters M F and Connery C K :

Neuraminidase-mediated augmentation of in vitro im-

Produced by The Berkeley Electronic Press, 1986

21,

22.

23.

24.

25.

26.

mune response of patients with solid tumors. Int J
Cancer (1974) 14, 799-807.

Kedar E, de Landazuri M O and Fahey J L : En-
zymatic enhancement of cell-mediated cytotoxicity
and antibody-dependent cell cytotoxicity. J Immunol
(1974) 112, 26-36.

Sulica A, Gherman M, Galatiuc C, Manciulea M
and Herberman R B : Inhibition of human natural
killer cell activity by cytophilic immunoglobulin G.
J Immunol (1982) 128, 1031-1036.

Schulof R S, Fernandes R A and Gupta S : Neur-
aminidase treatment of human T lymphocytes : effect
on Fc receptor phenotype and function. Clin Exp
Immunol (1980) 40, 611-619.

Emmelot P, Bos C J, Beneditti E L and Riimke
P H : Studies on plasma membranes. I, Chemical
composition and enzyme content of plasma membranes
isolated from rat liver. Biochem Biophys Acta
(1964) 90, 126-145.

Novogrodsky A : Selective activation of mouse T
and B lymphocytes by periodate, galactose oxidase
and soybean agglutinin, Eur J Immunol (1974) 4,
646-648.

Ohida J, Ono M, Tanaka N and Orita K : Augmen-
tation of NK activity by neuraminidase treatment of
lymphocytes : in Hoshino, Koren and Uchida, Natu-
ral Killer Activity and its Regulation, Excerpta
Medica, Tokyo, (1984) pp233-238.

Received: October 18, 1984
Accepted : October 15, 1985

Reprint requests to :
Minoru Ono
First Department of Surgery
Okayama University Medical School
2-5-1 Shikata-cho, Okayama 700, Japan



