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ABSTRACT

Nocardia rubra cell wall skeleton (N-CWS) stimulated adherent cells
harvested from the peritoneal cavities of thioglycollate-treated mice to
producecytotoxic activity. Depletion of macrophages from the adherent
cells by 2-chloroadenosine or silica abrogated the production of this
cytotoxic activity, whereas treatment of the adherent cells with anti-Thy-
1.2 antibody and complement did not. This suggested that macrophages
were the producercells of the activity. Cytotoxic activity became detect
able as early as 2 h after N-CWS treatment and reached peak activity at
9 h, then declined to a lower level, indicating rapid onset without
persistent effects. N-CWS-induced cytotoxic factors have a fairly narrow
temperaturerange, pH optimum for storage, and are sensitive to primase
andtrypsin. By using column chromatography,N-CWS-induced cytotoxic
factors were compared in detail with tumor necrosis serum obtained from
Bacillus Calmette-GuÃ©rinendotoxin-treated mice. Both toxins were
foundto be nearly identical with respect to their behaviorin ion-exchange,
gel filtration, and concanavalin A affinity columns. N-CWS also induced
humanperipheral blood lymphocytes to release cytotoxic activity. Mono-
cytes predominantly participated in production of this activity as con
firmed by treatment with monoclonal antibody and complement. The
cytotoxic activity was completely neutralized by anti-human tumornecro
sis factor antiserum, but not by anti-human lymphotoxin antiserum. The
fact that human peripheral blood lymphocytes release tumor necrosis-
like factors after stimulation with N-CWS might account for the antitu-
mor effects of this agent.

INTRODUCTION

Increasing evidence has been accumulated in recent years that
N-CWS2 has imunotherapeutic potential for the treatment of
various tumors (1-3). Consequently, our interest has been con
centrated on a potential mechanism for the in vitro effects of
this agent on tumors. The mechanism by which tumor cell
killing proceeds in vivo is still unknown, but some effector cells
such as immune T-cells and activated macrophages appear to
be involved (4, 5). A number of antitumor lymphokines have
been described so far. LT, TNF, IL-1, and various types of IFN
are substances known to have the ability to kill tumor cells,
which have shown themselves to act directly on cells as well as
to regulate immune responses (6-8). We found previously that
N-CWS stimulates some lymphoreticular systems to release
IFN-Ã–//3and -7. Furthermore, we demonstrated that mixed
cultures of TG-M0 and SC released high titered IFN-> in
response to stimulation with N-CWS and that NK-like cells
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present in SC are producer cells while macrophages are needed
as helper cells (9). While studying the mechanism of IFN--y
production induced by N-CWS, we observed significant
amounts of cytotoxic activity in undiluted samples in the IFN
assay system. In this report, we describe the characteristics of
the cytotoxic factors produced in murine and human hemato-
poietic cells.

MATERIALS AND METHODS

Mice. Female C3H/HeN and ICR mice 7 to 10 weeks old were
obtained from Charles River Japan, Inc. (Atsugi, Japan). They were
maintained under specific-pathogen-free conditions until used.

Materials. RPMI 1640 and Eagle's minimal essential medium were

purchased from Flow Laboratories (Irvine, Scotland). FBS was obtained
from GIBCO Laboratories (Grand Island, NY), and Ficoll-Paque was
purchased from Pharmacia Fine Chemicals (Uppsala, Sweden). Mono
clonal anti-Thy-1.2 antibody, Low-Tox-M, and Low-Tox-H rabbit com
plements were purchased from Cedarlane Laboratories (Hornby, On
tario, Canada). Anti-Leu-M3, anti-Leu-1, anti-Leu-7, and anti-Leu-1 Ib
monoclonal antibodies were obtained from Becton-Dickinson (Moun
tain View, CA). Silica, 2-chloroadenosine and 3-(4,5-dimethylthiazoyl-
2-yl)-2,5-diphenyltetrazolium bromide were purchased from Sigma (St.
Louis, MO). Human LT, goat anti-human LT, and rabbit anti-human
TNF antisera were generous gifts from Dr. G. A. Granger (Department
of Molecular Biology and Biochemistry, School of Biological Sciences,
University of California at Irvine, Irvine, CA). Crude human TNF was
prepared from HI -60 myeloblastoid cells stimulated with 4-phorbol-
12-myristate-l 3-acetate as described (10).

Preparation of TG-PEC. TG-PEC were prepared as described previ
ously (9). Cells suspended at 8.5 x 10s cells/ml in RPMI 1640 contain
ing 10% FBS, SO/iM 2-mercaptoethanol, and antibiotics (RPMI 1640
complete medium) were dispensed into 24-well tissue culture plates
(Corning Glass Works, Corning, NY) in a volume of 1 ml/well and
incubated at 37Â°Cfor 3 h. Nonadherent cells were removed by repeated

and vigorous washing with serum-free RPMI 1640.
Preparation of Spleen Cells. Spleen cell suspensions were also pre

pared as described previously (9).
Preparation of Human Peripheral Blood Mononuclear Cells. Hepari n-

ized peripheral blood was obtained from healthy donors. Mononuclear
cells were separated on Ficoll-Paque gradients by centrifugation at 400
x g for 30 min. Cells collected at the interface were washed twice with
serum-free RPMI 1640 and subsequently resuspended in RPMI 1640
complete medium.

N-CWS. Squalene-attached N-CWS (lot 109114K) was prepared by
Fujisawa Pharmaceutical Co., Osaka, Japan.

Production of N-CWS-CF. For the standard preparation of N-CWS-
CF, 50 fil of desired concentrations of N-CWS were added to 1 ml of
TG-PEC monolayer cultures or spleen cell suspensions (2.5 x 106cells/
well). After the appropriate incubation time at 37Â°Cin a 5% CO:

atmosphere, culture supernatants were collected, centrifuged free of
cells, and either assayed for cytotoxic activity immediately or frozen at
-30'C for later assay. In the case of human PBL cultures, 200 /il of
PBL suspension (2.5 x 10" cells/ml) were placed into wells of 96-well

flat-bottomed microtiter plates (Sumitomo Bakelite Co., Tokyo, Ja
pan), and N-CWS (50 Ml/well) was added to cultures at the desired
concentrations.

Assay for Cytotoxic Factor and Determination of Units of Activity in
a Supernatant. This assay was performed according to the method of

1785

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2430793/cr0470071785.pdf by guest on 19 M

ay 2023
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Fisch and Giflord (11) with minor modifications. Serial 2-fold dilutions
of the culture supernatants were prepared in quadruplicate in 96-well
microtiter plates in a volume of 50 /Â¿I/wellwhich were seeded with
L929 target cells (35,000 cells/50 Â¿>1)suspended in Eagle's minimal

essential medium containing 10% FBS and 2 /ig/ml actinomycin D
(Makor Chemicals Co., Jerusalem, Israel). Plates were then incubated
for about 16 h at 37"C in a humidified CO2 incubator. After the culture

period, lytic activities of the test samples were quantitated by a 3-(4,5-
dimethylthiazoyl-2-yl)-2,5-diphenyltetrazolium bromide dye reduction
assay previously described (12, 13). One unit of cytotoxic activity is
defined as the amount of material that destroys 50% of target L929
cells (35,000 cells). The reciprocal of the highest dilution killing 50%
of the target cells denotes the number of cytotoxic activity units per ml
in a given supernatant. An internal standard was included in each assay
and cytotoxic activity is expressed in units per ml based on an internal
laboratory standard.

Treatment with Anti-Thy-1.2 Antibody. TG-PEC from C3H/HeN
mice (5x10* cells/ml) were incubated with 1 ml of monoclonal anti-
Thy-1.2 antibody (1/500 dilution) for 30 min on ice. The cells were
pelleted by centrifugation and incubated with 1 ml of rabbit Low-Tox-
\1 complement (1/20 dilution) for an additional 30 min at 37Â°Cand

washed 3 times with serum-free RPMI 1640. This procedure depleted
T-cell response as measured by Con A-stimulated [3H]thymidine up

take. Viable cells were then enumerated in a hemocytometer by trypan
blue dye exclusion and resuspended at a density of 8.5 x IO5cells/ml.

Removal of Monocytes, T-Cells, or NK Cells from Human PBL.
RPMI 1640 containing 0.1% sodium azide and 0.5% FBS was used
throughout experiments. Anti-Leu-M3, anti-l.cu-1. anti-Leu-7, and
anti-Leu-llb monoclonal antibodies were diluted in the above-men
tioned media to give 2 Mg/ml each. One ml of diluted antibody was
added to an equal volume of human PBL suspension adjusted to 6 x
IO6cells/ml in media. The mixture was kept on ice for 45 min before
addition of 2 ml of 1/2.5 dilution of rabbit complement (Low-Tox-H).
After further incubation for 60 min at 37*C in a humidified CO2

incubator, the cells were washed 3 times with sodium azide and FBS-
free RPMI 1640, counted, and resuspended at 2.5 x 10* cells/ml in

RPMI 1640 complete medium. In addition, as a check on the efficiency
of the procedure for removing cells, approximately 10' cells with anti-
Leu-M3 treatment were stained with fluorescein isothiocyanate-conju-
gated anti-Leu-M3, and the number of Leu-M3-positive cells was
determined on a fluorescence-activated cell sorter (FACS IV; Becton
Dickinson). In the cases of anti-Leu-1, anti-Leu-7, and anti-Leu-llb
antibodies, approximately IO'1cells were first stained with a respective
unconjugated antibody followed by staining with a fluorescein isothio-
cyanate-conjugated IgG fraction of goat anti-mouse IgG (heavy and
light chains specific; Cooper Biochemical, Malvern, PA).

Neutralization of Cytotoxic Activity by Antisera to Human TNF and
LT. Highly specific rabbit antiserum against human TNF at 1:100
dilution neutralized on equal volume of TNF at 4000 units/ml while
highly specific goat antiserum to human LT at 1:4 dilution neutralized
an equal volume of 2000 units/ml LT. For a neutralization test, 100 /Â¿I
of cytotoxin containing supernatants were incubated with 10 n\ of anti-
LT antisera or anti-TNF antisera for I h at 37'C before addition of

L929 target cells.
Preparation of TNS. TNS was prepared as described by MÃ¤nnelet

al. (14) using 0.6 mg of dried Bacillus Calmene GuÃ©rin(Japan Bacillus
Calmene GuÃ©rinCo.) and 25 Mgof LPS from Escherichia coli 0111-B4

(Sigma) (14).
Large Scale Preparation of N-CWS-CF. The 8.5 x IO7thioglycollate-

elicited PEC were established as monolayers in F 150 culture flasks
(Corning) as described above. The macrophage monolayers were
washed twice with phosphate-buffered saline. Fifty ml serum-free RPMI
1640 medium containing 40 Â¿tg/mlof N-CWS were added, and the
monolayers were incubated for 14 h at 37Â°C.The pooled supernatants

were filtered through 0.22-ntn Millipore filters (Millipore Co., Bedford,

MA).
DEAE-Sepharose Chromatography. The cell filtrates were concen

trated approximately 20-fold by using an Amicon YM-10 (Amicon Co.,
Danvers, MA) ultrafiltration membrane and dialyzed against 20 HIM
sodium phosphate buffer at pH 7.8 (termed standard buffer). Mouse

TNS was diluted 1:4 with standard buffer. The protein preparations
were applied to a 1.6- x 35-cm DEAE-Sepharose CL-6B column
(Pharmacia), previously equilibrated with standard buffer until the
major portion of unbound proteins had washed through, and eluted
with a linear gradient of 3 column volumes from 0 to 0.5 M NaCl in
standard buffer. Five-mi fractions were collected at a flow rate of 1 ml/
min. This procedure and all successive Chromatographie steps were
carried out at 4'C.

Sephacryl S-200 Gel Filtration. Each peak of activity from the DEAE-
Sepharose Chromatography was concentrated by ultrafiltration mem
brane. Two ml of the concentrate were applied to a 1.6- x 62-cm
Sephacryl S-200 column (Pharmacia) equilibrated with standard buffer
containing 1.6 M NaCl. One-mi fractions were collected at a flow rate
of 0.2 ml/min.

Con A-Sepharose-Affmity Chromatography. The partially purified
samples (10 ml) from the Sephacryl S-200 Chromatography were di
alyzed against standard buffer and applied to a 1.6- x 10-cm Con A-
Sepharose CL-4B (Pharmacia) column equilibrated with standard
buffer containing 0.2 M NaCl. After washing with 4 bed volumes of 0.2
M NaCl-standard buffer, the bound active material was eluted with
standard buffer containing 0.5 M a-methylglucoside (Seikagaku Co.,
Tokyo, Japan) and 0.2 M NaCl. Five-mi fractions were collected at a
flow rate of 0.6 ml/min.

Temperature and pH Sensitivity. Partially purified N-CWS-CF ob
tained from a DEAE-Sepharose step (mixture of 2 peaks of activity
shown in Fig. 2) was divided into fractions containing 50 to 100 units/
ml. Each fraction was incubated at various temperatures (4, 30, 37, 40,
50, 60, and 70Â°C)for l h and then equilibrated to 37'C.

In addition, partially purified N-CWS-CF prepared as above were
dialyzed with 100-ml aliquots of 0.1 M buffer for 24 h followed by
redialysis with standard buffer for 4 h. Dialyzation was performed at
4'C. The buffers used were sodium citrate (pH 2.2 to 6.8), Tris-HCl

(pH 7 to 9), and glycin-NaOH (pH 9 to 10). Samples from both
treatments were assayed for cytotoxic activity.

Enzyme Digestions. Enzymatic digestions were performed by mixing
800 ftl of partially purified N-CWS-CF with the following reaction
mixtures for 3.5 h at 37'C: 10 v\ of 1% trypsin (Difco, Detroit, MI)

plus 200 iA of 0.5 M Tris-malate buffer pH 8.0 or 10 n\ of 1% Pronase
(Streptomyces griseus protease; Sigma, St. Louis, MO) plus 200 n\ of
0.5 MTris-maleate buffer, pH 6.O.Control reaction mixtures for digests
were performed without enzyme.

Protein Determination. Protein content of N-CWS-treated TG-M<Â¿>
culture supernatants and partially purifed fractions of N-CWS-CF were
determined by using the Bio-Rad assay kit (Bio-Rad Laboratories,
Richmond, CA) (15). Protein determinations of TNS and partially
purifed fractions of TNS were by absorbance at 280 nm.

RESULTS

Production of Cytotoxic Factors by N-CWS-stimulated Mu
rine Macrophages in Vitro. We performed a series of experi
ments to define the cell populations involved in the production
of the cytotoxin. Spleen cells or macrophages derived from
normal or TG-injected mice were incubated in complete me
dium with N-CWS for 14 h. Cell-free supernatants were tested
for their lytic activity on L929 target cells.

Usually assays were conducted in the presence of actinomycin
D, which is reported to shorten the assay period and increase
sensitivity (16).

As shown in Table 1, SC alone, derived from untreated or
TG-injected mice, did not produce detectable amounts of cy-
totoxins in this condition; marginal levels of activity were
evident in resident peritoneal cells. In contrast, plastic-adherent
TG-PEC (macrophages, >98%) responded to N-CWS to release
high-titered cytotoxic activity. Differences in cytotoxin produc-
ibility were observed among various strains of mice. ICR mice
were very high producers of this cytotoxin (Table 1). Treatment
of TG-PEC with silica or 2-chloroadenosine (17) which were
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Table 1 Production of cytotoxic factor from different cell populations of normal
and TG-injected mice by N-CWS

TG-PEC were obtained 4 days after TG injection. Peritoneal cells (8.5 x 10*)
from normal and TG-injected mice were incubated at 37"C in 95% air/5% CO2

for 3 h and then washed vigorously to remove nonadherent cells. Monolayers
were cultured at the indicated concentrations of N-CWS for 14 h. Supernatants
were collected and assayed for cytotoxic activity as described in "Materials and
Methods." Spleen cells (2.5 x 10*) were cultured for 14 h with N-CWS.

Cytotoxic activity (units/ml)

Adherent peritoneal
cellsStrainC3H/HeNICRN-CWSGig/ml)501020501020Normal1Â±0Â°0004Â±01

Â±000TGinjected172

Â±1249
Â±81

Â±00363

Â±33135
Â±184Â±00Spleen

cellsNormal00000000TGinjected00000000

" Mean Â±SE of triplicate determinations.

Table 2 Characterization of cytotoxic factor producing cells responding to
N-CWS in vitro

In experiment 1 TG-PEC monolayers prepared as described in legend to Fig.
1 were treated with the indicated concentrations of macrophage toxins, silica, or
2-chloroadenosine, at 37'C for 2 h, washed 3 times with serum-free RPMI 1640,
and cultured for a further 8 h with N-CWS (50 ^g/ml). In adherent leukocyte
fractions of peritoneal cells, cell recovery from the macrophage toxin-treated
cultures was 3 to 5% (1000 pg/ml silica) and 50 to 60% (0.01 nisi 2 chloroaden-
osine) of that from the untreated control cultures, respectively, while in nonad
herent fractions, cell recovery was 95 to 98 (silica) and 85 to 95% (2-chloroad
enosine) of that from control cultures, respectively. In experiment 2 TG-PEC
were treated with ant Â¡-Thy-1.2and complement as described in "Materials and
Methods." Treated TG-PEC were then counted, seeded into a 24-well plate (8.5
x 10s cells/well), and cultured for 8 h with N-CWS (25 Mg/ml).

Experiment Treatment

Cytotoxic
activity

(units/ml)

1 None (Control) 235 Â±11Â°

210005002501252-Chloroadenosine

(HIM)0.010.003None

(control)Anti-Thy-1.2
+complementComplement18

Â±164
Â±7214
Â±34242

Â±115Â±

133
Â±593

Â±1362
Â±658

Â±4
" Mean Â±SE.

specific toxins to macrophages abrogated cytotoxin producibil-
ity. This suggests the involvement of macrophages in this
cytotoxin production. To rule out the possibility that adherent
T-cells might also be responsible for cytotoxin production, cell
depletion studies that utilized antiserum to T-cell surface anti
gen and complement were performed. Treatment with anti-
Thy-1.2 antibody and complement did not alter the ability of
effector cells (Table 2).

N-CWS also stimulated P388D1 macrophage cells to pro
duce enhanced cytotoxic activity under conditions comparable
to those used for TG-PEC, although the levels of activity were
rather low [7 Â±1 (SE) units/ml at 50 fig/ml of N-CWS) and
marginal amounts of activity constitutively observed (1 Â±0
unit/ml).

We next determined the effects of the time of exposure of
effector cells to N-CWS. TG-PEC were cultured in the presence
of 50 /Â¿g/mlof N-CWS, and the cultures were analyzed for
cytotoxic activity against L929 target cells at various time
intervals. One representative experiment is shown in Fig. 1.

30

Fig. 1. Kinetics of N-CWS-induced cytotoxic factor production from adherent
TG-PEC. TG-PEC (8.5 x 10*) obtained from C3H/HeN mice 4 days after TG

injection were allowed to adhere for 3 h followed by vigorous pipetting to remove
nonadherent cells. Subsequent monolayers were cultured in the presence of N-
CWS (10 ^g/ml) up to 30 h. Supernatants were collected at various intervals of
time and assayed for cytotoxic activity. Bars, SE.

Table 3 Effect of N-CWS-induced TG-PEC supernatant on different target cells
in vitro

Fifty ii\ of serial 2-fold dilutions of N-CWS-treated TG-PEC Supernatants
were added in quadruplicate to 96-well microtiter plates which were seeded with
100 MI of cells (10' of human or IO4of mouse). Cells were incubated for 3 days

(mouse) or 7 days (human). The number of viable cells remaining was determined
by trypan blue dye (nonadherent cells) or by 3-(4,5-dimethylthiazoyl-2-yl)-2,5-
diphenyltetrazolium bromide dye (adherent cells) exclusion assay as described in
"Materials and Methods."

Target cell

Fifty %
effective dose

(units/ml)

Human
HLC 1 (lung carcinoma)
A549 (lung carcinoma)
A375 (melanoma)
IMR 32 (neuroblastoma)
HeLa (cervix carcinoma)
PC 3 (prostate adenocarcinoma)
MCF 7 (breast adenocarcinoma)
FL (amnion)
KB (epidermoid carcinoma)

3'
17
17
22
22
73
73
84

>100

Mouse
B 16 (melanoma)
L 929
MH 134(hepatoma)
P388 (macrophage)''
EL 4 (T-cell)4
RLÃ¡1 (T-cell)*
YAC 1 (T-cell)'

P815 (mastocytoma)
L1210(B-ceIl)*

Sarcoma 180 (sarcoma)13

30
38
42
60
66
66
72

>100
>100*

One (of 2) experiments.
* Leukemia-lymphoma cell.

Activity was detectable in the culture Supernatants within 2 h
and the levels increased to a maximum of approximately 100
units/ml in 9 h before declining rapidly to low levels, about 20
units/ml by 30 h, despite the continued presence of N-CWS.

The effect of supernatant from N-CWS-induced TG-PEC on
a panel of cell lines was tested. Antiproliferative activity was
observed in 8 of 9 human cell lines and 8 of 10 murine cell
lines (Table 3).

Physicochemical Characterization of N-CWS-induced Cyto-
toxins. To determine the susceptibility to pH, temperature, and
protease digestions of N-CWS-CF, partially purified N-CWS-
CF preparations obtained from DEAE-Sepharose chromatog-
raphy as described below were dialyzed against buffers from pH
2 to 10 for 24 h at 4Â°C.These preparations were also treated

at various temperatures for 60 min at pH 7.8. Samples treated
in this way were compared with untreated N-CWS-CF. Cyto
toxic activity revealed both acid and base lability, with a pH
maximum stability at pH 7.0 to 8.0. Sixty to 70% activity was
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lost upon heating at 50Â°Cfor 60 min, and activity was destroyed
completely at 70Â°Cfor the same period. The cytotoxic activity

was inactivated by trypsin and Pronase, although activity was
relatively resistant to trypsin (Table 4, one representative ex
periment of 3).

The cytotoxin present in tumor necrosis serum, referred to
as TNF, is a macrophage origin cytotoxic factor which shows
strong L929 cell killing activity in the presence of actinomcyin
D (16). Therefore, some comparative studies of the N-CWS-
CF with TNF on column chromatography were performed to
determine whether any physicochemical differences or similar
ities could be established between these cytotoxins. The elution
patterns from ion-exchange, gel filtration, and Con A-affinity
chromatography of N-CWS-CF were compared with those of
the cytotoxins in TNS. A typical elution profile of N-CWS-CF
on DEAE-Sepharose column is shown in Fig. 21. Two peaks of
activity routinely appeared with NaCl concentrations of 0.24
(termed P-A) and 0.28 (termed P-B) M. However, considerable
lot variation in the relative amounts of these activities was
observed. The active fractions were pooled, concentrated, di-
alyzed, and applied to a Sephacryl S-200 column. The activity
profiles for elution of Sephacryl columns of 2 different activities
(P-A and P-B) are shown in Fig. 37. The major peak of activity
in P-A eluted as a sharp peak at M, 58,000 with a minor peak
of activity at M, 48,000 which predominated in P-B. A single
peak of activity with M, 48,000 was observed in P-B. Active
fractions from Sephacryl chromatography were pooled, concen
trated, and applied to a Con A-Sepharose CL-4B column. The
column was washed with 0.2 M NaCl and then eluted with 0.5
M a-methylglucoside in 0.2 M NaCl. About 50% of the cytotoxic
activity in P-B (M, 48,000) passed through the column, and
about 50% of the activity was eluted in the presence of 0.5 M
a-methylglucoside and 0.2 M NaCl (Fig. 41). The cytotoxic
activity in P-A showed patterns of elution similar to those in
P-B on the Con A-Sepharose CL-4B column (data not shown).

A TNS sample was also chromatographed on these 3 matrices
with the same separation conditions. On the ion-exchange
column the toxic activity was eluted as 2 resolved peaks as in
the case of N-CWS-CF. These peaks are designated as P-a
(eluted at an 0.18 M NaCl concentration) and P-b (0.28 M
NaCl), respectively (Fig. 211). On gel filtration the activity in
P-a was eluted at an approximate molecular weight of 70,000,
while the activity in P-b was eluted at approximate M, 48,000
(Fig. 311). Both activities in P-a and P-b were partially absorbed
by Con A-Sepharose and eluted with 0.5 M a-methylglucoside
(Fig. 4/7, elution pattern of P-b). The results from a series of
Chromatographie experiments indicated that the N-CWS-CF as
well as TNF are heterogeneous with respect to charge, size, and

Table 4 Temperature, pH, and enzyme sensitivity of N-CWS-CF

Temperature sensitivity*
pH sensitivity*

Inactivated by 60 min at 70"r

Inactivated by pH 2 to 6 and 9 to 11

Enzyme Cytotoxicity remaining
(% of control)

Enzyme sensitivity0 Trypsin
Pronase

64
IS

' Partially purified N-CWS-CF obtained from DEAE-Sepharose chromatog
raphy was heated for l h at various temperatures as described in "Materials and
Methods." The percentages of cytotoxic activity against nontreated N-CWS-CF
control were at 30'C, 100%; at 37'C, 42%; at 40'C, 35%; at 50'C, 30%; and at
60'C, 10%.

* Partially purified N-CWS-CF was dialyzed against buffers at pH 2 to 10 for
24 h and 4 h against standard buffer as described in "Materials and Methods."
The percentages of cytotoxic activity against nontreated N-CWS-CF control were
at pH 2 to 4. 5%; at pH 5, 10%, at pH 6,40%; at pH 7 to 8, 90%; at pH 9, 60%;
and at pH 10, 20%.

' Partially purified N-CWS-CF was incubated at 37'C with indicated enzymes
for 3.5 h as indicated in "Materials and Methods."

30 40 50 60 70
Fraction number

30 Â¿0 50 60 70

Fraction number
Fig. 2. Comparative DEAE-Sepharose chromatography of N-CWS-CF (/),

and murine TNF (II). Serum-free supematants from N-CAVS induced mouse
macrophages (N-CWS-CF) or sera from Bacillus Calmette-Guerin endotoxin-
treated mice (murine TNS) were loaded on a DEAE-Sepharose CL-6B column
in 20 HIMpotassium phosphate (pH 7.8, termed standard buffer) and eluted with
a 0 to 0. S M NaCl gradient. Selected fractions were assayed on L929 target cells
for cytotoxic activity as described in "Materials and Methods." Protein determi
nations were performed using the Bio-Rad protein assay kit (/) or by absorbance
at 280 nm (if). The eluting peaks of N-CWS-CF were termed P-A (0.24 M NaCl)
and P-B (0.28 M NaCl), respectively, and those of TNS were P-a (0.18 M NaCl)
and P-b (0.28 M NaCl), respectively.

expression of carbohydrate. Both toxins were bound to the
DEAE-Sepharose column and eluted with a linear gradient of
NaCl. One major activity in N-CWS-CF coeluted with TNF at
a position of 0.28 M NaCl. Gel filtration chromatography of
the 0.28 M NaCl-eluted activities in both N-CWS-CF and TNS
using Sephacryl S-200 coeluted as a peak of A/r 48,000. These
M, 48,000 materials from both toxins showed almost identical
elution patterns on Con A-Sepharose columns.

Production of TNF-like Cytotoxins by N-CWS-stimulated Hu
man PBL in Vitro. Next we performed a series of experiments
to find out whether human PBL had the ability to respond to
N-CWS in a similar way to murine hematopoietic cells. Fresh
PBL preparations obtained from 13 different healthy donors
were incubated for 16 h at 37Â°Cin the presence or absence of

50 Mg/ml of N-CWS and tested for cytotoxic activity on L929
target cells. As shown in Table 5, the PBL from all donors
evaluated did not spontaneously release detectable cytotoxins.
However, in the presence of N-CWS, the PBL released signifi
cant activity, the levels of which were variable and donor
dependent. Anti-human TNF antiserum has been shown to
block the cytotoxic activity produced by N-CWS-treated human
PBL. The anti-TNF effect was also observed on crude 4-
phorbol-12-myristate-13-acetate-stimulated HL-60 culture su
pernatant, which has been reported to contain high TNF titers,
whereas the anti-human LT antiserum had no effect on human
N-CWS-CF (Fig. 5).

To characterize the cell populations which participate in
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Fig. 3. Comparative gel filtration chromatography of N-CWS-CF(/) and
murine TNF(/7). Active fractions from DEAE-Sepharose chromatography of N-
CWS-CF or murine TNS were eluted from a Sephacryl S-200 column with 1.6 M
NaCl in standard buffer. Both cytotoxins, respectively, were assayed on L929
target cells for cytotoxic activity as described in "Materials and Methods."

Molecular weight standards included aldolase (158,000), bovine serum albumine
(67,000), ovalbumin (43,000), and chymotrypsinogen A (25,000). The maximum
cytotoxicity designated as 1.0 corresponded to 1650 units/ml (P-A), 700 units/
ml (P-B), 210 units/ml (P-a), and 190 units/ml (P-b), respectively. The abbrevi
ations P-A, P-B, P-a, and P-b are defined in legend to Fig. 2. K, thousands.

human N-CWS-CF production, cell depletion experiments were
done by using monoclonal antibodies against cell surface anti
gen. PBL were treated with complement and anti-Leu-M3 (anti-
human monocyte/macrophage), anti-Leu-7 (anti-human K/NK
cell), anti-Leu-11 (anti-human cytolytic NK cell), and anti-Leu-
1 (anti-human pan T-cell) monoclonal antibodies. Among these
monoclonal antibodies, anti-Leu-M3 eliminated more than
75% of the N-CWS-CF-producing ability of PBL. Anti-Leu-7
and anti-Leu-11 showed a downward trend in N-CWS-CF
production, but this did not reach statistical significance,
whereas anti-Leu-1 resulted in no reduction in production of
N-CWS-CF (Table 6). These results suggest that monocytes/
macrophages are involved in production of these factors.

DISCUSSION

N-CWS has been developed for use as an immunotherapeutic
drug for tumors in our research laboratories. We have studied
the effects of N-CWS on immunocompetent cells and found
that N-CWS has the inductive ability of IFN-7 as well as IFN-
a/ÃŸ(9), which might at least partly account for the antitumor
activity of this agent. Our subsequent finding that mixed cul
tures of TG-M0 and SC resulted in cytotoxin production as
well as IFN-7 production when exposed to N-CWS led us to
study the characteristics of these cytotoxins. The studies in this
paper detail the effects of N-CWS on the production of the

20 30 40 50
Fraction number

Fig. 4. Comparative Con A-affmity chromatography of N-CWS-CF(T) and
murine TNF(//). Active fractions from Sephacryl chromatography of N-CWS-
CF (P-B; see Fig. 31) or murine TNF (P-b; see Fig. 311) were applied to a Con A
Sepharose CL-4B column and washed with 0.2 M a-methylglucoside in 0.2 M
NaCI in standard buffer. Selected fractions were assayed on L929 target cells for
cytotoxic activity as described in "Materials and Methods." Protein determina
tions were performed using the Bio-Rad protein assay kit (/) or by absorbante at
280 nm (if). The abbreviations P-B and P-b are denned in legend to Fig. 2.

Table 5 N-CWS-CF production from human peripheral blood leukocytes
obtained from random donors

Normal PBL (2.5 X 10s cells/well) separated by centrifugal Â¡onon Ficoll-
Hypaque were incubated at 37Â°Cfor 16 h in the presence of N-CWS (50 jig/ml).

The cytotoxic effect of culture supernatants was determined on L929 target cells
as described in "Materials and Methods." The PBL from all donors did not
release cytotoxic activity in the absence of N-CWS.

DonorABCDEFGHIJKLMCytotoxic
activity

(units/ml)3036782015351292416371820

cytotoxins in murine and human systems. Exposing TG-PEC
to N-CWS exerts enhanced secretion of this activity, suggesting
that inflammatory macrophages might be the effector cells.
Macrophages are shown to be the producer cells by the fact
that the cytotoxic activity was completely removed by treatment
with 2-chloroadenosine or silica particles but was not affected
by treatment with anti-Thy-1.2 antibody plus complement.
Cytotoxin productive ability of the P388 Dl macrophage line
in response to N-CWS may support the fact that macrophages
in TG-PEC are producer cells of this toxin, although the
identity between the activity produced by P388 Dl cells and
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Fig. 5. Effect of varying doses of sera on the cytotoxic activity of N-CWS-CF,
human LT, or human TNF. Antisera were incubated with either N-CWS-CF (A),
human LT (O), or human TNF (D) in culture medium for l h at the indicated
dilutions. The samples were then assayed for cytotoxic activity against L929 cells
as described in "Materials and Methods." Results percentage of inhibition of
cytotoxic activity without antiserum. I, anti-LT antiserum treatment; li. anti-
TNF antiserum treatment.

Table 6 Effect of treatment of human PBL with 4 monoclonal antibodies on N-
CWS-CF production

PBL from 3 different donors were used for each set of treatments.

Treatment"

Cytotoxic
activity*

(units/ml)
Cells

(% of control)

Anti-Leu-M3 + complement
Complement
Nontreated control

Anti-Leu-7 + complement
Complement
Nontreated control

Anti-Leu-1 Ib â€¢+â€¢complement
Complement
Nontreated control

Anti-Leu-1 + complement
Complement
Nontreated control

17 Â±3c(f< 0.001)''

72 Â±12
90 Â±8

27Â±7(NS)/
37 Â±4
43 Â±8

59Â±2(NS)r
91 Â±14
94 Â±14

93Â±6(NS)/
86 Â±7
97 Â±8

Leu-Mi*

15'

87
100

Leu-7+

15
101
100

Leu-ir

21
80

100

Leu-r

10
122
100

' See "Materials and Methods."
b Cytotoxic factor containing supernatants was obtained in cultures stimulated

with N-CWS (50 /ig/ml).
' Mean Â±SE of triplicate determinations.
'' Significantly different from group treated with complement alone. P was

determined by Student's / test.
' Values were determined on a fluorescence-activated cell sorter.
'NS, not significant.

that produced by TG-PEC has not yet been established.
The rapid disappearance following rapid release of activity in

cultures after exposure to N-CWS observed in this system
suggests that N-CWS-CF were produced in the early stage of
culture and did not persist for long periods. The same phenom
enon has been reported in murine lymphocyte cultures, when
activated with led in-coated allogeneic or xenogeneic target cells
(18). The activity in supernatants proved to be acid and alkaline
labile or heat labile. Incubation at 37Â°Cfor l h resulted in loss

of about 30% of the original activity. Thus, it is conceivable
that the rapid decline in activity observed in cell cultures is in
part due to the lability of the cytotoxin molecules present in
these supernatants.

A number of papers have described that macrophages pro
duce growth inhibitory factors constitutively or after mitogen
or alloantigen stimulation, and among these, TNF, IL-1, and
IFN-/8 are biochemically well characterized monokines. TNF is
found in sera of Corynebacterium parvum endotoxin-treated
mice (19). This activity has also been detected in the superna
tants of macrophage cultures in the presence of lipopolysaccha-
ride (20). N-CWS-CF have the same or similar properties in
temperature, pH, and protease sensitivities as those described
for murine TNFs, which have a fairly narrow temperature range
and pH optimum (21) for storage and are more sensitive to
Pronase than is trypsin (22).

Comparative chromatography on ion-exchange, gel filtration,
and Con A-affmity columns of N-CWS-CF with TNF indicates
significant similarities in the elution patterns on these matrices.
On DEAE-Sepharose chromatography, both toxins resolve into
2 major activity peaks. Of note is the finding that in both cases
the late-eluting peaks appeared at the same NaCl concentration
(0.28 M), although the relative amounts of these peaks were
variable depending on the different preparations in these toxins.
Multiple forms of TNF in mice serum, displaying apparent
molecular weights of 100,000 to 150,000 and 40,000 to 60,000
have been reported (14, 21, 23). MÃ¤nnelet al. (14) observed
that when murine TNF is gel filtered in the presence of 1.6 M
NaCl activity is disaggregated to a single peak with a molecular
weight of 55,000. More recently, Kull and Cuatrecasas (24)
demonstrated that necrosin, which is considered to be synony
mous with TNF, was a protein of M, 70,000 and 55,000, and
further concluded that these molecules were composed of ag
gregating multimers of the M, 15,000 protein. We observed
that murine TNF as well as N-CWS-CF eluted from Sephacryl
S-200 as 2 peaks under conditions of high ionic strength. It is
noteworthy that the smaller forms in both toxins have the
similar molecular weight of 48,000 with characteristics of a
heterogeneous glycoprotein. The observations presented above
show that N-CWS-CF is physicochemically similar to TNF, if
not identical. It would be of interest to characterize this factor
immunochemically, but this has not yet been tried because an
antiserum directed against murine TNF is not available. The
possibility that contamination of N-CWS-CF preparations by
other cytotoxic monokines, IFN, or IL-1 was assessed. The
following data suggest that this was not the case: (a) no antiviral
activity was detectable in the N-CWS-treated macrophage su
pernatants; (b) N-CWS-CF was not neutralized by anti-IFN-a/
ÃŸor anti-IFN-7 antiserum; (c) the L929 cell line we used for
assay of cytotoxic activity is highly resistant to IL-1 (>30 units/
ml); and (d) N-CWS has been observed to induce IL-1 activity
in the macrophage cultures;3 however, the partially purified N-
CWS-CF preparations (purified by ion-exchange, gel filtration,
and Con A-affinity chromatography) lacked thymocyte-prolif-
erating activity under conditions at which recombinant IL-1
could be detected at 10~5fiM (negative data not shown).

N-CWS-stimulated TG-PEC culture supernatants containing
factors characterized as TNF have a relatively broad spectrum
of cytotoxic activity on murine and human cells (Table 2).
However, Sugarman et al. (25) reported that purified TNF has
a relatively narrow spectrum of activity in vitro. We can only
speculate about this dichotomy. Since the TG-PEC superna-

3N. Inamura and K. Nakahara, unpublished data.
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tants contain some cytotoxins besides TNF, the apparent cy-

totoxicity might result from synergistic or additive enhance
ment of TNF with coproduced factors other than IFN.

Klostergaad et al. (26) reported that thioglycollate-elicited
murine macrophages exposed to l /Â¿g/mlof LPS released cell-
lytic molecules, termed macrophage cytotoxin. Chen et al. (20)
have also demonstrated that fresh human monocytes produced
a TNF-like monokine in the presence of LPS at doses of 10
pg/ml to 10 fig/ml. The possibility that contamination of N-
CWS preparations with LPS was responsible for the effect
observed is unlikely, because in our system, LPS did not induce
cytotoxic activity over a wide range of concentrations (10 pg/
ml to 1 Mg/ml; data not shown). However, we cannot completely
exclude the possibility that picogram levels of endotoxin con
taminated in medium and/or N-CWS preparations functioned
synergistically to bring about high-titered TNF-like factors.

It has been proposed that macrophage activation is involved
in the mechanism of N-CWS-induced tumor cell killing, not
only by acting directly on macrophages but also by enhancing
the release of macrophage activating factor-like activity (27,
28). However, the molecular mechanisms that may be operative
in the tumor cell destruction were not known. In view of the
findings reported here, we speculate that TNF-like substances
produced by N-CWS-stimulated macrophages are mediators
responsible for cytotoxic activity.

Although we could observe marginal levels of TNF-like ac
tivity (1 to 5 units/ml, at 50 Mg/ml of N-CWS) in normal mice,
this titer may be enough to explain tumor destruction by N-
CWS-treated macrophages because of close contact of effector
macrophages and target cells.

Further information relevant to the potential antitumor ef
fects of N-CWS-induced TNF-like activity might come from in
vivo animal studies. Repeated intracutaneous injections of N-
CWS at the tumor inoculation sites resulted in regression of a
number of tumors including Meth A fibrosarcoma, P 388
lymphocytic leukemia, B 16 melanoma,4 and MC 104 fibrosar

coma (4). The effector molecules responsible for this locally
induced antitumor activity are unknown, but since Meth A
fibrosarcoma cells are susceptible to TNS in vitro as well as in
vivo (19), it is tempting to consider that TNF-like activity
produced within a microenvironment existing at the N-CWS-
injected sites is responsible.

Perhaps the most important finding was the fact that freshly
isolated human PBL treated with N-CWS could be induced to
release high levels of cytotoxic activity, which was neutralized
by specific rabbit anti-human TNF antiserum but not by goat
anti-human LT antiserum. Interesting to note was the fact that
fresh human PBL did not require elicitation by inflammatory
stimuli such as thioglycollate in vitro. In circulating human
PBL, some populations of monocytes may be functionally well
differentiated as murine inflammatory macrophages as in the
case of LFA-1 antigen which appears involved in cell-cell inter
actions. Murine LFA-1 antigen can be induced on TG-elicited
macrophages but not on resident counterparts (29). In contrast,
human LFA-1 antigen is expressed at high density on naive
PBL and low density on bone marrow cells (30).

The cellular origin of human TNF-like factor has not been
completely established. However, the idea that monocytes are
the producer cells is supported by antibody neutralization ex
periments. Adherent monocyte fractions obtained from PBL
responding to N-CWS to release this TNF-like factor supported
this notion (data not shown).

'J. Mori, H. Satoh, O. Mirai, K. Shimonuira. and k. Ennyu, unpublished

data.

Another important finding arising from our preliminary re
sults is that the PBL from some healthy donors released IFN
activity after stimulation with N-CWS. This activity was totally
neutralized with anti-IFN-7 antiserum, but with neither anti-
IFN-a nor anti-IFN-/3 antiserum.5 This observation may be of

importance because several investigators have reported that
IFN-7 synergistically potentiates TNF activity by increasing
the expression of the TNF receptor (31-33). Sugarman et al.
(25) also described in their extensive investigations with human
and murine cell lines that synergistic effects of rTNF and rlFN-
7 were clearly evident in in vitro experiments in which the
combined cytotoxic activity was greater than that seen with
rTNF or rIFN-7 alone.

The TNF-like factor-inducing ability of N-CWS in human
PBL together with IFN-7 described in the present study might
partly account for the mechanism of the tumoricidal effects of
N-CWS observed to date.

A variety of cytokines such as TNF, IL-2, and IFN-7 have
been cloned. However, these purified recombinant cytokines
alone were observed to be less active than crude natural coun
terparts and additional known or unknown factors were re
quired (34, 35). At this point, we believe that immunotherapy
with N-CWS has potential clinical relevance because of its
multicytokine-inducing ability.
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