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Abstract-Havane acetic acid (FAA), an antitumour agent currently undergoing clinical trials, 
u?aJ .fbund to augment the tumoricidal activity of peritoneal exudate (PE) cells in vitro. LyAis 
qf tumour targets was measured using a standard 1% h “Cr release assg for activated 
macrophage.c. bytic activity increased with increasing concentrations of FAA up to 100 t_q/ml 

bgore reaching a plateau. At 80 pglml FAA, 3-fold f ewer PE cells mere necessarl! to obtain 
the iamy level of actiaity as in control cultures without FAA. The lytic activity ~a.1 mediated by 
T&v- 1 ne,yatiae andglass-adherent cells in the PEpopulation, and alas inhibited 6~ dexamethasone. 
The actrNi& of PE cells against several diff erent tumour targets (P%15 masfo~toma, YAC-I 
!wphoma, P3%% Jymphoma, and a Lewis lung carcinoma cell line) Le’ere all enhanced 4~1 F.4.4. 
The re.\ults .shou, that FAA can enhance the lytic potential of peritoneal macrophages in vitro 
to kill a mngr of tumour celk. 

INTRODUCTION 
E’I.AVCINF,-~-ACETIC ACID (FAA), a new antitumour 
agent [ 1. 21 presently undergoing clinical trial [3], 
has a broad range of activity against advanced solid 
turnours in mice, but only low activity towards 
transplantable murinc leukaemias [2, 41. Its cyto- 
toxic action difliirs from that of anti-cancer agents 
in clinical USC in that it induces rapid and cxtensivc 
hacmorrhagic necrosis of susceptible tumours 
11. 51. FBA has demonstrable cytostatic activity in 
vitro [6. 71 but its weak in vitro activity correlates 
poorly with the powerful in vivo antitumour effects 
I,?]. 7‘11~ histological appearance of in oiuo FAA- 
treated tumours, as well as the kinetics of onset of 
damage [4]? resembles that oftumour necrosis factor 
(‘I‘NFa) [8], suggesting the involvement of a host- 
mcdiatcd mechanism of toxicity. Although there is 
cvidcncc that FAA has the properties ofan immunc- 
modulator in that natural killer (NK) cell activity 
in spleen [9> 101 and other organs [lo] of mice is 
augmcntcd after FAA treatment, no link to its action 
to TNF release has been published so far. TNF is a 

product of activated macrophages and in this paper 
we present evidence that FAA enhances the tumor- 
icidal activity of peritoneal macrophagcs in vitro. 

MATERIALS AND METHODS 

Materials 

FAA was obtained from the National Cancer 
Institute, U.S.A., through the courtesy of Dr K. 
Paull. It was dissolved in 5% sodium bicarbonate 
and diluted to appropriate concentrations in culture 
medium. Dexamethasonc was obtained from David 
Bull Laboratories, Australia. The culture medium 
was aMEM (Gibco, Grand Island, NY) sup- 
plemented with foetal bovine serum (lo%, Gibco, 
N.Z. Ltd), 2-mcrcaptoethanol (50 ~,LM) and anti- 
biotics (penicillin 100 units/ml, streptomycin sul- 
phatc 100 kg/ml). 

Mice 
C57Bl/lOJ (BlO) or (C57B1/6J X DBA/2J)F, 

(BDFl) mice between 6 and 12 weeks of age were 
bred in laboratory animal facilities under constant 
temperature and humidity with sterile bedding and 
food. 

Peritoneal exudate (PE) cells 
Mice were sacrificed by cervical dislocation, and 

PE cells collected by washing the peritoneum with 
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5 ml culture medium. Viable cells were dis- 
tinguished using an eosin exclusion method. Non- 
adherent PE cells were prepared by incubating 
5 X lo7 PE cells in 5 ml medium for 1 h at 37°C 
in a 100 mm glass Petri dish. Medium and non- 
adherent cells-were aspirated and placed in another 
Petri dish for 1 h at 37°C. Cells which did not 
adhere after two cycles were collected and used for 
the experiment. Adherent PE cells were prepared 
by plating appropriate numbers of PE cells directly 
into flat-bottomed 96-microwell trays (Linbro, 
Flow Lab, McLean, VA) and incubating for 2 h at 
37°C. The supernatant and non-adherent cells were 
then removed by completely inverting the micro- 
wells. Fresh medium was added and similarly 
removed, and the cells which remained attached 
to the bottom of the microwells were used for 
experiments. No adjustment to the cell number was 
made for loss of the non-adherent cells, and the cell 
number given is the number of PE cells initially 
plated. 

Depletion of Thy- 1 positive cells 
Thy- 1 + cells were removed by treatment with 

anti-Thy-l antibody in the prcscncc of complement 
(c’). The monoclonal anti-Thy- 1 antibody used was 
ascites fluid from mice previously inoculated with 
T24/31.7 hybridoma cells [ 1 l] and was obtained 
through the courtesy of Dr M.A. Skinner, Dcpart- 
ment of Immunobiology, University of Auckland 
Medical School. The source of c’ was guinea-pig 
serum which had been absorbed on mouse thymo- 
cytes. Cells were placed. with anti-Thy- 1 (l/10 
final dilution) for 45 min on ice, washed, and then 
incubated with c’ ( l/ 10 final dilution) for 45 min at 
37°C. 

Tumour target cells 
Unless otherwise stated, the target cell used was 

P815, which is resistant to lysis by NK cells [9]. 
Other lines used were YAC-1 lymphoma P388 
lcukaemia and LLTC carcinoma [ 121, all main- 
tained in culture. Cells wcrc “‘Cr-labclled by incu- 
bating for 45 min at 37°C with 200 pCi sodium 
“‘Cr-chromate in saline, and washing three times. 

CytotoxiciQ assay 
PE cells were incubated for 18 h with labcllcd 

tumour target cells in 0.2 ml culture medium in 96- 
well microtitre plates at 37°C under a humidified 
atmosphere with 5% CO,. 5 X 10” targets wcrc 
used per well and the effcctor to target (E:T) ratio 
was varied by changing the number of PE cells. The 
radioactivity rclcased was measured by removing 
0.1 ml of the supcrnatant and counting in a gamma 
counter (LKB Wallac 1270 Rackgamma 11, Wal- 
lac, Finland). The percentage of lysis was calculated 
as [(experimental release - spontaneous release)/ 

FAA concentration @g/ml) 

r;is. 1. Enhancement of @toxic nctiuily ofPE cells !p FAA at different 
concentrations. PE cells from BDFl mice zere ued at 100: 1 E: T cell 
ratio. “Cr releasedfrom labelted P815 target uas measured after 18 h. 
Cultures of PE cells, b’A.4 and 1’8 15-“Cr (a); no PE cells, FAA and 

P815-“Cr only (0) 

E : T Ratio 
Fig. 2. FAA enhancement of PE cell rytotoxici~v. B1)1:1 PE cellr E’ere 
cultured for 18 h with P815-“Cr and either ulith (0) or without (0) 

80 p+-/ml l:AA. 

maximum release] X 100. All groups were carried 
out in quadruplicate, and the mean and standard 
error determined. 

RESULTS 

Effect of FAA on &is of target cells by PE cells 
PE cells were incubated for 18 h with “‘Cr- 

labcllcd P815 targets at an E:T cell ratio of 1OO:l 
in the prcsencc of varying concentrations of FAA. 
Lysis of P815, as mcasurcd by the amount of 
“‘Cr rcleascd, increased linearly with increasing 
concentrations of FAA up to 100 kg/ml, and then 
reached a plateau (Fig. 1). Some direct toxicity of 
FAA was observed at concentrations above 100 pg/ 
ml, but this was very low compared with the activity 
induced in the cultures with PE cells. 

Varying numbers of PE cells wcrc incubated in 
the presence and absence of 80 )*g/ml FAA (Fig. 2). 
At this dose there was no direct toxicity of FAA on 
P815 targets and good stimulation of PE cells was 
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obtained. PE cells at high numbers killed P815 
targets on their own, but this background level of 
activity was significantly cnhanccd by addition of 
FAA. Without F,4A, an E:T ratio of approx. 160: 1 
was required for 20% lysis of the targets. In the 
prcscncc of FAA, the same lcvcl of lytic activity was 
obtained at E:T ratio of 6O:l (Fig. 2). 

Time course of target cell lysis 
Tumoricidal macrophagcs and NK cells arc both 

able to lysc tumour cells without prior sensitization, 
and both ccl1 types can bc found in the PE [ 131. As 
the P815 ccl1 lint is an NK-resistant target [9], it 
is unlikely that the activity dcmonstratcd in the 
prc\ ious expcrimcnts was due to NK cells. Lysis by 

NK cells [ 141, as well as by other classes of lymphoid 
cffcctor cells, lymphokinc-activated killer cells 
(LAK) [15] and cytotoxic T-lymphocytes (CTL), 
arc all dctcctablc after 4 h in a “‘Cr rclcasc assay 

1161, whcrcas macrophagc-mediated toxicity 
requires a longer incubation time [ 17, 181. To dis- 
tinguish bctwccn the lymphoid-mediated and macr- 
ophagc-mediated cytotoxicity, the time-course of 
lysis of P815 targets by PE cells cultured both with 
and without FAA was examined. 

Minimal activity was detectable in the first 8 h 
(Fig. 3). Significant Iysis, both for the background 
and FAA-rnhanccd cultures did not occur until 
12 h, and thr amount of lysis was still increasing 
after 22 h. 

Ekdence,for the inzoluement of macrophages 
Since the abovr time-course of effect was consist- 

cnt with proposal that the FAA-enhanced activity 
of PE cells is due to macrophages, the adhcrcnce 
and Thy- 1 characteristics of the cells responsible for 
the cytotoxic activity were examined. Macrophages 
adhcrc to glass or plastic and it has been shown 
that over 90% of the adhcrcnt cells from the PE 

Table 1. Activity in adherent cell populations 

Pcrccntaae of I+* 
With F.4A1_ LVithout FAA 

PE$ (unfractionatrd) 35.1 + 1.1 0.0 + I .3 
Adherent PE 29.5 + 4.7 15.1 + 3.7 
Non-adhcrcnt PE 0 + 0 0 -t 0 

*Against P815-“Cr, 18 h. 
tso CLg/ml. 
$BlO PE cells, IWl E:?‘ ratio. 

untreated c’ treated Anti-Thy-l 
+ c’ treated 

Fig. 4. Effect ofanti-Thy- t and c’ treatment. PB crflrJiom 1910 mm at 
l5O:l ET ratio. I,wis ofP815-“Cr after 18 h i.\ thoz~rr w//z (hntched 

bon) or without (0,6en ban) 80 p&ml /<id. 

population arc macrophagcs [ 17, 181 whcrcas 
lymphoid cells arc non-adherent. As can bc seen in 
Table 1, all tumoricidal activity of PE cells was 
present in the adherent cell fraction and no activity 
was observed in the non-adherent ~11s. 

Since all the lymphoid cytotoxic cffcctor cells 
cxprcss Thy-l on their ccl1 surface [14-l 61, the 
cffcct of pretreatment of PE cells with anti-Thy-l 
antibody and c’ was examined. ivo dcplction of 
cytotoxicity towards P815 cells was obscrvcd, in 
tither background or FAA-enhanced activity 
(Fig. 4). A s a osi ivc control for the cflcctivcncss p t 
of the anti-Thy- 1 and c’ treatment in removing Thy- 
1 + cells, thymocytes were treated alongside the PE 
cells. The viability ofuntrcatcd, c’-treated and (anti- 
Thy-l plus c’)-treated thymocytrs was 95%, 96% 
and 13% respectively. The viability of untrcatcd, c’- 
treated and (anti-Thy-l plus c’)-trcatcd PE cells was 
lOO%, 96% and 89% rcspcctivcly. Thcsc results 
indicate that Thy- 1’ cells arc not involved in the 
lysis of P815 targets by the PE cells in culturr. 

Dcxamcthasonc, which is a powerful inhibitor 
of macrophagc-mediated antitumour activity [ 191, 
inhibited both the background and FAA-enhanced 
cytotoxicity of the PE cells at concentrations above 
10 nM (Table 2). Since dexamcthasonc in combi- 
nation with FAA over the same concentration range 
was not toxic in the absence of PE cells, its action 
appeared to be exerted directly on the PE cell 
population. 
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Table 2. Inhibition by dexamethasone 

Drug Percentage of lysis* 

With PET Without PE 

.None 46.42 + 5.69 Ok0 
FAA: 62.25 + 1.76 Ok0 
FAA + Dexa. IO-” .M Ok0 Ok0 
FAA + Dexa. 5 X lo-’ M Ok0 020 
FAA + Dexa. 10m7 M oto Ok0 
FAA + Dexa. 5 X IO-” .M Ok0 oto 
FAA + Dexa. IO-” .M 43.24 k 6.43 oto 

*P815 targets, 18 h. 
t250:l E:T ratio, BIO PE cells. 
$80 kg/ml. 

50- 

lo- 

+ 
FAA PE PE* 

FAA 
FAA PE 

YAC P815 P388 LLTC 

J 1 
FAA PE ;:; FAA PE ;:; 

Fig. 5. Acti+ aga@st II range oftumours. BDFI PE were incubated with “Cr lab&d tumour target 1OO:l E:T ratio. I<r.,ic 
was measured after 18 h. 

Target range of ant&mow activity of FAA-stimulated PE 
cells 

FAA at 80 pg/ml enhanced the activity of PE 
cells against YAC lymphoma, P388 leukaemia and 
LLTC, a line derived from the Lewis lung carci- 
noma [ 121, as well as P815 mastocytoma, although 
the degree of lysis varied with the tumour cell line 
(Fig. 5). This broad antitumour activity is also 
consistent with macrophage tumoricidal activity. 

DISCUSSION 
When FAA was added to the cultures of PE cells 

taken from normal, unpretrcated mice, using a 
standard 18 h “‘Cr-rclcase assay for tumoricidal 
macrophagc activity and an E:T ratio of lOO:l, 
P815 target cell lysis was dramatically stimulated. 
Target lysis increased linearly with increasing con- 
centrations of FAA up to 100 kg/ml, then reached 
a plateau level (Fig. 1). FAA alone had no direct 
toxicity at 100 pg/ml. Some target cell lysis was 
observed when PE cells were incubated in the 
absence of FAA with P815 cells at E:T ratios of 

greater than 100: 1 (Fig. 2). Such activity could bc 
due to a background of activated macrophages 
resident in the peritoneum, or alternatively, to cffcc- 
tor cells which had been activated in vitro upon 
exposure to P815 cells during the 18 h incubation 
period. At 80 kg/ml FAA, S-fold fcwcr PE cells 
were required to produce the same cytolytic activity 
as cultures without FAA (Fig. 2). 

Incubation of target cells with PE cells and FAA 
for at least 12 h was required to produce detcctablc 
tumoricidal activity (Fig. 3), and activity was com- 
pletely inhibited by dexamcthasonc at nanomolar 
concentrations (Table 2). Characterization studies 
showed that the cffector cells were Thy-l negative 
(Fig. 4) and belonged to the adhcrcnt fraction of 
the PE population (Table 1). Activity against a 
broad range of tumours was detected (Fig. 5). All 
these observations arc consistent with the cffector 
cells being macrophages. 

Both background and FAA-stimulated cytolytic 
activity appear to be mediated by the same ccl1 
type. Both require a long incubation period, arc 
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inhibitable by dexamethasone, and are mediated 
by Thy-l negative cells which adhere to glass. 
Although the results suggest that FAAenhances the 
tumoricidal activity of peritoneal macrophages, it 
is not yet established whether the macrophages can 
be activated by exposure to FAA in the absence of 
tumour targets, or whether both are required to be 
prcscnt at the same time. However, this in vitro 
system will facilitate further studies on the mechan- 
km of action of FAA. 

The antitumour activity of macrophages is 
mediated by TNF [8], the production of which is 
inhibited by dcxamcthasone [ 191. Lysis of P815 
targets by PE cells in culture is completely inhibited 
by dcxamethasone (Table 2), but attempts to dem- 
onstrate an active factor in culture supernatants 
have so far been unsuccessful (unpublished). How- 

ever, the appearance of FAA-treated tumours in vivo 

resembles that of TNF treated tumour [4]. 
The in uiuo mechanism of action of FAA on 

susceptible solid tumours is not understood. We 
have previously suggested that FAA has the proper- 
ties of an immune modulator, inducing a host- 
mediated mechanism of cytotoxicity [4, 91. It has 
been shown that NK activity is augmented after 
FAA treatment in viva [9, lo]. The results presented 
here demonstrate that macrophage activity can also 
be enhanced by FAA. Thus, FAA appears to have 
a broad immune-modulatory activity, stimulating 
both lymphoid and macrophage cytotoxic effector 
cells. We are currently investigating whether or not 
these immune cells are involved in FAA-induced 
tumour regression in viuo. 
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