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Induction of Natural Killer Activity by Xanthenone 
Analogues of Flavone Acetic Acid: Relation with 

Antitumour Activity 
Lai-Ming Ching, Wayne R. Joseph, Li Zhuang, Graham J. Atwell, Gordon W. 

Rewcastle, William A. Denny and Bruce C. Baguley 

Flavone8-acetic acid (FAA) induces haemorrhagic necrosis and tumour regression in experimental tumours and 
induces natural killer (NK) activity. Xanthenone4-acetic acid (XAA) forms the basis of a series of analogues of 
FAA which vary in antitumour potency. FAA, XAA and 15 XAA derivatives were tested for their ability to induce 
either NK activity in mouse spleens or haemorrhagic necrosis in mouse colon 38 turnouts. Some derivatives 
were active in both assays (one at a dose &fold lower than that of FAA). When both assays were quantitated, a 
significant correlation (r = 0.85; P < 0.001) was found. NK assays could be useful in screening compounds such 
as FAA and XAA analogues which appear to mediate their antitumour activity by biological response modification. 
Since tumour necrosis may not be mediated directly by NK cells, FAA and active XAA derivatives may exert 
pleiotropic effects that include NK induction and tumour necrosis by acting on host cells to release cytohines. 
EurJ Cancer, Vol. 27, No. 1, pp. 79-83, 1991. 

INTRODUCTION 
FLAVONE-~-ACETIC ACID (FAA) is a synthetic flavonoid with high 
activity against several tumours in mice [l, 21 but low clinical 
antitumour activity [3]. The mechanism of action of FAA 
appears to be indirect and different from that of conventional 
agents [4]. FAA acts as a biological response modifier, inducing 
natural killer (NK) activity in mouse spleen [5] and other organs 
[6], as well as in human peripheral blood [7]. It induces cytokine 
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synthesis in the mouse [S-lo], and it is likely that FAA activates 
pleiotropic host cell mechanisms, which include tumour cell 
lysis, cytokine production and NK induction. To determine 
whether the induction of NK activity and of tumour necrosis 
are part of the same pleiotropic response, it would be useful to 
correlate the two effects with structurally similar FAA analogues 
differing from highly active to inactive. Such a series is provided 
by derivatives of xanthenone-4-acetic acid (XAA, Fig. l), a drug 
containing a fused tricyclic pharmacophore which has similar 
effects to those of FAA against the murine colon 38 tumour 
[ 111. Our studies on XAA derivatives have identified S-methyl- 
XAA, a drug with similar activity to FAA at approximately one- 
eighth of the dose, and other XAA derivatives which vary from 
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CH, COOH 

Fig. 1. Structure of XAA. 

highly active to inactive [ 11, 121. In the present study we 
have measured splenic NK activity and tumour necrosis after 
treatment with 15 of these XAA derivatives. 

MATERIALS AND METHODS 
Drugs 

FAA, obtained from the National Cancer Institute, Bethesda, 
through the courtesy of Dr K. Paull, was dissolved in 5% 
sodium bicarbonate. Sodium salts of XAA and analogues were 
synthesised as described [ 11, 121 and were dissolved in water. 

XAA and XAA analogues with a methyl substituent at each 
of the 7 possible positions available for substitution were evalu- 
ated for their ability to stimulate NK activity in vivo. Since NK 
levels are elevated within 4 h after FAA treatment and remain 
elevated to the same extent for 24 h [5], mice were treated with 
the drugs at varying concentrations up to the maximum tolerated 
dose (MTD) and splenic NK activity against YAC-1 tumour 
targets was measured 16-18 h later. Each analogue was examined 
in a single assay, and activity was determined in quadruplicate 
at three E:T ratios with spleen cells pooled from two mice for 
each dose. Analogues were tested at least twice and representa- 
tive dose-response activities at 200: 1 E:T are compiled in Fig. 
2. Analogues with the methyl group at positions 2, 7 and 8 did 
not enhance NK activity at any dose tested, while analogues 
with methyl groups at 1, 3, 5 or 6, as well as the parent XAA, 
all stimulated NK activity significantly above that of control 
cultures (P < 0.05). Above an optimal dose, NK activity 
decreased with increasing drug dose, and at the maximally 
tolerated (non-lethal) dose, NK levels were generally lower than 
those of untreated controls. 5-methyl XAA was the most potent 
analogue with an optimal NK-stimulating dose of 44 mg/kg, 

Measurement of NK activity 

Fmethyl 20 

0 

BDFi hybrid mice (C57BLi6J x DBA/2J) were bred under 
constant temperature and humidity with sterile bedding and 
food and following institutional animal ethical guidelines. Mice &methyl 20 

were killed by cervical dislocation and spleen cells were collected 0 

and assayed for NK activity in a standard 4 h SICr-release assay 
[5] in o-MEM (Gibco) supplemented with 10% fetal bovine 
serum (FBS, Gibco) and 50 p,mol/l 2-mercaptoethanol. The 
target cell used was the YAC-1 lymphoma cell line obtained 
through the courtesy of Dr J. Marbrook, Department of Molecu- 
lar Medicine, Auckland Medical School, and maintained in 
culture in RPM1 1640 (Gibco) supplemented with 10% FBS, 
50 bmolil 2-mercaptoethanol, 100 U/ml penicillin and 
100 pg/ml streptomycin sulphate. Quadruplicate wells in V- 
bottom 96-well plates (Linbro, Flowlabs) containing 51Cr-lab- 
elled target cells (5 x lo3 cells per well), and spleen cells at 
effector to target cell (E:T) ratios of 400:1, 200: 1 and 1OO:l in 
0.2 ml were incubated for 4 h at 37°C. Supernatant (0.1 ml) was 
removed and the amount of radioactivity was measured in a 
gamma counter (LKB Wallac 1270 Rackgamma II). Percent 
lysis was calculated as ([experimental release-spontaneous 
release] X lOO)/total-spontaneous release. 

40 
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20 
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3-methyl 40 

20 

0 Histological assessment of tumour necrosis 
BDFi mice with subcutaneous tumours 4-12 mm in diameter 

(8-10 days after tumour implantation) were injected with a 
single intraperitoneal drug dose. Mice were killed by cervical 
dislocation 24 h later and tumours were removed, cut into 2 mm 
slices and fixed in 10% formalin. Fixed tumours were embedded 
in paraffin wax and sections through the maximum diameter of 
the tumour were stained with haematoxylin and eosin. Slides 
were coded and assessed [13] without the identity of the drug 
used being known. A grid marked at 0.4 mm intervals was 
placed over the slide and the intersections were scored as either 
undamaged or necrotic. Grid intersections on blood vessels 
or other non-tumour elements were ignored. The percentage 
necrosis was the number of grid intersections showing necrotic 
tumour divided by the total number of intersections counted. A 
mean of five treated tumours was used for each dose of drug and 
the results were averaged. 

2-methyl *’ 

8: 

60 

1 -methyl 40 

20 

XAA 20 

O 0 20 30 44 66 100 150 220 330 500 750 
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Fig. 2. Enhancement of NK activity by methyl-substituted analogues 
of XAA. Mean percent lysis at 2OO:l E:T are shown on ordinate; -- _ _ . . error bars = S.E. ot quadrupticate cultures. 

RESULTS 
NK-stimulating activity of XAA analogues 
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NK activity (% lysis) 

Fig. 6. Comparison of NK response and tumour response to methyl- 
substituted analogues in the same mice. Mice (4 per group) bearing 
colon 38 tmnours were treated with XAA analogues at doses used for 
experiment in Fig. 3, and splenic NK activity and tumour necrosis 

were measured after 18 h. 

the compound inactive (Fig. 2), whereas substitution with a 
methyl group at positions 3 or 5 results in analogues more active 
than the parent XAA and which enhance NK activity to three 
times that of the control level (Fig. 3). S-methyl-XAA was the 
most potent of all the mono-substituted analogues tested with 
an optimal NK-stimulating dose of 44 mg/kg compared with 
220 mg/kg for FAA or XAA. 

Using a grid counting technique to quantitate ttmrour his- 
tology [ 131, we have obtained a high degree of correlation 
between the induction of tumour necrosis and the induction of 
splenic NK activity. The correlation was obtained with NK 
activity measured from pooled spleen cells and averaged necrosis 
data (Fig. 5) or from tumour-bearing mice in a single experiment 
(Fig. 6). One possible explanation for such correlation is that 
tumour necrosis is mediated directly by NK lymphocytes. 
However, as discussed elsewhere [14, 151, this mechanism is 
highly unlikely, at least for FAA. An alternative explanation, 
and our current working hypothesis, is that these compounds 
can stimulate macrophages to release various cytokines and 
other products which then mediate tumour necrosis [4, 131, 
immune-modulation [5, 6, 8, 14, 161 and vascular effects [17, 
181. Data consistent with this hypothesis are available for FAA, 
where it has been shown that FAA stimulates macrophage 
responses directly [16, 19, 201 and that after FAA treatment 
levels of interferons [8, 91 and tamour necrosis factor ~1 are 
elevated in the serum of mice [lo]. Further, elevation of NK 
activity in viva after FAA treatment is mediated by the pro- 
duction of interferons [8]. Some of the active XAA analogues, 
shown here to enhance NK activity, have also been shown to 
induce the synthesis of messenger RNA for tumour necrosis 
factor Q and the interferons (Dr R.H. Wiltrout, Laboratory of 
Experimental Immunology, Frederick Cancer Research 
Facility). Thus, the antitumour potential of these compounds 
may depend on their ability to modulate macrophage function. 
Assays involving the inhibition of tumour cell proliferation or 
tumour colony growth after in vitro exposure to drugs have been 
used successfully to determine the activity of conventional 
directly cytotoxic antitumour agents [21]. However, when such 
in vitro assays are applied to FAA, the data obtained do not 
correlate with in vivo antitumour effects [4, 221. Thus, alterna- 
tive in vitro systems need to be developed for compounds with 

between NK elevation and tumour necrosis (Figs 5 and 6) 
suggests that an assay for immune modulation might predict 
antitumour activity. As mentioned above, the elevation of NK 
activity by FAA in vivo is mediated by the interferons [S] and 
the synthesis of mRNA for a number of cytokines can be induced 
in vitro by FAA [lo]. Thus, assays of cytokine induction could 
be used for the in vitro screening of compounds which depend 
on host biological response modification for their antitumour 
activity. We are developing in vitro systems based on mouse 
models [16, 201, which will permit the examination of the 
response of human macrophages to these drugs. These systems 
should provide an in vitro assay useful for the selection of 
analogues worthy of clinical evalution. 
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Incidence of Cancer of the Respiratory and Upper 
Digestive Tract in Urban and Rural Eastern 

Austria 
Herwig Swoboda and Hans-P. Fried1 

The incidence of head and neck, oesophagus and lung cancer between 1981 and 1985 was studied in Eastern 
Austria for an urban-rural division. In males, rural rates of oral cavity, oropharynx and oesophagus tumours 
were higher than urban rates. For lung tumours, urban rates slightly exceeded rural rates. In females, the 
incidence of oral cavity, oropharynx, larynx, hypopharynx, oesophagus and lung cancer showed an urban 
predominance, steepest for head and neck and oesophagus cancers. Cancer of the oral cavity, pharynx, larynx, 
oesophagus and lung had a high male preponderance. 
EurJ Cancer, Vol. 27, No. 1, pp. 83-85,199l. 

INTRODUCTION Oral cavity and oropharynx (ICD/9 141, 143-146, 149), and 
NEOPLASMS IN the ear, nose and throat represent a minor part larynx and hypopharynx (ICD 161, 148) were grouped into two 
of all malignant tumours. Because of exogenous risk factors major sites. The other sites analysed were oesophagus (ICD 150) 
acting on some sites, such neoplasms deserve epidemiological and trachea, bronchi and lungs (ICD 162). 
analysis. We report regional patterns of incidence of cancer of Incidences were calculated as crude, age-standardised and 
the respiratory and digestive tract above the diaphragm in truncated standardised rates with the standard population 
Eastern Austria (Vienna, Lower Austria and Burgenland, about 
3.2 million inhabitants) for 1981-1985. 

Table 1. Regional comparison of population data (1981 census) and 

METHODS indices of cancer registy quality. New cases 1981-1985 (ICDl9 

Incidence values were calculated from data collected by the 140-149, 150,161, 162) 

Austrian Cancer Registry [l-3]. The Austrian census of 1981 
served for regional allocation, classifying communities with Austrian Provinces 

more than 2000 inhabitants as “urban” [l]. Although the Eastern 

mortality/incidence ratios [M/I] are high-because it was not Region Burgenland Lower Austria Vienna 

possible to include death certificate only cases in the registry (1+2+3) (1) (2) (3) 

until 1985-the differences between the subparts of Eastern 
Austria are insignificant. This means that the coverage can be 
estimated as uniform for the whole region (Table 1). 

p”~b~~~~ 
3228 966 269 771 1427 849 1531 346 

% of 74.3 32.6 54.6 100.0 
urban 

New cases 
Correspondence to H. Swoboda, 1. HNO-Klinik der Universittit Wien, 
Lazarettgasse 14, A-1090 Wien, Austria 

Absolute 8944 709 3283 4952 

H. Swoboda is at the ENT Department, University of Vienna and 
HV (%) 88.3 85.2 86.2 90.2 

H.-P. Fried1 is at the Austrian Central Statistical Office Department 1 MI1 (%) 110.9 108.7 111.3 110.9 

(Population) Vienna, Austria. 
Revised and accepted 22 Oct. 1990. HV = histologically verified and M/I = mortality/incidence ratio. 


