
criticized (4, 7),  and a confounding factor and R. Vleggaar, Eds. (Elsevier, Amsterdam, 1986), 

Carcinogenicity of Matoxins 

The generally well-presented articles and 
editorial in the "Risk Assessment" issue of 
Science (17 April) contain, by my count, 12 
references to aflatoxin ia mold toxin, or 
mycotoxin) and one generalization about 
mycotoxins. Each reference is presented as 
an illustration of a point, but unfortunately 
much of the key information given is inaccu- 
rate and the reader may be left with an 
incorrect imoression of the risk from afla- 
toxin and other mycotoxins and the manage- 
ment of that risk. 

Richard Wilson and E. A. C. Crouch (p. 
267) and Lester B. Lave (p. 291) imply a 
toxicological basis for the Food and Drug 
Administration (FDA) "action level" of 20 
parts per billion of aflatoxins. In fact, that 
concentration was established in 1969, with 
no toxicological basis, as the lowest at which 
the identity of aflatoxin could be confirmed 
by the then available methods (1 ) . Although 
improved methods now allow confirmation 
of identity (a prerequisite for legal action) at 
much lower concentrations, the "action lev- 
el" has not been reduced. 

Wilson and Crouch (table 3, p. 270), and 
Bruce N. Ames et al. (p. 271) state with 
varying degrees of certitude that aflatoxin is 
a human carcinogen, relying on outdated 
(Wilson and Crouch) or incomplete (Ames 
et al.) information; and Ames et al. (table 1, 
p. 273) list aflatoxin as a carcinogen for 
mice, an interpretation of the data that is 
questionable. The positive observations of 
liver malignancies in mice were from experi- 
ments in which large interperitoneal doses 
were used (2). Large doses given orally 
produced no tumors (3) (mice are generally 
considered to be refractory to atlatoxin car- 
cinogenesis). Ames et al. could have dis- 
cussed the considerable information on afla- 
toxin metabolism and pharmacodynamics 
(4, 5 )  in rats, mice, other susceptible and 
resistant species, and humans (in vitro) that 
points to between-species differences. The 
epidemiological evidence on which they rely 
for their conclusion "that aflatoxin is a hu- 
man carcinogen" allowed a select committee 
of the International Agency for Research on 
Cancer, meeting in 1982, to conclude (6) 
only that the evidence for carcinogenicity in 
humans was limited, that is "a causal inter- 
pretation is credible, but alternate explana- 
tions such as chance, bias, or confounding 
could not be excluded." The studies on 
which this conclusion was based can be 

has since been determined to be chronic 
infection with hepatitis B virus (HBV). 
There is a strong association-an odds ratio 
of 223 for liver cancer in HBV carriers (8)  
compared with an odds ratio of 10 for lung 
cancer in cigarette smokers (9)-between 
liver cancer, the putative hazard from afla- 
toxin ingestion, and chronic infection with 
HBV (1 0) in areas of the world where liver 
cancer is encountered. The conclusion that 
aflatoxin is not a likely human carcinogen is 
supported by other independent studies of 
liver cancer (7, 11) and other cancers (12) in 
the United States. The current contention is 
that aflatoxin intoxication may interact with 
chronic HBV infection to produce liver 
cancer (13), but the evidence Is not persua- 
sive. 

Ames et al. state (p. 273) that "[c]onsider- 
ing the potency of those mold toxins that 
have been tested and the widespread con- 
tamination of food with molds, they repre- 
sent the most significant carcinogenic pollu- 
tion of the food supply in developing coun- 
tries." This subject has been reviewed (14). 
Of those mycotoxins likely to be contami- 
nants of foods, only aflatoxin, ochratoxin A, 
patulin, penicillic acid, zearalenone, T-2 tox- 
in, and deoxynivalenol have been studied 
with any degree of thoroughness. Matoxin 
and T-2 toxin have been implicated in acute 
human toxicoses; no mycotoxin has been 
linked with a specific cancer in humans. 
There has been speculation that one or more 
trichothecenes (for example, T-2 toxin) may 
be related to esophageal cancer in some 
areas of Africa and Asia and that ochratoxin 
A may be a factor in the endemic nephritis 
observed in the Balkans. However, the risk 
of human injury from patulin, penicillic 
acid. and zearalenone has been found to be 
insignificant. Another 28 mycotoxins have 
been shown to produce a cellular aberration 
by some type df mutagen screening test. I 
believe that jumping to conclusions from 
such evidence is hazardous. Interest and 
enthusiasm can easily affect the unwary to 
the point that speculation changes to in- 
creasing degrees of certainty, with no 
change in material evidence. Scientists are 
not immune to this disease. 

LEONARD STOLOFF 
13208 Bellevue Street, 

Silver Spring, 2MLI 20904 
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Response: We and Stoloff are apparently in 
agreement that aflatoxin is a carcinogen in 
several species, and that species differ in 
their sensitivity. Although, i s  we indicated 
in our table, there are no positive experi- 
ments in mice that are suitable for calcula- 
tion of TDso, our "+" in mice is based on 
the evaluation of the International Agency 
for Research on Cancer that aflatoxin in- 
duces tumors in that s~ecies. The eoidemio- 
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logical data suggest that it is a human carcin- 
ogen in combination with hepatitis B virus, 
although we agree with Stoloff that the 
evidence is not of the same certainty as that 
linking smoking and cancer (1). What our 
HERP (Human Exposure doseiRodent Po- 
tency dose) ranking points out is that at 
current levels of human exposure and given 
the potency in rats, the possible hazard of 
aflatoxin in a peanut butter sandwich is 
greater by 10 to 100 times than possible 
hazards from several environmental ~o l lu t -  
ants, including trichloroethylene in contam- 
inated well water and ethylene dibromide 
residues in grain. Yet tho;e synthetic con- 
taminants are given greater regulatory scru- 
tiny on the basis of the results of animal 
exoeriments and even in the absence of 
epidemiological data, indicating that they 
might be carcinogenic in humans. In ex- 
treme cases in the United States HERP 
values for aflatoxin reached levels of 6% of 
the TDS0 dose, which seems to us reason for 
concern. We also stand by our statement on 
pollution by molds in developing countries. 
In addition, new mutagenic mold toxins in 
food are constantly being found when they 
are looked for. and it is reasonable to SUD- 
pose many will be found to be carcinogenic 
(2). 
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We stress that it is im~ortant  to view the 
possible hazard of aflatoxin from the per- 
spective of the many everyday possible haz- 
ards of life and with the knowledge that 
there are a great many uncertaintie; in the 
use of animal bioassay data in extrapolation 
to humans. As we discussed at length, the 
promotional aspects of cancer are also criti- 
cal, and it is likely that the hazard from 
aflatoxin will be much lower in the absence 
of some toxicitv in the liver such as from 
hepatitis virus, alcoholic cirrhosis, or  the 
maximum tolerated dose in rodents. Since 
the HERP values for synthetic pollutants, 
including pesticides, are usually an order of 
magnitude less than that from aflatoxin, 
concern over them should be even less. 

BRUCE N. AMES 
RENAE MAGAW 

Depavtment of Biochemistry, 
University of Califmnia, 

Berkeley, CA 94720 
LOIS SWIRSKY GOLD 

Lawrence Berkeley Labmatmy, 
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Response: We generally agree both with 
Stoloffs letter and the response of Ames et 
d. However, we were aware that the reliabil- 
ity of the connection between human can- 
cers and exposure to aflatoxin B 1 has been 
called into question by the realization that a 
more important risk factor is infection with 
hepatitis B virus, which inevitably con- 
founds the data. Nonetheless. we believe 
that the certainty for human carcinogenesis 
is high, although not absolute; it is certainly 
superior to the evidence for cancers caused 
by dioxin. The 20 parts-per-billion action 
level for aflatoxin in peanut butter may 
indeed have been set at a detection limit 
(although we do  not like this practice). 
However, as Stoloff himself points out, it 
has not been reduced, although a modest, in 
our view inadequate, proposal to reduce it 
to 15 ppb was made in 1977 long after more 
sensitive detection equipment was available. 
The proposal was abandoned. 

RICHARD WILSON 
E. A. C. CROUCH 

Depavtment of Physics and Energy and 
Environmental Policy Center, 

Haward Univmity, 
Cambrid~e, MA 02138 

Efratum: In table 1 of  the article "Chan es in the 
distribution of  American family incomes, 1949 to 1984" 
by Frank Lev (22 May, p. 923), the first quintile (%) 
for 1949 was 'inadvertently omitted. It should have been 
4.5. 

New! Micro-g" Table Top 
Vibration Isolators 

Hlgh-performance portable, able In two slzes 24" square and 
low-prof~le  sola at or platform for 24" x 30", w~th three or four isolator 
small ~nstruments units Stamless tops are ava~lable ~n 
Superlor attenuation e f f~c~ency  three slzes 24314'4" x 35", 29314" 

both hor~zontally and vert~cally square, and 293/4'4" x 35': w ~ t h  four 
Gran~te or stamless steel tops in   so la tors 
several standard s~zes-plus See how this exclus~ve TMC ~nno- 
custom conf~gurat~ons vatlon can advance the preclslon and 
G~mbal Plstono  sola at or unlts can ef f~c~ency of your work-w~th unpar- 
be used wlth 2" th~ck opt~cal alleled economy Wr~te or call today 
breadboards &, a for new PRODUCT BULLETIN 

Gran~te tops are ava~l- 9%- '@ and price l ~ s t  
g 

Technical Manufacturing Corporation 
15 Centennial Dr~ve Peabody, MA 01960, USA Telephone 617-532-6330 Telex 951408 

Circle No. 11 2 on Readers' Service Card TMC.26 

I i I INTRODUCING THE JOURNAL OF LIPOSOME RESEARCH I 
Call for Papers 

The Journal of Liposome Research is a new publication by Marcel Dekker, Inc. whose mission is to 
present high quality original liposome research and a small number of selected reviews. The subjects will 
be broad, ranging from biophysical analysis of liposome membranes to clinical applications of liposome- 
encapsulated drugs. Only papers focused on some aspect of liposome research will be considered. Dr. 
Marc J. Ostro. Vice Chairman and Chief Science Officer of The Liposome Company, Inc. will be the editor- 
inchief and to whom all manuscripts should be submitted. The Journal has attracted an outstanding 
international editorial board detailed below. It is anticipated that the first issue will be published in the 
Summer of 1987 and will initially appear quarterly. 

EDITOR-IN-CHIEF 
Marc J. Ostro. Ph.D. 

Vice Chairman and Chief Science Officer 
The Liposome Company. Inc. 

One Research Way 
Princeton. New Jersey 08540 

EDITORIAL BOARD 
Dr. Carl R. Alving Dr. Enrico Mihich 
Walter Reed Army Institute of Research Roswell Park Memorial Institute 
Dr. John D. Baldexhwieler Dr. Richard E. Pagano 
California Institute of Technology Carnegie Institute 
Dr. Yechezkel Barenholz Dr. Demetrios Papahajopoulos 
Hadassah Medical School University of California. San Francisco 
Dr. Gerald P. Bodey Dr. Bengt Samuelsson 
M.D. Anderson Hospital 8 Tumor Institute Karolinska Institute 
Dr. Denis J. Chapman Dr. Alan C. Sartorelli 
University of London Yale School of Medicine 
Dr. Pieter R. Cullis Dr. Tsugio Shimamoto 
University of British Columbia Takeda Chemical Industries, Ltd.. Japan 
Dr. Gregory Gregoriadis Dr. Junzo Sunamoto 
The Royal Free Hospital University of Nagasaki. Japan 
Dr. Sol M. Gruner Dr. Frank Szoka 
Princeton University University of California, San Francisco 
Dr. Leaf Huang Dr. Andre Trouet 
University of Tennessee IRE-Celltarg 
Dr. Keizo lnoue Dr. Moseley Waite 
University of Tokyo, Japan The Bowman Gray School of Medicine 
Dr. Maurice Kates Dr. John N. Weinstein 
University of Ottawa National Institute of Health 
Dr. Gabriel Lopez-Berestein Dr. Gerald Weissman 
M.D. Anderson Hospital 8 Tumor Institute N.Y.U. Medical Center 

I I 

Circle No. 151 on Readers' Service Card 




