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ABSTRACT

Ochratoxin A, a naturally occurring mycotoxin, has recently been
shown to cause renal and hepatic carcinomas in mice. In the present
studies, the effects of ochratoxin A on immune mechanisms associated
with tumor resistance were examined in mice using dose levels similar to
those that cause neoplasia. Ochratoxin A was shown to specifically inhibit
natural killer (NK) cell activity and increase the growth of transplantable
tumor cells without altering I -cell- or macrophage-mediated antitumor
activity. In contrast, ochratoxin B, a much less toxic ochratoxin, did not
influence immune function. Polyinosinic:polycytidylic induced interferon
was markedly reduced in mice following exposure to ochratoxin A al
though total serum protein levels were slightly increased. Injection of
polyinosinic:polycytidylie enhanced NK activity in the presence of ochra
toxin A, although the level of enhancement was slightly lower than that
produced by the agent in the absence of ochratoxin A. Thus, ochratoxin
appears to suppress NK cell activity by inhibiting production of basal
interferon. Additionally, these findings suggest a possible role for altered
NK cell function in the development of mycotoxin-inducedcarcinogenesis.

INTRODUCTION

Ochratoxin A, a naturally occurring mycotoxin produced by
several species of Aspergillus and PÃ©nicillium,is considered a
major environmental contaminant. Exposure to farm animals
occurs through contaminated feed grains and can produce a
characteristic pattern of toxicity (1-3). Human exposure may
arise from consumption of meat from exposed animals or of
mold-contaminated foods (1). In laboratory animals ochratoxin
A causes renal toxicity, hepatotoxicity, and teratogenic effects
(1-3). More recently, ochratoxin A has been reported to be a
carcinogen in rodents, causing increased incidences of hepato-
cellular neoplasms and particularly renal carcinomas in mice
fed 40 ppm (~6.0 mg/kg/day) over a 2-year period (4). Ochra
toxin A has also been shown to inhibit division of rapidly
proliferating cells of the immune system, including both he-
matopoietic stem cells (5) and B-lymphocytes (6, 7). The latter
effect is manifested as suppressed antibody synthesis.

Numerous studies have indicated that both acquired (e.g.,
CTL3 and nonacquired (e.g., NK cell activity and macrophages)

immune mechanisms are effective in destruction of tumor cells
(reviewed in Ref. 8). However, the impact of defective immune
functions in facilitating the oncogenic process is still being
debated. Regarding chemical carcinogens, there is evidence that
the incidence of certain chemically induced tumors is increased
in immunosuppressed mice (9). There is also a known associa
tion between the therapeutic use of chemical immunosuppres-
sants and an increased incidence of neoplastic transformation
(10) and monoclonal gammopathies (11). In addition, tumors
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which develop early after exposure to chemical carcinogens are
generally more antigenic than those which develop after a long
latency period, suggesting that the immune system may delay
the development of tumors or select for less antigenic variants
among the transformed phenotypes (12). This has lead to
speculation and much controversy that a chemical's potential

to cause immunosuppression serves as an impetus for carcino-
genicity by allowing tumor neoantigens to bypass normal host
immune surveillance. The present studies were designed to
examine the effects of ochratoxin in mice on immune mecha
nisms associated with antitumor activity. Thus, the ability of
ochratoxin to modulate T cell, macrophage, and NK cell func
tions associated with tumor resistance was examined.

MATERIALS AND METHODS

Exposure Regimen. Female B6C3F, (C57BL/6N x C3H) F, mice 6
to 8 weeks of age and weighing 18 to 22 g were obtained through the
National Cancer Institute production contracts (Charles River, Portage,
MI). Mice were housed 10/cage and provided with sterile food (Zeigler
Bros., Inc., Gardners, PA) and water ad libitum. Ochratoxin A and B
were initially obtained through Dr. A. E. Pohland of the Food and
Drug Administration and later from the National Cancer Institute.
Both lots were 92% pure by thin layer, high performance liquid and
gas chromatography. Ochratoxin B is a dechlorinated derivative of
ochratoxin A and is at least an order of magnitude less toxic than the
parent compound, probably due to its faster hydrolysis rate (4). The
toxins were prepared fresh weekly by dissolving in the appropriate
volume of 0.1 N sodium bicarbonate in 0.85% NaCl solution and stored
protected from the light at 4"( '. After 2 weeks of quarantine, mice

received ochratoxin in 0.1-ml volumes either i.p. or, when indicated,
P.O. or s.c. on alternate days over a 12-day period (6 doses total).
Ochratoxin A was tested at concentrations of 0, 3.4, 6.7, or 13.4 mg/
kg body weight/dose while ochratoxin B was examined at the 13.4 mg/
kg-dose only. To induce interferon, poly !:( was diluted in Hanks'
balanced salt solution to 1.0 mg/ml and injected i.p. in a 0.1-ml volume.
All immunology studies were conducted within 2 days of the final
ochratoxin exposure.

CTL-mediated Cell Killings. Splenic CTL activity was measured
following in vitro sensitization of allogeneic P81S mastocytoma cells,
as previously described (13). Briefly, P81S tumor cells were treated
with mhorn vein C and added to cultures of spleen cells at a 100:1
(spleen celhtumor cell) ratio. Following a S-day incubation at 37*C,

sensitized cells were removed from the flask and washed. Fresh P815
cells were labled with Na2*'CrO4 (specific activity = 400 mCi/mg; New

England Nuclear) and added to spleen cells at final effectontarget cell
ratios of 25:1, 12:1, and 6:1. After a 4-h incubation at 37'C in round

bottomed microtiter plates, the percentage of cytolysis of tumor cells
was determined using the formula

cytotoxicity =
cpmc â€”cpmâ€ž

cpm, â€”cpm,, x 100

where cpmc = cpm in experimental wells, cpm,, = spontaneous release,
and cpm, = total release upon addition of 0.5% Triton X-100.

NK Cell-mediated Cytotoxicity. NK cell cytotoxicity for the YAC-1
tumor target cell was determined using a modification of a previously
described "Cr release assay (14). Briefly, 5 x IO6tumor cells in 0.5 ml
of RPMI media containing 25 HIMHepes, 2 HIML-glutamine (Gibco,
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Table 1 Effect of ochratoxin administration on NK cell activity

No. of
nucleated

spleen cells
Treatment recovered

(mg/kg) (xlO')

Cytotoxicity at effectortarget
ratio (% decrease)

Experiment 1 Experiment 2

100:1 50:1 100:1 50:1
Vehicle 43 Â±1Â° 34 Â±2 29 Â±3 19 Â±2 16 Â±1
OA*(3.4) 40 Â±4 32 + 6(6)' 28 Â±4 (3) 16 Â±2 (16) 11 Â±1
OA (6.7) 45 Â±1 11 Â±1 (68)'' 11 Â±1 (62)' 12 Â±2 (29)* 11 Â±2 (
OA (13.4) 48+1 9+1(73)'' 9 Â±2 (69)" 9 Â±1 (53)' 7 Â±2 (56)'
OB (13.4) 54 Â±2* 33 Â±3(3) 30 Â±4 (0) 19 Â±3 (0) 15 Â±1 (6)

* Mean Â±SE of 5 or 6 mice/group.
* OA, OB, ochratoxin A or B, respectively.
' Numbers in parentheses, % decrease.
d Significantly different from control values, at P < 0.01.

Table 2 Natural killer cell activity in spleens of adult female mice following
exposure to ochratoxin A

Treatment
(mg/kg)Vehicle

OAÂ»(6.7)

OA (13.4)
Vehicle
OA (6.7)
OA (13.4)Route

of
exposureP.O.

P.O.

P.O.S.c.

S.o.
S.c.Cytotoxicity

at
effectortarget ratio

(%decrease)100:125

Â±4Â°
14 Â±1 (44)'
13 Â±1 (48)c

35 Â±3
11 Â±1 (69)'
7 Â±1 (80)'50:121

Â±2
9 Â±1 (57)'
8 Â±1 (62)c

30 Â±2
M Â±2(63)'
9 Â±1 (70)'

* Mean Â±SE of 6 mice/group.
* OA, ochratoxin A.
' Numbers in parentheses, % decrease; significantly different from control

values, at P< 0.01.

Table 3 Effect of ochratoxin on poly I:C induction ofNK cells
Mice were given injections of 0.1 mg poly I:C 6 h following ochratoxin (13.4

mg/kg) exposure, and NK was measured 18 h later. Values are mean Â±SE of 6
mice/group.

% Cytotoxicity at
effectortarget ratio

TreatmentgroupVehicle

Ochratoxin A
Vehicle + poly I:C
Ochratoxin A + poly I:C100:118Â±2

8Â±1"

43 Â±4
38 Â±350:113

Â±1
6Â±1Â°

30Â±322
Â±4

* Significantly different from controls, at P < 0.01.

Grand Island, NY), SO /Â¿g/mlgentamycin sulfate (Sigma), and 10%
heat inactivated PCS [M. A. Byproducts. Walkersville, MD (referred
to as complete culture medium)] were incubated for 45 min at 37Â°Cin
5% CO2 with 100 MCi of Na5'CrO4 (specific activity = 400 mCi/mg;

New England Nuclear). Labeled tumor cells were washed and the
concentration adjusted to 1 x 10* cells/ml. Splenic lymphocytes were
adjusted to 1 x 107/ml and 5 x 106/rnl (100:1 and 50:1 effectontarget

ratios, respectively) and 0.1 ml of both the effector (splenocytes) and
target ("Cr-labeled YAC-1) cells were added in quadruplicate to round
bottomed microtiter plates. The plates were incubated for 4 h at 37Â°C

in 5% CO2, the supernatants collected, and the percentage of Cytotox
icity determined as described for the CTL assay.

Interferon and Serum Protein QuantitÃ¤tion. Mouse interferon activity
was quantified by a cytopathic inhibition assay using mouse L929 (Lp)
cells (15). Confluent Lp cell monolayers in 96-well tissue culture plates
were obtained after 24 h incubation in Eagle's minimum essential

medium supplemented with L-glutamine, nonessential amino acids, and
2% FCS. Serum samples obtained from mice following i.p. injection of
poly I:C were diluted in the culture medium, added to the Lp cell
monolayers and incubated for 24 h at 37"C in 1% CO2. Lp cells were

then washed, challenged with encephalomyocarditis virus, and incu
bated for 24 h at 37'C in 1% CO2. The cell monolayers were stained

with 1% crystal violet in 70% methanol. The interferon titer was defined
as the reciprocal of the sample dilution resulting in 50% protection of
the cell monolayer as compared with virus and cell controls. The NIH
mouse interferon reference standard G002-904-511 (12,000 lU/ml)
was provided by the National Institute of Allergy and Infectious Dis
eases, Antiviral Substances Program, and had an interferon titer of
25,600 units/ml. Results are represented as laboratory units per ml.
Total serum proteins and albumin were determined using the Centrifi-
chem System 400 (Union Carbide, Rye, NY).

Macrophage Antitumor Activity. Peritoneal cells were harvested from
individual mice after injecting 5 ml of cold phosphate-buffered saline
containing 2 units/ml of heparin. The cells were washed and plated in
complete culture medium at a cell concentration of 1 x 106/ml in flat
bottomed 96-well microtiter plates. After 2 h of incubation at 37Â°C,

nonadherent cells were removed by washing. Macrophages usually
comprised 95% of the remaining adherent cells as determined by Diff-
Quik staining. For in vitro activation, resident macrophages were in
cubated for 6 h in supernatants containing MAF and washed once
before the addition of target cells. Mouse lymphokine preparations
containing MAF were obtained from 48-h supernatants of spleen cell
suspensions prepulsed for 6 h with 10 /Â¿g/mlof Con A (Calbiochem-
Behring Corp., La .lolla, CA) as described elsewhere (16). Macrophages
were activated in vivo by i.p. administration of 35 mg/kg Corynebacte-
rium parvum (Burroughs Wellcome, Research Triangle Park, NC) on
the sixth day of ochratoxin exposure. The cells were harvested 7 days
later and macrophages enriched as described above. Exponentially
growing B16F10 melanoma tumor cells were used as target cells and
macrophage-mediated Cytotoxicity was measured at an effectontarget
ratio of 20:1 as previously described (17). After incubation for 72 h at
37Â°C,the cultures were washed with phosphate buffered saline and

fixed for 30 min in a solution of 33% ethanol and 3% formaldehyde in
phosphate buffered saline. The plates were stained for l h with 0.5%
crystal violet, rinsed with water, and the remaining intracellular dye
eluted with 50% ethanol. Tumor killing was evaluated by measuring
the amount of light (492 nm) transmitted through the wells using a
Titertek Multiskan Microelisa reader. The data are presented as the
percentage of Cytotoxicity, which was calculated according to the for
mula

Cytotoxicity = l -
effectors + target) â€”(A>92effectors)

(A492target)

Lymphoproliferative Responses. Splenic lymphocyte responses to
polyclonal activators were determined by measuring incorporation of
[3H]thymidine (specific activity = 6.7 Ci/mM; New England Nuclear)
in the presence of the T-cell mitogen phytohemagglutinin (Burroughs-

Table 4 Effect of ochratoxin on poly I:C-induced interferon and protein levels in serum

Treatment
(mg/kg)Vehicle

OA' (3.4)

OA (6.7)
OA (13.4)
OB (13.4)Interferon

(logicunits/ml)2h4.41

Â±0.00Â°(25,600)*

3.44 Â±0.29 (2,786r
1.68 Â±0.43 (48)'
1.62 Â±0.27 (42)'

4.36 Â±0.05 (22,807)4h4.41

Â±0.00(25,600)
3.69 Â±0.24 (4,850r
2.30 + 0.30(201)'
2.25 Â±0.43 (179)'

4.41 Â±0.00 (25,600)Total

protein Albumin:globulin
(g/liter)ratio5.4

Â±0.10
5.4 Â±0.06
5.9 Â±0.14''
6.1 Â±0.14'

5.3 Â±0.09.65

Â±0.03
.51 Â±0.01
.35 + 0.19
.57 Â±0.03
.58 Â±0.09

* Mean + SE of 5 to 6 mice/group.
* Numbers in parentheses, logio interferon units/ml expressed numerically. All values were less than 1 at the time of poly I:C injection.
' OA, OB, ochratoxin A or B, respectively.
4 Significantly different from controls, at P < 0.05.
' Significantly different from controls, at P< 0.01.
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Table 5 Effect ofochratoxin on macrophage-medialed ant Â¡tumoractivity
following in vitro or in vivo activation

Macrophages were activated in vitro or in vivo as described in "Materials and
Methods."

% tumor cellcytotoxicityTreatment

(mg/kg)Vehicle

OA*(3.4)

OA (6.7)
OA (13.4)
OB (13.4)MAF

activated49.6
Â±1.9"

44.3 Â±2.7
49.2 Â±2.0
48.2 Â±2.7
43.0 Â±2.3C.

parvum
activated88.6

Â±1.2
Not done
Not done
88.7 Â±0.6
90.3 Â±1.0

* Mean Â±SE of 6 to 8 mice/group.
* OA, OB, ochratoxin A or B, respectively.

Wellcome) and Con A as previously described (18). Culture medium
was identical to that used for quantitating NK cell activity except that
5% human AB serum (Irvine Scientific, Irvine, CA) was used instead
of 10% FCS. Mitogen responses were examined at three mitogen
concentrations with peak responses being reported. Unidirectional
mixed leukocyte responses to allogeneic leukocytes were performed
under similar conditions utilizing a 4:1 ratio of DBA/2J stimulator
(Charles River; mitomycin C treated) to responder splenic lymphocytes
as previously described (18).

Tumor Cell Challenge Assay. The PYB6 tumor was maintained by
s.c. passage in B6C3F| mice. To obtain single cell suspensions, the
tumor was aseptically removed from a donor mouse and placed Â¡nS ml
of complete culture medium. The tumor was pressed with the barrel of
a sterile S-ml syringe and passed serially through 18- to 25-gauge
needles. Clumps of tumor cells were allowed to settle for 1 min in a
Ml ml plastic culture tube, and the resulting single cell suspension was
transferred to a SO-mlculture tube. The cell concentration was adjusted
to 5 x l()4 viable cells/ml, and 0.2 ml was injected into the right rear

flank. Tumor incidence, latency, and size were recorded weekly for 60
days.

Statistical Analysis. Statistical significance for immune function tests
was determined by the RS/1 Multicompare procedure using the Wilkes-
Sliapiro test for normality, one-way analysis of variance, and Dunnett's

test for multiple comparison with a group control. Differences in
resistance to PYB6 tumor cell growth was determined using the x2 test.

RESULTS

Effect of Ochratoxin on NK Cell Activity. A number of
immunological parameters related to antitumor immunity were
examined in mice following treatment with ochratoxin A or B.
As seen in replicate experiments, NK cell activity in spleens of
ochratoxin A treated mice was markedly suppressed in a dose-
related manner (Table 1). NK-mediated cytotoxicity of "Cr-
labeled YAC-1 target cells was consistently inhibited at both
the 6.7 and 13.4-mg/kg dose groups with reductions in cytotox
icity as great as 70% from control values. The other naturally

occurring ochratoxin, ochratoxin B, did not affect natural killer
cell activity at 13.4 mg/kg. Splenic cellularity was not affected
by ochratoxin A exposure, indicating that inhibition was not
due to elimination of spleen cells.

Since the normal route of exposure to ochratoxin is ingestion,
the effects of ochratoxin A exposure on NK cell function was
assessed following p.o. exposure. NK activity was also measured
in mice following s.c. exposure, since, unlike i.p. or p.o. admin
istration, this allows for the majority of ochratoxin A to pass
through the circulation prior to entry into the liver where
metabolism can occur. As shown in Table 2, there was a dose-
related decrease in NK activity following either p.o. or s.c.
treatment with ochratoxin A which ranged from 40 to 80%
below control values. NK activity was slightly more effective
following s.c. administration compared to p.o. This may simply
reflect decreased intestinal absorption or possible difference in
amounts available to the target tissue.

Interferon Studies. In order to examine the ability of NK cells
to respond to Interferon, mice were given injections of poly I:C
following exposure to ochratoxin A or B. Poly I:C induction
resulted in almost a 3-fold increase in cytotoxicity at both the
100:1 and 50:1 effectortarget cell ratios in control mice (Table
3). In ochratoxin A treated mice, poly I:C treatment induced a
marked increase in the NK response. The enhancement was
slightly less than that observed in control mice treated with
poly I:C, but the differences were not statistically different.

Poly I:C was injected into control and treated groups of mice,
and serum was sampled for interferon activity at 0, 2, and 4 h
(Table 4). Neither control nor ochratoxin treated mice had
detectable interferon activity immediately after poly I:C injec
tion. Control mice, however, developed high circulating inter
feron levels at 2 and 4 h after induction. In contrast, ochratoxin
A treated mice showed a significant suppression of interferon
production at both 2 and 4 h after poly I:C injections. Ochra
toxin B had no inhibitory effect on poly I:( induced interferon
levels. In contrast to interferon levels, total serum proteins were
slightly increased in ochratoxin A exposed mice although al-
bumin:globulin ratios were unaltered.

Macrophage Function. The effect of ochratoxin on macro-
phage-mediated tumor resistance was assessed by the ability of
activated macrophage to destroy B161 10 tumor cells ;'// vitro

(Table 5). There was a slight reduction in the antitumor activity
of resident macrophages in ochratoxin treated mice (data not
shown). However, the ability of macrophages to develop tu-
moricidal activity following either in vitro treatment with MAF
or in vivo administration of C. parvum was not inhibited by
ochratoxin A.

T-Cell Function. The ability of polyclonal activators to stim-

Table 6 Effect ofochratoxin on T-cettfunction

Treatment (mg/kg)

FunctionLymphoproliferation
(cpm x 10s)*

Phytonemagglutinin
Con A
Mixed leukocyte responseVehicle72

Â±3*
87 Â±7
27 Â±2OA,

3.472

Â±3 (0)c
111Â±111:Â«|i25

Â±1 (71)OA,

6.761

Â±4(151)
88 Â±9(If)25

Â±2 (71)OA,

13.462

Â±8(141)
78 Â±6(lOj)
24 Â±3(111)OB,

13.460

Â±6(171)
80 Â±6 (81)
Not done

CTL activity (% cytolysis at effec
tortarget ratio)

25:1
12:1
6:1

19 Â±3
22 Â±1
13Â±2

23 Â±5 (21ÃŽ)
27 Â±8 (23t)
17 Â±8 (3lf)

21 Â±5(10ÃŽ)
26Â±5(18|)
13 Â±8(0)

24 Â±6 (26ÃŽ)
19 Â±4(141)
13 Â±3(0)

24 Â±4 (26|)
18 Â±6(181)
13 Â±4(0)

" Each spleen was assayed in triplicate or quadruplicate, la-tins were run at multiple concentration with only peak response reported (phytohemagglutinin, 1.

ml; Con A, 2.0 Mg/ml).
* Mean Â±SE of 6 mice/group for proliferation and 4 mice/group for CTLs.
' Numbers in parentheses, percentage of change (]. increase; 1, decrease).
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70 r

**

VEHICLE OA OA OA OB
34 67 134 134

TREATMENT (mg/kg)

Fig. 1. Effect of ochratoxin treatment on tumor growth after challenge with
syngeneic PYB6 tumor cells. Mice (approximately 30/treatment group) were
given 1 x 10* tumor cells within 48 h following the final ochratoxin (OA, OB)
treatment. Data are the percentage of animals with visible tumors 60 days after
tumor cell challenge. Â»,significantly different from controls, at P < 0.05; Â«â€¢,
significantly different from controls, at P < 0.01.

ulate splenic T-lymphocytes was not inhibited by ochratoxin A
exposure (Table 6). Lymphoproliferative responses from
treated animals to the T-cell mitogens, phytohemagglutinin and
Con A, and to allogeneic leukocytes in the mixed leukocyte
response assay were similar to control values. In order to
examine the direct influence of T-cells on tumor immunity,
CTL activity was examined in a 5lCr release assay following in
vitro sensitization to tumor cells. T-cell cytolysis of allogeneic
P815 tumor cells was not inhibited by ochratoxin A exposure
at any of the dose levels tested (Table 5).

Tumor Cell Challenge. The effect of ochratoxin A exposure
on tumor cell growth was determined by transplanting synge
neic tumor cells into control or treated mice. Fig. 1 summarizes
the tumor incidence in mice at 60 days following injection of 1
x 10" PYB6 tumor cells. Ochratoxin A resulted in a dose-

related increase in tumor cell growth, ranging from 23% in the
control group to 63% in mice treated with 13.4 mg/kg ochra
toxin A. Ochratoxin B did not significantly influence resistance
to growth of transplantable tumor cells. There were no differ
ences in tumor latency or size between control and exposed
groups.

DISCUSSION

Previous studies have shown that ochratoxin A inhibits the
division of rapidly proliferating cells, including hematopoietic
stem cells (5) and antigen-activated B-lymphocytes, the latter
resulting in decreased antibody synthesis (6, 7). Suppression of
antibody synthesis by ochratoxin A has been reversed by phen-
ylalanine, suggesting that ochratoxin A inhibits protein synthe
sis via competitive inhibition of phenylalanyl tRNA synthetase
(19). In contrast, we have shown that neither ochratoxin A or
B affects T-cell proliferation or function, as determined by
assessing CTL activity and lymphoproliferative responses to
mitogens and allogeneic leukocytes. Furthermore, ochratoxin
did not affect lymphokine-induced macrophage activation or
modulate the in vivo mechanisms leading to macrophage acti
vation by C. parvum, both of which lead to increased tumor cell

killing (20). Since T-cells and circulating macrophages are
cycling at a much slower degree than circulating B-cells (21), it
is possible that these cell populations are resistant to ochratoxin
A due to their slower proliferative rates.

The most significant effect of ochratoxin A on tumor-related
immune mechanisms was depression of NK cell activity. Most
evidence indicates that NK cells appear to be effective primarily
during cell transformation while differentiated and metastatic
tumor cells have decreased sensitivity to NK cytolysis (22).
However, in the present studies suppression of NK cell activity
correlated with decreased resistance to the growth of PYB6
transplantable tumor cells. In addition to intact NK cell func
tion, resistance to this type of tumor cell challenge model is
probably dependent upon T-cell and macrophage responsive
ness (8, 23). In contrast to ochratoxin A, ochratoxin B had no
significant effect on NK cell activity or resistance to tumor cell
growth. Ochratoxin B is much less toxic than ochratoxin A
which is believed to be due to its rapid rate of hydrolysis (3).
Decreased NK cell activity occurred following i.p., s.c., or p.o.
administration of ochratoxin A. This observation is relevant to
animal and human exposure, since normally exposure would
occur via ingestion of contaminated food (1).

The mechanism responsible for suppression of NK activity
by ochratoxin A appears to be via a relatively specific inhibition
of interferon (basal) levels rather than a direct effect on NK
cells. This was further supported by the fact that NK activity
was not inhibited when spleen cells were cultured in the pres
ence of S9-pretreated ochratoxin A [performed using liver
preparations from Aroclor-treated mice as previously described
(18)] or the parent compound.4 These observations do not

preclude the possibility that ochratoxin A may directly affect
the generation or maturation of NK cells. However, this is
unlikely since injection of the interferon inducer, poly I:C,
enhanced NK activity in ochratoxin A treated mice almost to
the same degree achieved in control mice. Since basal NK
activity is due in part to endogenous interferon (24, 25), these
data suggested that decreased endogenous interferon levels were
responsible for suppression of NK activity. Although endoge
nous interferon levels cannot be detected with conventional
antiviral assays, we were able to show that poly I:C-induced

serum interferon levels were markedly reduced in ochratoxin A
treated mice, further supporting the hypothesis that suppressed
NK activity was mediated by a lack of exogenous interferon
activity. This inhibition of interferon may be relatively specific
since total serum protein levels were, if anything, enhanced by
ochratoxin A administration. This profile of altered NK cell
activity (i.e., normal cellularity and poly I:C restoration) is
analogous to that observed with other antiproliferative chemi
cals or drugs, including urethan, cyclophosphamide, and glu-
cocorticoids, although the latter compounds are presumed to
inhibit the generation of NK cells rather than interferon (26-

28).
Bendele et al. (4) have recently reported that ochratoxin A is

a renal hepatic carcinogen in B6C3F] mice. Tumors were
observed following a 24-month feeding study at a dose of 40
ppm (6 mg/kg body weight/day). While the present studies
were not designed to provide a direct "cause and effect" rela

tionship between immunosuppression and carcinogenicity, the
observations are consistent with the suggestion that immuno
suppression, at least of NK cell activity by ochratoxin A, may
serve as a cofactor in the development of tumors. This sugges
tion is based on the following findings: (a) the dose level

' Unpublished data.
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required to induce neoplasia was similar to that which caused
immunosuppression; (/>)immunosuppression preceded the de
velopment of detectable tumors; and (c) the changes in immune
function were consistent with those involved in tumor immunity
and correlate with changes in resistance to transplantable syn-
geneic tumor cells. However, it should be noted that existing
evidence indicates that the majority of tumors associated with
immunodeficiency are lymphomas and leukemias rather than
solid tumors as occurs after ochratoxin A exposure (10). In any
case, considering the potential for ochratoxin exposure in live
stock and humans, further studies on ochratoxin A inumino
toxicity and carcinogenicity are warranted to determine their
exact relationship and provide, if possible, potential therapeutic
intervention.
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