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Abstract

A variety of chemicals can adversely affect the immune system and influence tumor development. The modifying potential of chemical
carcinogens on the lymphoid organs and cytokine production of rats submitted to a medium-term initiation-promotion bioassay for
carcinogenesis was investigated. Male Wistar rats were sequentially initiated with N-nitrosodiethylamine (DEN), N-methyl-N-nitrosourea
(MNU), N-butyl-N-(4hydroxybutyl)nitrosamine (BBN), dihydroxy-di-n-propylnitrosamine (DHPN), and 1,2-dimethylhydrazine (DMH)
during 4 weeks. Two initiated groups received phenobarbital (PB) or 2-acetylaminofluorene (2-AAF) for 25 weeks and two noninitiated
groups received only PB or 2-AAF. A nontreated group was used as control. Lymphohematopoietic organs, liver, kidneys, lung, intestines,
and Zymbal’s gland were removed for histological analysis. Interleukin (IL)-2, IL-12, interferon gamma (IFN-y), tumor necrosis factor alpha
(TNF-a), IL-10, and transforming growth factor betal (TGF-p1) levels were determined by ELISA in spleen cell culture supernatants. At the
fourth week, exposure to the initiating carcinogens resulted in cell depletion of the thymus, spleen and bone marrow, and impairment of IL-2,
IL-12, and IFN-y production. However, at the 30th week, no important alterations were observed both in lymphoid organs and cytokine
production in the different groups. The results indicate that the initiating carcinogens used in the present protocol exert toxic effects on the
lymphoid organs and affect the production of cytokines at the initiation step of carcinogenesis. This early and reversible depression of the

immune surveillance may contribute to the survival of initiated cells facilitating the development of future neoplasia.

© 2003 Elsevier Inc. All rights reserved.
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Introduction

A variety of environmental chemical contaminants may
trigger deleterious effects on the immune system increas-
ing the susceptibility to infections, autoimmune diseases,
and cancer development. Among them, chemical carcino-
gens like polychlorinated biphenyls, chlorinated dibenzo-p-
dioxins, pesticides, and heavy metals have shown immu-
notoxic activity (Descotes et al., 2000; De Wall et al.,
1992; Kimber and Dearman, 2002; Luster and Rosenthal,
1993; Luster et al., 1990; Vandebriel et al., 1998a; Voccia
et al., 1999).
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Experimental studies have demonstrated that chemicals
such as cyclosporin A, 2,3,7,8,-tetrachlorodibenzo-p-dioxin
(TCDD), tributyltin oxide (TBTO), and azathioprine, among
other substances, modulate both the cytokine-receptor
mRNA expression and cytokine protein levels (Vandebriel
et al., 1998a, 1998b). Besides, alterations of cytokine levels
have been reported in several types of cancer (Merendino et
al., 1999; Merogi et al., 1997; O’Hara et al., 1998). Since
chemical carcinogens influence both the immune system
and cancer development, the evaluation of cytokine produc-
tion may be a valuable tool to investigate the participation of
the immune system on tumor development (Cohen et al.,
1999; Foster, 2001; Vandebriel et al., 1998b).

Cytokines are important in promoting the proliferation
and differentiation of hematopoietic cells and in regulating
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the nature of immune response. Interleukin-12 (IL-12) has
the ability to skew the immune response in favor of Thl,
that is, induce the differentiation of naive T-helper cells
(ThO) to the Thl-profile inhibiting Th2 cell development.
Because Thl cells produce interferon gamma (IFN-vy), IL-
2, IL-3, and tumor necrosis factor alpha and beta (TNF-«
and TNF-p), they are more suited for the enhancement of
cellular immunity, although Th2 cells (which produce IL-3,
IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, and TNF-a) are better
qualified in helping B cells to differentiate into antibody-
producing cells (Mossman and Sad, 1996). Cytokines such
as IL-2, IL-12, and IFN-y may activate natural killer (NK)
cells and cytotoxic T cells enhancing the host immune
response against malignant cells (Ikeda et al., 2002;
Oppenheim and Fujiwara, 1996; Trinchieri, 1995). Tumor
necrosis factor (TNF-a) is a major mediator of inflamma-
tion with action directed towards both tissue destruction
and recovery from damage (Balkwill, 2002). Besides,
TNF-a may act as an endogenous tumor promoter, con-
tributing to the tissue remodeling and stromal development
necessary for tumor growth and spread (Balkwill, 2002;
Schreiber and Rowley, 1999; Seung et al., 1999). Other
cytokines, such as transforming growth factor beta (TGF-
p) and IL-10, may act as immune suppressive factors and
promote the growth of some tumors (O’Hara et al., 1998;
Seung et al., 1999).

A medium-term multiorgan system, based on the initia-
tion-promotion concept of chemical carcinogenesis, has
been proposed as an alternative and complementary ap-
proach to the conventional long-term bioassay for detection
of chemical carcinogens (Ito et al., 1992, 1998; Takahashi
et al., 1992). It consists of a multiorgan initiation of
carcinogenesis with five genotoxic carcinogens followed
by the exposure of the animals to a test substance to
evaluate its promoting potential (Ito et al., 1992, 1998;

Takahashi et al.,, 1992). A task group gathered at the
International Agency for Research on Cancer (IARC) in
1999 recognized that this bioassay could be considered
appropriate for identifying carcinogens in rodents (IARC,
1999). This alternative model allows to investigate the
immune alterations that can occur at the initiation step of
the carcinogenic process, after DNA damage induced by the
initiating chemicals, or at the promotion step, when prolif-
eration of altered cell clones had given rise to preneoplastic
and neoplastic lesions (Spinardi et al., 1999; Spinardi-
Barbisan et al., 2000).

The aim of the present study was to investigate the
influence of the chemical carcinogens used in a medium-
term multiorgan bioassay in male Wistar rats on lymphoid
organs and cytokine production at different stages of chem-
ical carcinogenesis.

Material and methods

Animals. Male Wistar rats, 4-week-old, were purchased
from CEMIB—Centro Multidisciplinar de Investigagao
Biologica (UNICAMP, Campinas, SP, Brazil) and housed
in polypropylene cages (four per cage) in a environment-
controlled room maintained at 22 + 2 °C, 55 + 10%
relative humidity and a 12:12 h light/dark cycle. Animals
were supplied with filtered water and fed NUVILAB-CR1
(NUVITAL, Curitiba, PR, Brazil) ad libitum. After a 4-week
acclimation period, animals weighing 225—-250 g were used
in this study.

Chemical agents. N-nitrosodiethylamine (DEN), N-methyl-
N-nitrosourea (MNU), 1,2-dimethylhydrazine (DMH), and
2-acetylaminofluorene (2-AAF) were purchased from Sig-
ma Chemical Co. (St. Louis, MO, USA); N-butyl-N-
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Fig. 1. Experimental design (for details, see Materials and methods).
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Table 1
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Body weight gain and organ relative weights (mean + SD) of animals submitted to a medium-term multiorgan carcinogenesis model (4th and 30th weeks)

Groups Number of Body weight gain (g) Relative weight (%)
animals Liver Kidney® Spleen Thymus

4th week

Control 20 106.60 + 11.29 4.05 + 0.25 0.31 £ 0.02 0.38 + 0.03 0.16 £ 0.02
DMBDD® 20 3.10 £ 28.99* 3.47 £ 043* 0.38 + 0.06* 0.57 £ 0.11* 0.09 £+ 0.03*
30th week

Control 15 23493 + 52.38 3.15 £ 033 0.24 + 0.02 031 + 0.06 0.04 + 0.01
PB° 19 245.63 + 43.83 3.74 + 0.35 0.25 £ 0.03 0.30 £ 0.06 0.07 £ 0.06
2-AAF¢ 20 166.60 + 26.43* 5.10 £ 0.62* 0.28 + 0.03* 0.41 = 0.06* 0.05 £ 0.01
DMBDD 20 176.40 + 35.29% 3.11 + 0.23 0.28 £ 0.05* 0.38 £+ 0.07 0.05 £ 0.02
DMBDD/PB 20 193.05 + 46.29%*** 379 + 0.41** 0.28 + 0.03%*** 0.40 + 0.15%** 0.05 + 0.01
DMBDD/2-AAF 17 137.35 £ 45.96* 6.29 £ 0.90%** 0.33 £ (.04 *kkkk 0.44 + 0.10* 0.06 £ 0.06

# Mean values of right and left kidneys.

b Group initiated with the DEN, BBN, MNU, DHPN, and DMH.

¢ Phenobarbital.

4 2-acetylaminofluorene.

* Significantly different from control group; P < 0.0001 for all comparison:
** Significantly different from DMBDD group; P < 0.0001 for all compari
*** Significantly different from PB group; P < 0.0001 for all comparisons.

S.
sons.

*##% Significantly different from 2-AAF group; P < 0.0001 for all comparisons.

(4hydroxybutyl)nitrosamine (BBN) and phenobarbital (PB)
were purchased from Tokyo Kasei Industries Co. (Tokyo,
Japan) and dihydroxy-di-n-propylnitrosamine (DHPN) from
Nakalai Tesque, Inc. (Kyoto, Japan).

Experimental design. The experimental protocol is shown in
Fig. 1. Animals were allocated to six groups (n = 15—20 rats
each) as follows. A an untreated group was used as control,
maintained on basal diet and sacrificed at the weeks 4 and
30. Three other groups (DMBDD, DMBDD/PB, and
DMBDD/2-AAF) were sequentially treated with five chem-
ical initiators: DEN (100 mg/kg body wt, ip, single dose at
the commencement), MNU (20 mg/kg body wt, ip, four
times, two doses per week), and BBN (0.05% in drinking
water during 2 weeks) administered during weeks 1 and 2;
DHPN (0.1% in drinking water during 2 weeks) and DMH
(40 mg/kg body wt, sc, four times, two doses per week)
administered during weeks 3 and 4. Some animals of the
DMBDD group were killed at the end of the week 4 and the
remaining were maintained on basal diet until the week 30.
After the initiation, the DMBDD/PB and DMBDD/2-AAF
groups were supplied with PB (0.05%) or 2-AAF (0.01%) in
the diet for 25 weeks, respectively. Two noninitiated groups
(PB and 2-AAF) received PB or 2-AAF in the diet, from the
6th until the 30th week.

Body weight, water and food consumption were regis-
tered weekly during the first 4 weeks (initiation step) and
then at every 15 days until the end of the experiment. All
animals were killed under pentobarbital (45 mg/kg body wt)
anesthesia at the 4th or 30th week. The protocols used were
in accordance the Ethical Principles for Animal Research
adopted by the Brazilian College of Animal Experimenta-
tion (COBEA) and were approved by the local Ethical
Committee for Animal Research (protocol no. 116).

Tissue processing and histological analysis. Liver, kidneys,
spleen, thymus, mesenteric lymph nodes, and bone marrow
from all animals were fixed in buffered formalin for 48 h.
The lung, small and large intestine, and Zymbal’s gland
were examined only at the week 30. Liver, kidneys, spleen,
and thymus were weighed immediately after removal. The
spleen was cut in two halves, one for evaluation of cyto-
kines and other for histological analysis. All organs re-
moved were embedded in paraffin and stained with
hematoxylin and eosin (H&E) for histological analysis.
Histological diagnosis was performed according to Mono-
graphs on Pathology of Tumors in Laboratory Animals
(TARC, 1990) and Kuper et al. (2000).

Table 2
Histological changes in lymphohematopoietic organs at the fourth week

Organ changes® Control group DMBDD group®

Bone marrow (20)° (20)
Decreased global cellularity 0 20 (100%)
Thymus (20) (20)
Decreased cortex/medulla ratio 0 5 (25%)
Decreased cortex cellularity 0 20 (100%)
Spleen (20) (20)
Decreased PALS cellularityd 0 12 (60%)
Decreased marginal zone cellularity 0 12 (60%)
Increased red pulp cellularity 0 4 (20%)
Extramedullar hematopoiesis 0 5 (25%)
Mesenteric lymph nodes (20) (18)
Increased paracortex cellularity 0 7 (39%)
Erythrocyte rosette formation 0 4 (22%)
Histiocytosis 0 12 (67%)

? Semiquantitative diagnostic terms according to Kuper et al. (2000).

b Group initiated with the carcinogens DEN, BBN, MNU, DHPN, and
DMH.

° Number of analyzed organs.

4 Periarteriolar lymphocyte sheath.
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Fig. 2. Lymphohematopoietic organs of male Wistar rats stained with H&E at the fourth week. Thymus: (a) normal; ¢, cortex and m, medulla (25x); (b)
thinning of the thymic cortex (25x); and (c) increased number of macrophages ingesting apoptotic cells in the cortex (starry sky appearance) in a DMBDD-
treated rat (90x); spleen: (d) normal; f, follicule; mz, marginal zone; pals, periarteriolar lymphocyte sheath; rp, red pulp (30X); (e) diminished cellularity and
reduction of white pulp in a DMBDD-treated rat (30X); bone marrow: (f) normal (90%); (g) cell depletion in a DMBDD-treated rat (90x); lymph nodes: (h)
erythrocyte rosette (90%) and (i) histiocytosis after DMBDD treatment (120x).
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Spleen cells culture. Spleen cells were mechanically dis-
persed in a Petri dish containing RPMI-1640 culture
medium (Cultilab, Campinas, SP, Brazil). The cell suspen-
sions were centrifuged, resuspended in RPMI-1640 culture
medium supplemented with 20 mg/ml gentamycin (Sigma
Co.), 2 mM glutamine (GibcoBRL, Gaithersburg, MD,
USA) and 10% inactivated fetal calf serum (Cultilab,
Campinas, SP, Brazil), and washed twice at 1500 rpm,
for 10 min. Cell viability, assessed by Trypan blue
exclusion, was always greater than 90%. Aliquots of 2
% 10° cells/ml (500 ul/well) were incubated with RPMI-
1640 (500 pl/well) or stimulated in vitro with Concanav-
alin A (CON A—2.5 pg/ml, 500 pl/well) (Sigma Co.) or
Staphylococcus aureus Cowan’s strain 1 (SAC—1:5000,
500 pl/well) (Calbiochem, San Diego, CA, USA) in 24-
well flat-bottom microtiter plates for 72 h in a humidified
atmosphere of 5% CO,, at 37 °C. Following incubation,
supernatants were collected and stocked at — 70 °C for
quantification of cytokines. Samples stimulated in vitro
with CON A were used to quantify IL-2, IFN-vy, IL-10,
and TGF-p1, and samples stimulated in vitro with SAC
were used to quantify TNF-a and IL-12.

Analysis of cytokine levels. Cytokine production was deter-
mined by enzyme-linked immunosorbent assay (ELISA)
using commercial kits according to the manufacturer’s
instructions. 1L-2, IL-12, TNF-a, IFN-y, and IL-10 levels
were measured using ELISA kits from BioSource Interna-
tional (Nivelles, Belgium). For detection of the TGF-p1
immunoreactive form, samples were acidified by addition
of 1 N HCI and then measured by Quantikine anti-human
TGF-p1 kit (R&D Systems, Minneapolis, USA). The plates
were read at 450 nm using an ELISA microplate reader set
(Multiskan Ex, Labsystems, Finland). Cytokine quantities in
the samples were calculated from standard curves of recom-
binant cytokines using a regression linear method.

Statistical analysis. Body weight gain, organ relative
weights, and production of cytokines were analyzed by
the Student’s ¢ test or Mann—Whitney test at week 4
(initiation step) and by analysis of variance (ANOVA) or
Kruskal—Wallis test at week 30 (promotion step). The
incidence of benign or malignant neoplasias and number
of neoplasias per group (tumor burden) were analyzed by
the Fisher’s exact test or the Chi square and Kruskal—Wallis
tests, respectively, at the 30th week. Differences between
groups were assumed to be significant when P < 0.05.

Results
Body and organ weights
The body weight gain was significantly reduced (P <

0.0001) after the treatment with the carcinogens both at the
initiation and promotion step, except in the PB group (Table

1). At the fourth week, the relative liver and thymus weights
were significantly decreased (P < 0.0001) when compared
with the control group. In contrast, the relative kidneys and
spleen weights were significantly increased (P < 0.0001)
(Table 1). At the 30th week, the relative liver and spleen
weights were significantly increased (P < 0.001) after
treatment with 2-AAF (DMBDD/2-AAF and 2-AAF groups
vs. control group) and the DMBDD/PB group presented
higher (P < 0.0001) mean spleen relative weight than the
PB group (Table 1). At this point, the kidney relative
weights were significantly higher (P < 0.0001) in all
treated groups, except in the PB group (Table 1).

Histological analysis

The main histological changes on lymphoid organs and
in bone marrow were observed after the initiation step of
carcinogenesis at the end of the fourth week (Table 2). At
this moment, the exposure to the chemical initiators resulted
in significant thinning of the thymic cortex due to increased
apoptosis of lymphocytes, easily visible by the increased
number of macrophages ingesting apoptotic cells (Figs. 2a—
c). As a consequence, the cortex/medulla ratio was de-
creased and the connective tissue of the thymus became
prominent. In the spleen, there was cell depletion of the
white pulp, specially of the periarteriolar lymphocyte sheath
(PALS) and of the marginal zone (Figs. 2d and ¢). The bone
marrow showed severe hypoplasia (Figs. 2f and g) and the
mesenteric lymph nodes presented erythrocyte rosettes for-
mation (Fig. 2h), histiocytosis (Fig. 2i), and increased

Table 3
Incidence of animals with neoplastic lesions and total number of tumors
(30th week)

Groups No. of  Benign Malignant Benign
animals  neoplasia neoplasia and
with . No.of No.of No.of No. of mahgnapt
neoplasia animals  tumors animals tumors "€°P lasias
Noninitiated
Control 0 (15* 0 0 0 0 0
PB® 0(19) 0 0 0 0 0
2-AAF® 0 (20) 0 0 0 0 0

Initiated

DMBDD¢ 14 (20)

DMBDD/ 18 (20)
PB

DMBDD/ 17 (17)
2-AAF

10 (50%) 19
15 (75%) 28

11(55%) 21 40
12(60%) 32 60

14 (82%) 32 16 (94%)* 49T+ g1+

 Effective number of animals.

® Phenobarbital.

¢ 2-acetylaminofluorene.

dGroup initiated with the carcinogens DEN, BBN, MNU, DHPN, and
DMH.

T Significantly different from DMBDD group.

*P < 0.01.

** P < 0.002.



A.L.T. Spinardi-Barbisan et al. / Toxicology and Applied Pharmacology 194 (2004) 132—140 137

cellularity at the paracortex area when compared to the
control group. The animals submitted to the DMBDD
treatment also presented liver alterations such as bile duct
hyperplasia, Kupffer cells with hemossiderin pigment, cen-
trilobular hepatocytic necrosis, extramedullary hematopoie-
sis, cariomegaly, vacuolization of hepatocytes, cytoplasmic
basophilia, hepatocytic hypertrophy, mitotic figures and
apoptotic cells. In the kidneys, there was focal or diffuse
tubular hyperplasia in most animals of the DMBDD group
(data not shown).

At the 30th week, no significant alterations of the
lymphoid organs were observed in the different groups.
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Fig. 3. Production of IL-2, IL-12, and IFN-y by spleen cells of male Wistar
rats in vitro stimulated with CON A or SAC after DMBDD treatment at the
fourth week. ***Significant differences among the groups at P < 0.001 and
P < 0.01, respectively. Values are mean + SD.

Neoplastic lesions were found mainly in the initiated and
promoted groups (DMBDD/PB and DMBDD/2-AAF
groups) (Table 3). They were observed in the liver as
adenoma, cholangioma and cholangiocarcinoma, in the
colon as adenocarcinoma, in the kidney as mesenchymal
renal tumor, in the lung as adenoma, and in the Zymbal’s
gland as carcinoma. The treatment with 2-AAF after initi-
ation (DMBDD/2-AAF group) induced significantly higher
incidence of animals with malignant neoplasia (P < 0.01),
number of malignant tumors (P < 0.01), and total number of
tumors (benign + malignant) (P < 0.002) than in the
DMBDD group (Table 3).

Cytokine production

At the end of the fourth week, the production of IL-2, IL-
12, and IFN-y, but not of TNF-«, TGF-p1, and IL-10 by
spleen cells cultured with CON A or SAC were significantly
lower (P < 0.01) in the DMBDD group than in the control
group (Fig. 3). At the end of the 30th week, IFN-y
production was significantly higher (P < 0.001) in the
groups treated with 2-AAF (DMBDD/2-AAF and 2-AAF
groups vs. DMBDD group) but was not different from the
control group (data not shown). IL-2, IL-12, TNF-q, IL-10,
and TGF-B1 levels were not altered in the carcinogen-
treated groups at the 30th week (data not shown).

Discussion

The present results indicate that chemicals used for
initiation of carcinogenesis in an alternative multiorgan
model affect the lymphoid organs of Wistar rats, causing
cellular depletion in the bone marrow, in the thymic cortex,
and in the white pulp of the spleen, at the end of the fourth
week. Cytokine levels were also altered at the initiation step
after the treatment with the five genotoxic carcinogens.
Besides, the liver and the kidneys of the initiated animals
presented important histological changes.

The alterations observed in the thymus may result from
the toxicity of the initiating carcinogens. Similar effects were
noted in the thymus after treatment with organotin com-
pounds and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)
(Kamath et al., 1997; Penninks et al., 1991). Toxic sub-
stances can cross blood—thymus barrier and directly affect
the lymphocytes or indirectly act on epithelial reticule cells
that support the thymocytes growth and maturation (De
Wall et al., 1992). Others investigators have reported thymic
changes very similar to those registered in the present study
in rats exposed to MNU (Koestner et al., 1977; Talcott et al.,
1990; Zwiiling et al., 1978). In fact, it is known that MNU
has the lymphohematopoietic system as a target of its
toxicity (Franchi et al., 2003; Zwiiling et al., 1978) and
may act acutely on the proliferating cortical thymocytes
leading them to apoptosis. Furthermore, the dramatic
changes observed in the thymus could be a consequence
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of the stress induced by the cocktail of chemical initiators as
expressed by the marked decrease in body weight gain and
food consumption. It is well known that the nutritional
status and stress can result in thymus atrophy (Schuurman
et al., 1994). In this context, we could argue that the effects
on the thymus were in part due to direct effects of the
chemicals, but the stress also have played an important role.
This implies that the histological changes observed in the
thymus in the present study should not be automatically
considered as a first insult, but the end result of both the
systemic stress and toxic effects of the chemicals.

At the end of the fourth week, the bone marrow of
initiated animals was also severely affected by exposure to
the genotoxic carcinogens as characterized by depletion of
myeloid, erythroid, and lymphoid cell lineages. In this
manner, the alterations in the spleen white pulp and extra-
medullary hematopoiesis observed in the liver and spleen
could be a consequence of cellular depletion observed in the
bone marrow and in the thymus. However, hypercellularity
at the paracortex area and histiocytosis of mesenteric lymph
nodes could be due to antigenic stimulation induced by
possible lesions on digestive tract and peritoneal cavity by
the oral and intraperitoneal administrations of chemicals
during the initiation treatment. The histological changes
observed in the liver and kidneys immediately after initiation
may be consequence of the toxicity of the chemical initiators
that are metabolized in the liver, originating hepatotoxic and
nephrotoxic metabolites (Kedderis, 1996; Schnellmann,
2001). Similar results in the liver and kidney were previously
reported by our laboratory in Wistar rats treated by DHPN or
DEN (Barbisan et al., 2002; Moreira et al., 2000).

At the 30th week, after the promotion step of carcino-
genesis, the absence of significant alterations on the lym-
phoid organs indicates that the immunotoxic changes
induced by the initiating chemicals were restored. Similar
recovery was described after glucocorticosteroid and orga-
notin compound treatments, in which the tissue architecture
was restored within 3—4 weeks (Schuurman and Kuper,
1995). The absence of neoplasia in lymphoid organs agree
with Franchi et al. (2003), who demonstrated that after 20
weeks, male Wistar rats exposed to MNU at 80, 160, and
240 mg/kg body wt, ip, only develop few vascular lesions in
the hematopoietic system at intermediate and high doses,
and thymic lymphomas at the highest dose.

In contrast to initiated groups, no neoplasias were ob-
served in the noninitiated groups at the end of the 30th
week. These results show the amplitude of the initiating
treatment used in this protocol, favoring DNA damage
fixation in different target organs (IARC, 1999). Indeed,
our results indicate that both the treatment with PB, a non-
genotoxic carcinogen that acts promoting the development
of liver preneoplastic lesions after previous exposure to
DEN (Kitano et al., 1998; Mackawa et al., 1992) or with
2-AAF, a genotoxic carcinogen used in the protocols of
hepatocarcinogenesis as a selective stimulator of initiated
cells in the liver (Tiwawech et al., 1991), exerted an

enhancing influence on the carcinogenic process. In the
initiated groups and treated with PB or with 2-AAF, the liver
was a main target organ, developing adenomas (35%) and
cholangiomas (41%) or cholangiocarcinomas (35%), respec-
tively (data not shown). In contrast, animals exposed only to
PB or to 2-AAF did not present neoplasia, although devel-
oped rare or many putative preneoplastic liver foci, respec-
tively (data not shown). These results documented the well-
known specific action of these chemicals on the liver (target
organ) (Kitano et al., 1998; Maekawa et al., 1992, Tiwa-
wech et al., 1991).

The reduction of cytokine levels detected after initiation
of carcinogenesis at the fourth week correlates well with the
histological changes observed in the bone marrow and
thymus. Exposure to the five chemical initiators decreased
the levels of IL-2, IL-12 and IFN-y, but not of IL-10 and
TGF-p1. The reduction of IL-12 production could also be
related to the lowered IL-2 and IFN-y levels that are
produced by Thl cells. Indeed, IFN-y has a powerful
enhancing effect on the ability of phagocytes and dendritic
cells to produce IL-12, acting therefore as a potent positive
feedback mechanism (Ikeda et al., 2002). In a previous
study, we have demonstrated that the chemical initiators
used in the present initiation-promotion protocol did not
change the ratio CD4"/CD8" cells as determined by flow
cytometry and that the NK activity was not altered by
chromium release assay (Spinardi et al., 1999; Spinardi-
Barbisan et al., 2000). In this context, the results of the
present study suggest that the chemical initiators can affect
the cytokine production not due to a change in the number
or type of the spleen cells but as a result of reduced function
of these cells. Besides, our results show differential sensi-
tivity of the cells to the initiators, the Thl-pattern cytokines
appearing to be more affected. These data suggest that the
reduction of cytokine levels observed at the initiation step
may reflect a selective toxicity of the chemical initiators on
Th1 lymphocytes, which activate important mechanisms of
the antitumor immune response, involving macrophages,
dendritic cells, cytotoxic T lymphocytes, and NK cells
(Pellegrini et al., 1996).

Various studies have indicated the importance of cyto-
kines in tumor immunology (Oppenheim and Fujiwara,
1996; Seung et al., 1999). O’Hara et al. (1998) demonstrated
that patients with colorectal cancer have decreased IL-12
production and increased serum IL-10, and that these
patients present increased tumor bulk and worse prognosis.
Experimental models of transplantable tumors have shown
that IL-12 drastically inhibits tumor growth and metastasis
increasing the survival of the animals (Brunda et al., 1993).
The ability of the IL-12 to prevent 3-methylcholantrene
(MCA)-induced carcinogenesis, protecting for the growth of
MCA-induced fibrosarcoma, has been clearly shown in
BALB/c and IL-12 p40 knockout mice respectively treated
with exogenous and endogenous IL-12 (Noguchi et al.,
1996; Smyth et al., 2001). High IFN-y serum levels have
been reported in mice after IL-12 systemic treatment con-
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tributing to tumor regression (Nastala et al., 1994). Consid-
ering that the Th1 cells are able to produce IL-2 and IFN-v,
our data indicate that the deficient production of these
cytokines induced by the genotoxic carcinogens treatments
can inhibit the development of the cellular immune re-
sponse, the most important mechanism of the antitumor
immune response.

The present results raise the possibility that the immu-
nologic alterations expressed by the dramatic changes in the
lymphoid organs and the decrease in cytokine production at
the early stage of chemical carcinogenesis could favor the
survival of initiated cells and facilitate the development of
future neoplasia.
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