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We have reported that thyroid capsular thickening with inflammation
induced by an antithyroidal agent, sulfadimethoxine (SDM), might
play a role in the development of invasive follicular carcinomas in rats
initiated with N-bis(2-hydroxypropyl)nitrosamine (DHPN). Inducible
nitric oxide synthase (iNOS) expressed in the inflamed capsular regions
further appeared to be implicated in the tumor progression. In the
present study, the effects of an iNOS inhibitor, aminoguanidine (AG),
on thyroid carcinogenesis were examined. F344 male rats were treated
with SDM in drinking water (0.1%) with or without concomitant
dietary administration of AG (0.2%) for 4 and 10 weeks after sub-
cutaneous injection of DHPN at 2800 mg/kg bodyweight. At week 4,
thyroid capsular thickening with inflammation was observed and
iNOS-positive foci were found in the inflamed regions. In addition,
single-strand DNA-positive inflammatory cells were scattered among
neighboring follicular cells, indicating some cellular damage, at least
partly in association with iNOS induction. Concurrent dietary adminis-
tration of AG with SDM treatment slightly decreased the number of
single-strand DNA-positive cells but did not alter the incidence and
multiplicity of iNOS-positive foci in the inflamed capsular regions at
week 4. At week 10, however, invasive follicular carcinomas predomi-
nantly arose in the thickened capsule in the DHPN–SDM-treated rats,
and AG administration decreased (P < 0.05) their multiplicity. The
carcinoma cells were partly positive for iNOS. These results thus
suggested that iNOS induction in both inflammatory and tumor cells
might play pivotal roles in tumor progression in this DHPN–SDM rat
model. (Cancer Sci 2009; 100: 1794–1800)

N itric oxide (NO), a signaling molecule produced by a variety of
mammalian cells, mediates numerous physiological pro-

cesses. It is synthesized from l-arginine by three isoforms of the
NO synthase (NOS): the constitutive endothelial and neuronal
NOS types, or the inducible NOS (iNOS).(1) In contrast to the
constitutive isoforms that generate low levels of NO, iNOS
produces high levels, and activity of iNOS is largely regulated
at the levels of synthesis and stability of its mRNA and protein.(1)

Under some pathophysiological conditions, such as inflammation,
excess NO is produced by iNOS in inflammatory and epithelial
cells and this is considered to play a crucial role in carcino-
genesis.(2,3) Numerous investigations to clarify the association
between iNOS and carcinogenesis in animal models and man
have thus been conducted, although the results appear actually
to be complex.(1) For example, some studies demonstrated that
iNOS is upregulated in tumor tissues in human colorectal carcino-
genesis,(4,5) whereas others showed iNOS to be expressed in

normally appearing, uninflamed colonic mucosa and downregulated
in tumor tissues, suggesting a possible protective influence.(6,7)

With inflammatory bowel diseases, increased expression of iNOS
in stromal inflammatory cells has been demonstrated,(7,8) but the
relationship between colitis-associated NO induction and tumor
development is not completely understood. The majority of studies
in both carcinogen-induced and genetic animal models support
a role for iNOS in the promotion of colon carcinogenesis, and
the effects may be associated with the ability of NO to induce
oxidative DNA damage, like other factors including increase in
the expression or activity of the enzyme cyclooxygenese-2.(2,9)

On the other hand, protective mechanisms by which iNOS could
impact on colitis-induced mouse carcinogenesis have also been
proposed.(10)

In the thyroid, upregulated expression of iNOS has been reported
in tumor cells in follicular adenomas, papillary carcinomas,
follicular carcinomas, medullary carcinomas, and/or anaplastic
carcinomas in man,(11,12) but it is not completely understood whether
iNOS expressed in the tumor cells might play a role in promotion
or protection of thyroid carcinogenesis. With chronic lymphocytic
thyroiditis, follicular epithelial cells surrounded by lymphoid
cells become positive for iNOS immunohistochemistry,(12) but
again whether there is a correlation between thyroiditis-associated
NO induction and tumor development is unclear. Experimentally
we have recently provided evidence that thyroid capsular thick-
ening with inflammation induced by continuous treatment with
the antithyroidal agent sulfadimethoxine (SDM) is associated with
development of invasive follicular carcinomas in rats initiated
with N-bis(2-hydroxypropyl)nitrosamine (DHPN).(13) In addition,
focal iNOS-positivity in capsular inflammatory regions appeared
to be implicated in the tumor progression.(14) In the present study,
to cast further light on the correlation between upregulation of
iNOS and development of invasive carcinomas in thyroid capsules,
the effects of aminoguanidine (AG), a selective iNOS inhibitor
that bears some structural similarity to l-arginine,(15,16) on thyroid
carcinogenesis were examined in the DHPN–SDM model.

Materials and Methods

Animals and treatments. A total of 70 male F344 rats (Japan
Charles River, Kanagawa, Japan) at 6 weeks of age were allowed
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access to basal diet (CRF-1; Oriental Yeast, Tokyo, Japan) and
water ad libitum and housed in polycarbonate cages with white
wood chips (Sankyo Laboratory Service, Tokyo, Japan) for bedding
in an airconditioned room (24 ± 1°C, 55 ± 5% relative humidity,
12 : 12 L : D cycle). DHPN was purchased from Nacalai Tesque
(Kyoto, Japan). SDM and AG were from Sigma Chemical (St
Louis, MO, USA). All animals were divided into four groups and
initiated with a single subcutaneous injection of DHPN, diluted
to 560 mg/mL in saline, at 2800 mg/kg bodyweight. One week
after initiation, drinking water containing 0.1% SDM was provided
ad libitum for 4 or 10 weeks to animals of groups 1 and 2. In
addition, group 1 animals received AG-containing basal diet at
a concentration of 0.2% concomitantly with SDM treatment.
Groups 3 and 4 were set as DHPN + AG and DHPN alone (control),
respectively. General conditions were checked daily and bodyweight
and water and food intake were recorded once a week. One of
fifteen rats each in groups 1 and 2 died after DHPN injection
and were excluded from the evaluations. Ten rats in groups 1
and 2 each and five rats in groups 3 and 4 each at week 4, and
14 rats in groups 1 and 2 each and five rats in groups 3 and 4
each at week 10 were killed under deep ether anesthesia for
collection of serum and thyroid samples. The dose level of AG
was selected based on previous reports.(17,18)

Hormone determinations. At necropsy, blood samples were
collected from the abdominal aorta of all animals under ether
anesthesia for assays of serum thyroxine (T4), triiodothyronine
(T3), and thyroid stimulating hormone (TSH) levels with radio-
immunoassay kits, a GammaCoat Total T4 for human kit (Dia-
Sorin, Saluggia, Italy), a RIABEAD Kit for human T3 (Dinabot,
North Chicago, IL, USA), and the Rat Thyroid Stimulating
Hormone [125I] Biotrak Assay (Amersham Pharmacia Biotech,
Hemel Hempstead, UK), respectively, at SRL (Tokyo, Japan).

Histopathological observations. The bilateral thyroid lobes were
excised, weighed, and cut in half horizontally. They were fixed in
phosphate-buffered 10% formalin for ~24 h, routinely processed
for embedding in paraffin, and serial tissue sections were prepared
for staining with hematoxylin–eosin and immunohistochemistry.
On histopathological evaluation, preneoplastic and neoplastic
lesions of follicular epithelial cells were classified as focal
hyperplasias, adenomas, and carcinomas, according to published
criteria.(19) In addition, follicular carcinomas were discriminated
as intrathyroidal and invasive carcinomas involving the thyroid
capsular and/or extrathyroidal tissues.(14)

Immunohistochemical staining. Anti-rat CD3 antibody for T-cell
surface antigen (clone G4.18, diluted at 1/500) and anti-mouse

iNOS (clone 6, 1/200) were purchased from BD Biosciences
(San Jose, CA, USA). Anti-rat antibody (clone ED1, 1/100) for
monocytes and tissue macrophages was from Serotec (Oxford,
UK). Anti-single-strand DNA (ssDNA) rabbit polyclonal antibodies
(1/100) and anti-Ki-67 antibody (clone MIB-5, ×200) were from
Dako (Glostrup, Denmark). Anti-ssDNA and Ki-67 antibodies were
used to mark damaged cells containing ssDNA fragments and
proliferating cells, respectively. Antigen retrieval was carried
out in an autoclave for 40, 10, and 10 min at 121°C in 10 mM
citrate buffer (pH 6.0) for CD3, iNOS, and Ki-67, respectively. The
streptavidin–biotin–peroxidase complex method (StreptABComplex/
HRP; Dako) or a peroxidase-labeled amino acid polymer method
(Histofine Simple Stain Rat MAX-PO; Nichirei Bioscience, Tokyo,
Japan) were used to determine the expression and localization
of each antigen, and sections were lightly counterstained with
hematoxylin for microscopic examination. Negative controls
without primary antibody reactions were set for each antigen
using serial sections.

Statistical analysis. Statistical analysis to compare the bodyweight
and thyroid weight, and serum hormone levels, as well as the
multiplicity for histopathological and immunohistochemistry
findings was carried out using the Student’s or Welch’s t-tests
following the F-test. Histopathological capsular lesions with
grading were analyzed with Mann–Whitney’s U-test. For incidences
of histopathological and immunohistochemistry-derived findings,
the Fisher’s exact probability test was applied. Significance was
inferred at the 5, 1, and 0.1% levels.

Results

In-life parameters and thyroid weights. No abnormalities in general
condition were observed in any of the groups. Final bodyweights
were lowered (P < 0.01, 0.001) by SDM treatment, but no obvious
changes were observed with AG administration (Table 1). Average
water or food intake values are summarized in Table 2. Although
water and food consumption was decreased by SDM treatment,
AG treatment was without effect, independent of SDM. There
was no significant difference in SDM intakes between groups 1
(DHPN–SDM + AG) and 2 (DHPN–SDM). Due to the decreased
food consumption with SDM treatment, AG intake in group 1
showed a tendency for decrease as compared to group 3 (DHPN–
AG). Thyroid absolute weights and relative to bodyweight weights
were increased (P < 0.001) by SDM treatment. Although no obvious
difference was noted in thyroid weights between groups 3 and 4
(DHPN alone, control) at week 4, some limitations in thyroid

Table 1. Initial and final bodyweight and thyroid weight of rats treated with sulfadimethoxine (SDM) with or without concomitant
administration of aminoguanidine (AG) after N-bis(2-hydroxypropyl)nitrosamine (DHPN) initiation

Group 1
DHPN–SDM + AG

Group 2
DHPN–SDM

Group 3
DHPN–AG

Group 4
DHPN alone

Week 4
No. animals 10 10 5 5
Initial bodyweight (g) 127.4 ± 6.2 127.2 ± 7.3 127.6 ± 6.7 127.9 ± 7.0
Final bodyweight (g) 182.9 ± 6.6*** 185.8 ± 7.6*** 210.4 ± 7.9 214.2 ± 9.3
Thyroid weight

Absolute (mg) 90.1 ± 12.8*** 99.1 ± 11.4*** 11.4 ± 2.5 11.4 ± 2.2
Relative (mg/100 g bodyweight) 49.3 ± 7.4*** 52.5 ± 5.1*** 5.5 ± 1.4 5.3 ± 1.0

Week 10
No. animals 14 14 5 5
Initial bodyweight (g) 127.2 ± 7.2 127.6 ± 6.9 127.3 ± 6.3 127.5 ± 6.6
Final bodyweight (g) 239.9 ± 10.1*** 243.5 ± 10.1** 260.3 ± 5.9 263.4 ± 13.8
Thyroid weight

Absolute (mg) 151.4 ± 10.4***,†† 173.5 ± 20.5*** 12.2 ± 2.8 11.3 ± 1.4
Relative (mg/100 g bodyweight) 63.1 ± 3.6***,†† 71.2 ± 7.3*** 4.7 ± 1.1 4.3 ± 0.5

Data are mean ± SD values.
**P < 0.01, ***P < 0.001 vs group 4 (control); ††P < 0.01 vs group 2.
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weight increment were noted in group 1 (P < 0.01) as compared
to group 2 at week 10 (Table 1).

Serum hormone levels. Serum T4 levels were significantly
(P < 0.001) decreased and the T3 levels showed a tendency for
decrease on SDM treatment, but no obvious changes in either
were observed with AG administration (Table 3). TSH levels
were prominently increased by SDM treatment (P < 0.001), but
no obvious changes were detected again by AG administration,
independent of SDM (Table 3).

Histopathology and immunohistochemistry. At week 4, diffuse
follicular cell hyperplasia, so-called goiter, was obviously induced
in all SDM-treated rats of groups 1 and 2, together with slight
inflammatory cell infiltration in the thyroid capsular region
(Fig. 1a). A more advanced lesion, thyroid capsular thickening
with inflammation, was partly or extensively observed in 4 and
6 of 10 rats each in groups 1 and 2, respectively (Fig. 2a).
Grading of the advanced capsular lesions based on the spread of
inflammation was carried out, and the results are summarized in
Table 4. There was no significant difference in the degree of
capsular inflammatory changes between the groups. In the inflamed
capsular regions, disrupted follicles and diffuse and/or multifocal
migration of follicular epithelium were noted in both groups 1
and 2 (Fig. 1a). For follicular preneoplastic and neoplastic lesions,

values for incidence and multiplicity are summarized in Table 5.
At week 4, focal hyperplasias and adenomas were observed in
both groups 1 and 2, and their incidences and multiplicities were
comparable. At week 10, capsular inflammation had almost
disappeared, but severe fibrous thickening without inflammation
remained in all rats of groups 1 and 2 (Fig. 3a–c). As follicular
neoplastic lesions, intrathyroidal and invasive carcinomas were
evident at this time point (Fig. 4a). Although the incidences and
multiplicities of intrathyroidal carcinomas and the incidence of
invasive carcinomas were comparable between groups 1 and 2,
the multiplicity of invasive carcinomas was lower (P < 0.05) in
group 1 (Table 5). No histopathological abnormalities were
detected in thyroids of rats in groups 3 and 4 at weeks 4 or 10.

Ki-67-positive ratios in follicular cells surrounding the pre-
neoplastic and neoplastic lesions in groups 1 and 2 at week 4
were 10.3 ± 4.6 and 10.0 ± 4.9%, respectively, and no significant
difference was found in the cell proliferative activity between
the groups. Immunohistochemistry for CD3 and ED1 revealed
that the inflammatory cells in inflamed capsular regions of
groups 1 and 2 at week 4 were mainly T cells and macrophages
(Figs 1b,c,2b,c). Although iNOS-positive cells were not found
in capsular regions with slight inflammatory cell infiltration
(Fig. 1d), iNOS-positive foci, consisting predominantly of

Table 2. Water and food consumption and chemical intake of rats treated with sulfadimethoxine (SDM) with or without concomitant
administration of aminoguanidine (AG) after N-bis(2-hydroxypropyl)nitrosamine (DHPN) initiation

Group 1
DHPN–SDM + AG

Group 2
DHPN–SDM

Group 3
DHPN–AG

Group 4
DHPN alone

Water consumption (g/rat/day) 21.1 21.3 27.5 28.1
SDM intake (mg/kg bodyweight/day) 109.8 109.5 0 0
Food consumption (g/rat/day) 10.6 10.8 13.4 13.7
AG intake (mg/kg bodyweight/day) 109.4 0 123.3 0

Table 3. Serum thyroid hormones and thyroid stimulating hormone (TSH) levels in rats treated with sulfadimethoxine (SDM) with or without
concomitant administration of aminoguanidine (AG) after N-bis(2-hydroxypropyl)nitrosamine (DHPN) initiation

Group 1
DHPN–SDM + AG

Group 2
DHPN–SDM

Group 3
DHPN–AG

Group 4
DHPN alone

Week 4
No. animals 10 10 5 5
Thyroxine (ng/mL) 17.9 ± 1.2*** 16.8 ± 2.0*** 36.8 ± 4.4 38.8 ± 1.5
Triiodothyronine (ng/mL) <0.5 <0.5 0.7 ± 0.1 0.8 ± 0.1
TSH (ng/mL) 137.5 ± 19.9*** 128.4 ± 9.9*** 6.9 ± 0.5 7.3 ± 1.5
Week 10
No. animals 14 14 5 5
Thyroxine (ng/mL) 22.9 ± 2.9*** 22.6 ± 3.0*** 52.0 ± 7.4 47.2 ± 5.5
Triiodothyronine (ng/mL) <0.5 <0.5 0.8 ± 0.1 0.8 ± 0.2
TSH (ng/mL) 141.8 ± 33.8*** 133.0 ± 40.0*** 7.3 ± 1.3 7.3 ± 0.9

Data are mean ± SD values.
***P < 0.001 vs group 4 (control).

Table 4. Histopathological findings at week 4 in the thyroid capsular region of rats treated with sulfadimethoxine (SDM) with or without
concomitant administration of aminoguanidine (AG) after N-bis(2-hydroxypropyl)nitrosamine (DHPN) initiation (N = 10)

Grade
Group 1

DHPN–SDM + AG
Group 2

DHPN–SDM

Inflammatory cell infiltration + 6 (60) 4 (40)
Capsular thickening with inflammation + 3 (30) 3 (30)

++ 1 (10) 3 (30)

Numbers in parentheses are percentage values. +, regional and/or unilateral; ++, diffuse and bilateral changes.
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ED1-positive macrophages, were sporadically found in advanced
thickened capsular lesions (Fig. 2d). There were no obvious
differences in the incidence and multiplicity of the iNOS-positive
foci between the two groups (Table 6). Some inflammatory
and/or interstitial cells and neighboring follicular epithelial cells
exhibited various sizes of ssDNA-positive dot signals, probably
due to fragmented nuclei. The ssDNA-positive cells were mainly
localized in iNOS-positive foci but some were scattered also in
the other inflamed regions (Figs 1e,2e). To compare intensities
of tissue damage in the capsular regions between groups 1 and 2,
ssDNA-positive cells were counted, and the multiplicity in group
1 showed a tendency for decrease as compared to group 2
(Table 6). At week 10, cytoplasmic expression of iNOS was seen
in subsets of carcinoma cells in 4 of 13 (31%) and 2 of 21 (10%)
invasive carcinomas examined in groups 1 and 2, respectively
(Fig. 4b). There was variation in the staining intensity and pro-
portion of iNOS among the carcinomas, but no obvious differ-
ence was found between the groups. In all invasive carcinomas
and some intrathyroidal carcinomas, diffuse nuclear positivity
for ssDNA in carcinoma cells was observed, but fragmentation
of the nuclei was limited (Fig. 4c). In groups 3 and 4, no obvious
iNOS- and/or ssDNA-positive cells were detected in the thyroid
capsular regions.

Fig. 1. Slight inflammatory cell infiltration with focal migration of
epithelial cells from disrupted follicles into the thyroid capsular region
at week 4 in a rat treated with sulfadimethoxine following N-bis(2-
hydroxypropyl)nitrosamine-initiation. (a) H&E. Original magnification ×180.
(b) A serial section of (a). CD3 immunohistochemistry. Some inflammatory
cells are positive for CD3, indicative of a T-cell nature. (c) A serial section
of (a). ED1 immunohistochemistry. A few inflammatory cells are positive
for ED1, indicative of a macrophage nature. (d) A serial section of (a).
inducible nitric oxide synthase immunohistochemistry. No positive cells
were found. (e) A serial section of (a). Single-strand DNA (ssDNA) immuno-
histochemistry. A few ssDNA-positive dot signals, demonstrating fragmented
nuclei, are evident in some inflammatory and/or interstitial cells (arrows)
and follicular epithelial cells (arrowheads).

Table 5. Incidence and multiplicity of follicular preneoplastic and
neoplastic lesions in rats treated with sulfadimethoxine (SDM) with
or without concomitant administration of aminoguanidine (AG) after
N-bis(2-hydroxypropyl)nitrosamine (DHPN) initiation

Group 1
DHPN–SDM + AG

Group 2
DHPN–SDM

Week 4
No. animals 10 10
Focal hyperplasia 10 (100)† 10 (100)

10.4 ± 2.6‡ 10.6 ± 3.3
Adenoma 8 (80) 7 (70)

1.3 ± 1.1 1.1 ± 1.0
Intrathyroidal carcinoma 0 0
Invasive carcinoma 0 0

Week 10
No. animals 14 14
Focal hyperplasia 14 (100) 14 (100)

17.6 ± 4.2 17.4 ± 4.0
Adenoma 14 (100) 14 (100)

4.4 ± 2.4 5.1 ± 2.5
Intrathyroidal carcinoma 3 (21) 4 (29)

0.2 ± 0.4 0.3 ± 0.5
Invasive carcinoma 10 (71) 12 (86)

1.6 ± 1.3* 3.1 ± 2.2

†Incidence (%), ‡multiplicity.
*P < 0.05 vs group 2.
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Fig. 3. (a) Capsular fibrous thickening without inflammation at week
10 in a rat treated with sulfadimethoxine and aminoguanidine following
N-bis(2-hydroxypropyl)nitrosamine-initiation. (b) Similar lesion as (a) at
week 10 in a rat treated with sulfadimethoxine following N-bis(2-
hydroxypropyl)nitrosamine-initiation. (c) Normally appearing thyroid
capsule at week 10 in a non-treated control rat. H&E. Original
magnification ×90.

Fig. 2. Thyroid capsular thickening with inflammation at week 4 in
a rat treated with sulfadimethoxine following N-bis(2-
hydroxypropyl)nitrosamine-initiation. (a) H&E. Original magnification ×180.
(b) A serial section of (a). CD3 immunohistochemistry. Some inflammatory
cells scattered beside follicles are positive for CD3, indicative of a T-cell
nature. (c) ED1 immunohistochemistry. The majority of capsular inflamma-
tory cells are positive for ED1, indicative of a macrophage nature. (d) A serial
section of (a). Inducible nitric oxide synthase (iNOS)-immunohistochemistry.
Note an iNOS-positive focus consisting mainly of macrophages. (e) Single-
strand DNA (ssDNA)-immunohistochemistry. ssDNA-positive dot signals
are present in some inflammatory and/or interstitial cells.
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Discussion

In the present study, thyroid capsular thickening with inflammation
and iNOS-positive foci were observed with SDM, and subsequently
invasive follicular carcinomas arose in the capsular region. Their
multiplicity was decreased by concomitant AG administration,
suggesting that iNOS induction in inflamed capsular regions
observed in the early stage of the experiment was at least partly
associated with tumor promotion and/or progression in this model.
SDM is a potent inhibitor of thyroid peroxidase and shows strong
goitrogenic activity via suppression of serum thyroid hormone
levels followed by increment in TSH production. Elevated TSH
is considered to directly contribute to goiter development and
thus thyroid carcinogenesis in rats.(20,21) In the present study,
absolute and relative thyroid weights were actually increased by
SDM treatment, but they were lowered by AG administration.
On the other hand, serum TSH levels were prominently increased
by SDM treatment, and no obvious changes were detected with
AG administration with or without SDM. In addition, cell pro-
liferative activity in follicular cells surrounding the preneoplastic
and neoplastic lesions was not altered by AG administration.
Therefore, although the reason for lowering of thyroid weights
by AG was not clear, inhibitory effects on induction of invasive
follicular carcinomas may be associated with its effects or iNOS
directly, rather than indirectly through SDM.

Excess NO is considered to be directly cytotoxic and also to
react with superoxide anions, resulting in production of peroxyni-
trites that may cause severe tissue damage.(22,23) ssDNA-positive
cells indicative of tissue damage in the inflamed capsular regions
appeared to be associated with the iNOS induction and their
numbers showed a tendency for decrease with AG administra-
tion, whereas AG did not alter the incidence and multiplicity of
iNOS-positive foci. This seeming discrepancy should be resolved
by considering the mechanisms of iNOS-inhibitory action of
AG, which shows structural similarity to the iNOS substrate l-
arginine and antagonistic binding potencies to iNOS.(15,16) NO
and peroxynitrite have been reported to induce not only DNA
and tissue damage but also other various biological alterations,
such as activation of cyclooxygenase-2(2,9) and matrix metallo-
proteinases(24) leading to tumor angiogenesis and/or metastasis.
Thus further studies are needed to clarify how these factors are
involved in DHPN–SDM-induced rat thyroid carcinogenesis. In
addition, as ssDNA-positive cells were scattered not only in the
iNOS-positive foci but also in the other inflamed regions, active
oxygen species other than NO produced by inflammatory cells
might also be involved in DNA and tissue damage leading to
tumor promotion or progression.

Migration of follicular epithelium from disrupted follicles into
capsules was demonstrated at 4–6 weeks after the start of SDM
treatment in rats initiated with DHPN in our previous experiments
conducted under the same protocol as the present one, but their
biological significance is uncertain.(13,14,25) Again in the present
study, migrating cells were frequently observed, but they appeared
to lack iNOS expression. On the other hand, immunoreactivity
for iNOS was observed in carcinoma cells in invasive carcinomas,
in which diffuse nuclear positivity for ssDNA was also demon-
strated. Therefore active nitrogen and/or oxygen species generated
not only by inflammatory cells but also by tumor cells might
be associated with neoplastic promotion or progression.

In humans, an association between Hashimoto’s autoimmune
thyroiditis and thyroid carcinomas has been reported,(26–28) along
with iNOS expression in both inflammatory cells in thyroiditis
and carcinoma cells.(29,30) Therefore, the present DHPN–SDM
rat thyroid carcinogenesis model appears to resemble human
thyroiditis cases, except for the localization of the inflammation;
regional capsulitis is characteristic but intrathyroidal diffuse
inflammation is not evident in this model. In conclusion, the
present results suggest that iNOS induction in both inflammatory

Fig. 4. A carcinoma invading a capsule at week 10 in a rat treated with
sulfadimethoxine following N-bis(2-hydroxypropyl)nitrosamine-initiation.
(a) H&E. Original magnification ×180. (b) A serial section of (a). Inducible
nitric oxide synthase immunohistochemistry. Some carcinoma cells are
weakly positive. (c) A serial section of (a). Single-strand DNA (ssDNA)
immunohistochemistry. Note the diffuse nuclear positivity for ssDNA in
carcinoma cells.
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and tumor cells might play pivotal roles in tumor progression in
this DHPN–SDM rat model.
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Group 1
DHPN–SDM + AG

Group 2
DHPN–SDM

iNOS-positive foci Incidence (%) 3 (30) 5 (50)
Multiplicity (no./rat) 0.4 ± 0.7 0.6 ± 0.7

Single-strand DNA-positive cells Incidence (%) 10 (100) 10 (100)
Multiplicity (no./rat) 24.3 ± 14.8 43.0 ± 32.4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


