





Fig. 1. Well-differentiated follicular cystadenomas of thyroid gland, typical of Fig. 3. Follicular cystadenoma of thyroid gland, typical of those found in Group
those found in rats of Group 2 (MNU + IAD) at Wk 52. Note papillary structures 4 (IDD) at Wk 77. Note cuboidal epithelium in adenoma and hyperplastic goiter in
and flattened epithetium of tumors. H & E, x 40. adjacent thyroid. H & E, x 80.

Fig. 2. Foliicular carcinoma of thyroid gland in Group 2 (MNU + IAD) at Wk 52. Fig. 4. Follicular carcinoma of thyroid gland in Group 4 (IDD) at Wk 77. Note
Carcinoma appeared in follicular cystadenoma. H & E, x 54. hyperplastic goiter in adjacent thyroid. H & E, X 25.
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ing adenomatous pattemn with invasion. H & E, x 54.

Table 3
Histological findings in the pituitary gland of male F344 rats given MNU and/or IDD

No. of rats with lesions

Hyperplasia

Experi- Effec- Pituitary tumors
mental tive Basophil
} no. of
Group Treatment (wk) rats Diffuse Focal (focal) Cyst Adenoma Carcinoma FPPL®
1 MNU + IDD 52 29 26 (90)> ¢ 0 0 1(3) 4(14) 0 4(14)
2 MNU + IAD 52 28 0 1(4) 6 (21° 4(14) 15 (54)° 1(4) 22 (79°
3 MNU + WLB 52 30 0 0 4(13) 1(3) 13 (43)° 0 16 (53)°
4 DD 52 10 0 (] 3(30) 1(10) 2(20) 0 5 (50)
77 20 0 1(5) 8 (40) 0 5 (25) 0 13 (65)
5 IAD 52 10 1(10) (] 0 1(10) 0 1(10)
77 19 2(11) 3(16) 6(32) 1(5) 3(16) 0 13 (68)
6 wLB 52 1 0 0 1(9) 1(9) 0 1(9)
77 19 0 2(1) 5 (26) 4(21) 8(42) 0 15 (79)

® Focal proliferative pituitary lesions include focal hyperplasia, adenoma, and carcinoma.

® Numbers in parentheses, percentage.

¢ Statistically significant differences (P < 0.05) between this group and appropriate carcinogen or diet controls.

follicular hyperplasia was observed in all rats on IDD (Groups 1
and 4).

Transplantation of Thyroid Tumors. All primary thyroid tu-
mors that were transplanted from rats receiving MNU and IDD
were follicular carcinomas. Transplants were successful in 15 of
18 rats. After 15 ~ 33 wk, 13 transplanted lesions (66.7%) grew
as follicuiar carcinomas, all but one with invasion (Fig. 5). The
average tumor latency was 112 days (range, 29 to 231 days).
Transplanted tumors attained diameters of 3 cm in some cases.
The histological appearance of the transplanted tumors was
similar to that of the primary tumors. Invasion of adjacent tissue

in the recipient was seen, but no lung metastases were found in
rats receiving the first transplant passage. One carcinoma of the
second passage grew more rapidly and was accompanied by
lung metastasis 16 wk after transplantation (Figs. 5 and 6).
Pituitary Pathology. The histological findings in the pituitary
gland in each group are summarized in Table 3. The incidence
of diffuse basophil cell (thyrotroph) hyperplasia was significantly
greater in Group 1 (MNU + IDD) than in any other groups (P <
0.05). The incidence of pituitary tumors (adenoma and carci-
noma) in rats of Groups 2 and 3, receiving MNU, combined was
significantly higher than in rats of Groups 5 and 6 combined that
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Fig. 7. Focal prolactin cell hyperplasia in pituitary gland of rat given MNU. ABC
immunocytochemistry, hematoxylin. x 330.

had received no MNU (P < 0.05). The incidences of FPPL,
including focal basophil or chromophobe hyperplasia, adenoma,
and carcinoma were significantly greater than in Groups 5 or 6
(P < 0.05). Most basophil hyperplasia was associated with
cytomegalic and vacuolar change, and these cells were immu-
noreactive for TSH (7). FPPL including focal hyperplasia (Fig. 7)
and adenoma (Fig. 8) were almost always immunoreactive for
prolactin, but not for TSH, and a few FPPL were negative for
both TSH and prolactin. Some adenomas with large bizarre cells
were also immunoreactive for prolactin (Fig. 8).

Pathology of Other Tissues. Proliferative lesions in various
organs of rats in each group are summarized in Table 4. A variety
of other tumors were found in MNU treatment groups (Groups 1
to 3) and control groups at Wk 77. There were no tumors found
except for those of the pituitary and thyroid glands in control
rats at Wk 52. The incidences of any proliferative lung lesions
(focal alveolar type Il cell hyperplasia, adenoma, and adenocar-
cinoma) in rats of MNU treatment groups were 59 ~ 96% and
significantly higher than those in control groups (P < 0.05). The
incidences of skin tumors in MNU treatment groups were 52 ~
82% and significantly higher than those in control groups (P <
0.05). Oral tumors (papilloma and adenocarcinoma of tongue
and mucous membrane) were found in 19 of 58 rats (33%) in
Groups 2 and 3 (MNU + IAD or WLB) and were significantly
more common than in Groups 5 and 6 (IAD or WLB; P < 0.05).
The incidences of proliferative lung lesions and oral tumors in
Group 1 (MNU + IDD) were significantly lower than in Groups 2
and 3 (MNU + IAD or WLB; P < 0.05), in part, because of

Fig. 8. Portion of pituitary adenoma (prolactinoma) immunoreactive for prolactin.
Note solid pattern and some large cells. ABC immunocytochemistry, hematoxyiin.
% 330.

decreased survival of rats in this group. The incidence of inter-
stitial cell tumor in Group 6 (WLB) was significantly higher than
in Groups 4 and 5 (IDD or IAD; P < 0.05).

DISCUSSION

The results of the present study confirm our previous findings
(7) that dietary iodine deficiency has a pronounced promoting
effect on thyroid carcinogenesis in rats. Until recently, the carcin- -
ogenicity of iodine deficiency for the thyroid had been primarily
reported in female rats (11, 14-16). The incidence of thyroid
tumors (especially follicular adenoma) in these reports ranged
from 52 ~ 100%. In several of these reports, however, it is
unclear if C-cell (parafollicular cell) tumors were induced by the
dietary deficiency or if spontaneous tumors could be distin-
guished from induced tumors, since these papers were published
prior to the current classification systems for thyroid tumors (19,
23). In our experiments, it was clearly demonstrated that dietary
iodine deficiency for 52 wk, in and of itself, led to goiter followed
by thyroid follicular neoplasms, but not C-cell neoplasms, in male
F344 rats. Of those rats consuming the IDD diet, 70% developed
thyroid tumors after 77 wk (12 of 20 rats had follicular adenomas,
and 2 rats had follicular carcinomas). Our results are in agree-
ment with those of previous reports, but more clearly define the
sequence of events. In our study, the majority of thyroid tumors
induced by the IDD were benign and were different morphologi-
cally than those in MNU-treated rats. Although the incidence of
follicular carcinoma induced by the IDD only in our present study
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Table 4
Incidence of proliferative lesions at various body sites of male F344 rats treated with MNU or IDD at 52 or 77 wk

No. of rats with lesions in the following groups®

1 (MNU + 2 (MNU + 3(MNU + 4(IDD, 5 (IAD, 6 (WLB,
IDD, 29 IAD, 28 WLB, 30 20 rats 19 rats 19 rats
Site and lesion type rats total) rats total) rats total) total) total) total)
Skin Epidermal inclusion cyst 12 (41°-¢ 19 (68)° 12 (40)° 0 1(5) 1(5)
Papitloma 2@ 5(18) 2(@) 0 0 0
Sebaceous adenoma 0 0 13 0 0 0
Squamous cell carcinoma 3(10) 3(11) 6 (20) 0 0 0
Lung Focal alveolar type Il cell hyperpla- 12 (41 24 (86)° 22 (73° 1(5) 0 6(32)
sia
Adenoma 13) 6(21) 2@ 0 0 1(5)
Adenocarcinoma 2(@) 2() 2@ 0 1(5) 0
Oral cavity Papilloma 1(3) 8 (29)° 10 (33)° 1(5) 0 0
Adenocarcinoma 0 0 13 0 0 0
Odontoma 1 2@ 1) 0 0 0
Testis Interstitial cedl tumor 0 0 0 0 0 9 (47
Kidney tumor 0 3(11) 6 (20) 0 0 0
Renal cell adenoma 0 1(4) 0 0 0 0
Zymbal's gland Squamous cell papiloma 0 3(11) 0 1(5) 0 0
Squamous cell carcinoma 3(10) 0 3(10) 0 0 0
Stomach Papiioma 0 1(4) 2@ 0 0 0
Intestine Adenocarcinoma 2() 0 6 (20) 0 0 0
Liver Hepatoceliular adenoma 0 0 0 1(5) 0 0
Pancreas Hemangioma 0 1(4) 0 0 0 0
Thymus Thymoma 1) 0 0 0 0 0
Spleen Large granular lymphocyte leukemia 0 0 1(3) 0 1(5) 2(11)
Hemangioma 0 0 1) 0 0 0
Hemangiosarcoma 0 1(4) 0 0 0 0
Parathyroid Adenoma 0 0 0 0 1(5) 0
Adrenal Cortical adenoma 2 0 0 0 0 0
Pheochromocytoma 0 0 0 1(5) 0 0
Preputial gland Adenoma 0 2@ 2@ 0 0 0
Brain Astrocytoma 1) 0 0 0 0 0
Spinal cord Schwannoma 0 14 1) 1(5) 0 0
Bone Osteosarcoma 0 2" 10 0 0 0

2 Groups 1 to 3 are at Wk 52. Groups 4 to 6 are at Wk 77. No tumors developed in Groups 4 to 6 at Wk 52 except for thyroid and pituitary tumors.

® Numbers in parentheses, percentage.

¢ Statistically significant differences (P < 0.05) between this group and appropriate carcinogen or diet controls.

(10%) is still higher than that of spontaneous follicular carcinoma
in aging male F344 rats (0.72%) (19), the prolonged administra-
tion of the IDD after a single injection of MNU induced thyroid
follicular carcinomas after a significantly shorter latency period
and at higher incidence and muiltiplicity when compared with rats
receiving only the IDD. in addition, most thyroid tumors induced
by MNU in rats on the IAD were benign. Therefore, itis suggested
that iodine deficiency may act primarily as a potent promoter
rather than as an initiator of carcinogenesis or as a weak com-
plete carcinogen. From the findings of our previous study (7) and
the present investigation, the quantitation and timed sequence
of these events can readily be seen. If rats are killed early in the
experiment (20 to 33 wk), IDD does not induce tumors. In rats
killed between 52 and 77 wk, IDD caused thyroid tumors. Like
other nongenotoxic agents (24), the IDD is, by itseif, both a
potent tumor promoter and a weak carcinogen. We suggest that
the potent hyperplastic stimulus of IDD on the thyroid could play
a significant role in tumor promotion. its role, however, in tumor
promotion and carcinogenesis is undefined in both rats and
humans (13, 25-27), although a working hypothesis is that a
thyroid-stimulating hormone may be the mediator of carcinogen-
esis and tumor promotion (28).

Successful transplantation of a primary tumor does not nec-
essarily indicate that the primary tumor is malignant, aithough
malignant tumors can be differentiated from benign tumors by
their invasiveness in transplant recipients (23). In the present
study, 83% of the thyroid tumors induced by MNU and the IDD
that were tested for transplantability were transplantable, and

the vast majority showed invasiveness into adjacent connective
tissue. These results confirmed that these thyroid tumors in-
duced by MNU and the IDD were malignant, even in the absence
of puimonary metastases.

Spontaneous pituitary tumors are rare in rats under 18 mo of
age and become more common in older rats (18, 19). in the
present study, although the incidence of pituitary tumors in
control rats was higher than that seen in other studies (19), the
incidence of pituitary tumors in MNU-treated rats was signifi-
cantly higher than in our controls. Therefore, these results sug-
gest for the first time that MNU is carcinogenic for the pituitary
gland, as well as the thyroid gland and many other tissues. In
rats given MNU alone (Groups 2 and 3), 29 of 38 rats (76%) with
FPPL had thyroid tumors, and 65% (28 of 43 rats) with thyroid
tumors had FPPL. On the other hand, among control rats
(Groups 5 and 6), only 19% (5 of 27 rats) had FPPL associated
with thyroid tumors, and 83% (5 of 6 rats) of rats with thyroid
tumors had FPPL. Surprisingly, however, the vast majority of
MNU-treated rats developed tumors which contained prolactin
and not TSH, even in rats that received IDD. Previously, basophil
adenomas of the pituitary gland producing TSH were induced in
rats by radioiodine (29). Our studies provide evidence that MNU
is also carcinogenic for the rat pituitary gland.
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