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ABSTRACT

We studied the effect of thyroxine treatment on tumor growth
and metastases resulting from tumor implants on the hind feet
of mice in two syngeneic systems. In control, untreated A/Jax
mice, tumor Sarcoma 1 at Day 14 after implantation had
average tumor weight of 582 Â±60 (S.D.) mg and showed an
incidence of 57% metastases to regional popliteal nodes and
5% metastases to thymus. In contrast, the thyroxine-treated
group (40 gig/mouse s.c., 5 times/week for i month) had an
average tumor weight of 808 Â±56 mg (p < 0.001 ), and
metastases to popliteal nodes and thymus were 90 and 35%,
respectively. In another syngeneic tumor system, Lewis fibro
sarcoma was implanted in C57BL/6J mice, and the tumor
weight and metastatic index (derived from the number and size
of the pulmonary tumor foci) were determined at Day 28. Again,
the synthetic L-thyroxine treated group showed a significant
enhancement of tumor growth and metastatic index. The mean
tumor weight in the treated group was 835 Â±26 mg (control,
694 Â±25 mg; p < 0.005) and metastatic index was 84 Â±29
(control, 30 Â±25; p < 0.001 ). Induced hypothyroidism (treat
ment with 1311i 00 @sCi/mousei.p.) showed the reverse effect
on both tumor systems. These results suggest that both tumor
systems are dependent on thyroid hormones for their growth
and spread.

INTRODUCTION

There is a great deal of controversy regarding the effect of
thyroid hormones on cancer in both humans and experimental
animals. A number of studies have attempted to relate human
cancer, especially carcinoma of the breast, to thyroid gland
malfunction on the basis of pathological, epidemiological, and
clinical parameters (2, 3, i 8, 19, 21 , 22). In general, these
studies have revealed a lower incidence of cancer in hyperthy
roidism and a higher incidence in hypothyroidism as compared
with that in euthyroid individuals. Also, in animal systems, a
number of investigators have reported conflicting results on
the effect of altered thyroid state on the growth of carcinogen
induced mammary tumors in rats (8, i 0â€”i2, i 4). It has been
generally accepted that, thyroxine has antitumor properties
although the mode of action is not yet known. More recently,
Aoki et al. (1) have suggested that thyroxine, by increasing the
T-cell count and enhancing immunological functions of the
host, may cause tumor resistance. The purpose of our investi
gation was to study this relationship in 2 well-defined syngeneic
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6J mice. Contrary to previous reports in other systems, we
found induced hyperthyroidism (treatment with thyroxine) and
hypothyroidism (treatment with â€˜@â€˜l)to enhance and retard
tumor growth and spread, respectively, in these models.

MATERIALS AND METHODS

Mice. Female A/Jax mice and C57BL/6J mice (8 to 10
weeks old) were obtained from The Jackson Laboratory, Bar
Harbor, Maine.

Tumors. S-i was initially obtained from The Jackson Labo
ratory, and it was kept alive by serial transfer in mice. T24i,
originally induced in C57 mice by dibenzanthracene, was ob
tamed from the Sloan Kettering Institute (New York, N. Y.) and
maintained in our laboratory.

T4. Purchased from Sigma Chemical Company (St. Louis,
Mo.). â€˜@â€˜lwas obtained from the Amersham/Searle Corpora
tion, Arlington Heights, III.

Induction of Hyperthyroid State. Hyperthyroidism was in
duced in mice by injecting 40 @tgof T4 s.c. into each mouse 5
times/week for 1 month or 2 times/week for 2 months. T4
levels were measured before and occasionally during treat
ment. Treatment was continued after the tumor implant until
the mice were killed.

Induction of Hypothyroidism In Mice (131lTreatment). The
mice were kept on an iodine-free diet for 2 weeks prior to â€˜@â€˜I
treatment, and then each mouse was given an i.p. injection of
i 00 @Ciof â€˜@â€˜I.T4 levels in the serum were tested 2 weeks
after treatment and also just before tumor implant.

Radloimmunoassay for T4. A solid-phase radioimmunoas
say for serum T4 (Clinical Assays Inc., Boston, Mass.) capable
of detecting 0.5 ,ig of T4 per 100 ml was used.

Tumor Implantation and Study of Metastases. After treat
ment (1 to 2 months with T4 and i to 2 months after 1311
treatment), tumor T241 or S-i was implanted into the mice at
Day 0. The tumor was minced and then diluted in Hank's
balanced salt solution (i :5), and 0.05 ml of this suspension
was injected s.c. on the hind foot of each mouse. The S-i
tumor in A/Jax mice was allowed to grow for 14 days, and at
Day 14 the mice were killed. The weight was calibrated by
subtracting weight of the normal foot from that of the tumor
bearing foot. The right and left popliteal nodes and thymus
were excised and processed for histological examination for
the presence of metastases. Tumor T24i in C57 mice was
allowed to grow for 28 days; again tumor weights were deter
mined; and popliteal nodes, thymus, and lungs were examined
for metastases. The metastatic index was calculated based on
the number and diameter of metastatic foci of the lung as
described previously (5).

RESULTS

T4 Levels In T4-Treated Mice and In 1311-TreatedMice.
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Mouse
strainNo.

of
miceSerum

T4@ig/i00 mlTreatment

withNotreatmentTreated
with

T4aA/Jax96.3

Â±1.ic23.5 Â±4.0<1.0C57BL/6J85.6
Â±0.832.7 Â±5.5<1.0

M. S. Kumar et a!.

Table i summarizes the T4 levels obtained in both A/Jax and
C57BL/6J mice before and during treatment. There was about
a 4- to 6-fold increase in serum T4 levels in mice treated with
exogenous T4; the â€˜31I-treatedmice showed levels significantly
lower than those in normal controls, as measured 2 weeks
after treatment. Serum T4 levels in control mice before and
after tumor implant were also measured to determine the effect
of tumor growth. Serum levels measured at 3 different times
each at a 2-week interval prior to tumor implant showed mean
serum T4 of 5.7 Â±1.25, 5.1 Â±0.5, 5.6 Â±0.8, in A/Jax mice
and 5.5 Â±0.8, 5.7 Â±0.6, 5.3 Â±0.4 in C57 mice. The mean
serum T4 measured 2 weeks after tumor implant was 3.4 Â±
1.0 pg/i 00 ml (n = 10)for A/Jax mice and 3.5 Â±0.9 @g/iOO
ml (n = i 0) for C57 mice. This decrease in tumor-bearing mice
was statistically significant (p < 0.001 ). The results are graph
ically illustrated in Chart 1.

Effect of Exogenous T4 on Tumor Growth and Metastases
(Tables 2 and 3). Treatment of A/Jax mice with T4 (40 @g,5
times/week for 1 month) prior to S-i implant resulted in a
significant enhanced growth of tumors as compared to that in
the control group (p < 0.001 ). Also, the percentage of metas
tases to thymus and popliteal nodes were significantly higher
than those in the control group. Results were similar in mice
treated with 40 ig of T4 5 times a week or 40 @gof T4 twice
a week for 2 months.

In C57 mice, results of T4 treatment were similar, showing
significant enhancement of tumor growth and lung metastases
(Table 3).

Effect of 1311Treatment in Tumor Growth and Metastases.
Ablation of thyroid glands by 1311treatment 1 month prior to the
tumor implant inhibited tumor growth as well as its spread. The
results obtained with S-i tumor in A/Jax mice, and T24i in
C57 mice were shown in Tables 4 and 5, respectively.

DISCUSSION

Endocrine dependency of certain tumors has been well doc
umented, particularly with respect to sex hormones (13, i 6).
In the case of thyroid hormones, such a relationship has not
yet been clearly demonstrated. Several studies in humans as
well as in animals were undertaken to establish a definite
relationship between thyroid function and cancer in general
and breast cancer in particular, but the results were conflicting
(2, 3, 8, i 0â€”i2, 14, 18, 19, 21, 22). One of the major problems
has been the lack of a good animal model. The 2 mouse
syngeneic tumor systems presented here showed a clear T4
dependency; therefore, they are good models for further inves
tigations.

Several clinical and experimental studies have demonstrated
thyroid atrophy and hypothyroid function in tumor-bearing

Table I
Serum T4 in controls, T4-treated mice, and 3I-treated mice

E
0
0

2
U A/JAX MICE

. C57 81/6 MICE

a Treatment with 40 @gof T4 5 times/week. Serum was taken just before the
next T4 injection.

b Serum samples taken 2 weeks after treatment with â€˜@â€˜l(100 zCi i.p.).

C Mean Â± S.D.

3516 CANCERRESEARCHVOL. 39

61

5 @â€˜@â€˜â€˜@ ALMICE

4 @f\ i'@

3 TUMORBEARINGMICE

f
TUMORIMPLANT

csâ€”@@@ 8 10

TIMEin WEEKS

Chart 1. Serum T4 concentrations in mice before and after tumor implant as
measured by radioimmunoassay. Each determination is mean of T4 levels from
10 mice. Bars, SE. The tumor was implanted on the sixth week, and serum levels
from tumor-bearing mice and normal mice were measured simultaneously after
2 weeks of tumor implant (S-i ) in A/Jax mice and after 4 weeks of tumor implant
(T24i) in C57BL/6Jmice.

hosts (2, 3, 18, 19). Postmortem findings have shown thyroid
abnormalities in 59% of the patients who died of breast cancer,
as compared to 22% in noncancer patients (22). Mitra and
Hayward (17) have recently reported similar findings. They
studied hypothalamic-pituitary-thyroid axis in breast cancer
patients by measuring thyroid-stimulating hormone levels be
fore and after i.v. injection of thyrotrophin-releasing hormone.
They found lower thyroid function of primary thyroid origin in
breast cancer patients, although a number of other studies (2,
3, 18, 19) on thyroid function in women with breast cancer
have reported conflicting results. Our finding of a significant
decrease in serum T4 levels in both animal systems after tumor
implant is in agreement with the above-mentioned studies (17,
22). Whether this is due to the failure of the thyroid gland itself
or to the altered metabolic clearance of the hormone as a result
of tumor growth is not clear at this time.

The growth-enhancing effect of T4 seen in these 2 tumor
systems is contradictory to the report by Aoki et a!. In their
experiments, the treatment of C3H/He mice with exogenous
T4 led to enhanced rejection of tumor (Ehrlich carcinoma) (1).
They also have shown increased thymidine uptake by thymus
as well as an increase in T-Iymphocytes in T4-treated mice,
indicating the enhanced immune response. The ability of thy
roid hormones to influence the basic mode of immunological
response has also been demonstrated by Fabris (9) in rats. In
his study, surgical removal of thyroid gland in rats depressed
both antibody synthesis and phytohemagglutination response.
Thyroxine has also been shown to cause pronounced changes
in the qualitative cytology of the lymph node tissue in the
guinea pig (6, 7). The results of these studies stress the
significance of thyroxine for lymphocyte proliferation.

A tumor cell culture line system (GH1, in rat pituitary tumor
cell line) responsive to thyroid hormone concentration in re
spect to growth rate has been reported. High-affinity nuclear
receptors for L-3,3',5-triiodothyronine in these intact tumor
cells have also been shown (20). More recently, Burke and
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Effect of T4 treatment on growth and metastasis of S-i A/JaxmiceSarcoma
1 was implanted into the hind feet of mice at Day 0, after 1 or 2 months of treatment with thyroxine (40 ig, 5 or 2times/week).Treatment

was continued until the mice were killed at Day 14. The tumor was weighed, and regional popliteal lymph nodes and thymuswereexamined
histologically for evidence of metastasis.Av.

body wt (g) Metastasis
No. of Av. Tumor wta

Groups mice Initial Final (mg) Popliteal nodesThymusExperiment

1
T4 treated, 40 i@g,5 30 18.7 Â±1 5b@ 8.0 Â±1.5 808 Â±56 54/60 (90)C 10/28(35)times/wk,

1mo.Control,
no treatment 36 19 Â±I .6 17.8 Â±1.6 582 Â±60 42/72 (75) 2/36(5)Experiment

2T4
treated, 40 @Lg,5 10 23 Â±1.5 20 Â±2 664 Â±67 12/ 16 (75) 1/7(15)times/wk,

2mos.T4
treated, 40 @g,2 17 23.2 Â±1.5 20 Â±1.7 754 Â±52 22/34 (64)1/8(13)times/wk,

1mo.Control,
no treatment 17 21 .8 Â±1.5 2 Â±1.6 466 Â±53 12/33 (36) 0/9(0)

Effect of T4 treatment on growth and metastasis of T241 in C57miceTumor
T241 was implanted in the hind feet of mice at Day 0 following treatment for 1 or 2 months with thyroxine (40 @g,5 or 2times/week)and

was continued until the mice were killed at Day 28. The tumor was weighed, tumor index for lung metastases was calculated, andpoplitealnodes
and thymus were examined histologically for evidence ofmetastases.Body

wt Metastasis Lung me
No. tastasis
of Tumor wtC Tumor in

Groups mice Initial Final (mg) Popliteal nodes ThymusdexExperiment

1
T4treated40@g, 5 30 18 Â±1b 18 Â±2 835 Â± 26 60/60(iOO)c 15/30(50) 84 Â±29times/wk,

1mo.Control,
no treatment 29 18 Â±2 18 Â±2 604 Â± 25 53/58 (91) 0/29 (0) 39 Â±25Experiment

2T4
treated,40@ 5 10 23 Â±2.4 22 Â±2 1063 Â± 109 20/20 (100) 4/ 10 (40) 83 Â±32times/wk,

2mos.T4
treated,40 @g,2 16 24 Â±2.5 21 Â±3 745 Â± 67 32/32 (100) 3/1 3 (23) 64 Â±32times/wk,

2mos.Control,
no treatment 15 22 Â±2 22 Â±1.5 383 Â± 20 27/30 (90) 2/ i 5 (13) 33 Â±20

Effect of @â€˜Itreatment on growth and metastasis of S-i in A/JaxmiceMice
were kept on an iodine-free diet for 2 weeks, and then were given i.p. injections of 100 jzdi of Na'3l.TumorSarcoma

1 was implanted 2 months after the treatment at Day 0. At Day 14, the mice were killed and the tumorwasweighed:
lymph nodes and thymus were examined formetastases.Body

wt (9)MetastasisNo.

of Tumor @taPoplitealGroups
mice Initial Final (mg) NodesThymusâ€˜@â€˜l

treated 100 @tCi,i.p. 1 30 19 Â±2@'@ 7 Â±1 432 Â±170 22/60 (36f i /30(3)time,
2mos.Control

30 20 Â±0.9 18 Â±1.5 848 Â±251 39/60(65) 5/30(16)No
treatment

Effect of Thyroxine on Tumor Growth

Table 2

a ,@< o.oo@
b Mean Â± S.D.

C Numbers in parentheses, percentage.

Table 3

ap<@
b Mean Â±S.D.
C Numbers in parentheses, percentage.

Table 4

b Mean Â± S.D.

C Numbers in parentheses, percentages.

3517

McGuire (4) reported the stimulation of human breast cancer that the growth-enhancing effect of thyroxine on these 2 tumors
cell line (MCF-7) proliferation by the addition of L-3,3',5-triio- may be due to its interaction with lymphocyte receptors, leading
dothyronine in culture medium. They also established the pres- to altered immune response together with its direct metabolic
ence of thyroid hormone receptors in the nuclei of the above effect on tumor cells (oxygen consumption and tissue matura
cell line. tion). Preliminary data on further investigations thus far per

Keeping in view the above-mentioned studies, we propose formed in our laboratory support both of these mechanisms.
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Effect of@@ 1treatment on growth and metastasis of T241 in C57miceMice
were kept on an iodine-free diet for 1 week and then were given p. injections of 100 @iCiof Na @I.Tumor T241 was implanted2months

after the treatment at Day 0. Mice were killed at Day 28 and the tumor was weighed: lung metastatic index was calculated andpoplitealnodes
and thymus were examined histologically for evidence ofmetastases.Body

wt (g) Metastasis (%) Lung metas
No. of Tumor wt tasis

Groups mice Initial Final (mg)a Popliteal nodes Thymus Tumorindex3ltreated,

100 30 20 Â±36b 18 Â±1.0 392 Â±100 36/50(72)c 0/30 22 Â±15@.tCi.
2mos.Control

27 19 Â±1.5 19 Â±1.7 630 Â±160 43/50(86) 2/27(7.5) 55 Â±14No
treatment

M. S. Kumar et a!.

Table 5

a@ < o.oo@.
b Mean Â± S.D.
C Numbers in parentheses, percentages.
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