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A B S T R A C T "Cold" thyroid nodules do not concentrate
3"I before or after thyrotropin (TSH) administration.
In an attempt to elucidate the reason for this TSH un-
responsiveness, the effect of TSH in vitro on several
metabolic parameters was studied in 11 "cold" thyroid
adenomas, 2 medullary carcinomas, and in the surround-
ing normal thyroid tissue. Basal adenyl cyclase activity,
glucose-1-`4C oxidation, and 3P incorporation into phos-
pholipids were significantly greater in the adenomas than
in the adjacent normal thyroid; basal cyclic 3',5'-adeno-
sine monophosphate (cyclic AMP) concentration and
adenine-'H incorporation into 'H-labeled cyclic AMP
were not different. In adenomas as well as normal thy-
roid, all parameters responded significantly to in vitro
TSH stimulation. The response to TSH of adenyl cy-
clase activity and 8P incorporation was enhanced in
adenomas compared with that of the adjacent normal
thyroid. These differences were not explained by an
increased cellularity of the adenomas. Medullary carci-
nomas did not respond to TSH in any of the above
parameters.

The studies demonstrate an intact, TSH-responsive
adenyl cyclase-cyclic AMPsystem in the adenomas and,
accordingly, imply the presence of receptor sites for
TSH on the cells of the adenoma. The failure of such
nodules to concentrate '31I may be owing to a subsequent
impairment in the expression of cyclic AMPaction on
iodine metabolism.

INTRODUCTION
Nodules of the thyroid gland are a commonly encountered
clinical finding with a prevalence rate of perhaps as
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high as 4% in the general population (1). Nonfunction-
ing or "cold" nodules, characterized on thyroid scintiscan
by their failure to concentrate radioactive iodide both be-
fore and after thyrotropin (TSH)' stimulation, are of
special clinical concern because of the question of malig-
nancy which frequently leads to their surgical excision
(2, 3). Although both their histologic and biochemical
features have been investigated (4-6), the etiology and
genesis of "cold" thyroid nodules as well as the nature
of the defect in iodine metabolism remain unknown.
Histologically, most of such nodules are benign and well
differentiated (7, 8). A small percentage are malignant.
Many are of apparent follicular cell origin and retain a
potential for hormonogenesis (9, 10). Despite histologic
similarity to the normal surrounding thyroid tissue, the
low basal radioactive iodide accumulation of cold nodules
and their unresponsiveness to TSH administration sug-
gest the presence of significant metabolic differences.
The cells of a TSH-unresponsive cold nodule might
lack TSH membrane receptor sites or the defect might
reflect some other abnormality of TSH cellular action.
The present study was undertaken to identify, if possible,
such differences by comparing the TSH responsiveness
of several metabolic parameters in the nodule and the
adjacent normal thyroid.

In contrast to the apparent failure of all nodules
studied to concentrate 'I in response to TSH in vivo,
in vitro the nodules responded as well or better to TSH
than the surrounding normal tissue when the adenyl cy-
clase-cyclic 3',5'-adenosine monophosphate (cyclic AMP)
system, glucose-1-'4C oxidation, "P incorporation into
phospholipids, and endocytosis (as seen in the electron
microscope) were measured. While these studies were

1'Abbreviations used in this paper: AMP, 3',5'-adenosine
monophosphate; TSH, thyroid-stimulating hormone.
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in progress, DeGroot reported that such nodules were
unable to concentrate "31I in vitro but were able to in-
corporate the label into thyroglobulin (11). DeGroot's
studies did not examine possible biochemical defects to
account for the failure of the tissue to trap 131J.

METHODS

Patients with solitary palpable thyroid nodules which did
not concentrate radioactive iodine (10 ,tCi of Na-311 orally)
at 24 hr on routine scintiscan were given 10 U of TSH
intramuscularly for 3 days. If on repeat thyroid scintiscan
the nodule still did not concentrate 13"I it was classified as
"cold" and non-TSH responsive. Patients with such nodules
were selected for study. All patients were euthyroid by
clinical and laboratory criteria (normal total serum thy-
roxine concentration and 24 hr 11.I uptake). They ranged in
age f rom 22 to 63. 10 patients were female and 3 were
male. All 13 patients were operated upon to exclude thy-
roid carcinoma. None were being treated with thyroid hor-
mone preparations in the immediate period before removal
of the nodule.

At surgery, the nodule as well as some surrounding thy-
roid tissue was obtained for comparison of several TSH-
responsive metabolic functions. The excised tissue was im-
mediately placed in normal saline at 4°C. A portion was
taken for histologic examination which included an ap-
proximate estimation of cell to colloid ratio in standard
hematoxylin and eosin sections of the nodule and the
adjacent normal tissue. Incubation studies were begun
within an hour of surgical removal. The following param-
eters of TSH action were compared in vitro by methods
previously described: (a) stimulation of adenyl cyclase
activity (12), (b) incorporation of adenine-3H into 'H-
labeled cyclic AMP (13), (c) cyclic AMP concentration
(14), (d) glucose-1-'C oxidation (15), and (e) 3P in-
corporation into phospholipids (16). For determination of

adenyl cyclase activity (12), between 3 and 10 mg of tissue
was minced and then rapidly homogenized in 0.04 M Tris
HCl (pH 7.8). TSH (1 or 10 mU/ml) was added to the
appropriate tubes at the beginning of the assay. The re-
action mixture was incubated in air at 37'C for 10 min.
All other parameters were assayed on thyroid slices weigh-
ing approximately 20 mg. Slices, prepared with a Stadie-
Riggs microtome, were incubated in 25 ml Erlenmeyer
flasks containing the appropriate substances in 2 ml of
Krebs-Ringer bicarbonate buffer (pH 7.4). The gas phase
was 95% 02 and 5% C02. The flasks were incubated at
37°C in a Dubnoff metabolic shaker. The TSH concentra-
tion tested and incubation times for each parameter are as
indicated in Tables I-III. Electron microscopic studies
were performed on the nodules and surrounding tissue of
6 of the 13 patients. The two tumors from the patients
with medullary carcinoma were not examined in the elec-
tron microscope. Tissues were incubated in Krebs-Ringer
bicarbonate buffer for 1 hr. Slices were then incubated
with or without TSH, 3 and 50 mU/ml, respectively, for
2 more hr and prepared for electron microscopy as previ-
ously described (17). All metabolic parameters were de-
termined in triplicate tissue samples from the cold nodule
and adjacent normal thyroid. In some instances the limited
amount of tissue available prevented the study of every
parameter, as shown in Tables I and II. In most experi-
ments, however, a given metabolic parameter was assayed
in both the nodule and surrounding tissue; the mean value
of the triplicate determinations of the parameter in the
nodule was statistically compared with the mean value in
the adjacent normal tissue by Student's t test for paired
values. Probability values were then obtained from standard
tables.

RESULTS
Histology. The histologic diagnosis was follicular

adenoma in seven instances, prominent hyperplastic

TABLE I
Effects of TSH In Vitro on Adenyl Cyclase Activity and Cyclic AMJIP Concentration in Cold Thyroid

Adenomas and the Adjacent Normal Thyroid

Cell/colloid ratio Adenyl cyclase Cyclic AMP

Normal Adenoma Normal Adenoma Normal Adenoma

Patient Diagnosis B TSH1 TSHio B TSH1 TSHio B TSH3 TSH5o B TSH3 TSH6o

nmole/g per 10 min* nmole/g per 20 mim
1 F. A. 2/1 10/1 - - - - - - 1.0 6.3 7.7 0.9 29.1 41.3
2 N. M. 1/1 5/1 1.4 1.3 1.8 1.3 4.2 3.9 2.3 6.3 15.5 2.7 8.8 19.3
3 F. A. 1/1 6/2 1.4 4.6 6.3 6.1 13.3 15.1 3.0 10.1 28.0 5.8 44.0 70.6
4 F. A. 1/1 1/2 0.7 1.0 1.2 1.3 6.6 7.8 2.5 9.8 9.1 3.8 8.3 10.7
5 N. M. - - 0.7 1.1 1.5 2.2 7.3 9.1 1.3 8.3 9.4 1.5 10.1 19.2
6 N. M. 1/1 1/1 1.0 3.6 4.8 1.9 6.2 8.1 1.6 8.0 31.5 1.7 2.5 24.7
7 N. M. 1/1 1/2 1.3 3.5 4.8 1.6 6.6 9.8 2.2 12.3 - 4.3 9.2 -

8 F. A. 1/1 1/2 1.0 1.4 1.7 1.3 4.3 5.2 2.2 6.0 9.8 3.8 7.2 10.3
9 F. A. 1/1 1/1 2.6 5.4 6.2 3.9 17.3 21.1 3.8 9.9 22.3 2.2 24.8 37.7

10 F. A. 1/1 1/1 0.8 3.0 3.7 4.1 15.7 21.4 3.8 11.8 17.9 5.6 38.6 40.5
11 F. A. 1/1 5/1 2.4 4.5 5.3 2.7 8.0 9.4 1.6 5.6 12.2 1.5 8.8 16.7

Mean 1.3 2.9 3.7 2.6 9.0 11.1 2.3 8.5 16.3 3.1 16.5 29.1
SE 0.2 0.5 0.6 0.5 1.5 1.9 0.3 0.8 2.7 0.5 3.9 5.9

Incubation times for adenyl cyclase and cyclic AMPassays were 10 and 20 min, respectively. The TSH subscripts of 1, 3, 10, and 50 denote TSH concen-
trations of 1, 3, 10, and 50 mU/ml. Where individual values are not shown the parameter was not measured because of insufficient tissue. F. A., follicular
adenoma; N. M., prominent nodule in a multinodular gland; B, basal.
* Refers to cyclic AMPformed.
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TABLE I I
Effects of TSH In Vitro on Certain Metabolic Parameters in Cold Thyroid Adenomas and the Adjacent Normal Thyroid

Adenine-3H incorporation into 3H-labeled cyclic AMP 14CO2 production from glucose-14C 32p incorporation into phospholipids

Normal Adenoma Normal Adenoma Normal Adenoma

Patient B TSH3 TSHso B TSH3 TSHro B TSHso B TSHro B TSH5o B TSHbo

pmole/g per 30 min cpm/mg per 45 mit cPm/mg per 120 min

1 0.3 2.6 3.1 0.2 4.4 4.6 - 22 38 40 77
2 1.2 4.6 7.2 2.7 10.3 10.4 52 68 150 163 108 194 150 300
3 0.5 3.1 3.8 0.3 3.0 4.5 28 36 100 132 68 129 130 543
4 1.4 7.8 11.2 0.5 6.7 6.3 7 8 33 50 49 91 63 256
5 2.5 19.3 18.1 2.2 21.7 18.2 39 71 95 170 47 130 61 282
6 2.5 12.7 1.7 5.7 - -

7 0.9 2.2 3.4 7.3 - - 34 79 28 70
8 4.9 9.7 20.1 1.2 2.4 2.6 - 113 217 147 371
9 0.7 4.0 3.7 0.7 24.7 21.4 46 63 120 212 106 255 196 336

10 0.4 2.9 4.5 0.5 15.0 17.8 74 120 134 282 90 310 126 428
11 1.9 6.6 7.7 1.5 6.5 11.2 30 36 1G8 144 69 132 84 302

Mean 1.6 6.9 8.8 1.4 9.8 10.8 39 58 106 165 71 158 103 297
SE 0.4 1.6 2.1 0.3 2.3 2.3 8 14 14 27 10 27 17 33

Incubation times for adenine-'H incorporation into 'H-labeled cyclic ANIP, '4CO2 production from glucose-1-14C oxidation, and
32p incorporation into phospholipids were 30, 45, and 120 min, respectively. Where individual values are not shown the parame-
ter was not measured because of insufficient tissue. Other abbreviations are as identified in Table I.

nodule iin a multinodular gland in four instances, and
medullary carcinoma in two, according to the criteria
of Meissner and Warren (18). The -in vitro metabolic
results were not measurably different in the solitary
follicular adenomas and the hyperplastic nodules of mul-
tinodular glands. Neither were any differences noted
with electron microscopy (four were adenomas and two
nodules in a multinodular gland). Since these entities are
quite similar microscopically and in addition may be re-
lated disorders (19), metabolic results were combined for
purposes of statistical analysis. Both are referred to as
adenomas.

Cell to colloid ratio. Cell to colloid ratio was estimated
on light microscopic sections of the adenomas and the
adjacent normal thyroid. Ratios varied from 211 to 1/1
in the normal tissue and from 1/2 to 10/1 in the
adenomas (Table I).

TSHresponsiveness of cold adenomas
Adenyl cyclase activity. Basal adenyl cyclase activity

(Table I) was significantly greater in the adenomas than
the adjacent normal thyroid (mean difference +SE, 1.3±
0.5 nmoles cyclic AMPformed/g per 10 min, P < 0.05).
TSH, 1 and 10 mU/ml, increased adenyl cyclase ac-

TABLE I II
Effects of TSHIn Vitro on Certain Metabolic Parameters in Medullary Carcinomas

of the Thyroid and the Adjacent Normal Thyroid

Adenine-3H into 3H-labeled 14CO2 production from 32P incorporation
Adenyl cyclase Cyclic AMP cyclic AMP glucose-'4C into phospholipids

Basal TSHio Basal TSH5o Basal TSH6o Basal TSH6o Basal TSHso

nmole/g per 10 min* nmole/g per 20 mit pmole/g per 30 mil cpm/mg per 45 mim cpm/mg Per 120 min
Normal 1.1±0.1 1.9+0.1 2.240.4 3.6±0.4 1.1I0.1 5.5±0.4 11±1 17±1 31±7 54±7
Medullary

carcinoma 7.2±0.1 7.2±0.1 2.9±0.3 2.8±0.7 0.7±0.1 0.7±0.1 10±3 9±3 16±1 15±1
Normal 0.8±0.1 1.9±0.1 1.1+0.5 12.7+0.5 1.0±t0.2 10 ±1.7 36±1 51±47 8±1 19±2
Medullary

carcinoma 4.8±t0.1 4.2±t0.1 1.7±0.1 1.7±0.3 0.4±0.1 0.5±t0.1 24±3 23±2 4±1 7±2

Abbreviations as in Table I. Values shown are mean ±SE of triplicate determinations.
* Refers to cyclic AMPformed.
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tivity significantly in both tissues (Table I). In response
to TSH, 1 mU/ml, the mean increase (+SE) was 1.6±
0.4 nmoles cyclic AMPformed/g per 10 min (P < 0.01)
in the normal thyroid and 6.4±0.4 (P < 0.01) in the
adenomas. Further, the adenomas appeared more re-
sponsive to TSH (Table IV) as reflected by a greater
percentage increase in adenyl cyclase activity over the
basal than observed in the normal tissue (mean increase
+SE in activity in the adenomas with TSH stimulation,
1 mU/ml, 145±45% greater than the increase in the
normal tissue, P < 0.02).

Cyclic AMPconcentration. Basal cyclic AMPcon-
centration (Table I) was similar in the adenomas (3.1±
0.5 nmoles/g per 20 min) and the adjacent normal tis-
sue (2.3±0.3). TSH, 3 and 50 mU/ml, increased cyclic
AMP concentrations significantly in both tissues (Ta-
ble I). In response to TSH, 3 mU/ml, the mean increase
(+SE) was 6.2±0.6 nmoles/g per 20 min (P < 0.01)
in the normal thyroid and 13.4±3.7 (P <0.01) in the
adenomas. Although the TSH responsiveness of the
adenomas tended to be greater than that of the adjacent
normal tissue in this parameter (Table IV), the dif-
ference was not statistically significant.

Adenine-WH incorporation into 3H-labeled cyclic AMP.
Basal incorporation of adenine-3H into 'H-labeled cyclic
AMP (Table II) was similar in the adenomas (mean

tSEY 1.4±0.3 pmoles/g per 30 min) and the normal tis-
sue (1.6±0.4). TSH, 3 and 50 mU/ml, increased ade-
nine-3H incorporation into 'H-labeled cyclic AMPsig-
nificantly in both tissues (Table II). In response to
TSH, 3 mU/ml, the mean increase (+SE) was 5.3±1.3
pmoles/g per 30 miin (P < 0.01) in the normal thyroid
and 8.4±2.3 (P < 0.01) in the adenomas. No statisti-
cally significant difference existed in the TSH respon-
siveness (Table IV) of the two tissues in this parameter.

TABLE IV
Thyrotropin (TSH) Responsiveness of Cold Adenomas

Relative to the Adjacent Normal Thyroid

Difference in
TSH responsiveness

concen- to TSH*
Parameter tration (adenoma-normal) P values

mU/ml %increase over
basal

Adenyl cyclase activity 1 145 4 45 <0.02
Cyclic AMPconcentration 3 198 4150 NS
Adenine-3H incorporation

into 3H-labeled
cyclic AMP 3 690 41315 NS

14CO2 production 50 16.4:1: 9.8 NS
a2P incorporation into

phospholipids 50 84.8 : 33.2 <0.05

Calculated as: TSH-basal (adenoma) TSH-basal (normal) X 100-L basal (adenoma) basal (normal)
mean differences hSE are shown; P values based on paired I test.

14C02 production from glucose-1-5"C. Basal glucose
oxidation (Table II) was significantly higher in the
adenomas than the adjacent normal thyroid (mean dif-
ference +SE, 67+8 cpm/mg per 45 min, P < 0.001).
Neither the normal thyroid nor the adenomas responded
to TSH, 3 mU/ml, with a detectable change in '4CO2
production. However, TSH, 50 mU/ml, resulted in a
significant increase in 4CO2 production in both the nor-
mal thyroid (mean increase +SE, 19+6, P < 0.05) and
the adenomas (59±16, P < 0.05). The TSH responsive-
ness of the adenomas (Table IV) was not statistically
greater than that of the adjacent tissue.

5P incorporation into phospholipids. Basal 3P incor-
poration into phospholipids (Table II) was significantly
greater in the adenomas than the surrounding normal
tissue (mean difference +SE, 32+9 cpm/mg per 120 min,
P < 0.01). Neither the normal tissue nor the adenomas
responded to TSH, 3 mU/ml, with a detectable change
in 32p incorporation. However, TSH, 50 mU/ml, re-
sulted in a significant increase in 32p incorporation in
both the normal thyroid (mean increase +SE, 87+419
cpm/mg per 120 min, P < 0.01) and the adenomas
(194±35, P < 0.001). The TSH responsiveness of the
adenomas was significantly greater than that of the
adjacent tissue (Table IV) in this parameter (mean
increase +SE in 32p incorporation in the adenomas with
TSH stimulation, 50 mU/ml, 84.8+33.2% greater than
the increase in the normal thyroid, P < 0.05).

Electron microscopy. In the electron microscope, the
follicular cells of the nonstimulated adenomas were
taller than the cells of the adjacent normal thyroid tis-
sue (mean height ±SE, 5+0.5 in the normal and 13±2.1
in the adenomas, comparing height of the tallest cell
per follicle in five follicles). The nuclei of the adenoma
cells tended to be larger and more irregular in shape
than those of the normal thyroid (mean nuclear surface
area as micromicrons +SE, 16±2.6 in the normal and
41+4.6 in the adenomas, comparing the largest nucleus
per follicle in five follicles). Otherwise no detectable dif-
ferences in the organelles such as mitochondria, ribo-
somes, Golgi complexes, endoplasmic reticulum, lyso-
somes, or small endocytic vesicles were apparent. The
surrounding thyroid tissue generally had more lipofuscin
than the adenoma.

No colloid droplets were seen in control slices of
normal or adenoma tissue. In response to TSH, 3 mU/ml,
colloid droplet formation was more markedly enhanced
in the adenomas than in the normal surrounding tissue
(Figs. 1 and 2). In the adenomas compared with normal
thyroid, droplets were increased both in number (mean
per cell -+-SE, 1.34+0.3 in normal and 2.1±0.4 in adenomas,
counting droplets per cell in five follicles) and in size
(mean diameter as microns +SE, 1.64+0.2 in normal and
2.5±0.4 in adenomas, comparing the largest droplet per
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follicle in five follicles). Further, adenoma colloid drop-
lets were less uniform in structure than those of the nor-
mal thyroid. The colloid droplets both in the normal
thyroid glands and adenomas were present only in the
apical portions of the cells. Lysosomes were seen, on
occasion, in close proximity to colloid droplets, in both
the thyroid glands and adenomas. Compared with the
response of the normal thyroid to TSH (3 mU/ml), the
number of pseudopods were not significantly increased
in the adenomas, although these structures in the adeno-
mas were more irregular in shape and larger in size
(mean surface areas as micromicrons +SE, 5.8+1.0 in
the normal and 11.7±2.7 in the adenomas, comparing
the largest pseudopod per follicle in five follicles).

Not all adenomas responded with equal intensity to
TSH but all displayed greater response than the adja-
cent normal tissue. As with the normal thyroid controls,
not all adenomatous follicles were equally responsive to
TSH. However, a greater proportion of the follicles in
adenomas were TSH responsive, especially the smaller
adenomatous follicles. There was no correlation between
the response of the biochemical parameters to TSH in
the different tumors and the anatomical findings from
case to case. The response of the tissues to 3 mU/ml
TSH appeared to be maximal, e.g., no greater effect was
seen with 50 mU/ml. No basic difference in the response
or the anatomical structure of the tumors classified as
adenomas or hyperplastic nodules in a nodular thyroid
was seen with the electron microscope. One tumor (from
patient 8) had excessive granular material within the cy-
toplasm which in the light microscope was periodic acid-
Schiff (PAS) positive, but not resistant to diastase di-
gestion. Therefore, the substance was considered to be
glycogen, similar to that reported by Klinck (20). The
metabolic responses of this tumor did not differ from the
others.

TSH responsiveness of medullary carcinomas. In
vitro TSH responsiveness was studied in two medullary
carcinomas which did not concentrate '31I on 24 hr
scintiscan before and after TSH administration in vivo.
Responses to the highest in vitro TSH concentrations
employed are summarized in Table III. The medullary
carcinomas in contrast to the adjacent normal tissue
failed to respond consistently to TSH in vitro in any
metabolic parameter tested, although one carcinoma
demonstrated a modest increase in 32P incorporation into
phospholipids (4+1 cpm/mg per 120 min increasing to
7+2 with 50 mUTSH/ml).

DISCUSSION
In the normal thyroid, TSH appears to be a primary
physiologic regulator of iodide transport (21), organi-
fication (22, 23), and release (24, 25). Further, these
actions of TSH seem to be mediated by the adenyl cy-

clase-cyclic AMPsystem (26-28). Recent evidence has
indicated that TSH-responsive adenyl cyclase is found
in the plasma membrane fraction of thyroid cells (29, 30)
and suggests that adenyl cyclase activation is associated
with TSH interaction at the surface of the cell. There-
fore, the failure of cold thyroid nodules to concentrate
"'I in vivo might be related to: (a) impaired TSH at-
tachment to the cells of the adenoma; (b) a TSH-un-
responsive adenyl cyclase-cyclic AMPsystem; or (c) a
subsequent impairment in the expression of cyclic AMP
action on iodine metabolism. The latter might be a con-
sequence of the recently recognized abnormality in io-
dide trapping by such nodules (11).

The results of the present study imply that the failure
of the nodules to increase iodide concentration signifi-
cantly in vivo in response to TSH is not due to im-
paired binding of TSH to the cell membrane or subse-
quent activation of the adenyl cyclase-cyclic AMP
system. The adenyl cyclase-cyclic AMP system of
the cold adenomas was equally (cyclic AMP concen-
tration and adenine-'H incorporation into 3H-labeled
cyclic AMP) or more responsive (adenyl cyclase ac-
tivity) to identical concentrations of TSH than the
adjacent normal thyroid (Tables I, II, and IV). TSH
stimulation of thyroidal glucose-1-"C oxidation, 3P in-
corporation into phospholipids, and colloid droplet for-
mation are end-organ responses thought to be mediated
by TSH enhancement of intracellular cyclic AMPcon-
centration (31, 32). These parameters were also equally
(glucose oxidation) or more responsive (3P incorpora-
tion, colloid droplet formation) to in vitro TSH stimula-
tion in the cold adenomas (Tables II and IV). Thus,
the expression of a number of cyclic AMP-mediated
actions of TSH appears to be intact in these adenomas.
The ultimate mechanism by which cyclic AMPincreases
certain parameters of intermediary metabolism and
their relationship, if any, to in vivo thyroidal iodine
metabolism, is unknown.

The basal activity of adenyl cyclase, glucose-1-"C oxi-
dation and 3P incorporation into phospholipids was sig-
nificantly greater in the adenomas than in the adjacent
normal tissue. The explanation for these differences in
basal activity is not apparent. However, as in the in-
stance of the enhanced TSH responsiveness of the ade-
nomas in certain parameters, the basal differences could
not be attributed to increased cellularity of this tissue
(Table I). Such basal differences might be related to
the larger cell size of the adenomas as seen with the
electron microscope. Increased basal activity of cold
adenomas was not a uniform feature of all parameters
examined. Thus, accelerated basal function due to loss
of a local negative feedback control mechanism or en-
hanced adenoma sensitivity to endogenous TSH also
seemed unlikely explanations.

Effects of TSH on Cold Thyroid Nodules 1113
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FIGURE 1 Electron micrographs comparing the response of thyroid gland (A-B) and ade-
noma (C-D) incubated with and without TSH (patient 3). C = colloid; g = Golgi com-
plexes; L = lysosomes; Li = lipofuscin; Mv = microvilli; mi =mitochondrium; N = nucleus
(uranyl acetate and lead citrate). A, thyroid gland incubated for 3 hr in Krebs-Ringer
bicarbonate (KRB) buffer. Note flat epithelial cells, presence of lysosomes (L), and absence
of colloid droplets. (X 4200). B, thyroid gland incubated for 2 hr with 3 mU/ml of TSH.
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The in vitro responsiveness of the adenomas to TSH
is not totally unexpected since such neoplasms are of
probable follicular cell origin and may retain a potential
for hormonogenesis (9, 10). Further, the growth rate
of certain thyroid malignancies of follicular cell origin
appears to retain some dependence on TSH. Presumed
suppression of TSH by exogenously administered thy-
roid hormone has been reported to result in gross and
radiologic evidence of tumor regression in a variety
of such thyroid tumors (33). Medullary carcinomas of
the thyroid in contrast, arising from parafollicular cells
which secrete calcitonin, probably are not TSH re-

sponsive and have little to do with thyroid hormone bio-
synthesis (34). Such tumors showed no significant re-

sponse to TSH in vitro (Table III) in any parameter
examined in this study, confirming their independence of
TSHcontrol.

From the present data, it would appear that the im-
paired in vivo iodide uptake of cold adenomas could in-
volve a metabolic block between the generation of cy-

clic AMPand the stimulation of those parameters di-
rectly related to iodide concentration. An in vivo iodide-
concentrating defect, as reflected by the static measure-

ment provided by a thyroid scintiscan, might depend on

a complex alteration in the kinetics of one or more steps
(trapping, organification, release) of iodine metabolism
in these nodules. However, DeGroot has recently re-

ported that cold nodules failed to trap "3'I in vitro. Such
nodules were unable to maintain a normal tissue slice-
medium "31I gradient in the presence of methimazole but
were able to incorporate the label into thyroglobulin
in the absence of this blocking agent (11). An isolated
defect in nodule iodide transport was suggested, perhaps
qualitatively similar to that in congenital goitrous hy-
pothyroidism (35). DeGroot did not investigate pos-

sible biochemical defects to explain the impaired iodide
trapping. The results of the present study, however, by
demonstrating an intact, TSH-responsive adenyl cyclase-
cyclic AMPsystem in such nodules, would be consistent
with the presence of a metabolic block preventing ex-

pression of cyclic AMP-mediated iodide trapping. Stud-
ies are currently in progress in this laboratory to char-
acterize more precisely, if possible, the nature of the
biochemical defect responsible for impaired iodide trans-
port in such nodules.

Mechanisms to account for the reduced in vivo iodine
concentration by cold nodules other than abnormal iodide
trapping have also been investigated (36-39). However,
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FIGURE 2 Adenoma. incubated for 2 h rwith 3 mU/ml of
TSH (patient 10). Note prominent and bizarre pseudopods
(free arrows) containing large colloid droplets (Cd). N
nucleus; Mv=microvilli; C=colloid. (Uranyl acetate and
lead citrate, X 5880.) Iiiset, hi-her magnification of area
indicated by x. (X 9660).

no specific biochemical abnormality has been identified.
Further, there is evidence against several possible mech-
anisms including: (a) a reduction in the thyroglobulin
concentration of cold nodules (6) ; (b) a primary physi-
cochemical abnormality in the thyroglobulin of cold
nodules which might prevent normal iodination (37)
and (c) enhancement of protease (38) or dehalogenase
activity (39) which might accelerate iodide release.

Klinck, Oertel, and Winship (40) reported the in-
frequent occurrence of colloid droplets in unstimulated,
normal human thvroid tissue, which is confirmed in this
studv. However, it -is apparent that in both normal and
well-differentiated neoplastic thyroid tissues (adenomas),
the basic endocytic response to in vitro TSH stimulation
is similar to that seen in animals (17, 41). As a matter
of fact, the exaggerated response in the adenomas cor-

relates well with the biochemical findings. The temporal
(Fig. 1 continued)
Note pseudopod (free arrow) with prominent colloid droplets (Cd) in the cytoplasm. Micro-
villi (Mv) also appear to be more prominent. (X 4200). C, adenoma, incubated for 3 hr in
KRB buffer. Note flat overlapping epithelial cells and absence of endocytosis. (X 5880).
D, adenoma. incubated for 2 hr with 50 mU/ml of TSH. Note prominent pseudopods (free
arrows) and large colloid droplets (Cd). (X 5880).
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sequence of the endocytic process in the 2 hr incubation
period of this study appears to be similar to that re-
ported in animals (42).

An effort is usually made by pathologists to differ-
entiate adenomas from hyperplastic nodules occurring in
nodular thyroids or goiters. This study has shown the
essential metabolic and anatomic similarity between these
two entities and points out that their similarity should
be stressed rather than their differences. Of course, the
anatomical differentiation of follicular adenomas from
well-differentiated follicular carcinoma remains challeng-
ing (18).

In summary, the results of the present study imply
that defective iodide uptake in cold follicular adenomas
is not likely related to an absence of cellular TSH re-
ceptor sites. The presence of a TSH-responsive adenyl
cyclase-cyclic AMPsystem as well as intact cellular ex-
pression of many of the actions of TSH considered to be
mediated by cyclic AMPwas demonstrated in vitro in
these cold nodules. Since the effects of TSHon thyroidal
iodide metabolism also appear to be mediated by cyclic
AMP, the failure of TSHto increase significantly nodule
iodide uptake in vivo may be related to a subsequent
impairment in the expression of cyclic AMPaction on
iodine metabolism. The specific biochemical defect re-
sponsible, however, remains to be elucidated.

ACKNOWLEDGMENTS
We would like to acknowledge the excellent technical as-
sistance of Mrs. Gail Bloom, Miss Ardith Ries, and Mrs.
Martha Sullivan. Mrs. Loretta Malley and Miss Barbara
Sheehan provided invaluable help in preparing the manu-
script. Doctors Ralph Wilde, Charles Watson, Joseph
Shirer, and Frederick Brady kindly provided the surgical
specimens.

This work was supported by U. S. Public Health Service
Grant AM-6865 and FR-00056 from the National Institutes
of Health.

REFERENCES
1. Vander, J. B., E. A. Gaston, and T. R. Dawber. 1968.

The significance of nontoxic thyroid nodules. Ann. In-
tern. M1ed. 69: 537.

2. Perlmutter, M., S. L. Slater, and J. Attie. 1954. Method
for preoperative differentiation between benign and
possibly malignant solitary nontoxic thyroid nodule.
J. Clin. Endocrinol. Metab. 14: 672.

3. Johnson, P. C., and W. H. Beierwaltes. 1955. Reliability
of scintiscanning nodular goiters in judging presence or
absence of carcinoma. J. Clin. Endocrinol. Metab. 15:
865.

4. Dobyns, B. M., and B. Lennon. 1948. A study of histo-
pathology and physiologic function of thyroid tumors
using radioactive iodine and radioautography. J. Clin.
Endocrinol. Metab. 8: 732.

5. Valenta, L., and J. E. JirAsek. 1967. Histochemistry of
thyroid tumors. Arch. Pathol. 84: 215.

6. Salabe, G. B., S. Tonelli, H. Salabe, and C. Baschieri.
1965. Soluble thyroid iodoproteins and iodine kinetics in

thyroglobulin of nodular goiter. In Current Topics in
Thyroid Research. C. Cassano and M. Andreoli, editors.
Academic Press, Inc., New York. 900.

7. Perlmutter, M., and S. L. Slater. 1956. Which nodular
goiters should be removed? N. Engl. J. Med. 255: 65.

8. Anderson, W. A. D. 1966. Pathology. The C. V. Mosby
Co., St. Louis, Mo. 5th edition. 1094.

9. Valenta, L., F. Kyncl, B. Niederle, and L. Jirousek.
1968. Soluble proteins in thyroid neoplasia. J. Clin.
Endocrinol. Metab. 28: 442.

10. Seidlin, S. M., E. Oshry, and A. A. Yalow. 1948.
Spontaneous and experimentally induced uptake of radio-
active iodine in metastases from thyroid neoplasia. J.
Clin. Endocrinol. Metab. 8: 423.

11. DeGroot, L. J. 1970. Lack of iodide trapping in "cold"
nodules. Acta Endocrinol. Panam. 1: 27.

12. Zor, U., T. Kaneko, I. P. Lowe, G. Bloom, and J. B.
Field. 1969. Effect of thyroid stimulating hormone and
prostaglandins on thyroid adenyl cyclase activation and
cyclic adenosine 3'5'-monophosphate. J. Biol. Chem.244:
5189.

13. Kaneko, T., U. Zor, and J. B. Field. 1970. Stimulation
of thyroid adenyl cyclase activity and cyclic adenosine
3'5'-monophosphate by long acting thyroid stimulator.
Metab. (Clin. Exp.). 19: 430.

14. Kaneko, T., and J. B. Field. 1969. A method for de-
termination of 3'5' cyclic AMPbased on ATP forma-
tion. J. Lab. Clin. Med. 74: 682.

15. Field, J. B., I. Pastan, P. Johnson, and B. Herring.
1960. Stimulation in vitro of pathways of glucose oxi-
dation by thyroid stimulating hormone. J. Biol. Chem.
235: 1863.

16. Oka, H., and J. B. Field. 1966. Effect of ions and oua-
bain on thyroid stimulating hormone stimulation of P3'
incorporation into phospholipid in dog thyroid slices.
Amer. J. Physiol. 211: 1357.

17. Dekker, A., and J. B. Field. 1970. Correlation of effects
of thyrotropin, prostaglandins and ions on glucose oxi-
dation, cyclic-AMP, and colloid droplet formation in
dog thyroid slices. Metab. (Clin. Exp.). 19: 453.

18. Meissner, W. A., and S. Warren. 1969. Tumors of the
thyroid gland. Atlas of Tumor Pathology. Armed
Forces Institute of Pathology, Washington, D. C.

19. Paschkis, K. E., A. E. Rakoff, A. Cantarow, and
J. J. Rupp. 1967. Clinical Endocrinology. 3rd edition,
Harper & Row, Publishers, New York. 261.

20. Klinck, G. H. 1963. Glycogen in thyroid and parathy-
roid tumors. In Evaluation of Thyroid and Parathyroid
Functions. F. W. Sunderman and F. W. Sunderman,
Jr., editors. J. B. Lippincott Co., Philadelphia. 122.

21. Halmi, N. S., J. R. Scranton, and J. W. Turner. 1963.
Kinetic analysis of enhanced TSH-effect on thyroidal
iodide transport in hypophysectomized rats fed low
iodine diets. Endocrinology. 74: 501.

22. Tong, W. 1964. Stimulating effect of thyrotropin on
the synthesis of thyroxine by isolated thyroid cells.
Endocrinology. 74: 304.

23. Bakke, J. L., and N. Lawrence. 1956. Effect of thyroid-
stimulating hormone upon iodide collecting mechanism
of thyroid tissue slices. Endocrinology. 58: 531.

24. Rosenberg, I. N., J. C. Athans, and G. H. Isaacs. 1965.
Studies on thyroid iodine metabolism. Recent Progr.
Hormone Res. 21: 33.

25. Maayan, M. L., and I. N. Rosenberg. 1963. Effect of
injection of thyrotropin upon deiodination of di-iodo-
tyrosine by rat thyroid and liver. Endocrinology. 73: 38.

1116 F. DeRubertis, K. Yamashita, A. Dekker, P. R. Larsen, and J. B. Field



26. Wilson, B., E. Raghupathy, T. Tonoue, and W. Tong.
1968. TSH-like actions of dibutyryl-CAMP on isolated
bovine thyroid cells. Endocrinology. 83: 877.

27. Ahn, C. S., and I. N. Rosenberg. 1970. Iodine metab-
olism in thyroid slices: effects of TSH, dibutyryl cyclic
3'5' AMP, NaF and prostaglandin E1. Endocrinology.
86: 396.

28. Tonoue, T., W. Tong, and V. Stolc. 1970. TSH and
dibutyryl-cyclic AMP stimulation of hormone release
from rat thyroid glands in vitro. Endocrinology. 86:
271.

29. Wolff, J., S. C. Berens, and A. B. Jones. 1970. Inhibi-
tion of thyrotropin stimulated adenyl cyclase activity of
beef thyroid membranes by low concentrations of lith-
ium ions. Biochem. Biophys. Res. Commun. 39: 77.

30. Yamashita, K., and J. B. Field. 1970. Preparations of
thyroid plasma membranes containing TSH responsive
adenyl cyclase. Biochem. Biophys. Res. Commun. 40:
171.

31. Pastan, I., and S. H. Wollman. 1967. Colloid droplet
formation in dog thyroid in vitro. Induction by dibutyryl
cyclic-AMP. J. Cell Biol. 35: 262.

32. Pastan, I. 1966. The effect of dibutyryl cyclic 3'5'-AMP
on the thyroid. Biochem. Biophys. Res. Commun. 25:14.

33. Thomas, C. G., and S. D. Burns. 1963. Thyrotropin
dependent responsive thyroid carcinoma. In Thyro-
tropin: Proceedings, Conference on Thyrotropin, N.I.H.
S. C. Werner, editor. Charles C. Thomas, Publisher,
Springfield, Ill. 359.

34. Tenenhouse, A., C. Arnaud, and H. Rasmussen. 1965.
The isolation and characterization of thyrocalcitonin.
Proc. Nat. Acad. Sci. U. S. A. 53: 818.

35. Stanbury, J. B., and E. M. Chapman 1960. Congenital
hypothyroidism with goiter: absence of iodide concen-
trating mechanism. Lancet. 1: 1162.

36. Valenta. L., S. Lissitzky, and R. Aquaron. 1968. Thyro-
globulin iodine in thyroid tumors. J. Clin. Endocrinol.
Metab. 28: 437.

37. Easty, G. C., B. R. Slater, and P. G. Stanley. 1958.
Purity of thyroglobulin isolated from normal and car-
cinomatous thyroid tissue of one patient by fractional
salting out with ammonium sulfate. Biochem. J. 68:
120.

38. Lemarchand-Beraud, T. H., L. Valenta, and A. Van-
notti. 1969. Biochemical differences between normal and
cancerous thyroid tissue. UICC (Union Int. Cancer)
Monog. Ser. 12: 205.

39. Salabe, G. B., R. Grasso, E. Ceccarini, and L. Baschieri.
1968. Di-iodotyrosine dehalogenating activity in thyroid
cold nodules. Metab. (Clin. Exp.). 17: 271.

40. Klinck, G. H., J. E. Oertel, and T. Winship. 1970.
Ultrastructure of the normal human thyroid. Lab. In-
vest. 22: 2.

41. Wetzel, B. K., S. S. Spicer, and S. H. Wollman. 1965.
Changes in fine structure and acid phosphatase localiza-
tion in rat thyroid cells following thyrotropin adminis-
tration. J. Cell Biol. 25: 593.

42. Neve, P., and J. E. Dumont. 1970. Time sequence of
ultrastructr ral changes in the stimulated dog thyroid.
Z. Zellfosch. Mikrosk. Anat. 103: 61.

Effects of TSH on Cold Thyroid Nodules 1117


