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fashion to the intracutaneous injection of old 
tuberculin. This reaction is similar to that 
which can be transferred passively by the 
viable cells from which the cell-free superna- 
tant fluid is derived. 
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Studies on the iodide-concentrating ability 
of isolated thyroid cells have recently been 
published. Pulvertaft et aZ( 1 )  reported that 
cells obtained from pathologic human thyroid 
cells were able to concentrate iodide, although 
no values for cell-to-medium iodide concen- 
tration ratios were given. Pastan ( 2 )  found 
that isolated calf thyroid cells were able to 
incorporate 1-13 1 into iodinated proteins, al- 
though no data concerning iodide-concentra- 
tion ability were reported. Tong and co- 
workers ( 3 )  reported cell-to-medium iodide 
concentration ratios of 6-9, using isolated 
sheep thyroid cells. This study was initiated 
to investigate the iodide-concentrating ability 
of normal human thyroid cells in tissue cul- 
ture. 

* Supported by grant from Am. Cancer SOC., Inc. 

Materials and methods. Normal thyroid 
tissue was obtained from radical neck dissec- 
tions for cancer of the head and neck. Other 
normal thyroid tissue was obtained from lo- 
bectomies performed because of solitary nod- 
ules of the thyroid gland. All tissue was ex- 
amined histologically for verification of the 
presence of normal thyroid tissue. 

The method for tissue culture of isolated 
human thyroid cells was that of Irvine(4), 
with modification as previously published( 5) .  
Thyroid tissue was obtained at  surgery and 
immediately transported in cold sterile Del- 
beccos saline solution containing potassium 
penicillin G ( 100 units/ml) , and streptomy- 
cin sulfate (100 pg/ml). Cells were obtained 
by trypsinization at  pH 8.0 after trimming, 
mincing and washing of the thyroid tissue. 
The trypsinizing fluid consisting of 0.2 5 % 
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trypsin in isotonic saline. The freshly dis- 
persed cells were collected by centrifugation 
at  less than 1000 x g. The packed cells were 
suspended in 50 volumes of tissue-culture me- 
dium 199 which contained 10% thermally in- 
activated human serum a t  pH 7.4 and incu- 
bated a t  37" in a bacteriological incubator. 
In each experiment the cell suspension was 
divided into 2 portions. Two microcuries of 
1-131 were added to each milliliter of cell sus- 
pension. In addition, 0.002 M methimazole 
was added to one of the portions of cell sus- 
pension to prevent the incorporation of iodine 
into protein-bound forms by the thyroid cells 
(6).  Therefore, the cell-to-medium I- 13 1 con- 
centration ratios in the cell suspensions incu- 
bated with methimazole are a direct determi- 
nation of the iodide-concentrating ability of 
these cells. Each cell suspension was incu- 
bated a t  37", with gentle shaking. Two mil- 
liliter aliquots of the cell suspension were re- 
moved every 15 minutes for 2 hours, and 
then every 30 minutes for an additional hour. 
The thyroid cells were sedimented by centri- 
fugation and the cells and supernatant media 
were counted separately in a well-type scin- 
tillation counter to yield a cell-to-medium 
1-131 ratio (1-131/ml cells)/(I-l3l/ml me- 
dium). Sodium perchlorate (0.002 M )  was 
added to the cell suspensions when the cell- 
to-medium 1-131 ratio reached a plateau. 
This drug inhibits the iodide-concentrating 
ability of thyroid cells and permits discharge 
of any iodide trapped by the thyroid but not 
yet organically bound( 7,8). 

In 3 experiments, the percent of organical- 
ly-bound 1-131 of "unblocked" cells at  the 
end of 24 hours was determined by radio- 
chromatography (protein-bound iodine re- 
maining at  the origin of the chromatogram) 
and compared with that estimated by precipi- 
tation of the cells with trichloroacetic acid 
(TCA) . The cells were chromatographed in 
parallel in n-butyl alcohol:2 N acetic acid 
(1 : 1, V/V) and n-butyl alcohol: 2 N ammo- 
nium hydroxide (4:5, V/V) systems using 
the descending technique as previously de- 
scribed (9) .  Following chromatography, the 
strips were scanned in a strip-scanner and 
the areas under the radioactive peaks were 
identified and measured( 9). 
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FIG. 1. Cell-to-medium 1-131 ratios f o r  thyroid 
cells incubated without methimazole. Sodium per- 
chlorate was added to media at times indicated by 
arrows. 

FIG.  2. Cell-to-medium 1-131 ratios f o r  thyroid 
cells incubated with methimazole. Sodium perchlo- 
rate was added to media at times indicated by 
arrows. 

Results and discussion. The data of Fig. 
1 and 2 show that the thyroid cells concen- 
trated 1-131 rapidly. The maximum iodide- 
concentration occurred between 60 and 90 
minutes after incubation of the thyroid cells 
with 1-131. The cell-to-medium 1-131 con- 
centration ratios ranged between 4.7 and 6.4. 
No significant differences in iodide-concen- 
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TABLE I. Thyroidal Organic Iodine at the End 
of 24 H r  (To of 1-131 Present i n  Cells). 

Precipitation Radio- 
Thyroid No. with TCA chromatography 

6 22.6 24.5 
8 25.1 28.7 

1 ‘1 21.7 26.4 

trating ability were noted between those cells 
incubated with or without methimazole. The 
cell suspensions containing methimazole re- 
flect the maximal iodide-concentrating ability 
of these cells. Addition of sodium perchlor- 
ate to the cell suspensions was followed by 
marked decreases in the cell-to-medium I- 13 1 
concentration ratios, thus further substantiat- 
ing the fact that these cells had concentrated 

Radiochromatograms of the “unblocked” 
cells revealed radioactivity only a t  the origin 
and in the iodide area. Isolated normal hu- 
man thyroid cells can incorporate 1-131 into 
iodinated proteins. The amount of organical- 
ly-bound iodine after 24 hours’ incubation 
with 1-131 is given in Table I. The slight 
differences between the results obtained by 
the two methods is probably due to small 
amounts of adsorbed inorganic iodine. 

I t  is apparent from these data that normal 
human thyroid cells are able to concentrate 
iodide and to incorporate the iodine into or- 
ganically bound iodine in the absence of in- 
tact thyroid follicles and colloid. Microscopic 
examination of the cell suspensions obtained 

1-131. 

by the technique used in these studies have 
revealed the presence mainly of isolated thy- 
roid follicular cells and absence of intact fol- 
licles (4,s). This work confirms previously 
published reports on the ability of isolated 
pathologic human thyroid cells and sheep 
thyroid cells to concentrate iodide and to in- 
corporate it into organic form. 

Summary. Normal human thyroid cells 
were dispersed by trypsinization and incu- 
bated in tissue-culture medium 199. When 
1-131 was added to the culture medium, the 
isolated cells were shown to retain their abil- 
ity to concentrate iodide. This indicates that 
intact thyroid follicles and colloid are not es- 
sential for iodide-concentration and organic 
binding of the trapped iodine by normal hu- 
man thyroid cells. 
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Hepatocellular carcinoma develops through 
stages of nodular regeneration as described 
in rats following the feeding of Aramite(1). 
By contrast it was demonstrated that during 

*Supported by Research Grant from Nat. Inst. 
of Arthritis and Metab. Dis., U.S.P.H.S. and U. S. 
Army Medical Research & Development Command. 

the induction of cirrhosis and hepatic carci- 
noma by an azo-dye, cell proliferation in the 
non-carcinomatous portions of the liver is not 
increased, while the tumor takes up more tri- 
tiated thymidine(2) ad has high mitotic 
index(3). This Was taken to indicate that 
hepatic carcinoma does not develop over in- 


