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The T-1 human kidney cell line, first cul- 
tured by Veen, Bots, and Mes (1), exhibits 
great sensitivity and specificity for the io- 
dinated thyronines, L-thyroxine (T4) and 3 3 ,  
3'-~-triiodothyronine ( T3),  which are elabo- 
rated by the thyroid gland. Thus, the intro- 
duction of these hormones into the growth 
medium affect the morphology, replication, 
colony-forming ability, protein synthesis, and 
nucleic acid metabolism of these cells (2, 
3).  To explore this specificity further, we 
have investigated the proliferation and colo- 
ny-forming ability of the cell line while ex- 
posed to two active thyroxine analogs, 3, 
5-diiodothyropropionic acid (DTP) and 3,5, 
3'-triiodothyroacetic acid (TTA) . Our 
findings using these compounds largely paral- 
lel reported observations made with other 
systems, extending the utility of the T-1 cells 
as an in vitro model. 

Methods. Cell culture and determinations 
of the mean doubling time ( T d )  and plating 
efficiency (PE) were carried out as described 
earlier (2), except that the growth medium 
contained 5% fetal bovine serum. Each exper- 
iment involved concurrent determinations on 
aliquot T-1 populations grown in the 
presence of (a) the analog, (b) a reference 
T4 concentration (1.78 X M ) ,  and (c) 
neither, as control. 

For T d :  Dispersed log-phase cells (3  X 
lo4) were seeded along with either analog 
(1.78 X 10-'-1.78 X M ) ,  into 100-mm 
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diameter plastic Petri dishes ; the multiplicity 
(4), the average number of cells per colony, 
at various intervals thereafter was obtained 
by counting 200 colonies utilizing phase- 
contrast microscopy; and 7'd was derived 
from graphs of log multiplicity plotted against 
time after seeding. Control values of T d  

for T-1 cells are about 30 hr; treatment with 
the reference T4 titer (seven determinations) 
effects a mean relative diminution of 11.0% 
(range, 4.5-18.7%). 

For PE:  About 150 single cells were de- 
posited with an analog (1.78 X 10-8-1.78 X 

M )  into five replicate 60-mm diameter 
plastic Petri dishes; after incubation for 2 
weeks and methylene blue staining, the num- 
ber of visible colonies was scored relative to 
the quantity of cells introduced. T-1 cells 
have a mean PE of 58.5 t 4.8 (SD)%, 
which is elevated by the reference T4 concen- 
tration to 67.9 t_ 5.6%, a relative rise of 
16.1 % (five experiments). 

Results and Discussion. As expressed by 
Td and PE, the influence DTP exerts on 
cellular proliferation and colony formation of 
the T-1 cells increases with its concentra- 
tion. Representative results of T d  determina- 
tions as a function of titer of this analog are 
given in Table I. Thus, 1.78 X M DTP 
(four experiments) achieves a mean relative 
reduction in Td of 11.5% (range, 4.7-20.0%) ; 
a 10-fold greater concentration (three experi- 
ments) yields an average shortening of 16.7% 
(range, 8.7-2 2.8 % ) . Summarizing five inde- 
pendent PE determinations, including the re- 
sults of a typical experiment cited in Table I, 
1.78 X lov8 M DTP does not affect PE. 
Exposing the cultured cells to 1.78 X low6 M 
DTP results in a relative increase of 4.7% 
(range,-2.3-11.3%) ; a 10-fold higher con- 
centration, the maximum studied, produces a 
rise of 11.8% (range, 10.0-18.0%). From 
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T A R T 3  I. Modification of Mean I)oiil)li~ig Time (T , , )  :ind Plating Efficieiicy (PIG) of T-1 
Cells Produced by l)iiodotliy1.ol)l.oi,ioiiic h c i ( l  ( I )TP),  Triio(1otliyro:rcetic. Aqi(1 (TTA), :)lid 

Tliyrosine (T,). 

Effect of 1 )TP  Effect of TTA 
Concentration 

( M ,  l,," (lir) PE" (%)  Tc, ( I N )  PE (%) 

- 57.4 2 3.3 - 80.3 2 2.6 1.78 X lo-' 
1.78 X lo-' 2'3.0 58.0 * 2.2 24.0 89.1 2 2.5 
1.78 X 20.0 64.9 2 5.3 25.8 84.2 & 2.0 
1.78 X lo-" 19.3 65.0 2 2.3 42.0 71.7 2 1.7 

Controls 
T, (1.78 X lO-"M) 20.5 62.1 * 3.5 28.0 84.5 2 2.9 
No hormone 25.0 5'7.5 t 4.9 30.3 79.5 * 2.9 

" I ' ,  deterniinatioiis :ire cllt>riwcl f rom seiiiilog 1)lots of niultil)lic.ity n'rsiis tiiiir f rom seeding ; 
each point graphed is the iiican iiiultiyIici ty obtained by counting 200 colonies on duplicatc 
dishes. 
' PE entries are the means and standard deviations of five replicate dishes, scored for visible 

colonies 2 weeks after seeding and staining with nicthylene blue. 

these experiments, it is concluded that DTP 
has a potency about that of T4 in diminishing 
T,,, but only 0.1 its ability to augment PE. 

The more marked effects on the T-1 cells 
elicited by TTA are indicated by Table I, 
which gives the results of one of three deter- 
minations made of Td and PE. This analog 
provokes a biphasic response similar to that 
induced by T4 and T3 in many systems ( S ) ,  
including the T-1 line. While exposure to 
1.78 X M TTA, the optimal titer, 
causes a relative average decrease in Td of 
13.1% (range, 8.3-16.4%), the presence of 
1.78 X lo-> M actually inhibits prolifer- 
ation, the mean relative increase of Td being 
12.8% (range, 4.2-38.8%). PE determina- 
tions indicate than an average relative rise of 
only 1.2% (range, -2.0-5.6%) occurs with 
1.78 X lop5 M and of 4.476 (range, 1.0- 
9.4%) with 1.78 X lo-* M .  The peak en- 
hancement of PE, a mean relative increase of 
16.1% (range, 6.3-30.2%), likewise occurs 
with 1.78 X lop7  M TTA. Thus, TTA on a 
molar basis is at  least 10 times more potent 
than T4 in influencing T-1 cells. 

The results of these in vitro investigations 
with DTP and TTA are qualitatively con- 
sonant with published observations using oth- 
er systems. Precise comparisons are not feasi- 
ble since the response to many of the thyrox- 
ine analogs varies with the end-point and 
model chosen. Thus, DTP has been found as 

active as T4, on a molar basis, in stimulating 
the metamorphosis of the Bufo species (6),  
but only 1.9% as effective in elevating the 
metabolism of the thyroidectomized rat (7). 
Likewise TTA is 19-120 times more active 
than T4 in stimulating the metamorphosis of 
the tadpole (8, 9) ,  but only 51-100% as 
efficacious in preventing goiter of the rat (10, 
11). Using a cell-free fraction, it has been 
shown (12) that both DTP and TTA are 
about equivalent in affecting protein synthe- 
sis and in possessing less than half the poten- 
cy of T4. It will be interesting to determine 
how this cell line responds to some of the 
other well-characterized thyroxine analogs. 
Utilizing cultured cell systems may thus ulti- 
mately contribute to the elucidation of the 
relation molecular structure bears to hormon- 
al activity and to the design of synthetic 
hormones possessing predicted actions and 
potencies. 

Summary. The T-1 cell line, derived from 
the human kidney, responds to two active 
thyroxine analogs, diiodothyropropionic acid 
(DTP) and triiodothyroacetic acid (TTA) , 
qualitatively paralleling findings made with 
other systems. Compared to thyroxine, DTP 
is about equivalent in stimulating cellular 
proliferation, but possesses only 0.1 its poten- 
cy in augmenting colony formation by these 
T-1 cells; TTA is a t  least 10 times more 
potent. These observations extend the useful- 
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ness of the T-1 cell line as an in vitro model 
for character,izing the peripheral response to 
the iodinated thyroidal hormones. 

We thank Dr. H. J. Burki and Mrs. K. B. 
Lathrop of the Donner Laboratory, University of 
California (Berkeley) for the T-1 cells, and Dr. A. E. 
Heming of Smith, Kline and French Labs. for 
the samples of DTP and TTA. 

1. Van der Veen, J., Bots, L., and Mes, A., Arch. 

2. Siegel, E., and Tobias, C. A., Nature (London) 

3. Siegel, E., and Tobias, C. A., Science 153, 7’63 

4. Puck, T .  T., Marcus, P. I., and Cieciura, S. J., 

5. Tata, J. R., in “Actions of Hormones on Meta- 

Ges. Virusforsch. 8, 230 (1958). 

212, 1318 (1966). 

(1966). 

J. Exp. Med. 103, 273 (1956). 

bolic Processes” (G. Litcvack anld D. Kritchevsky, 
eds.), p. 58. Wiley, New York (1964). 

6. Bruice, T .  C., Winzler, R. J., and Kharasch, N., 
J. Biol. Chem. 210, 1 (1954). 

7. Barker, S. B., Kiely, C. E., Jr., Klitgaard, H. 
M., Dirks, H. B., Jr., Wang, S. C., and Wawzonek, 
S., Endocrinology 48, 70 (1951). 

8. Michel, R., and Pitt-Rivers, R., Biochim. Bio- 
phys. Acta 24, 213 (1957’). 

9. Roth, P. C. J., C. R. SOC. Biol. 151, 1130 
(195’1). 

10. Stasilli, N. R., Kroc, R. L., and Meltzer, R. I., 
Endocrinology 64, 62 (1959). 

11. Pitt-Rivers, R., J. Clin. Endocrinol. Metab. 
14, 1444 (1954). 

12. Campbell, P. L., Deibler, G. E., Gelber, S., and 
Sokoloff, L., Endocrinology 75, 304 (1964). 

Received Feb. 11, 1971. P.S.E.B.M., 1971, Vol. 137. 


