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Regulation of Intracellular Thyroid Hormone Translocation
by Active Vitamin D,
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Shinshu University School of Medicine
(Divector : Prof. Kiyoshi HASHIZUME)

Effects of active vitamin D, on the levels of cytosolic NADPH-dependent 3,5,3"-triiodo-L-thyronine
(T4)-binding protein (NADPH-dependent CTBP) and on the cellular T, uptake were investigated in cultured
dRLh 84 cells. 1,25-(0H),-dihydroxycholecalciferol (1,25-(0OH),-vitamin D;) increased the level of NADPH-
dependent CTBP without changes in the affinity for T, in dRLh 84 cells. Treatment of the cells with 1,25~
(OH),~vitamin Ds reduced whole cell uptake of T, in the early phase (0-3 minutes) of incubation, whereas the
T; uptake increased in the later phase (6 minutes incubation or later).

The uptake of Tj into the nuclei was increased by pretreatment of the cells with 1,25-(QH),-vitamin D,.
The pretreatment decreased the rate of T; release from cells. However, the rate of release from nuclei to the
extranuclear space was not influenced hy such pretreatment. The active vitamin Ds-induced increase in the
NADPH.-dependent CTBP was observed not only in dRLh 84 cells but also in rat kidney and liver, which are
target tissues of thyroid hormone. These results suggest that active vitamin D, plays an important role in the
regulation of intracellular thyroid hormone translocation in target tissues by controlling the level of NADPH-
dependent CTBP. Shinshu Med | 41: 325-—338, 1993
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Key words: NADPH-dependent cytosolic 3,5,3"-trilodo-L-thyronine (T;)-binding protein, active
vitamin Ds, cellular uptake of thyroid hormone, intracellular thyroid hormone translocation
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Fig. 1 Effect of la-OH-vitamin D; on the NADPH-dependent cytosolic T

binding activity in rat deprived from vitamin D.

Rats were treated with vitamin D deficient diet and cytoso! fractions
were obtained as mentioned in Materials and Methods. 0, 12 and 48 hrs
indicate the time after the first injection of la-OH-vitamin D, Control
cytosol was obtained from rats given regular diet. indicates the [**]]
T; binding in the absence of NADPH, Each value indicates the mean + SD.
The number in each column indicates the number of animals.
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Fig. 2 Scatchard analyses of ['?*I]T; hinding to the cytosol fraction prepared
from control, vitamin D-deprived (V. D.-deprived) and la~OH-vitamin
D,-administered V. D.-deprived (V. D.-deprived + la-(OH)D3) rats.

NADPH.-dependent cytosolic T bindings in liver (left panel) and in kidney
(right panel) before and 12 hrs after administration of 1e~(OH)-vitamin D, (0.
2ug/kg) to vitamin D-deprived rats are shown. Results of two (or three)
different experiments are shown in each figure.
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Table 1 1,25-(OH),~vitamin D, binding activity in rat kidney and liver

[*H]-1,25-(0OH),~vitamin D, binding (cpm/100xg protein)

Tissues No.

Total binding Non-specific binding Specific binding
Liver 5 2244 + 216 688 =+ 128 1556 = 344
Kidney 5 7648 + 366 546 + 224 7102 + 324

Charcoal-treated cytosol was incubated with 25,000 cpm [*H]J1,25-(OH),~vitamin D, in the
absence (total binding) or presence (non-specific) of 10-"M unlabeled 1,25-(0OH),-vitamin D; for

1 hr at room temperature. Each datum indicates the mean + SD of five determinations.

Table 2 NADPH-dependent cytosolic T; binding activity in cultured cells

Pretreatment with 10~*M

Bound/Total % of [***I]T; binding

el e 1,25-(OH),~vitamin Da NADPH(0 £M) NADPH(50 xM)
Clone 9 5 - 0.40 + 0.08 0.36 % 0.10

5 + 0.36 % 0.12 0.38 + 0.10
HepG?2 5 - 4.41 * 0.62 4.72 * 0.53

5 + 4.22 £ 0.48 | 4.43 + 0.61
GH3 5 - 0.31 + 0.06 0.28 + 0.06

5 + 0.25 % 0.07 0.28 * 0.07
dRLh 84 5 - 1.25 * 0.81 * 7.0 £ 0.8

5 + 1.38 + 0.66 - 14.60 * 2.89

Charcoal-treated cytosol which was prepared from cultured cells was incubated with 50,000 cpm ['#1]T,; for
30 min. Each datum indicates the mean + SD of five determinations of specific ['**I]T; binding.

*NADPH(0 M) vs. NADPH(50 M) : P<0.05

**Vitamin D;(—), NADPH(G0 £M) vs. Vitamin D, (+), NADPH(G0 xM): P<0.05
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Fig. 3 Effect of FCS on the NADPH-dependent
cytosolic T; binding activity in dRLh 84 cells.
dRLh 84 cells were incubated with 10-*M 1,25
~(OH),-vitamin Dy in the presence of various con-
centrations of FCS for 12 hrs. After incubation ['*
I1T, binding activity in charcoal-treated cytosol
was determined. Each datum indicates the mean =+
SD.
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Fig. 4 Changes in the maximal binding capacity of
NADPH-dependent cytosolic T, binding in
dRLh 84 cells during incubation with 1,25
-(OH),-vitamin Ds.

Cells were incubated in the absence((QQ) or pres-
ence(@) of 10*M 1,25-(OH),~vitamin D; for in-
dicated times. The maximal hinding capacity
(MBC) in each cytosol fraction was estimated by
Scatchard analysis.
mean =+ SD of four determinations. P value is less
than 0.01 between the cells treated with 1,25-(OH),
-vitamin D; and control cells at 12 hrs and at 24
hrs.

Each value indicates the
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dRLh 84 cells were incubated with various concen-
trations of 1,25-(OH),-vitamin D, for 12 hrs, and
T, binding activity in each group was estimated by
Scatchard analysis. Results obtained from two or
three different_experiments are shown.
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Table 3 Effect of actinomycin D on the ['*1]T; binding activity in dRLh 84 cells

Actinomycin D 1,25-(OH), Bound/total % of ['*1]T, binding

Groups No. vitamin D, -
(0.1 pg/mi) (10-°M) NADPH( M) NADPH(50 2M)
A 3 (=) ) 1.28 + 0.62 6.99 = 0.78
B 3 (=) +) 1.64 + 1.20 13.84 + 2.02
C 3 +) ) 1.33 + 0.58 2.11 + 0.93
D 3 C+) +) 1.41 + 0.55 3.12 + 1.24

dRLh 84 cells were incubated with or without actinomycin D for 2 hrs, and further incubated in the absence
or presence of 1,25-(0H),-vitamin Dy for 12 hrs. Each value indicates the mean + SD of specific binding of
[***[]T; to the charcoal-treated cytosol (10 xg DNA equivalence), in which non-specific binding was defined
as the radioactive T, bound in the presence of 10-"M unlabeled Ts. A. vs. B : P<0.01, B. vs. D ; P<0.01.

(NADPH 50 M)

Table 4 Effect of 1,25-(0H),-vitamin Dg on the nuclear T; binding in dRLh 84 cells

Bound/total % of

Groups No. 1'25_(01({1)63’1\12;1““ D, (1] T, binding P value
A 4 (- 44 + 1.1 Avs B
B 4 +) 4.6 £ 1.4 N. S,

After incubation of the dRLh 84 cells with 1,26-(OH),-vitamin Dy for 12 hrs, nuclear fraction was
prepared, then [**5I]7T, binding to the nuclear receptors (10 ug DNA equivalence) was assessed.
Each datum indicates the mean + SD of the gpecific binding of [***I]Ts, in which the non-specific
binding was defined as the-radioactive T, bound in the presence of 10-"M unlabeled Ts.

Table 5 [*H]1,25-(QH),-vitamin D, binding activity in dRLh 84 cells

Bound/total 9% of [*H]-1,25-(0H),-vitamin D, binding

Total binding Non-gpecific binding Specific binding

0.9
0.9

2.7
3.7

2.1 £ 0.6
1.6 & 0.7

4.8 £ 2.1
5.3 £ 2.2

Experiment 1

Experiment 2 +

Charcoal-treated cytosol was incubated with 45,000 cpm [*H]1,25-(OH).-vitamin D, in the
absence (total binding) or presence (non-specific binding) of 10-"M unlabeled 1,25-(0OH),~vitamin
Dy for 1 hr at room temperature. Each datum indicates the mean + SD of four determinations,

R THB T Enb, PATOERRILS. 0% FCS 25
WL LicBsE R T ©fT o 7o Fig. 4121,25-(0H),-
vitamin Dyiz X % dRLh #fifid ¢ NADPH &% T,
BEFEEOTHE ORISR IR Lic, 2408
¥ CEEERIE TSR0 LR AR bht,

12 o © Tl & & o Scatchard 247 %17 5
E107M 1, 25-(0OH) ,-vitamin D, CidigRKRK E e s
MBC o FE 2§ bt (Fig. 5), —7F, NADPH
R D TS GTEMEE, NADPH 7 TJd5838
BIENELLS NI RO TH o, i, 1,25-
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(OH),-vitamin D;ix NADPH JE{kTE M T & 0%
R EENE Ka) kX UOREXBEEFE MBO)
AL, @EASBELREET, 1,25-(0H),vita-
min Dyiz X 5 NADPH JE{RTEME TS S1EMEOHE L
T bhilahot,

# 7z, 1,25-(0OH),-vitamin Dy X % NADPH 4
EHEE TS &S0 512 actinomycin D iz Xk
> TS i, LAL, NADPH JEMEM: ToaS&
EME L ik actinomycin D (388 A 5 2 fsho iz

(Table 3), '
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Fig. 6 Effect of 1,25-(OH),-vitamin D, on whole cell T; uptake into dRLh

84 cells.

dRLh 84 cells were preincubated in the absence(Q) or presence(@) of 10~
M 1,25-(0QH),~vitamin D, for 12 hrs. After incubation the cells were incubat-
ed with radioactive T} in the absence or presence of 10-*M unlabeled Ts for
indicated times. Right panel shows changes in whole cell [***I]T; uptake in
the early phase (0-10 min.) of incubation with radioactive Ts. Each datum
indicates the mean + SD of four determinations of specific uptake of ['*
[]Ts, where non-specific [#°1]T; uptake was determined in the presence of

10-5M unlabeled TS,
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dRLh e e s ¢ v DJEAEEEHEL . ¥
= — LA U 7 AR S e v A SR 1, 25- (OHD .- vita-
min D& gEs bt (Table 5),
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R
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Fig. 7 Effect of 1,25-(OH),-vitamin D; on the cellular uptake of ['*I]T; in

dRLh 84 cells,

The cells were incubated in the presence of various concentrations of 1,25
~(OH),-vitamin D; for 12 hrs. After incubation the cells were further
incubated with radioactive T, for 3 min (left panel) or 10 min (right panel)
in the absence or presence of 10-*M uniabeled Ts. The specific [**1]T,
uptake into whole cells (upper panel) or nuclei (lower panel) was deter-
mined. Each datum indicates the mean + SD of four determinations.
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Fig. 8 Time course of nuclear uptake of ['**I]T, in
dRLh 84 cells.

dRLh 84 cells were preincubated in the absence(Q)
or presence(@) of 10~*M 1,25-(0H),-vitamin D; for
12 hrs. After incubation the cells were incubated
with radioactive T in the absence or presence of
10-M unlabeled T, for indicated times. Each
datum indicates the mean + SD of four determina-
tions of specific uptake of ['**I]T,.
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Fig. 9 Effect of 1,25-(0OH),-vitamin D; on the
release of ['#®I]Ty from dRLh 84 cells.

Cells were incubated in the absence(Q) or pres-
ence(@) of 10~*M 1,25-(0H),-vitamin D; for 12 hrs.
After the incubation the cells were preloaded with
10-*M unlabeled T and tracer amount (400,000
cpm) of radioactive Ts for 90 min. Then the cells
were transferred to the medium which contained
10-°M unlabeled T, After incubation the content
of radioactivity in whole cells was determined.
Each datum indicates the mean of duplicate deter-
minations. In additional two experiments, the simi-
lar results were obtained.
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Fig. 10 Effect of 1,25-(0OH),-vitamin D; on the
release of ['?51]T; from nuclei in dRLh 84 cells.
Cells were incubated in the absence(Q) or pres-
ence(@) of 107*M 1,25-(OH),-vitamin D, for 12 hrs,
After the incubation the cells were preloaded with
10-°M unlabeled T; and tracer amount (400,000
cpm) of radioactive Ty for 90 min. Then the cells
were transferred to the medium which contained
10-°M unlabeled T;. After incubation the content
of radioactivity in nuclei was determined. Each
datum indicates the mean of duplicate determina-
tions. In additional two experiments, the similar
results were obtained.
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