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Neurotrophic Factor Responsiveness of Adrenal Medullary Cell Line tsAMSD Immortalized
with Temperature-Sensitive SV40 T-Antigen
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We established adrenal medullary cell lines from transgenic mice expressing an oncogene, the temperature-sensitive
simian virus 40 large T-antigen, under the control of the tyrosine hydroxylase promoter. A clonal cell line, named
tsAMS5D, conditionally grew at a permissive temperature of 33°C and exhibited the dopaminergic chromaffin cell pheno-
type as exemplified by the expression pattern of mRNA for catecholamine synthesizing-enzymes and secretory vesicle-as-
sociated proteins. tsAMSD cells proliferated at the permissive temperature in response to glial cell line-derived neuro-
trophic factor (GDNF), basic fibroblast growth factor (bFGF) and ciliary neurotrophic factor (CNTF). At a nonper-
missive temperature of 39°C, GDNF and CNTF acted synergistically to differentiate tsAMS5D cells into neuron-like cells.
In addition, tsAMSD cells caused to differentiate by GDNF plus CNTF at 39°C became dependent solely on nerve growth
factor for their survival and showed markedly enhanced neurite outgrowth. In the presence of GDNF plus CNTF, the
morphological change induced by the temperature shift was associated with up-regulated expression of neuronal marker
genes including microtubule-associated protein 2, neuron-specific enolase, neurofilament, and growth-associated pro-
tein-43, indicating that the cells underwent neuronal differentiation. Thus, we demonstrated that tsAMS5D cells could
proliferate at permissive 33°C, and also had the capacity to terminally differentiate into neuron-like cells in response to
GDNF plus CNTF when the oncogene was inactivated by shifting the temperature to nonpermissive 39°C. These results
suggest that tsAMS5D cells should be a good tool to allow a detailed study of mechanisms regulating neuronal differentia-
tion.

Key words——adrenal chromaffin cells; temperature-sensitive SV40 T-antigen; immortalization; tSAMSD cells; neuro-
trophic factor; neuronal differentiation
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Structure of Transgene for Production of Transgenic Mice Carrying the tsSV40T Gene under the Control of the Human Tyro-

A 2.7-kb part of tsSV40T genomic DNA was fused at its 5 end with 2.5 kb of hTH 5"-flanking sequence containing the non-coding region of exon 1, and at its
3" end with a 8.2-kb NotI-HindIlI fragment of hTH genomic sequence containing the exon-intron structure from a NofI site of intron 1 to exon 14 and the 3’-flank-

ing region. The resulting 13.35 kb-fusion gene was used to generate transgenic mice.
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Fig. 2. Immunohistochemical Analysis of the Adrenal Gland of Transgenic Mice Carrying the TH-tsSV40T Transgene
Serial sections were prepared from an adrenal tumor of a 9-month-old transgenic mouse. The immunostaining for TH (A) and tsSV40T (B) was performed by

the peroxidase-avidin/biotinylated enzyme complex method. Bars: 50 um.

Fig. 3. Morphological and Immunocytochemical Characteristics of Immortalized Adrenal Medullary Cell Line tsAMS5D

tsAMSD cells were cultured at 33°C in Dulbecco’s modified Eagle medium (DMEM) containing 10% FBS and G5 supplement and then processed for morpho-
logical and immunocytochemical analyses. Panel A: cell morphology under growth conditions, as observed by phase-contrast microscopy. Original magnification:
X 100. Panel B: double-immunofluorescence staining for tsSV40T (red) and TH (green) in tsAMS5D cells maintained under growth conditions. Cells were double-
stained with TH polyclonal and SV40T monoclonal antibodies followed by fluorescein-conjugated donkey anti-rabbit IgG and Texas Red-conjugated sheep anti-

mouse IgG, and inspected by confocal fluorescence microscopy. Bar: 50 um.
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Fig. 4. Expression of the Chromaffin Cell Marker mRNAs in
tSAMSD Cells

Total RNA was extracted from tsAMS5D cells maintained in defined
growth medium. A: expression of catecholamine synthesizing-enzyme. The
presence of mRNAs for tyrosine hydroxylase (TH), aromatic L-amino acid
decarboxylase (AADC), dopamine pS-hydroxylase (DBH), and
phenylethanolamine N-methyltransferase (PNMT) was examined by RT-
PCR. B: expression of secretory vesicle-associated proteins. The presence of
mRNAs for chromogranin A (CgA), chromogranin B (CgB), secretogranin
II (SgIl), vesicular monoamine transporter 1 (VMATI), and vesicular
monoamine transporter 2 (VMAT2) was examined by RT-PCR. The ampli-
fied products were visualized on 1.5% agarose gel stained with ethidium
bromide. The expected size of RT-PCR products for TH, AADC, DBH,
PNMT, CgA, CgB, Sgll, VMATI, and VMAT?2 are 446, 485, 372, 359, 322,
323, 351, 215, and 408 bp, respectively. Marker: 100-bp DNA ladder.
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Fig. 5. Effect of Neurotrophic Factors on tsAMS5D Cell
Growth and Morphology under the Permissive Condition
A: growth rate determination. The cells were grown on 96-well plates
coated with collagen type IV in defined growth medium at 33°C for 1 day. Af-
ter the cells had been washed with DMEM containing 10% FBS (day 0), the
medium was changed to 10% FBS-containing DMEM supplemented with
various neurotrophic factor (s) (50 ng/ml). Control experiment was per-
formed without neurotrophic factor. After the indicated period of culture at
33°C, the number of viable cells was estimated by using CellTiter 96 Aqueous
reagent (Promega) . The cell number at the indicated time points is expressed
as a percentage of the cell number on day 0. All values represent the means +
S.E. of 3 independent experiments, in which measurements in each were
made in triplicate. *: p<{0.05 compared with control. B: cell morphology.
Cells were treated with various neurotrophic factors (50 ng/ml) in DMEM
containing 10% FBS at 33°C for 3 days and then viewed by phase-contrast
microscopy. Original magnification: X200.
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Fig. 6. Effect of Neurotrophic Factors on tsAMS5D Cell
Growth and Morphology under the Nonpermissive Condi-
tion

A: growth rate determination. The cell number was determined as
described in the legend of Fig. 5(A) except that treatment of cells with the
neurotrophic factor(s) was carried out at 39°C. All values represent the
means+S.E. of 3 independent experiments, in which measurements in each
were made in triplicate. *: p<{0.05 compared with control. B: cell morpholo-
gy. Cells were treated with various neurotrophic factors (50 ng/ml) in

DMEM containing 10% FBS at 39°C for 3 days and then viewed by phase-

contrast microscopy. Original magnification: X200.
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Fig. 7. Immunocytochemical Analysis of GDNF/CNTF-treated tsAMS5D Cells Grown at the Permissive and Nonpermissive Temper-
atures
tsAMSD cells were treated with a combination of GDNF and CNTF (50 ng/ml each) in 10% FBS-containing DMEM for 3 days at either 33 (A) or 39 (B)°C
and then processed for immunocytochemical analysis. Panels A and B show double-immunofluorescence staining for tsSV40T (red) and TH (green). Cells were
stained with the appropriate first and second antibodies as described in the legend of Fig. 3 and inspected by confocal fluorescence microscopy. Bars: 50 um.

Figure 8
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Fig. 8. NGF Responsiveness of tsAMSD Cells after Differentiation to Neuron-like Cells with GDNF/CNTF

tsAMSD cells were treated with a combination of GDNF and CNTF (50 ng/ml each) in 10% FBS-containing DMEM for 3 days at either 33 (A) or 39 (B)°C.
After the medium had been switched to serum-containing medium supplemented with either GDNF/CNTF, NGF, BDNF or NT-3 (50 ng/ml each), the cells were
cultured at 39°C for 5 days. Original magnification: X 100.
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WhnL 7=. Figure 8 IZHB W T, GDNF/CNTF T &
o T AR 12 /b U 7= Ml ig 28 NGF 1285 %
KO RBBZ&EERLED, £FOHBELT,
trkA & p75 OFB ERICK D7 FIVEED R
MEZ SN,

5. tsAM5D QOEBHIFEA DI

BITE, #RERNRMEA N Z XL ZEMRAT 572
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Table 1. Change in Expression of Neuronal Marker Genes in
GDNF/CNTF-treated tsAMS5D Cells by the Temperature
Shift

mRNA level

Neuronal (copies/ng total RNA) 39°_Cféi5§°c
marker 33°C 39°C increase
MAP2 3.284+0.71 511+12 156*
NSE 15.5+1.4 743158 47.9*
NF160K 7510290 412002800 5.49*
GAP-43 23500+ 1600 60100+ 1900 2.56*
TrkA 6.521+0.23 61.1+1.8 9.38%*
p75NTR 147+5.4 1640163 11.2%*

tsAMS5D cells were treated with a combination of GDNF and CNTF (50
ng/ml each) in 10% FBS-containing DMEM for 3 days at either 33 or 39°C.
The total RNAs were extracted and processed for real-time RT-PCR anal-
ysis. All values represent the means=S.D. of 3 independent experiments,
in which measurements in each were made in triplicate. *: Significantly in-
creased by the temperature shift from 33°C to 39°C (p<{0.05). MAP2:
microtubule-associated protein 2, NSE: neuron-specific enolase, NF160K:
160-kDa neurofilament, GAP-43: growth-associated protein-43, p75NTR:
p75 neurotrophin receptor.
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39°C ITHB T tsAMSD il el 134448 o A1 75 S50 1
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EDFE LI N D NED AN, R CA S
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MK tsAMSD OBfLIZERII L /2. & 512, GDNF
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BH o EEt, REMEEL, BEAAEL HEY
REBLICHEHHBL T, ZOMEO T A%
riREL B LR BB e GERZE) 1K
SNzl Ed.
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