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[Abstract] Objective; To study the antiloxic role of vesicular monoamine transporter 2
(VMAT:) in transgenic Chinese Hamster ovary (CHO) cell. Methods ; With the technology of trans-
gene from PC12 to CHO, MTT reduction assay was used to detect MPP* lozic effect on wild type
CHO (wlCHO) and transgenic CHO. Meamwhile, the role of reserpine was also observed in MPPY toz-
ic effects. Results ;The sensitivity of transgenic CHO to MPP* was much less than that of wtCHO
with 0. 5 mmol/L MPP*. Transgenic CHO had the same sensitiity as wiCHO if rotenone was given.
WICHO, by given reserpine alone , didn’t change its sensitivity to MPP*. Conclusions.VMAT; kas
protective effect on transgenic CHO by transporting MPP* to vesicles.
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with 100 umol/L MPP* by 2 weeks. However,
Introduction . . . L
dopaminetgic neurons in the substantia nigra be-
Studies on mechanisms of Parkinson’s dis-  came dead with 1- 10 umol/ L MPP* by 1-2
ease (PD) found that PC12 cells showed little d- 21, It suggested that PC12 cells would have
susceptibility to the MPP*, and that PC12 cells antitoxic component to MPP*. Recently, vesicu-
were dead by 4 d with 1 mmol/L MPP* and lar monoamine transporter 2 (VMAT,) was

found in PC12 cells and dopaminergic neurons.

It could carry MPP™* and dopamine into subcellu-
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el of complex I may be inhibited?-*).

In order to make certain about antitoxic ef-
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were transgened to Chinese Hamster Ovary
(CHO) cells and MTT assay was used to mea-
sure dehydrogenase activity of wild type CHO
(wtCHO) and transgenic CHO. Reserpine, the
special inhibitor of VMAT,, was given in order

to observe its role in the toxicity of MPP*.
Materials and Methods

Reagents

MPP*, rotenone, MTT and DMSO were
purchased from Sigma Company. Reserpine was
obtained from Shanghai Pharmaceutical Facto-
ry. Culture medium DMEM was purchased from
GIBICOL BRL Company.

Cell lines

W1tCHO lines were purchased from Shang-
hai Institute of Cell Biology, Chinese Academy
of Science and maintained in RPMI- 1640 medi-
um. Transgenic CHO lines were obtained from
Dr Yongjian Liu (University of Pittsburgh ,US)
and maintained in DMEM .

Methods

(1) WiCHO and transgenic CHO were
placed in a 96-well plate with 2. 5X 10° celis per
ml culture medium respectively. Every well had
200 pl confluent and was incubated at 37 °C with
5% vol CO; in culture case. One day later, the
96-well plate was divided into 4 groups. Group
1 was wtCHO, and Group 2 was transgenic
CHO. These two groups were added with vatious
concentration MPP* (0.1, 0.2, 0.25, 0.5,
1. 0 mmol/L and blank control) to replace the
former culture medium. The blank control was re-
placed by DMEM. Group 3 was wtCHO, and
Group 4 was transgenic CHO. These groups
were added with various concentration of
rotenone (0. 01, 0.1, 1.0, 10, 100 umol/L
and blank control) to replace the former culture

medium. The blank control was also replaced by

DMEM. MPPT of each concentration was placed
in 3 wells. Incubation lasted 3 days.

(2) WtCHO and transgenic CHO were put
in another 96-well plate with 2X 10° cells per ml
culture medium respectively. Every well had
200 ul confluent, incubated at 37 'C in 5% vol
CO; culture case for 1 d. The 96-well plate was
divided into 4 groups. Group 1 was wiCHO,
and Group 2 was transgenic CHO. They were
given MPP* (0.1, 0.2, 0.25, 0.5, 1.0
mmol/L and blank control) , MPP*+ (0. 1, 0. 2,
0.25, 0.5, 1.0 mmol/L and blank control)
and reserpine (1 pmol/L) was present in Group
3 and Group 4. The method was the same as the
former mentioned above.

(3) Three days later, MTT assay was used
to measure general cell dehydrogenase activity
with the reduction of the tetrazolium dye MTT,
according to Hansen!*). The value of absorp-
tion D (A) was detected by enzyme- linked im-
munosorbent assay meter (CliniBio 128C, swe-
den ). D(\)of
to zero, The rate of value increment R = test
group D(X)/ control group D(X) X 100%. The

mean value was obtained from 3 wells of every

the control group was rectified

concentration of MPP+,

Statistical analysis

Experimental data were analyzed by SPSS
8. 0 software. Statistical significance was accept-
ed at a value of P<{0. 05. The Fig 1 and Fig 2

were taken by phase contrast microscope.
Results

The rate of value increment of wtCHO and
transgenic CHO under various concentrations of
MPP*

Tab 1 and Tab 2 show that transgenic CHO
cells can still live with 1 mmol/L MPP™*, howev-

er, wtCHO cells almost hardly survive this con-
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centration of MPP*. They have different sensi- tivities to MPP* (P<C0. 05).
Tab 1 D (A) of wtCHO and Transgenic CHO under Various Concentrations of MPP+  (mmol/L)

MPP+
0. 00 0.10 0.20 0. 25 0. 50 1. 00
wtCHO 0. 47 0. 35 0.30 0.22 0.16* 0.07*
Transgenic CHO 0.58 0. 35 0.32 0.29 0. 26 0.21

Compared with transgenic CHO group, * P<(0.05; n=3.

Tab 2 D (A) of wtCHO and Transgenic CHO under Various Concentration of MPP* and 1 nmol/L Reserpine

(mmol/L)
MPP+
0. 00 0.10 0.20 0. 25 0.5 1. 00
wtCHO 0.61 0. 39 0. 26 0.19 0.13 0. 05
Transgenic CHO 0. 59 0.52* 0.43" 0. 38" 0.37* 0. 30"
wtCHO+R 0. 54 0. 36 0.23 0.16 0.10 0. 05
Transgenic CHO+R 0. 57 0.41 0. 33 0.19 0.10 0.04

Transgenic CHO Group compared with each of other group, * P<C0. 05; the other groups compared with each other, P>>0. 05;

n=23. R means reserpine.

Tab 3 D (1) of wtCHO and Transgenic CHO under Various Concentrations of Rotenone (umol/L)

Rotenone
0. 00 0.01 0.10 1. 00 10. 00 100. 00
wtCHO 0. 61 0. 56 0.41 0.34 0. 33 0.18
Transgenic CHO 0.53 0. 45 0. 46 0. 36 0. 26 0.18
Compared wtCHO with transgenic CHO group, P>0. 05; n=3.
There was difference in cell morphology at tance to rotenone. Repeated experiments have
1. 0 mmol/L MPP™* by high power objective of demonstrated no substantial resistance to
microscope (X 400). The transgenic CHO cells rotenone in the transfectant, suggesting the
were fusiform with a larger volume, however, mechanism of resistance of the transfected cells
wtCHO cells were round with a small volume, seems somewhat specific to MPPt. We exam-

and some of them were ruptured. WtCHO cells ined the toxicity of MPP™ on the transfected

showed greater sensitivity to MPP* than trans-  cells in the presence of 1 pmol/L reserpine and
genic CHO cells. Tab 3 showed that transgenic found dramatic reversion to wtCHO sensitivity
CHO cells have no difference from wtCHO cells (Fig 1,2). To demonstrate that reserpine does
in susceptibility to rotenone (P > (0.05). not affect the mechanism present in wtCHO
Rotenone inhibited complex I of the respiratory cells, we tested its effect on wtCHO cells treated
chain and competes with MPP* for binding its with the lower concentrations of MPP™ to which
presumed site of action. Thus if the antitoxic they were normally sensitive. Reserpine shew
role of transgenic CHO cells was due to a change very little reproducible effect on MPP™* toxicity

in the site of action, they should also show resis- in wtCHO cells. The results suggested that the
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transgenic CHO cells could survive in MPP+
because the cells express a vesicular amine-
uptake activity, presumably derived from PC12
cells, which sequester (he loxin elTectively from

its primary site of action in mitochondria.

. S e

Fig 1 Transgenic CHO Cells with 1.0 mmol/L MPPt
[ x 400)

Discussion

PD is a neurodegenerative disease. The rela-
tively specific pathological features include an

intrancuronal inclusion body - the Lewy body -

and neuronal loss and depigmentation in the
substantia nigra, particularly the zone compata.
The etiology and pathogenesis of PD are still
obscure. Several ubservations in idiopathic PD
support the relevancé of the MPTP model. The
moncamine oxidase B expressed by glia converls
MPTP to the active metabolite MPP+, which
enters mitochondria of the cell and inhibits
respiration'™, But the [eatures of the MPTP model
were not understood such as the selective
vulnerability of dopamine ncurons in the
substantia nigra. Although they also accumulate
MPP*, multiple monoamine cell populations in
the brain stem. sympulhetic ganglia, and adrenal
medulla showlittle rtoxicity. Some of these
regions, such as the ventral tegmental area and
locus eocrulcus, show susceptibilily (10 MPTP in
pri-mates, but to a relatively minor degree. Since
PD also affects these same populations to a lesser
extent than the substantia nigra, the question ol
the susceptibility to toxin has considerable

relevance to the idiopathic disorder.

Fig 2 wtCHO Cells with 1.0 mmol/l. MPP+(left) and Transgenic CHO Cells with 1.0 mmol/I. MPP+ Plus Reserpine

1 pmol/L {right) { x 400)

To understand the dillerences in vulnerabilily
(o MPTP among cells that accumulate large
amounts of toxin, we used transfected the
MPP+-yensitive CHO cells with a ¢cDNA library

from PC12 cells. In contrast to wtCHQ, the
transgenic CHO cells can resist MPPY at a high
concentration (1 mmol/L. MPPt). We then test-

ed the mechanism that VMAT, conferred resis-



tance to the toxin by sequestering it in a vesicu-
lar compartment, away from the primary site of
action in mitochondria. Indeed, the addition of
reserpine, a potent inhibitor of VMAT,, caused
the sensitivity of the resistant cells to revert to
wtCHO. Someone had done dopamine - loaded
test®!, and found that wtCHO cells showed dif-
fuse cytoplasmic staining, and transgenic CHO
cells showed strong perinuclear and particulate
cytoplasmic staining. This localized pattern re-
verts to wtCHO in the presence of 1 pmol/L re-
serpine, indicating that this mechanism is unique
to the transfected cells. These results suggest
that VMAT, may serve two functions in the ner-
vous system, packaging transmitter for regulated
release and neural protection.

The dopamine transporter (DAT) pumps
MPP* and dopamine into dopaminergic neuronal
cytoplasm, and the VMAT, can sequester MPP*
and dopamine into the vesicles, and separate tox-
in from cytoplasm!”'®3, Thus DAT and VMAT,
act to regulate the concentrations of these sub-
strates in neuronal cytoplasm, where they can
have more prominent toxicity, and in synaptic
vesicles, where toxicities are less pronounced.
The crucial role that different levels of expres-
sion of the transporter molecules can result in the
pathophysiology of parkinsonian syndromes in-
duced by experimental toxins is highlighted by re-
cent studies of the molecular and cellular biology
of DAT and VMAT,;. The levels of DAT and
VMAT,; expression in several dopaminergic neu-
ronal groups cotrelate with the extent of their
cell losses in PD brain!%, In situ hybridiza-
tion, studies on rats reveal significantly higher
levels of DAT mRNA expression in cells of the
substantia nigra pars compacta (SNc¢) than in
those of the ventral tegmental area (VTA).
However, VMAT; mRNA express in VAT more
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than in those of SNc. The ratio between the tox-
in accumulating (DAT) and toxin sequestering
(VMAT;) may also show greater differences be-
tween the dopaminergic neurons residing in these
different nucleit'!),

Transporter expression in living humans has
been studied by radioligand binding with detec-
tion by positron emission tomography (PET) or
single-photon emission computed tomography
(SPECT). Results suggest that thete is true and
significant individual variation in the expression
of DAT and VMAT,. Thus differences can alter
vulnerabilities to dopaminergic toxins in PD pa-
tientst1%:13],

Identifying transport- associated mechanism
that explains selective losses in PD dopaminergic
neurons could be of great importance. On the
one hand, individual differences in DAT and
VMAT, expression, genetically or environmental-
ly determined, could serve as markers for vulner-
ability to PD. On the other hand, drugs that up-
regulate or enhance the functions of VMAT, or
those that inhibit intracellular uptake mediated
by DAT would be helpful for therapeutic trials
targeted toward reducing disease onset or slowing
progression. The further studies should be neces-

sary.
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