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REZUMAT

ACTIVITATEA FUNCTIONALA A LINIILOR DE CELULE CHO, CE EXPRESEAZA DIFERITE MUTATII ALE GENEI ATP7B
(STUDIUL CITOTOXICITATII DETERMINATE DE ANUMITE CONCENTRATII DE CUPRU SI ZINC)

Cuvinte ceie: Boala Wilson, ATP7B, liniilor de celule CHO, metoda MTT

Boala Wilson este un bun exemplu modern pentru dezvoltarea ascensiva a stintei medicale. Cercetarile moderne in
domeniul biologiei moleculare si celulare incearca s descopere multe mistere a bolii Wilson. In timpul actual existd un
interes crescut in cercetarile legate cu fiziologia metalelor. In timpul de fata., noi observam discutii fierbinti in cercurile
stiintifice cu privire la utilizarea preparatelor ce contin Zn la tratarea bolii Wilson. Lucrarea data decerneaza studiile
activitatii functionale a liniilor de celule CHO, ce se expreseaza in diferite mutatii ATP7B prin influenta anumitor so-
lutii cu concentratie determinata de Cu §i Zn §i determinarea citotoxicitatii legaturilor date.

Material si metode. Au fost utilizate culturile celulare din colectia germanda de culturi celulare (DSMZ). Folosind
metoda transductiei retrovirale, sau obtinut 12 tulpini celulare CHO, ce se expreseaza in diferite mutatii ATP7B. Mu-
tatiile se localizeaza in domeniul de legatura cu Cu (n=2), TM (n=4), TGE bucle (n=1) legaturi de bucle ATP (n=35)
gene ATP7B. Pentru aprecierea citotoxicitatii se foloseste testul MTT.

Rezultate. [n rezultatul cercetarilor noastre, noi am obtinut urmdtoarele date: concentratia solutiei de Zn 500mi-
kroM reprezintd o concentratie toxica procent de moarte a celulelor se echivaleaza cu 0,22%. Concentratia solutiei de
50microM stimuleaza diviziunea celulara. Procentul de celule CHO ce au supravietuit, si ce expreseaza gena ATP7B,
in solutie de ImM de Cu creste pina la 20% la adaugarea in solutia data 50microM de solutie cu Zn. Celulele CHO, ce
nu expreseaza gena ATP7B isi maresc cu 57% capacitatea de supravietuire in concentratia de 0,5mM CuCl, si 50 Mm
ZnCl, in mediul de cultura.

Concluzii. lonii de Zn preintimpind toxicitatea ionilor de Cu fara dependenta de faptul daca se expreseaza sau nu
gena ATP7B si independent fata de ce fel de mutatie- grava sau medie dupa forma clinica.

PE3IOME

®YHKIUOHAJILHASI AKTUBHOCTD CHO- KJIETOUYHBIX IMHUI, DKCIPECCUPYIOIIUX PA3INYHBIE MYTALIUU ATP7B
T'EHA (M3YYEHHUE OUTOTOKCHYHOCTH ONPEJEIEHHBIX KOHIEHTPAIIMIA MEJIN U IUHKA).

KuroueBwble cioBa: bonesnv Bunbcona, CHO knemounwvle aunuu, sxcmpeccupylowjue paziuynvie mymayuu ATP7B
cena, MTT-mecm

Beenenue. bonesus Bunbcona saensiemcs OmMAUUHLIM RPUMEPOM COBPEMEHHO20 NOCHMYNAMENbHO2O PA3GUMUS
meouyuncko Hayku. CospemenHvle UCCIE008aAHUA 8 00IACU KIEMOYHOU U MOAEKYIAPHOU OUON02UU NbIMAIOMCS
packpelme MmHozue 3a2aoku Ooresnu Bunvcona. B nacmosawee epems cywecmeyem nOGIULEHHbIE UHMeEpeEC K
UCCTe008AHUAM, CBA3AHHBIX C (hu3uONOcUell Memainos. B Hacmoawee epems, Mbl HaOIOOAeM 2opsyue 0ebamovl 8
HAYUHBIX KpY2ax GOKpYe NPUMEHEHUs NPenapamos YuHka npu aevenuu bonesnu Bunocona. Jannas paboma noceésaujena
uccreooganuio Qyukyuonanvrol akmugnocmu CHO kiemounvlx auHuil, 3Kcmpeccupyouux paziuynsie mymayuu AT-
P7B npu eo30eticmeuu onpedenennvix Konyenmpayuii pacmeopos Cu u Zn u onpeoenenue yumomoKCU4HOCMU OaHHbIX
coeouHeHu.

Martepuana u MeToabl. Kynomypsl kiemku 6vlau ucnonvzosanst uz Hemeyxoii Konnexyuu Kynomyp Tkawneti (DSMZ).
Hcnonwsyss memoo pemposupycroti mpancoykyuu, oviau noayuenvt 12 CHO xknemounvix nunuil, sKcnpeccupyroujue
paznuynvie mymayuu ATP7B. Mymayuu naxooamcs ¢ medv-ceaszvisarowiem oomene (n = 2), TM (n = 4), TGE nemau
(n = 1), ATD-csazviearoweii nemnu (n = 5) eena ATP7B. [{nsa oyenku yumomoxcuunocmu ucnonv3osanca MTT-mecm.
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Pe3yabTathl. B pesynvmame Hawux IKCNEPUMEHNOE Mbl NOIYYUTU Cedyloujue OanHble. KOHYEeHmpayus pacmeopa
yunxa 500 mikroM sensemcs moxcuyeckol KoHyenmpayuel- npoyenm Zn-uHoyyupo8aHHoU 2ubenu KiemoK pageH
0,22%. Konyenmpayus pacmeopa yunka 50 mikroM cmumynupyem Oenenue xnemok. Ilpoyenm ewidcusaemocmu
xknemox CHO, ¢ sxcnpeccupyrowum ATP7B 2enom, 6 1 mM pacmeope medu nogviuwaemcs na 20 npoyeHmos npu
Odobasnenuu k oanrHomy pacmeopy 50 mikroM pacmeopa yunka. CHO knemxu, ne sxcnpeccupyrowue ATP7B 2en, na
57% nosviwiaemcs gvidicusaemocms kiemox npu konyeumpayusax 0,5mM CuCI2 u 50uM ZnCI2 ¢ numamensHoii cpeoe.

Bui6oowt. Taxum obpazom, uonsl YuHKa npeoomspawjarom moxkcutnocms uonoe meou 6 CHO kiemkax ne3agucumo
om moeo, sxcnpeccupyem unu Hem ATP7B u ne3agucumo om muna Mymayuu — msagjicends Ui CpeoHss no KIuHU4eCKomy

nposABIEHUIO

«Anyone who has never made a mistake
has never tried anything new.”
Albert Einstein

Introduction. Wilson disease is an excellent ex-
ample of contemporary translational medical science.
First described in 1912, early clinical observations
remain informative. In the mid-20" century the rele-
vance of copper and ceruloplasmin was clear; genetic
studies indicated an autosomal recessive pattern of in-
heritance. Oral chelators provided effective treatment.
In 1993, the gene whose mutations result in Wilson
disease was identified: 4TP7B, encoding a metal-
transporting P-type ATPase (the Wilson ATPase),
mainly expressed in the liver where it participation in
both production of holoceruloplasmin and excretion
of copper into bile[1]. Subsequent research in cellu-
ar and molecular biology has addressed many of the
conundrums of Wilson disease.[2]. There is renewed
interest in research relating to the physiology of all
metals. Metals play an important role in human physi-
ology and in organisms throughout the phyla. Each
metal has a functional optimum, and too little or too
much of that metal leads to dysfunction.[3 ].

Copper is essential for life of all organisms, as
involved in a wide range of cellular processes from
the formation of neurotransmitters to the synthesis of
heme. It is part of the prosthetic groups of key en-
zymes involved in oxidative phosphorylation, the for-
mation of connective tissue, antioxidant defense, bidi-
rectional transport of iron (Karlin, 1993). On the other
hand, copper ions can induce the formation of reac-
tive oxygen species, which, acting by a mechanism
akin to ionizing radiation, destroying the biopolymers
(Linder, 2001). Therefore, in the cells of all types,
there are evolutionarily conserved system for the safe
import, distribution and excretion of copper (Puig,
Thiele, 2002). Any, even minor changes in their work
due to genetic or environmental factors that cause the
remote development of severe neurodegenerative dis-
eases (Gaggelli et al., 2006).

These include, in addition to diseases associated
with inborn errors of metabolism of copper, are atse-
ruloplazminemiya, Alzheimer’s, Parkinson’s disease,
cardiovascular disease, osteoporosis, cancer, prion
diseases (Fox et al., 2000; Llanos and Mercer, 2002;
Brown, 2003 ; Bush et al, 2003; Gaggelli et al., 2006;
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Torsdottir et al., 2006). For all of these diseases dys-
function of the mitochondria, the nature of which re-
mains unknown. Recently it was discovered that an
excess or deficiency (Pang and Chau, 1999; Gybina
and Prohaska, 2003) of copper ions in cells triggers
apoptosis mediated by mitochondrial proteins Bcl-2
family (Wei et al., 2001).

Zinc is essential for the function of numerous en-
zymes and transcription factors and for neurotrans-
mission. When it is severely deficient, acrodermatitis
enterohepatica develops. Zinc interacts with copper in
enzymes such as superoxide dismutase 1, and it can
affect, or ever regulate, copper uptake. It is not redox
active and does not generate activated oxygen species
in experimental models where copper does[4]. We do
not know much about the perils of zinc overload: most
report describe the effects of copper insufficiency
consequent to zinc excess.

Also, now we have a discussion in scientific so-
ciety on the fild of zinc toxicity: from “no, never” to
“hardly ever” and many publication that showed that
zinc was an effective treatment for Wilson disease
by Hoogenraad et al[5], Linn et al found that zinc
monotherapy was more effective for neurologic than
hepatic Wilson disease[11], or not Weisss KH “ Zinc
monotherapy is not as effective as chelating agents in
treatment of Wilson disease[10]

The purpose of our work was to study of biologi-
cal activity and evaluation the pharmacological po-
tential of zinc ions in Chinese hamster ovary (CHO)
cells, normal and mutant cells lines that carry different
types of ATP7B gene mutations.

Objectives of work:

Assessing the impact of copper and zinc on the vi-
ability and proliferation of CHO cells, study the cyto-
toxicity of these compounds

To correlate between the functional activity of in-
dividual mutant lines of CHO cells to the introduction
of copper and zinc in the medium for further assess
the treatment possibility of Wilson disease patients.

Materials and methods. Chinese hamster ovary
(CHO) cells are the most widely used mammalian
cells for transfection, expression, and large-scale re-
combinant protein production. Since CHO cells pro-
vide stable and accurate glycosylation, they offer a
post-translationally modified product and thus a more
accurate in vitro rendition of the natural protein (Shee-
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Fig. I Location of mutation in
ATP7B gene.

Copper-binding domain

ley et al. 1997; Werner et al.1998). CHO cells were
used in our study because of their lack of ATP7B ex-
pression (CHO-vec), which makes possible to receive,
cell lines which demonstrate Cu resistance similar to
that of the homozygote mutations.

Cells culture were purchased from German tissue
culture collection (DSMZ) Using retroviral transduc-
tion have been generated 12 CHO cell lines express-
ing different ATP7B mutations. Mutations are located
in the copper binding domain (n=2), TM (n=4), TGE
loop (n=1), ATP binding loop (n=5) of ATP7B gene
(Fig. 1).

Chemical reagents were obtained from firms “Sig-
ma”. The culture plastics, media and serum - from
firms “Greiner”, “Costar”.

Cells of Chinese hamster ovary (CHO), were
grown in 96-well plates and flasks of 75 cm2. CHO
were cultured in DMEM high glucose, respectively,
containing 10% FCS, in an atmosphere of 5% CO2 at
37°. Test compounds (CuCl2 and ZnCl2) were added
to the culture medium in the culture solution accord-
ing protocols.

Methods . Cytotoxicity of copper and zinc com-
pounds. Evaluate the toxicity of copper and zinc in
CHO cells were performed using the color reaction
tetrazolium dye 3 - (4,5-dimetiltiazol-2-yl) -2,5-di-
feniltetrazoly bromide (MTT) with living cells. .(Fig
.2) MTT assay for 12 CHO ATP7B mutants including
positive and negative controls was performed after
48h incubation with 0.06-1mM copper and 50mikroM
zinc. All samples were analyzed in triplicate The ab-
sorption spectrum were recorded on a spectrophotom-
eter and statistical analysis by Excel

Results and discution. The first task of our study
was to evaluate the effect of zinc ion (different con-
centration 10, 50, 100, 200, 500 mikroM Zn solution)
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on cell proliferation of CHOwt line and to establish
the optimal concentration for subsequent experiments

CHO cells overexpressing ATP7B (CHO wt) cell
proliferation was increased as time went by in a con-
centration-dependent manner (Fig.3).Cell prolifera-
tion was stimulated even at low zinc (10-50uM) at the
first 3 days, compared to no Zn incubated cells. As
time went by, this zinc-stimulated cell proliferation
was more prominent at high range of zinc concentra-
tion at 200uM on 5 and 6 day, while low zinc level
showed the adverse effect of cell proliferation during
this culture period.

Similar results were obtained by several re-
searchers in studies with other cells line.: osteoblas-
tic MC3T3-E1[6]. They established that the low Zn

Fig 2. Copper induced cytotoxicity - MTT assay.



Proliferetion of CHOwt cells by zinc treatment for 3,4,5 and 6 days

OCHO cells,24h treatment Zn %, 3 day

BECHO, %, 4 days

OCHO,%, 48h treat Zn, 5 day

OCHO, %, 6 day

B CHO, %, pretreat 48 h, 6 days

cell proliferaton (%)

Zn

concentration (1-3uM) increase cellular proliferation
in osteoblastic MC3T3-E1 cells as time by duration
1-10 days, which is considered as stimulating osteo-
blast differentiation by bone marker protein synthesis
by osteoblasts.

Perez MJ, Cederbaum Al from Mount Sinai School
of Medcine, New York in there study have been in-
vestigate if zinc or metallothionein (MT) induction by
zinc could afford protection against CYP2E[-depen-
dent toxicity on the HepG2 cells overexpressing CY-
P2E1 (E47 cells). Preincubation overnight with 150
microM zinc sulfate induced a 20- to 30-fold increase
of MT2A mRNA [9].

Next objective of our study was to study the ef-
fect of different zinc concentrations on the CHO- wt
cells and to investigate if zinc could afford protection
against Cu dependent toxicity

Description of the methodology:

CHO cells overexpressing ATP7B (CHOwt) were
treated with different concentrations of Zn and Cu -
plate 1 during 48 hours. (see fig.4)

Other 2 plates (2 and 3) were pre-treated with
different concentration of Zn during 48 hours respec-
tively.

In the 1 plate we add MTT (incubated 3 hour,
37C) and ELISA measure have been performed after
24 h

In the 2 plate we add only deferens concentration
of CuCl2. In the 3 plate we add ZnCI2 and CuCI2

Then we incubate these 2 plates during 48 h.
After that we add MTT (incubated 3 hour, 37C) and
ELISA measure have been performed after 24 h

Plate design

column 1--2: only cells +media lacking phenol red
no ZnCl2 addition

column 3-4 : 10 mikroM ZnCI2,

column 5-6: 50 mikroM ZnCI2

column 7-8: 100 mikroM ZnCI2

column 9-10: 200 mikroM ZnCl2

column 11-12: 500 mikroM ZnCI2

Row A: 1mM CuCl2

noZn 10uM Zn 50uM Zn 100uM 200uMZn 500uM
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Fig.3. Proliferetion of CHOwt cells
(no Zn & different Zn concentration)

Row B: 0,75mM CuCl12

Row C: 0,5mM CuCl2

Row D: 0,25mM CuCl12

Row E: 0,125mM CuCI2

Row F: 0,06mM CuCl12

Row G: Zn additions different concentration (ac-
cording to the column), no CuCl2 addition, only cells
(media lacking phenol red)

Row H: no CuCI2 addition, no cells, only medium
(media lacking phenol red)

lexp MTT

SDS/DMSO
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Cu&Zinc

Cell seeding
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Fig 4. Design of experiments.

Study of cell survival, depending on the concentra-
tion of copper showed that the concentration of 0.06
and 0.25mM copper is not effective, whereas with in-
creasing concentration from 0,50 to 1,0 mM observed
a dose-dependent increase in cell death from 57% to
28%, respectively. We observed the ability of equimo-
lar concentrations of copper to inhibit the cell survival
necessitates understand the nature of cell death. It is
known that cell death can occur in two alternative
ways, necrosis and apoptosis, which differ in their
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Fig.5. Percent of living cells at various concentrations of copper and zinc.

morphological and biochemical characteristics. So
one of the main features of apoptosis is internucleo-
somal DNA fragmentation of chromatin. In the case
of cell death by way of necrosis or fragmentation is
not observed at all or generated DNA fragments are of
uncertain dimensions, which give a continuous band
at the electrophoretic separation.[9]

It is interesting to trace the changes in cell viabil-
ity at various concentrations of copper and zinc. If we
compare the survival of cells, measurements of MTT
after 24 hour of DMSO/SDS added, at the 0,75 mM
concentration of copper, it may be noted that under
the joint incubation of cells in a solution of copper and
zinc (50mikroM) cell survival by 20 per cent increase
than in the corresponding cells of cells incubated with
copper without zinc. (fig.5)

Of course, it is very difficult to find an adequate
concentration of zinc and copper. Good protective ef-
fect is the concentration of 10 mM solution of zinc.
Phenomenon that describes Perez MJ [9] in his article
also confirmed in our experiment. Preincubation of
cells in a solution of high (200 mikroM) zinc concen-
tration increases the survival of cells approximately
2-fold (4% in the wells without zinc versus 8% in the
hole 200 mikroM) at toxic dose of copper - 1,0 mm
(plate 2).

According Perez MJ data, zinc pretreatment pro-
tect about 50% against the DNA fragmentation, cell
necrosis, and the loss of mitochondrial membrane po-
tential induced by arachidonic acid (AA) treatment in
HepG2cells, overeexpressing CYP2E1 [9].

VanLandingham JW, 2002 in his work exploredthe
ability of Zn to protect human neuron in culture (NT2-
N) from Cu-mediated death and tested the hypotheses
that the tumor-supressor protein p53 plays a role in
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Cu-induced neural death and is part of the mechanism
of Zn protection. Copper toxicity (100microM) result-
ed in significant apoptotic neuronal death. Addition of
100 microM Zn to Cu-treated cells increased neuronal
death. However, the addition of 700 microM Zn to
Cu-treated cells resulted in neuronal viability that was
not different from untreated controls through 24h.[8]

The results that we received in the first experement:

o Statistical significant between data of surviv-
al cells in high Cu concentration (0,50mM,
0,75mM and 1,0mM)

e Concentration 500 mikroM Zn is toxic concen-
tration - percent of survival cells is 0,22%

e The survival rate of CHO-wt cells at 1 mM cop-
per concentration have been increased by 20%
by adding 50 microM zinc (24 h measure).

e Concentration 50 mikroM zinc stimulates cell
division

The second experiment consist of per-treatment

with Zn during 2 days and then added Cu and incubate
again 48 hours.What we received:

e No statistical significant between data of sur-
vival cells in high Cu concentration (0,50mM,
0,75mM and 1,0mM) .

e The cells survival on concentration 200 mik-
roM (1,88% —Zn &Cu (1 exp.) comparative
20,65% pre- treatment Zn in concentration 1,00
mM Cu,

e Pre-treatment needed (necessary) for using
high concentration of Zn (more then 100 mi-
kroM)

e Pre-treatment increase cells survival after add-
ed 0,75mM & 0,50 mMCu in 2 times (46.01 %
comp 28,27% and 73,75% comp. 44,77%)

e Cells with pre-treatment (200mikroM) gives



twice as many living cells at a concentration
of copper 0,1 and 0,75 MM, as the cells with
out Zn

The third experiment consist of per-treatment
with Zn during 2 days.After 48 hours we add Zn and
Cu and incubate again 48 hours. Thus, these cells
grew in medium with zinc within 96 hours. What we
received:

e No statistical significant between data of sur-
vival cells in high Cu concentration (0,50mM,
0,75mM and 1,0mM) The cells survival on
concentration 200 mikroM

e The survival rate of cells at a concentration of 1
mM copper fell by 1.5% by adding 50 nM zinc

e In high concentrations, 200 mikroM and 500
microM more cells are death than in the second
experiment.

Accordingly, Zn protect cells against Cu toxic ef-
fects. But how does it work, remains an open ques-
tion. Is Zinc a simple antagonist of copper or includes
the work of other proteins and enzymes, particularly
metalloproteins, or induction metallothionein?

It can be assumed that zinc accumulates in the
cells in the same compartments in which copper ac-
cumulates and causes a decrease in oxidase activity of
ceruloplasmin (CP) and zinc ions induces the suppres-
sion of gene expression and protein metalotransport
gene CP. It is required to establish the relative level
of gene expression of intracellular copperenzymes
changed or unchanged, or increase the proportion of
mitochondrial SOD1.

Given these results and the fact that the best indi-
cator of an experiment made with simultaneous incu-
bation of copper and zinc 50mikroM we decided to
conduct further experiments, and this mode and with

two concentrations of 50 and 80mikroM Zinc solu-
tion. Although the doses of zinc 5-10uM is also very
interesting for the study, which was confirmed by the
literature.

Next step of our research is to study the copper
sensitivity of different CHO cell mutant lines under
the combined addition of zinc (estimated survival rate
of cells)

This experimentation was carried out seeding
cells in three plates (96 wells)

e 1 pl. added copper,

e the second — Cu and 50 uM zinc and copper

simultaneously,

e third-80 uM zinc and copper

Incubate 48 h. Fourth day: we add MTT and per-
formed ELISA measure after 24 h.

Rezults of the experiment revealed a differ-
ent sensitivity of cells to the joint addition of zinc
and copper. We received 3 categories of cells:The
first one showed an increase in the number of liv-
ing cells by adding zinc (M1, M2, M6, M8, M7)
(fig.6). The second - did not respond (it was re-
sistant) to zinc supplementation (M5 and M12).
the third category, showing an increase in cell death in
zinc supplementation (M9) (fig 7).

Based on these data, we did 9 repeats of mutant
lines that are in the category increased cell prolifera-
tion under the influence of zinc. In experiment have
been involve cells CHO-vec, CHOwt and CHO cells
lines with different type of mutation.(Fig 8)

The cell lines have been broken into at least 3 dif-
ferent categories at the functional level (copper sen-
sitivity):

e First type of cells, which give a high percent-

age of deaths at a concentration of 1 mM, 0.75

To study the copper sensitivity of different CHO cell mutant
lines under the combined addition of zinc (estimated
survival rate of cells)
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Fig.6. Mutan lines showed an increase in the number of living cells by adding zinc
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mM and 50 mM copper — “Sevier” forms for
examples M1, M2, M6, M8, M9.

e Second type of cells, which survive in the pro-
posed 38-50% at the above-mentioned copper
concentration-"mild” forms for examples M4,
M3, M7,.

¢ Intermediate forms for examples M10, M12

Analyzing the data, increasing of living cells have

been established on 23% in CHOwt line; on 20,29%
in CHO M4; on 18% -CHO M7 and CHO M10; and
on 15,37%- CHO M11 during incubation in 1.0mM
copper and 50.0uM zinc solution. We want to note the
absence effect (0,6%) of increasing the number of vi-
able cells in CHO-vec lines in the same solution, but
show 57% of increasing living cells in 0,5mM CuCl2
plus 50mikroM ZnCl2 solution. “Sevier” forms of mu-
tant lines show increasing % of living cells in 0,5mM
CuCl2 plus 50mikroM ZnCl2 solution (Fig.9). May
be this combination of Cu-Zn concentration is very
important for some metabolic process. At 2000 year
Yakugaku Z in his toxicological studies, two biologi-
cal aspects of metallothionein (MT) i.e., antioxidant
and prooxidant depending on the Cu/Zn ration in Cu-
containing MT have been proposed [6]

Conclusion:

1. Zn prevents toxicity of Cu in CHO cells regard-

less whether if ATP7B is expressed or not

2. Zn prevents copper toxicity in CHO cells not

dependent mutant is severe or moderate.

3. CHO-vec lines show 57% of increasing living

cells in 0,5mM CuCl2 plus 50uM ZnCI2 solution

4. Zinc is not a simple antagonist of copper and

includes the work of other proteins and enzymes, par-
ticularly metalloproteins, metallothionein.

5.1t is required to establish the relative level of

gene expression of intracellular copper enzymes and
mitochondrial SOD1
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