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The Eff  ect of Melatonin on Proliferation of 
Primary Porcine Cel ls Expres s ing Mutated 
Huntingtin

Vliv melatoninu na proliferaci primárních 

prasečích buněk exprimujících mutovaný 

huntingtin

Abstract
Accord ing to the recent studies, melatonin might play an important role in Huntington’s disease 

(HD) and act as a novel therapeutic approach in the treatment of the disease. HD, the inherited 

neurodegenerative disorder, is accompanied by gradual melatonin reduction as it progres ses. Me-

latonin in normal cel ls (non-tumor) has the anti-apoptotic ability due to its antioxidant property 

and its ability to prevent the activation of p53. Furthermore, melatonin increases the expres sion 

of BDNF (brain derived neurotrophic factor) and other neuroprotective factors. The aim of this 

study was to evaluate the nontoxic dose of melatonin for primary skin fi broblasts isolated from 

minipigs transgenic for the N-terminal part of human mutated huntingtin (TgHD), and the eff  ect 

of melatonin treatment to these cel ls exposed to genotoxic stres s. Cel ls were cultured in medium 

supplemented with diff  erent doses of melatonin. Us ing time lapse microscopy, we estimated the 

eff  ect of decreas ing melatonin concentrations by analyz ing the proliferation curves. We show that 

higher doses of melatonin are toxic for primary porcine fi broblasts. Interestingly, TgHD cel ls were 

more sensitive to these doses of melatonin treatment than wild type cel ls. We evaluated the ef-

fective dose of melatonin and demonstrated its rescue proliferative eff  ect on porcine primary cel ls 

exposed to genotoxic stres s.

Souhrn
Současné studie naznačují možnou důležitou úlohu melatoninu v Huntingtonově nemoci (HN) 

a jeho možné terapeutické využití při léčbě této nemoci. HN je dědičné neurodegenerativní 

onemocnění, které doprovází snižování hladiny melatoninu s postupem onemocnění. U normál-

ních (nenádorových) buněk působí melatonin antiapoptoticky díky svým antioxidačním vlast-

nostem a schopnosti zabránit aktivaci proteinu p53. Dále melatonin zvyšuje expresi BDNF (brain 

derived neurotrophic factor) a dalších neuroprotektivních faktorů. Cílem této studie bylo stanovit 

netoxickou dávku melatoninu pro primární kožní fi broblasty izolované z transgen ních miniprasat 

pro N- koncovou část lidského mutovaného huntingtinu (TgHD) a popsat efekt tohoto ošetření 

na tyto buňky vystavené genotoxickému stresu. Buňky byly kultivovány v médiu obohaceném 

různými dávkami melatoninu. Analýzou proliferačních křivek získaných mikroskopováním živých 

buněk v pravidelných časových intervalech jsme stanovili efekt různých koncentrací melatoninu.

Ukázali jsme, že vyšší dávky melatoninu jsou pro primární prasečí buňky toxické. Je zajímavé, že 

TgHD buňky byly oproti kontrolním buňkám více citlivé k tímto dávkám melatoninu. Stanovili jsme 

efektivní dávku melatoninu a současně jsme ukázali její efekt na proliferaci u buněk vystavených 

genotoxickému stresu. 
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Aims of the study
Huntington’s disease (HD) represents an in-

herited neurodegenerative disorder lack ing 

an eff  ective treatment. The disease is caused 

by a gene- cod ing mutation for the hunting-

tin protein (mtHtt). HD is not only the disor-

der aff  ect ing the central nervous system, but 

it also aff  ects the peripheral tis sues, because 

mtHtt is widely expres sed throughout the 

body [1]. There are many other symp toms 

observed in HD, in addition to neurodege-

neration, like osteoporosis, testicular dege-

neration, and los s of muscle tis sue [2]. 

A prominent feature of the disease is also 

disturbed sleep [3] caused by progres sively 

declined melatonin levels with advanc ing 

disease [4] and signifi cantly reduced levels 

of melatonin in later stages of HD [5]. The 

mechanism caus ing the melatonin secretion 

dis ruption remains unknown. 

Neurodegeneration in HD is attributed to 

neural cel l death in striatum and cortex of the 

brain. One of the pos sible therapeutic strate-

gies targeted to neurodegeneration could re-

present the reduction of apoptosis [6]. Apopto-

sis is caused by increased levels of pro-apoptotic 

protein p53. Increased levels of total p53 and 

also phosphorylated p53 at serine 15 are ob-

served in brains and peripheral tis sues of HD 

patients as wel l as in transgenic mouse models 

of HD [7,8]. Increased levels of p53 phosphory-

lated at serine 15 [9] are the result of DNA- da-

mage accumulation in HD [10,11]. 

Melatonin has many physiological func-

tions [12]. It has the ability to induce apop-

tosis in tumour cel ls while it prevents it in 

non-tumour cel ls. It is an excel lent antioxidant 

that acts as a free radical scavenger and inc-

reases the expres sion and activity of antioxi-

dant enzymes [13]. Melatonin increases the le-

vels of Sirt1 deacetylase in primary neurons. 

This positively aff  ects the expres sion of BDNF 

(Brain Derived Neurotrophic Factor) and 

other neuroprotective factors and inhibits 

neurodegeneration in animal models of Alz-

heimer’s and Huntington’s dis ease [14]. There 

is evidence that melatonin mediates neuro-

protection, delays the onset of the dis ease, 

and mortality in transgenic mouse models 

of HD [15]. These fi ndings suggest that me-

latonin might act as a novel therapeutic app-

roach in the treatment of HD. We generated 

a unique large animal model for HD, the mi-

nipig transgenic for the N-terminal part of 

human mutated huntingtin (TgHD) [16]. 

The aim of the study was to fol low the me-

latonin eff  ect on proliferation curves of por-

cine primary skin fi broblasts derived from 

TgHD minipigs and their wild type (WT) con-

trols. The fi rst objective was to fi nd the ef-

fective nontoxic concentration of melatonin 

treatment. Furthermore, we evaluated the 

eff  ect of melatonin in TgHD and WT fi bro-

blasts exposed to genotoxic stres s. 

Methods
Cel l culture

Primary fi broblasts were isolated from skin 

grafts of miniature pigs transgenic for the 

N-terminal part of human mutated hun-

tingtin (TgHD) and their age- matched wild 

 type (WT) controls with similar genetic back-

ground at the age of 36 months (pre-mani-

festation phase of HD). Cel ls were cultured in 

Minimal Es sential Medium α (MEM α) without 

nucleotides (Gibco, #22561) supplemented 

with 10% fetal bovine serum (Sigma- Aldrich, 

#F7524) and 0.1% Gentamicin (Sigma- Ald-

rich, #G1397) under normal culture condi-

tions (5% CO
2
 at 37°C). Cel ls were cryopre-

served in the fi rst pas sage in MEM α with 

10% DMSO (Sigma- Aldrich, #D8418), 25% FBS 

and stored in liquid nitrogen until use. After 

thaw ing the cel ls in 37°C water bath, cel ls

were cultured as described above under 

normal culture conditions. Al l experiments 

were performed in the third cel l pas sage. 

Melatonin treatment

Melatonin (N- acetyl- 5- methoxytryptamine) 

was purchased from Sigma- Aldrich (#M5250) 

and dis solved in DMSO to obtain a stock so-

lution at the concentration of 0,1M. Additio-

nal dilutions were done in culture medium 

MEM α to achieve the concentrations 10– 4M, 

10– 8M, 10– 12M, 10– 14M and 10– 16M.

Neocarzinostatin treatment

Neocarzinostatin (Sigma- Aldrich #N9162) 

was added to the medium (1 : 50,000) and 

im mediately added to the cel ls.

Time-lapse microscopy

Fibroblasts were seeded in the third pas sage 

on 12- wel l plate TPP (5 × 104 cel ls per wel l) or 

Fig. 1. Time lapse microscopy measurement of the wild type (WT) and TgHD (TG) cell growth on treatment with diff erent doses of 
melatonin. 

Growth curves of control cells in black (control), melatonin treatment (mel) 10–4M in grey, 10–8M in light green and 10–12M in dark green. These 

data are the mean of three replicates. 
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Fig. 2. Time lapse microscopy measurement of the wild type (WT) and TgHD (TG) cell growth on treatment with diff erent doses of 
melatonin. 

Growth curves of control cells in black (control), melatonin treatment (mel) 10–12M in grey, 10–14M in light green and 10–16M in dark green. 

These data are the mean of three replicates. 
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Fig. 3. Change in confl uence derived from data of growth curves of the wild type (WT) and TgHD (TG) cell on treatment with diff erent 
doses of melatonin. 

Control cells in black (control), melatonin treatment (mel) 10–12M in grey, 10–14M in light green and 10–16M in dark green. These data are the 

mean of three replicates. 
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Fig. 4. Time lapse microscopy measurement of the wild type (WT) and TgHD (TG) cell growth on treatment with neocarzinostatin (NCS, 
1 : 50,000) in grey, neocarzinostatin (NCS, 1 : 50,000) and melatonin (mel) 10–14M in light green and control cells (control) in black. 

These data are the mean of two replicates. 
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Next, we investigated the eff  ect of 10– 14M 

melatonin on cel ls exposed to genotoxic stre-

s s induced by neocarzinostatin, radiomimetic 

drug caus ing DNA double strand breaks (Fig. 4). 

Neocarzinostatin caused decreas ing 

cel l growth due to DNA damage. In con-

trast, treat ing the stres sed cel ls with mela-

tonin 10– 14M resulted in the enhancement 

of the cel l proliferation. This indicates that 

the treatment with melatonin 10– 14M of 

porcine cel ls exposed to genotoxic stres s 

causes a res cue eff  ect and may play a role in 

prevent ing the DNA damage.

Conclusion
In this study, we tested the eff ect of melato-

nin on porcine TgHD and WT fi broblasts ex-

posed to genotoxic stress. The eff ect of me-

latonin on stimulation or suppression of cell 

division depends on its concentration and cell 

type examined [17], and it has not yet been 

published in porcine skin fi broblasts. We de-

monstrated that the dose of melatonin 10– 4M 

is toxic for primary porcine fi broblasts. Moreo-

ver, we found that TgHD cel ls are more sen-

sitive to 10– 8M dose of melatonin treatment 

than WT cel ls. This shows a higher responsive-

ness of TgHD cells to stress. We showed that 

the concentrations of melatonin treatment 

10– 12M 10– 14M and 10– 16M are not harmful for 

primary cel ls isolated from miniature pigs 

transgenic of the N-terminal part of human 

mutated huntingtin. Nevertheles s, based on 

change in confl uence derived from prolife-

ration curves, we chose the concentration of 

10– 14M as an optimal concentration of mela-

tonin treatment for porcine fi broblasts. Pre-

vious fi ndings showed that melatonin pre-

vents DNA-damage by promoting DNA repair 

[18]. Using the concentration of 10–14M, we de-

monstrated that melatonin treatment of por-

cine cells exposed to genotoxic stress caused 

rescue eff ect in WT as well as in TgHD cells, 

which suggests a role of melatonin in preven-

ting DNA-damage in Huntington’s disease.

Acknowledgements

This work was funded by Program Research and De-

velopment for In novation Ministry of Education, Youth 

and Sports ExAM CZ.1.05/ 2.1.00/ 03.0124, Norwegian Fi-

nancial Mechanism 2009– 2014 and the Ministry of Edu-

cation, Youth and Sports under Project Contract no. 

MSMT- 28477/ 2014 “HUNTINGTON” 7F14308.

References

1. Almeida S, Sarmento- Ribeiro AB, Januário C, Rego AC, 

Oliveira CR. Evidence of apoptosis and mitochondrial 

abnormalities in peripheral blood cel ls of Huntington’s 

disease patients. Biochem Biophys Res Com mun 2008; 

374(4): 599– 603. doi: 10.1016/ j.bbrc.2008.07.009.

24- wel l plate TPP (2 × 104 cel ls per wel l) and 

cultured six hours under normal culture condi-

tions, while the cel ls were attached to the sur-

face of the wel l. After incubation period, media 

were exchanged with cor respond ing media 

contain ing diff  erent doses of melatonin, mela-

tonin and neocarzinostatin (NCS), and normal 

culture medium MEM α to the control cel ls.

Cel ls were imaged each hour by time- lapse 

microscopy us ing IncuCyte (Es sen Bios-

cience, Welwyn Garden City, UK) with phase 

contrast and scan pattern 4 × 4 under nor-

mal culture conditions (5% CO
2
 at 37°C) for 

at least fi ve days. 

Data analysis

The cel l confluence was calculated us-

ing the IncuCyte software (2009B, Rev2) as 

a mean of three replicates or two replica-

tes (NCS treatment). To determine the maxi-

mum speed of the cel l proliferation the rate 

of change curves, derived from cel l confl u-

ence curves, was performed. 

Results
In order to evaluate the optimal concentration 

of melatonin treatment for primary cel ls isola-

ted from TgHD and age- matched WT minia-

ture pigs we treated cel ls with diff  erent doses 

of melatonin rang ing from 10– 4M to 10– 12M 

and scan ned them by time- lapse microscopy 

to obtain cel l growth curves (Fig. 1). 

Application of melatonin at the concent-

ration 10– 4M resulted in marked inhibition of 

TgHD and WT cel l proliferation. Interestingly, 

addition of lower concentration of melato-

nin (10– 8M) inhibited TgHD, but did not inhi-

bit the WT cel l growth, suggest ing a higher 

sensitivity of TgHD cel ls to stres s. No chan-

ges of cel l proliferation compared to the 

control were detected after incubation with 

the concentration of melatonin 10– 12M.

After show ing that the dose 10– 12M is not 

toxic for primary porcine cel ls, we decided 

to measure the eff  ect of lower doses of me-

latonin rang ing from 10– 12M to 10– 16M (Fig. 2). 

Addition of melatonin at diff  erent concen-

trations (10– 12M, 10– 14M and 10– 16M) to the 

TgHD and WT cel ls did not inhibit cel l proli-

feration compared to untreated control cel ls. 

In order to choose one concentration of 

melatonin treatment we further examined 

the change in confl uence derived from pro-

liferation curves of melatonin treatment 

10– 12M, 10– 14M and 10– 16M demonstrated the 

highest peak of the speed of cel l growth at 

10– 14M melatonin treatment in fi ve from six 

investigated animals (Fig. 3). 

csnn s2 2015.indb   48 29.10.2015   14:08:49

proLékaře.cz | 13.6.2026


