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Comparison of gene expression of metallothioneins, ubiquitin and p53
in fibroblasts from lung and skin of rats of different age

Y.G. Kot, E.V. Kot, E.S. Morosova, E.E. Persky, M.A. Gritsenko, N.I. Bulankina
V.N. Karazin Kharkiv National University, Kharkiv, Ukraine

We studied gene expression of five metallothioneins (MT 1-5), ubiquitin and protein p53 and their products in fibroblasts culture of the
skin and lungs of white rats of different ages (2 weeks, 1, 3, and 24 months) and determined its (metallothionein 1-5 types, ubiquitin, p53)
product quantity. All these proteins are protective ones, but perform their functions by using different mechanisms. Metallothionein bind,
transport and excrete ions of bivalent metals, ubiquitin controls the cleavage of the defective and short-lived proteins in the proteasome,
protein p53 controls apoptosis, thus ensuring the genome stability. The similarity of age dynamics of gene expression of ubiquitin and MT of
cells of both sources has been shown — maximum at 3 months. Expression of p53 gene has a difference: both in the skin and lungs expression
increases up to 24 months. Product quantity of p53 has a minimum in the skin at 3 months and remains constant; in the lungs, this value has a
maximum at 1 month.
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CpaBHeHHe 3KCIIPecCHH FeHOB MeTAINIOTHOHENHOB, YOUKBUTHHA U pS3
B udpod/IacTax JJIerkux M KOKH KpbIC pa3HOT0 BO3pacra

IO.T'. Kor, E.B. Ko, E.C. Mopo3soga, E.O. Ilepckuii, M.A. I'punieako, H.W1. Bynankuna

Xapvrosckuii nayuonanvwiil ynugepcumem umenu B.H. Kapasuna, Xapvros, Ykpauna

TIpoBeneHo HccenoBaHkEe SKCIPECCHH TeHOB MATH MeTaioTHoHeHHOB (MT 1-5), yOukButHHa U 6enka pS3 B KynbType hropodnacto
KOXH W JIETKHX OEJbIX KPbIC pa3Horo Bospacta (2 Henmenw, 1, 3 u 24 Mecsia), a TAKKe OMPEASTICHO KOJIMYECTBO UX MPOAYKTOB (METAILIO-
THOHEHHOB 1-5 THIOB, yOUKBUTHHA, Oenka p53). Bee 9TH GeNkn ABJIAIOTCS 3aIUTHBIME, HO BBITIOJIHSIOT CBOU (DyHKIIMH C UCTIONB30BAHUEM
Pa3HBIX MEXaHU3MOB. MeTaJlIOTHOHEHHBI CBSI3bIBAIOT, TPAHCHIOPTUPYIOT U BBIBOJAT M3 OpraHU3Ma HOHBI JBYXBAJICHTHBIX METAJLIOB, YOUK-
BUTUH KOHTPOJIMPYET PaCIICIVICHHE B MPOTEacoMax AeEKTHBIX U KOPOTKOKHBYIIUX OCIKOB, OEMOK P53 KOHTPONHPYET MEXaHU3M aIloNTo-
3a, obecrieynBasl TAKUM 00pa3oM CTaOMIBHOCTh TeHOMA. B cBs3M ¢ 3THM 3amayeii HacTosmel paboThl OBLIO CPaBHEHHE IKCIIPECCHU yKa-
3aHHBIX T€HOB M KOJIYECTBA UX OEKOBBIX IMPOAYKTOB B (HOPOOIACTAX COSTMHUTEIHHON TKAHU KOXKH U JIETKUX IS BRIIBIICHHS POJIM Te-
HETHYEeCKHX (PaKTOPOB B X0JIe MX OHTOreHe3a. [IokazaHo CXO/ICTBO BO3PACTHOM AMHAMHKH 3KCIpecchy TeHoB MT 1 yOMKBUTHHA U3 KIIETOK
000MX MCTOYHMKOB — HATMYHE MaKCHMyMa B 3 Mecsitia. Bo3pacTHbIe H3MeHeHHsT SKCIpeccuy TeHOB Beex AT M T xapakTepH3yroTcst Kak B
KOXe, TaK U B JIETKUX IOJ{bEMOM B IIEPBOIl MOJIOBUHE OHTOreHe3a. [Iis KOXKHM XapaKTepeH YeTKHl MakCUMyM JKcrpeccud reHoB MT B
3 Mecsila, Uit JIETKMX 3TOT MakcUMyM MeHee 4eTok. K 24-My mecsiity skcrpeccust Beex reHoB MT B ¢puOpobnacTax kak KOXH, Tak U Jier-
KHX, PE3KO NajJiaeT B 2—3 pasa 0 CPaBHEHHIO ¢ MAKCUMYMOM. DKCIIPECCHs 'eHa YOMKBUTHHA, KOHTPOJIMPYIOIIETO PaCIleIIeHHe KOPOTKO-
JKUBYILMX WITH TIOBPSKICHHBIX OEJIKOB, YBENIUUMBaeTCsl B (puOpobIacTax Jerkux K 3 MecsiiaM B 1,5 pasa, a Jajee CHUKAeTcsl HIKE YPOBHS
y JBYXHEIENbHBIX )KUBOTHBIX. B KOXkKe MakCHMyM 3KCIIPECCHH JAHHOTO TeHa TAKKe MPUXOAUTCS Ha 3 MECSIA, HO CHIDKEHHE HE TaKoe Cy-
mecTBeHHoe. KonmaecTBo mpoykra yOMKBUTHHOBOTO TeHA B JIETKHX BO3PACTAET O TPEXMECSYHOTO BO3PACTa M Jajiee MPaKTHIECKH He
MeHseTcs. B xoxke HaOmroqaeTest majieHue B eproz OT ABYX HeJeNb 0 OHOTO MecsIia, MOXbeM K TPEM MecsIiaM M pe3KHi CIajl K CTapo-
cTH (TIpEMEpHO B 3 pa3a MO CPaBHEHHUIO C TPEXMECSUHBIM BO3PACTOM). DKCIIpeccust TeHa P53 MMeeT MHOW XapakTep: U B KOXe, U B JIETKUX
HOBBIIICHHE YKCIIPECCHH IPOUCXOIUT BILIOTH J10 24 MecsieB. KomraecTBo npoaykTa pS3 MUHHMAIBHO B KOKe B 3 Mecsilia U Jjajiee He 13-
MEHSIETCS; B JITKUX 3Ta BEJIMYMHA MAKCHMAJIbHA B OJIH MECSLL.
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Introduction

Fibroblasts in cell culture from lungs and skin of white
rats of different age (2 weeks, 1, 3, and 24 months) have
been studied. Numerous works in the field of developmental
biochemistry are still held mainly at the organ and tissue
level without the use of experiments with cell cultures (Mul-
ler, 2007). Meanwhile, using for such purposes the culture of
cells in a complex picture of the ontogenetic changes helps to
isolate the effect of genetic factors. Objects of research are
fibroblasts from various sources, having the same origin, but
functioning in different organs (Chang, 2002; Al Bahar,
2004; Ring, 2006), they have varying degrees of expression
of certain determined genes. Gene expression of several pro-
teins with different mechanism of action and the quantity of
their products has been investigated (metallothioneins 1—
5 types, ubiquitin, p53). All these proteins are protective
ones, but perform their function using different mechanisms.

Metallothionein bind, transport and excrete ions of biva-
lent metals (Davis, 2000; Pyhteeva, 2009; Thirumoorthy,
2011). Metallothionein expression is driven by a number of
physiological factors through several response elements in
metallothionein gene promoter. Cellular accumulation of
these proteins depends on both gene expression and protein
degradation. Both depend largely on the availability of cellu-
lar zinc derived from the dietary zinc supply. Metal-
lothioneins could act in a number of biochemical processes.
For example, they can take part in trafficking and donation of
zinc to appropriate apoproteins, including zinc finger pro-
teins. As a result, metallothioneins may affect a number of
cellular processes (gene expression, apoptosis, and prolifera-
tion). Metallothioneins have the ability to exchange other
metals with zinc in different metalloproteins, and it can ex-
plain its role in metal toxicity. Mobilization of zinc and cu-
prum from metallothioneins by oxidative stress may explain
its antioxidant function (Liuzzi, 2001).

Ubiquitin controls the cleavage of the defective and
short-lived proteins in the proteasome (Li, 2008). Selective
degradation of many short-lived proteins is carried out by the
ubiquitin system. Ubiquitin-mediated degradation of regula-
tory proteins plays important role in the control of numerous
processes, including cell cycle, signal transduction transcrip-
tion regulation, endocytosis. The ubiquitin system is impli-
cated in degradation of abnormal proteins that have defects
as a result of gene mutation or some post-translation damage
(Barder, 2006; Hoyt, 2006).

The protein p53 controls apoptosis, thus ensuring ge-
nome stability (Chumakov, 2007). Signals for metabolic
processes diverge from the optimum or for proteins structure
damage converge on p53 through its numerous connections
with various proteins (Vousden, 2007). Depending on the
damage level, the result of p53 activity is either acceleration
of DNA repair or stoppage of cell division and apoptosis
(Degterev, 2008).

In this regard, the purpose of this study was the compari-
son of the expression of these genes and their protein prod-
ucts in the connective tissue of skin and lungs to determine
the role of genetic factors in the course of their ontogenesis.

Materials and methods

The experiments were conducted in accordance with the
international instruments on bioethics (European Convention
“About protection of vertebrate animals used for experimen-
tal and other scientific purposes”, the Law of Ukraine
“On protection of animals from cruelty”). Donors of skin and
lung fibroblasts were purebred white rats of 4 age groups
(2 weeks, 1 month, 3 month and 24 month).

Cell isolation. Lungs and skin milled in DMEM medium,
containing 1% Trypsin. After 30-minute incubation at 37 °C
cells were harvested and seeded in vented culture flasks in
DMEM medium, containing 10% FBS, and culturing was
carried out.

Cell cultivation. Cells were cultured at 37°C and 95%
humidity in the presence of 5% CO, (Nuair 4500, USA).
Cell attachment and density of the cell culture was monitored
in transmitted light of the inverted microscope Carl Zeiss
Telaval. We used fibroblasts of the 3rd passage.

Analysis of gene expression was performed on Arrayit
DNA-microarray of production Arrayit (Arrayit, USA).

Total RNA was isolated from the cells with spin-column
set of RNeasy Mini Kit (Qiagen) according to the original
manufacturer's manual. cDNA synthesis by reverse tran-
scription was carried using QIAGEN OneStep RT-PCR Kit
(Qiagen, USA). We used gene-specific primers and Cy3-
labeled nucleotides manufactured by Arrayit and Life Tech-
nologies (USA), respectively. Hybridization was carried out
using individual chambers for hybridization SecureSeal (In-
vitrogen, USA), in separate wells that contribute labeled
cDNA from the cells of animals of different age.

Final amount of protein product made was determined
using microarray ELISA-kits and reagents Antibody Array
Assay Kit (KAS20, Full Moon BioSystems, Inc., USA).

The chips were scanned with the confocal fluorescence
scanner Affymetrix 428 using the Jaguar software. The ob-
tained results are expressed as fluorescence units — rFLU per
1 cell.

The results were statistically processed using the Mann —
Whitney test. Results were expressed as M =+ SD, where M —
arithmetic mean, SD — standard deviation. Results with P <
0.05 were considered reliable.

Results and discussion

One of the important mechanisms of adaptation to high
doses of heavy metals and of metals of variable valence is to
increase the gene expression of metallothioneins (MT), low
molecular weight proteins, containing in its composition high
percentage of cysteine clusters (Pykhteeva, 2009; Thiru-
moorthy, 2011). Due to this MT is capable of binding diva-
lent metals with high affinity. Now there are found more
than 10 isoforms of these proteins in different living facilities
(Davis and Causins, 2000). MT bind both essential metals
(copper, zinc, selenium, ensuring their transport to the sites
of utilization or excretion when excess flow) and metals-
toxicants (cadmium, mercury, lead, etc.). MT are found in
almost all organs of mammals. The destruction of the com-
plex of MT with metals, at least for some of the isoforms,
occurs in the lysosomes of the kidneys, and then released in
the form of ionic metals excreted in the urine.
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Age-related changes of gene expression of all five MT
are characterized by a rise in the first half of ontogeny both
in skin and lungs (Table 1). For skin characterized by the
clear maximum of MT gene expression in 3 months, for light
this maximum is less clear. For 24 months, the expression of
all MT genes in fibroblasts of skin and lungs sharply de-
creases 2—3 times compared to the maximum.

Almost all age groups have the higher level of protein-
MT in skin compared to the lungs, and sharp decline in the
amount of product is observed by 24 months (Table 2).

Changes in ontogenesis are less expressed and have the op-
posite direction to MT 1-3 or reaching the maximum at
3 months for MT 4 and 5 in lung tissue.

Gene expression of ubiquitin (Table 3) that controls the
splitting of short-lived or damaged proteins (Li, 2008), in-
creases in lung fibroblast at 3 months 1.5 times, and further it
decreases below the level in 2 week animals. In skin high
expression of this gene is also observed for 3 months, but the
decline is not so significant.

Gene expression of metallothionein in cultured fibroblasts of skin and lungs in rats of different age (rFLU per 1 ceiliﬁ;ble !
Gen (Protein) Tissue 05 month 1 month Expression 3 month 24 month
- Ak Ak S
MTLI (M) T T W Y P N R
o Ak A Ak
MTL2 (MT2) e | 320000 | aTTia0 | 90ss0 T T1io0w
H Ak A Ak
MIL3 (MT3) R S N B A S T N PSS 1 TS
MTLA (T N T W Y T T W ST
1 A% Ak sk
MTLS (M) P G T N WY N 5 0 B P
Note: * —significantly (P < 0.05) compared to the previous age; * — significantly (P < 0.05) relative to 0.5 months.
Table 2

Product quantity of metallothionein in cultured fibroblasts of skin and lungs in rats of different age (rFLU per 1 cell)

. . Product quantity
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
skin 8224+ 168.3 605.4 + 124.2 399.5 + 82.3» 169.1 + 35.47%
MTL1 (MT1) lung 140.4 +£25.2 157.1+27.3 168.1 £29.0 228.4 +40.1"
skin 764.1 + 185.0 4994 +121.3 261.1 £63.0"*| 127.6+31.1"*
MTL2 (MT2) lung 84.3+19.2 94.4+21.0 115.0£25.2 133.3 +£29.2"
skin 777.4 £167.1 4873 £105.5M | 261.8£5527%| 128.0+27.0M*
MTL3 (MT3) lung 64.3 £6.0 72.6+7.7 106.3 £10.5™* | 114.7+11.5"
skin 774.1 +199.4 487.1 £125.7 2432+ 62.9MN* | 128.7 £33.7°*
MTL4 (MT4) lung 74.0 £ 8.1 83.4+£82 102.1 £ 10.0M* 975+ 102"
skin 841.1 £198.2 649.8 £ 153.2 325.8+77.0"*%| 170.0 £40.0"*
MTLS5 (MT53) lung 152.0+ 6.0 171.6 £ 7.6"* 209.0 &+ 9.97* 168.8 £7.7
Note: see Table 1.
Table 3

Gene expression of ubiquitin and p53 in cultured fibroblasts of skin and lungs in rats of different age (r FLU per 1 cell)

. . Gene expression
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
UBB (ubiquitin) skin 251.1+£12.0 312.0+ 151" | 622.0+31.0"*| 4444 +22.27*
d lung 316.0 £3.1 4243 £ 5.17* 491.4 £5.0M* 218.1 £2.27%*
skin 33.0+2.0 41.4 +3.0M* 63.3 £4.5M* 159.6 + 10.17*
TP33 (p33) lung 59.1+4.1 62.1+4.0 55.4+3.1 143.0 £ 9.0"*

Note: see Table 1.

The amount of ubiquitin gene product in lungs increases
for 3 months age and then remains practically unchanged
(Table 4). In skin there is a decline in the period from 2 weeks
to 1 month, climbing to 3 months and the sharp decline to old
age (approximately 3 times compared with 3-month age).
Obviously, similarities of the dynamics of gene expression and
their products, for MT and ubiquitin, suggests that at young
age the ability of fibroblasts of skin and lungs contributes to
successful protection of connective tissue from its proteins
damage by different external influences. But with age geneti-

cally determined adaptability to damaging factors is reduced,
and this may partly explain the accumulation of damaged pro-
teins with age in several age-related pathologies.

Gene TP53, which controls genome stability and triggers
apoptosis under the action of genome damaging factors (Chu-
makov, 2007), is maximally expressed in old age both in lungs
and skin (Table 3). Quantity of the product is significantly re-
duced in skin for 3 months and remains virtually unchanged in
the second half of ontogeny (Table 4). In the lung fibroblast
protein p53 fluctuates less, its maximum is observed in 1 month.
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Table 4

Product quantity of ubiquitin and p53 in cultured fibroblasts of skin and lungs in rats of different age (r FLU per 1 cell)

. . Product quantity
Gen (Protein) Tissue 0.5 month 1 month 3 month 24 month
UBB (ubiquitin) skin 1226.6+11.4 969.1 +£9.0"* 1146.4 £10.1°* 399.1 +£3.6M*
lung 700.7 +38.3 787.4 £43.2/% 968.2 + 53.0"* 964.1 £52.1*
TPS3 (p33) skin 8222+3.1 467.1 £ 1.0M* 273.0+ 1.0M* 297.1+1.0M*
lung 186.3 £6.0 209.2 +7.2/* 161.1 £5.0M* 149.0 £ 5.0M*

Note: see Table 1.

Obviously, the mechanism of p53 action is significantly
more complicated and it does not fit the pattern similar to
that of other protective proteins investigated. The differences
between the dynamics of p53 gene and its products both in
skin and lungs also reveal more complex picture of changes
in ontogenesis, which interpretation needs further research.

Conclusions

We found similarities of the gene expression studied at
different age, typical to MT and ubiquitin both in skin and
lungs. They consist in achieving the maximum expression
within 3 months. Dynamics of p53 protein gene expression
and its accumulation in fibroblasts differs significantly in
ontogenesis from the dynamics of MT and ubiquitin. Be-
sides, essential distinctions in the gene and the protein p53 in
fibroblasts of the skin and lungs were found.
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