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Abstract :

Some of the neurodegenerative diseases is Parlsndisease and Alzheimer's
disease, which can arise due to damage to nerl® ioethe elderly. This study
examines the different genes that express enzyonagbd formation and metabolism
of neurosteroids and cholesterol. The purpose efstindy is to investigate which
genes are expressed in the CNS, and that coulct #fie functions of the brain via the
formation and metabolism of neurosteroids. Theysuged the human cell line SH-
SY5 as the model for neuronal cells. By knowing eihgenes nerve cells express
would in future be able to study the effect of eliéint drugs can have in the formation
of steroid metabolites that affect brain functions.

Methods used in this study, RT-PCR (reverse trgpismn polymerase chain reaction)

and gel electrophoresis to qualitatively examinaegexpression in neuroblastoma.
Results from the study suggested that SH-SY5Y eadfgess some but not all genes
involved in the formation and metabolism of sterb@mones and cholesterol. PCR
experiments, showed expression of the genes foretizgmes CYP19Al1 and 17-

hydroxysteroid dehydrogenase tMSD) and the estrogen receptor BR-

One conclusion that can be drawn from the resdlthis study is to neuroblastoma
cell line SH-SY5Y may constitute a possible cell debfor future research on
hormonal effects and the effect of various drugshenformation of neurosteroids that
influence brain functions.

The purpose of this study is to investigate whetherSH-SY5Y cells (neuroblastoma
cells) can express genes required for the formatmmhmetabolism of cholesterol and
steroid hormones (neurosteroids). The study alsds to investigate which genes
can participate and which is expressed in the foomeof steroid metabolites that
affect brain functions.
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Introduction :

Steroid hormones and neuro-degenerative diseases.

Steroid hormones are formed from cholesterol ardike synthesized by enzymes in
the CNS called neurosteroids. These enzymes catadactions in nerve cells and in
other cell types to form steroid hormones such esygsterone, estradiol and
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testosterone. Neurosteroid is that they modulateatensmission and myelination in

the CNS. Changes in steroidmetaboliserande enzgffeating levels of

neurosteroids which in turn leads to the brain finmc can be affected by
neurodegenerative disorders. There are changeseumosteroid modulating the
GABA-A receptor. Examples of neurodegenerative ass is Parkinson's disease,
multiple sclerosis (MS) and Alzheimer's diseaseeyTdo not yet know everything
about which of the genes and enzymes needed fdotimation of steroid hormones,
which are expressed in the brain's nerve cells [23]

Alzheimer's disease (AD)

AD is one of the degenerative diseases can notubedc Deposition off-amyloid
(AP) takes place during the first stage. In this stége patient no dementia, but only
a problem with the cache i.e. remembering thingsthe second stage proceeds
disease process [1].

Reasons for this is that the nerve cells in the QGdSiaged when the protefi
amyloid accumulates in senile plaqupsamyloid is a part of the amyloid precursor
protein (APP) which is a transmembrane proteifi.ig\cleaved by various enzymes
a-secretase 3-secretase ang-secretasea-secretase cleaves APP in the middle
leading to A plaques do not accumulate in healthy subjects. fidguency of this
splitting increases as you get older, the largeuartsoof amyloidaplack accumulate in
the brain and the production efsecretase decreases, while there is an incredse in
secretase angsecretase. Other reasons for the patient devélbpsan be increased
oxidative stress in the brain and the ability imstate the formation of free radicals,
reduced levels of polyunsaturated fatty acids enlihain, increased lipid peroxidation
with increased level of 4-hydroxynonenal i.e. agielilyde of lipid peroxidation in the
ventricular fluid, reduced energy metabolism, dasesl concentration of cytochrome
c oxidase in the brain. Studies have shown thatl@cynay generate free radicals.
This oxidative stress can cause the cells to urdeppptosis, which may occur in
neurodegenerative diseases such as e.g. Alzhedisease and Parkinson's disease.

Tau protein is a normal occurring phosphorus pnoteat is synthesized in neurons.
The protein may increase the stability of the neupg binding to microtubules in

axons, which form part of the cytoskeleton. It sports nutrients from neuron
nucleus to the synapse.

Parkinson's disease:

Parkinson's disease may result from pharmacologitehtment, cholinergic
deficiency, reduced amount of dopamine (D2) - remspand the presence of alpha-
synuclein in Lewy bodies. Alfasynuklein is a protein neurons affecting
mitochondria. This can lead to inhibition of mitachial complex in the electron
transport, which in turn leads to reactive oxygeecses formed when the cell is
exposed to oxidative stress, membranpermiabilited eelease of cytochrome c
increased which leads to degraded neurons [4].
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Some Genes involved with disease and examined iretbtudy:

1) 17B-hydroxysteroid dehydrogenase (1f-HSD): 17B-hydroxysteroid
dehydrogenases, also called 17-keto steroid reskgtél7-KSR), the enzyme that
performs conversion of androstenediol, estrone, BHE

androstenedione, testosterone and estradiol, sush the conversion of
androstenedione to testosterone. The enzyme cesalye dehydrogenation of 17-
hydroxy steroids in steroidogenesis [20]. There @redifferent types of 1
hydroxysteroid dehydrogenases (type 1-7) [23].

2) Aromatase (CYP19A1)

It is a cytochrome P450 enzyme belonging to theilfa®A. The protein is known
that estrogen synthase, can synthesize estrogeadiesfrom androgens. Aromatase
is an enzyme which catalyzes the biosynthesis thdisl and produced by the
CYP19A1 gene. Both the amygdala and prefrontalegoneurons, astrocytes express
aromatase. Estradiol is part of the hormonal systleat has a major role in the
neuronal survival and neuroprotective effect [6].

3) CYP17A1

CYP17Al is an enzyme that converts forming preasrsdiich are important in the
formation of estrogen and testosterone. The enzgatalyzes the reaction which
170H-pregnenolone is converted into DHEA. Progesierand pregnenlon converted
to 170H progesterone and 170H-pregnenolone [7].

4) ER-a and ER$

A biological effect occurs when estrogen bindsscspecific estrogen receptors (ER).
The receptors are expressed in two different gdfies, and ERB, which means they
are available in two different subtypes. These pwwe act as ligand-regulating
transcription factors and belong to the nucleareptmrs and because they are
expressed in various tissues may be different biockd effects [9]. Estrogens regulate
the growth and differentiation of dendrites andresxm the brain [8].

5) 3B-HSD (type 1 and 2)

3B-hydroxysteroid dehydrogenase3{BISD) occurs in two isoenzyme forms, namely
3B-HSD type 1 and BHSD type 2. Type 1 is expressed in placenta, ®ps
expressed in the adrenal gland, testes and ovijy. |

6) CYP11A1

CYP11A1l is an enzyme which carries out the firgict®n in the metabolism of
cholesterol to steroid hormones. The enzyme cosebilesterol to pregnenolone is a
precursor to all the other corticoids [11].
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Materials and Methods
RT-PCR:

RNA (1ug) extracted from different human tissue samplégpdy of 3 man and 3
woman) such as nerve cells (SH-SY5Y) , and thed M1 program (PrimePCR ™
preamp SYBR® Green Assay: ME1, Human ,7@ 10 min) in the PCR machine to
make cDNA. RNA was then centrifuged where uponaswlaced in ice. A reaction
mix consisting of ig RNA was denatured by heating at 76& 10 minutes, @ of
dNTP mix, 4ul MgCl 2, 2 pl10x RT buffer, Jul oligo (dT) primers, nuclease-free
water to a final volume of 20 V, 0.5l RNAsin Ribonuclease inhibitor and il
Revese transcriptase. To tllverka cDNA, ME2 progr@mom temperature 10
minutes, 420 for 15 min, 950 for 5 min, 0-50 in BniWhere of the PCR program. A
PCR reaction was mixed. This is composed of smepifimer (table 1), fl template
cDNA from the RT reaction, pl MgCl 2, 1ul dTNP mix (10 mM), 5ul 10xPCR bf 2
MIFWD Primer (10-50 pmol), 2 plPrimer REV (10-50 qim nukleasfrittt water to a
final volume of 5Qul. To this was added 08 of Taqg DNA polymerase.

PCR cycles were used with different programs deijpgndn which genes express
some primers as in tablel and table 2.

Finally gel electrophoresis was performed on theRP@oducts, using the UV
transilluminator visualized RNA bands from diffetetissues (human liver cells,
DU145, ovaries, placenta, testicles and human msui®H-SY5Y). As positive
controls in PCR experiments, RNA from various tessthat are human liver cells,
DU 145 prostate cells, ovary, placenta, testes.nguative control was untreated ie it
had the same blend as other PCR reactions witheut@NA, ie it consisted only of
the PCR reaction. Instead of cDNAubof water. A negative control are executed in
order to ensure the result obtained by other psnitab?2).

Table 1. Different PCR program for various human primers

Gener Primer PCR- program Reference

17B-HSD (F) CCAGGTGAGGAACTTTCACCAA 95C° 10 min, 94C°
1min, 55C° 1 min,

typ 5 (R) TGGCCAATCCTGCATCCTT 7200 1min. 35 times | 13
to 2,72C°10min, 4C°
CYP19A1 (F)TGTCTCTTTGTTCTTCATGCTATTTCTC 95C° 10 min, 94C°| 14

1min, 60C° 1 min,
72C° 1min, 45 times
to 2,72C°10min, 4C°

(R) TCACCAATAACAGTCTGGATTTCC
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CYP17A1 (F) GCG ATC AGA AGC TGG AGA AG |95C° 10 min, 94C° 1|15
(R) CCACAG AGGTGGTGG TCT C min, 59C° 1 min, 72C°
1 min, 35 times to 2,
4c°
CYP17A1 (F) GCCTCCTTGTGCCTAGAGTT 50C° 2 min, 95€&]| 16
10min, 95C¢ 15 Sec,
(R) AAATAAGCTAGGGTAAGCAGCAAG 66C° 1 min 72C° 1
min, 45 times to 3|
4C°
ER-a (F) 94° C for 45 s, 55°C |9
45 s, 28 or 38 cycles
ACAAGGGAAGTATGGCTATGCGCAAGTGAAATC and 72°C 90 s
TCCTCCG
(R)
CATCTCTCTGGCGCTTGTGTTCTGTCAATGCAGTT
TGTAG
ER-a (F) CCACCAACCAGTGCACCATT 94° C for 15 , 94°C | 18
15s, 56 9 C 20 sec, 50
(R) GGTCTTTCGTATCCCACCTTTC times to 2, 72°C 10
sec, 4
ER-B (F) TAGTGG TCC ATC GCC AGT TAT|96°C 3 min, 95° C1 |17
(R) GGG AGCCACACTTCACCAT min, 55C° 1 min, 72C°
1 min, 35 times to 2,
4c°
3p-HSD typ 1 | (F) GGAATCTGAAAAACGGCGGC 95C° 15min, 94C° 30 | 19
sec, 61C 40 sec, 72°C
(R) CTGAGATAAGTAGAACTGTCCTCGGATG 1 min, 45times to 2,
72°C10 min, 4°C
3B-HSD typ 2 | (F) CGGCTAATGGGTGGAATCTA 95°C 10 min, 94°C 1 | 21

(R) GATCTCGCTGAGCCTTCTTG

min, 60 1 min, 72°C 1
min, 35 times to 2,
72°C10 min, 4°C
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Table 2. Primers for different genes and their number of base pairs of PCR

fragments.

Attraction genes

Number of base pairs

Positive Comntl

Reference

17p-HSD typ 5 112 DU 145 (prostate cancer cell13
lines)
CYP19A1 200 DU 145 14
CYP17A1 500 human liver cells 14
CYP17A1 120 human liver cells 14
ER-B 395 human liver cells 17
ER-a 309 ovary, placenta and testis 18
ER-a 108 ovary, placenta and testis 18
3p-HSD typ 1 251 DU145,ovary, placenta and| 19
testis
3p-HSD typ 1 525 DU145,ovary, placenta and| 19
testis
3p-HSD typ 2 510 DU145 20
Results

A ladder (DNA mass ladder) used to estimate the R@Bment size. This ladder
consists of a mixture of fragments with sizes cd@Q800, 1000, 800, 400, 200 and

100 bp.

17B-HSD type 5

17B-HSD primers and the positive control RNA from DBldells was used. The
expected size of the PCR product with these prirh@sHSD was 112 bp. Results of
the positive control, RNA from DU145 cells, gave asclear ribbon, while the
negative control gave no bands. Results di-li8D primers and RNA from SH-
SY5Y cells gave us a clear band with fragments eiza of 112 bp. Programs and
primers used are shown in the table and figurel.
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112bp

Figure 1. PCR experiments with primers for the 1p-HSD gene. L, ladder (DNA
mass ladder); 1, positive control RNA / cDNA from 145 cells; 2, RNA / cDNA
from SH-SY5Y cells

CYP19A1:

CYP19A1 primers and the positive control with RIiAdm DU145 cells was used.
The expected size of the PCR product with thesenggg CYP19A1 was 200 bp.
Results of the positive control, RNA from DU145Isglgave us a clear band. As
negative control, a mixture of PCR reaction contagjmo cDNA.

The negative control did not give any band. Resnilt€ YP19A1 primers and RNA
from SH-SY5Y cells gave us a clear band with fragteeof a size of 200 bp.
Programs and primers used are shown in the tablefiga2.

200 bP e
100 bp e

Figure 2. PCR experiments with primers for the CYP®DAL gene. L, ladder (DNA mass
ladder); 2, positive control RNA / cDNA from DU145cells; 1, negative control (no RNA /
cDNA); 3, RNA / cDNA from SH-SY5Y cells.
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ERp gene:

ERB- primers and the positive control with the RNArfrdiuman liver cells is used.
The expected size of the PCR product with thesenggs ER® was 395 bp. As a
positive control primers were used to [ERRNA from human liver cells. The results
of the positive controls, RNA from human liver sglishows a clear band of the
correct size. The result for BRprimers and RNA from SH-SY5Y cells show a clear
band with fragments of a size of 395 bp. The negationtrol did not give any
band.(tabl and fig.3).

Figure 3. PCR experiments with primers for ERf gene. M, ladder (DNA mass
ladder); 1, positive control RNA / cDNA from human liver cells; 2, negative
control (no RNA / cDNA); 3, RNA / cDNA from SH-SY5Y cells.

Discussion

Previous studies have shown that the effects omestemol and steroid hormones
related to certain neurological diseases. The huBta8Y5Y cell line used in this
study, these cells have the characteristics cavreBpg to neurons in the human
brain. The results of this study suggest that sgeres (CYP19A1, ER; 17B-HSD)

is expressed in these neurons, while genes thatarexpressed in these neurons is
ER-0, 33-HSD type 1, B-HSD type 2; CYP11A1 and CYP17A1.

PCR and electrophoresis was simple and good metbatisve need more studies to
ensure the performance of certain genes which teesnl the present study is
uncertain.

Some genes in the study showed clear bands sucAC&SI primer, but the
interpretation of the results was that they exméssThe results are difficult to
interpret, this is especially because of the stuslylall size and the limited time frame
during which the experiments took place. ERfimers and the positive control was
tested several times because they did not givebamg in SH-SY5Y cells. The
positive control did not work on either of the twaomer pairs used and the need for
more experiments to test them again by changingntheber of cycles or find the
optimal annealing temperature to get the band enpibsitive control. This study
could not fully analyze gene expression in the seunf the three months during
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which the experiments were conducted. Neuroblastoells SH-SY5Y, finally,

seems to be a suitable cell model for the studgrof effects on the formation and
metabolism of cholesterol and steroid hormones.

Conclusion:

One conclusion that can be drawn from the resdlthis study is to neuroblastoma
cell line SH-SY5Y may constitute a possible cell debfor future research on
hormonal effects and the effect of various drugshenformation of neurosteroids that
influence brain functions.
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