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Cell viability in SH-SY5Y neuroblastoma cells in folic acid
application by using JACK-STAT pathway
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ABSTRACT

Aims:Folic acid and folate are forms of a water-soluble B vitamin. Folic acid is used as a
supplement by women during pregnancy to reduce the risk of neural tube defects. Folic acid
supplementation is reported with the suppression of tumor development in literature. Here,
the effect of folic acid was analyzed for cell proliferation and viability on neuroblastoma cells.
The gene expression differences of folic acid receptors and JAK/STAT pathway were analyzed.

Methods:FA solutions were prepared on TuM, 5uM, 10uM concentrations and applied on
neuroblastoma SH-SY5Y cells. XTT cell proliferation assay and cell viability assay were used
for finding cell proliferation and viability. The gene expression differences was analyzed on
FOLR1, JAK1, STAT3, PIAST, PTPN1 and SOCS-1 genes on neuroblastoma cells by using real time
polymerase chain reaction.

Results:In XTT assay, LD50 dosage was found as 22uM FA concentration on SH-SY5Y
neuroblastoma cells. Cell viability was found as 93% in control, 96% in 1-5uM, 97% in 10uM folic
acid application (p<0.005). FOLR1, STAT3 and SOCS-1 gene expressions were found higher than
control (p<0.005). JAK1, PIAS1 and PTPN1 gene expressions were found as similar to control
(p=0.05)

Conclusions:Folic acid in different concentrations increased the neuroblastoma tumor cell
viability. Our results supported similar findings on the same cell type in literature. Increased
FOLR1 gene expression results can be interpreted that FA causes an increasing in folate
receptors. High STAT3 and SOCS-1 gene expressions observed in our experiment may be the
result of folic acids’ effect on JAK/STAT pathway in neuroblastoma cells.

Introduction

Folic acid (FA) as a vitamin (folate) has various roles in bodily
functions. Human body needs FA as a cofactor in DNA synthe-
sis, DNA repair and DNA methylation. FA is especially important
in cell division and growth, such as in infancy and pregnancy
(1, 2). FAis used as a supplement by women during pregnan-
cy to reduce the risk of neural tube defects in the baby (3, 4).
Folate receptors (FR) are high affinity receptors that transport
folate via endocytosis. FR1/FRa (adult form), FR2/FRp (fetal
form) and FR3/FRYy are activated by folic acid in a cell. FR1,
FR2 and FR3 proteins are encoded by FOLR1, FOLR2 and
FOLRS3 genes respectively (5). In literature, FA uses was re-
ported with the suppression role of tumor development. Kuo
et al. pointed out that FA inhibits colon cancer cell proliferation
using FRa-SRC/ ERK1/2/NFkB/TP53 pathway (6). Hansen et
al. presented that FA activates STAT3 through FRa in a Janus
Kinase (JAK)-dependent manner in FRa-positive HelLa cells
(7). In JAK-STAT pathway, “the signal transducer and activa-
tor of transcription 3-STAT3” is a well-described pro-oncogene
found constitutively activated in several cancer types. Three
major groups of proteins that cells use to regulate this signaling
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pathway are “protein inhibitors of activated STAT-PIAS”, “pro-
tein tyrosine phosphatases-PTPs and “suppressors of cytokine
signaling-SOCS” (8-10). PIAS, PTP and SOCS are the protein
families which can be affected by JAK/STAT pathway. In this
study, only one gene in each protein family group was select-
ed (PIAS1, PTPN1 and SOCS-1 genes for PIAS1, PTPN1 and
SOCS1 proteins respectively) (11-13).

Neuroblastoma cell lines are transformed, neural crest de-
rived cells, capable of unlimited proliferation in vitro (14). SH-
SY5Y human neuroblastoma cells express FR1 protein. So
these cells are suitable for folate studies (15, 16). Folate re-
ceptors bind folate and mediates delivery of tetrahydrofolate to
the interior of cells. Tetrahydrafolate molecules regulate many
folate-dependent processes in a cell (17).

The measurement of cell proliferation/viability plays an es-
sential role in all forms of cell culture. Cell proliferation/viability
can be used to correlate cell behavior to cell number. XTT/MTT
assays are used for finding the cell proliferation ratios. For cell
viability, trypan blue assay is the most common form (18, 19).
Gene expression is the process by which genetic instructions
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are used to synthesize gene products. These products are usu-
ally proteins, which go on to perform essential functions as en-
zymes, hormones and receptors (20).

We aimed to analyze the possible role of FA on cell prolif-
eration and viability in SH-SY5Y neuroblastoma cell lines by
using XTT and trypan blue assays. Gene expression alterations
of folate receptor gene (FOLR1) were analyzed. JAK, STAT3,
PIAS1, PTPN1 and SOCS-1 genes were studied in JAK/STAT
pathway. First total RNA isolation was performed on each cul-
ture flask. Than c-DNAs of selected gene was obtained. Re-
al-time polymerase chain reaction (RT-PCR) was performed
for finding gene expression differences by using c-DNAs as a
template.

Methods

This study is designed due to Ethical Board Decision of Gul-
hane Military Medical Academy-2013-4.

Preparation of FA Solutions

FA was obtained from |.E.Ulagay AS Company. FA was di-
luted in physiologic serum in 1uM, 5uM, 10pM concentrations
(19, 21).

Cell Culture

Adult neuroblastoma cell line SH-SY5Y (ATCC CRL-226612)
were cultured and incubated in RPMI-1640 (Sigma-Al-
drich-R8758) including 10% (v/v) FBS (BiochromAG, Germany)
and 1% (v/v) gentamycin (Biological Industries, Israel) at 37° C
in 5% CO, Heraus incubator (Hanau, Germany). We arranged
four cell culture groups; one for control, three for FA solutions
(1uM, 5uM, 10uM concentrations).

XTT Cell Proliferation Assay

The cytotoxic effects of FA solutions were analyzed by using
the protocol of XTT (2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-
5-[(phenylamino)carbonyl)]-2H-tetrazolium hydroxide) assay kit
on mouse MSCs. “XTT assay” kit (Trevigen XTT Cell prolifer-
ation assay kit-Cat No: 4891-025-K) was used in accordance
with manufacturer’s instructions. The results were obtained by
using “ELISAreader” (22). LD-50 dosages were found as 22uM
FA concentration. We prepared the FA solution’s concentrations
below the toxic dosage (1uM, 5uM, 10uM FA concentrations)

Cell viability assay

Trypan blue (Sigma Aldrich Co. 302643) as a stain was used
in procedures for viable cell counting. Trypan blue was diluted
at 0.8uM in PBS. It was mixed with the cells 1:1. In this meth-
od, live (viable) and dead (non-viable) cells were counted on
hemocytometer.

RNA Isolation and cDNA Synthesis

Cells were harvested by using trypsin/EDTA solution (Sigma
Aldrich/ T4049) 24 hours after Zn application. RNA isolation
was performed three times in each culture flasks. The c-DNAs
were obtained in each condition. The c-DNAs were run on 2%
agarose gel for control.

Real-time Polimerase Chain Reaction (RT-PCR)

The expression patterns of selected genes [FOLR1 (OMIM:
136430), JAK1 (OMIM: 147795), STAT3 (OMIM: 102582),
PIAS1 (OMIM: 603566), PTPN1 (OMIM: 176885) and SOCS-1
(OMIM: 603597)] were found in RT-PCR analyses. Beta Ac-
tin-ACTB (OMIM: 102630) gene was used as an internal con-
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trol in each reaction. All the forward and reverse primers were
designed from Primer Bank (https://pga.mgh.harvard.edu/prim-
erbank/). Each RT-PCR reaction was performed in 20ul [10 pl
2 X SYBR (Applied Biosystems), 5ul ¢ DNA, 1l primer, 3ul d
H20] in reaction tubes in Roche Applied Science: LightCycler
® 480 System. For optimum results, RT-PCR reactions were
performed six times for each gene in each condition. The gene
expression levels were found in FOLR1, JAK1, STAT3, PIAS1,
PTPN1 and SOCS-1 genes in control and FA treated groups.
FA treated group results were compared with control group re-
sults. Mean values were obtained in all groups.

Statistical analyses

The mean values of RT-PCR results were obtained by divid-
ing from each of RT-PCR reaction result. Student’s t test (one
sample t test) was used for two-group comparisons by using
MS Exell. Student t tests results (p values) represent two group
comparisons among the control and the FA treated groups (Ta-
ble 1 and Figure 1).

Cell viability ratios of neuroblastoma in FA usage
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Figure 1. Cell viability ratios on neuroblastoma cells in FA application.
All the cell viability ratios were statistically significant (p<0.05).

Results

In XTT assay, LD50 dosage was found as 22uM FA concen-
tration on SH-SY5Y neuroblastoma cells. Due to this result, FA
dosages were chosen lower than LD50 dosage in our study
(1uM, 5uM, 10uM concentrations). Cell viability assay results
were 93+4% viable in control, 96+2% viable in 1uM FA applica-
tion, 96+4% viable in 5uM FA application, 97+2% viable in 10uM
FA application. So, FA in different concentrations changed the
neuroblastoma tumor cell viability. The results were found as
statistically significant (p<0.005) (Figure 1).

In RT-PCR analysis in control group (untreated with FA),
FOLR1 gene expression level was found to be 1.09+0.4 in av-
erage. FOLR1 gene expression levels were found as 2.28+0.1,
2.40+0.1 and 1.90+0.4 in treated 1uM, 5uM, 10uM FA con-
centrations respectively. These values obtained in FA treated
groups were found to be statistically significant when compared
with the control group (p<0.05) (Table 1). In control group, JAK1
and STAT3 gene expression levels were found to be 3.041+0.5
and 0.2210.4 respectively. At 1TuM, 5uM, and 10uM concentra-
tions, JAK1 gene expressions were analyzed as 3.14+0.6 and
3.22+0.1 and 3.09+0.7 respectively. These values were statisti-
cally insignificant when compared to the control group (p=0.05)
(Table 1). At 1uM, 5uM, and 10uM concentrations, STAT3 gene
expressions were analyzed as 1.22+0.4 and 1.09+0.4 and
1.13+0.4 respectively. These values were statistically signifi-
cant when compared to the control group (p<0.05) (Table 1).
Results can be interpreted that FA causes an increasing in fo-
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Table 1: Gene expression analyses of control group and study groups.

Gene Expression Levels

GENES %’r’;tl:;' 1uM FA solution P value :gl':'tz ‘r\l Pvalue  10uM FA solution P value
FOLR1 1.09 £ 0.4 2.28 + 0.1 p<0.005  2.40 £0.1 p<0.005 1.90 + 0.4 p<0.005
JAKA 3.04 0.5 314 £0.6 p>0.05  3.22+0.1 p=0.05 3.09+0.7 p=0.05
STAT3 0.22 £ 0.4 122+ 0.4 p<0.005  1.09 + 0.4 p<0.005 113+ 0.4 p<0.005
PIAS1 219 0.5 222105 p=0.05  Not obtained - 21905 p>0.05
PTPN1 4.09 £ 0.4 4.09+06 p=0.05 4.08+0.1 p=0.05 410£0.5 p=0.05
SOCS-1 0.99 £ 0.1 153+ 0.6 p<0.005  Not obtained - 1.67 £ 0.1 p<0.005

late receptors and JAK/STAT pathway.

PIAS1, PTPN1 and SOCS-1 gene expressions were stud-
ied in FA free condition as control. Control results were found
in PIAS1 gene as 2.19+0.5, in PTPN1 gene as 4.09+0.4 and
in SOCS-1 gene as 0.9940.1 in these analyses (Table 1). In
PIAS1 gene, gene expression results were found as 2.22+0.5
and 2.1940.5 in 1uyM and 10uM FA solutions. In PTPN1 gene,
gene expression results were found as 4.09+0.6 and 4.08+0.1
and 4.10+0.5 in 1uM, 5uM and 10uM FA solutions respectively.
These results obtained in PIAS1 and PTPN1 genes were found
as statistically insignificant due to control results (p=0.05). In
SOCS-1 gene, gene expression results were found as 1.53+0.6
and 1.67+0.1 in 1uM, and 10uM FA solutions. The results ob-
tained in SOCS-1 gene were found as statistically significant
due to control results (p<0.05) (Table 1, Figure 2).

Gene expression analyses of FA applied groups
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Figure 2. The graph represents gene expression results of FA applied
groups. Group 1 1 indicates 1 uM, group 2 indicates 5uM, and group
3 indicates 10 uM FA solutions. (In Pias1 and Socs1 genes, 5uM FA
studies were not obtained. In Pias1 10 uM FA application and in Ptpn1
gene 1 uM, 5uM, 10 uM FA applications, no difference in gene expres-
sions were found)

Discussion

Reduced derivatives of FA play a critical role in the develop-
ment, function and repair of the central nervous system. How-
ever, the molecular systems regulating folate uptake and ho-
meostasis in the central nervous system remain incompletely
defined (23, 24). On the other hand, FA supplementation and
cancer relationship is still a debate. Mortansen et al. explained
that FA supplementation was not associated with risk of major
childhood cancers (25). In the population consisting of heavy
smokers, high folate levels had been reported with an additive

effect to the cancerogenic role of smoking (26). Hatami et al.
explained that high intakes of folate were associated with re-
duced odds of breast cancer (27). Despite of these findings, the
literature is not clear about neuroblastoma tumors. French et al.
found that FA fortification was associated with a 60% reduction
in neuroblastoma. The authors pointed out that further inves-
tigation was needed into the role of folate metabolism in the
formation and prevention of neuroblastoma and other embry-
onically determined cancers (28). For finding the role of FA on
neuroblatoma we performed this study on adult neuroblastoma
SH-SY5Y cell line.

Cell-based assays are essentials in toxicity studies for
screening the effects of selected molecule on cell viability
and cell proliferation. Cell viability and cell proliferation can be
analyzed by using XTT/MTT cell proliferation assay and cell
viability assay. LD50 is the amount of a material, given all at
once, which causes the death of 50% of a group of test animals
or cells (29). Here we performed XTT assay in our study and
found LD50 dosages as 22uM FA concentration. FA concen-
trations, lower than LD50 dosages were chosen in our study.
Distinguishing between live and dead cells is very important for
investigation of growth control and cell death. There are a lots
of cell viability methods use in laboratory (from the most routine

mcoup1| and easy trypan blue assay to highly complex types) (22). Cell
scroup2|  Viability was analyzed by using trypan blue staining in our study.
eroup3 |  Our results demonstrated that FA stimulated cell viability in cer-

tain concentrations (Figure 1). In literature, generally FA stim-
ulates neuronal type cell’s viability. Liu et al. reported that folic
acid supplementation stimulated neural stem cell proliferation
dose-dependently (30). Li et al. explained that high FA concen-
trations increased the cell viability in SH-SY5Y neuroblastoma
cells (18). The similar results obtained in our study, supported
the literature findings.

The protein encoded by FOLR1 gene is a member of the FR
family. Members of this gene family bind FA, and transport tet-
rahydrofolate into cells. FOLR1 gene is required for normal em-
bryonic development and normal cell proliferation (31). In our
study, FOLR1 gene expressions was found higher than control
in all FA treated groups (Table 1 and Figure 2). This finding rep-
resents that FA enhances FR production. Similar reports were
observed in the literature (31).

JAK1 gene encodes a membrane protein that is a member of
a class of protein-tyrosine kinases. The encoded kinase phos-
phorylates STAT proteins and plays a key role in interferon-al-
pha/beta and interferon-gamma signal transduction (32). STAT
protein is activated through phosphorylation in response to var-
ious cytokines and growth factors. This protein mediates the
expression of a variety of genes in response to cell stimuli, and
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thus plays a key role in many cellular processes such as cell
growth and apoptosis (33). In our study, FA stimulated STAT3
gene expression (Table 1). This result may represent that FA
uses JAK/STAT pathway in certain concentration on neuroblas-
toma cells (34). Hansen et al. reported that FA stimulated the
same protein (STAT3) in FR1 positive HelLa cells (7).

JAK-STAT signaling is able to interconnect with other cell-sig-
naling pathways, such as the PI3BK/AKT/mTOR pathway (35).
JAK-STAT signaling can also integrate with the MAPK/ERK
pathway. Grb2 protein which is important for MAPK/ERK sig-
naling, can bind to receptors phosphorylated by JAKs. MAPK/
ERK signaling activates STATs (36). Interleukin-2 (IL-2) recep-
tor signaling in T cells is another alternative signaling mecha-
nism. IL-2 receptors have y (gamma) chains, which are asso-
ciated with JAK3, which then phosphorylates key tyrosines on
the tail of the receptor. Phosphorylation then recruits an adap-
tor protein called Shc, which activates the MAPK/ERK pathway,
and this facilitates gene regulation by STATs (37). Given the
importance of the JAK-STAT signaling pathway, particularly in
cytokine signaling, there are a variety of mechanisms that cells
possess to regulate the amount of signaling that occurs. Also
there are three protein families which are used in cells to reg-
ulate this signaling pathway (8-10). In our study, the roles of
these protein families (PIAS, PTP and SOCS) in FA uses were
analyzed (12-14). We found that SOCS-1 gene which encode
SOCS-1 protein (participates in SOCS major protein group)
was activated by FA application (Table 1 and Figure 2).

Our results indicate that FA supplementation needs a lot
studies for finding the effect of cell behavior and viability in neu-
roblastoma and other types of tumors.
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