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TO NEURON?
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ABSTRACT

Introduction: One kind of testicular cancer which affects germ cells that
eventually give rise to sperm is called testicular embryonal carcinoma.
These cancer cells can self-renew and differentiate, and they encourage
the growth of malignancies. An active byproduct of vitamin A (retinol),
retinoic acid (RA), is crucial for both embryonic development and
fundamental biological functions such cell division, proliferation, and death.
It is frequently utilized as a differentiation inducer in vitro, particularly on
cancer and stem cells. S100B protein plays an important role in events
such as inflammation, cell growth, cell differentiation, cytoskeleton
dynamics and cell movement. NF-kB (nuclear factor kappa B) is a protein
complex that is an important transcription factor within the cell. Constantly
active NF-kB increases cell proliferation in some cancers and inhibits the
immune system's response to the tumor. The aim of the study is to
demonstrate how the morphology and S100B and NF-kB expressions of
testicular embryonal carcinoma cells change as a result of RA stimulation.

Method: After RA was administered to the testicular embryonal carcinoma
cells (CRL-2073) at the determined dose (10 uM), crystal violet and luxol
fast blue stainings were performed for morphological examination. Then,
using immunohistochemical technique, cellular expression and location of
S100B and NF-kB in testicular embryonal carcinoma cells were examined.

Results: When we stained CRL-2073 cells differentiated with RA with
crystal violet, we observed morphological differences in the cell nucleus
and cytoplasm, which is a visual indicator of differentiation. Luxol fast blue
staining was observed in CRL-2073 cells that began neuronal
differentiation with RA. The S100B protein was expressed in embryonal
carcinoma cells and was associated with cell differentiation. NF-kB was
active in maintaining proliferation and pluripotency in these cells; its activity
decreased with differentiation.

Conclusion: It is important to show histologically that CRL-2073 cells
begin to differentiate with RA. In addition, determining the expression levels
of S100B and NF-kB proteins, which are biomarkers for both tumor biology
and differentiation processes, by immunostaining before and after RA is a
potential treatment target. This information is an important step in
understanding cancer biology.

Keywords: Testis embryonal carcinoma, retinoic acid, differantiation,
S100B, NF-kB.

INTRODUCTION

Human testicular embryonal carcinoma cells are a type of
malignant germ cell tumor cells that occur in the testicles.
These cells arise from a particularly aggressive and fast
growing type of tumor called embryonal carcinoma. These
tumors consist of undifferentiated and rapidly dividing cells
similar to cells of embryonic origin (1). They can be very
invasive and they can become pluripotent and transform into

OzZET

Giris: Testis embriyonal karsinomu, sperm olusumuna yol agan germ
hticrelerini etkileyen testis kanseri turlerinden birisidir. Bu kanser hiicreleri
kendini yenileyebilir, farklilasabilir ve kétl huylu timérlerin blytimesini
tesvik eder. A vitamininin (retinol) aktif bir yan triinii olan retinoik asit (RA),
hem embriyonik gelisim hem de htiicre bélinmesi, gogalmasi ve 6limu
gibi temel biyolojik islevler igin énemlidir. Ozellikle kanser ve kok
hiicrelerde, in vitro farkhilasma indikleyicisi olarak siklikla kullanilir.
S100B proteini, iltihaplanma, hiicre biylmesi, hiicre farklilagsmasi, hiicre
iskeleti dinamikleri ve huicre hareketi gibi olaylarda 6nemli rol oynar. NF-
kB (nlkleer faktor kappa B), hiicre iginde énemli bir transkripsiyon faktora
olan bir protein kompleksidir. Strekli aktif olan NF-kB, bazi kanserlerde
hiicre gogalmasini artirir ve bagisiklik sisteminin timére verdigi yaniti
engeller. Calismanin amaci, RA uyarimi sonucu testis embriyonal
karsinom huicrelerinin morfolojileri ile S100B ve NF-kB ekspresyonlarinin
nasil degistigini géstermektir.

Yontem: Testis embriyonal karsinom hiicrelerine (CRL-2073) belirlenen
dozda (10 pM) RA uygulandiktan sonra, morfolojik inceleme igin kristal
viyole ve luxol fast blue boyamalari yapildi. Daha sonra,
immuinohistokimyasal teknik kullanilarak, testis embriyonal karsinom
hiicrelerinde S100B ve NF-kB'nin hiicresel ekspresyonu ve yeri incelendi.

Bulgular: RA ile farklilasan CRL-2073 hiicrelerini kristal viyole ile
boyadigimizda, hiicre gekirdeginde ve sitoplazmada farklilagsmanin gorsel
bir gostergesi olan morfolojik farkliliklar gézlemledik. RA ile ndronal
farklilagsmaya baslayan CRL-2073 hucrelerinde luxol fast blue boyamasi
gozlendi. S100B proteini embriyonal karsinom hiicrelerinde ifade edildi ve
hiicre farklilagsmasiyla iligkili bulundu. NF-kB bu hiicrelerde proliferasyon
ve pluripotensiyi korumada aktiftir; aktivitesi farklilagsmayla azaldi.

Sonug: CRL-2073 hicrelerinin RA ile farklilasmaya basladigini histolojik
olarak gostermek onemlidir. Ayrica, hem timér biyolojisi hem de
farklilagsma surecleri igin biyobelirte¢ olan S100B ve NF-kB proteinlerinin
ifade duzeylerinin RA oncesi ve sonrasinda imminboyama ile
belirlenmesi potansiyel bir tedavi hedefidir. Bu bilgi kanser biyolojisini
anlamada 6nemli bir adimdir.

Anahtar kelimeler: Testis embriyonal karsinom, retinoik asit, farklilasma,
S100B, NF-kB.

other cell types. Embryonal carcinoma cells are used as a
model system in cancer biology, pluripotent stem cell studies
and drug development. Embryonal carcinoma cell lines such
as CRL-2073 are frequently used in laboratory settings,
especially in studies on differentiation. Human testicular
embryonal carcinoma cells show quite characteristic
morphological and biological features in cell culture (2). Due
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to their invasive properties, the cells grow in adherent
colonies. The colony structure is similar to embryonic stem
cells. They proliferate rapidly. They usually divide in culture
for 24-36 hours. This high proliferation is an indication that
the cells are of tumor cell origin. These cells are pluripotent,
meaning they can differentiate into different cell types
(ectoderm, endoderm, mesoderm origin) under appropriate
conditions (3,4). Therefore, they are the preferred model
cells in differentiation studies.

Retinoic acid (RA) is an active derivative of vitamin A
(retinol) and plays an important role in embryonic
development and basic biological processes such as cell
differentiation, proliferation and apoptosis. It is widely used
in vitro as a differentiation inducer, especially on stem cells
and cancer cells (5). It transforms stem cells or pluripotent
cells into specialized cell types. For example, it can direct
embryonal carcinoma cells into neuronal cells or other cell
types (6). It is critical for embryonic development, especially
for the formation of the anterior-posterior axis and nervous
system development. It can also cause developmental
disorders depending on the dose. Retinoic acid binds to
RAR/RXR receptors in the nucleus and acts as a
transcription factor, increasing or repressing the expression
of target genes (7).

The S100 protein family is a very large and functional
group of proteins that play very important roles especially in
the connective tissue, nervous system, immune system and
cancer biology (8). S100 gets its name from the phrase
"solubility in 100% ammonium sulfate". It is a family of small,
calcium-binding proteins. It is usually found in cells such as
glial cells, Schwann cells, melanocytes, cartilage cells,
macrophages, Langerhans cells (9). S100B proteins are
proteins directly related to neuronal differentiation and
nervous system development. These proteins are not only a
tumor marker but also an active biological signal regulator.
In in vitro studies, S100B expression is increased during
neuronal differentiation with RA at embryonal cells such as
NT2 and P19 (10,11). This indicates maturation of cells
leading to glial or neuronal pathways. CRL-2073 cells do not
express S100 proteins significantly in the pluripotent state.
Stem cell markers such as OCT4, NANOG, SOX2 are more
elevated at this stage (12). Early neuron markers begin to
increase in the first 3-5 days after RA is applied to the cells.
S100B expression begins from day 7—14. In a study in the
literature, S100B expression was used as an indicator of glial
differentiation while examining the neuronal and glial
orientation of embriyonic stem cells such as NT2 and NCCIT
with RA (13).

NF-kB (Nuclear Factor kappa-light-chain-enhancer of
activated B cells) is a transcription factor family that plays a
role in many critical processes of the cell such as stress
response, immune response, inflammation, apoptosis,
cancer and neurodegenerative diseases (14). Following RA
treatment, the expression of the NF-kB protein reduced.
Because during development, this protein inhibits anti-
apoptotic signaling and cell proliferation.

Demonstrating changes in cell morphology and
expression of S100B and NF-kB proteins after administration
of retinoic acid to testicular embryonal carcinoma cells is an
important step toward a deeper understanding of how these
proteins play a role in cancer cells and how they contribute
to cancer molecular biology.

MATERIALS AND METHODS:

Cell Culture:

The human testicular embryonal cancer cell line CRL-
2073 (NCCIT, Abcam) was used in this study. They were
cultivated in 6 well plates in RPMI-1640 medium (L-
glutamine, HEPES, Gibco) that contained 5% fetal bovine
serum (FBS, Capricorn) and 1% antibiotic (penicillin-
streptomycin, Gibco). 37°C and 5% CO, conditions were
used to incubate the cells.

Retinoic Asid (RA) Induced Differentiation:

After the cells are grown in a suitable culture medium, RA
was applied at the dose determined according to the
literature to study groups (15,16). The cells were exposed to
10 uM RA for 10 days in order to demonstrate whether the
cells had differentiated into nerve cells. Every day following
the application, the vitality of the cells was assessed. To
control groups no application was performed.

Crystal Violet Staning:

Stanining CRL-2073 cells with crystal violet after RA
administration is a very meaningful method to evaluate the
response of the cells in terms of survival, adhesion and
differentiation. Coverslips were placed in 12 well plates and
cells were cultured. 4 % paraformaldehyde (PFA) was used
to fix the cells and wait for 10 minutes. Then the cells were
washed with PBS and the round coverslips were placed on
the slide. Cells were passed through 100%-96%-75%
alcohol series and then washed with distilled water. Slides
were incubated in working solution (Crystal violet-mos lab)
for 1 hour. Then the slides were cleaned under tap water for
5 minutes. They were passed through 75%-96%-100%
alcohol series for dehydration. In the last step, they were
kept in xylene for 30 minutes and covered with entellan.
Photographs were taken using a light microscope (Nikon).
The purpose of performing this staining is to observe
whether the cells survive after RA application, their adhesion
to the surface and whether RA has a toxic effect.

Luxol Fast Blue Staninig:

Luxol Fast Blue (LFB) is a histological dye that is
specifically used to stain myelin sheaths and nerve tissue. It
usually gives myelin sheaths a blue colour, which makes it
easier to examine neuronal structures under a microscope.
This makes it feasible to investigate the location and
composition of the myelin sheath within the nervous system.
Action potentials can be swiftly transmitted by nerve cells
because to the insulating layer called myelin. Degeneration
or injury to myelin sheaths can also be demonstrated by LFB
staining. After the cells received the recommended dosage
of retinoic acid, LFB labeling was used in our investigation to
check for cell differentiation. Myelin/myelinated axons and
Nissl granules are intended to be demonstrated via LFB
staining (Bio Optica, 24192). On coverslips set inside 12-well
plates, cells were sown. % 4 paraformaldehyde was used to
fix the cells. Ten drops of the kit's reagent A were put to the
slide in a humid setting, and the slide was then incubated for
the entire night at 56°C. To get rid of the crystal remnants of
reagent A, the preparation was rinsed with 95% ethanol the
following day and then distilled water. After adding ten drops
of reagent B to the mixture, 30 seconds were spent waiting.
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Figure 1. Morphological images of CRL-2073 cells before and after RA application. (A1 and A2: CRL-2073 cells that were not exposed to RA. B1:
CRL-2073 cells' after 7 days of 10 uM RA treatment and B2: CRL-2073 cells' after 10 days of 10 uM RA treatment Magnification: 200X).

Myelin fibers were rinsed with distilled water after being
distinguished with 70% ethanol until they turned blue. Ten
drops of reagent C and five drops of reagent D were applied
to the slide once the humid environment was restored. For
20 minutes, the incubation box was kept at 56°C. Nissl
granules were dyed pale pink after being distinguished in
95% ethanol. Following ethanol dehydration, they were
stored in xylene before being covered with entellan. A light
microscope was used to take pictures (Nikon).

Immunocytochemistry:

Immunocytochemistry  staining was performed to
demonstrate the localization and expression of S100B and
NF-kB proteins in the nucleus and cytoplasm before and
after RA application in the human testicular embryonal
carcinoma cell line (CRL-2073). In 12-well cell plates, cells
were cultured on circular coverslips for
immunocytochemistry staining. The cell medium was
removed and PBS was used to wash the cells when they had
attained a specific density (about %80-90). After that, the
cells were fixed for 15 minutes using 4% PFA. After drawing
with a pappen, the coverslips that were put on the slide were

cleaned with PBS. To avoid nonspecific binding, they were
incubated with blocking solution for one hour. They were
given another PBS wash following incubation. The
coverslips were covered with primary antibodies S100B (St
John's, 1:50) and NF-kB (Santa Cruz, 1:50), and incubated
for the entire night at +4°C. Primary antibodies were
removed and cleaned with PBS the following day. After that,
they spent an hour being treated with a biotinylated
secondary antibody. They were incubated with Streptavidin
solution for half an hour after being cleaned with PBS. AEC
solution was added on them in order to make the reaction
visible, and the incubation period was changed by observing
under a microscope. Following washing, they were
incubated for 30 seconds with Mayer's Hematoxylin to stain
the nucleus and coated with a water-based covering
medium. Assessments were conducted using a light
microscope.

RESULTS:

Morphological effects of RA application:

CRL-2073 cells were treated with RA (10 uM) to induce
differentiation until day 10. At RA treatment, the growth of
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Figure 2. Crystal violet staining images of CRL-2073 cells before and after RA application. (A1 and A2: CRL-2073 cells that were not exposed to RA.
B1: CRL-2073 cells' after 7 days of 10 yM RA treatment and B2: CRL-2073 cells' after 10 days of 10 uM RA treatment)

these cells slows in response and differentiation follows. As
CRL-2073 cells differentiate, their spherical shape is
significantly changed during differantiation (Figure 1). Some
of the flattened cells had branched, extended cytoplasmic
processes, which are characteristic of the shape of neurons
(5,16).

Crystal Violet Stanining results:

When the staining results of the control group (not
exposed to RA) and the RA group were compared, the
number of stained cells was examined to understand
whether RA had a toxic effect. And as a result, it was

observed that the cell number in the RA group decreased
compared to the control group (Figure 2). In the RA group,
the staining intensity generally decreased. Because the cells
differentiate, cell proliferation rate slowed down and some of
them entered to the apoptotic process.

Luxol Fast Blue Staining results:

Human testicular embryonal carcinoma cells are not
stained well with Luxol fast blue because this dye specifically
targets lipid structures in myelinated nerve tissue. Human
testicular embryonal carcinoma cells are pluripotent cells
that do not contain myelin. Therefore, staining is much less
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Figure 3. Luxol Fast staining images of CRL-2073 cells before and after RA application. (A1 and A2: CRL-2073 cells that were not exposed to
RA. B1: CRL-2073 cells' after 7 days of 10 yM RA treatment and B2: CRL-2073 cells' after 10 days of 10 yM RA treatment).

in the group that was not given retinoic acid than in the group
that was given retinoic acid (Figure 3). The luxol fast blue
staining results showed that CRL-2073 cells started to
morphologically change into nerve cells after RA.

Immunocytochemistry results:

After RA application, S100B and NF-kB protein
expression has not been examined in human testicular
embriyonal carcinoma cell lines before. S100B was
expressed at higher rates in RA-treated cells compared to
untreated cells. NF-kB was expressed at a lower rate in RA-
applied cells compared to those not applied (Figure 4).

DISCUSSION

This Testicular embryonal carcinoma is a malignant tumor
that develops in the testes and usually originates from germ
cells. The biological features, intracellular signaling

pathways and protein expressions of these tumors are
important for diagnosis and treatment strategies.

An essential substance called retinoic acid (RA) causes
differentiation and controls the expression of several genes
in testicular embryonal carcinoma cells, particularly in the
NT2/D1 cell line. Retinoic acid receptors (RAR) and retinoid
X receptors (RXR) are often the mechanisms by which RA
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Figure 4. Immunocytochemical demonstration of S100 and NF-«kB protein in CRL-2073 cells. (A: S100B staining of CRL-2073 cells that were not exposed to RA.
B: S100B staning of CRL-2073 cells' after 10 days of 10 pM RA treatment. C: NF-«kB staining of CRL-2073 cells that were not exposed to RA. D: NF-«B staining

of CRL-2073 cells' after 10 days of 10 uM RA treatment).

works (6). RA has the ability to differentiate the CRL-2073
cell line, a pluripotent cell model derived from testicular
embryonal cancer. Retinoic acid can cause embriyonic stem
cells to differentiate. When CRL-2073 cells are treated with
RA, they lose their pluripotency, change morphologically,
flattening and sometimes acquiring the branched and
elongated cytoplasmic processes characteristic of neurons,
and show structural alterations of glycosaminoglycan chains
made by the heparin/heparin sulfate and chondroitin
sulfate/dermatan sulfate pathways. Furthermore, RA
significantly ~ suppresses carcinogenesis and clonal
development in stem cells generated from cancer (17). Thus,

RA-mediated CRL-2073 cell differentiation provides a
valuable paradigm for research on cancer and pluripotency
of stem cells.

In cryistal violet staining, high staining of retinoic acid
treated group indicates that the cells were viable and
attached to the surface. This indicates that RA is well
tolerated by the cells. Low staining indicates that the RA
dose may be toxic due to cell death or loss of adhesion.
Crystal violet is a good stain for observing the effect of the
differentiation process on survival because it shows only
those that are attached to the surface. In our study, as a
result of staining with cristal violet, we observed that the
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number of cells in the RA group decreased compared to the
control group and the staining intensity generally decreased.

Luxol fast blue dye is an aniline-based dye. It binds to the
phospholipids in the myelin sheath and stains the structures
blue. Since neuronal bodies do not contain myelin, they hold
little dye and appear pale. This dye is especially used in
studies on differentiation, neuronal development or myelin
degeneration. When RA is given to embryonal carcinoma
cells, if neuronal differentiation is not at a very advanced
level, Luxol fast blue may not be expressed very high.

In our study, as result of staining with luxol fast blue, it is
shown that CRL-2073 cells began to morphologically change
into the nerve cells.

S100B and NF-kB proteins are two important molecules
that regulate different biological processes in such tumors.
Some studies suggest that the NF-kB transcription factor
may regulate the expression of S100 proteins, such as
S100A6 (18). These findings suggest that NF-kB may affect
the expression of S100 proteins and that this mechanism
may also apply to testicular embryonal carcinoma cells.
However, further research is needed to directly demonstrate
this relationship in testicular embryonal carcinoma cells.
Expression of S100B and NF-kB proteins in human testicular
embryonal carcinoma cells is directly related to biological
processes such as cell pluripotent status, differentiation
orientation and proliferation. The potential interaction
between these two proteins may affect the biological
behavior of testicular embryonal carcinoma cells. S100B
protein expression increased after RA application. Because
this protein functions as a glial cell differentiation marker and
its expression increases in neuronal differentiation states.
NF-kB protein expression decreased after RA application.
Because this protein suppresses cell proliferation and anti-
apoptotic signaling during differentiation.

NT2/D1 cells are a well-studied model of human testicular
embryonal carcinoma cells. It has been shown that after RA
is applied to these cells, pluripotency factors are reduced,
proliferation is suppressed, and NF-kB activity is reduced. In
other words, the decrease in NF-kB activity as the cells
differentiate is associated with the loss of their proliferative
character. RA treatment caused a decrease in cyclin D1
protein levels and a G1 phase in NT2/D1 cells. This indicates
that cell proliferation is suppressed and the differentiation
process has begun (19,20). In later stages of RA
administration, nuclear localization of NF-kB (especially the
p65 subunit) may decrease (21). This means that NF-kB is
less transcriptionally active. The differentiation process
initiated by RA proceeds together with the suppression of the
NF-kB pathway, causing cells to lose their proliferative and
pluripotent identity.

As a result of retinoic administration to embryonal
carcinoma cells, the expression of pluripotency genes such
as OCT4, NANOG, and SOX2 is reduced (22). This
decrease indicates that the cells are no longer pluripotent
and have entered the differentiation process. With this
change, proliferation slows down because pluripotent cells
typically divide rapidly. Publications in the literature are
generally about differentiation genes such as OCT4,
NANOG, and SOX2 and their expressions. In this study, we
aimed to observe how histologically RA application affects
cell morphology before the genetic level and how RA
application affects S100B and NF-kB protein levels.

When we look at the literature on the differentiation
studies of CRL-2073 cells with retinoic acid, it has been
shown that the cellular proteoglycan composition of these

cells is involved in the differentiation mechanism in response
to retinoic acid. Retinoic acid is crucial for the early embryo's
pre-patterning. By inducing differentiation in vitro, retinoic
acid can make pluripotent and multipotent cells more
lineage-restricted (15).

Redirecting cell behavior is necessary for new medical
therapy approaches, such as inducing cancer cell
differentiation to prevent metastasis. Embryonic carcinoma
cells make up teratocarcinomas, which are malignant germ
cell tumors. They are the cancerous counterparts of healthy
pluripotent embryonic cells from the embryo's
preimplantation phase. More than two dozen well-
differentiated adult tissues from all three germ layers,
including the brain, muscle, bone, teeth, bone marrow, eyes,
secretory glands, skin, and intestine, as well as placental
and yolk sac tissue, are mixed together in tumors formed by
single embryonal carcinoma cells from teratocarcinomas.
The use of in vitro grown embryonal carcinoma cells as a
model system for the study of early embryonic development
has been encouraged by their capacity to produce ordered
structures that resemble the growing embryo. It has been
demonstrated that the extensively researched CRL-2073
cell line, which was generated from a mediastinal mixed
germ cell tumor, may develop into extraembryonic cell
lineages and derivatives of the three embryonic germ layers
(ectoderm, mesoderm, and endoderm). The CRL-2073
responds to retinoic acid, which causes cellular
differentiation and the elimination of pluripotent
oligosaccharide surface antigens. These factors, along with
their ease of manipulation, make CRL-2073 cells a valuable
model to measure the concurrent alterations in the glycan
profile following RA treatment. This allows for the
identification of promotive and/or restrictive changes linked
to the morphogen's action of inducing loss of pluripotency
and increased lineage restriction. CRL-2073 cells can
develop into representatives of every germ layer, much like
pluripotent embryonic stem cells can. As a reflection of its
function in the early development of tissue, RA therapy
guides these cells along certain pathways. As a result, the
complex circuitry controlling cell fate with environmental
effects for pluripotent and differentiated cell states will be
clarified by these analyses together with transcriptome,
epigenome and proteome profiles. These differentiation
mechanisms are of great importance for pluripotent cells
such as CRL-2073 (15).

Although there is no study directly examining NF-«kB
expression in CRL-2073 cells, the existence of NF-kB
activity in general testicular tissue and the role of NF-kB in
the differentiation processes of embryonal carcinoma cells
indicate that further research is needed on this subject. Our
study is important because it is fundamental study in this
field.

Future studies in this area will help us better understand
how NF-kB plays a role in embryonal carcinoma cells and
how this knowledge can be integrated into clinical practice.

Measuring S100B and NF-kB levels in human testicular
embryonal carcinoma cells treated with RA may be of great
importance in understanding cellular differentiation,
proliferation, apoptosis, and inflammation. These two factors
have distinct but interactive biological roles, and
understanding how these pathways are regulated by RA
administration is particularly valuable in terms of tumor
biology and differentiation mechanisms. Examining these
two factors together allows for a more comprehensive
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understanding of the effects of RA treatment on both
differentiation (S100B) and proliferation/apoptosis control
(NF-kB) in tumor cells.

CONCLUSION

In conclusion at this study we demonstrated the
morphological changes and S100B and NF-kB expressions
of testicular embryonal carcinoma cells after RA stimulation.
This is a pioneering study in this field and we believe it will
shed light on the field of cancer biology.
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