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ARTICLE INFO ABSTRACT
. Animal models help scientists evaluate the molecular basis of cancer and explore
Received: 13 May 2024 new treatment options. ERK 1/2, a cell signaling component, is a critical molecule
in pathogenesis and an important target for breast cancer. In the brain and some
Accepted: 22 September 2024 other tissues, ERK 1/2 phosphorylation shows a biphasic time-dependent
activation. We hypothesize that ERK 1/2 phosphorylation exhibits a similar
DOI: 10.82561/jbcvm.2024.1 119762 pattern in rat breast cell lines. The rat mammary epithelial cells (RMECs) were

isolated and exposed to RPMI 1640 containing 5%, 10%, and 15% rat serum, with
serum-free media as a negative control. Using the WST-1 technique, we evaluated

KEYWORDS: cell proliferation. The cells were exposed to 10% serum-enriched media, and the

cell lysate was treated with RIPA buffer in a time-dependent manner (1, 5, 10, 15,
Rat and 30 minutes). ERK 1/2 phosphorylation was evaluated by Western blot using
Biphasic antibodies against total and phosphorylated rat ERK 1/2 proteins. The cell

proliferation assay showed that serum at a concentration over 5% can induce cell
ERK 1/2 proliferation in RMECs. Serum media at concentrations higher than 10% had the
same effect on cell proliferation. ERK1/2 proteins were phosphorylated 5 minutes
after exposure, underwent dephosphorylation after 10 minutes, and
rephosphorylation occurred from 15 to 30 minutes as a second phase. Taken
together, we can infer that the behavior of cell signaling components, especially
the ERK1/2 phosphorylation pattern, differs from species to species.

ERK 1/2 Jolw gz, JUSKww b oudonlasid U (65890 (g3l ]led : olymo (wige by JWbis! slaJobw
235 B e
Ol < deagyl o o Mool ST oIS cepogy] oy ¢ Sy 0US e pple 09,5

Phosphorylation

oS

Gan Sy 5 gl Sl S50 S e Joho aimd WS sz S ERK1/2 08 S ) i (Jloyd sloaizS 5 00,8 iyl y ol J5Sse (olul 45 4550 S et 4 Sl sloJao
2l oo s ERK /2 1503008 o8 S o0 0058 Lo wamao it ) ol 42 sty (55890 (s5lo Jlb S ERK T/ 0j50sdly 50 05 (slacdly (S 5 30 )3 ol g oo el oo
B (e S8 ol @ pye g sl Lame b e oo prs 3030 5 1+ D g5l RPMIL640 (250 3 5 005 b (RMECS) (g0 iy Jlbigl sl Jgbo 2 (o 0lt5 90 i oo sl 03,
e g 10 0e D)) oloj & dialy sdgy 4 RIPA i 1 ol Slsd 5 6588 5 pyus b o i deoyd Vo sl Lo Lopeo 3 o Joloo 0238 ol Iy (oo 5ot WST-1 (S5 ) aolitl | iz 5
3 e S )3 s 8 3l L5 gl 55 s )5 18 (e 2390 ERKL/2 ago i 5 JS (59 aele o (0l (1 51 olitl b & g ooy ERK 1/2 (5l s 05 o (4>
alyjid (oyme 3 59,5 )18 5l e 4535 ERKL/2 5 (el iy il Joho iS5y SlaSy il auops Vo 5l WL sla clale )3 o (sl baiseo .38 Wl s RMEC 3 1) Joho 135 lgs o oy3 B
S9N 03290 Jsho 01223 Ui slipl J18) o oS blistal wilyii oo ) @b g9y 30> &) p93 5 (lyie 4 4BEI ¥+ B1D I ddome (yamadlyygind g MBS )18 (gl jphadd oS ARSI V¢l ey iAD
sl glise ;03 4565 4y (5o | ERKL/2 g0 yginid

sl ygied ERK 1/2 ((g3lig0 (ol pmo h3e 350" (5W 031y

* Corresponding author: ghzafar@yahoo.com
©2024 Islamic Azad University, Urmia Branch.
[O]

This work is licensed under a Creative Commons Attribution 4.0 International License. @ =



http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.82561/jbcvm.2024.1119762

68 Journal of Basic and Clinical Veterinary Medicine

INTRODUCTION

Animal models have a long history, and the rat
model is used for several studies [1]. Breast
cancer animal models help scientists evaluate
the molecular basis of cancer and explore new
treatment options [2]. However, there are some
doubts regarding the use of these models
because they cannot exactly mimic human
breast cancer [3]. Cell signaling pathways are
some of the most important targets for breast
cancer treatment because the role of these
proteins is well documented [4]. Thus, the
concordance of these signaling pathways in
human and rat models should be evaluated.
About 30% of human breast cancers harbor
mutations in the ERKI1/2 pathway, which
belongs to the mitogen-activated protein kinases
[5]. There are four types of these kinases,
including ERK1/2, ERKS, JNK, and p38 [6].
The ERK1/2 proteins, alongside other signaling
pathways, change the gene expression profile,
ultimately leading to breast cancer cell
transformation and proliferation. The activation
of the ERK1/2 cascade is initiated via growth
factors, cytokines, and hormones through
tyrosine kinase receptors, G protein-coupled
receptors, and non-nuclear receptors of steroid
hormones [7]. After the activation of Ras, Raf is
activated, which in turn causes the
phosphorylation of MEK. Finally, MEK
activates the ERK1/2 protein by
phosphorylation on serine and threonine
residues [8]. Activated ERK1/2 exerts its effects
by phosphorylating several substrates in the
cytoplasm, cell membrane, and nucleus. The
downstream substrates are kinases that extend
the upstream effects. In this kinase cascade,
there are many substrates for ERK1/2, which is
why this signaling is crucial in breast cancer
development [9]. The rat model is used to study
breast cancer, and the results are applied to
humans. Animal experiments on this protein can
be valid only if the activation and deactivation

of this pathway are in concordance with human
and animal models. In this study, we will
investigate the phosphorylation of this pathway
in the rat model by isolating rat mammary tissue
cells and exposing them to activating factors.

MATERIALS AND METHODS

Isolation RMECs populations

After presenting the research proposal, the
ethics committee of Islamic Azad University,
Urmia Branch, issued the ethics code
(https://ethics.research.ac.ir/IR.IAU.URMIA.RE
C.1402.112). We isolated RMEC populations
based on a previously reported protocol. The
digestion procedure and characterization of
RMECs with forward scatter and side scatter
were performed [10]. Rat mammary epithelial
cells were separated from hematopoietic and
endothelial cells based on the lack of surface
antigen.

WST-1

In sterile 96-well plates, 10,000 cells/well were
seeded, and serum-starved medium and serum-
enriched media with 0.5%, 10%, and 15% were
added to the cultures for 24 hours. Using WST-
1 tetrazolium, the surviving cells were
determined [11]. The optical density (OD) was
measured at 490 nm, with a reference
wavelength of 630 nm for each well, and the
OD of serum-enriched wells was divided by the
OD of serum-free wells.

Treatment and protein extraction

The cells were treated with RPMI 1640
containing 10% rat serum, separated from a
normal rat. Five treated flasks were incubated
with lysis buffer after 1, 5, 10, 15, and 30
minutes of exposure to serum-enriched media.
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The control group received serum-free RPMI
1640 culture media. The media were removed
and washed once with PBS, and the proteins
were extracted with RIPA lysis buffer
containing antiprotease. The total protein
sample levels were measured with the Bradford
test and a standard concentration of albumin
[12].

SDS PAGE and western blot

The protein samples were applied to the wells
and separated by the SDS-PAGE technique. The
gel was blotted onto a PVDF membrane. Then
the membrane was blocked with 3% BSA in
TBST for 2 hours. Incubation with anti-rat
ERK1/2  and  anti-phospho-rat  ERK1/2
antibodies (ERK 1/2 Antibody (MK1): sc-
13590) was performed overnight at 4°C.
Horseradish peroxidase-conjugated anti-mouse
IgG secondary antibody was used to complete
the tests. After each step, PVDF membranes
were washed with TBST and TBS buffers.
Visualization of bands was performed via
enhanced chemiluminescence.

Statistical Analysis

Data analysis was performed using SPSS. After

conducting the normality test, the mean of the
variable was compared between groups using
ANOVA or non-parametric tests, depending on
the data distribution. A p-value less than 0.05
was considered statistically significant.

RESULTS

Cell proliferation assay

The results showed that serum at a
concentration over 5% is able to induce cell
proliferation in RMECs. There was a significant
difference in cell proliferation between the cells
treated with 5% serum-enriched media and
serum-free media. As shown in Figure 1, serum
media above 10% had the same effect on cell
proliferation.

ERK1/2 phosphorylation

The effect of 10% serum-enriched media on the
phosphorylation of ERK1/2 showed that the
proteins were phosphorylated 5 minutes after
exposure and underwent dephosphorylation
after 10 minutes. Rephosphorylation occurred
from 15 to 30 minutes as a second phase. The
total ERK1/2 levels were equal in all samples.

2,507

2.00

Mean ODR
7

1.007]

TREATMENT

Error bars: +- 15D

Figure 1. The effect of serum enrichment on cell proliferation; 5%, 10%, and 15% serum enrichment increased cell proliferation. The
10% concentration had no significant difference from 15% in proliferative effects.
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Figure 2. Time-dependent activation of ERK1/2 phosphorylation at 5 minutes and dephosphorylation after 10 minutes of exposure.

DISCUSSION

Animal models can be an informative source of
experiments if they have a similar molecular
signature to the human entity. The evaluation of
rat genetics was completed in 2004, but the
proteomics, especially cell signaling
components, need further investigation [13].
Here, we evaluated the serum effect on cell
proliferation in rat mammary epithelial cells.
Rat serum was wused to minimize the
immunogenic reaction. Serum contains a
plethora of growth factors that can induce cell
proliferation, and most of them exert their
effects via ERKI1/2. The concentration
assessment showed that 10% serum enrichment
could induce cell proliferation, and higher
concentrations had a non-significant difference.
Thus, we used 10% serum as the optimum
concentration. The effect of serum enrichment
on cell proliferation has been reported by others
[14, 15]. We observed time-dependent
phosphorylation of ERK1/2 signaling occurring
within the first hour. This protein is activated in
human cell lines within the first hour. For
example, EGF leads to ERK1/2 phosphorylation
in corneal cells in less than five minutes [16].
There is no doubt that ERK1/2 phosphorylation
is a process that occurs in less than one hour in
almost all cell lines. It should be noted that the
activation of this signaling could affect the
activation of other signaling pathways. For

example, activation of ERKI1/2 delays the
activation of the Akt signaling pathway [12].
We observed biphasic phosphorylation of
ERK1/2 in RMECs. Trifilieff et al.
demonstrated that ERK1/2 activation has a
biphasic pattern in brain tissue [17]. ERK1/2
phosphorylation showed biphasic activation in
retinal pigment epithelium cells [18]. Here, two
key points should be considered. First, the
phosphorylation of ERKI1/2 has biphasic
activation in normal rat mammary cells, and the
behavior of the protein is not completely
indicative for human studies.

CONCLUSION

Taken together, we can infer that the behavior
of cell signaling components depends on the
species from which the cell is isolated. The
ERK1/2 phosphorylation pattern varies from
cell to cell and species to species. Therefore,
human cells isolated from patients are the best
tools for signaling pathway
especially for the ERK1/2 protein.
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