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Results

Abstract
The endoplasmic reticulum (ER) is an important organelle within the cell that
has many functions including protein folding. When the protein folding
capabilities of the ER are compromised ER stress occurs. Extracellular
signal-regulated kinases (ERKs) and p38 are MAP kinases that are induced
as a result of ER stress. ERK is a protein that has been associated with cell
proliferation and survival while p38 is a protein that has been associated with
apoptosis, which is programmed cell death. The objective of this study was to
measure ERK and p38 induction over time during low and high ER stress.
Another objective was to assess the roles of these MAP kinases as well as
JNK, a kinase that has been associated with apoptotic signaling, in
apoptosis. Using BHK-21 hamster fibroblast cells as the model cell line,
neither ERK nor p38 induction was found to be time dependent. Induction of
p38 was higher during high ER stress than for low ER stress, while ERK
induction was not different during low and high stress. A cell death assay
revealed that inhibition of p38 rescued cells up to moderately high ER stress,
inhibition of ERK accelerated cell death, and JNK had no significant effect on
cell death rate. Experiments to assess possible crosstalk between p38 and
ERK during ER stress will be performed in the future.

Figure 1. Diagram of Ras/
Raf/MEK/ERK pathway
ERK is a kinase that is
activated by
a
phosphorylation cascade
that often begins outside
the cell. However, ER
stress has also been
shown to activate ERK, at
which point it acts on a
large variety of substrates
leading to cell proliferation
and even survival
mechanisms.
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Kolch, (2000).

Introduction

•Stress signaling via p38 activity during ER stress is
dose-dependent
•Induction of ERK is not time-dependent
• Inhibition of p38 rescues cells up to high levels of ER
stress
• Inhibition of ERK increases cell death rate during low
ER stress
•p38 plays a pro-apoptotic role in ER stress
•ERK plays a pro-survival role in ER stress

Figure 2. Over increasing
c o n c e n t r a t i o n s
Tunicamycin, p38 levels
increase while ERK levels
are transient
BHK-21 cells were treated
with increasing doses of
Tunicamycin. Western blot
analysis revealed that p38
increases in a dosedependent manner, while
ERK is only induced at low
concentrations
Tunicamycin.

Osborne, et al. (2012).
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The endoplasmic reticulum (ER) is an organelle within the cell that
functions in the folding of proteins, storage of calcium (Ca2+), oligosaccharide
synthesis, lipid metabolism, and drug detoxification in certain types of cells.
When the ER is undergoing stress, its protein folding capabilities are
compromised. When this stress on the ER occurs, the unfolded protein
response (UPR) is initiated. The UPR has several different pathways by

PO4-p38

This investigation will focus on the roles of p38 and ERK in apoptosis
during low and high ER stress over time, rather than over different
concentrations. This investigation will also assess the roles of these MAP
kinases as well as JNK (c-Jun N-terminal kinases), a kinase associated with
apoptosis, during increasing levels of ER stress.
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Figure 3. p38 and ERK induction are not time-dependent in
either low or high ER stress in BHK-21 hamster fibroblast
cells
BHK-21 cells were treated with 20nM and 200nM Tunicamycin
for time points up to 36 hours and were analyzed by Western
blotting. (3A) ERK and p38 induction are not time-dependent.
Induction of p38 is higher at 200nM than at 20nM.There were
no significant differences in ERK induction between doses. (3B)
Quantification of p38 induction over time and at low and high
ER stress. A significant difference was found in p38 induction
between doses (p<0.05) but no significant differences were
found when comparing within time points in 20nM (p>0.05) or in
200nM (p>0.05). (3C) Quantification of ERK induction over time
at low and high ER stress. No significant difference was found
between 20nM and 200nM Tunicamycin (p>0.05) or between
time points within concentrations (p>0.05). (3D) Quantification
of tubulin control across time points during low and high ER
stress. No significant differences found between treatments.
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Figure 4. Inhibition of p38 leads to cell rescue up to high levels of
ER stress while inhibition of ERK leads to increased cell death at
only at 20nM Tunicamycin
BHK-21 cells were treated with increasing concentrations of
Tunicamycin with an assortment of kinase inhibitors and analyzed
using Crystal Violet. (4A) Photo of crystal violet assay. (4B)
Quantification of p38 inhibition compared to control. Student-t test
reveals cell rescue up to 200nM Tunicamycin (p<0.05). (4C)
Quantification of JNK inhibition compared to control. No significant
differences found (Student-t test: p>0.05). (4D) Quantification of ERK
inhibition (with ERK inhibitor II) compared to control. No significant
differences found (Student-t test: p>0.05). (4E) Quantification of ERK
inhibition (with ERK inhibitor #8) compared to control. Only a significant
difference was found between 20nM ERK inhibition group and 20nM
control group (p<0.05). Two of the three replicates were seeded at
10,000 cells/well; the third replicate was seeded at 12,0000 cells/well.
Thus, these cannot be treated as true replicates, and future replicates
are necessary to validate these conclusions.
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Another method of mediation of cellular responses to stress stimuli is
via mitogen-activated protein kinases (MAPKs), two of which are MAPK p38
(p38) and MAPK p44/42, or Extracellular signal-regulated kinase (ERK1/2, or
ERK). Stress-induced p38 has been shown to play a role in apoptotic
signaling, while ERK has been shown to play a role in survival signaling. ERK
is activated via a pathway known as the Ras/Raf/MEK/ERK pathway, which is
a signal transduction pathway initiated by growth signals on the extracellular
matrix (ECM) (Figure 1). This pathway regulates ERK activity by a series of
phosphorylations in each step. ERK is a kinase which has many substrates
which it phosphorylates to function, typically, in cell survival and proliferation
[2]. ERK can also be activated as a result of ER stress. It has been shown
that Tunicamycin, a drug that stops N-linked glycosylation of unfolded
proteins in the ER lumen and thus their proper folding, can rapidly activate
ERK [1]. Over increasing concentrations of Tunicamycin, p38 levels have
been shown to rise while ERK levels were transient (Figure 2).
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There are three branches of the UPR involving three transmembrane
proteins in the ER. These transmembrane proteins are IRE1α, PERK, and
ATF6α. When unfolded or incorrectly-folded proteins accumulate within the
lumen of the ER, a chaperone known as BiP, or GRP78, dissociates from
these proteins and aids in the proper folding of these accumulated proteins.
When GRP78 dissociates from the luminal domain of these transmembrane
proteins, they become activated and begin either adaptive or apoptotic
cascades [3].
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which it can either send adaptive signals or signals that initiate programmed
cell death, also known as
apoptosis, to the nucleus for the ultimate
expression of necessary genes. This study focused both on low and high
levels of ER stress. Low ER stress is representative of that which is
encountered physiologically and has been associated with health issues such
as diabetes and neurodegenerative disorders. Examples of low ER stressors
include mutated genes, accumulation of unfolded proteins, and calcium
depletion in the ER [3]. High ER stress is not typically encountered
physiologically but was used as a comparative condition to compare low ER
stress with.
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