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Results

At 4 hours following injury, BiP and
CHOP were significantly elevated
(F2,4 = 8.319, p=0.039) in rats
exposed to TBI. Hypoxia inducible
factor 1a was also significantly
upregulated at 48h following TBI
(F2,4 =18.451, p = 0.01) indicating
that early ER stress activation
induced delayed hypoxia. The early
ER stress activation additionally
contributed to the activation of the
tau kinase GSK3B (F2,4 = 9.855, p =
0.028) by 1 week. Tau oligomers
measured with R23 were significantly
increased by 30 days following TBI
(t18 = -5.435, p < 0.001). These
post-TBI changes were associated
with increased impulsive behavior
measured with elevated plus maze
(t10= 2.287, p= 0.0452), deficits in
short term memory measured with
novel object recognition (t23 = -
2.321, p= 0.029), and deficits in
spatial memory measured with Morris
water maze (F4, 24= 2.898, p=
0.026).

Introduction

The leading cause of death in the
juvenile population is neurotrauma.
Endoplasmic reticulum (ER) stress
has been shown to contribute to
injury expansion and behavioral
deficits in adult rodents and humans.
Whether ER stress contributes to
injury expansion in juveniles with
traumatic brain injury (TBI) is poorly
delineated. We proposed that ER
stress would be significantly increased
in juvenile rats following TBI and that
this would contribute to behavioral
deficits.

Methods

A juvenile rat (post-natal day 28)
controlled cortical impact model was
used with 14 rats in the TBI group
and 14 rats in the sham. BiP and
CHOP (ER stress markers) were
measured at 4 hours in the ipsilateral
peri-contusion cortex. HIF 1 alpha
was measured at 48 hrs, tau kinase
measured at 1 week, and tauopathy
at 30 days.
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Figure 1 (A) Hypoxia inducible factor-1a was significantly increased at 48h
following CCI (p<0.05). HIF1a is activated by ER stress and contributes to
tau oligomer formation. (B) MOX-1 was not significantly elevated following
CCI. MOX-1 is a marker of endothelial cell function and responds to
endothelial HIF1a. This confirms that HIF1a is activated in neurons but not
endothelial cells. *=p<0.05
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Figure 2 (A) BiP is a regulator of the 3 arms of the ER stress cascade and
was significantly elevated at 4h and 48h following CCI (p<0.01). (B) CHOP is
a marker of the first arm of the ER stress pathway and contributes to
activation of p-GSK3p and cleavage and activation of caspase-12. CHOP
was significantly increased 4h following| CCI (p<0.05). *=p<0.05; **=p<0.01
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Figure 3 (A) cleaved caspase-12 is a key regulator of the apoptotic cascade. A
trend towards significance was seen at 7 days following CCI (p=0.071). (B) p-
GSK3p is the primary contributor towards tau lation. p-GSK3p
was significantly increased at 7 days post CCI (p<0.05). *=p<0.05
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Figure 5 Early CCl injury results in impaired STM in the novel
object recognition task. Injured subjects spend significantly less
time with the novel object when compared to control subjects.
*=p<0.05
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Figure 4 Tau pathology progresses from paired helical filaments to oligomers to
neurofibrillary tangle precursors and finally neurofibrillary tangles. We found rapidly
progressive tauopathy following CCl in juveniles. (A) paired helical filament was
significantly increased at 1 month following CCI (p<0.001). (B) R23 a marker of tau|
oligomers was significantly increased at 1 month following CCI (p<0.001). (C) CP-13a
precursor of tau neurofibrillary tangles was seen at 1 month following CCI (p<0.01).
Scale bar is 50um and arrows show the cell(s) that is focused upon at high power. The
low power image is 20x and high power image is 63x. ***=p<0.001, **=p<0.01

Learning Objectives

1. ER stress is a significant
contributor to injury in juvenile
rodents

2. ER stress activation after injury in
juvenile rodents contributes to
delayed hypoxia and tauopathy.

3. Biochemical changes following
traumatic brain injury are associated
with behavioral deficits.
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Figure 6/(A) CCI animals entered open arms significantly more than sham animals (p=0.001) with no

significant differences for eniries into closed arms between groups. (B) CCI animals were shown to

spend significantly more time in open arms (p<0.01) and significantly less time in the closed arms

(p<0.001) than the uninjured animals. Results are indicative that injured animals may be more

mpuisive spending more time in open arms. (C) No significant differences were found for number of

center crossings between injured and uninjured animals in open field testing. ***=p<0.001, **=p<0.01
=p<0.05
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Figure 7 Early injury results in impaired spatial memory and cognitive flexibilty. (A) Significant
differences were found in latency to the platform between sham and injured animals (p<0.001),
(B) During the probe trial, 24 hours following the last day of training, uninjured animals crossed
the platforms location significantly more times than injured animals (p<0.01). (C) 24 hours
following the probe tral, reversal trials were done

Significant differences were found in latency to the platform between sham and injured
animals (p<0.05). ***=p<0.001, **=p<0.01, *=p<0.05

Conclusions

These results show that ER stress is a
significant contributor to injury in
juvenile rodents, and that
pharmacologically targeting ER stress
may prevent the long-term sequela
associated with TBI.

References

Dash PK, Hylin MJ, Hood KN, Orsi SA,
Zhao J, Redell 1B, Tsvetkov AS, Moore
AN: Inhibition of Eukaryotic Initiation
Factor 2 Alpha Phosphatase Reduces
Tissue Damage and Improves Learning
and Memory after Experimental
Traumatic Brain Injury. Journal of
neurotrauma 2015;32:1608-1620.

Meares GP, Mines MA, Beurel E, Eom
TY, Song L, Zmijewska AA, Jope RS:
Glycogen synthase kinase-3 regulates
endoplasmic reticulum (ER) stress-
induced CHOP expression in neuronal
cells. Exp Cell Res 2011;317:1621-
1628.

Lucke-Wold BP, Turner RC, Logsdon
AF, Nguyen L, Bailes JE, Lee IM,
Robson MJ, Omalu BI, Huber 1D,
Rosen CL: Endoplasmic reticulum
stress implicated in chronic traumatic
encephalopathy. Journal of
neurosurgery 2016;124:687-702.




