N

N

Activation of endoplasmic reticulum stress response
following trauma-hemorrhage
Bixi Jian, Chi-Hsun Hsieh, Jianguo Chen, Mashkoor Choudhry, Kirby Bland,
Irshad Chaudry, Raghavan Raju

» To cite this version:

Bixi Jian, Chi-Hsun Hsieh, Jianguo Chen, Mashkoor Choudhry, Kirby Bland, et al.. Activation of
endoplasmic reticulum stress response following trauma-hemorrhage. Biochimica et Biophysica Acta
- Molecular Basis of Disease, 2008, 1782 (11), pp.621. 10.1016/j.bbadis.2008.08.007 . hal-00562852

HAL Id: hal-00562852
https://hal.science/hal-00562852
Submitted on 4 Feb 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00562852
https://hal.archives-ouvertes.fr

Accepted Manuscript i

‘Molecular

Activation of endoplasmic reticulum stress response following trauma- B€f5is of
hemorrhage Disease

Bixi Jian, Chi-Hsun Hsieh, Jianguo Chen, Mashkoor Choudhry, Kirby
Bland, Irshad Chaudry, Raghavan Raju

PIl: S0925-4439(08)00160-9

DOl: doi: 10.1016/].bbadis.2008.08.007
Reference: BBADIS 62843

To appear in: BBA - Molecular Basis of Disease

Received date: 10 March 2008
Revised date: 15 August 2008
Accepted date: 19 August 2008

Please cite this article as: Bixi Jian, Chi-Hsun Hsieh, Jianguo Chen, Mashkoor Choudhry,
Kirby Bland, Irshad Chaudry, Raghavan Raju, Activation of endoplasmic reticulum
stress response following trauma-hemorrhage, BBA - Molecular Basis of Disease (2008),
doi: 10.1016/j.bbadis.2008.08.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.bbadis.2008.08.007
http://dx.doi.org/10.1016/j.bbadis.2008.08.007

ACTIVATION OF ENDOPLASMIC RETICULUM STRESS RESPONSE FOLLOWING
TRAUMA-HEMORRHAGE
Bixi Jian MD?, Chi-Hsun Hsieh MD?, Jianguo Chen M D? Mashkoor Choudhry PhD*?, Kirby
Bland MD? Irshad Chaudry PhD*"¢, Raghavan Raju PhD*"
Center for Surgical Research, Department of Surgery@apgartment of Microbiology, University of

Alabama at Birmingham, Birmingham, AL 35294

‘Address correspondence to: Raghavan Raju PhD, Center for SurgicatdReBepartment of Surgery,
VH-G094, Volker Hall, 1670 University Blvd, Birmingham, AL 35294, Phone: 205-975-97%0,205-

975-9715, EmailRRaju@uab.edu

Key words: ER stress, trauma, hemorrhage, shock, hypoxia, apoptosis


http://ees.elsevier.com/bbadis/viewRCResults.aspx?pdf=1&docID=1245&rev=2&fileID=36001&msid={B6BC4A4F-4DCF-427E-9EEB-9287E45EB918}

SUMMARY

Hemorrhagic trauma leads to organ dysfunction, sepsis and deatte i§hbnormal production
of proinflammatory cytokines by Kupffer cells, tissue hypoxia lavet injury following trauma-
hemorrhage. The physiological conditions consequent to trauma-hensategonsistent with
factors necessary to initiate endoplasmic reticulum (ER¥sstaed unfolded protein response.
However, the contribution of ER stress to apoptosis and liveryigjiter trauma-hemorrhage is
not known. In the present study ER stress was investigateicenthat underwent trauma-
hemorrhage or sham operation. Expression of endoplasmic reticukgs pioteins Bip, ATF6,
PERK, IREL, and PDI were significantly elevated in the liver afteauma-hemorrhage
compared to the controls. The ER stress associated proapdposcription factor CHOP
protein expression was also significantly elevated in tralsemaorrhage group. Consistent with
this, enhanced DNA fragmentation was observed, confirming apopitodise liver following
trauma-hemorrhage. These results demonstrate the initiation of ER sttéfssrale in apoptosis

and liver injury, subsequent to hemorrhagic trauma.



INTRODUCTION

Endoplasmic reticulum (ER) is the first compartment of théeprsecretory pathway as
this is the site of folding and post-translational modificatidHiiked glycosylation, disulphide
bond formation and oligomerization) of newly synthesized proteins.[1¥Bjese processes are
facilitated by optimum levels of ATP, Ca2+ and an oxidizing mmrnent together with very
sophisticated cellular machinery that senses the protein eewpnit[1,4]. Perturbations in the
metabolic and energy balance causes an accumulation of unfoldedfaded proteins in the
ER leading to ER stress and initiates an unfolded proteiomnes (UPR)[1-4]. At least three ER
transmembrane receptors are important in the initial Bignaf ER stress to the cell by UPR.
These proteins are: activating transcription factor &), pancreatic ER kinase (PKR)-like
kinase (PERK) and inositol-requiring enzyme 1 (IRE1)[4]. Amdmgtivo isoforms of IRE1,
IREla and IREZJ, the former is ubiquitously expressed where as the latter,fIRE Imostly
localized in the gut [5]. Bip (immunoglobulin heavy chain binding pndtean ER chaperone,
associates with the intraluminal regions of ATF6, PERK and IREL1 in tietive state and upon
ER stress it is dissociated followed by their activaticadieg to UPR. UPR is a protective
cellular strategy to restore the normal functioning of tie Bowever in the event that UPR
cannot be controlled, the persistent ER stress may leadlutacdysfunction, death and disease
[1,6].

Trauma-hemorrhage induces hypoxia, cellular apoptosis and organ dipsfUiel4] .
Previous extensive studies by our group and others have clearynskeated hepatic, pulmonary
and cardiac dysfunction followingemorrhagic trauma [7-9,11,13-17The Kupffer cells have
been shown to produce excessive amounts of proinflammatory cytokinegaifidant damage
to hepatocytes have been observed as indicated by elevatedofeweBST in the plasma, after

hemorrhagic trauma [7,10,14,15,18]. Hypoxia, glucose deprivation and praoindltany



cytokines, hallmarks of post-trauma-hemorrhage condition, caaténiER stress [19]. So far
there had been no studies reporting the role of hepatic E&sstr organ dysfunction following
trauma-hemorrhage. In this paper we investigated the activation afdsR im the liver of mice,
24 hours after hemorrhage and resuscitation.

MATERIALSAND METHODS

Animals. Male C3H/HeN mice 8 to 12 weeks old and weighing 19 to 25 g eldeened
from Charles River Laboratories (Wilmington, MA). The micergvallowed to acclimatize in
the animal facility for one week prior to the experimerdl animal experiments were carried
out in accordance with the protocol approved by the Institutional AnD@me and Use
Committee of the University of Alabama at Birmingham andenmmsistent with the guidelines
of the National Institutes of Health.

Trauma-Hemorrhage Procedure: This procedure was performed as described earlier
[20,21].The mice were fasted for 16 hours prior to the proceouir@llowed watead libitum.
They were anesthetized with isoflurane (Minrad, Bethleh@/), and restrained in a supine
position. A 2-cm midline laparotomy was performed, which wassd@sceptically in 2 layers
with sutures (Ethilon 6/0, Ethicon, Somerville, NJ). Both femortdries and the right femoral
vein were asceptically cannulated with polyethylene-10 tulidegton Dickinson, Sparks, MD).
Blood pressure was measured via one of the arterial lines ublngapressure analyzer (Micro-
Med, Louisville, KY). Upon awakening, animals were bled rapidiisough the other arterial
catheter to a mean arterial blood pressure of 35 + 5 mnwitign 10 minutes, and was
maintained for 90 minutes. At the end of that period, mice weescitated with four times the
shed blood volume in the form of lactated Ringer's solution 8¥emnin. Lidocane was applied
to the incision sites, catheters removed and incisions were clogesuttires. The same surgical
procedures were conducted on sham-operated animals, but they diddeogo hemorrhage or

resuscitation.



Tissue Harvesting: The animals were anesthetized with isoflurane at 24 hoursshten
operation or resuscitation in the trauma-hemorrhage group, and laewed, frozen in liquid
nitrogen, and stored at -80°C.

Plasma Levels of a-gluthathione Stransferase (GST) and TNF-a. Plasma was obtained
2 hours after the trauma-hemorrhage or sham procedure. Elevated pdagls ofa-GST is an
indicator for hepatic damage [22]. The plasm@&ST level was measured by a sandwich ELISA
as per the protocol provided by the manufacturer (Biotrin Intieme, Mount Merrion, Co.
Dublin, Ireland). Briefly, samples were incubated in microwetiated with anti-[alpha]-GST
IgG for 1 h at room temperature on a shaker, followed by inambatth antia-GST IgG
conjugated to horseradish peroxidase, and finally with the ratbsfor 15 min at room
temperature. The optical density was read at 450 nm and sampkntations were calculated.
TNF-a concentration in the plasma, was determined with cytometrid deays using flow
cytometry according to the manufacturer's instructions (Biarmingen, San Diego, Calif).
Briefly, capture beads were incubated with 50-uL samples fdr dt 25°C, followed by
phycoerythrin detection reagent and analyzed using the LSRIIdjtemeter (BD Biosciences,
Mountain View, Calif).

Western Blots: Protein expression of Bip, ATF6, PERK, phosphorylated PERK (PERK-
p), PDI, IRE-n and CHOP C/EBP homologus protein, also known as GADD1&8re
analyzed by Western Blot. Briefly, total proteins in livissue lysates were resolved using 4-
12% Nupage gel (Invitrogen, Carlsbad, CA) and transferred to PYigkbranes. The
membranes were saturated with blocking buffer (10 mM Tris, 180NaCl, and 0.05% Tween-
20 supplemented with 5% dry milk) for 1 h at room temperature iacubated with the
respective primary antibodies. The primary antibodiesd ugere: Bip, IRE-& (Cell Singling
Technology, Beverly, CA), CHOP, PERK and PERK-p (Santa Crubhniaaogy, Santa Cruz,

CA) and ATF-6 and3-actin (Abcam, Inc, Cambridge, MA). The antibody to ATF6 recagphiz



both the full length protein (85 kD) and the cleaved N-terminajnfient (50 kD). The
membranes were then washed five times with TBST (TrisHmdfsaline supplemented with
0.05% Tween-20) followed by incubation with an appropriate secondaboadynt(Santa Cruz
Biotechnology, Santa Cruz, CA) conjugated with horseradish pmkrexifor 1 h at room
temperature. The membranes were again washed five witleSBST and probed using ECL
(Amersham, Piscataway, NJ), and autoradiographed. Rabbit gady@-actin antibody was
used to detedt-actin as the loadingpntrol. The bands on autoradiographs were quantified using
Chemilmager 5500 imagingpftware (Alpha Innotech Corp., San Leandro, CA). In order to
assess early activation of proapoptotic protein CHOP, additestern blots were performed
using liver tissues obtained from sham and trauma-hemorrhage ani@e hours after the
procedure.

Apoptosis: Apoptosis was measured by quantifying the DNA fragmentation itivibie
tissue. An ELISA kit, Cell Death detection by Roche Diagnogli@ianapolis, IN), that provide
a quantitative determination of histone-associated DNA fragmeassused. The assay used
monoclonal antibodies directed against both DNA and histones. Bfreftgn liver tissues were
sonicated and lysed using the lysing buffer provided by the manudacpelleted and the
supernatant was used for the assay [23]. The assay was perfamped e manufacturer’s
protocol.

Apoptosis was further ascertained by TUNEL assay (R&@Desys, Minneapolis, MN).
TUNEL assay was performed on cryosections of liver tissaegehted from sham and trauma-
hemorrhage animals, 24 hours after the procedure. Briefly, emtjoss were fixed used 4%
formaldehyde, washed permeabilized using proteinase K. The gialioed sections were TdT
labeled and treated with Strep-Fluor solution for deteat®ing fluorescence microscopy as cells

containing fragmented nuclear chromatin characteristic of apigpwill exhibit fluorescent



staining after labeling. The slides were observed undeesitent microscope using 495 nm
filter.

Satistics. Statistical calculations were carried out using GrapHRain software (San
Diego, CA). Mann-Whitney U test was used to calculated significance.

RESULTS

Expression of ER stress proteins following trauma-hemorrhage: BIP is a heat shock
protein and an ER chaperone, that is present in the lumen oRttemdE remains bound to the
intra-luminal regions of ATF6, PERK and IRE1 and its relelieen these transmembrane
proteins initiates the signaling of ER stress and UPR. pBifein expression was significantly
(p<0.05) increased in the liver of mice following trauma hemgehas compared to the sham
operated mice (Fig. 2A). Consistent with the increase [ tRiere was a significant increase in
ATF6 expression after trauma-hemorrhage (Fig. 2B). ActivAfEF6 migrate to Golgi and is
cleaved by zinc metalloprotenases, site-1 and site-2 protéaghe, Golgi membrane, so that a
50 kD cytosolic fragment of the ATF6 translocates to nucleus aitthtés UPR gene
transcription. As shown in Figure 2B, the 50 kD fragment of ATRES wlearly visible in the
liver of trauma-hemorrhage mice as compared to sham.

Similar increase in the levels was observed for other ER teanbnane molecules PERK
and IRED upon ER stress (Fig.3 and 4). We examined both phosphorylated BRtotal
PERK protein (Fig.3A and B) and found both of them to be significamtreased after trauma-
hemorrhage. Another protein critical in ER stress is the mazPDl, as disulphide bond
formation is an essential step in the proper folding of newly sgizién proteins in the oxidative
environment of ER. As shown in Fig. 5, PDI was also significantiyeased following trauma-
hemorrhage.

Induction of CHOP and apoptosis following trauma-hemorrhage: As all the tested UPR

related genes were consistently upregulated following traumashieage, we examined the



protein expression of CHOP, a transcription factor that indugeptasis in mice subjected to
trauma-hemorrhage or sham operation. There was a signiiicaatse in CHOP expression in
the liver of mice that under-went trauma hemorrhage as cothparéhe sham-operation (Fig.
6A). We further tested apoptosis in the liver of both traurmaginghage and sham groups.
Consistent with the increased expression of CHOP we also foarghsed apoptosis in trauma-
hemorrhage group compared to that in the sham-group (Fig. 6B). Qigaseuf liver obtained
from sham and trauma-hemorrhage mice, 24 hours after the proce@ueestained by TdT
labeling for fragmented nuclear chromatin (TUNEL assay) amd canfirmed significant
apoptosis observed in the liver from trauma-hemorrhage animals as compaesdharh (Figure
6C and D).

DISCUSSION

Trauma-hemorrhage induces hepatic damage and it has been fouadethalfter fluid
resuscitation following trauma-hemorrhage, the hepatic dansagill progressive [16,24].
Associated with a sustained disturbance in hepatic circulatiorelamdted levels of circulating
a-GST levels, hepatocellular apoptosis has also been reported [Bhizellis accompanied by
increased production of ILEL IL-6 and TNFea by the Kupffercells in the liver and the elevated
levels of these cytokines in the serum following trauma-hdrage [25,26]. Recent findings
have suggested that elevated levels of proinflammatory ewektan enhance ER stress and
induce UPR as demonstrated by the increased expression of Bip, @rORBP1s genes in the
liver in response to IL-1 and IL-6 [27]. Another ER stress imitiafactor is hypoxia, and
therefore, the hypoxia seen after trauma-hemorrhage might alaochasative factor for ER
stress [28,29]. Trauma-hemorrhage results in a condition madifedtie multiple contributory

factors of UPR.



The normal function of a cell is adversely affected wherfalli;ig or unfolding of
proteins occurs in the ER. The ER stress which induces UBRbainitiated by agents such as
brefeldin A, thapsigargin or proinflammatory cytokines, or kpnditions such as nutrient
deprivation, or disturbance of Ca2+ homeostasis. UPR is iditiestea defensive process to cope
with the overload on the ER, but on persistent ER stress, thetiifgjered signaling cascade
switch from a protective to apoptotic function resulting in adlath. In the oxidative
environment of the ER there is a constant demand for proteiffide isomerases in catalysis
and monitoring disulphide bond formation [19]. PDI is induced by ERsstted plays a crucial
role in regulatinghe proper folding of proteins in the ER by catalyzing disulfided formation
in order to rescue the ER from stress [30]. We evaluptetkin levels of PDI in the liver
extracts of mice after trauma-hemorrhage procedure and obisanvelevated level consistent
with ER stress (Fig.2).

There was a significant increase in the level of thecE®perone, Bip, protein following
trauma-hemorrhage (Fig. 2). Bip, indentical to the 78kDaogkeicegulated protein (Grp78), is a
peptide-binding molecular chaperone that binds transiently with priateling intermediates to
prevent protein aggregation [31,32]. Bip is one of the well-ciarized ER chaperones and it
remains bound with all three ER stress sensors, PERK, ATF&R& 1] In maintaining them in
inactive state in the absence of ER stress [33]. The eetddip from stress sensors initiates the
activation and transduction of the unfolded protein signals attrtedsSR membrane to the cytosol
and the nucleus [33,34]. Under conditions of increased ER strespr@ipin expression
increases, and its increased level seen after traumarti@ge is consistent with ER stress.
Studies using solid tumors show that glucose starvation and hypoxitieesdilso induce Bip
expression by activated UPR signaling to ameliorate misfoldetipraggregation in the ER
[35,36]. This is tantamount to the post-trauma-hemorrhage conditioramy tissues and hence
the significant increase observed in the level of Bip/GrjpiBwing trauma-hemorrhage should

also be related to ER stress and activation of UPR.



The release of ATF6 from the ER is followed by its translonato the Golgi complex
and successive cleavage by site 1 and 2 proteases reld#asiogtosolic N-terminal portion
encoding a basic leucine zipper (bZIP) transcription factor [37,S#hilarly PERK and IRE1
are also present in non-stressed cells in a Bip-bound form, andBR@tress, Bip is titrated
from these ER transmembrane proteins leading to their astivatWe found an increased level
of ATF6 protein in the liver of mice following trauma-henfage. Further as an indication of
the activation of ATF6, we also detected the cleaved ATEgnient (50kD size) in trauma-
hemorrhage group comp sham animals. Concomitant to the inak#sE-6, the level of
PERK, and IRE-& were also elevated indicating ER stress. PERK and WREBf¢ also ER
transmembrane proteins that remain bound to Bip under non-stressétuosndJpon ER stress
Bip is released from PERK and IRE-1 and these proteins ainatadt PERK is a type |
transmembrane kinase and its activation is effected by phosatianyl our experiments
confirmed an increase in phosphorylated PERK and total PER#Wialy trauma-hemorrhage
(Fig. 4). Though in many instances total PERK remains unchangec #ne reports
demonstrating elevated levels of PERK mRMNA well as protein following UPR [39,40].
Activation of PERK is an attempt to rescue the cells fieR overload, as activated PERK
oligomerizes and phosphorylates elF2 which shuts off genemaklation. PERK also
phosphorylates bZIP transcription factor Nrf2, the activatd@ tNanslocates to the nucleus and
activate transcription through the ARE (antioxidant respofesment) [2]. Nevertheless, the
trauma-hemorrhage has been documented to cause hypoxia and celiwharmefiated by
reactive oxygen species. Therefore increased expression of PERKtdikelve been initiated at
very early stage after hemorrhage, is possibly a preteotisponse from ER stress and reactive
oxygen species.

IRE1 is a protein kinase and an endoribonuclease with a ditn@niziomain in the ER
lumen and the enzymatic domains in the cytosol. The oligomenzahd autophosphorylation

of IRE1 result in the activation of ribonuclease activity vefsgr XBP-1 mRNAs are spliced to

10



generate the spliced variant XBP-1s, a more potent transcrfptitor. A subset of UPR genes
participating in ER protein folding and ER-associated degradation (ERABR &vated by XBP-
1s. Though activation of XBP-1 through IRE1l is a protective meshmnipersisting
overexpression of IRE1 is reported to result in the recruitmiehNF-receptor-associated factor
2 (TRAF2) and activate c-Jun N-terminal kinase (JNK) pathl@agling to apoptosis [41,42]. It
is also suggested that persistent ER stress may atagaexpression of IRE1 and ATF6 and
continued PERK activation may be critical in apoptosis [43How the UPR integrates its
cytoprotective and proapoptotic outptdsselect between life or death cell fates is still unknown
[43]. However, PERK signaling, includintanslational inhibition and induction of proapoptotic
transcription regulata€HOP, switches UPR to apoptotic pathway [4]. Our resultsodstrate
significantly increased expression of CHOP following traumendrenage and also indicate
significant hepatocyte apoptosis (Fig 6). During prolonged sstith& PERK and the IRE1
pathways might converge on CHOP, possibly augmenting each othéats §f]. The
significance of CHOP in apoptosis was shown in Chapice wherein the embryonic fibroblasts
revealed that CHOP deficiency provides partial resistan&Rtstress-induced apoptosis [4,6].
Therefore, increased expression of ER stress proteins, prodap@otaein, CHOP, and increased
apoptosis are possibly interconnected as shown in Fig. 7. Thougisted ER stress in the liver
only 24 h after trauma-hemorrhage, it is very likely that HfR stress response sets in
immediately after trauma. We have observed an immediaseeld proinflammatory cytokines
and induction of hypoxia within an hour after trauma-hemorrhage. rease in ATP level is
also reported following T-H [8]. Several studies havartyedemonstrated that the major source
of proinflammatory cytokines soon after trauma-hemorrhage is f&upfells [20,44,45].
Previous studies have also clearly demonstrated mitochondrialindyish, apoptosis and
hepatocyte damage as evidenced by elevated plasB®T levels, increased lipid peroxidation
(indicative of oxidative stress) and DNA fragmentation ipdtecytes after trauma-hermorrhage

[15,46,47]. It is also known that hepatocytes do undergo ER stress egpbit6-50]. Our
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present study demonstrates that an ER stress response tisdrfillfowing trauma-hemorrhage,
and this response may be significant in the apoptosis and orgamcljon observed in the liver
after trauma.

In conclusion, the experimental results described above clearly demorstratdivation
of ER stress and induction of UPR in mice after trauma-hdrmager We further observed the
induction of CHOP and apoptosis in the liver of the mice sulijeittegrauma-hemorrhage as
compared to that in the sham group. Trauma-hemorrhage is followeuypoxia, insulin
resistance and excessive secretion of inflammatory cytokimgisly from the Kupffer cells in
the liver. All or any of these conditions can trigger tbiévation of ER stress and UPR. Based
upon these results we hypothesize a possible role for ER strepoptosis and organ damage
following trauma-hemorrhage. Further studies employing technigwbsas siRNA to knockout
ER stress protein genes may shed more light onto thetd®® stress in trauma-hemorrhage-

mediated physiological dysfunction and sepsis.
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FIGURE LEGENDS
Fig.l. Elevated levels ofi-GST (A) and TNFa (B) following trauma-hemorrhage. Significantly
increased levels af-GST and TNFa were observed in the plasma of mice subjected to trauma-

hemorrhage (n=4) compared to sham (n=4), two hours after trauma-hemorrthagsusgitation.

Fig. 2. Increased expression of Bip and ATF6 following trauma-hemorrhage. (VHER were
subjected to trauma-hemorrhage (T-H, n=8) and resuscitation as describeah@ittbds section,
liver isolated, homogenized and total proteins in the homogenatesestye by Western blot.
Sham (Sham, n=8) operated mice served as controls. Protein expression ahBifAjmand

ATF6 (panel B) was found to be increased in mice subjected to T-H compatehicperated
mice. The 50 kD cleaved fragment of ATF6 is visible in lanes of sarfiplastrauma-

hemorrhage animals (panel B). Gel picture shows results of faor ahd four T-H animals and
the bar diagram shows the me&&M of the density of these bands (8 sham and 8 T-H animals).
[B-actin served as loading control. The bar diagram in panel B reprdsepmi®tein expression of

full length ATF6.

Fig. 3. PERK expression and phosphorylation following trauma-hemorrhage (T dtgirPr
expression of phosphorylated PERK (panel A) as well as well as tot& pikein (panel B)
were found to be increased in the liver of mice subjected to T-H compareahtcoperated
mice. Gel picture shows results of samples from four sham and fowanirihls and the bar
diagram shows the meaBEM of the density of these bands (8 sham and 8 T-H aninfiajtin

served as loading control.

Fig. 4. Elevated IRE@ protein expression following trauma-hemorrhage (T-H). Protein

expression of IRE4 was significantly increased in the liver of mice subjected to T-Hoeoed
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to sham operated mice. Gel picture shows results of four sham and foanirvtdls and the bar

diagram shows the meaBEM of the density of these banfisactin served as loading control.

Fig. 5. Elevated PDI expression following trauma-hemorrhage (T-H). Prexgiression of
protein disulphide isomerase (PDI) was significantly increasdtkitiier of mice subjected to T-
H compared to sham operated mice. Gel picture shows results of fourastthrfour T-H
animals and the bar diagram shows the m&& of 8 sham and 8 T-H animalB-actin served

as loading control.

Fig. 6. CHOP expression and apoptosis following trauma-hemorrhage. (A) CHOR prote
expression was quantified in mouse liver total protein extracts usingeiVédot.a-actin served
as loading control. Gel picture shows results of four sham and four T-H ardnththe bar
diagram shows the mea8EM of sham and T-H groups. (B) Apoptosis in the liver following
trauma-hemorrhage was quantified by ELISA as described. A signifidgaotBased apoptosis
was observed in T-H (n=8) group as compared to sham (n=8) group. Mean of obsergati
represented as a haorizontal bar in each group. (C) and (D) TUNEL stainiogstestes a
number of apoptotic nuclei in the liver of mice subjected to trauma-herger(fta compared to

sham (D) controls.

Figure 7. Trauma-hemorrhage induced ER stress causes apoptosis and organ dysfunction.
Excessive production of proinflammatory cytokines, hypoxia and insulin mesgs(ipw glucose
availability) are observed following trauma-hemorrhage. Any or all gitieenditions may
trigger ER stress and UPR in order to protect the cell from ER overloadeudr, persistent ER
stress leads to expression of pro-apoptotic molecules (eg, CHOPnesuttellular apoptosis

and organ dysfunction.
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Fig 5

PDI . - -y —

[S-actin—----——----

Sham T-H
0.8+

P=<0.05

Relative Intensity
(PDI/B-actin)
o
e

0.0

Shlam

11



Figure 6
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Figure 7
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