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Abstract

Introduction :Although highly protective, cardiac surgery uilizing cardioplegia and
cardiopulmonary bypass(CP/CPB) subjects myocardium to hypothermic reversible
ischemic injury that can impair cardiac function. Pronounced contractile deficits in
asubset of patients can result in a greatly enhanced risk of mortality. Changes in
myocardial contractile activity are likely regulated via acute protein modifications.
We performed the following study to determine changes in the protein profile of
human myocardium following CP/CPB.

Methods :Right atrial appendage was collected from patients pre and post-
CPICPB. Atrial tissue lysates were subjected to two-dimensional electrophoresis,
total protein staining, gel averaging, and densitometry using 2-D image analysis
software. 10 of the most prominently regulated protein spots following CP/CPB
were identified using Mass Spectrometry.

Results: Pre-CP/CPB, 19 unique or preferentially expressed (vs post-CP/CPB)
protein spots were detected. Post-CP/CPB, 65 differential proteins (vs pre-
CPICPB) were detected. There were no consistent changes in the remaining 280
consistently detected proteins. Identified proteins that changed either expression
or post-translational modification following CP/CPB included: contractile proteins
MLC-2a and MLC-1, metabolic proteins ATP-synthase F1 complex-delta and
Enoyl-C hydratase, the red;

omega , the inflammatory proteins alpha-1-acid-glycoprotein and S100A8, and the
protesome subunit beta 6. Of particular interest was phosphatidylethanolamine-
binding protein 1(PEBP/HCNP), a secreted protein with recently identified potent
negative inotropic effects.

Conclusions :Cardiac surgery results in dramatic changes in the human
myocardial protein profile. CP/CPB modifies specific cytoskeletal, metabolic,
inflammatory, and proteolytic proteins potentially involved in myocardial contractile
deficits. Specifically, analysis of the role of PEBP may have significant implications
for CPICPB-induced myocardial stunning.

Methods

Discarded samples of right atrial appendage and chest wall skeletal muscle were
harvested from patients before and after undergoing CP/CPB for CABG or valve
surgery (n=4).

Tissue was harvested by tightening of double purse string sutures placed on the
right atrial appendage and immediately frozen in liquid nitrogen or placed in
formalin.

Pre- CP/CPB - harvested before CP/CPB at
venous cannulation.

Post-CPICPB - harvested after a short period
of reperfusion following removal of the aortic
cross clamp (~5-10 min).

Proteins were extracted in RIPA buffer with protease and phosphatase inhibitors
using Pressure Cycling Technology (Pressure BioSciences, West Bridgewater,
MAY). The samples were subjected to 40 cycles at a maximum pressure of 35,000
psi as previously described (Smejkal et al, Analytical Biochemistry, 2007).
Samples were centrifuged at 10,000 RCF for 10 minutes and protein
concentration of the supernatant was determined by BCA protein assay (Pierce).
100 ug of total protein per sample was used to hydrate immobilized pH gradients
. PH 3-10 for 6 hours. Isoelectric focusing and two-dimensional electrophoresis
were performed as previously described (Smejkal and Robisnon, Electrophoresis,
2007).

2D gels were sequentially stained for phosphorylated and total proteins using
Pro-Q diamond and SYPRO Ruby (Invitrogen) according to the manufacturers
instructions. Gels were imaged using a BioRad FX laser scanning densitometer.
Additionally 2 gels were stained with colloidal Coomassie Blue and imaged with
an infrared gel scanner (Licor).

Protein spot detection was performed on all gels using Phoretix 2-D gel analysis
software. Densitometry values for spots matched between gels were determined
following background subtraction and normalization by total spot intensity of each

10 spots consistently up/down regulated or present only in pre or post samples
were excised and submitted to the proteomics core facility at BIDMC for

by Mass y. Identified were entered into blast
searches to determine protein identification.
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Figure 2 — Difference map of Post-CP/CPB changes rel  ative to Pre-CP/CPB
samples. Red spots indicate > 2 fold increase over Pre-CP/CPB, green spots < 2 fold decrease over
Post CP/CPB, and blue indicates spots not matched to pre-CP/CPB with at least 75% frequency. Data was
generated by averaging individual densitometry values per spot from 4 patients pre and post. Expression
analysis data is overlaid on a representative post-CP/CPB gel.
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Figure 3 — Changes in the myocardial protein profile of patients following

CP/CPB. Presented changes in the number of pre vs. post samples are the result of averaged data of
individual patients. Total represents the spots detected in either the pre or post group that were common to
at least 3 of the 4 gels/group. Unique spots represent proteins detected in at least 3 of gels in the
respective group and a frequency <2 in the matched pre/post sample. 2 fold increases/decreases in spot
intensity were calculated for those proteins detected and matched in at least 3 of 4 gels in both the pre and
post groups.

Figure 1 — Two-dimensional
electrophoresis of human
atrial samples before and after . s
cardiac surgery utilizing
cardioplegia and
cardiopulmonary bypass.
tissue lysates (100 ug) were subjected to . o o
2-D electrophoresis (8-20% SDS-PAGE,
10 -3 pH gradient) and general protein
staining with SYPRO ruby. Four patient

were analyzed. Representative blots
form one patient are shown.
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Table 1: Proteins regulated during CP/CPB identifie
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Figure 5: Representative images of
increases in PEBP following CP/CPB.
Representative total protein stained gels of PEBP (solid
arrow, spot 689 in table 1). B. There was no detected
ProQ-Diamond (phosphoprotein) spot staining.

d by Mass Spectrometry.

o v Figure 4: Quantification

of CP/CPB regulated
proteins identified in
Table 1. Datais presented as
the % of the maximal response
(pre- or post-CP/CPB).
Statistical significance (p <.05)
determined using paired t-test.
*indicates p<.05
dela
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Figure 4: MLC2a is modified by phosphorylation

and cleavage following CP/CPB.  A) Representative
total protein stained gels of MLC2a (solid arrow, spot 588 in table
1, dashed arrow, spot 587). B. ProQ-Diamond (phosphoproteins)

gel staining reveals increased phosphorylation of MLC-2a post

CP/CPB (Red: phosphorylated proteins, Green: Total Proteins)

C) Representative images of truncated MLC-2a pre and post-

CPICPB. (Arrow: MLC2a, spot 1475 in Table 1,only CBB
detectable).

Conclusions

Proteomic profile of patients undergoing cardiac
surgery utilizing cardioplegia and cardiopulmonary
bypass reveals numerous consistent changes in the
human myocardial protein profile.

CP/CPB modifies specific cytoskeletal, metabolic,
inflammatory, and proteolytic proteins potentially
involved in ischemic insults associated with cardiac
surgery.

These results and subsequent analysis of additional
proteins provide invaluable insight to changes in the
myocardial proteome during CP/CPB. Modulation of
these specific proteins may lead to enhanced
strategies for cardio protection.



