
Identification of a Novel Biomarkers for 
the Diagnosis and Treatment ofthe Diagnosis and Treatment of 

Hemorrhagic Shock
Hasan B. Alam, MD

Division of Trauma, Emergency Surgery & Surgical Critical 
Care

Massachusetts General Hospital Harvard Medical SchoolMassachusetts General Hospital, Harvard Medical School

Aug 12, 2009



Basic ConceptsBasic Concepts

• Diverse response to hemorrhage/trauma
• Innate pro-survival pathwaysInnate pro survival pathways
• Creating a “pro-survival” phenotype
• Pharmacological resuscitation 
• Treating shock vs surviving shock• Treating shock vs. surviving shock
• Monitoring response



Pharmacological Resuscitation



Network BiologyNetwork Biology
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Epigenetic regulationEpigenetic regulation



Chromatin modulation



AcetylationAcetylationAcetylationAcetylation
•• Controlled by two enzyme systems:Controlled by two enzyme systems:•• Controlled by two enzyme systems:Controlled by two enzyme systems:

Histone acetyltransferase (HAT)  Histone acetyltransferase (HAT)  -- ↑↑ transcriptiontranscription
Hi t d t l (HDAC)Hi t d t l (HDAC) ↓↓ t i tit i tiHistone deacetylase (HDAC)  Histone deacetylase (HDAC)  -- ↓↓ transcriptiontranscription

•• Histone Deacetylase Inhibitors Histone Deacetylase Inhibitors 
(HDACI)(HDACI)(HDACI)(HDACI)
–– Result in Result in ↑↑ acetylation and acetylation and ↑↑ transcriptiontranscription



HDAC InhibitorsHDAC InhibitorsHDAC InhibitorsHDAC Inhibitors
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HDACI in clinical use
• Suberoylanilide hydroxamic acid (SAHA)y y ( )

– Vorinostat (ZolinzaTM), Merck & Co., Inc.
– FDA approved Oct 2006

• For cancer treatment (CTCL)
• >40 ongoing clinical trials

V l i id (VPA)• Valproic acid (VPA)
– Depakote® or Depakene®, Abbott Pharmaceuticals, 

LtdLtd.
– FDA approved Feb 1978

• For seizure and mood disorders
• Ongoing clinical trials for cancer treatment
• Generic available 



Creating a “pro-survival phenotype”

(Resuscitation, 2008; Volume 76, Issue 2, Pages 299-310)



HDACI treatment improves survival 
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Surgery 2009 
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Septic Shockp

NORMAL                             LPS                        SAHA + LPS

Shock 2009 March [E Pub ahead of print]



BiomarkersBiomarkers

• Diagnosis, treatment, monitoring and 
prognosisp g

• Limitations of traditional biomarkers
M it i f ti f i ll l• Monitoring of tissue perfusion vs. cellular 
survival

• Desirable qualities   



Methods
Discovery of circulating biomarkers
• Serum: BL (baseline), HS and VPA treatment in a ( ),

rat model
• Determination of protein profile patterns: surface-

enhanced desorption / ionization time-of-flightenhanced desorption / ionization time-of-flight 
mass spectrometry (SELDI-TOF MS)

• Identification of biomarkers: isobaric tag labeling 
f l ti tit ti (iTRAQ)for relative quantitation (iTRAQ)

• Validation of a biomarker: Western blotting

J Surg Research 2009 

Biomarkers



Serum Biomarker Levels following hemorrhage and 
VPA Treatment



Determination of protein profile patterns:
Application of SELDI following hemorrhage and VPA 

treatment



Identification, quantification and 
validation of biomarker claudin-3 protein
iTRAQ Identification and Quantification Western Blot Validation

validation of biomarker claudin-3 protein



Claudin-3 and tight junction in 
i t ti l ith li l llintestinal epithelial cells



Response of intestinal claudin-3
t h h d VPA t t tto hemorrhage and VPA treatment



Expression of Intestinal claudin-3 mRNAp 3



Expression of claudin-3 protein in intestine 
after LPS-induced septic shock

CClaudin-3

ActinActin

Changes specific to hemorrhage 



Conclusions
• HDACI treatment restores acetylation 

balance and improves survival
• Hemorrhage causes an acute rise in serum 

biomarkers, such as claudin-3biomarkers, such as claudin 3
• With a concurrent decrease in intestinal 

claudin-3claudin-3
• HDACI treatment prevents these changes

C• Correlates with survival



Next Steps:Next Steps:
Clinical correlation using high g g

throughput, rapid assay  



El t h il i D t ti f S iElectrochemiluminescence Detection for Screening 
of Serum Biomarkers in Trauma Patients 



S l t d Bi k f S iSelected Biomarkers for Screening 
Trauma Patients
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