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Why Do We Care About Human Pain 
 Biomarkers?

• Diagnostic and prognostic markers enabling 
 individualized decisions regarding efficacy and 

 risk associated with:
• Pharmacotherapies
• Behavioral therapies
• Invasive procedures

• Discovery of biological pathways underlying traits 
 and diseases

• Drug discovery – target identification



Functional Class Gene Condition 
Transporters SLC6A3, or DAT1 PTSD

SLC6A4, or 5-HTT, or SERT FMS, CFS, D-IBS, migraine, TMJD
ABCB1, or MDR1 Efficacy of   µ-opioid analgesia

Metabolic genes, enzymes, and transcription 
regulators COMT TMJD ,  opioid analgesia, migraine, FMS

CYP2D6 Opioid analgesia
GCH1 LBP
MTHFR MA
ACE MA
SPTLC1, or SPT1 HSAN I
HSN2 HSAN II
IKBKAP, or IKAP HSAN III
NGFB HSAN V

Receptors NTRK1, or TRKA HSAN IV
ADRA2A, ADRA2C C-IBS
ADRB2 TMJD
DRD2 MA, PTSD
DRD4 MO, FMS
MC1R Opioid analgesia
OPRM1, or MOR1 and MOR1K µ-opioid analgesia
5-HTR2A MA,TMJD

Cytokines IL1A, IL1B, and IL1RN LBP
IL1RN VVS
IL1B VVS, BMS
IL6 LBP
IL10 IBS
TNF IBS
LTA MO

Ion channels ATP1A2 BM,  FHM type 2
KCNS1 LBP, Neuropathic
CACNA1A MA, FHM type 1
CACNA2D3 LBP
SCN1A FHM type 3
SCN9A IL6, or IFNB2 PE, PEPD,  CAIP, CIDP

Diatchenko et al.. Trends in Genetics  23:605-13, 2007     and         Kim et al.  Journal of  Pain 10:663-693, 2009 



The Translational Research Clock 

Diatchenko 
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Three  Primary COMT
 

Haplotypes

Haplotype Sequence Frequency, %

37.5

47.3

10.3

Other 4.9

rs6269   rs4633 rs4818 rs4680
Met/Val

SNP

Average Pain Sensitive  (APS) A T                  C     Amet

Low Pain Sensitive (LPS) G        C                 G     Gval

High Pain Sensitive (HPS) A        C                  C     Gval

Diatchenko et al, Hum.Mol.Gent, 2005
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Science  Vol 314:1930-1932, 2006

Diatchenko 



COMT
 

Haplotype Dependent Functional Activity

RNA stability
Protein levels

Enzymatic Activity RNA Levels

Nackley  et al.  Science  2006



COMT
 

Haplotype‐Specific mRNAs
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Mechanical  Hyperalgesia
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Allodynia/Hyperalgesia Induced by COMT Inhibition is 
 Blocked by β2

 

+β3
 

Adrenergic Receptor Antagonists 



The Translational Research Clock –
 Closing the Circle 

Diatchenko 



Pharmacogenetics and Genomics 20:239–248, 2010



Pharmacogenetics and Genomics 20:239–248, 2010



Pilot Case Crossover Trial of 
 Propranolol in TMD Patients

• 40 patients with chronic TMJD 

• Two period, double‐blind, placebo‐controlled, 
 randomized case crossover study

• Propranolol (20mg BID) vs. placebo for 7 days



Reported Improvement in Pain

Measure Placebo  Propranolol P value  X2 Square

Pain During 

 
Past Week

13 (33%) 27 (67%) 0.01 8.5

Tchivileva et al.  Pharmacogenetics  and  Genomics, 20: 239-248, 2010



Blocking βARs with Propranolol Produces 
 Analgesia in TMD Patients

Tchivileva et al.  Pharmacogenetics  and  Genomics, 20: 239-248, 2010





Morphine‐Induced Changes in Pain Ratings as a 
 Function of OPRM1 rs563649 Genotype

CCCC
(n=75)(n=75)

TT or CT  TT or CT  
(n=16)(n=16) FF--ValueValue

Pain ZPain Z--scorescore --0.54 (6.1)0.54 (6.1) 1.67 (5.7)1.67 (5.7) P<0.05P<0.05

Pain Intensity Change Pain Intensity Change 
Score*Score*

36.6(51.4)36.6(51.4) 8.0 (39.8)8.0 (39.8) F(1,89)=4.37, F(1,89)=4.37, 
p=.039p=.039

Pain Unpleasantness Pain Unpleasantness 
Change Score*Change Score*

36.6 (51.8)36.6 (51.8) 5.8 (35.6)5.8 (35.6) F(1,89)=5.13, F(1,89)=5.13, 
p=.026p=.026

*after administration of .08 mg/kg of intravenous morphine 

Shabalina et al, Human Mol Genet, 2009



The Structure of Human and Mouse OPRM1 gene.



Exonic Composition and Expression Patterns of 
 MOR‐1

 
and MOR‐1K

 
Isoforms

The alternative spliced variant of human OPRM1 containing exon 13:
It is expressed  in many CNS regions. 
It is not expressed by peripheral  leukocytes .
The human version of OPRM1 has a larger exon 13 that codes for a splice variant that 
is larger than  the mouse orthologue. 

Gris P, Gauthier J, Cheng P, Gibson DG, Gris D, Laur O, Pierson J, Wentworth S, Nackley AG, Maixner W, Diatchenko L.
Mol Pain. 2010 Jun 2;6:33.



Binding Pockets of the 7TM and 6TM 
 Isoforms

*Contact probability of 1 indicates that the specific residue is always within 4.5 Å of morphine, while 
0 indicates that the residue is always beyond 4.5 Å of morphine.

Serohijos AW, Yin S, Ding F, Gauthier J, Gibson DG, Maixner W, Dokholyan NV, Diatchenko L.
Structure. 2011 Nov 9;19(11):1683-90.



6TM – Opioid Program: Activities

Structural models of 

 
6TM and 7TM

 

Structural models of 

 
6TM and 7TM

Validate models in 

 
experiments

 

Validate models in 

 
experiments

Perform virtual 

 
screening

 

Perform virtual 

 
screening

Test best‐scoring 

 
hits in cellular assays

 

Test best‐scoring 

 
hits in cellular assays

Test best performing 

 
hits in animals

 

Test best performing 

 
hits in animals leadsleads

Serohijos et al., Structure, 19: 1683‐1690 (2011)





A Future for  Human Pain Phenotypic 
 and Molecular Biomarkers

• Discovery of biological pathways underlying traits 
 and diseases

• Drug discovery – target identification

• Diagnostic and prognostic markers enabling 
 individualized decisions regarding efficacy and 

 risk of :
• Pharmacotherapies
• Behavioral therapies
• Invasive procedures
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Heritability
Clinical Pain

• Low back pain             30‐68%

• Fibromyalgia   

 

51%

• Neck pain                     34‐58%

• Knee pain                           44%

• Osteoarthritis              30‐46%

• Pelvic pain                          41%

• Headache

– Males                      39‐44%

– Females                  49‐58%

Experimental Pain

• Punctuate hyperalgesia                    

 55% 

• Heat pain threshold                          

 53% 

• Pain during burn induction              

 34%

• Itch after histamine iontophoresis 

 35%

• Pain during acid iontophoresis        

 31%

• Pain during ATP iontophoresis        

 22%

• Brush evoked allodynia area           



Pain Research Panel
Assessment of 3295 SNPs from 

 
350 genes implicated in key 

 
pathways that regulate the 

 
perception of pain

• Affymetrix ParAllele microarray platform 

 
using Molecular Inversion Probe (MIP) 

 
technology

• 3 domains relevant to hypothesized risk 

 
pathways 

• Genes coding for proteins that mediate or 

 
modify the therapeutic effects of 

 
pharmacological agents used to treat pain

• SNP choice selective for putatively 

 
functional loci 

• LD coverage of entire gene at r2 > 0.8

• 160 ancestry‐informative markers

Nociceptive 
transmission

Inflammation

Mood and affect
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Complex Persistent Pain Conditions

6q24‐q25  1p13.1 5q31‐q32 9q34.3 Xp11.23 

Hypothesized Risk Determinants

Diatchenko et al, Pain  123: 226-30, 2006
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