
Combined analysis of multimodal brain imaging data for the study and 
prevention of major depressive disorders in highrisk offspring 

 
Francesca Zanderigo, PhD 

 
 

PROJECT ABSTRACT 
 
The  serotonin  (5‐HT)  neurotransmitter  system  has  been  implicated  in  the 
pathogenesis of major depression (Blier et al., 1990; Czesak et al., 2006; Lemonde et 
al.,  2003;  Stockmeier  et  al.,  1998).  This  system  can  be  investigated  in  vivo  via 
Positron  Emission  Tomography  (PET),  a  nuclear  imaging  technology  that  uses 
radioactively  labeled  molecules  (i.e.  radioligands)  to  quantify  and  visualize 
biological  processes,  such  as  blood  flow,  brain  metabolism,  and  distribution  of 
proteins  throughout  the  body.  In  investigations  related  to  depression  specifically, 
PET is used for measuring in vivo the closest quantification to in vitro concentration 
of available receptors of the serotonin system (i.e. the binding potential, BPF) (Innis 
et al., 2007). 

By  using  PET,  investigators  found  higher  serotonin  1A  (5‐HT1A)  binding 
potential  in  subjects  affected  by  major  depressive  disorder  (MDD)  (Parsey  et  al., 
2006; Parsey et al., 2010), suggesting that this is a biologic trait of MDD. Preliminary 
data also suggest the same abnormality (i.e. higher 5‐HT1A binding)  in healthy (i.e. 
not  affected  by  mood  disorder)  offspring  of  MDD  subjects,  indicating  familial 
transmission. It has been observed that MDD aggregates in families and the risk to 
develop MDD for relatives of depressive subjects (11%‐18%) is significantly greater 
than  the  risk  for  relatives  of  healthy  controls  (HC)  (0.7%‐7%) 
(http://www.nimh.nih.gov/research/genetics.htm).  The  ability  to  identify  the 
population  at  highest  risk  for  developing  MDD  could  help  target  potential 
preventive interventions and would further our understanding of the pathogenesis 
of depression, especially in adolescents and young adults. 

Unfortunately, mental  health  professionals  currently  do  not  have  objective 
tools  to  classify  people  at  risk  of  developing  MDD,  identify  genetic  and 
environmental  factors  that  lead  from  risk/vulnerability  to  illness,  or  select  a 
treatment plan, which can be preventive or after manifestation of the illness, based 
on each individual’s likelihood of remission. If such tools were developed, they could 
significantly  reduce  the  morbidity  and  mortality  resulting  from  ineffective 
treatment trials (Leuchter et al., 2010; Taylor et al., 2005).  

Consequently,  there  is  a  critical  need  to  both  identify  biologic  traits  (i.e. 
biomarkers)  that objectively  characterize  a  specific population with  respect  to HC 
(e.g. MDD, MDD offspring), and develop automatic algorithms that, working on the 
information  provided  by  these  biomarkers,  help  clinicians  identify  subjects  at 
highest risk of MDD and consequently provide the optimal  therapy on the basis of 
the prediction of each individual’s response to treatment. 

In vivo brain imaging techniques such as PET, structural Magnetic Resonance 
Imaging (MRI),  functional MRI, Diffusion Tensor Imaging (i.e. a MRI technique that 
measures the restricted diffusion of water in tissue to produce neural tract images), 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Arterial Spin Labeling (i.e. a MRI technique that measures cerebral perfusion), and 
Electroencephalography  can  each  assess,  in  a  non‐invasive  way,  different  brain 
structures  and  functions,  and  have  already  provided  some  neural  predictors  of 
response to treatment for MDD patients (Bruder et al., 2008; Chen et al., 2007; Gong 
et al., 2011; Konarski et al., 2009; Milak et al., 2009; Siegle et al., 2006). 

Furthermore, so  far none has performed a multi‐modalities  investigation  in 
the specific case of MDD offspring. The extent to which outcome measures derived 
via  brain  imaging,  as  biomarkers  of  MDD,  can  classify  young  subjects  at  risk  of 
developing depression by virtue of being offspring of MDD probands has yet to be 
examined.  

Therefore, on the basis of preliminary results, we aim to: 
• determine whether the abnormality of higher serotonin 5‐HT1A binding, which can 
only be assessed in vivo via PET, together with other structural biomarkers derived 
via MRI (e.g. cortical thickness, fractional anisotropy), can be used to automatically 
classify  young  subjects  at  higher  risk  for  developing  MDD  by  virtue  of  having 
parent(s) affected with recurrent MDD; 
• investigate the genetic and environmental factors that lead from risk/vulnerability 
to illness, and predict each individual’s likelihood of remission to specific treatments 
on  the  basis  of  PET,  MRI,  and  potentially  biomarkers  derived  from  other  brain 
imaging modalities, in order to select the optimal treatment. 

As depression  is  a heterogeneous and complex disorder, whose occurrence 
and  differential  treatment  prediction  likely  require  information  derived  from  a 
combination of imaging modalities, we propose the development of a technique that 
jointly  analyzes  data  from  multiple  imaging  modalities  in  order  to  identify 
biomarkers  predictive  of  high  risk  for MDD  for  early  preventive  intervention.  To 
achieve this, we will consider the use of advanced machine learning and data mining 
techniques, which have  the potentiality of enhancing  image‐derived measures and 
elucidating function‐structure networks (Sui et al., 2011). 
 
 

REFERENCES 
 
• Blier  P,  de Montigny  C,  Chaput  Y.  A  role  for  the  serotonin  system  in  the mechanism  of 
action of antidepressant treatments: preclinical evidence.  J Clin Psychiatry. Apr 1990; 51 
Suppl: 14‐20; discussion 21. 

 
• Bruder  GE,  Sedoruk  JP,  Stewart  JW,  McGrath  PJ,  Quitkin  FM,  Tenke  CE. 
Electroencephalographic  alpha  measures  predict  therapeutic  response  to  a  selective 
serotonin  reuptake  inhibitor  antidepressant:  pre‐  and  posttreatment  findings.  Biol 
Psychiatry. Jun 15 2008; 63(12):1171‐1177. 

 
• Chen  CH,  Ridler  K,  Suckling  J,  et  al.  Brain  imaging  correlates  of  depressive  symptom 
severity  and  predictors  of  symptom  improvement  after  antidepressant  treatment.  Biol 
Psychiatry. Sep 1 2007; 62(5): 407‐414. 

 



• Czesak  M,  Lemonde  S,  Peterson  EA,  Rogaeva  A,  Albert  PR.  Cell‐specific  repressor  or 
enhancer activities of Deaf‐1 at  a  serotonin 1A receptor gene polymorphism.  J Neurosci. 
Feb 8 2006; 26(6): 1864‐1871. 

 
• Gong  Q,  Wu  Q,  Scarpazza  C,  et  al.  Prognostic  prediction  of  therapeutic  response  in 
depression using high‐field MR imaging. Neuroimage. Apr 15 2011; 55(4): 1497‐1503. 

 
• Innis RB, Cunningham VJ, Delforge J, Fujita M, Gjedde A, Gunn RN, Holden J, Houle S, Huang 
SC, Ichise M, Iida H, Ito H, Kimura Y, Koeppe RA, Knudsen GM, Knuuti J, Lammertsma AA, 
Laruelle M,  Logan  J, Maguire  RP, Mintun MA, Morris  ED,  Parsey  R,  Price  JC,  Slifstein M, 
Sossi V, Suhara T, Votaw JR, Wong DF, Carson RE (2007) Consensus nomenclature for  in 
vivo imaging of reversibly binding radioligands. J Cereb Blood Flow Metab. 27(9): 1533‐9. 

 
• Konarski JZ, Kennedy SH, Segal ZV, et al. Predictors of nonresponse to cognitive behavioral 
therapy  or  venlafaxine  using  glucose  metabolism  in  major  depressive  disorder.  J 
Psychiatry Neurosci. May 2009; 34(3): 175‐180. 

 
• Lemonde S, Turecki G, Bakish D, et al.  Impaired repression at a 5‐hydroxytryptamine 1A 
receptor  gene  polymorphism  associated with major  depression  and  suicide.  J  Neurosci. 
Sep 24 2003; 23(25): 8788‐ 8799. 

 
• Leuchter AF, Cook IA, Hamilton SP, et al. Biomarkers to predict antidepressant response. 
Curr Psychiatry Rep. Dec 2010; 12(6): 553‐562. 

 
• Milak  MS,  Parsey  RV,  Lee  L,  et  al.  Pretreatment  regional  brain  glucose  uptake  in  the 
midbrain  on  PET  may  predict  remission  from  a  major  depressive  episode  after  three 
months of treatment. Psychiatry Res. Jul 15 2009; 173(1): 63‐70. 

 
• Parsey  RV,  Oquendo  MA,  Ogden  RT,  et  al.  Altered  serotonin  1A  binding  in  major 
depression:  a  [carbonyl‐C‐11]WAY100635  positron  emission  tomography  study.  Biol 
Psychiatry. Jan 15 2006; 59(2): 106‐113. 

 
• Parsey  RV,  Ogden  RT,  Miller  JM,  et  al.  Higher  Serotonin  1A  Binding  in  a  Second  Major 
Depression Cohort: Modeling and Reference Region Considerations. Biol Psychiatry. Jul 15 
2010; 68(2): 170‐178. 

 
• Siegle GJ, Carter CS, Thase ME. Use of FMRI to predict recovery from unipolar depression 
with cognitive behavior therapy. Am J Psychiatry. Apr 2006; 163(4): 735‐738. 

 
• Stockmeier  CA,  Shapiro  LA,  Dilley  GE,  Kolli  TN,  Friedman  L,  Rajkowska  G.  Increase  in 
serotonin‐1A  autoreceptors  in  the  midbrain  of  suicide  victims  with  major  depression‐
postmortem  evidence  for  decreased  serotonin  activity.  J  Neurosci.  1998;  18(18):  7394‐
7401. 

 
• Sui J, Pearlson G, Caprihan A, et al. Discriminating schizophrenia and bipolar disorder by 
fusing  fMRI  and  DTI  in  a  multimodal  CCA+  joint  ICA  model.  Neuroimage.  Aug  1  2011; 
57(3): 839‐855.   

 



• Taylor  CB,  Youngblood  ME,  Catellier  D,  et  al.  Effects  of  antidepressant  medication  on 
morbidity  and  mortality  in  depressed  patients  after  myocardial  infarction.  Arch  Gen 
Psychiatry. Jul 2005; 62(7): 792‐798. 


