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ÁTransformation of PBMCs (Peripheral  Blood 
Mononuclear Cells) Into LCLs (Lymphoblastic 
Cell Lines) , Compare To Whole Blood

Correlation of PBMCs And Brain Expression 

YƭƛƴŜŦŜƭǘŜǊΩǎ {ȅƴŘǊƻƳŜΣ /ƻƎƴƛǘƛƻƴΣ ŀƴŘ DŜƴŜ 
Expression In LCLs.

Trans-Regulatory Loci Stress Response in 
LCLs

Objectives -- Biomarkers



Psychiatric Illnesses And Microarray Gene 
Expression  

Psychiatric Disorder N PBMC/LCL/Whole Author Year

Panic Disorder 60 LCL Philibert et al. 2007

Nicotine Dependence 94 LCL Philibert et al. 2007

Bipolar Disorder 40
54

PBMC
PBMC

Konradiet al.
Glatt et al.

2007
2005

YƭƛƴŜŦŜƭǘŜǊΩǎ {ȅƴŘǊƻƳŜ17 LCL Vawteret al. 2007

!ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ14
32

PBMC
PBMC

Maeset al. 
Kálmánet al.

2006
2005

Schizophrenia  And
BipolarDisorder

74
76
118

Whole Blood
PBMC
LCL

Tsuanget al.
Middleton et al.
Iwamoto et al.

2005
2005
2005

IǳƴǘƛƴƎǘƻƴΩǎDisease 83 WholeBlood Boroveckiet al. 2005

Neurofibromatosis Type 1 /
Epilepsy/¢ƻǳǊŜǘǘŜΩǎSyndrome

129 Whole Blood Tang et al. 2005

5ƻǿƴΩǎ {ȅƴŘǊƻƳŜ 4 LCL Giannoneet al. 2004

Schizophrenia 10
14

LCL
LCL

Vawter et al.
Vawter et al.

2006
2004



Advantage to cells and cell lines
ωLess agonal artifacts
ωMedication(s) might wash out in repeated passage, although epigenetic 
effects may persist.
ωEasier and more abundant access than brain
ωCan be used in experimental research for repeated measures, such as dose-
response titration.
ωVariance in gene expression trait in cells may be linked to genetic loci
ωCan be obtained repeatedly
ωExpression might be more stable than Ficoll isolated PBMCs?

Some disadvantages to cell lines
ÅNot related to brain tissue 
ÅImmortalized which might alter gene transcription machinery



PBMC: Whole Blood Comparison (Whitney et al., 2003)

Intrinsic interindividual differences in 
gene expression patterns (PBMC). 





Expression Whole Blood, PBMCs, LCLs?
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QC-Affymetrix Exon Array

Positive vs. Negative ROC AUC : positive-negative controls

Gender T F P0 P1 P2

F 0.862 0.9 0.9 0.9 0.9

F 0.871 0.9 0.9 0.9 0.9

F 0.867 0.9 0.9 0.9 0.9

F 0.859 0.9 0.9 0.9 0.9

Mean 0.865 0.902 0.902 0.905 0.903

SD 0.006 0.007 0.004 0.004 0.006

M 0.873 0.9 0.9 0.9 0.9

M 0.869 0.9 0.9 NA NA

M 0.881 0.9 0.9 0.9 0.9

M 0.866 0.9 0.9 0.9 0.9

Mean 0.872 0.891 0.897 0.879 0.895

SD 0.007 0.010 0.002 0.007 0.004

p-value 0.140 0.099 0.083 0.002 0.119

Grand mean 0.869 0.896 0.899 0.894 0.900

SD 0.007 0.010 0.004 0.014 0.006



Covariance PCA



Expression Differences RefSeq 
Transcripts Between Preparations

Variable Name Cutoff Value # of Significant p-values
PREPARATION 8.10E-06 7358
PBMC- P0 4.63E-06 3973
PBMC ςP1 4.52E-06 3798
PBMC ςP2 4.72E-06 4105
PBMC - WB 3.71E-06 2341
P0 - P1 2.80E-06 14
P0 ςP2 2.81E-06 43
P1 ςP2 2.80E-06 5

P0, P1, P2  -- Passage 0, 1, 2

PBMC  -- Peripheral Blood Mononuclear Cells

WB  -- Whole Blood processed in Tempus Tubes

Whitney et al (2003) 
ǊŜǇƻǊǘŜŘ άϤнΣллл ǘǊŀƴǎŎǊƛǇǘǎ 
for this PBMC:WB 
comparison with at least a 
2-ŦƻƭŘ ŀǾŜǊŀƎŜ ŘƛŦŦŜǊŜƴŎŜΦ ά 



Transformation (Effect Across Transcripts)



Expected Gender Difference Across 5 
Preparations

RPS4Y1



Genome Wide View Of Subject 
(Gender effect), < 10-6



Highly Significant Expression 
Difference Across Preparations

CPVL carboxypeptidase, vitellogenic-like

ñUsing differential display PCR, 

we cloned a novel 

carboxypeptidase expressed in 

human macrophages but not in 

other leukocytes.ò 2001 Mar 

15;72(3):243-51. Cloning and 

characterization of CPVL, a novel 

serine carboxypeptidase, from 

human macrophages. Mahoney 

JA,  et al.



PBMC expression compared to LCLs 
from same subjects. 

Transcript differences across genome (p-

value < 10-6). 



PBMC expression compared to 
LCLs from same subjects.

Test chromosomal over-rep of 
results that pass 10^6.



Over-representation by cytogenetic 
band

Cytoband Count % Corrected P-value Differentially Expressed Genes In Cytoband

19q13.4 11 1.34% 1.31E-04 FPR1, LILRA5, LILRA1, LILRB2, LILRA2, 

LILRA3, LILRA4, LILRB3, LILRB1, LAIR1, 

LILRA6

2p12 6 0.73% 3.82E-04 IGKC, CD8A, CD8B, IGKV1-5, EIF2AK3, 

IGKV1D-13 

7q34 6 0.73% 2.20E-02 TRBV5-4, TRBV21-1, TRBC1, TRBV19, 

TRBV4-1, TRBV3-1 

1p31 4 0.49% 3.32E-02 MSH4, ACADM, RABGGTB, AK5 

1q23 4 0.49% 3.90E-02 FCGR2A, NDUFS2, FCER1G, FCGR3A 

1p31.1 4 0.49% 3.90E-02 IFI44, DNAJB4, CTH, IFI44L 

2q35 5 0.61% 5.46E-02 CTDSP1, DSU, SLC11A1, IL8RB, IL8RA 



EBI3 (Epstein Barr Virus Induced Gene 3)

Transformed 
(P0,P1,P2)

Non Transformed 
(Whole Blood, Ficoll WBC)



EBV Induced Gene 6

 



SH2D1A Expression Repressed By 
EBV



Q-PCR Validation Relative to PBMC

Whole Blood 

Tempus

Transformed 

PBMCs

Passage 1 Passage 2

CCL22

Fold Change 9.8 3,774,507 2,404,824 1,504,355

(p)# 0.00064215 0.00000003 0.00000007 0.00000510

HCK

Fold Change 1.48 0.07 0.06 0.05

(p) 0.2209 0.0019 0.0019 0.0026

SH2D1A

Fold Change 0.90 0.31 0.37 0.15

(p) 0.1088 0.0178 0.0907 0.0157

TRAF1

Fold Change 1.75 45.19 44.63 47.53

(p) 0.0799 0.0001 0.0005 0.0007



Transformation Induces Consistent 
Expression Changes Across Subjects



Which Preparations To Study

PBMC  -- Peripheral Blood Mononuclear Cells
WB  -- Whole Blood processed in Tempus Tubes

ÅPBMCs were isolated within 2 hr of blood draw

ÅMajority of PBMCs viable (Trypan blue ) 

ÅWB drawn into Tempus tubes was immediately óstoppedô   

VThese findings show that a large difference in transcription 

profiling occurs due to the isolation of PBMCs.  

VSomewhat surprising was the observation that once cells are 

transformed, further passages of transformed cell lines at 

confluency did not induce significant differential gene expression.



Brain-Lymphocyte Potential 
Biomarkers



A B

Brain-Lymphocyte 
Potential Biomarkers


