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Rheumatoid arthritis (RA) is a chronic inflamsnmatory arthritis. Currently, diagnosis of RA may take several weeks, and factors used
to predict a poor prognosis are not always reliable. Gene expression in RA may consist of a unique signature. Gene expression
analysis has been applied to synovial tissue to define molecularly distinct forms of RA; however, expression analysis of tissue taken
from a synovial joint is invasive and clinically impractical. Recent studies have demonstrated that unique gene expression
changes can be identified in peripheral blood mononuclear cells (PBMCs) from patients with cancer, multiple sclerosis, and lupus.
To identify RA disease-related yenes, we performed a global gene expression analysis. RNA from PBMCs of 9 RA patients and 13
normal volunteers was analyzed on an oligonucleotide array. Compared with normal PBMCs, 330 franscripts were differentially
expressed in RA. The differentially regulated genes belony to diverse functional classes and include genes involved in calcium
binding, chaperones, cytokines, franscription, franslation, signal fransduction, extracellular matrix, infegral to plasma membrane,
inteyral to intracellular membrane, mitochondrial, ribosomal, structural, enzymes, and proteases. A k-nearest neighbor analysis
identified 29 transcripts that were preferentially expressed in RA. Ten genes with increased expression in RA PBMCs compared with
controls mapped to a RA susceptibility locus, 6p21.3. These results sugygest that analysis of RA PBMCs at the molecular level may
provide a set of candidate yenes that could yield an easily accessible gene signature to aid in early diagnosis and treatment.
Online address: http://www.molmed.org
doi: 10.2119/2006-000056.Edwards

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic
inflammatory disease causing synovial
joint damage, disability, and a shortened
life expectancy (1,2). An awareness of the
destructive potential of RA has led to
more aggressive use of disease-modifying
anti-theumatic drugs (DMARDs) (3) and
the development of immune therapies
targeted to molecules and cells important

in the pathogenesis of RA. These include
the TNF inhibitors infliximab, etanercept,
and adalimumab (4). Synovial joint dam-
age occurs early in the disease course,
and many patients demonstrate erosions
within a few months after becoming
symptomatic (5). Recent evidence sug-
gests that early aggressive therapy (inflix-
imab and methotrexate) yields greater
benefit than similar therapy after failure
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of other drugs (6-8). To initiate early ag-
gressive therapy requires reliable and
rapid determination of diagnosis and
prognosis. In addition, factors used to
predict a poor prognosis, including sex,
age of onset, multiple joint involvement,
rheumatoid factor, and the presence of
the shared epitope of HLA-DR4, are not
always reliable (9-12).

Gene expression profiling may allow
early diagnosis, aid in identifying factors
that predict poor prognosis, and help
focus early, aggressive, and expensive
therapy to those that would benefit the
most. Expression analysis of tissues
taken at the site of disease within a syn-
ovial joint is invasive and impractical on
a routine basis. However, recent studies
have demonstrated unique gene expres-
sion changes in peripheral blood
mononuclear cells (PBMCs) from pa-



tients with cancer, multiple sclerosis, and
lupus (13-17). In this study, a genome-
wide scan of PBMCs from normal volun-
teers and RA PBMCs was performed
using oligonucleotide arrays represent-
ing 6800 human genes to explore gene
expression in the PBMCs of individuals
with RA.

MATERIALS AND METHODS

Patient Selection

Patients with RA, defined by American
College of Rheumatology (ACR) criteria
(18), were identified in a rheumatology
clinic with approval from the local re-
search ethics committee. Demographic
data including age, sex, and time since
diagnosis were collected. A tender joint
count (TJC 0-28), swollen joint count (JC
0-28), patient’s best global assessment
(visual analog scale), and erythrocyte
sedimentation rate (ESR) were per-
formed to calculate a 28-joint disease ac-
tivity score (DAS28). The presence of
rheumatoid factor (RF) and the use of
DMARDs were recorded. Blood was also
collected from healthy volunteers with
no previous diagnosis of RA or other
chronic inflammatory diseases.

Isolation of RNA and Preparation of
Labeled Hybridization Solutions

An 8-mL sample of venous blood was
collected into CPT Vacutainer cell purifi-
cation tubes (Becton Dickinson, Franklin
Lakes, NJ, USA) and refrigerated imme-
diately. Samples were immediately trans-
ferred to the laboratory, and PBMCs
from the 9 RA and 13 normal volunteers
were separated according to the manu-
facturer’s recommendations. Briefly, the
tube was centrifuged at 1500g (2700 rpm)
at room temperature, and PBMCs were
isolated before being washed twice in
PBS. Total RNA was extracted using the
RNeasy minikit (Qiagen, Valencia, CA,
USA). For each sample, 2 ug total RNA
was used to generate cDNA as described
(19). RNA quality was determined by ob-
serving distinct 285 and 18S ribosomal
bands on an agarose gel. First-strand
cDNA synthesis was performed under

the following buffer conditions: 1x 1st-
strand buffer (Invitrogen Life Technolo-
gies, Carlsbad, CA, USA), 10 mM DTT
(Gibco/Invitrogen), 500 uM of each
dNTP (Invitrogen Life Technologies), 400
units Superscript RT II (Invitrogen Life
Technologies), and 40 units RNase in-
hibitor (Ambion, Austin, TX, USA). The
reaction proceeded at 47°C for 1 h. Sec-
ond-strand cDNA was synthesized with
the addition of the following reagents at
the final concentrations listed: 1x 2nd-
strand buffer (Invitrogen Life Technolo-
gies), an additional 200 uM of each
dNTP (Invitrogen Life Technologies), 40
units E. coli DNA polymerase I (Invitro-
gen Life Technologies), 2 units E. coli
RNaseH (Invitrogen Life Technologies),
and 10 units E. coli DNA ligase. The reac-
tion proceeded at 15°C for 2 h; during
the last 5 min of this reaction, 6 units T4
DNA polymerase (New England Biolabs,
Beverly, MA, USA) was added. The re-
sulting double-stranded cDNA was puri-
fied with the use of BioMag carboxyl-
terminated particles as follows: 0.2 mg
BioMag particles (Polysciences, Warring-
ton, PA, USA) were equilibrated by
washing three times with 0.5 M EDTA
and resuspended at a concentration of
22.2 mg/mLin 0.5 M EDTA. The double-
stranded ¢cDNA reaction was diluted to a
final concentration of 10% PEG/1.25 M
NaCl, and the bead suspension was
added to a final bead concentration of
0.614 mg/mL. The reaction was incu-
bated at room temperature for 10 min.
The cDNA /bead complexes were
washed with 300 uL of 70% ethanol, the
ethanol was removed, and the tubes
were allowed to air dry. The cDNA was
eluted with the addition of 20 uL of
10 mM Tris-acetate, pH 7.8, and incu-
bated for 2 to 5 min, and the cDNA-
containing supernatant was removed.
Purified double stranded cDNA
(10 uL) was added to an in vitro tran-
scription (IVT) solution which contained
1x IVT buffer (Ambion), 5000 units T7
RNA polymerase (Epicentre Technolo-
gies, Madison, WI, USA), 3mM GTP,
1.5 mM ATP, 1.2 mM CTP, and 1.2 mM
UTP (Amersham/Pharmacia), 0.4 mM

RESEARCH ARTICLE

each bio-16 UTP and bio-11 CTP (Enzo
Diagnostics, Farmingdale, NY, USA), and
80 units RNase inhibitor (Ambion). The
reaction proceeded at 37°C for 16 h. La-
beled RNA was purified with the use of
an RNeasy kit (Qiagen). The RNA yield
was quantified by measuring absorbance
at 260 nm.

Hybridization to Affymetrix
Microarrays and Detection of
Fluorescence

Eleven in vitro synthesized transcripts
from segments of bacterial genes were
included in each hybridization reaction
to generate a global standard curve to
normalize the oligonucleotide microar-
rays to each other and estimate the sensi-
tivity of the arrays (20). Purified biotiny-
lated cRNA (10 ug) was hybridized to
oligonucleotide arrays comprised of 6937
human gene qualifiers (human FL6800
array P/N900183, Affymetrix, Santa
Clara, CA).

Raw fluorescent intensity values were
collected and reduced with GeneChip
v3.2 software (Affymetrix) as described
(Affymetrix GeneChip Analysis Suite
User Guide). This determined the proba-
bility of each gene qualifier represented
on the array being absent, present, or
marginal, as well as calculating a specific
hybridization intensity value, or average
difference, for each transcript. The rela-
tive abundances of the 11 bacterial con-
trol cRNA transcripts ranged from
1:300,000 (3 ppm) to 1:1000 (1000 ppm)
stated in terms of the number of control
transcripts per total transcripts. As deter-
mined by the signal response from these
control transcripts, the sensitivity of de-
tection of the arrays ranged between
~1:300,000 and 1:100,000 copies/million.
The average difference for each tran-
script was normalized to frequency val-
ues as described (20).

Transcripts designated absent in all
samples were excluded from the analy-
sis; 3295 (49%) of the transcripts re-
mained. Further analysis of the
processed data was performed with
GeneSpring version 7.1 (Agilent Tech-
nologies, Redwood City, CA, USA). To

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007 | EDWARDS ET AL. | 41



MOLECULAR PROFILING OF RA PBMCs

identify transcripts that were increased
in the RA samples compared with con-
trols, >50% (at least 5 of 9) of the samples
had to be called present, with a fre-
quency of 10 ppm or greater, and have a
change in expression, relative to the av-
erage expression of the controls, of at
least 2-fold. The resulting data set had
324 gene qualifiers. To find gene quali-
fiers whose expression was decreased, a
list was generated of gene qualifiers from
normal samples that were called present
with a frequency of =10 ppm. The result-
ing list was filtered for an average de-
crease in expression, relative to the con-
trols, of at least 2-fold in the disease
samples. Six gene qualifiers met these
criteria; 330 transcripts were used for the
analyses. Annotation for each gene was
determined based on GO, Entrez Gene,
PubMed, and literature searches.

Statistical and Clustering Analyses

An unsupervised hierarchical clustering
was performed on the 330 genes to group
the samples on the basis of similarity of
their expression profiles (21). Statistically
significant differences in expression were
determined using Welch ANOVA (22)
coupled with two different multiple test-
ing corrections. The Benjamini and
Hochberg false discovery rate (FDR) (23)
was applied with a P value <0.05, with
326 genes passing this criterion. The Bon-
ferroni family-wise error rate (FWER)
(24,25) was applied with a P value <0.05,
with 189 gene qualifiers passing this crite-
rion. Finally, a class prediction using the
k-nearest neighbor method (26) was ap-
plied to the filtered data to determine
which genes had the highest discrimina-
tion between normal and RA samples.

RESULTS

Characteristics of the RA patients used
in the study, including demographics,
disease activity scores, and DMARD use,
are illustrated in Table 1. In total, 324
transcripts increased by at least two-fold
between the RA and control subjects, and
six transcripts decreased by at least two-
fold between the RA and control subjects
(Table 2).
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Table 1. Characteristics of RA patients including demogyraphics, disease activity scores,

and DMARD use.

ID Aye, years  Sex RF titer  Erosions DMARD use DAS
RA1 61 F — + Prednisolone 5 my/d,

methotrexate 15 my/wk 3.9
RA2 66 F 1/5120 + Prednisolone 7.5 myg/d,

methotrexate 20 myg/wk,

sulfasalazine 500 my BD 4.5
RA3 46 F 1/640 + Methotrexate 15 my/wk,

hydroxychloroquine 200myg BD 3.5
RA4 52 F 1/640 - Methotrexate 12.5 my/wk 3.6
RAS 55 F 1/320 + Methotrexate 12.5 my/wk,

hydroxychloroquine 200my BD 3.3
RAL 35 F 1/2560 + — 3.0
RA7 74 M 1/320 + Methotrexate 7.5 my/wk 3.5
RA8 77 M 1/20400 + Prednisolone 7.5 myg/d,

methotrexate 17.5 my/wk 3.2
RA 9 49 F 1/1250 + Methotrexate 10 my/wk 2.9

Unsupervised Clustering

An unsupervised clustering analysis
was performed on the 330 genes that
passed the initial filtration, based on a
hierarchical correlation coefficient algo-
rithm (21). Samples were grouped based
on similarity of expression. The resulting
dendrogram describes the sample rela-
tionships by grouping the RA samples
and controls by their expression patterns
(Figure 1). Figure 1A depicts a region
where expression levels in the RA sam-
ples were increased compared with the
normal samples. This analysis suggests
that there are significant differences in
the gene expression of RA and control
samples.

ANOVA Analysis

To minimize the inclusion of genes not
related to the disease state, several statis-
tical approaches were used. The 330 tran-
scripts that passed the initial filtration
(Table 2) were subjected to a Student
t test and a Welch ANOVA with two
multiple testing corrections (22). To con-
trol for a proportion of genes that may
appear in the analysis by chance, an FDR
was calculated set to a threshold of 5%.
This analysis defines a proportion of the
genes that are expected to occur by
chance relative to the total number of
transcripts identified; 326 transcripts
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were called significant with this analysis
(Table 2). In addition, the more stringent
Bonferroni FWER using a P value cutoff
of 0.05 was also performed, with 189
transcripts passing this analysis (Table 2).

Class Prediction

A k-nearest neighbor analysis was per-
formed to identify a gene set that may
distinguish the RA samples from nor-
mals. The prediction strength was evalu-
ated using the 330 genes shown in Table
2. Alist of predictor genes was assembled
using the k-nearest neighbor method (26)
to organize genes based on normalized
expression levels. Cross-validation analy-
ses comparing each sample to the model
generated by the remaining samples were
used to optimize the analysis parameters.
This resulted in a number of neighbors
value of 6 with a decision cutoff P value
of 0.2 to predict expression patterns in
RA vs. controls. Twenty-nine transcripts
comprise the prediction gene set. The 29
prediction transcripts were grouped
based on a hierarchical correlation to
show the relationships (Figure 2).

Characterization of the
RA Disease-Related Genes

The 330 differentially regulated tran-
scripts were categorized into functional
groups and are presented as the average



RESEARCH ARTICLE

panuuoD
2036’1 y0-3¢'L 20-91'S €0FC¢ %68 VOFQ/L [LCF¥¢Ge L'Lldglldoz  Scolvn uehR0DAIA “esojAloydsoyd g9Ad
€0-35'L 603§ L0-30'L VOFEE %8. 90FQL €EF9GSC evebyl  62598N | 0487 8SPIBJSUDIL SUOIYLOINIS 17185
20-39'L  ¥0-3¢°L 20-3G'L GOFECEC %8L 68FVEL £ECECFL6EC 2TLA9L  7/698A  OAIFL-DINS SSOUN PajoIe-esOUN-¢-Id 0ZZ0v VI
or'e G0-3/'¢  90-3§'C 20-3l'S VOFLE %00l S0F68 VeFeee ¢1/82N 8504ONPS1 Gq BWOIYD0JAD-HAVYN Lvia
L mwO‘_wmeOE\»O0-0
900'C €0-3¢'c  S0-3l'¢ 20399 VOFLE %68 VOFCL LTFEIC ¢'ledo  £1r9sn 8joydsoyd-g-|0100A|RIASD- | LIVdOV
— — 20308 TTF99- %/9 Q0CFCTE9 TLTFOES gylbzl  6LLLEN OUWIAZOSAT ZA1
QwAzug
— €0-3G°'l 20-3¢9 SO0F0C %9 90F0Ll €eF/LWC glb-zlbLl  986cen | uejoid Aupuid YNJ dioads-eRowog 19aa
€0-32°/  G0-39'9 20-3TG CTO0FZTCT 9GS 0ECF6CC CT8F6IUL gLl 644611 OOZH ‘¢ QUOISIH  VVZHZISIH
— y0-3l'e 103l €0F9C %/9 €0F8G &L F0GL L'lgdX  glelvn uiejoid Jefuly-ouiz AUk PNDIN
€0-39°'Z  G0-3¢'¢ 10-3GC €0F0EC %8.L ECVFECLC €6FTE8 clbel  v/8¢9d L xog dnoif Ajjigow-yhiH [GONH
Buipuig VNG
— — 103l O'LFE€C %9 96FT0¢ 80LF0VC eLds  9696CN lojdaoal / upnaey| il
(¥ PUPA| (ol
v0-3/v  G0-32°L 10-3¢'L L'0F0C %95 L'CLFG9El ¢Vl F¢€8/C Lgb-zlby /6852 O-X-O) 8upjowayo)  Jojon} jojeioid r4d
— Y0-36'8 ¢0-35'6 €0FCCT %/9 VOF09 gLlFvrel ¢'12cde  g6E5LX UliljoN NN
— €0-3¢°l €0-3¢L 90Fve %9 L'LFLOL O0OvF99c zelbsl  6py8EN L ¢ 10400} YMOIA AUIULIOISUDI] 18491
(e402y)1dnp)
— y0-3¢'9 20-38'L €0FSC %/9 TO0FZ9 L'¢c¥¢S6l elbol L/Le8n 2T PURA| (jllow O-0) supjowLsyd zz100
— vo-3r'y 103l Y'0F8C %/9 60FCLlL 0GFCIlE cLlbol  6gze8N 2T PURA| (jllow O-0) supjowsyd zz100
€0-3G'L  G0-3S'C C0-3LT €0F 6T WSL LTCFLES 6VLFE9SL clb-zllbszl Lzl G PUDA| (oW D-0) dupowayD G100
10100} AUILDINWILS-AUO|0D
€0-3/'¢  GO-ICV 20-396 VO0F6T %8.L LO0F96  9EF08C gla-lgdl  962LLIN oyoeds-eAnYdoIoDU UDUINH 148D
v/8'1 €0-30'L G036l 20-30'8 GOFQE %68 LO0F68 bV FLVE 6VLELS [ UOLUI "BUSH Z 04O} YIMOIA UINsU| z491
aupjowayd/aupiojid
/ lequiswi
2¢0-3Z°L  ¥0-30°L L0-39'L €0F /LT %9 SO0FS9 €CTFSULL ¢'LbzL 1g9vn O Alwoians ‘Aojowoy (OpdsH) roud /OrvNdad
€0-I'S  G0-3C'S 20-36C €0F9C %9 ECLFLOL LvFLLv zegb-zebs  0/597N | uowop joedal eplidedooupiie] 1211
20-3e'e V036l 20-3L'S VOFLT %8.L 80F86 9ELFO9C GGldLL  9Sv//n ¥ oMil-L Uiejoid Alquuesso eulosos|oNN r1ldvN
€0-3l'l  G0-30C 203V €0F0EC %8L LOFVIL 9Q¢FLee ¢ego-l'ggbll  §8/59N L pajoInfAaI-dn IXOdAH [NOAH
auoladony)
— Y0-30v 103l SO0FE€T %/9 €8FTTL VECFTOLI Ggb-ebl 1evl000d uiejold AulpuIq UlIoADI0D dFADVO
vo-3Ll'L  90-3LV 20-369 LO0FL'C %9 OLF8elL 8LF96c ¢celb-zelbsl  ovovor ¢ unpowipd SWTVO
— €0-3¢°¢ 10-32S 80F9C %/9 8V F8CC OVl FIS9 lgbl  £99¢8@ 2LV uUejoid AuIpUIg WNIDIOD 00LS ZIvools
€0-3€°'G  G0-3€'G C0-ITC TOFVC %68 8LF9/8 66LFTEIT lZbl €908 vV ulejold AUIPUIg WINID 00LS rv001S
7G6'L 70-309 G035l ¢0-38'C CO0FSC %68 QLFL6E L6F9/6 ezbol G096l L LV Uixeuuy LI YXNY
Buipuig wnidPD
yipuaiIs AN a4 (bay) eAUDYD  XZ-,  |0IUOD Vel baid do ‘Ou "00D SWIDN [OQUUAS
Ul —WAONY - VAONY 1s9}4 plo4  Joxg=  bay qupgues
lojolpald ‘so|duips
SSOID osps8sIP

%

's1dlIosUDIL pajoiNAal Aplusielid g 81apl

43

EDWARDS ET AL.

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007



MOLECULAR PROFILING OF RA PBMCs

penuuoD

800°¢C

ovee

€0-3r'¢
90-ar'e
€0-318'v
c0-3¢'L

€0-39'8
c0-3¢°L
c0—39°L

o'y

€0-39'S
c0-3¢€°¢

coaL'L
mO|M_ L
¢0-315°¢
c0-31¢'L

€0-38'6
L0319

€0-318'7

c0-3EY

v0-3L'9
vo-3av'L
€0-39'¢
c0-3L'¢

¥0-39'6

S0-3¢’¢
€0-31¢'L
y0-39'v
€0-3L°L
€0-39'v
£0-38'9
G0-36'v
70-30°'L

S0-39°L
70-30°L
yO-3al'L
€o-al'L
¥0-3€'¢
€0l
SO0-3ar's
y0-35°L
v0-3L'6
Y0-3ar'9
€0-318'7

§0-3¢’6
€0-39'L
90-3L'¢
70-39'L
70-30°L

G0-39'8
L0-3v'C

G0-36'v
v0-3L'¢
vy0-3¢€°¢C
G0—39°L
90-3Ir'S
go0-3¢°¢
v0-3l'¢

G0-36'L

¢0-30'¢
L0-30°L
¢0-316'8
c0-Ir'9
¢0-3r'9
co-r'y
¢0-39'¢
L0-38°¢

[{O=VANI
¢0-3L'¢
c0-36'v
c0-3L'6
¢0-318'6
L0-39°¢
¢0-10'8
¢0-36'8
L0-39°L
¢0-31L'9
L0—3€°¢

L0-36°L
¢0-36'L
c0-39°L
¢0-10'8
[40n=1RY

¢0-39'9
¢0-3L's

1031
¢0-39'9
c0-3L'¢
¢0-3€°9
¢0-36'8
¢0-3¢'¢
LoLL

(=17

¢o+¢e¢
€0*€¢
€0*€¢
€0*¢€¢
L'0F¢€¢C
Lo*ve
co+Fve
€0*ve

€0*ve
€0Fve
€0Fve
voFve
S0*vce
Q0FVC
€0*39¢
€0+Fg¢
€0+Fg¢
y'0*G'¢
L0*G¢C
€0*9¢
ro*9¢
¢o+/¢C

vo*/L¢
¢0+8¢

y'0*8¢
r'0*8'¢
roF6'¢
y'0*6¢C
€0*0¢
ro*0¢
ro+0¢

€o0*Lle

%L9
%95
%L9
%L9
%9G
%68
%8L
%8L

%L
%8L
%95
%95
%68
%L
%L
%LQ
%L
%95
%L9

%L
%LQ
%8L
%8L
%8L

%8L
%68

%8L
%LQ
%8L
%001
%68
%LQ
%8L

%68

9'L*C8l
[AVERAY
€1 +88l
80+ 60l
0L *g0lL
S0*6'L
v'¢*2Ge
60+98

90+¢€8
9C¢c*00¢
90+390lL
(AN A
G0*<¢L
[AVER N}
80+86
LOFVL
€0FVL
€0+3g'g
80+C6
L0FCL
y'0*GG
LO0*FCLL

80FCLL
90F9L

vL+8LL
vo*cL
60+ 60l
90FL'L
glLrevl
oL*lcl
L'L+cvl

0c¢c*ecl

geFVly
0¢c*0ovlL
9'GFg8er
L'EFOVC
8'GF6'9¢
L'L+2/2'8l
98F1'e8
¢¢*90¢

€C¢*¢0¢
g8*¢geL
6CFo6ve
geForl
0¢c*68l
9CcF Lyl
0€*+06c
§Cc*98l
gcF L8l
0c+8¢l
'S+ <2¢'ac
€CcFr8l
gCcFerl
GCFL6C
9CcFriLc

0¢+88l

v'oF 66l
9C¢c*00¢
LY*FVLe
8'C*90¢
cr*eey
SV *8¢G¢e
coFLey

Ov=+/.L€

LLa-gLd/L
L'zgb-c1bg|
LEb-9¢bz
¢'lzde
Ged-g9ed|
GZb-gzbgL
L'eLboz
zzbx

Z'11d9|
gLzl
¢zl Lbze
vebzl
¢'Lzbg

L'Geby

Lebl

zzbol

Lgbg

Zld-v1ds
¢¢'lzd-zede
‘¢ LLbyl

¢'eeb-zebs

gLdz

zebo
elbsl

geldl
gc1dy

Lgbs1
zelb-zlibee
zeb-¢r1gby
LLdzL

L'Gzbol
L'eLbsl

yedl|

L'gedX

289¢ra
G9LL01
099/8N
6600001V
er6LC]
0SLSSIN
096¢CIN
142740

66702N
9E€00LIN
g8.6vN
oella
£€96/9N
G/96¢d

v/86€71
L6gLed
0S0ced
99/1¢€d
Or8ZoIN

Oor8reT
6L66GN
£8560N
6G950N
6€L29N

6C0L6N
8G806X

orLeLd
Gr6svN
¢Lesor
896G/N
€£1eosn
GLGEON
£9268X

69¢0vN

BSPUBSROIPAYSP Y SUWAZUSOD-|ADY
| &splalsajAxoqinD
aspoydsoyd-g-apoydsoydAjod |o4sou)
Z 9SDPIUILIDSOON|BOUOINIOAH
SSPUILIDBP SUIPIAD
BSD|0IPAY 81019000182D|AIoUINS
9S0PIS0LO|OA-Y 10} UleL0Id BAIO8L0Id
pyd|o ‘esppPISOLOP|0S

¢ Jaquisw ‘Aulleleld-jousyd
V| “OlJ0SOJAD ‘AjIULID) 8SDISJSUDILONNS
| ©spIsWwos] aypydsoydasou|
aspJlauloiNb} suloiyopndop-g
BSDPIXO PIDD-OUIWID-J
aspd|| spledABOUOIN
SSDYLUAS SPIXO DU B|qIoNPY|
oauUsh aspUILDSP BIPIAPIADAXOSQ
L P8iodiniig “UIoWop |33
SSDIBYIUAS \YNJ-IAUD|Y
| ©SPUILIDSP 81oYdsoyd-9-auILInSOINID)
9SD|0IPAY JADDAXO|ADY

| &SpUIWDINIASUDI|
| 8SOYLUAS 8pIx01edopus-uipun|RniSOld
SSDIOULUAS YNRIH-IADAID
¢ aspushoIpAysp
(0480-£ 1) ploieisAxolpAH

[oUpUOYOOLIW

'Z ©S0IBJSUDIIOUIUID UIDYD payoup.g
(7 WIOJOSD) g 8spulunap
aJpydsoydouow suisouspy
| &spjAloydsoyd suipln
aspJslseipoydsoyd ¢
apI0a|oNU D110AD- ¢, 2
v ‘esploydsoyd-g aioydsoydsiq
(G'p) loHsoulApioydsoyd
| 8spushoIpAYSP
(a1poydsoydououd auisoun diAl

L L epudadAjod

X0q (SIH/dsy-ply-N9-dsy) H/Av3d
| OABUIO BSDIBISUDIL-S SUOIYIDINISD
asplawlos] aipydsoyd asoon|o
aspjAxoquposp ushoulAydiodoln
9SS JSUDILALED0D-| N
aujulads/auipiulleds

Navoyvy
1§30
dsddNI
CIVAH
vao
HvH
g9dd
V1o

ev11INs
Lldl

1aa
ovda
TIOW
SONWNH
aroa
18d13s
Sy
LVYAdNS
HYOV

LNDI
1§OI1d
SUVO
€d/1dSH
aivod

cAddWv
Lddn

dNO
vdgdld
LHddWI
L IXdd
LOISO
1d©
aodn

1S

panuuo? g 3lqpL

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007

EDWARDS ET AL.

44



RESEARCH ARTICLE

panulluoD
Aojowoy
[T€'T €0-39'L G0-3S'z 10-3l'L «£0F8C %8, LOFSV TLlF¢al lgbzL  6008LN L Ulejoid HOdsUDIL SUIUID S|DISOA LIVA
— €0-36'¢ 20-38'C [L0F8C %8. CTLFLQ9L 6LF¥0S Zlb-LibsL  22609N Z uluol4 ZI0H
— v0-Al'L 20-369 LO0F0E %9 €E€FG0E TOLFTL6 lz'Llbzz  ze9ssn epudedAiod d-(sleioid) gl ueioidooAis 49149
— €0-3¢y 20-36'S 80F0¢ %/9 80FCO0L 69F¢ee e'ped-ged]l  0Z84GIN  Jojdedsl ¢ 10100y AulpINULS AUCIOD 845D
20-36'c  ¥0-39'L 20-39'8 VOFL'EC %8L 90F L8 6E€FEOC p'elbsl  0/¥Z8S ¥ iegquiew 1eisn|o 10jdedal 81Ao00xNeT] yONTT
¢0-dl'c  vO-Ir'L L0-3Ir'e VOFL'e %8L OLF6'8 LECFV/C L'/gbz  9/v82A 2l lojopiejul lojdedel suoulioy PIoJAYL ZldRil
— yO-3r'e 10-3¢'L 90F€E¢ %95 L'LFGLL 69F6/E LLggblz  S/8s%0N Z lojdeoel A uoleyiey| ZONHI
o=l y0-30'l L0-IW'L SOF¥E %68 €LFVeClL [9F8ly glb-zlbzl  159Z9X ushlUL £9d0 £90d0
20-38'1 y0-3¢°L 10-36C 90F¥'E %8, 80F.8 6VFT6C gGldll  €9662d ushAIUO [G1dD Kellee;
— — 00+30°L TLFVEe %9 8EFOGZ 99F69L ool LGSLEN ulojied 41
€0-3¢'L G032’ 2¢OV SO0F9EC %8. QLFL'LC O0LF6GL vZbzl  956G2Nn PUBA 4 Ullooles 974735
— v0-3/v ¢0-3l'V 90F9¢ %8/, OLFG0L G9F08¢ zebs  ge/G6X UIXAZ XAZ
— 20-3r'L 1032l 9CTFE9  %/9 GTFYGL £'8¢F9S0l cezebyl  68//8N € A UDISUOD AADBY UlINgOIAOUNWIW| COHOI
oL'e €0-38'9  G0-3€'9 10-38'L &L FV'9 %00l COFLV  L9FTOE le'lezde  gev/8a L uaois 19vIS
aupbiquaw pwisoid [pibaju|
| Jegquisul uiouIop ®v___-c_t3_o_93
‘8|gIoNPuUl-ssalls uuNNdljal
— €0-38'/ 10-32V LOF6L %99S 90F0L L'eF991 clb-zzlbol  g69rLa olusojdopus ‘e|gionpul-euISiSAOOUIOH [ adNde/aH
— y0-30'8 10-IW'L SOF 6L %y 90FG/ A ge'lgbogl  Sy/vIIN ¢ pwoydwA|/T10 [190-9 z10d
— €0-38V 10-36'L 90FCC %S €V FS0S L9zF6'/LCL leelbzz  ws6le1 (Ipieydued) tojdeos) suidpzolpozusg deizd
€0-39'S  GO-Ir'S CO0-I'L TOFL'CT %9S €0FC9 OLFé&cel C'led-lelede  zow/ed L-Uiejoid paiploosso | vOrld Idvd
€0-39'V  G0-36V T0-3IL'L TOFTT %/9 TLF6EL 6TFOILE bl 99589N uiejoid Aulpulg |SH [XVH
y0-30'6  G0-36'L ¢0-38'L £0FGCT %68 90F 6L TTF66L gzLlbLl  8v99zn VG UIXDJUAS VGXIS
Am_Omjrcv
— y0-3¢'¢ 20-308 V'0F8C %L9 TOF6V  6LF9CL ge'elbze  Z8980A g1 esouisjsuniyAopwiod suliuind g11dO
aubiquuaw Iojnj[@2p1ul [pIBaju|
AC__.O@COQ,GOV
— y0-30'7 10-3l'L €0FVZ %99S SECFvve <CT8F8/S Zeb-¢'1gbs  Orosor you-eueisAo ‘olpIon ‘Uelold peleloss DVdS
(ujowiep) &'y
790°'C G0-92’S  90-3l'c 20-I8C VO0F6EC %00l 80F 66 €V F/'8e L'lzdg  €L/617 pupg uejoid subiquisw 8jA001YjAIg 6vadi
XUjow ID|N|[@201x3
— yO-Ar'9 10-3¢°L S0F0C %8L OEC€F//E 66F¢68 wvGldggldll LEV61T L esojopjosuI] Loaivi
20-3/'c  ¥0-3/'L T0-39'C TOF LT %9S TO0F99 ¢l Fgel z'elbzz  0/098N L @soinuwouupwoydsoyd WATAE]
9 odAl
20-39'c  ¥0-3/'L 20-3L'€ TOFL'T Wby LOFLS L'LF /0L 9ZOGL  TSVOSIN  UIXeX/UIsliigns 8spUeAUOD ueloidold MSOd
€0-3¢'y  G0-I9V 10-Ir'c TOFL'CT %9S GSO0F8L SLFLOL ledl  880£8N L &soinuooniAoydsoyd NS
— y0-30'S L0-3l'L VOFL'Z %.9 SLF99C 0LF809 gg'elbze  Zlezon aIl-esoup sulloyD PIHO
— €0-39'L l0-3r'e GOF LT %9 0CTF00Z €LFL'LIV z'sebs  geelsn ¢ 9spUpPoXeH oMH
20-39'1 v0-3¢'L 2¢0-367 €0F2C %9S GO0FS8 TCTF68L LLULgbs  Z8ISLIN pieQg ‘esppluUoINONIS gsn9
| uetoId 8100
— v0-Ar's ¢0-3S5/L S0FZC %8. 8O0FLO0L €¢Flve ¢'lede  Zre9l 8S0JONPS1 O BUWOIYD04AD-joUINbIgN 1 2400N
€0-310v  GO-IrV L0-I0L TOFECT %9 LCTFLOL LTFVoE L'vgbl  299vLa 9 UXopalIXoled oxaeld
| lequiew ‘Aulseld-jousyd
oa=1NI G0-3¢'6 10-36C TOFE€CT %99S L'LFC6 €CF0le L'zLdol 666617 V1 "OlOSOIAD “AjIUID) SSDIBISUDILOHNS [VL1INS

panuuo? g 3lqpL

45

EDWARDS ET AL.

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007



MOLECULAR PROFILING OF RA PBMCs

penuluoD

8l0¢

co-aL'e

¢0-318'¢

¢0-39°L
¢0-318'¢

€0-IL'L

Go-ar'L
€0-36'¢
€0-Ir'¢

¢0-3L¢

¢0-316'¢
¢0-35'¢

€0-30'9

€0-38'¢

70-38°L

70-38'9

r0—39°¢

v0-3L'L
€o-al'L
ro—3L'L
70-36'9
v0-3ar's
v0-3L'L
€03l
¥0-36'6
G0-30°¢

v0-36'¢C

v0-3L'L
€0-36'¢
€0-3¢'L
€0-3¢°6

g0—3¢'¢
€o-3al'L
Y030V

€0-3/L'L
90-3G°L
S0-39'¢
S0-3c’e

€0-318'¢
v0-3L'L

€0-3L'¢
v0-3L'L
70-30'¢C

€0-318'9
S0-3L's

10-3¢'L

L0-3¢'L

€0-3¢'L

¢0-38°L

co-aL'e
(=] iy
¢0-10°L
¢0-3¢'8
co-L'e
¢0-35°¢
€0-39°L
¢0-3¢'8
€0-3¢'8

¢0-3¢'9

¢0-109
c0-3¢°L
L0—3¢€°¢
10—36°¢

c0-r'L
¢0-3L's
[40p=(0074

¢0-318'S
10-30°L
c0-3L'¢
c0-Ir'9

LoLL
10-3¢'L

L0-3r'L
€03y
l03¢'L

10-3¢¢
¢0-39'9

¢o0*l¢
S0*1l¢
¢0*cce
€0*c¢
€0+Fc¢
y'0*cc
§0*c¢
g0*c¢
[ASEN

€0*¢€¢

€0*€¢
J'0F€C
g0*¢€c¢
80F¢¢C

co0*ve
€0Fve
€0*ve

S0FVC
¢0*G9¢
€0+39¢
€0*G9¢

90*G9¢
€0+F9¢C

L'0F9¢C
€0FL¢C
€0+FL¢C

oL*2¢
€0+8¢C

%L

%8L

%L9

%95

%9S
VA%
%L
%L
%95
%8L
%L9
%L
%LQ

%L9

%95
%95
%95
%8L

%L
%95
%L

%95
%8L
%8L
%8L

%L9
%L9

%L
%L
%L9

%9S
%8L

r'g*819

(R A

S'L*vel

ro+v9

L0FC8
OL*8¢l
€0+L9
€1 F06L
c0+8g
0c*gaer
67 F2'99
8'LFCve
L'LF9¢CC

90+¢€8

60F0¢lL
¢0+g9g
L0F9/
9LFVolL

0¢c*coc
LOFV6
OL*68lL

¢0+g9'g
7’0+ 6'G
r0*cC9
G0+398

§'¢cFC6c
0Cc*ovlL

80+8'8
L'¢+8'GC
c0+g9

L'eF1'GC
6'€*CCe

8'LCF69rlL

6'LF1'98

geFele

9LFo¢CL

8'L*VLL
8V +cce
eL*ovl
Sy *cee
L1 *87¢l
€Ll *L'eolL
6'LCF €661
L'[F98S
vy *ccs

€C¢+88l

€e+00¢
gc+Fg8cal
L'exvol
S6FEor

v *8'LYy
ge*lae
8'G*8ay

L'exeel
¢'L*06GlL
9'L*+8GlL
cec*9le

L'el *98L
L'S*vee

LY *1'GC
88 F 669
L'e*ell

L8l *908
L'6F 188

red(

gzeble
gzld-zeldel
¢'lzd9

geldzl
Z'L1d9L
Z'L1d9|
Z'L1d9l
g'eLdsl
g'eLdsl
g'elbesl
clbzl
zeld-geldsl

LEDT

¢zzblz
glb-z1dlL
eeLbsl
zeldsl

rebel
gebz
gzbl L

zelbesl
Gzb-zzbl
z'eeb-1rzeble
€yzbo|

gelbsl
LeLbel

r'elbsl
¢'ggb-zgzbsL
¢'12do

¢'12do
Lebl

orelLsn

G6ESLIN

0/8¥SX

GCSLEN

g6eovNn
G6QL8IN
LLEVBIN
LZBLOIN
/81801
946984
Lolesn
geoLyn
61869X

860V9IN

¢c00sz
£€8539S
L6LECIN
Le18cd

a8Lyor
LT9S6IN
€CEeCIN

9.,206d
CCESCIN

LTellZ
¥8/39X

ggeeLn
G8C8SIN

G/cesn
6¥.00d
oLrson

Q66VEN
9rZ80T1

G-uleloid supiquUIBW

AUIUUDJSILNW PBLDIDOSSD-{DUIOSOSAT

| ushljuo
PBIDI0OSSD-UOIOUN) BJA00YAWA|
"(G69) 81D UshlUD) 7 g ‘Uil
| Jogquwiauwl "y Ajluoigns
Jojdadai ay||-ulO8)| |92 I
oydio Oq ‘|l ssejo
‘X8|duwoD AlIqOdWOD04SIY JOMDIA
G ‘|euunyd uo|

pPaIoA-PUDA| ‘XZd Joldeosl oiRlsulng

NG MOIRETN]

ushljuD 61AD

uyoydo|pig

£ Bush PadNPUl SNIIA Lpg-uleisd]

L-VH USAIUD AIQIHOdUWIOD0)sIY JOUIN

¢ ulejold supiquisw |plBYLd]

DWODIOSOSLSO Ul paliiduly

€ 9|ND3|0W UOISaypD ID|N||[©2J184U|
(uiBIA) uejoid

Aulpulq ueoidod Alisusp UAIH
uleloid AulonIB Ul

| AUlUIOSUDI-IouIN} AIoHN}d

ule10id |oWwos0Ion-DILU|

ushluo ¢ead

Z USAIIUD (|90 [DWIOIIS MOLDW DUOg
| uejoud

BUDIQUUIBUI PBIDID0SSO-|OUIOSOSAT

uie0id (|90 AIOIDIAIW ‘PBLDIDOSSO-OIRUY

opldadAjod uojisde ‘ushiuL 3¢AD
7 ©IN2Sj0W UOISaYpPD [|©0
pajp|al-ushIIuD DIUOCAIQUISOUIDIDD
d uios|es
pJaq ‘lojdedsal gl upnaia|
Aojowoy / pipa|dolod olsods
oyd|o ‘1Iepodsun.)
‘Jojded8l ‘A JO JUBSWADI) O
| ulejold opelodolpulsH
Z loquisuwl ‘(Uipulop
INL YHM) V7 Alluaoygns “1ojdeoal
SYIl-UlNgOjAoUNUIWI ©JAD0%NST
ushljuo /Ao
g aush PaLpIaI-UIPYD | SSOIO DHIN
L Q| ssoo
‘X8|duwoD AlIquOdWOoD04SIY JOMDIA
| @2usnbas pluIBYNY| ||I80 PIOIBAN

SNLdV'T

ca2ll

[T

YOd-ViH

gXxeled
XVOll
61dO
NdS
elg3
L-VH
£diNg
65O
EWVOI

dq1aH

ditolld
LNIOV
£edo
clsq

LdNVT
</A\44
36dO

rYWvYOVv3o
d74S
a0
£9dS

14904
LWIH

[AZ<0i
£dO
qOIN

LYOd-VIH
11O

panuuo? g 3lqpL

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007

EDWARDS ET AL.

46



RESEARCH ARTICLE

panuuoD
€0-39'L G0-36'C 2¢0-Ar'e VOF0€ %8. CTLFG9L CTLCFLOLC vZoLL  9L066X UIUDIAOINSN NN
Sep=rall G031z 103l vOFE€E %68 80FC/L CTEF8eC Lleb-l'sibsl  goLoLa spUP BUISOIAL 81400 NS M1
G/G8C G0-36'8  90-36'€ 10-3L'L «£0FTE %68 CTOFLV €LFLGL erebs  wresyN  espipydsoyd-g-eioydsoydAjod joysoul JSddNI
v0-3¢'/  G0-39'L ¢0-39'C VOF L' %8. 89FQTLL L'9CcF8CCC Zld-lgdg  6/EE9IN upa4sn|D nio
v0-38'6  G0-36'L 10-3¢'L VOFve %8. 8CTFCIC 08F60L ¢'1ed9  £80Z9X Z BUIUIDIUOD UpUWOPOWOIg zaelg
786°1 v0-3¢'v  G0-32'L ¢0-38'C VOFEEC %8. 90FC6  CECFVOE e'eldoL  9resy Z sisoue|0s snosegny Zo8l1
N ‘©@dAl J1ojdaoal
o=l y0-3l'l ¢0-36'6 GO0FE€EC %8. VOFV9 6TF80C L'ogh-gebz  £86811 ‘espjoydsoyd euisoiA} ueold Neldld
— v0-38'C ¢0-39'S L0F€€ %8/ LO0FEQ l'v¥26c vslad-ggldil  zgzorn SsOUP| PaXUIl-ULRBIU| bl
€0-36'G G039 20-3G'8 VOFEE %68 SLFL6L G8F6E9 ¢ldoz  /818/S 452 ©|0AD UOISINID 8D 4952000
spldadAiod z v ‘(uistoid 9)
20-39°¢ Y031’ 10-30°L GOFECE %9 GO0F9L bECF6VC ZT'Llbgz  09zeor  uejoid AuipUlg SPIOSIONU BUIUPNS ZVYND
[86'1 €0-30Cc  G0-36C l0-3€'L GOFL'E %68 VOFLS LTFOIC zebl  8LE9LIN L Utejoud you-auioA|A puo suleisAd [dISD
uolonpsunyy jpubis
— — l0-3£6 V'IFGG %8 V9FZTeCe [LFLGL S LLdA  6GY8SIN L POAUIA 7S Uiejold [owosoqR| LAVSd
v0-3/'8  G0-36'L 103l L'OFL'C %CC €VCFE9TT S LT F L'y yZb-zgbox  s0zéLa 67 Uieoid [pulosoq 667
662'C v0-3L'L 9032’9 10-3¢'L V'0FGE %00l €0FC9 [TF0TC e'eldoL  96/61N 821 UlejoId [OWOSOH [OUPUOYDOHIA 8T 1IN
|owiosoqiy
— v0-34'G 10-36'C S0F2C %lL9 9CTFQLL 6GF8Iy L'ygbsl  €9/00Q  ‘edA}l © "jJUNgNs sWosOe}0Id PVINSd
— €0-39'9 10-3¢C 90FLl'C %95 8CF86C LLLFEIlL zzdg  LZTrLIN g uisdeyipd 4510
20-3¢ ¥0-3L'C 103l €0FE€C  %9S CLFO9L SV FIIE €'/2be  1G18/d T '8sudlv-UouU {uNgns $9z U0s0el0ld Zamsd
| HuNgnNs JIOJOAILOO
— y0-3S'G L0-3L'L S0F2TC %95 CTEF6VE €LLFEV8 Z'Llbyl £€9/01  (Uodoropuw ‘eulosoid) BwosPel0ld [INSd
20-35°L y0-32'L ¢0-39'S TOFVv'Z %8. 60FGSLlL 6TFE/C LL'ELdoL  86E/GX Adoo ouswiolusd ‘ueoid GIAd OWON
y0-3l'c  90-32°/ 10-30'L TOFE€T %68 60FG0lL 6LF6EC L'elbsl  g608/N T 'edAL ziiuny Joyaiyul sspelold suieg ZINIdS
— €0-30'L 20-I'9 90FLC %S 0CTFECOE L9l F6C8 G'GldlL  8ELE9N @ uisdeyjod asto
¢0-3e'¢  ¥0-30'C 20-329 GO0F /T %8. 80F88 €ECF/LSC GZb/L  VOSZEN ¢ esouljoidoloew JO Joigiyul onssi| ZdWIL
Q Jlaquuswl AC_C._DD_O>OV [2RS]ele]le]
Y0-36'6  G0-36'L ¢0-30'C €0F8C %68 SO0F/.8 8CTFLWC Gzdo  Z/269S  oyaiyul ssouielold (suleisAo 10) eulies 989NIde/3S
g ulouop
€0-36'  G0-36v 20-3L'9 VOFO0E %9 60F90L L¥VF9ILE €'9Zbol  6/G92d  esoulejoIdolpieUW PUD UNBBIUISID v SNVAY
20-31'e V036l L0-32C VOFLES %9 LO0F8L VEFOWC TSCb-l'Gebe  6/L£0r esppidedopus-ojjojeul SUDIqQUISIA INN
20-30C Y03l 20-30'8 VO0FZC %8. COFVS €CTFEULL e'ygool  8rossn esopldedopus-N (Il ©dAp) ushD|000Id ENTOOd
Slojiqiyul 1o saspajoid
— €0-36'S 10-3¢'Z L0F0C %95 €0FSS GTFocl L'Ledl  Slesea i Uieloid paonpul-uoisely| vyl
— 20-3Z'L 10-38'L 90FZC %95 SLFL6lL veFoor ez lld-gLldX ZS9esN Jusuis|duwod ‘J0jop) d Ulpiedold O4d
csr'e (0-3T'L  [0-I'T 2TO-36C LOFET %l9 LGFQTCL L9LFO6LL clbll L6021 L epldedAjod Anpbay ‘uiied [HI4
20-3L'c 03/l 2039 VOFO0E %68 €0F8L O0EFVEC evedl  8/268N Z lI-olloswoyAjod ZOHd
o=l yo-Al'l 10-3S°'L v'0FTE %8. 9O0FL8 TEF9GT g'zebyl  ¢zlerd g uiejold yop-auigisAD Zdio
— 20-36'¢ 10-3L'6 S LFV'e- %y 08FE60L L'/LLF6'S9 ogb-gebz  ¢8wrLIN pyd|o ‘ulsouwAyjold A
— v0-3L'€ ¢0-IW'9 LO0FGE %L L LFL8C €LLFLGOL cl'eldsl 182N C 9suodsal Alps ajplpawil| b<El]
=1T1To)
— v0-36'/ €0-98'V SO0F0C %95 0CTFGCC 99FC0S Ll 26Sren Z uejold Aujidnooun z2don

[OUPUOYSOHIN

panuuo? g 3lqpL

a7

EDWARDS ET AL.

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007



MOLECULAR PROFILING OF RA PBMCs

penuluoD

9s0¢

r90'C

c0-3L'¢
€03y

c0—3¢°L
v0-3L'9

¢0-318'¢
c0-36'v

o3l

c0-39°L

G0-3L'L

€0-36'L

§0-3¢'¢
€0-39'L
G0—3G6'8
€0-38'¢
c0-3¢°L
¢0-L'¢
€0-39°L
€0-3L'6

¢0-30'¢
€0-3I9'7

¥0-3c'¢
90-39°¢

v0—3al'¢
G039

y0-38'¢C
70-30°L
G0—3G°'L
vo-3aLv
v0-3L'L
70-30'9

70-39'¢
€0-36'¢

90-3r'S

y0-3L'¢
r0-38'%
r0-3¢'L

90-39'L
y0-39'%
vo-av'e

€0-318'8
€0-3¢'L

G0-38'¢

90-3L'L
§0-35°¢
90-36'¢
S0-3eY
70-30°L
yo-3ar'L
G0-36'9
G0—3G'8

yo-3ar'L

G036V
¥0-38'¢C
90-3¢'L
L0379

¢0-39'8
¢0-39'L

c0-3Ir'S
c0-Ir'e
c0-I¢y
L0—3¢'L
[40p=1
10-30°L

c0-316'7
L0-3re

€0-35°£

l0-38¢C
c0-3I8'Y7
€0-3r'6

c0-39°L
¢0-30'9
10-30°L

¢0-316¢
c0-3¢'L

¢0-36'8

¢0-3¢'L
¢0-3¢'L
¢0-10'S
L0-3£°1
L0-35°L
c0-Ir'S
r0-3S'Y
¢0-38'¢

L0-3¢'L

¢0-36'8
l0-30¢C
c0-3¢'L
¢0-36'L

€0Fve
€0+Fve

vo*/L'¢
¢0*G¢
¢0+9¢
€0+F9¢
£0FVC
§0*¢¢

§0*L¢C
90*9¢C

¢co+/¢C

vo*/L¢C
y'0*9¢
7'0+8'¢

¢0*8¢
7'0*39¢C

¢0+8¢

¢0+8¢
€0*/L¢C
€0F6¢C
€0F6¢C
y'0*8¢
vo*/L¢
g0*0¢
€0F6¢

roFo6'¢
S0*0¢
€0*cCe
€o0+Fee

%L9
%LQ

%8L
%L
%68
%L9
%8L
%L

%L9
%L

%8L

%95
%L9
%8L

%68
%95
%8L

%9S
%8L

%68

%68
%L
%8L
%8L
%L
%L
%8L
%8L

%8L

%8L
%L
%8L
%001

9LFeLL
gcFeor

8'0F¥0L
¢0*9¢
8'L*¢€Gl
L'L#G6GlL
€0*¥S
L'Lxoé6¢el

9CFoVC
7'0*99

L'0F50L

L0F L9
7'0+88
9'L*+G¢C

60F8LL
€0+09
€0*¢YL

L0F/'8
L'L*L1¢e

cr*lle

S'L* L6l
L'LF9¢CC
€CF9¢eC
co*19
LO0FCLL
G0+*98
8L *6GlL
S0*0L

vOo+L9

L'L+2lLlL
90*8L
g'L*+88l
6l F9'GC

0G+9Ly
€'0L +8'86

Er*9/¢C
riFLlvl
L'e* L6e
'S *96¢
g'L*8cl
Sy Fove

vLLFVL9
0¢+88l

9Cc*1'8¢

0e+¢8l
cexlee
08*1'¢9

8C*LCE
¢Cc* LSl
9'Cc*F¥0c

L'GF9GC
L'eLF¢E3CL

L'G*/['G8

L'ex9ly
€oF6'L9
g9 +¢89
8L*¢CLL
L'y+/,1¢
L'e*9¢C
cLF L8y
v'¢*€0c

L'c*68l

L'y *6¢Ce
L'eFVEC
§'9+009
8'L+0V8

X
Gebg

Z'LLbsL
Le Lede
vebzl
(S dele]
¢'1zdo
Z'12d9

Z'9ed-¢oed|
¢'oed|

z'9ed-¢9ed|

zebs
gereldzl
GZb-gzbgl

A LesaTe)d
zlb-11bsL
veb-gebs

geo-1ebl
YAV

¢clbze

gLbs

zeldzl

Lzdo
zeld-geldol
z'LLdet
Z'LLbrl
ggLdrL

geby

L'zebl

Z'LibzL
vzbol
rdele]l
Glbgl

16681004
Lgzorn

gaglLevn
¢sv/8d
883rLN
€56/80
91691004
0SL9LIN

GLECEN
910680

Leeosn

e€geLen
6LC88IN
CE66GX

LEE10N
00208X
LocoLn

90ccLN
£90GSIN

££98.4

8LYEN
85,0¢ed
L8CCOIN
89CSSIN
9G€200av
00Z80A
CGGEEN
6L198X

g8reod

9LL/8d
88966X
699X
8/9S6N

10100} YIMOIA paAlisp-bwoodsH

| ®wosojsenbag

VG uolduosuniy
1O IOJDAILOD PUD J180NPSUD. [DUBIS
| esoup| eipbydsoydoxay |04souj

ulliixod

| USA PaINASI WDBISUMOP DAW-N
61 ©SOUP BUIUOBIYL/BUlSS
BUaf0o2UO |-Wid
gl Joquiawl ‘Ajluwpnledns
lojdedal 10100y §IS0I08U JouN|
Q| IO}OD) SAUDYIXS SUIUDNA OYy|
71 Jequuiawl ‘Ajlwuoiiadns
Jojdada1 10100y §ISOI0BU JouN|
oL A'(uejoid 9)
uiejoid AUIPUIg &PIIOSIONU BUIUDNS)
P65 ‘v Ulejoid AulpuUId Q0SS
9SDU| BUISOIAL DIS-D
Aojouoy BUSAODUO
|DIIA | |9E DWODIOS SUUNWI JOI-A
{7 10100} poI00sso-10jdedal 4N
| JOJOD} PBLID0SSO-10}dadal 4N
Z 10100} AUDYOXS
SPILOB|ONU SUIUDNA D0.J/0YY
| 104004 2J|0SOJAD |IydoinaN
spldadAiod pls ‘uielold UOIIDAILDD
aspuafAxoouow-G upydojdAiy
/OSDUBSAAXOOUOWI-E SUISOIA]

L olAI0I0D

‘Juspuadsp-dIAYO ‘esoun Ulelolid

1 ¢ ‘'uunobjus)d
£Q UIIPAD

opldadAiod suiud 0 ‘g aspup| UlBsOD

UIDWOP Y0P AUILDAIIOD SSOUN-dVIN

HuNgns » ‘aspiajsupiAUDISRIAUDISA oy
| uejoid oioads-ajAo0ydwA]

8soul SV
uojisde

aspouUp| ‘s||@0-g Ul Jeoupyus sush
epldedAjod 1yl oddoy jo Joyaiyy

€ esoup|

aspuUP| Udiold PaIDAILOD-USAROLIA
AUIUIDIUOD UIDUWIOP /285 PUD UNISHOS|d
B10sSNW “8spuUl| 8}0ANIAd

¢ 9 'O esodijoydsoyd

4O0H
LNLSOS

VGIVIS
[AdHI
NXd
[OAAN
OIS
LNId

g1 4SeANL
Q14FOHIV

V14Se4NL

OlSNS
rdeaX4
USO

[4VdY
4Vl
14Vl

CAIOHAY
[4ON

HYHMA

OOVMed
LdINFO
€aNOO
CYIAUNSO
aavin
V1908V
LdST
ALSVH

M

eAcdYN
asd
anAd
cdo1d

panuuo? g 3lqpL

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007

EDWARDS ET AL.

48



RESEARCH ARTICLE

panuuOD
— v0-39'L ¢O0-Ir'L SO0F0¢C %95 L'L*¢€¢l [Le*FV/C zlLdsl €e0/¢€1 g ulejoid AulpUId QOGS 8daM4
aspuUp
— vo—31'S ¢0-3ary vO0F0C 8L VIFE€9L E€VF99¢ Zlbg 8r1G01  UIBjoid PajpIoosso (RID]) UIPyd-blez 04dVZ
| uiejoid
— €0-3L'¢ ¢0-3¢v GSOFL'C W9 VSFV8S 68LF/LVEL zredl 891CLT  POOID0SSD-8SD[OAD BJPJAUSPD ‘dVD LdVO
g paloNBaI-UMOpP Alojusuudolsasp
— 70-39'8 10-36'L SO0*F0C %9 9C*8EC 89+FI1€S clibyl  z99¢gza ‘passaldxe |90 Josinosid [oINeN 8ddAN
Z AlWIDy UIowop
— €0-3/'¢ 103E€V 90FL'C 9§ [LLlF€Cl GrF¢o6c L'zld-leldoz  0666.d (9-4V/SADI0Y]) UOLDIO0SSD SOY| c4SSvel
(©oy)
— €0-Ir'y €0-30'8 L0FCC %8L 9LFL6L G8F&LS vSlLad-gGlLdll [8S19X O Jequiawl ‘Alluny sush Aojowoy soy| OOH
| @sou
€0-30°'L G0-30'¢ ¢0-3l'8 C¢O0F1l'¢ %99S L'L*GGL 8cC*/¢Ce gzbx L6197 PO}0I00ssO-104deda1 | -UPNSlISU| AV
¢0-30v v0-3¢'¢ ¢0-30G €0*F€C %95 60*8¢L Ov*Ll6C L'egb-zgbs  g5/0eQ | utejoid AuODISIUI £dIVANL LdINIL
— v0-3/'6 2¢0-30°'L €0F2T %95 60F80L L'e¥9¢e ¢elb-l'elbll  6605/N oaYel ‘g Ulejoid AulpuId QOGS cdadtd
— Y0369 ¢0-I'e €0FZC %99S 80F8LL €¢F9GC ¢lb-z1dil  oz5e0n L UI10id AUKDAILOD 8SDd1D OW LdVOHIY
9SDIBJSUDILAYLOW-O
— €o0-Ir'L L03e’L vO0*€<C %y <C0F8G gcFeel Geb-vgbo  /¥GGead  (Sioppdso-Q) ©1pH0dSDOoS|-1-UI910Id [INDd
| Il-esoipydsoyd
¢0-38'¢ v0-3l'¢ 10-39¢'L €0Fv'¢ %95 60+F<C8 8'¢cFrol ezbll 8189¢1 ajpydsoydAjod |oyisou| L 1ddNI
— vo-3r'e 103L'L vOFL1lC %8L 8 L*FGEC VOFLVS Z'1zdo  GLevSIN SUSARODUO [-Wid LNId
— €0-36°'L €0-30G VOF€C %95 €0F8G ge*cel L'ledg  zzsern p}eq g esoul| 8ulsolA} Ulejold ggyld gaild
— v0-30'7 ¢0-31'S GO0FV'C 8. VIFC9l <C9Fvew g'Lebs  /9G/SN G 10}o0} uoyplAsoquU-day GV
(AUIUIDIUOD UIDWIOP
— €0-3¢°L 10-3LL 90F¥VC /9 OL*FCLllL €v+06C ¢z'lIbze  ovoeLd DZdd) 41 sojoydsoyd uielold JLNdd
— €0-31'8 10-3L¢C 80F€C W9 CC*VIc GClL*+¢€09 Lebl L6geL 8 # ©ush AlojoinRal Youms | 9/09 59
/ (}9SUO A0S ‘OAIssD08l
¢0-36'¢ y0-38'L L0-3€'L CO0FCCT %99S 0€F29Z 6GF¥'8S zl'ogd-gceoedl  08€19a [OWOSOINID) SSOSS|O UOSUMIDG LAV
v0-3¢'¢ 90316 ¢0-38'C¢ CO0*V'C %/9 80*8CL 6C*F9¢CE zLdrL LLY1SN P}z ‘aspup| [0I18AIRIAOLI 219d
€0-3¢°9 G0-38'G L03GLl'L C¢0FC¢C 9SS vO*v9 viLFevl zebl [ARVAN g1 Jojdeoel ulssaIdospA sululbly q1dNY
| Joyony
70-30'9 G035l ¢0-30'L C0F¢€C W9 VIFCo6L [LECF9¢Ew cleLbsl goLvon SAUDYOXS SpIOSONU SUIUDNA oWy [4FOHYY
¢oalv v0-3€'¢ ¢0-39'L €0F1l'¢ %y €0%F89 §L¥gcl ¢elb-zzlbg £1008N L AUIUIDIUOD-{pad8l 4V [PAIACINDDY 1oeld
Hungns oAy D-UouU | A
— €0-Ar'L ¢0-Ir'S €0+€C %L9 €0FL9 0¢c*vaGl vLb-clbzl clern 'PSIOAIOD-dINY “Ssouly Ulelold LOVMRId
c0-ir'L vO-3l'L ¢0-36'L €0*FV<C w9 €L*G/LL 0G+8cy ¢ldoz  6eSrEN V1 uejoid Aulpulq 90SHA VIdH
¢0-3r'e v0-39'L ¢0-3L'G €0F€C 9§ LC*CECC O6GFLVS clbzl  LévrLN ¢ 10}o0} UolplAsOqU-ddV eIV
¢0-3¢¢ P0-3S9°L ¢0-3L'S €0*VC %95 vVI+20C €9+F06v Leby| 9eCLGN  OsPuM 9/G o4oydsoydil-t'g’ | [O4sou| XL
| epudadAiod
¢0-38°L v0-3¢'L 03¢l vO0+FGC %9 L'L*F€LL €7*88cC € 16G/01 'DAA06 ‘SsPUP 95 Uleroid [owosoqyy L YA9Sde
g/d ulejoid s|qIonpul-uoIa)IalUl
— o'l 1036 CL*F0C %L9 OLF/L8 8'8 ¥ L'0¢ €TZble  T8BECIN ‘L ©DUDYSISaI (SNUIA PZUSN|IUIL SNUNOXAN LXW
¢ Moo iNuIlS
ro'e vo-aL'e Q0-3l'6 ¢0-3S7 CO0*Fv'¢ 8L €0%F99 A AC]] ¢'lzde  zZrleon UOIDIO0SSIP 9PI08|ONU SUIUONA 0] c1oe
— vo-3l',L 103r'L €0FCC %9 L'C*FGGL 6VFo6ve 8ZbX  GToVOIN L paipjAolwiod ‘ueloid supIqUISIN LddiN

panuuo? g 3lqpL

49

EDWARDS ET AL.

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007



MOLECULAR PROFILING OF RA PBMCs

penuluoD

610¢

L0€'C

r96'L

€0-31/4'8
G0-36'L
€0-39°L
y0-3ay'Q

c0-39°¢
r0—3L'9

90-38'%

¢0-3L'¢
€0-3¢'¢
¢0-3r'e
c0-3L'L
¢0-36'¢
€0-36'L

G0-3L'e
€0-39°L

70-36'L
vo-av'L

€0-38'¢

S0-3L'L

90-39'L
G0—38°¢
G0—35°L
¥0-36'S
¥0-30°¢
G0—3G°'L

€031

L0-36'L

€Oy
v0-3L'L
v0-3L'6
G0-36'¢
70-39°L
y0-3c’L
v0-3L'L
€0-3¢'¢
G0-3I8'¢

90-36'¢
G0-3G6°¢
vo-ayr'e
€0-30'¢
90-3L'9
G0-39°L
r0-359°¢

So-av'e
€o-al'L

€0-3l'L
€0-39'8

€0-1¢'€

v0-3L'S

€0-3¢°L
€0-3¢°L

c0-3¢°L

¢0-3€9
¢0-31L'¢
c0-31L'¢
c0-Ir'9
c0-Ir'8
L0—3G6°¢

¢0-318'¢

€0y

c0-Ir'S
c0-31L'9
L0-3ce
L0-3£°1
¢0-39°9
10-30°L
c0-3L'L
¢0-35°6
¢0-36'6

co0-Ir'e
c0-39°¢
¢0—39°S
{o=lenrd
¢0-38'S
¢0-31L'S
L0-36°L

¢0-30'¢
L0-3r'L

{=ionrd
10-30°Z

co-Ir'e

¢0-10¢

c0—39°L
¢0-10'¢

¢0*6¢C
€0*6¢C
€0*6¢C
y'0*6¢C
G0*6¢C
yo*ve

§0*0¢
§0*0¢

%L9

%68
%8L
%8L
%8L
%8L
%8L

%L

%001

%L
%95
%L
%L
%95
%95
%L
%95
%L

%68
%9S
%8L
%L9

%8L
%8L
N IAY

%8L
%L9

%L9
%9S

%95

%95

%L9
%9S

S0¥89 LTF68L LeLdzL
90F¥6'8 LTF9SC z'11dzsL
S0¥68 6CTF0O9C gzbx
90FC9l ECVFVI clbtl
L'0F€G  TTFTsl
OL¥Z0lL 9vF06eC zeby
VI¥S6 LvFETE ¢lbzl
VeEFoEl OVLFVLS eyebyl
ULFLLL €7 F86¢ clbtl
uoyduosuniy
69FQTCL 6/TF8BLL zlb-z 1 1bx
L'0OFL'G  ¢CLFCLlL  ¢pldglede
gLFSVL GSF//8 ¢vlbgl-zlbzl
GCF6CC 8V FTES rebes
V0FG9  ZTCTFLO9L gzebyl
60FV'L L'2F0LL il
SGFGYY 69l FT VL
80F L0l 9VFEoz L'LgbsL
L0FE€0lL 9CTFver celdeeldsl
9'¢L F0'8EL 0'8L ¥ 2'09¢ 4
80FOLL 6CTF99C  £9gb-zebol
90FG6 VEFLGC clbll
€0FC9  6TFLOL glb-zlbzl
VYV FVSS L'ElL FQ VL L'eLbee
ZLF8YL OvFeor Lgbsl
§G0¥¢L TEeF66L Lgbsl
60F96 09F8/¢ vebg
COFVY LV FOLL ¢zl Lboe
[oINyONLS
6L¥80L [L0FTS L'eLdg
60F/.8 6E€F90C gzeble
90F68 VEFLOC zeds
9CTFEGE V6FO9L gedl|
LOF6CL OVFL6C zeby
OL¥S0l 9¢Fvee gebg

Vv opldadAjod
vL8V/LX (Pajoalp YNQ) Il (YNR]) 8spiewAjod
| Joyony uoldiosuDiIy

89600N AUIPUI] jusws|e AlojpinAal |018)S
0L00c1 LD Jojon) |90 JSOH
08¢6Y1 | Jojony AUIDIAS
0€¢59X ulejold Jehuy-ouly
[ZL1sN G 10400y AlojoiNAaI UoIaIau|

€9/L1S (T POALISP-PIOIYIAIS) JOJOD) JOSIONN
Aojouioy eushRodUo

ZIGLOA  |OJIA DUIODIDSOSISO BULNU rg4 SOJ-A
v AojoWwoy eusfooUO

£90611 [BJIA SISOlleYIOPUSOINDIBI [81-A
99069IN UISSON
786LEN MOJS ‘D uluodou

€0L10X € 0 ‘uNgny

L91920MY ¢ 9 uingny
€e/rQl OAY0£/09 T Uisauly

LOEYEN gl uIoyo AADSBY UISOAUL ©]OSNUJIUON

1££0000d ¢ uisoAwiodou]

G68S00HY NoJ UleL0Id PaLDID0SSO-8|NANLOIDIN

LEEr1 g 10400} JUBSWYODHD PIOJ0OS
S|OSNUU-UOU PUD Bj0sNU Y1o0oWls

zlLzlen ‘oMo ‘9 opydedAjod fuhl| “UISOAN

8/806N (Uy|e) | uowop N1 puo 7ad

YaderdVi | uejold snpoioddo D101 ID3IONN
9//86N | UljoisH

8losNWI-uou
CLOLEIN ‘6 dpldadAiod AADsY ‘UISOAIN
2e68¢e1 | uoeg
61L0vS uielold ojp1o AID|IaY (P19
uleloid Auipulg
702eSN JuswID|l eipIpaWIBIUL ‘| UllOS|d

7G820r Aloipinhal ‘g apudadAiod 1Ykl ‘UISOAN

670e6N (0£1/0Z1-9Ad) Uiejoid AulpuUIg NAS
8L80EIN ¢ @ouDisisel (SNUIA DZUSN|IUI) SNUIAOXAN
| e4olisgns

806000 AN UIXO} WNUIINIOQ €3 Pa10I81-s0Y
Z Joquiew

COovLN WAl ©dAL esoioydsoyd suisolAl uiejoid
Z osoup]

G8clLlL 8soup Ufejoid PajoAIIOD-USAOYIA

298917 9 aspup lojdedal pajdnoo-uelold 9

V104

[493S
1 O40H
145
194Nz
G4l
¢44N

SO4

V13

NSW
LONNL
evenl
ocadni
CSNA
LOEYENSH
ENdL
1dVYIN
g4vs

9TAN
LWINad
LYWNN
L1

S6HAW
INO34
dv4o

1O31d
STAN

A4
X

LOV
cvydld

aoANedvYIN
12(<[S)

panuuo? g 3lqpL

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007

EDWARDS ET AL.

50



RESEARCH ARTICLE

panuiuoD
€ Jagquiaw ‘(Jepodsupl) 8sooN|A
70-3¢'¢ Q0-31¢’'6 103€L CO0F8C W68 0OLFE€6 €C*+09¢ ¢'eldzl [890CIN paoyIony) Z AllWp) 18I 81n|os eveols
uungns | N
¢0-38°L v0-3¢'L ¢0-3dl'r vO0F0€ %9 CLFIVL GGF9cy gcbe  g/ve9a 'Z Xo|dwoo ulejoid pejolel-lojdopy LNCdY
O {JuUNgNs QA
€0-3L'¢ GO-3€V C0-386 VOFE€EC b8 6LFLLC 88FL69 eeldol  Z9LZON '[OUIOSOSA| “AUIOdSUDIL + H '8sod ]V O0N9dLY
€ ulold AUIPUI] 4V AUIUIDIUOD
9¢eC’C G0-ic’e Q0-3€¢ CO0-3lL €0FVE %68 Q0FL0L €e*6'¢e z6ebsL 9/8¢€9d 108 udopPD 4 'PBIOIOOSSD 1Kl0D evo9
‘uolpod
70-36'¢ 90-38'8 C0-3G9 S0FGEC %68 80+F06 cr+/'1¢ gzbx  69¥9Ld [PuUILLIB bX ‘42O 104 WNW UoWINH 1dV9dIV
¢80'¢ €039 G0-367 ¢0-3dl'6 VO0FGE %8 €0FG9 L'CFE'CC ¢9oLdy ¢6eCl (espssip uojAulUNH) ulAuUlUNH aH
vov'¢C G0-38'L Q0—39'L 103C'L PO0*6¢C %00L G0+89 L'CF89¢C ¢9Ldy 699111 ulejoid axil-iepiodsuni) euljoADDILS] NVILAL
€ wiojos| b uploid
OA [PWOSOSA| ‘Aullodsupl) + H
8¢L'C £0-39°L [0-39'L 10-3¢'L GO0+F/.V %00l SO0+*/.9 ceFpLe gelbyelbll Gg8¢svN 'BSOLY ‘| JojoINAaI Sunwiwl ‘[[©0-] 19121
Hodsupni|
DJ8 6 HUNQNS ‘¢ 10}O0)
¢0-318'v 70-39'¢ ¢0-3€¢ C0FC<C /9 LO0F06 2CcF 96l ¢'ceds Gzse8Ln UoloIHUl UolbIsUDI} OIJoAIONNT 6S¢414
uonp|supi|
— Y0-35'9 20-36'€ VOF 6L %L9 OLFLLL 8¢F6¢€z cClib-LLLb/L reeLan I espIeWAjod YN G14VL (el
— €0-36'C 10-31'C S0F0C %95 80F68 TeF10C gco-1gbsL gzoern | Aojowoy p A Jo Josseiddng [HYLdNS
| ®@2usnbas
€0-3L'¢ G0-3€V ¢C0-3cY CO0FLC %95 €0+89 ¢LFevl zeldsl  8E9ZeIN PaALBP DIWSYNS| DUSOIGOYAWIAT LTAT
— 70-38'¢ 10-3¢¢ CO0FLlC %99 90*F¢9Q gLFrel byl 869//N 10100} UoldudsULIL | AA LAA
— v0-36'¢ 10-3LL €0FCC 999 90+¢8 G+ 98l L'Lzd9 LeLeor lojopy esuodsal wnieg 1S
— v0-ar'e 03Il S0FZ<C %B8L 8O0*V8 €C*00¢ ledl  ZOOVLIN L L Udu-eulss/auluIfID 10100, AUlDldS [ [Se4S
J(dg3/0)
— ¢0—3¢€°L 10-3L'€ LO0*FCC %L9 6C*CCE LVL+908 0¢ 09G¢8X ulejoid AuUIpUIg 1edUPYUS/ VY DD 44930
— 70-31'G ¢0-3S'L «£€0F€C RS CO0F.LV e'L*/Lol TGl TOW6LIN plUNS| DADO[PAUIOI TNd
(LG ueyoid
— €0-99'¢ ¢0-3¢'G v O0*¥¢C 9SS <C0FCS L'c*07¢lL [Tbe gLLoon 1oAUY DUIZ) ¢ WOYAWA|/TTO [190-9 9104
J epudadAlod
— v0-39'9 ¢03//L SO0*¥¢C 8L L'L+Cll Ge+v'8c g'eldsl 1G¢8ed (payoaip YNQ) Il (WNRI) &soieuwAjod 3210d
¢0-90'v v0-3¢'¢ ¢O-Ir'L S0F€C /9 CLFELL CSF0WW r'eLbsl or0os6n 8¢ AUIUIOIUOD-Jllow yupdl] 8CNIL
G0-38'Y Q0-30°¢ C0ar'L CO0FVC Bb68 6C+G'LV 96FvVLL z'eldsl [899GX sushoouUo-0joid g unp annr
€0-30'S GO-3L'G ¢0-3cr €0FV<C %9 8O0FCLL 6CF99C yzozl orLien  10ss01081-00 J0jdevel I0sjoNN CeOON
| Alolushliouny
¢0-39°1 v0-3C¢'L 10-3Ir'e €0FV<C %l9 90+89 6'LF99L LL'9gd-gl'9ed] vcl18cd JO Uoissalddns "OWOSO|GOINSN LT8N
Z AUIUIDIUOD
— vo0-3/v 10-A'¢ €0+¥GC %l9 Q90FV9 L'¢* L9l €z 110z 0L60L1 (NRRI " LdNRD uoiAal AUIPUIG-YNR] COdNel
— v0-3l'¢ 10-3€L €0FGC %9 €0FG9 L'c* 19l Z'Sede L 160Sd 7 | [DIBIYSOA rTION
— €0-30¢ ¢0-3L'8 L0*9C %9 L'L*8vL L8*¢0v zebl 6voc/n Z lequisw “Ajluioy 51g 2old
€0¢e'¢ 90-36'9 (0—3€'6 ¢0-3¢'C C0+9C WBL GO0*G6 L'LFL6T velb-gelbsl 18¢9SZ ¢ 10}oD} Alojoinfal uoleyialul e4ell
— v0-3/Lv <¢0-366 VOFLC %l9 LOFEVL €GFCQE Lebl croerd L &i|-104004 uolduosupI| 17401
€0-3¢'¢ Go-3l'¢ €0-36L €0%F8C 8L QO0F/.L0L L'E€*L6C Z L1991 9voreIN ulejoid Jehul dUIZ PBIOIDOSSD-DAIN VYN

panuuo? g 3lqpL

51

EDWARDS ET AL.

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007



MOLECULAR PROFILING OF RA PBMCs

penuluoD

oLLC
L'e

9961

co0-r'L
c0—39°L

€0-al'¢
€0-39'9
€0-38'L
c0-31¢'L

G038
€0-10¢
G0—39'S
¥0-38'¢C

co0-Ir'e
[40p=(007
90-3G8°L
v0-3av'¢
€0-36'7
€0-35°¢

¢0-10¢

[40p=1A4
€0-1¢'€

co-Icy

yo—3L'L

oLl
y0—3¢'L
S0-30°¢
S0-3ar's
S0-3aL'¢
70-30°L
€0-39°L
90-36'¢
G0-38'¢
90-3l'e
90-38'8

v0-3L'S
r0-3L'S
vo-ar'y
70-30'¢
v0-3c'¢
L0376
90-38°L
S0-30'S
g0-3e’e

€0-1¢'€
vo-3av'L
¥0-38'¢
y0-3L'9
v0-3¢'¢

G0-38°¢
03¢

v0-3L'S

vo-3aLy

vy0-3¢'¢

L0dL¢ €0*v¢

c0-167 €0*Fv'¢
¢0-39'G €0*G¢
¢0-I97 €0+G¢
c0-W'9 €0+F9¢
03l €0%9¢
¢0-39'8 €0+F9¢
l0-3£¢ 90*9¢
G0—39°L €0+*8¢
¢0-I8Y €0+0¢
¢0-3Il'8 €0+F<C¢
¢0-3€'s v'oFve

¢0-307 ¥'0*0¢
03¢l ¥0*0¢
03¢ €0*¢€¢
¢0-38'8 C¢0*V'¢
¢0-39'9 €0*G¢
¢0-3L'v ¢0F6¢
l0-ar'c ¢0*0¢
¢0-3¢'L vo=*ce
€0-39'8 90*1V

¢0-39'G G0+ 1¢
¢0-3¢6 ¢0*<C¢
¢0-18'¢ €0+G¢
c0-IeY €0Fv'¢
L0341 S0+*G¢
¢0-I97 €0+8°¢
¢0-3€'8 V'0+F /¢

¢0-1¢'¢ W'0*8¢

l0-36'L v'0*8¢C

¢0-Icy v'0+8¢

%L

%95
%L9
%9S
%8L
%8L
%L
%L
%8L
%8L
%68
%68

%L9
%L9
%L9
%8L
%9S
%68
%68
%8L
%68

%L
%9S
%L
%L9
%L9

%68
%L

%95

%8L

%L9

CLF0CL TEF98T 4ol
§0¥88 GCFClC L'lzde
ZOFVS  6LFTEL zzbl
60F L0l LTF9GSC ¢TTh-eelgbx
S0¥8L €TFO0C 6zbe
90F /L LTFLOC L'Lzbl
60¥86 €E€FTSC gzeble
vO¥C9 8CTFVULL gZbll
CLFQEL LVF9LY ¢'1zd9
€0FG9 TTFE6L geby
SO0FV.L TTFOEC gzb-gzbl
L'LF26 LVFLILE ¢yehg
umouun
C0F99  LL1F8WL ¢'lede
60F L0l LT*F8TC Lz'LLbze
CLFCTLL 9€F6'ST z'elboe
€0F99  9LFQGL z'eldel
€0F8S 0CTFLVL L'Lzd9
CLF98L 9V F8VS Lzde
GOLF€99 €7l 086l eyzbzl
L'LF68lL VLFT09 €z L1dX
OLFELL 69FVor ez LLdX
uinbian
vO¥Fr9  0CFO0OSL ceeLbsl
'L F6GL 6E€FEGE ez'LLby
G0¥S/L GTF68l L'eLbzz
80FG6 0€*FTET zelbze
ZLFe0L OovFeer  clbzilibsl
6LFL9C L'6F9¢L cLds
90¥08 6CTFEIC g'zzbol
G0¥8S 9CTFLIL ceelbze
90¥89 0cFLlo6l gebz
Z0¥F89 vTFO6L Ged-1-9ed|

9666.4

LG/ZEBIN
8/¥€9d
€021
646980
0CL66X
69518N
r366¢d
9ee68N
LEV/8d
L€990N
91¢sed

£5902N
rriion
897700004
gecled
8r58ed
¢s8elL
0889¢IN
6e8iN
8C08SIN

aLyéen
0£460N
8/98/N

6€6€11
SLLVEN

LLyOCN
§aa8ed

JAR4S14Ql

[48)70°[@

91989S

Jonpoud sush 17/ 0VVIN
siouny

ahADJIS AlIDS Ul pajoiNul ‘You-aujuifly
M-z Ue0id paI00sso ulinbign

L 180214 Uiejoid [oolayjodAH
}onpoid eush 9zzovvIM

DUIOUIDIDD (|82 |pual AIp|Idod

Z aWol) AUpoal Usdo | Z 8WOoSOWoIyD

uie40id 9500V

6 ©UlDJ AUIPDSI UBdo 9 BLIOSOWOIYD
9| 8WoI) AUPDaI USdo | BUIOSOWIOIYD

V2 Uipwop tpadal gMm
71 AUIUIOIUOD Jpadal Yol auiona

(dushooUo-010I1d)
7 @spajoid olosads uiinbign
uiejoid ey utinbian
L-AJN suaidos OWOoH
(episinelad *g) v Aojouwoy gzavel
£ UlinD
I3 dWAzUs RuDAILO-UINbIgN
uinbign
| | @spajoid ouoads uiinbign
|3 dWAzUS AUDALLOD-UIINDIGN

oydip ‘ulejold JusyonD
10100} SAlJISUSS-DPIWIBIOWIAYLS-N
(Ipulsalul | uBlold You-auisAD
¢ Uixopaloly|
Hungns | ¢
| xo|dwoo uelold pajplal-lojdppy
Hungns | ¢
'z xa|dwoo ulold pajplal-lojdppy
(007) epdadAiod Jyhll “UIYoID
{onpoid sueh G| /ipr4
| SiSAD [DOIOOgNS
Ulm Ayiodojoydasusoxng)
oljoydadus|ohain
| Jeaquiawl ‘(s1opodsuniy
UOl [DJaW JUS|DAIP Pajdnod-uooid)
L1 AjWD) JIB1IDD 84nj0S
(BAl}IsUSSs SpUOoJIUID
‘+ H/ + ON “JoHodIlUD) | WIOJOS]
‘(JoRUDYOXd USAROIPAY/WNIPOS)
6 Allwipy 18D 8njog

v/IOVYYIX

/A4
Tedvdn
OXONWIY
9ccovvIA
O0dd
aHol1cO
93900V VIA
6144010
91#01D
YerIdm
r1odRIT

rdsn
1a4n
[Ac38an
vecavel
Yaige)]
1L34an
o4n
L1dsn
13an

VdYN
LdRID

¢NX1
Laldv
Lgcdv

V1o
oreO3S

LOTN

LVILIDT1S

LV6D1S

panuuo? g 3lqpL

MOL MED 13(1-2)40-58, JANUARY-FEBRUARY 2007

EDWARDS ET AL.

52



RESEARCH ARTICLE

In this study, the mRNA levels of 6800
genes were measured in PBMCs from RA

tional classes and highlighted one chro-
plasma membrane, integral to intracellu-
lar membrane, mitochondrial, ribosomal,
ucts are known to be differentially regu-
The k-nearest neighbor analysis identi-
fied genes that may be preferentially reg-
ulated in the RA samples. Of the 29

lated in RA. Twenty-five genes were clas-
sified as unknown because they either
(32,33). INPP5E (inositol polyphosphate-
O-acyltransferase 1), TCIRG1 (T-cell, im-
mune regulator 1, ATPase, H* transport-
ing, lysosomal VO protein A isoform 3),
HD (Huntingtin), SREBF1 (sterol regula-
tory element binding factor 1), and IRF3
(interferon regulatory factor 3) are exam-
patients with active disease and normal

NF-kB and selectin P have been used as
5-phosphatase E), STABI (stabilin),

lectin P) (31) have previously been asso-
therapeutic targets in animal models

with that of the controls (Table 2). This
analysis clustered the genes into 19 func-
verse and include genes involved in cal-
cium binding, chaperones, cytokines,
transcription, translation, signal trans-
duction, extracellular matrix, integral to
Many of these 330 genes or gene prod-
coded for a hypothetical protein or were
identified as an open reading frame of
unknown function.

genes identified by the class prediction
analysis (Figure 2B) to be expressed in
the RA PBMCs compared with the con-
trols, only RELA (NFxB p65) (28), IGF2
(insulin-like growth factor 2) (29)], FTH1
(ferritin heavy chain) (30), and SELP (se-
ciated with RA. Furthermore, both
AGPAT1 (1-acylglycerol-3-phosphate
ples of genes that have not previously

structural, enzymes, and proteases.

an RA susceptibility locus, 6p21.3 (27)
(Table 3). The functional classes are di-

fold change of RA frequency compared
mosomal location. Ten genes with in-
creased expression in the RA PBMCs
compared with normal controls map to

individuals. All patients were on

been associated with RA.

DISCUSSION
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Figure 1. Unsupervised hierarchical cluster analysis of RNA from 9 RA and 13 control PBMC samples. Total RNA samples were analyzed

on oligonucleotide arrays as described. In no case were samples pooled. Genes were selected for analysis if they had a present call, a
frequency greater than 10 ppm, and two-fold change expression in five of nine RA samples. The expression patterns of 330 genes are
displayed in a dendroyram where columns represent each sample and rows represent individual genes. Genes are colored on a yra-
dient (from -10-fold to 10-fold), with those increase in expression relative to the average of the control in red. Those that decrease are
in blue, and those with littfle or no change are in yellow. A, region where expression levels in the RA samples were increased compared

with the normal samples.

DMARD therapy that included
methotrexate. Three hundred thirty dif-
ferentially expressed transcripts were de-
tected in at least 50% of the patients and
exhibited a minimum of a two-fold
change in expression from normal indi-
viduals. A number of genes previously
thought to be involved in RA pathogene-
sis were detected in this study. These in-
clude the transcripts for TNF receptor
TNFRSF1B (p75) and CCL5 (RANTES).
TNFao has a key role in RA, and the ex-
pression of mRNA and protein of TNF
receptors is increased in RA synovial
membranes and sera (34-36). In murine
models, as well as TNFa transgenic and
receptor knockout mice, the pathogenic
activity of TNF has been well docu-
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mented. Furthermore, both the soluble
form of the TNF receptor and antibodies
against TNF are efficacious in animal
models and are effective therapies for RA
(4,6-8,37,38). CCL5 is a chemokine ex-
pressed in the serum and synovial joints
of patients with RA and is likely to play
important roles in recruitment of inflam-
matory cells (39). A polyclonal antibody
to RANTES improved symptoms in ani-
mals with adjuvant induced arthritis
(40). RNA transcripts encoding proteins
from a number of signaling pathways,
including NF-kB, were present in in-
creased amounts in individuals with RA,
and many of these are targets for thera-
peutic blockade (41). NF-xB (RELA) has
important roles in the production of in-

flammatory cytokines such as IL-1 and
TNF (28). The presence of these known
genes in the data set further validates the
array data and analysis.

A k-nearest neighbor analysis was ap-
plied to the data set to identify genes
preferentially expressed in the PBMCs
from RA patients compared with con-
trols. Twenty-nine genes were identified.
Some of these genes have been previ-
ously identified as being differentially
regulated in RA and include IGF2 (29),
FTH1 (30), and SELP (31). SELP con-
tributes to many inflammatory diseases
and has been shown to mediate leuko-
cyte interaction with endothelial cell wall
(42). Levels of SELP are increased in the
synovial fluid of RA patients (43). In the
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Figure 2. Class prediction. Using a class prediction algorithm, a list of yenes that most
consistently distinguished diseased vs. normal samples was generated. Classification was
generated by the k-nearest neighbors algorithm (26). The number of neighbors selected
was six, with a decision cutoff for P value ratio of 0.2. The final list was determined by an
iterative cross-validation process in which the best combination of number of genes and
neighbors was found to derive the most discriminating list. In the cross-validation mode,
each sample in turn was set aside as the fest article, and the remainder of the samples
were used to yenerate the model, which was then evaluated on the test article. (A) Fold
change and P values of the 29 prediction gyenes. (B) Unsupervised hierarchical cluster
analysis of the 29 genes. The expression patterns of 29 genes are displayed in a dendro-
gram where columns represent each sample and rows represent individual genes. Genes
are colored on a yradient (from —-10-fold to 10-fold) with those increase in expression rela-
five to the average of the control in red. Those that decrease are in blue, and those with
little or no chanye are in yellow.
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murine collagen-induced arthritis model,
the deletion of SELP resulted in more se-
vere disease compared with wild-type
mice (44).

Many genes not previously known as
being differently regulated in RA were
also identified, for example, TCIRG1
(T-cell, immune regulator 1), INPP5E
(inositol polyphosphate-5-phosphatase
E), and STABI (stabilin). TCIRG1 is a
seven-transmembrane, novel T cell pro-
tein that plays a role in T cell activation
(45). Antibodies to TCIRG1 (TIRC?) pre-
vent human T cell proliferation in vitro,
inhibit type I subset—specific IFNy and
IL-2, but not the type II subset cytokine
IL-4. A TIRC? antibody prolonged sur-
vival in a rat model of acute kidney al-
lograft rejection (45). TIRC7-null mice
have disrupted T and B cell responses in
vitro and in vivo, suggesting that TIRC7
may play a role in T and B lymphocyte
balance (46).

INPP5E, a member of the inositol
polyphosphate 5-phosphatase family,
similar to INPP5D (Table 2), regulates
PI-3 kinase signal transduction (47).
AGPAT1 (1-acylglycerol-3-phosphate
O-acyltransferase 1) catalyzes the conver-
sion of lysophosphatidic acid (LPA) to
phosphatidic acid (PA). LPA and PA are
two phospholipids involved in signal
transduction and phospholipid synthesis
(48). Overexpression of AGPAT-1 in cell
lines leads to the expression of both
TNF-a and IL-6 in cells stimulated with
IL-1p, suggesting that AGPAT-1 overex-
pression may amplify cellular signaling
responses from cytokines (49).

Interestingly, 10 transcripts, including
AGPATI, differentially regulated in the
RA PBMC from this study map to chro-
mosome region 6p21.3, the major histo-
compatibility (MHC) locus III (27)
(Table 3). Many of the genes in the
MHCIII region have fundamental roles
in a variety of cellular functions and in-
clude the inflammatory cytokines
TNFa, LTA, LTB, and the advanced gly-
cation end product receptor, RAGE
(AGER) (27). Multifactor interactions
contribute to the disease process at sev-
eral levels. One hypothesis is that dys-
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Table 3. Genes with increased expression in RA compared with normal PBMCs at the RA

susceptibility locus 6p21.3

Gene symbol Gene name GenBank acc.
no.

MLN Motilin X15393
AGPAT] 1-acylglycerol-3-phosphate O-acyltransferase 1 us6417
HLA-DQAT Major histocompadatibility complex, class Il, DQ a 1 M34996
MICB MHC class | chain-related gyene B ués416
HLA-DOA Major histocompatibility complex, class Il, DO alpha M31525
BRD2 Bromodomain containing 2 X62083
STK19 Serine/threonine kinase 19 BC016916
RGL2 Ral guanine nucleotide dissociation stimulator-like 2 u68142
Clorfl9 Chromosome 6 open reading frame 9 Ug9336
TRIM26 Tripartite motif-containing 26 U09825

regulation of genes in a locus could con-
tribute to the etiology of the disease,
perhaps through coordinated transcrip-
tion of regions of a chromosome in re-
sponse to stress or inflammation. RA is
a complex autoimmune disorder, and
expression analysis of a larger number
of patients may validate this hypothesis.

STABI [also known as common lym-
phatic endothelial and vascular receptor
(CLEVER-1 or FEEL-1)] was overex-
pressed in the RA PBMCs. This gene,
identified by the k-nearest neighbor anal-
ysis, was expressed in 100% of RA PBMC
samples and exhibited the highest fold
change in this study (64-fold). Stabilin 1
is a large glycoprotein, multifunction
scavenger receptor. Characterized as
FEEL-1, this protein demonstrated a role
as a scavenger receptor that binds to
both advanced glycation end products as
well as gram-positive and gram-negative
bacteria (50,51). The receptor was shown
to be expressed on mononuclear cells,
tissue macrophages, and endothelial cells
(50-52). An antibody to FEEL-1 demon-
strated a marked reduction in cell-to-cell
interaction in a Matrigel tube formation
assay, suggesting a role for the receptor
in angiogenesis (50). CLEVER-1 has been
demonstrated to be involved in the
PMBC transmigration through vascular
and lymphatic endothelium (52). The
CLEVER-1 gene is encoded by 69 exons,
and multiple isoforms are expressed in
the endothelium (52). The potential func-
tion of CLEVER-1 in RA remains to be
elucidated.
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Several studies of gene expression in
RA have been reported. Devauchelle et
al. (53) focused on differences in expres-
sion in synovia isolated from RA patients
compared with that of synovia from os-
teoarthritis patients. Watanabe et al. (54)
reported on differences in expression be-
tween RA and normal synovial fibrob-
lasts, and van der Pouw Kraan et al. (55)
identified differences in gene expression
in RA synovia, allowing the classification
of different disease subtypes. A recent
study by Bovin et al. (56), using a 12,000-
gene oligonucleotide microarray, exam-
ined changes in gene expression between
PBMCs from 14 RA patients vs. 7 sex-
and age-matched controls, and they
identified 25 genes that were discrimina-
tive. Although different filter criteria
were applied to the data sets present
here and the report from Bovin et al. (56),
there were nine genes that overlapped
between the two studies, including
S5100A12, NCF4, and GNG10. Of the
genes that did not overlap, four were not
present on the microarray used in this
study, three showed changes but did not
meet the strict data filtration criteria, and
four were not called present in any of the
samples. Another study by Olsen et al.
(57), using a 4300-gene cDNA microar-
ray, identified a gene expression signa-
ture for early-onset rheumatoid arthritis
in PBMCs. In that study, the authors seg-
regated the data based on those with
longstanding and early-onset disease.
There is some overlap between the Olsen
et al. (57) study and the results presented

here. Of the 44 genes identified, eight
from Olsen, et al. also appeared in the
present study. Of the 30 that do not, four
were not on the human FL6800 array, 15
were not called present in any of the
samples, and the others were not in-
cluded due to the filtration criteria. In
the results presented here, patients were
selected from the high disease activity
cohort, and during analysis, several fil-
tration criteria were applied to the data
set with several statistical analyses and a
minimum expression criteria of at least
50% of the patients. These measures en-
sured that the resulting defined gene sig-
nature was as robust as possible.

It must be noted that RA patients pos-
sess a broad spectrum of disease sever-
ity and time of onset, and the compar-
isons above serve to highlight the
multiple differences in patient selection
criteria, study materials, protocols, and
data analysis that exist in studies so far.
Combining the data from our study
with that of others, however, does point
to several consistent changes in gene ex-
pression that would be useful to investi-
gate further. For example, the increased
expression of the RAGE ligand S100A12
has been observed in more than 1 study
and, as a result, has highlighted the
RAGE pathway as potentially important
in RA; it is now subject to further study
by our group.

The information from this study can be
used in two major ways. First, it allows
genes important in the pathogenesis of
RA to be identified. These genes can then
be investigated in detail to determine
their potential roles in disease. Second,
the power of DNA microarray profiling,
with its ability to monitor the expression
of multiple genes simultaneously, may
allow the identification of patterns of
gene expression associated with RA. This
may enable rapid diagnosis of RA and
predictions of prognosis, as well as re-
sponse to, and side effects of, DMARDs.
The use of these techniques is most ad-
vanced in oncology, where predictions of
prognosis can be made for certain can-
cers (17). This provides clinically useful
information that guides decisions about



how aggressive a treatment regimen
should be for a given patient. There is a
marked difference in the clinical features
of RA between individuals, and molecu-
lar phenotyping (or patient profiling)
may identify or characterize different
disease subgroups and courses of disease
progression.

A weakness of global gene expression
analysis techniques lies in identifying the
relationship of changes in gene expres-
sion to the disease process. Changes in
gene expression may either cause a dis-
ease process or occur as a consequence of
it. The presence of gene expression
changes in genes that have been associ-
ated with RA validates the data set.
However, not all genes are primarily reg-
ulated by changes in mRNA levels, with
many being subject to posttranscriptional
regulation. TNEF, the best-validated mo-
lecular therapeutic target in RA, does not
emerge from this type of analysis. This
study examined expression in nine RA
patients and identified a set of genes that
is preferentially expressed in RA patients
compared with controls. Although the
data are intriguing, samples from a
larger number of patients would aid in a
class prediction to determine which
genes are most associated with disease
state and type of prognosis. It is interest-
ing to note that a recent study of PBMC
expression profiles in several autoim-
mune diseases showed that, whereas all
diseases displayed profiles that differed
from a normal immune response, not all
diseases could be clearly distinguished
from each other (58).

Gene expression studies on PBMCs
may not exactly represent the situation
within the inflamed synovial mem-
branes of RA. RA is a systemic disease,
however, and differences in cytokine
production and phenotype of PBMCs in
RA have been demonstrated (59-61).
This approach has the advantage of
being a rapid and minimally invasive
way of obtaining cells from patients. The
usefulness of assaying tissue samples in
RA is limited by availability and sam-
pling bias due to regional differences in
disease activity in synovia. However, if

the diagnostic/predictive results of a
gene expression profile can be demon-
strated, PBMCs are a readily accessible
source of cells.

The use of oligonucleotide microarrays
enables a broader view of complex in-
flammatory diseases, such as RA. The si-
multaneous measurement of multiple
mRNA transcripts allows an increased
understanding of the complexity of pro-
teins that may be interacting in a disease
state rather than focusing on one or two
at a time. This study identified 330
mRNA transcripts that were differen-
tially regulated in the PBMCs from RA
patients compared with normal volun-
teers. Having demonstrated that these
techniques can be used with PBMCs, the
next step involves looking at patterns of
gene expression in individuals over time
and detailed phenotypic examination of
these individuals to determine patterns
of gene expression associated with differ-
ent features of RA.
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