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Tumor necrosis factor (TNF), a cytokine known to be produced 
by monocytes,1,2 promotes the synthesis of proinflammatory 
cytokines, stimulates endothelial cells to express adhesion 
molecules, and accelerates the synthesis of metalloproteinas-
es.1 Systemic TNF neutralization in rheumatoid arthritis (RA) 
responders is associated with a remarkable suppression of local 
and systemic inflammation, as well as with a reduction in bone 
destruction1,3 and radiological progression of joint destruction.4 
Thus, TNF blockade inhibits inflammatory mechanisms and local 
tissue destruction initiated by cells of the monocytic lineage.5

TNF-blocking agents lead to the control of RA activity in 
60–80% of patients when used in combination with meth-
otrexate (MTX). Gene profiling at baseline shows that levels 
of different small subsets of transcripts are suitable for reliably 
predicting response to either infliximab/MTX in MTX-resistant 
RA subjects6 or etanercept in combination with various disease-
modifying antirheumatic drugs.7

Approximately 40% of RA patients either do not respond at 
all or only inadequately respond to anti-TNF monotherapy,8–10 
and predictors of outcome for monotherapies are currently 
not available. This is a major drawback, considering the risk 
involved in exposing nonresponders to the sometimes serious 
side effects of TNF blockade11–15 (http://jama.ama-assn.org/
cgi/reprint/296/18/2203.pdf; http://jama.ama-assn.org/cgi/
reprint/296/18/2203-a.pdf) and the substantial costs of this 
treatment.

Assessing gene-expression changes in circulating blood 
cells6,7,16 is an attractive approach for the following reasons: the 
blood transcriptome constitutes a source of potential markers; 
response to factors undetectable in the serum may be  measured 
in circulating immune cells; and commercial microarrays, at 
affordable costs and with good reproducibility, allow measure-
ment of blood transcriptional profiles on an unprecedented 
scale using mainstream microarray technology. As a result, a 
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number of studies have been carried out on the blood profiles 
of patients with autoimmune diseases,17–19 including RA,6,7,16 
in an attempt to discover diagnostic and prognostic biomarker 
signatures. As shown by Batliwalla et al., 21 of 52 genes overex-
pressed in peripheral blood mononuclear cells of RA patients 
were monocyte specific.19 The expression levels of these mono-
cyte-related genes showed a significant correlation with disease 
activity in patients who were studied just before starting therapy 
with a new disease-modifying antirheumatic drug, either MTX 
or an anti-TNF agent. Furthermore, monocyte activation seems 
to contribute to flare-ups of RA after pregnancy, as shown by 
comparative analysis of peripheral blood before and after birth 
and by comparison with the specific expression signatures of 
normal blood cells.20

A number of studies on the monocyte lineage in RA have 
focused on the activation of these cells and the appearance of 
particular subsets in the periphery. The CD14+/CD16+ mono-
cyte subset appears to be increased in RA patients.21 CD14+/
CD16+ cells have features that are similar to those of activated 
tissue macrophages; they express altered levels of chemokine 
receptors and adhesion molecules and have an enhanced capac-
ity for transendothelial migration. Both subsets (CD16+ and 
CD16−) of monocytes are able to differentiate into dendritic cells 
in vitro. The binding of small immunoglobulin G–rheumatoid 
factor immune complexes to CD16+ monocytes could enhance 
TNF induction in tissue macrophages.

In the present study, it appeared advantageous to investigate 
enriched monocytes, given their prominent involvement in 
the processes of RA pathology that are particularly responsive 
to anti-TNF.22 By taking this approach, we sought to focus on 
immune functions of this cell type instead of using whole blood 
samples and to identify single biomarkers that would be suffi-
cient for the prediction of anti-TNF response in RA. In addition, 
to investigate drug specificity and the effect of comedication, 
we tested the informative value of the predictive biomarkers 
also in patients treated either with MTX alone or with MTX in 
combination with adalimumab.

Results
Gene-expression profiling and microarray analysis
In an initial exploratory analysis using microarrays, monocytes 
from seven patients with RA (study DE011; adalimumab anti-
TNF therapy without disease-modifying antirheumatic drug 

application) were examined before and during adalimumab 
monotherapy and compared with monocytes from seven age-
matched normal donors.

The group of seven patients constituted a representative RA 
cohort and demonstrated the expected correlations among clini-
cal parameters before and after anti-TNF treatment (Table 1). 
This RA group included two nonresponders to adalimumab 
therapy (RA patients 4 and 6) as assessed by the American 
College of Rheumatology (ACR) improvement criteria (ACR 
score <20; see Table 2 for baseline characteristics of respond-
ers and nonresponders; details are available in Supplementary 
Table S1 online).23 For these two patients, the percentage reduc-
tions in markers of local or systemic inflammation (i.e., swol-
len joint count, erythrocyte sedimentation rate, and C-reactive 

table 1 Correlations among clinical parameters 
(Pearson correlation test; before and after anti-tNF 
treatment with adalimumab)

r Value P value

Morning stiffness/swollen joint count 28 0.718 0.004

Morning stiffness/swollen joint count 68 0.664 0.010

Swollen joint count 28/swollen joint count 68 0.990 0.001

Painful joint count 28/painful joint count 68 0.794 0.001

ESR/cRP 0.854 0.000

ESR/VaS (physician) 0.764 0.001

ESR/DaS28 0.813 0.000

cRP/morning stiffness 0.733 0.003

cRP/swollen joint count 28 0.762 0.002

cRP/swollen joint count 68 0.728 0.003

cRP/DaS28 0.786 0.001

DaS28/swollen joint count 28 0.891 0.000

DaS28/swollen joint count 68 0.878 0.000

DaS28/painful joint count 28 0.660 0.010

VaS (physician)/swollen joint count 68 0.672 0.008

VaS (physician)/painful joint count 28 0.697 0.006

VaS (physician)/DaS28 0.790 0.001

correlation between clinical parameters in Ra patients before and after adalimumab 
treatment (n = 14).

cRP, c-reactive protein; DaS28, disease activity score (28 joints); ESR, erythrocyte 
sedimentation rate; VaS (physician), visual analog scale of the physician’s global 
assessment of disease activity.

table 2 Characteristics of RA patients prior to treatment with adalimumab in responders and nonresponders

Disease  
duration (years) age (years) gender (F/m) rF (+/−) esr (mm/h) Crp (mg/l) Das28 score

Responders

 Mean ± SD 8.6 ± 10.3 48.9 ± 12.2 15/0 13/2 44.9 ± 20.5 31.2 ± 19.7 6.7 ± 0.9

 Median (range) 3.0 (<1–38) 47.0 (33–70) 33.0 (22–80) 31.5 (<3.5–61.1) 6.3 (5.2–8.5)

Nonresponders

 Mean ± SD 8.8 ± 11.1 54.8 ± 12.3 11/1 8/4 51.5 ± 25.3 30.4 ± 35.3 6.4 ± 0.8

 Median (range) 5.0 (<1–38) 52.5 (34–79) 40.0 (16–90) 16.2 (<3.5–106) 6.4 (4.7–8.0)

Patient data extracted from supplementary table s1 online.

cRP, c-reactive protein; DaS28, disease activity score (28 joints); ESR, erythrocyte sedimentation rate; RF, rheumatoid factor.
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protein; Supplementary Table S1 online; for disease activ-
ity score (28 joints); see Supplementary Figure S1 online) 
were generally consistent with the status of nonresponders. 
Hierarchical clustering of clinical parameters further confirmed 
the identification of these two patients as nonresponders (see 
Supplementary Figure S2 online). The data from this group of 

seven “non-placebo-treated” patients were therefore screened 
for candidate biomarkers associated with a response to adali-
mumab treatment.

To focus on therapeutically relevant genes, we identified 51 
genes by selecting for differential expression in ≥70% of the 49 
pairwise comparisons between patients with RA (n = 7) and 
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Figure 1 hierarchical clustering based on differential monocyte gene expression correctly classified responders (Ra1, 2, 3, 5, and 7) and nonresponders 
(Ra4 and 6) before treatment. Genes were selected when (a) 80% (82 genes), (b) 90% (11 genes), or (c) 100% (3 genes) of the pairwise comparisons revealed 
significantly increased or decreased expression.
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normal donors (n = 7), and simultaneously in ≥70% of the 
25 pairwise comparisons between the data in RA responders 
(n = 5) before and after anti-TNF therapy (see Supplementary 
Table S2 online). Hierarchical clustering with three of the 
selected genes resulted in 100% classification of the normal 
donors (n = 7), patients with RA before treatment, and clini-
cally defined responders (ACR score ≥20; clustered as normal 
donors) or nonresponders (ACR < 20; clustered as RA; see 
Supplementary Figure S3 online).

In the samples taken from patients with RA after adalimumab 
therapy, a total of 117 genes, differentially expressed in respond-
ers vs. nonresponders, were identified. These showed an increase 
or decrease in 100% of the pairwise comparisons (10 compari-
sons; Supplementary Table S3 online). Hierarchical clustering 
with these genes or prediction analysis of microarrays resulted in 
precise (100%) classification of responders and nonresponders 
to adalimumab therapy (RAantiTNF4 and RAantiTNF6; data 
not shown).

Candidate genes that were potentially predictive of response 
to adalimumab treatment were selected by comparing data from 
responders and nonresponders prior to therapy. Thresholds 
of differential expression in ≥80, ≥90, and 100% of the pair-
wise comparisons identified 82 genes (Figure 1a; Table 3), 11 
genes (Figure 1b; Table 2), and 3 genes (Figure 1c; Table 2), 
respectively. The last group consisted of the following proteins: 
(i) family with sequence similarity 3, member C (FAM3C); (ii) 
integrin α-X (ITGAX, CD11c); and (iii) transmembrane pro-
tein 45A (TMEM45A). Hierarchical clustering with the three 
selected genes resulted in 100% predictive classification of 

future responders and nonresponders to adalimumab therapy 
(Figure 1c).

In parallel with CD11c, the pretreatment expression of the 
integrin β-2 chain (ITGB2) of the CD11c/CD18 heterodimer was 
also slightly elevated in responders as compared with nonrespond-
ers (2,049 ± 663 vs. 1,537 ± 137, respectively; signal mean ± SD).

Validation of predictive CD11c gene expression using  
real-time reverse transcription–PCR
In two independent cohorts groups (total of 27 patients; see 
Supplementary Table S1 online), real-time reverse transcription–
PCR (RT-PCR) quantification of CD11c expression in monocytes 
confirmed the distinction of future RA responders (n = 15) and 
future nonresponders (n = 12) to adalimumab monotherapy (at 
the threshold level of a continuous 10%-step ACR response score; 
ACR score ≤30 for nonresponders; see the Methods section for 
details). The threshold level of 40% relative expression of CD11c as 
compared to GAPDH almost fully  distinguished future respond-
ers from future nonresponders (100% sensitivity, 92% specificity, 
and 96% power; Figures 2 and 3a).

One patient with a borderline ACR30 response and a CD11c 
mRNA level directly at the distinction threshold was misclas-
sified as a responder. There was a highly significant correlation 
(r = 0.651, P < 0.0001; n = 27; Spearman rank) between the 
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Figure 2 Semiquantification of cD11c expression by real-time reverse 
transcription–PcR in monocytes from normal donors (ND, n = 15), 
responders (R), and nonresponders (NR) prior to treatment with adalimumab 
monotherapy (R = 15, NR = 12), with methotrexate (MTX) (R = 22, NR = 12), 
or with the combination of adalimumab and MTX (R = 7, NR = 9). The boxes 
show the 25–75% quantiles, and the whiskers indicate the full range. 
Individual values are represented as small black dots, and the threshold level 
(40%) that distinguishes responders from nonresponders is represented by 
a broken line; ***P ≤ 0.005 vs. ND; +++P ≤ 0.005 for R vs. NR within the same 
treatment group. Ra, rheumatoid arthritis.
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CD11c expression prior to therapy and the future  percentage of 
the ACR response (Figure 3a).

Strikingly, this was true not only for the 10%-step ACR 
response but also for the clinically applied, strict ACR criteria 
of 0, 20, 50, or 70% (r = 0.656, P < 0.0001, n = 27; Figure 3b).

This clear separation was lost in the case of monotherapy 
with MTX (n = 34) or in the case of combination therapy (anti-
TNF/MTX; n = 16; see Supplementary Table S1 online), pos-
sibly owing to a differential importance of the CD11c mRNA 
expression for the anti-TNF and MTX treatment components 
(Figure 2). In addition, there was no significant correlation 
between the CD11c mRNA expression of patients with RA and 
their future ACR response to MTX monotherapy (data not 
shown). There were no significant differences between the pre-
therapy levels of CD11c among the three different treatment 
groups, indicating random treatment choices in the present 
study.

Data from the two patient groups were analyzed indepen-
dently. The first PCR validation study (n = 12 patients; 5 respond-
ers (RA1, RA7–RA9, RA11) and 7 nonresponders (RA4, RA14, 
RA17–RA20, RA26) was used as the training set and resulted in 
a cutoff level of 40% relative expression of CD11c to unequivo-
cally distinguish future responders from nonresponders.

With this 40% cutoff applied to the second independent 
group of RA patients as a test set (n = 15; 10 responders and 
5 nonresponders), CD11c expression levels correctly classified 
all the patients except for one nonresponder. This revealed a 
sensitivity of 100% and a specificity of 80% for the prediction 
of response.

Cross-validation using the second set of data for training and 
the first set for testing revealed the same cutoff of 40% relative 
expression of CD11c in order to achieve 100% sensitivity and 
100% specificity for prediction of responders. Therefore, cross-
validation fully confirmed the previous finding.

Leave-one-out cross-validation with all patients from both 
sets (n = 27) again identified the 40% cutoff for all training 

conditions and misclassified only one nonresponder. In this 
analysis, the sensitivity for detecting responders (n = 15) was 
100% and the specificity was 91.7% (power = 99.6%; α = 0.01). 
The calculation of the minimal sample size suggested a mini-
mum of eight subjects in both the responder and nonresponder 
groups (α error level = 1%, β error level = 4%). The results of the 
receiver operating characteristic analysis of all 27 patients again 
underlined the high predictive power of the CD11c expression 
level (Figure 4).

Resident and inflammatory monocyte patterns in responders 
and nonresponders before and after adalimumab treatment
The expression of resident and inflammatory markers in blood 
monocytes24 was semiquantitatively assessed by classification 
as increased or decreased (fold-change >1.3) as compared 
to healthy controls. Before therapy, all the patients showed 
higher-than-normal levels of inflammatory markers and 
 lower-than-normal levels of resident markers. Interestingly, 
future responders had higher expression of almost all resident 
markers as compared to nonresponders, as well as higher expres-
sion of inflammatory monocyte markers, including CD14, CD32, 
CD33, CXCR1, and CXCR2. After treatment, the most obvious 
change in the responders was an almost complete reset to nor-
mal levels of both sets of monocyte markers. In nonresponders, 
higher-than-normal levels of expression of some inflammatory 
markers persisted even after treatment (i.e., levels comparable to 
those they had shown prior to therapy), whereas other markers 
shifted toward the pattern shown by responders before therapy 
(see Supplementary Figure S4 online).

DisCussioN
Focusing on functionally relevant cell types is a successful 
strategy for extracting individual markers from genome-wide 
microarray analyses for molecular prediction. In purified blood 
monocytes, hierarchical clustering of differentially expressed 
genes revealed precise differentiation between healthy donors, 
patients with RA before treatment, and clinically defined 
responders or nonresponders before and after anti-TNF mono-
therapy with adalimumab. In addition, this strategy identified a 
single marker, CD11c, that was capable of distinguishing, even 
before initiation of anti-TNF therapy, between patients who 
would be responders to treatment and those who would be non-
responders. Furthermore, the expression of a set of cell surface 
markers demonstrated an almost complete normalization of the 
inflammatory and resident monocyte pattern24 only in respond-
ers (see Supplementary Figure S4 online).

Establishment of predictive biomarkers is essential in view of 
the growing number of targeted therapies. Anti-TNF biologicals, 
in particular, are very expensive, evoke response in only a por-
tion of patients with RA, and may lead to some serious adverse 
events.11–15 The identification of predictive markers such as 
CD11c makes it possible to limit the drug exposure specifically 
to patients who are most likely to benefit from therapy. This 
may represent major progress in terms of treatment safety and 
in furthering our understanding of the factors that influence 
targeted biologicals therapy in RA.
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Figure 4 Receiver operating characteristic (ROc) analysis based on all 27 
adalimumab monotherapy samples. a sensitivity (true-negative rate; x axis) 
of 100% and specificity (true-positive rate; y axis) of 91.7% were obtained. 
after combining the two independent sample groups and defining the cutoff, 
the power was 100% for α = 0.05 and 99.6% for α = 0.01.
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table 3 Genes differentially regulated in responders and nonresponders to adalimumab (before treatment)

affymetrix iD gene title increased (%) Decreased (%) Fold change slr

39248_at aquaporin 3 10 80 –4.6 –2.19

200061_s_at Similar to ribosomal protein S24, clone MGc:8595 0 80 –1.39 –0.47

200087_s_at Transmembrane emp24 domain trafficking protein 2 0 80 –1.6 –0.63

200642_at Superoxide dismutase 1, soluble (amyotrophic lateral 
sclerosis 1)

0 80 –1.8 –0.84

200655_s_at calmodulin 1 (phosphorylase kinase, delta) 0 80 –1.5 –0.59

200745_s_at Guanine nucleotide binding protein (G protein), 
β-polypeptide 1

80 0 1.6 0.66

200772_x_at Prothymosin, α (gene sequence 28) 80 0 1.7 0.75

201193_at Homo sapiens isocitrate dehydrogenase 1 (NaDP+) soluble 
(IDh1)

0 80 –1.4 –0.49

201690_s_at Tumor protein D52 0 80 –3.3 –1.73

201693_s_at Early growth response 1 80 0 3.1 1.61

201889_at Family with sequence similarity 3, member c (FaM3c) 0 100 –1.7 –0.74

202110_at cytochrome c oxidase subunit VIIb 0 80 –1.6 –0.64

202157_s_at cUG triplet repeat, RNa binding protein 2 0 80 –1.6 –0.64

202233_s_at Ubiquinol-cytochrome c reductase hinge protein 0 80 –1.7 –0.74

202378_s_at Homo sapiens leptin receptor gene-related protein 
(hS0BRGRP)

80 20 1.15 0.20

202664_at Wiskott–aldrich syndrome protein interacting protein 80 0 1.9 0.91

202910_s_at cD97 antigen 80 10 1.6 0.70

202922_at Glutamate-cysteine ligase, catalytic subunit 0 80 –2.3 –1.17

202950_at crystallin, zeta (quinone reductase) 80 0 2.2 1.16

203097_s_at Rap guanine nucleotide exchange factor (GEF) 2 20 80 –1.3 –0.38

203231_s_at ataxin 1 0 80 –8.2 –3.03

203300_x_at adaptor-related protein complex 1, sigma 2 subunit 80 20 1.9 0.89

204160_s_at Ectonucleotide pyrophosphatase/phosphodiesterase 4 10 80 –2.4 –1.27

204750_s_at Desmocollin 2 80 0 12.9 3.69

204777_s_at MaL, T-cell differentiation protein 10 80 –2.6 –1.39

205042_at Glucosamine (UDP-N-acetyl)-2-epimerase/N-
acetylmannosamine kinase

0 80 –1.9 –0.95

205114_s_at chemokine (cc motif ) ligand 3 80 0 2.0 0.96

205624_at carboxypeptidase a3 0 80 –4.0 –2.00

206207_at charcot–Leyden crystal protein 0 90 –4.9 –2.29

206790_s_at NaDh dehydrogenase (ubiquinone) 1β subcomplex, 1, 7 kDa 0 80 –1.5 –0.61

207008_at Interleukin-8 receptor, β 90 0 4.0 2.00

207815_at Platelet factor 4 variant 1 20 80 –2.4 –1.28

208051_s_at Poly(a) binding protein interacting protein 1 0 80 –1.6 –0.68

208161_s_at aTP-binding cassette, subfamily c (cFTR/MRP), member 3 80 0 4.3 2.10

208637_x_at actinin, α 1 80 0 2.4 1.24

208918_s_at NaD kinase 80 0 1.5 0.59

208982_at Platelet/endothelial cell adhesion molecule (cD31 antigen) 90 0 1.6 0.71

209009_at Esterase D/formylglutathione hydrolase 80 20 1.5 0.54

209020_at chromosome 20 open reading frame 111 80 20 1.5 0.54

209146_at Sterol-c4-methyl oxidase–like 0 80 –1.9 –0.89

209710_at GaTa binding protein 2 20 80 –3.5 –1.81

209193_at pim-1 Oncogene 10 80 –2.3 –1.19

table 3 Continued on next page
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table 3 (Continued)

affymetrix iD gene title increased (%) Decreased (%) Fold change slr

210042_s_at cathepsin Z 80 20 1.9 0.94

210184_at Integrin α-X (antigen cD11c) 100 0 2.3 1.22

210732_s_at Lectin, galactoside-binding, soluble, 8 (galectin 8) 80 0 2.4 1.23

210895_s_at cD86 antigen (cD28 antigen ligand 2, B7-2 antigen) 80 10 1.9 0.92

211506_s_at Interleukin 8 90 0 3.2 1.67

211734_s_at Fc fragment of immunoglobin E, high affinity I, receptor for; 
α polypeptide

0 80 –5.0 –2.31

211995_x_at actin, gamma 1 80 0 1.4 0.46

212314_at KIaa0746 protein 10 80 –1.7 –0.73

212335_at Glucosamine (N-acetyl)-6-sulfatase  
(Sanfilippo disease IIID)

80 0 1.5 0.54

212386_at Transcription factor 4 0 80 –2.5 –1.29

212671_s_at Major histocompatibility complex, class II, DQ α 1 10 80 –3.3 –1.72

212897_at cell division cycle 2–like 6 (cDK8-like) 80 0 1.8 0.83

212999_x_at Major histocompatibility complex, class II, DQ β 1 80 20 1.8 0.88

213309_at Phospholipase c–like 2 0 80 –1.9 –0.90

213506_at coagulation factor II (thrombin) receptor–like 1 80 0 2.4 1.23

213883_s_at TM2 domain containing 1 10 80 –1.4 –0.46

214305_s_at Splicing factor 3b, subunit 1, 155 kDa 80 20 1.5 0.62

214512_s_at SUB1 homolog (Saccharomyces cerevisiae) 0 80 –1.7 –0.76

214807_at MRNa; cDNa DKFZp564O0862 80 10 1.7 0.79

214953_s_at amyloid β (a4) precursor protein  
(peptidase nexin-II, alzheimer disease)

90 0 1.9 0.93

215726_s_at cytochrome b-5 0 80 –2.1 –1.08

216016_at cold auto-inflammatory syndrome 1 80 0 6.1 2.60

217722_s_at Neugrin, neurite outgrowth associated 0 90 –1.9 –0.91

217753_s_at Ribosomal protein S26, 40S ribosomal protein 10 80 –2.9 –1.51

217970_s_at ccR4-NOT transcription complex, subunit 6 0 80 –1.9 –0.91

218190_s_at Ubiquinol-cytochrome c reductase complex (7.2 kDa) 0 80 –2.0 –1.03

218345_at hepatocellular carcinoma-associated antigen 112 10 80 –3.9 –1.95

218486_at Kruppel-like factor 11 90 0 2.1 1.06

218545_at GGa binding partner 0 80 –1.6 –0.67

218728_s_at cornichon homolog 4 (Drosophila) 0 80 –1.8 –0.84

219269_at hypothetical protein FLJ21616 0 90 –2.1 –1.06

219410_at Transmembrane protein 45 (TMEM45a/TMEM45B) 0 100 –4.7 –2.33

219862_s_at Nuclear prelamin a recognition factor 80 0 1.5 0.62

219905_at Erythroblast membrane-associated protein 0 80 –1.8 –0.85

220532_s_at LR8 protein 10 80 –5.2 –2.39

221011_s_at Likely ortholog of mouse limb-bud and heart gene 0 80 –2.8 –1.47

221042_s_at calmin (calponin-like, transmembrane) 80 0 1.9 0.89

221434_s_at chromosome 14 open reading frame 156 0 80 –1.7 –0.72

221737_at Guanine nucleotide binding protein  
(G protein) α 12

10 80 –2.0 –0.96

aFFX-M27830_ 
5_at

SRY (sex-determining region Y)-box 18 80 0 4.3 2.09

Genes (n = 82) were identified by selecting for an increase or decrease in ≥80% (bold), ≥90% (bold, italic), or 100% (bold, italic, and underlined) of all pairwise comparisons 
between responders and nonresponders before anti-TNF therapy with adalimumab. Percentage change is given with the corresponding fold change and signal log ratio (SLR).
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Investigation of blood monocytes revealed molecular 
 differences between responders and nonresponders not only after 
treatment but also before. The decrease in activation-related genes 
after successful therapy reflects clinical response at the molecular 
level and underlines the important systemic role of monocytes 
in RA. The differences that were seen before treatment, in turn, 
support the view that different subgroups of RA exist, a concept 
that has major implications for diagnosis, prognosis, and thera-
peutic stratification. In this study, future responders showed an 
enhanced status of monocyte activation as compared to nonre-
sponders (see below). However, a post hoc evaluation of the basic 
clinical characteristics did not reveal obvious differences between 
responders and nonresponders (Table 2).

The most stringent selection for significant differential expres-
sion identified two more prediction genes in addition to CD11c, 
namely, “transmembrane protein 45A (TMEM45A)” and “ family 
with sequence similarity 3, member C (FAM3C), member C”; 
however, PCR validation tests were inconclusive for these two 
molecules. Therefore, their role remains to be elucidated. CD11c, 
on the other hand, was of particular interest for several reasons: 
(i) CD11c was significantly higher in future responders than 
in nonresponders and healthy subjects and showed the high-
est expression among the three candidate genes; (ii) CD11c 
protein is expressed on the surface of human monocytes and 
other cells of the myelomonocytic lineage (e.g., dendritic cells) 
and is significantly upregulated in RA monocytes;25 (iii) CD11c 
has known functions in inflammation and cell adhesion as the 
complement component 3 receptor 4 subunit and the integrin 
α-X,26 compatible with the overexpression of the corresponding 
integrin β-2 chain of the CD11c/CD18 heterodimer in future 
responders; and (iv) after viral infection or immunization, 
inflammatory cells are recruited into lymph nodes to become 
CD11c(+)CD11b(hi)Gr-1(+) inflammatory dendritic cells, 
which produce abundant IL12p70 and potently stimulate Th1 
responses with monocyte extravasation requiring the chemo-
tactic cytokine receptor 2 (CCR2).27

In addition to the role of CD11c, the relevance of monocyte 
activation in future responders was emphasized overall by the 
overexpression of other predictive candidate genes at a level of 
stringency of at least 80%, for example, the adhesion molecule 
CD31 (platelet/endothelial cell adhesion molecule (PECAM)), 
interleukin-8 (IL8), interleukin-8 receptor beta (IL8RB), resi-
dent and inflammatory markers, and other activation mark-
ers. Indeed, several of these molecules (including CD11c) are 
known to be part of the activation pattern induced, for example, 
by lipopolysaccharide stimulation.28–32 Also, using Ingenuity 
Pathway analysis, the increase/decrease in monocyte markers 
in future responders (see Supplementary Figure S2 online) 
could be assigned to functional networks with TNF as the key 
component (see Supplementary Figure S5 or Supplementary 
Video S1 online).

CD11c is one of the molecules that distinguish resident 
monocytes from inflammatory monocytes. The predominant 
upregulation of CD11c and other markers of resident mono-
cytes suggests that monocytes of future responders may have 
a more resident phenotype than nonresponders.24 Strikingly, 

after adalimumab monotherapy, only responders showed a reset 
of the resident and inflammatory monocyte markers to a basi-
cally normal pattern (see Supplementary Figure S3 online). 
Although the responders did not seem to represent a specific 
subset of RA patients in terms of basic parameters of the disease 
(Table 2; see Supplementary Figure S1 online), further studies 
are necessary to specifically address the role of CD11c elevation 
in adalimumab responders.

Adalimumab treatment decreased several genes in respond-
ers (i.e., interleukin-8, the membrane expressed genes CD11c 
(ITGAX), CD13 (ANPEP), CD14, CD31 (PECAM1), and CD32 
(FCGR2B). In some responders, genes that were overexpressed 
before treatment became underexpressed after treatment (e.g., 
interleukin-8 receptor β (IL8RB) and amyloid-β A4 (A4) precur-
sor) (see Supplementary Figure S5 or Supplementary Video S1 
online). Opposite changes in transcript levels have been recently 
reported also after 3 months of therapy with infliximab.33

Whereas TNF may be expected to be downregulated by anti-
TNF treatment, the transcription of TNF and of members of the 
subsequent NF-κB pathway (NF-κB1 and inhibitor of NF-κB) 
was found to be upregulated in responders after treatment 
(see Supplementary Figure S5 online). This phenomenon has 
already been observed and interpreted as a positive feedback 
loop.34 However, given that TNF expression is regulated pri-
marily at the post-transcriptional level,35 an mRNA increase 
may not necessarily indicate an increase in secreted bioactive 
TNF protein.36 At the same time, one cannot exclude the pos-
sibility that, in addition to its well-established proinflammatory 
properties, TNF has some phase-dependent immunosuppressive 
functions.37

To the best of our knowledge, CD11c is currently the only 
molecule reported to predict a response to anti-TNF mono-
therapy with adalimumab. The validity of CD11c as a potentially 
predictive biomarker is underlined by the highly significant 
correlation between CD11c expression prior to therapy and 
future ACR response, expanding on the findings from previ-
ous reports.6,7,16,38,39 Also, our data show some overlap with 
markers identified in other, nonpredictive studies,7 support-
ing the validity of our approach. Confirmation of our findings 
awaits validation in large clinical trials specifically designed to 
assess the true accuracy and the clinical value of this approach 
in selecting patients who will profit from TNF blockade. Even if 
there should be a limited loss of sensitivity in studies involving 
larger samples (although that is not expected given our valida-
tion and cross-validation results), this may be acceptable in view 
of the benefit of reducing the risk of serious adverse effects11–15 
associated with TNF blockade.

In this study, CD11c was not predictive of treatment response 
to MTX alone or to MTX in combination with adalimumab. 
Indeed, MTX monotherapy and combined treatment even 
had opposite effects on individual genes in responders (data 
not shown), thereby suggesting that divergent pharmacologic 
mechanisms are associated with the two treatment compo-
nents. Future responders and future nonresponders to MTX 
monotherapy neither significantly differed with respect to 
their CD11c levels, nor was there a correlation between their 
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CD11c expression and future ACR response (data not shown). 
Therefore, prediction of therapy outcome may need to be specifi-
cally established for each treatment or treatment combination.

In summary, this hypothesis-generating study provides a 
proof of concept that rigorous purification in combination with 
genome-wide analysis of key cell types in the readily accessi-
ble blood compartment (i.e., monocytes) may be a successful 
strategy for identifying functionally relevant biomarkers so that 
exposure to biologicals can be restricted to therapy responders. 
The predictive value of CD11c as seen in future responders to 
adalimumab monotherapy requires confirmation in larger stud-
ies involving other anti-TNF biologics and treatment strategies 
aimed at other targets.

MethoDs
Patient and control samples. Purified monocytes were derived from 
healthy individuals (n = 23; 17 women, 6 men; mean age ± SEM, 40.9 ± 
1.4 years) and patients with RA (n = 77; 71 women, 6 men; mean age ± 
SEM, 51.2 ± 1.5 years; see Supplementary Table S1 online) who were 
prospectively recruited at the Rheumatology Clinic of the Charité, the 
Rheumaklinik Berlin-Buch, and the Schlossparkklinik after approval 
had been obtained from the local university ethics committee. The 
average time interval between pre- and post-therapy blood sampling 
in the patient group was 6.3 ± 0.5 months (mean ± SEM; range, 3–13.5 
months), and the mean duration of the disease at the time of com-
mencement of the study was 8.7 ± 1.1 years (range, <1–38 years; see 
Supplementary Table S1 online). Detailed clinical data relating to 
morning stiffness, swollen and tender joint counts, erythrocyte sedi-
mentation rate, C-reactive protein, and health assessment question-
naire are available from the authors upon request.

The initial exploratory monocyte transcriptome analysis was per-
formed in a small group of seven patients (RA1–RA7) (see Supple-
mentary Table S1 online). These consisted of all the patients who (i) 
participated in the Abbott DE011 phase III placebo-controlled clinical 
trial at the Charité, (ii) consented to donate blood for monocyte prepara-
tion, (iii) had been randomized to the adalimumab anti-TNF treatment 
group, and (iv) had fulfilled the criteria for RNA quality required for 
microarray analysis (28S/18S RNA ratio >2.2; RNA integrity number 
value ≥7; seven of eight patients). In this double-blind study, patients with 
RA were enrolled for a total of 26 weeks of adalimumab monotherapy. 
Only nonsteroidal anti-inflammatory drugs and ≤10 mg prednisolone 
were allowed as comedications.10

For validation of CD11c expression in monocytes by real-time RT-
PCR, we used samples from these 7 patients of the DE011 study and 
from another 70 RA patients. The latter consisted of (i) participants in 
the Abbott PREMIER (DE013) clinical trial in Berlin (patients RA8–
RA21; RA64–RA77; n = 28), a randomized double-blind study carried 
out after the DE011 trial, comparing MTX + adalimumab combination 
therapy with monotherapy with either MTX or adalimumab,3–5,8,9 and 
(to increase sample size) (ii) participants from our own observational 
study, which was an extension of the DE011 trial (patients RA22–RA63; 
n = 42) (see Supplementary Table S1 online) with similar but open-label 
treatment. Applying the same 28S/18S RNA ratio criterion to these study 
cohorts, data from 14 of 16 anti-TNF-treated patients in the DE013 clini-
cal trial and 6 of 8 anti-TNF-treated patients in our own observational 
study were analyzed using real-time RT-PCR.

All patients fulfilled the revised ACR criteria.40 One patient (RA74) 
was found to have juvenile idiopathic RA at the start of the study. Patients 
were defined as responders (ACR response ≥20)41 or nonresponders 
(ACR response <20)42 to adalimumab monotherapy (n = 27), MTX 
monotherapy (n = 34), or combination therapy (n = 16; Table 2 and 
Supplementary Table S1 online).

To account for gradual transition of data from clinical responders 
to nonresponders and to allow more detailed correlation analyses 

with continuous parameters such as mRNA expression levels, ACR 
response evaluation was performed by applying 10% response steps of 
the ACR criteria.40 Treatment for these 77 patients comprised adalimu-
mab monotherapy (n = 27; 20 mg or 40 mg weekly or biweekly), MTX 
monotherapy (n = 34; 10–20 mg weekly), and the combination of both 
(n = 16). In the DE01110 and DE013 trials,9 patients were nonrefractory 
to other  anti-TNF biologicals.

Purification of monocytes and RNA isolation. Peripheral blood 
(30–35 ml) was collected in heparin vacutainers (Becton Dickinson, 
Rutherford, NJ) from all participants and immediately cooled to 
4 °C. After application of Ficoll–Hypaque gradient (d = 1.077 g/ml; 
Biochrom, Berlin, Germany), negative selection of monocytes by 
magnetic cell sorting (Miltenyi, Bergisch Gladbach, Germany) was 
performed. Purity of the 1.3–3.2 × 106 monocytes obtained per/
patient (83–90%, CD14 and CD45 antibodies; Beckman-Coulter, 
Krefeld, Germany) and viability (>98%, propidium iodide staining; 
Pharmingen, San Diego, CA) were validated by fluorescence-activated 
cell-sorting analysis. For quality reasons, only monocyte preparations 
showing an enrichment of >80% were used. Total RNA was isolated 
using the RNeasy Mini Kit (Qiagen, Düsseldorf, Germany; yield 
1.5–3.2 μg/sample). Quantification and quality control of RNA were 
carried out using the Bioanalyzer 2100 unit (Agilent, Palo Alto, CA). 
Technical variances were minimized by using only high-quality RNA 
samples.

RNA amplification, labeling, and GeneChip hybridization. The standard 
protocol (Affymetrix, Palo Alto, CA) was applied. Total RNA (500 ng) 
was processed using the Megascript kit (Ambion, Cambridgeshire, UK) 
and the bioarray high-yield transcription kit (Enzo, New York, NY). 
Samples were hybridized to HG-U133A GeneChip arrays (Affymetrix), 
washed and stained using a fluidics station (Agilent), and scanned using 
the Agilent G2500A GeneArray scanner (Agilent).

Bioinformatics analysis. Signals, present calls, pairwise comparisons, 
and change calls were calculated using MAS5.0 software (Affymetrix). 
This software allows correction of background noise for the purpose of 
standardization in order to minimize technical variances.

Microarray analysis was performed in accordance with the stan-
dardized guidelines listed at http://jura.wi.mit.edu/bio/education/bio-
info2006/arrays/.

Data were imported into the BioRetis database (http://www.bioretis.
de) and processed as described elsewhere.43 Briefly, for each group com-
parison, the percentage of increased and decreased calls was calculated 
so as to filter candidate genes. Signal log ratio mean values of the pair-
wise comparisons were averaged and transformed to fold changes. For 
hierarchical clustering, the software tool Genesis (Alexander Sturn, 
University of Graz, Austria)44 was applied, using log-transformed and 
normalized signal intensities, Pearson distance correlation, and com-
plete linkage clustering. Raw data will be deposited in the microarray 
gene-expression omnibus (GEO database; http://www.ncbi.nlm.nih.
gov/geo/) after publication, and analyzed data are available at http://
www.bioretis.de.

Real-time Rt-PCR. Real-time RT-PCR was performed using the primer 
set Hs01015072_g1 (CD11c; Applied Biosystems; Foster City, CA) in an 
iQ Real-time PCR system (Icycler; Bio-Rad, Munich, Germany). The 
housekeeping gene GAPDH (primer set: Hs00266705_g1) was used for 
normalization of the complementary DNA content. The results are pre-
sented as percentages of GAPDH expression.

semiquantification of inflammatory and resident monocyte gene 
 expression. Inflammatory and resident monocyte markers24 were semi-
quantified according to their signals, using the genome-wide Affymetrix 
U133A dataset. Genes upregulated (red) or downregulated (green) in 
the indicated comparisons were color-coded.
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literature-associated pathway analysis using ingenuity. Gene  ontology 
and gene interaction analyses were performed using the Ingenuity 
Pathway analysis tool, version 6.0 (Ingenuity, Redwood City, CA; http://
www.ingenuity.com).45 Highest-scoring neighborhood analysis of liter-
ature-based gene connections was performed by comparing upregulated 
and downregulated genes in adalimumab responders and nonrespond-
ers (before and after treatment). Genes that were significantly regulated 
in both comparisons were complemented by transcription factors sug-
gested by the Ingenuity software and color-coded in accordance with the 
 differential expressions.

statistical analysis. The nonparametric Mann–Whitney U-test (P ≤ 0.05) 
was applied to analyze the PCR validation experiments and to compare 
the pretherapy levels of CD11c among the different treatments. Analyses 
to determine the correlations between experimental and clinical/labora-
tory parameters of the patients were performed with the Spearman rank 
test (P ≤ 0.01), using SPSS version 13.0 (SPSS, Chicago, IL). Specificity, 
sensitivity,46,47 power, and minimal sample size48 were determined using 
standard formulae (http://www.power-analysis.com; settings: α = 0.05 
and 0.01, two-tailed).49

suPPleMeNtARY MAteRiAl is linked to the online version of the paper at 
http://www.nature.com/cpt
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Supplementary Figure S1: DAS28 scores of responders (A; n=15) and non-responders (B; n=12) to anti-TNF treatment with adalimumab,
before treatment (black bars) and after treatment (grey bars).



Supplementary Figure S2

Supplementary Figure S2: Hierarchical clustering of clinical parameters for the response to anti-TNF treatment with adalimumab. 
Clustering of typical clinical measures identified RA4 and RA6 as non-responders. DAS28, 28-joint Disease Activity Score; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; HAQ, Health Assessment Questionnaire. 



Supplementary Figure S3

Supplementary Figure S3:
Hierarchical clustering with these genes resulted in precise (100%) classification of the normal donors
(NDs; n=7), RA patients before treatment, and clinically defined responders (ACR score ≥20; clustered
as ND) or non-responders (ACR score <20; clustered as RA).



Supplementary Figure S4

before treatment after treatment

Supplementary Figure S4: Ingenuity® pathway analysis performed with the genes derived from the pairwise comparisons of RAantiTNF responders 
(RA1, RA2, RA3, RA5, and RA7) versus nonresponders (RAantiTNF4 and RAantiTNF6) either before or after treatment with adalimumab (≥70%; total of 
n=1551 genes). Differentially expressed genes from the resulting networks 1–5 (cellular movement, hematological system development, immune response, 
cell-to-cell signaling/interaction, and immunologic disease) were merged, complemented by nuclear factors, and then overgrown by direct and indirect 
interactions (maximum 10 nodes). Non-regulated genes with <2 nodes were omitted. Up-regulated (red) and down-regulated genes (green) are shown after 
overlay with their expression levels pretreatment (left panel) and post-treatment (right panel; signal log ratio [SLR] ≥0.5); for allocations and functions of the 
indicated genes see http://www.genecards.org/index.shtml).



Supplementary Figure S5

Supplementary Figure S5: Markers of resident and inflammatory monocytes. Four different comparisons were performed as indicated. Increase by 
>1.3-fold is shown in red, decrease by < -1.3-fold is shown in green. Black indicates no differences. The most obvious change occurred in 
responders. Before treatment, several markers of inflammatory monocytes were elevated and markers of resident monocytes were decreased. After 
therapy this difference almost disappeared, suggesting that monocytes of responders are reset to normal. ND = normal donors. 
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Supplementary Table S1:   Clinical parameters of patients before and after treatment with adalimumab, 
monotherapy with MTX or the combination of both 

 

 
Patient 

Methods 
Affymetrix (A) 
real-time 
(R) 

 
Clinical 
endpoint 
        mo 

Disease 
duration 

y 
Age 

y Gender RF 
DAS 28 

(% reduction) 

ACR 
improvement 

(% continuous 
score) 

RA1-1110006211 A/R 0 4 52 F + 6.0  
RA1-aTNF A 13.5     3.1 (48) 50 
RA2-1110005181 A/R 0 9 53 F + 6.3  
RA2-aTNF A 6     2.9 (54) 60 
RA3-1110005291 A/R 0 18 39 F + 6.1  
RA3-aTNF A 5.5     4.1 (33) 60 
RA4-1110005031 A/R 0 12 47 F + 6.9  
RA4-aTNF A 17     6.5 (6) 0 
RA5-1110004141 A/R 0 38 70 F + 6.3  
RA5-aTNF A 15     4.0 (37) 50 
RA6-1110004131 A/R 0 38 51 F + 5.9  
RA6-aTNF A 4     5.1 (14) 10 
RA7-1110006221 A/R 0 11 40 F + 6.0  
RA7-aTNF A 4.5     4.1 (32) 40 
 
RA08-05610 

R 0 <1 38 F – 6.5  

RA08-aTNF  6     4.3 (34) 50 
RA09-05609 R 0 1 63 F + 6.6  
RA09-aTNF  6     4.3 (35) 50 
RA10-05612 R 0 1 29 F + 5.0  
RA10-aTNF/MTX  6     1.7 (66) 100 
RA11-06504 R 0 2 47 F + 6.3  
RA11-aTNF  6     3.5 (44) 50 
RA12-06308 R 0 <1 60 F + 7.3  
RA12-aTNF/MTX  6     4.8 (44) 40 
RA13-05613 R 0 2 63 F + 8.5  
RA13-aTNF  6     5.6 (34) 60 
RA14-06304 R 0 <1 50 F – 6.6  
RA14-aTNF  6     3.8 (42) 30 
RA15-06514 R 0 2 56 F – 8.3  
RA15-aTNF/MTX  6     5.4 (35) 20 
RA16-05606 R 0 <1 36 F + 6.2  
RA16-aTNF/MTX  6     4.2 (32) 50 
RA17-06306 R 0 1 34 F + 7.1  
RA17-aTNF  3     7.2 (0) 0 
RA18-06515 R 0 <1 54 M – 8.0  
RA18-aTNF  6     5.8 (27) 0 
RA19-06506 R 0 1 50 F – 5.9  
RA19-aTNF  6     8.3 (0) 0 
RA20-05601 R 0 1 42 F + 5.8  
RA20-aTNF  6.5     6.7 (0) 0 
RA21-1110004171 R 0 n.d. 34 F + 6.2  
RA21-aTNF  3.5     3.6 (42) 80 
RA22-1110011271 R 0 11 62 F + 4.3  
RA22-aTNF/MTX  3.5     4.1 (13) 0 
RA23-1110010101 R 0 7 35 F + 5.3  
RA23-aTNF/MTX  10     2.6 (51) 50 



         

 
Patient 

Methods 
Affymetrix (A) 
real-time 

(R) 

 
Clinical 
endpoint 

        mo 

Disease 
duration 

y 
Age 

y Gender RF 
DAS 28 

(% reduction) 

ACR 
improvement 

(% continuous 
score) 

 
RA24-1110004121 

R 0 13 33 F + 5.2  

RA24-aTNF  6     3.4 (35) 40 
RA25-1110008092 R 0 20 43 F + 6.8  
RA25-aTNF  6.5     3.4 (50) 50 
RA26-1110005121 R 0 8 61 F – 6.3  
RA26-aTNF  17.5     4.1 (35) 20 
RA27-1110111281 R 0 12 66 F + 4.29  
RA27-MTX  12     5.10 (0) 0 
RA28-1110112121 R 0 6 63 F + 6.3  
RA28-MTX  9     3.5 (45) 60 
RA29-1110201231 R 0 10 36 F - 6.3  
RA29-MTX  4     2.1 (67) 80 
RA30-1110211051 R 0 1 59 F + 5.5  
RA30-MTX  3     2.9 (47) 40 
RA31-1110309012 R 0 <1 32 F + 5.4  
RA31-MTX  3     2.5 (54) 70 
RA32-1110309122 R 0 1 26 F + 6.5  
RA32-MTX  3     5.6 (14) 20 
RA33-1110310302 R 0 1 45 F + 6.8  
RA33-MTX  4     3.4 (50) 50 
RA34-1110411251 R 0 <1 58 F - 5.4  
RA34-MTX  3     3.1 (43) 80 
RA35-1110409071 R 0 1 52 F - 5.7  
RA35-MTX  3     1.1 (81) 80 
RA36-1110409141 R 0 <1 58 M + 5.9  
RA36-MTX  3     1.7 (71) 70 
RA37-1110409223 R 0 1 67 F - 3.13  
RA37-MTX  3     4.93 (0) 70 
RA38-1110411291 R 0 <1 44 F - 4.9  
RA38-MTX  3     2.2 (65) 60 
RA39-1110602212 R 0 10 45 F + 5.8  
RA39-aTNF/MTX  6     4.4 (24) 30 
RA40-1110503081 R 0 21 57 F + 6.5  
RA40-aTNF  6     6.7 (0) 0 
RA41-1110703082 R 0 7 60 F + 6.2  
RA41-aTNF  6     4.1 (34) 0 
RA42-1110309122 R 0 1 26 F + 6.6  
RA42-MTX  9     5.7 (14) 10 
RA43-1100308202 R 0 6 63 F + 4.6  
RA43-MTX  3     4.0 (13) 0 
RA44-1110309111 R 0 2 45 M + 6.1  
RA44-MTX  3     5.1 (16) 0 
RA45-1110401081 R 0 1 62 F + 4.4  
RA45-MTX  5.5     2.3 (48) 90 
RA46-1110406011 R 0 1 61 F + 6.4  
RA46-MTX  3     2.4 (62) 80 
RA47-1110406112 R 0 3 61 M + 5.2  
RA47-MTX  3     3.3 (37) 40 



         

Patient 

Methods 
Affymetrix (A) 
real-time 
(R) 

 
 Clinical 
 endpoint 
        mo 

Disease 
duration 

y 
Age 

y Gender RF 
DAS 28 

(% reduction) 

ACR 
improvement 

(% continuous 
score) 

         
RA48-1110406111 R 0 <1 57 F + 5.4  
RA48-MTX  3     2.4 (56) 80 
RA49-1110407131 R 0 1 63 F + 8.8  
RA49-MTX  3     3.7 (58) 30 
RA50-1110407281 R 0 2 56 F + 5.5  
RA50-MTX  3     2.5 (55) 70 
RA51-1110409201 R 0 1 61 F + 4.3  
RA51-MTX  3     2.0 (53) 70 
RA52-1110410271 R 0 6 35 M + 2.6  
RA52-MTX  3     2.7 (0) 30 
RA53-1110503231 R 0 1 71 F + 5.9  
RA53-MTX  3     3.1 (47) 40 
RA54-1110504061 R 0 1 51 F + 7.0  
RA54-MTX  3     1.0 (86) 70 
RA55-1110505301 R 0 1 59 F - 4.7  
RA55-MTX  3     3.2 (26) 40 
RA56-1110507281 R 0 2 43 F + 6.0  
RA56-MTX  3     4.0 (33) 30 
RA57-1110511281 R 0 <1 69 F + 5.8  
RA57-MTX  3     3.0 (48) 20 
RA58-1110405273 R 0 5 55 F + 3.0  
RA58-aTNF/MTX  4     4.7 (0) 0 
RA59-1110502091 R 0 36 62 F + 4.2  
RA59-aTNF/MTX  30     4.1 (2) 0 
RA60-1110507261 R 0 25 43 F + 4.4  
RA60-aTNF/MTX  25     2.8 (36) 30 
RA61-1110603141 R 0 12 72 F + 4.7  
RA61-aTNF  12     2.4 (49) 30 
RA62-1110510181 R 0 2 33 F + 4.7  
RA62-aTNF/MTX  12     2.4 (49) 80 
RA63-06303 R 0 1 53 F + 5.8  
RA63-aTNF/MTX  6     1.6(73) 70 
RA64-06516 R 0 3 79 F + 6.5  
RA64-aTNF  6     3.2 (49) 30 
RA65-06510 R 0 3 68 F + 8.2  
RA65-aTNF  6     2.6 (68) 70 
RA66-06309 R 0 1 36 F - 6.5  
RA66-aTNF/MTX  6     1.9 (71) 70 
RA67-06310 R 0 3 48 F - 8.1  
RA67-aTNF  12     2.9 (64) 50 
RA68-06307 R 0 2 51 F + 7.0  
RA68-MTX  6     2.2 (69) 70 
RA69-06311 R 0 3 43 F + 7.0  
RA69-aTNF  3     1.7 (75) 80 
RA70-06513 R 0 1 53 F - 6.2  
RA70-aTNF/MTX  4.5     5.3 (15) 20 
RA71-06512 R 0 1 83 F  6.7  
RA71-MTX  5.5     8.3 (0) 0 



         

Patient 

Methods 
Affymetrix (A) 
real-time 
(R) 

 
 Clinical 
 endpoint 
        mo 

Disease 
duration 

y 
Age 

y Gender RF 
DAS 28 

(% reduction) 

ACR 
improvement 

(% continuous 
score) 

RA72-06514 R 0 2 56 F - 8.3  
RA72-aTNF/MTX  6     5.4 (35) 20 
RA73-1110505241 R 0 4 47 F + 4.4  
RA73-aTNF/MTX  3.5     4.1 (7) 20 

RA74-06305 * R 0 1 18 F + 6.0  

RA74-MTX  6     4.1 (32) 20 
RA75-05602 R 0 1 48 F + 4.0  
RA75-MTX  3.5     6.5 (0) 0 
RA76-05607 R 0 3 61 M + 7.8  
RA76-MTX  8     3.1 (60) 60 
RA77-06302 R 0 3 42 F + 7.4  
RA77-MTX  6     5.3 (28) 60 

 
 

Table S1: A = Affymetrix; R = predictive real-time RT-PCR (validation of predictive gene CD11c); RF=rheumatoid 
factor; DAS28 = disease activity score (28 joints); + = positive; – = negative; n.d. = not determined; * juvenile 
idiopathic arthritis; aTNF = anti-TNF monotherapy with adalimumab; aTNF/MTX = adalimumab plus MTX 
combination therapy; MTX = methotrexate monotherapy; mo = month; y = years. 



Supplementary Table S2:  Genes differentially regulated in peripheral blood monocytes of RA patients versus normal donors (ND) or 
RA patients before and after anti-TNF therapy with adalimumab 

 
 

Affymetrix ID Gene Name Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR  Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR  Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR 

RA versus ND  RAantiTNF versus RA (all)  RAantiTNF versus RA (responders) 
  36711_at 
 

v-maf musculoaponeurotic fibrosarcoma 
oncogene homolog F  

71.43 14.29 3.44 1.78  28.57 61.22 –2.78 –1.48  12.00 80.00 –5.88 –2.56 

  38037_at Diphtheria toxin receptor (DTR) 71.43 10.20 2.87 1.52  12.24 73.47 –2.59 –1.37  — 84.00 –3.70 –1.89 
201386_s_at DEAH (Asp-Glu-Ala-His) box poly- 

peptide 15 
2.04 73.47 –1.66 –0.73  44.90 14.29 1.43 0.51  60.00 — 1.81 0.85 

201890_at Ribonucleotide reductase M2 polypeptide 81.63 8.16 4.39 2.13  2.04 69.39 –3.86 –1.95  4.00 64.00 –3.88 –1.96 
202219_at Solute carrier family 6, member 8 71.43 8.16 8.44 3.08  12.24 59.18 –5.17 –2.37  4.00 72.00 –6.96 –2.80 
202464_s_at 
 

6-phosphofructo-2-kinase/fructose-2,6-
biphosphatase 3 

81.63 — 2.74 1.46  12.24 69.39 –2.18 –1.12  — 84.00 –3.01 –1.59 

203115_at Ferrochelatase (protoporphyria) 83.67 8.16 3.87 1.95  20.41 63.27 –2.18 –1.12  16.00 72.00 –2.25 –1.17 
203574_at Nuclear factor, interleukin 3 regulated 77.55 — 2.16 1.11  10.20 53.06 –1.54 –0.62  — 76.00 –2.06 –1.04 
203887_s_at Thrombomodulin 71.43 16.33 2.49 1.32  12.24 65.31 –2.34 –1.23  — 76.00 –3.14 –1.65 
203932_at 
 

Major histocompatibility complex, class II, 
DM beta 

2.04 75.51 –1.82 –0.87  63.27 4.08 1.64 0.71  84.00 — 1.68 0.75 

204131_s_at Forkhead box O3A 77.55 4.08 2.21 1.14  18.37 55.10 –1.42 –0.50  4.00 64.00 –1.41 –0.50 
204419_x_at Hemoglobin, gamma A, gamma G 75.51 6.12 2.88 1.52  14.29 75.51 –3.18 –1.67  8.00 92.00 –4.16 –2.04 
204467_s_at Synuclein, alpha (non A4 component of 

amyloid precursor) 
71.43 4.08 3.60 1.85  24.49 65.31 –2.26 –1.18  16.00 80.00 –2.93 –1.55 

204848_x_at Hemoglobin, gamma A 75.51 6.12 3.83 1.94  16.33 65.31 –3.22 –1.69  4.00 80.00 –4.63 –2.21 
205239_at 
 

Amphiregulin (schwannoma-derived 
growth factor) 

81.63 4.08 6.13 2.62  20.41 71.43 –3.36 –1.75  — 96.00 –5.91 –2.56 

205571_at Lipoyltransferase 1 — 79.59 –1.90 –0.93  51.02 12.24 1.35 0.44  72.00 — 1.61 0.69 
205592_at 
 

Solute carrier family 4, anion exchanger, 
member 1 

77.55 10.20 4.83 2.27  16.33 65.31 –3.81 –1.93  8.00 76.00 –5.63 –2.49 

205863_at 
 

S100 calcium binding protein A12 
(calgranulin C) 

71.43 4.08 1.69 0.76  14.29 55.10 –1.49 –0.58  8.00 56.00 –1.56 –0.64 

205900_at Keratin 1 (epidermolytic hyperkeratosis) 75.51 6.12 4.03 2.01  20.41 67.35 –2.31 –1.21  16.00 84.00 –3.18 –1.67 
205950_s_at Carbonic anhydrase I 81.63 4.08 5.88 2.56  22.45 67.35 –2.87 –1.52  16.00 84.00 –4.14 –2.05 
205987_at CD1C antigen, c polypeptide — 87.76 –2.93 –1.55  63.27 2.04 1.72 0.79  68.00 — 1.72 0.78 
206025_s_at TNF-induced protein 6 71.43 — 3.85 1.94  12.24 59.18 –1.97 –0.98  4.00 72.00 –2.74 –1.46 
206111_at Ribonuclease, RNase A family, 2 73.47 — 1.95 0.97  8.16 67.35 –1.59 –0.67  — 72.00 –1.68 –0.75 



Affymetrix ID Gene Name Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR  Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR  Increased 
(%) 

Decreased 
(%) 

Fold 
Change 

SLR 

206834_at Hemoglobin, delta 83.67 10.20 4.08 2.03  20.41 65.31 –3.13 –1.64  16.00 80.00 –4.59 –2.20 
207332_s_at Transferrin receptor (p90, CD71) 81.63 2.04 2.35 1.23  2.04 79.59 –2.45 –1.29  — 84.00 –2.57 –1.36 
208632_at Ring finger protein 10 71.43 6.12 2.06 1.04  12.24 59.18 –1.71 –0.78  4.00 68.00 –1.69 –0.76 
209007_s_at Chromosome 1 open reading frame 63 4.08 73.47 –2.14 –1.10  57.14 14.29 1.54 0.62  76.00 4.00 1.87 0.90 
209458_x_at Hemoglobin, alpha 1, alpha 2 85.71 2.04 3.00 1.59  8.16 63.27 –2.09 –1.06  4.00 76.00 –2.60 –1.38 
209795_at 
 

CD69 antigen (p60, early T-cell active- 
tion antigen 

71.43 12.24 2.95 1.56  14.29 75.51 –3.18 –1.67  16.00 76.00 –3.77 –1.92 

210027_s_at 
 

APEX nuclease (multifunctional DNA 
repair enzyme) 1 

— 75.51 –1.93 –0.94  67.35 10.20 1.64 0.72  84.00 — 2.02 1.02 

210254_at 
 

Membrane-spanning 4-domains, sub- 
family A, member 3 

73.47 16.33 3.41 1.77  14.29 79.59 –4.56 –2.19  20.00 76.00 –3.69 –1.88 

210338_s_at Heat shock 70kDa protein 8 6.12 71.43 –2.09 –1.06  55.10 18.37 1.57 0.66  68.00 4.00 2.04 1.03 
211038_s_at Hypothetical protein MGC12760 — 71.43 –2.07 –1.05  42.86 16.33 1.29 0.37  56.00 4.00 1.46 0.55 
211458_s_at 
 

GABA(A) receptor-associated protein 
like 1, like 3 

71.43 — 1.95 0.96  16.33 65.31 –1.92 –0.94  — 84.00 –2.75 –1.46 

211560_s_at Aminolevulinate, delta-, synthase 2 87.76 4.08 24.35 4.61  16.33 75.51 –10.81 –3.43  8.00 80.00 –20.53 –4.36 
211991_s_at 
 

Major histocompatibility complex, class 
II, DP alpha 1 

4.08 79.59 –3.01 –1.59  75.51 8.16 2.37 1.24  80.00 4.00 2.54 1.34 

212199_at Morf4 family associated protein 1-like 1 2.04 75.51 –1.94 –0.96  59.18 10.20 1.56 0.64  80.00 — 2.11 1.08 
212224_at 
 

Aldehyde dehydrogenase 1 family, 
member A1 

4.08 75.51 –2.56 –1.36  71.43 12.24 2.28 1.19  92.00 — 2.74 1.45 

212232_at Formin binding protein 4 — 77.55 –1.83 –0.87  48.98 14.29 1.27 0.35  72.00 — 1.57 0.65 
212534_at Zinc finger protein 24 (KOX 17) 6.12 71.43 –1.49 –0.58  53.06 4.08 1.35 0.43  76.00 — 1.45 0.53 
213142_x_at Hypothetical protein LOC54103 4.08 73.47 –1.77 –0.82  51.02 12.24 1.25 0.32  72.00 — 1.51 0.60 
214433_s_at Selenium binding protein 1 71.43 10.20 4.59 2.20  18.37 65.31 –3.08 –1.62  12.00 68.00 –3.55 –1.83 
215933_s_at Hematopoietically expressed homeobox — 75.51 –1.83 –0.87  55.10 6.12 1.51 0.59  76.00 0.00 1.85 0.88 
217478_s_at 
 

Major histocompatibility complex, class 
II, DM alpha 

4.08 73.47 –2.02 –1.01  61.22 12.24 1.68 0.75  64.00 8.00 1.85 0.88 

217736_s_at 
 

Eukaryotic translation initiation factor 
2-alpha kinase 1 

75.51 — 1.97 0.98  14.29 51.02 –1.46 –0.54  8.00 60.00 –1.41 –0.50 

219069_at Ankyrin repeat domain 49 — 73.47 –1.59 –0.67  57.14 12.24 1.30 0.38  84.00 — 1.58 0.66 
219093_at Hypothetical protein FLJ20701 — 85.71 –3.32 –1.73  71.43 8.16 2.43 1.28  84.00 — 2.59 1.37 
219228_at Zinc finger protein 331 77.55 8.16 3.94 1.98  10.20 71.43 –3.26 –1.70  12.00 80.00 –4.62 –2.21 
219607_s_at 
 

Membrane-spanning 4-domains, sub- 
family A, member 4 

91.84 — 2.96 1.57  6.12 73.47 –1.95 –0.96  — 80.00 –2.06 –1.04 
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221748_s_at Tensin 1 81.63 4.08 4.29 2.10  24.49 65.31 –2.12 –1.08  16.00 80.00 –2.42 –1.28 
221766_s_at Family with sequence similarity 46, 

member A 
— 71.43 –1.71 –0.77  53.06 10.20 1.30 0.38  80.00 — 1.66 0.73 

                
 

Supplementary Table S2: Percentage of pairwise comparisons between groups showing an increase or decrease in fold change/signal log ratio (SLR; 
51 candidate genes were selected); n=7 each for the comparisons RA versus ND and RAantiTNF versus RA (all); n=5 for the comparison RAantiTNF 
versus RA (responders). The pairwise comparison RAantiTNF versus RA (all) is shown in the central 4 columns to assess the effect of treatment on 
differential gene expression in all adalimumab-treated patients with RA. 
RA, rheumatoid arthritis (before anti-TNF treatment with adalimumab); ND, normal donor; RAantiTNF, rheumatoid arthritis (post adalimumab 
treatment).  



Supplementary Table S3: Genes Differentially Regulated in Adalimumab Responders versus Non-responders (After Therapy) 
 
Affymetrix ID Increased 

(%) 
Decreased 
(%) 

Gene Title 
 

Fold Change SLR 

200041_s_at 100 0 HLA-B–associated transcript-1 (D6S81E) 2.53 1.34 
200052_s_at 100 0 Interleukin enhancer binding factor 2, 45kD (ILF2) 3.73 1.90 
200064_at 100 0 Isolate Liv chaperone protein HSP90 beta (HSP90BETA) mRNA 2.66 1.41 
200079_s_at 100 0 Lysyl-tRNA synthetase mRNA, complete cds; nuclear gene for mitochondrial product; alternatively 

spliced 
2.16 1.11 

200629_at 100 0 Tryptophanyl-tRNA synthetase (WARS) 2.14 1.10 
200634_at 100 0 Profilin 1 (PFN1), mRNA 2.16 1.11 
200802_at 100 0 Seryl-tRNA synthetase (SARS) 2.20 1.14 
200860_s_at 100 0 Similar to KIAA1007 protein, clone MGC:692, mRNA, complete cds 2.11 1.08 
200983_x_at 0 100 CD59 antigen p18-20 (antigen identified by monoclonal antibodies 16.3A5, EJ16, EJ30, EL32 and G344) –2.43 –1.28 
200991_s_at 100 0 Homo sapiens KIAA0064 gene product (KIAA0064), mRNA 2.71 1.44 
201112_s_at 100 0 Chromosome segregation 1 (yeast homolog)-like (CSE1L), mRNA 2.01 1.01 
201214_s_at 100 0 Protein phosphatase 1, regulatory subunit 7 (PPP1R7), mRNA 2.17 1.12 
201241_at 100 0 DEADH (Asp-Glu-Ala-AspHis) box polypeptide 1 (DDX1), mRNA 2.30 1.20 
201263_at 100 0 Threonyl-tRNA synthetase (TARS), mRNA 2.14 1.10 
201386_s_at 100 0 Dead box protein 15 mRNA, complete cds 2.22 1.15 
201417_at 100 0 SRY (sex determining region Y)-box 4 /DEF = Human DNA sequence from clone RP3-322L4 on 

chromosome 6 
3.18 1.67 

201576_s_at 100 0 Galactosidase, beta 1 (GLB1), mRNA 2.00 1.00 
201872_s_at 100 0 ATP-binding cassette, sub-family E (OABP), member 1 2.28 1.19 
201892_s_at 100 0 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6 (14kD, B14) (NDUFA6), mRNA 2.19 1.13 
202174_s_at 100 0 Pericentriolar material 1 (PCM1), mRNA 2.08 1.06 
202176_at 100 0 Excision repair cross-complementing rodent repair deficiency, complementation group 3 (ERCC3), 

mRNA 
2.93 1.55 

202220_at 100 0 KIAA0907 protein (KIAA0907), mRNA 2.39 1.26 
202225_at 100 0 v-crk avian sarcoma virus CT10 oncogene homolog 2.10 1.07 
202464_s_at 0 100 6-phosphofructo-2-kinasefructose-2,6-biphosphatase 3 (PFKFB3), mRNA. /PROD = 6-phosphofructo-2-

kinase-fructose-2,6-biphosphatase 3 
–3.25 –1.70 

202545_at 100 0 KIAA0766 gene product (KIAA0766), mRNA 1.38 0.46 
202838_at 100 0 N-acetylgalactosaminidase, alpha- (NAGA), mRNA 1.82 0.86 
202896_s_at 0 100 Protein tyrosine phosphatase, nonreceptor type substrate 1 (PTPNS1), mRNA –2.00 –1.00 
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202950_at 100 0 Crystallin, zeta (quinone reductase) (CRYZ), mRNA 2.51 1.33 
203037_s_at 100 0 KIAA0429 gene product (KIAA0429), mRNA 2.41 1.27 
203155_at 100 0 SET domain, bifurcated 1 (SETDB1), mRNA 4.23 2.08 
203371_s_at 0 100 NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 3 (12kD, B12) (NDUFB3), mRNA –2.13 –1.09 
203821_at 0 100 Diphtheria toxin receptor (DTR) –3.63 –1.86 
203887_s_at 0 100 Thrombomodulin (THBD), mRNA –2.75 –1.46 
203966_s_at 0 100 Protein phosphatase 1A (formerly 2C), magnesium-dependent, alpha isoform (PPM1A), mRNA –2.73 –1.45 
204192_at 100 0 CD37 antigen (CD37), mRNA 3.66 1.87 
204419_x_at 0 100 Hemoglobin, gamma G (HBG2), mRNA –5.50 –2.46 
204566_at 100 0 Protein phosphatase 1D magnesium-dependent, delta isoform (PPM1D), mRNA 2.00 1.00 
204689_at 100 0 Hematopoietically expressed homeobox (HHEX), mRNA 2.04 1.03 
205239_at 0 100 Amphiregulin (schwannoma-derived growth factor) (AREG), mRNA –3.38 –1.04 
205249_at 0 100 Early growth response 2 (Krox-20 (Drosophila) homolog) (EGR2), mRNA –2.55 –1.35 
205552_s_at 100 0 2,5-oligoadenylate synthetase 1 (40–46 kD) (OAS1), transcript variant E16, mRNA 2.08 1.06 
206115_at 0 100 Early growth response 3 (EGR3), mRNA. /PROD = early growth response 3 –6.54 –2.71 
206584_at 0 100 Homo sapiens MD-2 protein (MD-2), mRNA –2.16 –1.11 
206877_at 0 100 Homo sapiens MAX dimerization protein (MAD), mRNA –3.92 –1.97 
207170_s_at 100 0 DKFZP586A011 protein (DKFZP586A011), mRNA 2.20 1.14 
208631_s_at 100 0 78 kDa gastrin-binding protein mRNA, complete cds 2.04 1.03 
208691_at 0 100 Transferrin receptor (p90, CD71), clone MGC:3151, mRNA, complete cds –2.30 –1.20 
208868_s_at 0 100 Homo sapiens mRNA; cDNA DKFZp564N1272 (from clone DKFZp564N1272); complete cds –3.18 –1.67 
208869_s_at 0 100 GABA-A receptor-associated protein like 1 (GABARAPL1) mRNA, complete cds –3.29 –1.72 
208942_s_at 0 100 Translocation protein 1 –2.93 –1.55 
209092_s_at 100 0 Homo sapiens clone 016b03 My027 protein mRNA, complete cds 2.07 1.05 
209193_at 0 100 Protein kinase-related oncogene (PIM1) mRNA, complete cds –2.51 –1.33 
209200_at 100 0 MADS box transcription enhancer factor 2, polypeptide C (myocyte enhancer factor 2C) 2.48 1.31 
209861_s_at 100 0 eIF-2-associated p67 homolog mRNA, complete cds 2.55 1.35 
209967_s_at 0 100 Human mRNA for hCREM (cyclic AMP-responsive element modulator) type 2 protein, complete cds –3.07 –1.62 
210027_s_at 100 0 Apurinic endonuclease (APE) mRNA, complete cds. /PROD = apurinic endonuclease 2.23 1.16 
210053_at 100 0 TATA box binding protein (TBP)-associated factor, RNA polymerase II, D, 100kD 2.23 1.16 
210172_at 0 100 Human mRNA for ZFM1 protein alternatively spliced product, complete cds. /PROD = ZFM1 protein, 

alternatively spliced product 
–2.16 –1.11 

210766_s_at 100 0 Trachea cellular apoptosis susceptibility protein (CSE1) mRNA, complete cds 2.28 1.19 
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210949_s_at 100 0 Similar to eukaryotic translation initiation factor 3, subunit 8 (110kD), clone MGC:8693, mRNA, 
complete cds 

2.53 1.34 

211458_s_at 0 100 GABA-A receptor-associated protein mRNA, complete cds. /PROD = GABA-A receptor-associated 
protein 

–3.18 –1.67 

211546_x_at 0 100 Human (clone 2-5) synuclein (NACP) mRNA, complete cds –4.92 –2.30 
212199_at 100 0 Human putative ribosomal protein S1 mRNA 2.22 1.15 
212224_at 100 0 Aldehyde dehydrogenase 1, soluble (ALDH1), mRNA. /PROD = aldehyde dehydrogenase 1, soluble 3.18 1.67 
212388_at 100 0 Homo sapiens mRNA for KIAA1057 protein, partial cds 3.10 1.63 
212591_at 100 0 RBP1-like protein 2.03 1.02 
212696_s_at 100 0 Ring finger protein 4 3.05 1.61 
212709_at 100 0 KIAA0197 protein 2.10 1.07 
212714_at 100 0 Homo sapiens mRNA; cDNA DKFZp586F1323 (from clone DKFZp586F1323) 2.13 1.09 
212893_at 100 0 Homo sapiens mRNA; cDNA DKFZp564I052 (from clone DKFZp564I052) 2.01 1.01 
212989_at 100 0 Homo sapiens mRNA for Hmob33 protein, 3 untranslated region 2.25 1.17 
213410_at 100 0 Homo sapiens mRNA; cDNA DKFZp586F1019 (from clone DKFZp586F1019); partial cds 2.53 1.34 
213515_x_at 0 100 Myosin, light polypeptide 4, alkali; atrial, embryonic –4.69 –2.23 
213528_at 100 0 Homo sapiens novel gene from PAC 117P20, chromosome 1 2.87 1.52 
213604_at 100 0 Homo sapiens clone 24582 mRNA sequence 2.07 1.05 
213619_at 0 100 Heterogeneous nuclear ribonucleoprotein H1 (H) –2.48 –1.31 
213655_at 0 100 Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, epsilon polypeptide –3.03 –1.60 
213743_at 100 0 Cyclin T2 2.08 1.06 
213788_s_at 0 100 cDNA: FLJ23227 fis, clone CAE00645, highly similar to AF052138 –2.20 –1.14 
213872_at 0 100 Hypothetical protein FLJ12619 –4.29 –2.10 
213979_s_at 0 100 C-terminal binding protein 1 –4.41 –2.14 
214257_s_at 0 100 SEC22, vesicle trafficking protein (S. cerevisiae)-like 1 –2.97 –1.57 
214414_x_at 0 100 Hemoglobin, alpha 1 –2.04 –1.03 
214696_at 0 100 Homo sapiens clone 24659 mRNA sequence /DEF = Homo sapiens clone 24659 mRNA sequence –2.93 –1.55 
214933_at 0 100 Calcium channel, voltage-dependent, PQ type, alpha 1A subunit –2.17 –1.12 
215043_s_at 0 100 Homo sapiens SMA5 mRNA –4.08 –2.03 
215933_s_at 100 0 Homo sapiens HEX gene encoding homeobox related protein 2.17 1.12 
216199_s_at 100 0 Mitogen-activated protein kinase kinase kinase4 2.77 1.47 
216202_s_at 100 0 Serine palmitoyltransferase (LCB2) mRNA, partial cds 2.75 1.46 
16996_s_at 100 0 KIAA0971 protein /DEF = Homo sapiens cDNA FLJ11495 fis, clone HEMBA1001950, highly similar to 

Homo sapiens mRNA for KIAA0971 protein 
2.20 1.14 
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217554_at 0 100 ESTs, Hs.97109 –3.63 –1.86 
217682_at 0 100 ESTs, Weakly similar to ALU7_HUMAN ALU –3.01 –1.59 
217840_at 100 0 DEAD-box protein abstrakt (ABS), mRNA 2.39 1.26 
218229_s_at 100 0 KIAA1513 protein (KIAA1513), mRNA 2.07 1.05 
218356_at 100 0 Cell division protein FtsJ (FJH1), mRNA 2.20 1.14 
218432_at 100 0 F-box only protein 3 (FBXO3), mRNA 2.16 1.11 
218589_at 100 0 Purinergic receptor (family A group 5) (P2Y5), mRNA 2.68 1.42 
218604_at 100 0 Integral inner nuclear membrane protein (MAN1), mRNA 2.04 1.03 
218689_at 100 0 Fanconi anemia, complementation group F (FANCF), mRNA 8.94 3.16 
218889_at 100 0 Hypothetical protein FLJ12820 (FLJ12820), mRNA 2.01 1.01 
218973_at 100 0 Hypothetical protein FLJ13119 (FLJ13119), mRNA 2.07 1.05 
219069_at 100 0 Hypothetical protein FLJ20189 (FLJ20189), mRNA 2.23 1.16 
219093_at 100 0 Hypothetical protein FLJ20701 (FLJ20701), mRNA 3.32 1.73 
219099_at 100 0 Homo sapiens chromosome 12 open reading frame 5 (C12ORF5), mRNA 2.13 1.09 
219176_at 100 0 Hypothetical protein FLJ22555 (FLJ22555), mRNA 2.13 1.09 
219243_at 100 0 Hypothetical protein FLJ11110 (FLJ11110), mRNA 2.07 1.05 
219363_s_at 100 0 CGI-12 protein (LOC51001), mRNA 2.31 1.21 
219434_at 0 100 Triggering receptor expressed on myeloid cells 1 (TREM1), mRNA –4.35 –2.12 
221485_at 0 100 betaGlcNAc beta 1,4-galactosyltransferase. polypeptide 5 –2.71 –1.44 
221652_s_at 100 0 PNAS-25 mRNA, complete cds. 2.55 1.35 
221755_at 100 0 Homo sapiens mRNA for FLJ00043 protein, partial cds 3.44 1.09 
221970_s_at 100 0 Homo sapiens cDNA: FLJ21737 fis, clone COLF3396 2.41 1.27 
222127_s_at 100 0 Homo sapiens cDNA FLJ13399 fis, clone PLACE1001395 /DEF = Homo sapiens cDNA FLJ13399 fis, 

clone PLACE1001395 
2.31 1.21 

36711_at 0 100 Novel MAFF (v-maf musculoaponeurotic fibrosarcoma (avian) oncogene family, protein F) LIKE protein –3.54 –1.16 
38037_at 0 100 Heparin-binding EGF-like growth factor mRNA, complete cds –3.63 –1.86 
AFFX-BioB-M_at 0 100 Escherichia coli 7,8-diamino-pelargonic acid (bioA), biotin synthetase (bioB), 7-keto-8-amino-pelargonic 

acid synthetase (bioF), bioC protein, and dethiobiotin synthetase (bioD), complete cds 
–4.69 –2.58 

AFFX-r2-Ec-bioC-
3_at 

0 100 E coli/REF = J04423 /DEF = E coli bioC protein corresponding to nucleotides 4609-4883 of J04423 /LEN 
= 777 (–5 and –3 represent transcript regions 5 prime and 3 prime respectively) 

–4.22 –1.86 

 
Supplementary Table S3: The listed genes (n = 117) show differential expression in 100% of the pairwise comparisons; bold and underlined type 
indicate overlaps with the 51 genes identified by Affymetrix gene profiling (see Table S1). cds, coding sequence; SLR, signal log ratio. 
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