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Tumor necrosis factor-a (TNF-a) plays an important role in the pathogenesis of inflammatory diseases.
Excessive TNF-a expression induces tristetraprolin (TTP), an RNA-binding protein that regulates mRNA
degradation, which in turn downregulates TNF and its downstream genes, thus resulting in anti-
inflammatory effects. In order to better understand the TNF-a mediated molecular pathways in
inflammatory diseases, embryonic fibroblast (MEF) cell lines derived from TTP-deficient (KO) or wild type
(WT) mice were treated with TNF-a and gene expression differences between two cell lines were
compared by a microarray essay of 9224 genes. We found that TTP-KO cells had higher expression levels
of pro-inflammatory genes than TTP-WT cells, and inflammatory genes were differentially regulated by
TNF-a between TTP-KO and TTP-WT cells. Through a study of 2-dimentional gene set matrix analysis, we
also found the genes upregulated by TNF-a in TTP KO cells were correlated with the pathologic pheno-
types in inflammation, joint, or bone diseases. Our study provided a detailed genetic roadmap for further
understanding the regulatory effect of TTP in inflammatory pathways related to human diseases.

� 2012 Elsevier Inc. All rights reserved.
1. Introduciton

Tristetraprolin (TTP) is a widely expressed RNA-binding protein
that plays a central role in regulating mRNA stability by acting on
the AU-rich elements (AREs) identified in the 30 untranslated
region (UTR) of a variety of short-lived mRNAs, including those
of cytokines, chemokines and proto-oncogenes. The TTP deficient
mice appeared normal at birth, but soon manifest with cachexia,
erosive arthritis, and high titers of anti-DNA and antinuclear
antibodies [1]. The tumor necrosis factor-a (TNF-a) is one of the
major macrophage-derived cytokines present in the rheumatoid
joint. It induces the synthesis and secretion of matrix-degrading
proteases and prostanoids from synovial fibroblasts. Pathological
overexpression of TNF-a resulted in inflammatory arthritis and
bowel disease [2]. The pro-inflammatory phenotypes observed in
TTP-deficient mice, including inflammatory synovitis, cartilage
and bone erosion are similar to those in the disorders where over-
abundant TNF-a was seen. Studies demonstrated that injecting
antibodies to TNF-a into TTP-deficient mice prevented all aspects
of the proinflammatory phenotype [3–5]. Studies also showed that
TTP interacted with the ARE of 30UTR of TNF-a mRNA, limiting
inflammation through a negative feedback loop on TNF-mediated
ll rights reserved.
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activity; and mice lacking TIA-1, an ARE-binding protein, showed
higher expression level of TNF-a [3,6–8]. Thus, all lines of evidence
point to a critical role of TTP in regulating genes in inflammatory
pathway.

The TTP-deficient mice model is a valuable tool of studying
autoimmune disorders. Mouse embryonic fibroblasts (MEF) cell
lines were derived from TTP knockout (KO) or littermate wild type
(WT) mice: Studies using these cell lines have identified novel
genomic targets of TTP and further elucidated the role of TTP in
regulating TNF-related diseases [9–11]. However, how TTP and
TNF-a coordinately affect gene expression in inflammatory path-
ways is still poorly understood. In the present study, we applied
genome-wide methods to examine the dynamics of TNF-a
stimulated gene expression in cells derived from TTP KO and WT
mice: We expected to gain insight information of the pathological
mechanisms of inflammatory pathways in mouse models.
2. Materials and methods

2.1. Cell culture and treatment

TTP KO and WT mouse embryonic fibroblast cell lines were gen-
erated from littermate embryos (kindly provided by Drs. W.S. Lai
and P.J. Blackshear, National Institute of Environmental Health
Sciences, Research Triangle Park, NC). Cells were grown as a
monolayer in DMEM (Invitrogen) supplemented with 10% FBS
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Fig. 1. The Western blot showed the difference in TTP expression in TTP KO and WT
cells in response to serum or TNF-a stimulation. (A) Serum-deprived (24 h) MEFs of
the TTP KO and WT cells were either untreated (0 h) or treated with 10% FBS for 2 h.
Each lane contains 80 lg protein. (B) The TTP KO and WT cells (RPMI 1640 + 10%
FBS) were treated with TNF-a (10 lg/mL or 30 lg/mL) for 0, 0.5, 1, 2, 4, 8 and 12 h.
Each lane contains 40 lg protein. b-actin (ACTB) was used as loading control.
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(Invitrogen), 2 mM L-glutamine (Invitrogen) and 100 U/ml penicil-
lin/streptomycin. TTP KO cells were supplemented with 0.3 g/L
geneticin (Invitrogen) every five passages as previously described
[9].

For experiments of serum stimulation, MEF cells were allowed
to grow to 70% confluence, washed once in serum-free DMEM
Fig. 2. TNF-a induced gene expression differences in TTP WT and KO cells. TTP WT and K
2 h. Expression patterns of 9,224 genes were shown in a heat map under these conditio
zoomed view (right). Biological duplicates were shown and gene expression ratios were
are colored red for high abundance/upregulation and green for low abundance/downregu
referred to the web version of this article.)
and then incubated in DMEM containing 0.4% FBS for 20 h. 10%
FBS (Invitrogen) was then added into growth medium for another
2 h, followed by cell harvest. For experiments of TNF-a stimulation,
MEF cells were first grown to 50% confluence: The growth medium
was changed to DMEM containing 10% charcoal-stripped FBS (Sig-
ma) and cells were incubated for 24 h. Murine recombinant TNF-a
(10 ng/ml or 30 ng/ml, R&D Systems) was then added, and cells
were allowed to grow subsequently for 0.5, 1, 2, 4, 8, and 12 h be-
fore harvest.

2.2. Western blot analysis

For the detection of TTP and b-actin (ACTB) protein, whole-cell
lysates were prepared in lysis buffer containing 10 mM Tris–HCl
pH 7.5, 150 mM NaCl, 5 mM EDTA, 0.1% SDS, 1% NP-40, 1% Na-
deoxycholate, and supplemented with Proteinase Inhibitor cocktail
(added right before use, Roche Applied Biosciences). Protein con-
centrations were determined by BCA Protein Assay Kit (PIERCE).
Forty-five or eighty microgram of total cell lysates were boiled
and denatured, followed by gel electrophoresis in MES buffer
(Invitrogen). The proteins were electrotransferred onto a polyvi-
nylidene difluoride membrane (Macherey–Nagel). The membrane
was blocked in 5% dry milk in TBS-T for 1 h at room temperature
and then incubated with primary antibodies at 4 �C overnight. Pri-
mary antibody against TTP protein (rabbit polyclonal) was a gift
from Dr. P.J. Blackshear (National Institute of Environmental
Health Sciences); anti-ACTB monoclonal antibody was purchased
O MEF Cells were either untreated or treated with TNF-a (10 ng/mL) for 300 , 1 h and
ns (left, unsupervised clustering). A selected group of genes were also showed in a
calculated for each gene in each sample relative to the control expression. The data
lation. (For interpretation of the references to color in this figure legend, the reader is



Table 1
Comparison of representative immune pathway genes differentially expressed between TTP WT and TTP KO MEFs both at baseline and upon TNF stimulation in a time course.

Symbol Baseline WT (TNF time point)/WT Oh Ctr KO (TNF time point) /KO Oh Ctr

KO/WT-1 KO/WT-2 T307C-1 T30/C-2 Tlh/C-1 Tlh/C-2 T2h/C-1 T2h/C-2 T30VC-1 T307C-2 Tlh/C-1 Tlh/C-2 T2h/C-1 T2h/C-2

CxdlO 63.49 77.81 16.80 14.96 20.83 23.84 30.79 27.53 1.87 1.82 2.79 2.57 2.61 3.07
ll6 25.78 44.77 14.83 12.29 26.78 40.05 47.63 67.94 2.85 2.00 3.91 2.96 5.70 4.82
Pcna 19.72 17.92 4.43 2.60 4.83 3.30 7.76 5.16 1.03 0.83 1.41 0.89 1.29 1.13
Cxd5 6.71 22.92 3.40 6.12 6.70 11.19 8.11 15.83 1.17 0.89 1.63 1.38 1.65 1.85
Ptgs2 15.88 12.11 27.22 10.16 23.46 9.95 23.33 14.32 2.49 2.43 3.14 4.42 3.29 6.33
ll1rl1 11.95 12.16 1.99 2.08 5.74 5.47 8.15 7.69 1.08 1.17 1.42 1.75 1.41 1.76
Ccl2 13.58 10.52 30.50 21.97 27.30 20.72 32.81 25.31 1.63 1.54 3.00 1.68 2.79 2.39
Cxcl2 9.38 10.64 17.23 13.13 3.54 4.35 2.66 2.50 5.96 4.64 9.34 5.88 12.49 10.16
ll11 9.61 9.42 0.90 1.31 0.81 1.19 0.85 1.12 2.08 1.83 1.95 1.37 2.39 2.16
Hspca 5.25 10.02 2.04 2.56 3.16 3.90 2.28 3.97 0.91 0.95 1.10 0.97 0.98 0.88
Calm2 4.56 10.58 2.28 3.34 2.59 3.74 2.87 4.85 0.89 0.74 1.35 0.69 1.12 0.81
Traf5 5.00 8.70 2.62 2.18 4.39 3.98 4.02 4.48 1.23 0.91 1.16 2.24 1.63 2.98
Cxdl6 4.98 5.67 0.86 0.93 1.12 1.18 1.01 1.22 1.01 1.04 1.48 1.14 2.13 1.82
Egr2 4.25 6.03 44.98 50.92 5.12 5.10 2.44 4.01 6.08 5.98 1.79 2.43 1.26 1.45
Dek 4.00 4.39 1.42 2.08 1.26 1.88 1.57 1.84 0.80 1.14 0.79 0.75 0.99 0.83
Ccl4 5.33 3.01 1.85 1.58 2.38 2.76 3.42 2.97 1.68 1.99 2.51 2.38 2.18 2.30
Ppp2r2a 2.64 5.67 1.19 1.75 2.31 2.66 2.06 3.90 0.97 0.87 1.08 1.27 0.88 0.19
Tebp 3.29 4.77 1.66 2.40 2.39 3.70 2.91 4.69 0.89 0.98 1.10 1.10 1.16 1.22
Sugtl 3.09 4.85 2.68 2.14 2.97 3.08 2.90 3.44 1.04 0.88 1.47 0.95 1.10 0.98
Tnfaip3 3.52 3.61 30.34 31.54 18.70 17.40 11.89 13.70 8.50 8.52 5.16 8.07 4.87 7.42
Icaml 3.21 3.47 2.05 2.62 15.89 13.82 10.27 14.64 1.54 1.67 3.65 6.76 7.51 12.25
Tlr2 3.33 3.33 5.01 3.89 20.28 11.56 13.62 11.02 1.80 1.70 3.25 5.74 3.94 5.82
Blm 3.49 2.94 0.99 1.08 0.95 0.91 0.90 0.97 0.94 1.11 0.97 1.31 0.87 1.29
Mapfcl2 2.72 3.57 0.88 0.86 1.01 1.03 1.01 1.10 0.94 1.04 0.86 0.94 0.83 0.86
Bilnf 2.43 3.10 2.27 1.79 1.90 1.65 2.61 2.08 1.14 0.94 1.41 0.99 0.93 1.04
Birc3 2.59 2.83 2.32 1.72 7.41 3.62 5.45 4.16 1.28 1.10 2.34 2.77 2.22 3.24
Nfkbie 2.20 3.07 1.93 2.18 8.08 6.99 7.14 7.44 1.43 0.92 2.29 2.23 2.82 3.36
Atf4 2.17 3.05 1.87 2.04 1.38 1.57 1.58 1.77 1.35 0.91 1.34 1.06 1.22 1.17
Ccl7 3.01 1.70 15.80 7.49 10.04 6.83 8.92 6.41 1.71 1.69 2.91 1.98 2.95 2.43
Cx3cl1 2.61 1.99 3.11 3.45 10.71 8.50 9.78 8.96 1.23 1.40 1.15 3.09 2.52 3.87
Cxd9 1.74 2.70 0.84 1.01 1.01 1.36 1.39 1.68 1.54 1.32 2.07 1.73 2.13 2.16
Ccrl2 2.30 1.99 0.99 1.17 1.11 1.41 1.31 1.45 1.17 1.37 1.49 2.66 1.75 2.89
Il1f6 2.06 2.18 1.02 0.97 0.87 0.92 0.84 0.87 1.63 1.50 3.56 2.06 4.41 3.53
Irfl 1.76 2.08 14.51 13.10 7.13 5.88 3.48 3.53 4.39 3.70 3.90 4.69 2.75 2.86
Anxal 1.23 2.50 1.90 2.47 2.00 2.77 2.22 3.35 0.93 0.74 1.28 0.72 1.21 0.77
Dscrl 1.75 1.91 2.18 2.09 1.38 1.38 1.00 1.10 2.90 2.90 2.35 2.98 1.73 2.41
Ccl5 2.18 1.42 1.10 1.73 1.79 2.87 12.10 12.05 1.09 1.37 1.12 1.27 2.42 3.31
Ccll7 1.80 1.62 1.08 1.18 1.26 1.60 4.06 4.02 1.19 1.13 1.12 1.06 1.57 1.04
Cebpb 1.62 1.75 3.48 3.29 3.22 3.19 3.32 3.07 1.50 1.56 1.23 1.14 1.19 1.21
Nfil3 1.56 1.80 2.75 2.19 3.04 3.87 1.86 2.81 1.49 1.14 0.92 1.27 0.97 1.35
Csfl 1.52 1.74 2.80 3.34 6.05 5.42 2.73 2.37 1.53 1.47 2.53 3.42 2.17 3.03
E:h2 1.68 1.54 0.80 0.87 0.59 0.61 0.41 0.45 0.87 1.11 0.73 0.72 0.63 0.62
ll10rb 1.17 2.01 1.52 1.79 1.94 2.53 2.19 3.73 1.06 1.02 0.94 0.93 1.06 0.96
Socs3 1.56 1.56 0.93 0.78 3.03 3.22 2.22 2.39 1.33 1.25 0.77 1.19 1.10 1.18
ll23a 1.23 1.42 0.98 0.98 0.97 1.09 0.90 1.09 1.77 1.82 1.92 1.65 1.92 2.16
Tcf7 1.15 1.45 1.01 1.11 1.34 1.29 1.30 1.16 1.17 1.11 1.61 1.58 1.58 1.59
Serpinb2 1.07 1.47 0.90 0.94 1.07 1.25 1.49 1.63 1.65 1.13 2.15 1.68 1.87 1.94
Cdc37 1.12 1.05 1.17 1.16 1.84 1.69 1.68 2.23 1.00 1.22 0.91 1.16 1.30 1.20
Bcl2 0.68 0.86 1.52 1.74 2.15 2.17 1.73 1.94 1.02 1.10 1.05 1.38 0.91 1.18
Srf 0.69 0.67 1.82 2.11 1.83 2.21 1.19 1.30 1.09 1.19 0.87 1.17 0.79 0.90
Traf4 0.50 0.72 1.67 1.63 1.73 1.57 0.85 0.95 1.15 1.09 1.11 1.25 0.93 1.16
Nfkb1 0.54 0.67 0.85 0.82 2.53 1.88 2.86 3.08 1.06 0.84 1.73 2.99 2.58 4.31
Tgfb1 0.36 0.58 1.00 1.28 1.43 1.53 1.69 1.69 1.08 0.90 1.14 0.81 0.89 0.81
Hoxa5 0.32 0.25 0.98 1.16 0.84 1.08 0.91 0.76 0.98 1.35 0.56 0.62 0.66 0.43
Irf5 0.12 0.15 1.03 1.05 3.49 3.46 2.85 3.34 1.07 1.12 0.99 1.26 1.00 1.11

Listed are the folds of indicated genes at baseline or responses induced by TNF in WT and TTP MEFs.
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from Sigma. Following secondary antibody incubations, signals
were detected by enhanced chemiluminescence and developed
using High Performance Chemiluminescence Film (Amersham) or
Clear Blue X-ray Film (Thermo Scientific).
2.3. RNA isolation and microarray assay

Total RNA was extracted and purified using an RNeasy Mini Kit
plus DNase I treatment (QIAGEN). The quality of total RNA samples
was assessed by Agilent 2100 Bioanalyzer (Agilent Technologies).
For microarray analysis, 500 ng of RNA from each sample was used
to generate complementary RNA (cRNA) using a TotalPrep RNA
Amplification and Purification Kit (Illumina). PCR producent of
2 lg biotin-labeled cRNA was then used for microarray hybridiza-
tion (Sentrix BeadChip Array For Gene Expression MouseRef-8, Illu-
mina; 24,044 genes/probes per array). Biological duplicates were
performed.
2.4. Microarray data analysis

Bead-Studio software (Illumina) was used for initial analysis of
the scanned data. It yielded a set of data including single intensity
value and a trimmed mean average for each gene of each probe
type. The returned information includes the bead measurements



Fig. 3. Inflammatory genes were differentially regulated by TNFa between TTP KO and WT cells. (A) Under control condition, three genes related to inflammatory pathway,
Cxcl10, Il11 and Anxa1 were shown as the fold changes of gene expression levels in TTP KO cells compared to the expression levels in WT cells. (B–D) TTP WT and KO cells
were treated with TNFa (10 ng/mL) for 300 , 1 h and 2 h. The fold changes of gene expression levels of Il11, Cxcl10 and Anxa1, compared to the expression level in control
condition, were shown for TTP WT and KO cells.
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of all probes (or genes) and a detection call based on the compar-
ison between the intensity of a single probe and the intensities of a
large pool of negative controls (D = percent above negative/100,
i.e., 1 = perfect, the intensity value of a gene is greater than all
the intensities for every negative control tested). Any gene with
its D value consistently below 0.98 was eliminated from further
analysis.

Global normalization of original data was done by calculating
the mean or median of the signal intensities of each individual
experimental dataset and then the means of all intensities. Each
individual data set was then mathematically adjusted such that
the mean of that dataset equaled the calculated grand mean. In
our study, under the conditions of not applying TNF-a, the aver-
aged intensities for WT cells were termed as control. Under
the conditions of applying TNF-a for various time periods (0.5,
1 or 2 h), the averaged intensities at time 0 were termed as
controls. Z score transformation normalization was calculated
according to the following formula: Zscore ¼ ðintensityG1

�
mean intensityG1 ...Gn

Þ=SDG1 ...Gn , where G is any gene on the micro-
array and G1 . . . Gn represents the aggregate measure of all the
genes [12]. Patterns of gene enrichment were analyzed by cluster-
ing (unsupervised, single linkage, hierarchical clustering with unc-
entered Pearson correlations, Eisen Laboratory software, Stanford
University). Gene Set Matrix Analysis (GSMA) was conduted
according to previous study [13].

3. Results

3.1. Characterization of TTP KO and WT cell lines and TTP induction by
TNF-a stimulation

TTP WT and KO MEF cells were characterized by serum stimu-
lation [9]. After 2 h of stimulation of 10% FBS, significant induction
of TTP protein was detected by Western blot in TTP WT cells,
whereas no TTP protein was detected in KO cells (Fig. 1A). To inves-
tigate the effect of TNF-a stimulation on TTP induction, TTP KO and
WT MEF cells were treated with two doses of TNF-a (10 ng/mL or
30 ng/mL). In TTP WT cells, TTP protein could be detected by Wes-
tern blotting after 30 min of TNF-a stimulation at lower concentra-
tion (10 ng/mL). The protein expression level saturated by 2 h of
TNF-a stimulation (Fig. 1B, top panel, lane 2–4). Longer periods of
TNF-a stimulation seemed to eventually downregulate TTP
(Fig. 1B, WT, top panel, lane 5–7). There were no significant changes
in TTP protein expression levels while higher concentration of TNF-
a was applied (30 ng/mL). In TTP KO cells, no TTP could be detected
at any time points after TNF-a stimulation (Fig. 1B, left panels).

3.2. Differential regulation of gene expression by TNF-a in TTP KO and
WT cells

TTP-KO and TTP-WT cells were initially cultured in growth
medium containing 10% charcoal-stripped FBS for 24 h to elimi-
nate the effect of any steroids in regular FBS, followed by TNF-a
stimulations for 300, 1 h or 2 h. The genomic expressions in TTP
KO and WT cells were analyzed and compared with biological
duplicates. Through an unsupervised clustering of 9224 genes, dis-
tinctly expression differences were detected between the TTP KO
and WT cells under the control condition without TNF-a stimula-
tion (Fig. 2, lane 1–2, red color for high abundance and green color
for low abundance). We identified a large number of genes that ex-
pressed at significantly higher levels (>10 folds) in WT cells than in
KO cells (Fig. 2, lane 3–14, and zoomed view). Further characteriza-
tion demonstrated that the majority of these genes were involved
in immune and inflammatory pathways (Table 1). Among them,
proinflammatory genes of Cxcl10 and Il11 were expressed at high-
er levels in TTP KO cells than in WT cells (Fig. 3A). Interestingly,
gene of Anxa1, known to be anti-inflammatory with full-length
translation of protein but pro-inflammatory after proteolytical
cleavage [14], was also highly expressed in KO cells (Fig. 3A).

In response to TNF-a stimulation, genes were differentially reg-
ulated in TTP KO and WT cells. Gene of Il11 was upregulated in KO
cells but little changed in WT cells by TNF-a stimulation. On the



Fig. 4. 2-D GSMA analysis. Z differences under control condition (KO vs. WT) and under the conditions of TNF-a stimulation for 30 min, 1 h and 2 h (treated vs. untreated,
both WT and KO) were mapped with Jackson Lab Mouse Phenotype Database. Results were shown as connections between predicted mouse disease phenotypes and the
duplicates of microarray data.
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other hand, Anxa1 was oppositely regulated by TNF-a, upregulated
in WT cells but little changed in KO cells (Fig. 3B, D). Gene of Cxcl10
was upregulated by TNF-a in both WT and KO cells but the upreg-
ulation was more significant in WT cells (Fig. 3C).
3.3. 2-D GSMA analysis of mapping mouse disease phenotypes

Finally, we integrated our microarray datasets with the Jackson
Laboratory Mouse Phenotype Database by 2-dimentional GSMA
analysis. The results showed that gene expression patterns in TTP
KO cells, after TNF-a stimulation, were strongly correlated to the
phenotypes of inflammation or joint/bone disease (Fig. 4).
4. Discussion

In an attempt to characterize the genetic interactions between
TTP and TNF-a in the development of rheumatoid arthritis, we
chose to use a microarray method to analyze the gene expression
patterns in the model of MEF cell lines, including both TTP WT
and TTP KO cells, in response to the stimulation of TNF-a. TTP par-
ticipates in a negative feedback loop to limit the magnitude or
duration of a burst expression of cytokines or chemokines, includ-
ing TNF-a [15]. In the present study, we first tested the dynamics
of TTP protein expressions by stimulating both TTP WT and KO
cells with TNF-a. IN KO cells, no TTP protein expression was de-
tected. In WT cells, TTP protein was significantly induced by
30 min of TNF-a stimulation, saturated by 2 h stimulation. How-
ever, longer time of stimulation diminished the expression of
TTP. The effect of transient TTP induction by TNF-a is not unex-
pected as TNF-a was a negatively regulated downstream targets
of TTP [9].

The results of our microarray essay revealed for the first time,
there was a significant difference in the gene expression levels be-
tween TTP KO and WT cells. We found that genes involved in im-
mune and inflammatory pathways were at markedly higher
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expression levels in TTP KO cells compared to the levels in WT
cells, such as genes of cytokines Il6, Il11, Il1f6, Il23a and chemo-
kines Ccl2, Ccl5, Ccl7, Ccl17, Cxcl5, Cxcl9, Cxcl10, Cxcl12. It is
known that TTP is a key mediator in promoting mRNA decay in
many proinflammatory genes [16,17]. The fact that higher expres-
sion levels of those genes were detected in TTP KO cells is in line
with previous studies showing that pathologic and inflammatory
symptoms were observed in TTP deficient mice:

Further comparison of genomic expression differences between
TTP KO and WT cells in response to TNF-a stimulation confirmed
that TTP played an important role in TNF-a mediated gene expres-
sion. We observed that a large group of the genes involved in auto-
immune or pro-inflammatory pathways were up-regulated in TTP
WT cells, but little changed in TTP KO cells, in response to TNF-a
stimulation. This is consistent with the pathological reactions to
TNF-a during inflammatory response in other animal models. It
may also be explained by that genes with high abundance in TTP
KO cells were less responsive to TNF-a treatment than genes with
low abundance in TTP WT cells. Nevertheless, we observed a large
number of genes were differentially regulated by TNF-a in TTP KO
and TTP WT cells.

In the light of microarray data, we sought to compare the TNF-a
regulated gene expression patterns in cell lines with the pheno-
types of various mouse diseases to further understand the regula-
tory role of TTP in inflammatory pathways. GSMA is a simple and
straightforward method for such task in which genes are tested
by groups across multiple datasets for patterns of expression
resemblance [13]. Our GSMA analysis, comparing microarray data-
sets with 452 pathways, showed that the gene regulatory patterns
in TTP KO cells were strongly correlated to the phenotypes of cell
cycle and joint/bone mouse diseases. Though there is still a long
way to go to fully understand the molecular mechanisms of TTP
and its roles in regulating inflammatory responses, our study here
provided a detailed genetic roadmap for further elucidating the
molecular pathways and selecting pharmacological candidates in
rheumatoid arthritis and other inflammatory diseases.
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