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Abstract
Purpose—The precise molecular targets of interferon-alpha (IFN-α) therapy in the context of
malignant melanoma are unknown but appear to involve STAT1 signal transduction within host
immune effector cells. We hypothesized that the in vitro transcriptional response of patient PBMCs
to IFN-α would be similar to the in vivo response to treatment with high-dose IFN-α.

Experimental Design—The gene expression profiles of peripheral blood mononuclear cells
(PBMCs) and immune cell subsets treated in vitro with IFN-α were evaluated, as were PBMCs
obtained from melanoma patients receiving adjuvant IFN-α.

Results—Twenty-seven genes were upregulated in PBMCs from normal donors following
treatment with IFN-α in vitro for 18 hours (>2-fold, p<0.001). A subset of these genes (in addition
to others) was significantly expressed in IFN-α treated T cells, NK cells, and monocytes. Analysis
of gene expression within PBMCs from melanoma patients (n=13) receiving high-dose IFN-α-2b
(20 MU/m2 i.v.) revealed significant upregulation (>2-fold) of 21 genes (p<0.001). Also, the gene
expression profile of in vitro IFN-α-stimulated patient PBMCs was similar to that of PBMCs obtained
from the same patient following IFN-α therapy.

Conclusions—This report is the first to describe the transcriptional response of T cells, NK cells,
and monocytes to IFN-α and to characterize the transcriptional profiles of PBMCs from melanoma
patients undergoing IFN-α immunotherapy. In addition, it was determined that microarray analysis
of patient PBMCs following in vitro stimulation with IFN-α may be a useful predictor of the in
vivo response of immune cells to IFN-α immunotherapy.
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Introduction
Surgical treatment of early stage malignant melanoma is frequently curative. However, the
therapeutic options for patients with metastatic disease are limited. IFN-α has been used both
as an adjuvant following the surgical resection of high-risk lesions (lymph node metastases or
primary tumor thickness >4 mm) and in the advanced disease setting. The IFN-α-receptor is
expressed on melanoma tumor cells as well as on immune effectors and mediates many of its
effects via activation of the Janus kinase (Jak)-signal transducers and activators of transcription
(STAT) pathway. IFN-α exerts direct anti-proliferative, pro-apoptotic, and anti-angiogenic
effects on melanoma cells in culture and has distinct immunostimulatory effects that vary
according to the immune subset under study (1–4). Unfortunately, the precise molecular targets
of exogenously administered IFN-α are unknown. As a result, it is not currently possible to
identify patients who would have a high likelihood of responding to this treatment.

We have examined the role of the Jak-STAT signaling pathway in a murine model of malignant
melanoma using STAT1-deficient mice and STAT1-deficient melanoma cell lines. It was
found that loss of STAT1 signal transduction within the host abrogated the anti-tumor effects
of IFN-α (5). In contrast, the survival benefits associated with IFN-α administration were
maintained when normal (i.e., STAT1-competent) mice were challenged with a STAT1−/−

murine melanoma cell line. We concluded that STAT1 signal transduction within the host, but
not the tumor cell, was critical for mediating the anti-tumor effects of IFN-α. Further
experiments by our group and others indicate that the immunostimulatory effects of IFN-α are
an important component of its anti-tumor actions in mice (4,6–12). In fact, recent data have
shown that the occurrence of autoimmune sequelae and the presence of tumor-infiltrating
lymphocytes correlate with clinical response in patients receiving IFN-α (13,14). Together,
these data suggest that the immunomodulatory actions of IFN-α are a critical component of its
anti-tumor actions. However, a careful analysis of gene regulation within immune effector cells
of cancer patients following IFN-α treatment has not been reported.

The gene expression profile of IFN-α stimulated peripheral blood mononuclear cells (PBMCs)
and immune cell subsets (T cells, NK cells, and monocytes) was evaluated via microarray
analysis as were the PBMCs from melanoma patients receiving high dose IFN-α-2b (20 MU/
m2 i.v.). We found that 27 genes were upregulated in the PBMCs of normal donors following
treatment with IFN-α. A subset of these genes was also upregulated in T cells, NK cells, and
monocytes. 21 genes were significantly induced in melanoma patient PBMCs in vivo following
IFN-α therapy. The gene expression profile of PBMCs stimulated in vitro with IFN-α was
similar to the gene expression profile of PBMCs obtained from the same patient following
clinical administration of IFN-α. These results demonstrate that microarray analysis of patient
PBMCs following in vitro stimulation with IFN-α may be a useful predictor of the biological
response of patient PBMCs to IFN-α immunotherapy in vivo.

Materials and Methods
Reagents

Recombinant human (hu) IFN-α-2b (specific activity of 2 × 108 IU/mg) was purchased from
Schering-Plough, Inc. (Kenilworth, NJ).

Isolation of Immune Subsets
For in vitro assays requiring total PBMCs or immune subsets, source leukocytes were obtained
from healthy adult donors (American Red Cross, Columbus, OH). PBMCs were isolated by
Ficoll-Paque Plus (Amersham Pharmacia Biotech, Uppsala, Sweden) density gradient
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centrifugation as previously described (15). Lymphocytes were enriched for individual cell
populations (CD3+, CD56+, and CD14+ cells) by negative selection using RosetteSep reagents
(Stem Cell Technologies, Vancouver, British Columbia). Following isolation, the purity of
enriched cell populations was typically on the order of 95 – 99% as determined by flow
cytometry (data not shown). Purified cells were then cultured in RPMI-1640 media
supplemented with 10% human AB serum (Pel-Freez Clinical Systems, Brown Deer, WI) at
37°C with 5% CO2 and stimulated with either 104 U/ml IFN-α-2b or PBS for 18 hours. Previous
studies indicate that this dose of IFN-α approximates the levels seen following i.v.
administration of IFN-α-2b (16). Following incubation, cells were harvested by centrifugation,
resuspended in TRIzol reagent (Invitrogen), and processed for RNA extraction.

Patients and Blood Samples
Peripheral blood was obtained from melanoma patients (6 females, 7 males) immediately prior
to, and one-hour following intravenous (i.v.) administration of high dose IFN-α-2b (20 × 106

IU/m2). All samples were obtained at The Ohio State University following informed consent
under an IRB-approved protocol (OSU 99H0348). PBMCs were isolated from peripheral blood
(8 mL) via density gradient centrifugation with Ficoll-Paque Plus and immediately stored in
TRIzol reagent (Invitrogen) at −80°C.

cRNA Preparation and Array Hybridization
Probe sets from U133 Plus 2.0 (Table 1) or U133A Arrays (Tables 2 and Supplemental Data
Table 1; Affymetrix, Santa Clara, CA), which query approximately 47,000 or 22,000 human
transcripts, respectively, were used in these analyses. U133 Plus 2.0 Arrays were also used for
Table 3. The cRNA was synthesized as suggested by Affymetrix. Following lysis of cells in
TRIzol (Invitrogen), mRNA was prepared by RNeasy purification (Qiagen, Valencia, CA).
Double stranded cDNA was generated from 8 μg of total RNA using the Superscript Choice
System according to the manufacturer’s instructions (Invitrogen). Biotinylated cRNA was
generated by in vitro transcription using the Bio Array High Yield RNA Transcript Labeling
System (Enzo Life Sciences Inc., Farmingdale, NY). The cRNA was purified using the RNeasy
RNA purification kit. cRNA was fragmented according to the Affymetrix protocol and the
biotinylated cRNA was hybridized to U133A microarrays (17).

Data Analysis
Raw data were collected with a confocal laser scanner (Hewlett Packard, Palo Alto, CA) and
probe level data were analyzed using dChip software (18). Invariant-set normalization was
performed, and only perfect match probes were used in computing the model-based expression
indices (MBEIs). “Array outliers,” identified by dChip at the probe-set level, were set to
missing. The log2(MBEIs) were then calculated and exported to BRB-ArrayTools software for
further analysis. For each analysis, probe sets receiving an Affymetrix “Absent” call for more
than 50% of the specimens were filtered. Paired t-tests were used in evaluating whether there
was a difference in gene expression before and after treatment with IFN-α. All tests were two-
sided and conducted at a nominal significance level of 0.001. In the non-screening analyses,
testing for differential expression within a specific set of previously identified genes, the alpha
level was set to 0.05 and p-values were adjusted using Holm’s method to account for the
multiple testing.

Real Time PCR
Gene expression estimates from the microarray experiments were validated by Real Time PCR
for selected genes. Following TRIzol extraction and RNeasy purification for microarray
analyses, 2 μg of total RNA was reverse transcribed and the resulting cDNA was used as a
template to measure gene expression by Real Time PCR using pre-designed primer/probe sets
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(Assays On Demand; Applied Biosystems, Foster City, CA) and 2X Taqman Universal PCR
Master Mix (Applied Biosystems) according to the manufacturer’s recommendations as
previously described (19). Pre-designed primer/probe sets for human β-actin were used as an
internal control in each reaction well (Applied Biosystems). Real Time PCR reactions were
performed in triplicate in a capped 96-well optical plate. Real Time PCR data were analyzed
using the ABI PRISM® 7900 Sequence Detection System (Applied Biosystems).

Results
Early transcriptional response of IFN-α-stimulated PBMCs from normal donors

In order to detect the genes that were induced immediately following IFN-α-stimulation, the
gene expression profile of normal PBMCs (n=3) following a 1-hour in vitro treatment with
IFN-α (104 U/mL) was evaluated (Table 1). This analysis showed that 22 genes were
significantly upregulated more than 2-fold in response to treatment (p<0.001). The expression
profile was characterized by the induction of genes encoding antiviral/immune response
proteins (IFIH1, IFIT1, IFIT3, GBP1), chemo-attractants (CXCL10, CCL8), cytokines (IL-6),
and other species, such as SOCS2 (an inhibitor of growth hormone signaling) and CASP4
(caspase 4, executor of cell death in response to endoplasmic reticulum stress). Real Time PCR
was employed to validate the expression profiles of three representative genes (CXCL10,
CCL8, IFIT1; Fig. 1).

Late transcriptional response of IFN-α-stimulated PBMCs from normal donors
Cell-to-cell interactions and autocrine cytokine stimulation likely influence the transcriptional
profile of IFN-α-stimulated PBMCs Thus, the gene expression profile of normal PBMCs (n=3)
following an 18 hour in vitro treatment with IFN-α (104 U/mL) was evaluated (Supplemental
Data Table 1A) (20, 21). This analysis revealed that 27 genes were significantly upregulated
more than 2-fold at this time point (p<0.001). The expression profile was characterized by the
induction of genes encoding antiviral/immune response proteins (IFI16, IFI44), regulators of
transcription (IRF2, SP110), T cell activation markers (LY6E), and other species such as CD38,
USP18, and MT1H (Supplemental Data Table 1A). However, transcriptional regulation of the
genes SPTLC2 (sphingolipid biosynthesis), N4BP1 (unknown function), and BLVRA
(electron transport) by IFN-α has not been previously reported. These data were validated by
measuring the expression of several notable genes expressed in PBMCs (IFIT2, ISG20, LY6E)
by Real Time PCR (Supplemental Data Figure 1A).

Late transcriptional response of IFN-α-stimulated T cells, natural killer cells, and monocytes
from normal donors

Similar in vitro experiments were conducted in CD3+ T cells, CD56+ natural killer (NK) cells,
and CD14+ monocytes (n=3 donors for each subset). The expression of 28 genes was
significantly modulated more than 2-fold in the T cell compartment after IFN-α-2b stimulation
(27 upregulated and 1 down-regulated, p<0.001; Supplemental Data Table 1B). These genes
function in multiple processes including the regulation of apoptosis (TNFSF10), antigen
binding (LAG3, MICB), regulation of the NFκB signal cascade (LGASL9, MYD88),
transcriptional regulation (PHF11, SP100), and the antiviral response (IFI44, OAS3). The
expression of 32 genes was modulated more than 2-fold in the NK cell compartment in response
to IFN-α-2b treatment (30 upregulated and 2 down-regulated, p<0.001; Supplemental Data
Table 1C). Several of these genes function in transcriptional regulation (IRF7, PML), as
interferon class cytokine receptors (CLRF2), in cell motility (MARCKS), metal ion binding
(MT1F, MT1H,), and the antiviral response (IFI27, OAS1). Finally, the expression of 51 genes
was significantly regulated more than 2-fold following IFN-α-2b treatment of monocytes (33
upregulated and 18 down-regulated, p<0.001; Supplemental Data Table 1D). Several of these
genes function in regulating apoptosis (CUL1, TFNRSF5), cell motility (PECAM1), antiviral

Zimmerer et al. Page 4

Clin Cancer Res. Author manuscript; available in PMC 2009 October 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



responses (GBP1, LCP2), immune cell activation (CD69), and regulation of transcription
(IRF1, STAT1).

These findings were validated by measuring the expression of several notable genes expressed
in T cells (IFIT1, LAG3, OAS3), NK cells (IRF7, ISG20, MX2), and monocytes (CD69,
ISG20, OASL) by Real Time PCR (Supplemental Data Figure 1B–D). Of note, the gene
expression profile of whole PBMCs at 18 hours is not a composite of the gene expression
profiles of the individual immune subsets; 14 of the 27 genes induced in IFN-treated PBMCs
were also upregulated in purified T cells (n=4), NK cells (n=7), or monocytes (n=8). This
finding implies that IFN-α stimulation of whole PBMCs may be characterized by unique
cellular interactions that occur between its constituent subsets. The cell-specific gene
expression profiles suggest that each immune cell subset may respond to IFN-α in a unique
fashion.

Gene regulation in PBMCs from melanoma patients receiving high dose IFN-α therapy
In order to characterize the in vivo immune response to IFN-α, PBMCs were isolated from the
peripheral venous blood of 7 melanoma patients immediately prior to and 1 hour following the
administration of the first dose of i.v. IFN-α-2b (20 MU/m2). These patients were receiving
IFN-α as an adjuvant therapy following surgical resection of high-risk melanoma lesions
(lymph node disease or tumor >4 mm in depth). Analysis of the gene expression pattern of
patient PBMCs showed that 23 genes were significantly upregulated more than 2-fold over
baseline values following IFN-α-2b therapy (p<0.001; Table 2, Group 1). Genes involved in
antigen presentation (TAP1), cell adhesion (LGALS3BP), and known IFN-α-stimulated genes
(IFI44, IFIT4, IFITM3, IRF7, ISG20, OASL) were among those induced 1 hour post-IFN-α
therapy in patient PBMCs. This experiment was repeated using PBMCs that were obtained
from a second group of melanoma patients (n=6). This analysis verified that 21 of the 23
original genes were significantly upregulated in response to high dose i.v. IFN-α-2b (adjusted
p<0.05; Table 2, Group 2). The last two genes (GPR43 and SCO2) were still found to be
upregulated in this second analysis, but not to a significant degree. Real Time PCR was
employed to validate the expression profiles of three representative genes (IRF7, OASL, TAP1;
Fig. 2).

Comparison of IFN-α gene regulation in PBMCs stimulated in vitro with IFN-α to that of
PBMCs obtained from the same donor before and after IFN-α therapy

We hypothesized that in vitro gene expression data might be used to predict the in vivo response
of patient PBMCs to IFN-α. We therefore investigated the relationship between microarray
results generated using PBMCs stimulated in vitro with IFN-α and those that were generated
utilizing PBMCs obtained from the same patients pre- and post-IFN-α therapy. PBMCs were
isolated from the peripheral venous blood of patients (n=6) immediately prior to and 1 hour
following i.v. administration of IFN-α-2b (20 MU/m2) and evaluated by microarray analysis
for the expression of the 21 genes that we had previously confirmed as being regulated by IFN-
α in vivo (Table 2). In addition, aliquots of the PBMCs collected prior to IFN-α therapy were
treated in vitro with PBS or IFN-α (104 U/mL for 1 hour) and these were similarly evaluated
by microarray analysis. As predicted, the vast majority of these genes (20 of 21, or 95.2%)
were significantly induced over resting levels and were induced to a similar degree regardless
of whether gene expression was occurring in vitro or in vivo (i.e., the ratio of in vitro to in
vivo induction was less than 2-fold for these 20 genes) (Table 3). For example, in these six
patients, IFIT3 was induced by an average of 36.4-fold in vitro and by an average of 33.4-fold
in vivo. Additionally, the majority of these genes (67%) did not show a significant difference
in gene expression between the in vitro or in vivo samples (adjusted p>0.05). Thus, the in
vitro transcriptional response of patient PBMCs to IFN-α appeared largely similar to the in
vivo transcriptional response of PBMCs to treatment with high dose IFN-α. This result
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demonstrates that microarray analysis of patient PBMCs following in vitro stimulation with
IFN-α may be a useful predictor of the biological response of patient PBMCs to IFN-α
immunotherapy in vivo.

Discussion
We set out to characterize the gene expression profiles of PBMCs and immune subsets in
response to IFN-α and to determine whether in vitro gene expression profiling of the immune
response to IFN-α could predict the in vivo response of immune effector cells to adjuvant IFN-
α. In determining the transcriptional response of immune cells to IFN-α using microarray
analysis, we found the following: 1) immune cell subsets exhibited distinct IFN-α-induced
gene expression profiles that were not entirely reflective of the overall PBMC profile and 2)
the gene expression profile of in vitro IFN-α-stimulated PBMCs was similar to the PBMC gene
expression profile following IFN-α administration within the same patient. These data suggest
that microarray analysis of PBMCs in vitro may be a useful predictor of the biological response
of patient PBMCs to IFN-α immunotherapy in vivo.

Microarray analysis of PBMCs from normal donors identified 22 genes that were upregulated
greater than 2-fold in response to in vitro IFN-α treatment at the 1 hour time point and 27 genes
at the 18 hour time point (p<0.001). Of note, there was no overlap in the genes that were induced
at these two time points. This result suggested that the IFN-α-induced gene expression profile
of human immune cells may vary according to the duration of the cytokine stimulus. In further
support of this notion, Ji et al. reported only a modest overlap of the 516 genes induced at 3
or 6 hours following in vitro treatment of PBMCs with 200 U/ml of IFN-α (22). This group’s
use of cells from patients with chronic hepatitis C is an important difference from the current
study, since the presence of this chronic viral infection likely enhanced the expression of
multiple genes with anti-viral effects. A comparison of our in vitro microarray analysis results
with this previous study revealed overlap for only a few genes (i.e., IFIT1, IFI-16, IFIT2). This
small overlap in genes may be due to differences in statistical methods, time points examined,
IFN-α dosages, and the presence of varying degrees of viral load.

An analysis of immune cell subsets showed that 14 of the 27 genes that were induced in IFN-
α-stimulated PBMCs at 18 hours (OAS2, OASL, HERC5, ISG20, IFI44, LIR7, LGP2, MT1H,
MT2A, N4BP1, PLSCR1, USP18, TREX1, ZCCHC2) were also upregulated in T cells, NK
cells or monocytes (as denoted in Supplemental Data Table 1B–D by a “**”). This implied
that the functional responses of these compartments to exogenous IFN-α were vigorous, yet
distinct. A comparison of these results with those of other investigators obtained using virally-
infected cells treated with IFN-α (e.g., endothelial, hepatoblastoma, and keratinocyte cell lines)
revealed only minor similarities and underscored the tissue specificity of IFN-α-induced signal
transduction and gene regulation (23–27). Of note, the gene expression profile of IFN-α
stimulated monocytes was similar to data from a previous report of IFN-stimulated
mononuclear phagocytes that had been pretreated with lipopolysaccharide in vitro (28).
“Signature” genes induced by IFN-α in both reports included GBP1, ISG20, MX1, STAT1,
and OAS3 among others. The IFN-response of the monocyte compartment was also unique in
that several dozen genes were significantly down-regulated following IFN-α treatment. This
implies that there is significant basal expression of a set of ISGs in monocytes.

This is the first study to employ microarray techniques to analyze the transcriptional profile of
circulating PBMCs obtained from cancer patients immediately following IFN-α
immunotherapy (29). We were somewhat surprised at the relatively low number of genes that
were significantly induced in response to this high dose of cytokine. It will be interesting to
see if these same levels of gene induction are maintained in response to subsequent doses of
IFN-α. The gene expression profile of patient PBMCs treated in vitro with IFN-α closely
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matched the expression profile of PBMCs obtained after IFN-α administration in these same
patients. The fact that similar results were obtained in two separate cohorts of patients supports
the validity of our conclusions. Interestingly, a comparison of the in vitro IFN-α-induced gene
expression pattern of PBMCs from normal donors (Table 1) with the in vitro response of
PBMCs from melanoma patients (Table 3 and data not shown) revealed important similarities;
18 of the 22 genes upregulated in normal donor PBMCs were also upregulated by more than
2-fold in melanoma patient PBMCs following in vitro stimulation with IFN-α. Only CCL10,
CD274, LOC341720, and SAMD9L were not induced by more than 2-fold in melanoma patient
PBMCs following in vitro stimulation with IFN-α. Greater differences in gene expression may
be identified in patients with metastatic melanoma. These findings support the use of
microarray analysis of in vitro stimulated immune cells to predict the individual patient gene
response to cytokine therapy. This may allow for improved selection of patients who would
benefit from IFN-α administration.

We have identified several IFN-α-regulated genes that could be important mediators of the
anti-tumor effects of IFN-α. These genes include CXCL9, CXCL10, HERC5, USP18, and
TAP1. IFN-α stimulates the production of CXCL10 and CXCL9 by monocytes and these two
factors exert a strong chemotactic effect on T cells (Supplemental Data Table 1) (30–34).
HERC5 and USP18 are involved in the ubiquitin-mediated catabolism of antigenic proteins
and their induction by IFN-α could lead to enhanced presentation of antigenic peptides by
antigen presenting cells (35). IFN-α is also able to enhance antigen presentation through its
ability to increase the expression of TAP1, a key regulator of antigen transport within the
endoplasmic reticulum (36, 37). The upregulation of these genes suggests a potential
mechanism of IFN-α’s ability to facilitate an adaptive CD8+ T cell immune response (38).

The present study demonstrated that the transcriptional profile of IFN-α-stimulated immune
cells can be affected by multiple factors including duration of stimulation, cell type, and the
method of exposure to cytokine (i.e., in vitro stimulation versus in vivo administration).
Importantly, we found that in vitro analysis of IFN-α-stimulated PBMCs may be predictive of
the in vivo expression profile following IFN-α immunotherapy. Further investigation of this
finding and its relation to the clinical situation is warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Real Time PCR analysis of select genes identified by microarray analysis of normal
PBMCs following 1 hour in vitro IFN-α stimulation
Real Time PCR was used to validate the expression of genes in PBMCs (CXCL10, CCL8,
IFIT1). Data were expressed as the mean fold increase relative to baseline levels (PBS
treatment). All real time PCR data were normalized to the level of β-actin mRNA. Error bars
denote the standard deviations of triplicate experiments.
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Figure 2. Real Time PCR analysis of select genes identified by microarray analysis of PBMCs from
melanoma patients receiving IFN-α
Real Time PCR was used to validate the expression of representative genes (IRF7, OASL,
TAP1). Data were expressed as the mean fold increase relative to baseline levels (pre-
treatment). All real time PCR data were normalized to the level of β-actin mRNA. Patient gene
expression estimates were pooled and error bars denote the standard deviations of 7 melanoma
patients.
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Table 1
Gene Regulation in PBMCs from normal donors following 1hr IFN-α treatment in vitro

Gene Function Fold Change Post vs Pre- treatment

Chemokine (C-X-C motif) ligand 10(CXCL10) Chemotaxis, stimulates NK cells and monocytes 176.1

Chemokine (C-C motif) ligand 8(CCL8) Chemotaxis 122.3

Interferon-induced protein with tetratricopeptide repeats 1 (IFIT1) Immune response 117.2

Interferon-induced protein with tetratricopeptide repeats 3 (IFIT3) Immune response 62.2

Sterile alpha motif domain containing 9-like (SAMD9L) Unknown 44.3

LOC341720 Unknown 24.6

Cholesterol 25-hydroxylase (CH25H) Catalytic activity 21.3

Guanylate binding protein 1(GBP1) Immune response 13.9

CD274 antigen (CD274) Immune response, cell proliferation 13.7

Nuclear receptor coactivator 7(NCOA7) Transcriptional regulation, nucleic acid
metabolism

8.5

FLJ20968 Unknown 7.3

Interferon induced with helicase C domain 1 (IFIH1) Regulation of apoptosis, regulation of translation 5.6

FLJ11000 Unknown 4.5

FLJ10159 Unknown 4.4

EST sequence Unknown 4.3

Caspase 4 (CASP4) Induction of apoptosis 3.9

Interleukin 6 (IL6) B cell and T cell differentiation 3.6

EST sequence Unknown 3.6

Suppressor of cytokine signaling 2(SOCS2) Inhibition of Jak/STAT signaling 2.8

EST sequence Unknown 2.5

T-cell activation GTPase activating protein (TAGAP) GTPase activator 2.4

ADP-ribosylation factor-like 8(ARL8) GTPase 2.1

Genes had a probe set differentially expressed by more than 2-fold (p < 0.001).
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