
- 60 - 

Biomedical Science Letters 2015, 21(2): 60~68 
http://dx.doi.org/10.15616/BSL.2015.21.2.60 
eISSN : 2288-7415 
 

Transcriptome Analysis to Characterize the Immune Response of 
NecroX-7 in Mouse CD4+ T Cells 

Eun-Jung Kim† 

Department of Biomedical Laboratory Science, College of Health Sciences, Sangji University, 
Wonju, Gangwon-do 220-702, Korea 

NecroX-7 is a novel small compound of the NecroX series based on the indole moiety, which has potent cytoprotective 
and antioxidant properties. We previously detected potential immune regulatory effects of NecroX-7 in immune related 
diseases like Graft-versus-Host Disease. However, the function and the underlying mechanisms of immunological effects 
of NecroX-7 in the immune system have not been well established. In this study, we investigated the immune response 
characterization of differentially expressed genes of NecroX-7 administration in CD4+ T cells by microarray analysis. 
CD4+ T cells stimulated with NecroX-7 (40 μM) or vehicle for 72 hours resulted in the identification of 337 differentially 
expressed genes (1.5 fold, P<0.05) by expression profiling analysis. Twenty eight of the explored NecroX-7-regulated 
genes were related to immune system processes. These genes were validated by quantitative real-time PCR. The most 
significant genes were glutathione reductase, eukaryotic translation elongation factor 1, lymphotoxin-alpha, heat shock 
protein 9 and chloride intracellular channel protein 4. These findings demonstrate the strongly immune response of 
NecroX-7 in CD4+ T cells, suggesting that cytoprotection and immune regulation may underlie the critical aspects of 
NecroX-7 exposure. 
Key Words: CD4+ T cells, NecroX-7, Immune response, Microarray analysis 

 
INTRODUCTION 

 
NecroX is a mitochondrial reactive oxygen species/ 

reactive nitrogen species (ROS/RNS) scavenger. It protects 
cells from oxidative stress-induced cell death (Kim et al., 
2010). The chemical formula is C25H32N4O4S2 with a molec- 
ular weight 516.67 based on the indole moiety. It prevents 
the release of high-mobility-group box 1 (HMGB1) and 
ameliorates hepatic ischemia-reperfusion (IR) injury (Choi 
et al., 2010). NecroX-7 inhibits NADPH oxidase activity 

(Park et al., 2012) and osteoclast differentiation (Kim et al., 
2012), and protects against acetaminophen (APAP)-induced 
hepatic injury by directly binding to N-acetyl-p-benzoquinone 
imine (NAPQI) (Park et al., 2013). 

Immune homeostasis is a strictly regulated system that 
maintains a physiological balance of immune responses 
against attack by foreign pathogens or self-antigens. CD4+ 
T cells are crucial in the antigen-specific cellular immune 
response. In the CD4+ T cell-mediated immune response, 
naïve CD4+ T cells emerge from the thymus and differentiate 
into a range of cell types based on the cytokine milieu. 
These differentiated subtypes, effector CD4+ T cells, show 
unique functions driven by the cytokines they produce. In 
particular, specific CD4+ regulatory (Treg) cells are both 
thymic derived (nTreg) and induced in periphery (iTreg) 
(Takahashi et al., 1998; Curotto de Lafaille et al., 2009). 

Immune-mediated diseases are induced by imbalanced 
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immune response (Shevach, 2000). Uncontrolled immune 
response can lead to tissue damage, disease, and even death. 
The CD4+ T cell lineage regulates the balance between 
inflammation and no disease. Therefore, how CD4+ T cells 
regulate this balance will identify NecroX-7-regulated genes 
in the immune responses. 

Recently, the microarray analysis has been developed to 
clarify the immunological functional status of immune 
system (Vladia et al., 2011; Lee et al., 2011). This study 
monitored the cellular immune response to obtain infor- 
mation on the broad spectrum of genes that are differentially 
expressed in a CD4+ T cell-mediated immune system by 
NecroX-7 treatment. Furthermore, we performed biological 
process analysis and the quantitative real-time reverse 
transcriptase-PCR (QRT-PCR) to characterize a biological 
effect of NecroX-7 on immune system process. 

 
MATERIALS AND METHODS 

Chemical and reagents 

NecroX-7 was offered from LG Life Biosciences (Daejeon, 
Korea); C25H32N4O4S2 with a molecular weight 516.67 
based on the indole-moiety. Anti-CD3 monoclonal antibody 
(mAb), anti-CD28 mAb, and transforming growth factor-
beta (TGFβ) were obtained from PeproTech (Seoul, Korea). 
Fluorescence-conjugated CD4 and CD25 antibodies were 
purchased from BD Biosciences (San Diego, CA, USA). 

Mice 

Eight-week-old C57BL/6 mice (n=12) were purchased 
from OrientBio (Sungnam, Korea). The mice were main- 
tained under specific pathogen-free conditions in an animal 
facility with a controlled humidity of 55% (±5%), light/dark 
cycles of 12 h each, and a temperature of 22℃ (±1℃). 
The air in the animal facility was passed through a HEPA 
filter system designed to exclude bacteria and viruses. 
Animals were fed mouse chow and tap water ad libitum. 
The protocols were approved by the Animal Care and Use 
Committee of the Catholic University of Korea. 

Cell purification and culture 

CD4+ T cells from spleens of C57BL/6 mice were stimu- 

lated in the presence of 1 μg/ml anti-CD3 mAb and 1 μg/ 
ml anti-CD28 mAb. NecroX-7 stimuli for CD4+ T cell 
differentiation with 5 ng/ml transforming growth factor-β 
(TGF-β) were used to culture for 72 h. Cells were cultured 
in RPMI1640 medium containing 20 mM HEPES, 2 mM 
L-glutamine, 5% heat-inactivated fetal bovine serum, 100 
mM sodium pyruvate, and 1% penicillin-streptomycin (all 
from BD Biosciences, Franklin Lakes, NJ, USA). 

Flow cytometric analysis 

CD4+ T cells were immunostained with combinations of 
fluorescence-conjugated CD4 and CD25 antibodies (BD 
Biosciences). Cells were sorted by flow cytometry to obtain 
CD4+ CD25+ populations. Flow cytometry was performed 
using a fluorescence-activated cell sorting (FACS) Calibur 
cytometer (BD Biosciences) and FlowJo software (TreeStar, 
Ashland, OR, USA). 

Mouse genome survey microarray 

A 24-mer-oligo internal control probe (ICP) co-spotted 
at every feature with a 60-mer gene expression probe on 
the microarray was used. Digoxigenin-UTP labeled cRNA 
was generated and linearly amplified from 1 μg of total 
RNA using aChemiluminescent RT-IVT Labeling Kit, v2.0 
(Applied Biosystems, Santa Clara, CA, USA). Array hybridi- 
zation, chemi-luminescence detection, image acquisition, and 
analysis were performed using these kits and a model 1700 
chemiluminescent microarray analyzer (Applied Biosystems) 
according to the manufacturer's instructions. Images were 
auto-gridded and chemiluminescent signals were quantified, 
corrected for background, and spatially normalized. 

Data analysis for expression profiles 

Mouse genome microarray expression data obtained using 
an AB Mouse Genome chip (Applied Biosystems) were 
analyzed using GenPlex software (Istech, Goyang, Korea). 
For primary data filtering, spots with a signal-to-noise ratio 
(SNR) <1.5 were excluded, with the remaining filtered data 
used for further analysis. Hierarchical clustering of log ratios 
was performed using Cluster and TreeView 2.3; Euclidean 
correlation, median centering, and average linkage were used 
for all clustering applications. Basically, the mouse genome 
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chip has a single dye hybridization system, with primary 
data normalized by quantile normalization methods, and 
median values of probe contents used for identification of 
characteristic molecular signature of NecroX-7. 

Microarray databases 

The microarray data have been submitted to the Gene 
Expression Omnibus database (http://www.ncbi.nih.gov/ 
geo/) and the GEO accession number for expression array 
is GSE19914. 

RNA preparation and QRT-PCR 

Total RNA was isolated from the spleen tissue using a 
RNeasy kit (QIAGEN, Hilden, Germany). One microgram 
RNA was reverse-transcribed with AMV reverse transcrip- 
tase (Promega, Madison, WI, USA). cDNA was generated 
using random hexamers (Promega) at 45℃ for 1 hour. The 
primers used in this study were designed according to the 
GenBank Accession Numbers (Table 2). Glyceraldehyde-3-
phospate dehydrogenase (GAPDH) was used as the house- 

Table 1. Transcripts showing preferential expression in immune system process map groups affected by NecroX-7 
 Gene symbol Accession no. Gene description Fold change 

Up regulation 
  

Hspa9 NM_010481.1 Heat shock protein 9 1.74 
Clic4 XM_124389.1 Choride intracellular channel protein 4 1.66 
Ccl4 NM_013652.1 C-C motif chemokine 4 1.72 
Sell NM_011346.1 L-selectin 1.84 
Eef1E1 NM_025380.1 Eukaryotic translation elongation factor 1 1.84 
Gsr NM_010344.3 Glutathione reductase, mitochondrial 1.83 
Lta NM_010735.1 Lymphotoxin-alpha 1.73 
Il2 NM_008366.2 Interleukin-2 2.19 
Vegfa NM_009505.2 Vascular endothelial growth factor A 1.58 

Down regulation   
Nktr AK088056 Putative peptidyl proyl cis-trans isomease -1.49 
Capn3 NM_007601.1 Calpain-3 -1.41 
Lgals4 NM_010706.1 Galectin-4 -1.39 
S100a13 NM_009113.3 Protein S100-A13 -1.43 
Tcirg1 NM_016921.2 A3 subunit of vascular-adenosine triphosphatase -1.43 
Ppp3cc NM_008915.1 Serine-threonine protein phosphatase 2B catalytic -1.45 
Il11ra2 NM_010550 Interleukin-11 receptor subunit alpha-2 -1.45 
Ctla2b scl43862.7.1_7 Protein CTLA-2 beta -1.52 
Lgals7 NM_008496.4 Galectin-7 -1.89 
Stat4 NM_011487.1 signal transducer and activator of transcription 4 -1.64 
Ccr6 NM_009835.2 C-C chemokine receptor type 6 -1.61 
H2-Oa NM_008206 H2-O alpha -1.85 
Samhd1 BC067198 SAM domain and HD domain-containing protein 1 -1.49 
Ifitm3 NM_025378.1 Interferon-induced transmembrane protein 3 -1.69 
Gstt3 NM_133994.2 Glutathione S-transferase theta 3 -1.54 
Ikbke NM_019777.2 Inhibitor of nuclear factor kappa-B kinase subunit -1.82 
Gstt2 NM_010361.1 Glutathione S-transferase theta-2 -2.13 
Klrd1 NM_010654.1 Natural killer cells antigen CD94 -1.49 
Ifitm1 NM_026820.2 Interferon-induced transmembrane protein 1 -1.41 
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keeping control. Real-time PCR was carried out with a 
CFX96 real-time PCR detection system (Bio-Rad Labora- 
tories, Hercules, CA, USA) in a 25 μl reaction mixture 
SYBR-Premix (TaKaRa Bio, Shiga, Japan) containing 100 
ng of DNA template. The samples were processed through 
42 cycles consisting of 10 second at 95℃, 45 seconds at 
58℃, and 10 seconds at 72℃ for each primer pair. Oligo- 
nucleotide primers are described in Table 2. The expression 
level of each gene was normalized using the control group 

to obtain an induction ratio (NecroX-7 treated/control). The 
average of sixplicate real-time PCR measurements was used 
to calculate the mean induction ratio ± SD for each gene. 

Statistical analysis 

All results are expressed as the mean values ± standard 
derivation (SD). The results from treated and untreated 
control cells were analyzed using a two-tailed Student's 
t-test. The level of statistical significance was set at P<0.05.

Table 2. Primer pairs used for quantitative reverse transcription-polymerase chain reaction 

Gene Upstream primer Downstream primer PCR product (bp) 

Up-regulated genes   
Hspa9 5'-TACTGCTGCTGATGGACAAA-3' 5'-GTGCCTTTATCTTTGGCAGA-3' 198 
Clic4 5'-GCTTTGACGATTCCAGAGAA-3' 5'-ATTCTACCCTTGCCAAAACC-3' 229 
Ccl4 5'-AGCAACACCATGAAGCTCTG-3' 5'-CTGTCTGCCTCTTTTGGTCA-3' 225 
Sell 5'-CTCGAGGAACATCCTGAAGC-3' 5'-AGCATTTTCCCAGTTCATGG-3' 121 
Eef1E1 5'-AAGCCGGGGAATAAGTACAG-3' 5'-CAGCAGAGTCTGGGTGTCTT-3' 237 
Gsr 5'-ATGCGTCATGAAGATGGTTT-3' 5'-AGGATGAATGGCAACTGTGT-3' 157 
Lta 5'-TGGTTCTCCACATGACACTG-3' 5'-ATGGGTCAAGTGCTTCTGAG-3' 176 
Il2 5'-CCCTTGCTAATCACTCCTCA-3' 5'-GAGCTCCTGTAGGTCCATCA-3' 217 
Vegfa 5'-AGACACACCCACCCACATAC-3' 5'-CAGACCACACTGAAGCCTTT-3' 229 

Down-regulated genes   
Nktr 5'-AGTGCCAGCTGAAGAATGTC-3' 5'-AACTTTTGTCCTGGGTTTCC-3' 199 
Capn3 5'-GGGATCTTCCACTTCCAGTT-3' 5'-TGGTATTCCCACCTTTCAGA-3' 193 
Lgals4 5'-CGTCCGGAGACATAGCTTTA-3' 5'-GGACGTAGGACAAGGTGATG-3' 276 
S100a13 5'-CCTAGCGGGAACAGCAGTAG-3' 5'-AGAGCCACTCCCAAGTCTGA-3' 200 
Tcirg1 5'-CGCCACAGAAGAAACACTCA-3' 5'-CCCAGAGACGCAAGTAGGAG-3' 247 
Ppp3cc 5'-TTCCTCTTGCTGCCCTCTTA-3' 5'-GTCTTCTCGCTGCCGTAGTC-3' 178 
Il11ra2 5'-ACAGTTCCTTGGAGCCTTTT-3' 5'-CTTTTACCCCTAACCCCTGA-3' 174 
Ctla2b 5'-ACAAATTGCTGTGGAAGCTC-3' 5'-CAGCATCATTCCTCCCATAC-3' 218 
Lgals7 5'-GCCACATTGTTGCTGTATTG-3' 5'-TTGCCTTGTTCTTTGGTGTT-3' 237 
Stat4 5'-TTTCATCCTATGTCGGTCGT-3' 5'-TATTGCTTCAAGCCAAGTCC-3' 167 
Ccr6 5'-GCATTTTCTGGGGTACTGTG-3' 5'-TTAGAGTGGCGAACCAAGTC-3' 205 
H2-Oa 5'-TACTCCTAACCGCAATGAGC-3' 5'-CTTCAGATCCACGGAGAAAA-3' 161 
Samhd1 5'-GTTGCTGCAGTGTGTTTACG-3' 5'-CCAATTGGACTCAATTCCTG-3' 188 
Ifitm3 5'-CCCCCAAACTACGAAAGAAT-3' 5'-GTCACATCACCCACCATCTT-3' 233 
Gstt3 5'-CCCATATTTCTGTGGCTGAC-3' 5'-CCTTCAGGACAACTTCATGG-3' 168 
Ikbke 5'-TGTGGCATACTGATGACCTG-3' 5'-GCGAATAGCTTCACGATGTT-3' 193 
Gstt2 5'-CAAGCTTCACCCGTTAAAGA-3' 5'-ACTTATGCGATTTGCTCCAG-3' 226 
Klrd1 5'-ATCAACACCTTCTCCAACCA-3' 5'-ATGCATTCCAATCCAGAAAA-3' 238 
Ifitm1 5'-AAGTGCCTGAACATCAGCTC-3' 5'-CACCATGGACAGATTTGTGA-3' 239 
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RESULTS 

Effect of NecoX-7 on transcriptomic changes of mouse 
CD4+CD25+ T cells 

To analyze transcriptomic responses of NecroX-7, mouse 
CD4+ T cells were treated NecroX-7 (40 μM) with TGF-β 
(5 ng/ml) in the presence of anti-CD3 mAb (1 μg/ml) and 
anti-CD28 mAb (1 μg/ml) for 3 days and immunostained 
with combinations of fluorescence-conjugated CD4 and 
CD25 antibodies. Cells were sorted by flow cytometry to 
obtain the CD4+ CD25+ population. The CD4+ CD25+ 
population was increased 1.6-fold with NecroX-7 treatment 
compared to TGF-β treated cells (Cho et al., 2013). Highly 
purified CD4+CD25+ T cells were prepared to analyze 
expression profiles of NecroX-7. As shown in Fig. 1, 
unsupervised gene expression analysis of 14,165 probes 

resulted in a dendrogram of NecroX-7 influenced gene 
expression. Distinct transcriptome configuration of the 
NecroX-7 treated (n=6) and vehicle treated (n=6) was 
evident. 

Identification and characterization of NecroX-7 effect 
on mouse CD4+CD25+ T cells 

To characterize the molecular signature associated with 
NecroX-7 treatment in mouse CD4+ CD25+ T cells, we 
analyzed the differential gene expression between a group 
exposed to NecroX-7 and vehicle using Welch's T-test and 
fold change analysis. With the Welch's T-test (P<0.05) and 
a 1.5 fold change cut-off used to identify outlier genes, 337 
genes were identified as differentially expressed genes 
after NecroX-7 treatment. Of these NecroX-7 characteristic 
signatures, 142 genes were up-regulated and 195 genes 
were down-regulated. The relative expressions are shown 
in the heat-map of Fig. 2. To determine which genes might 
be preferentially expressed during NecroX-7 treatment, the 
expression profiles were analyzed using Gene List Analysis 
Analyze gene lists, and expression data files (http://www.- 
pantherdb.org/). Based on this database analysis, immune 
system-associated genes were identified. Of these, the 
expression of only nine genes was up-regulated, with 19 
genes down-regulated (Table 1). 

Validation of differentially expressed genes by QRT-
PCR 

To confirm the gene set of immune system identified 
from microarray analysis, the transcriptional levels were 
performed by QRT-PCR. As shown in Fig. 3, transcriptional 
levels of five genes [Glutathione reductase (Gsr), Eukaryotic 
translation elongation factor 1 (Eef1E1), Lymphotoxin-alpha 
(Lta), Heat shock protein 9 (Hspa9) and Chloride intracel- 
lular channel protein 4 (Clic4)] that were highly significantly 
up-regulated by NecroX-7 treatment. RNA isolated from 
CD4+ CD25+ T cells of each individual (n=6 in each group) 
was used. Expression levels of these genes (Gsr; 3.17, 
Eef1E1; 2.22, Lta; 1.64, Hspa9; 1.74 and Clic4; 1.60, all 
P<0.05) were over-expressed compared to corresponding 
control in transcriptional levels as determined by QRT-PCR 
(Fig. 3). QRT-PCR results supported the microarray data, 

Fig. 1. Hierarchical clustering of gene expression data for all sub-
pulations. Unsupervised hierarchical clustering analysis was used to
explore large scale molecular changes by NecroX-7 treatment. The
expression of 14,165 genes was selected when comparing sample 
and control groups: Control (TGF, green bar), Sample (Necrox, 
Yellow bar). 
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with differences only in the scale of determined up-regulation 
or down-regulation. A significant correlation was detected 
in the expression of 18 genes. The coefficient of correlation 
(r2) was 0.6748, which was statistically significant (P< 
0.0004) (Fig. 4). 

 
DISCUSSION 

 
NecroX-7 facilitates differentiation and proliferation of 

regulatory T cell (Treg), and has potential immune regulatory 
effects in immune related diseases such as graft versus host 

disease. However, the function and the underlying mech- 
anism of immunological effects of NecroX-7 in immune 
system have not been well established. This study investi- 
gated the microarray-based transcriptome profiles to under- 
stand the mechanism of the immune system regulation of 
CD4+ CD25+ T cells after NecroX-7 exposure. Examples 
of genes belonging to immune system processes include 
Hspa9, Clic4, Ccl4, Sell, Eef1E1, Gsr, Lta, Il2, Vegfa, Nktr, 
Capn3, Lgals4, S100a13, Tcirg1, Ppp3cc, Il11ra2, Stla2b, 
Lgals7, Stat4, Ccr6, H2-Oa, Samhd1, Ifitm3, Gstt3, Ikbke, 
Gstt2, Klrd1, and Ifitm1. Genes with significantly increased 

Fig. 2. Select the genes with P-Call (Detection P value < 0.05) at all arrays. Welch's T-test and 1.5 fold change analysis was used to identify
the differential gene expression after NecroX-7 treatment. The expression of 337 genes was significantly altered when comparing NecroX-7
and control groups. Of these 337 genes, the expression of 142 genes was up-regulated, while that of 195 genes was down-regulated. 
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expression were those involved in oxygen and ROS meta- 
bolic process (Gsr, Clic4, Eef1E1); macrophage activation 
(Lta); and protein folding (Hspa9). The positive regulation 
of these genes suggested an antioxidant mechanism and 
immune suppressive response in CD4+ CD25+ T cells. Among 
the up-regulated genes, the most significant observation 
was the strong up-regulation of mitochondrial glutathione 
reductase. The enzyme, uses NADPH to reduce glutathione 
(GSH) and provides reducing power for several biochemical 
processes and defends against oxidative stress. GSH has a 
major role as an important antioxidant, and serves in 

detoxification and several other crucial cellular functions 
(Danyelle et al., 2003). GSH is a limiting factor for the 
immune system concerning some T cell functions (Droge 
et al., 1986). GSH depletion has been recently studied as 
being fundamental in pathogenesis of several inflammatory 
or immune related diseases. In this condition, CD4+ T cells 
have increased activation (Gmunder et al., 1991) and can 
induce apoptosis (Arrigo et al., 1999). 

In conclusion, NecroX-7 acts as a potential immune 
regulator via interactions between antioxidant defense mech- 
anism and immune system in CD4+ CD25+ T cells. Further 

Fig. 3. Confirmation of expression patterns of representative genes by semi-quantitative RT-PCR. Differential expressed genes were 
categorized into immune system process according to biological functions. A total of 28 genes were differentially regulated by NecroX-7 
treatment in immune system. Of these 28 genes, the expression of 5 genes (Gsr, Eef1E1, Lta, Hapa9, Clic4) was highly significant up-
regulated. Data are means ± SD for triplicate experiments (n=6) (*; P<0.05). 
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characterization of these gene signatures will advancing 
our understanding of the mechanism of the toxicological 
effects and will help identify new biomarkers as well as 
novel therapeutic targets for immune related diseases. 
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