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ABSTRACT 

Chronic inflammation induced hyper-proliferation, and migration of keratinocytes are pathological hallmarks of psoria- 
sis. Extracts from Sphaeranthus spp. demonstrate pharmacological activity in-vitro and in-vivo. However, the activity in 
modulating disease relevant pathways in psoriasis has not been reported. In the current study, a standardized herbal ex-
tract from Sphaeranthus indicus (NPS31807) was used to study the mechanistic activity under conditions of inflamma-
tion, keratinocyte proliferation and migration using cell based and gene expression assays. NPS31807 treatment reduced 
levels of pro-inflammatory cytokines from human macrophages and activated epidermal keratinocytes in a dose de-
pendent manner. Treatment with NPS31807 diminished NFκB and AP-1 transcription activity in human macrophages. 
Lowered nuclear translocation of p65 sub-unit in macrophages by treatment confirmed reduced activity of NFκB. Gene 
expression profiling showed attenuated expression of genes involved with inflammation such as TNF signaling, and 
angiogenesis by NPS31807. Inhibition of angiogenesis and matrix metalloproteinase production in keratinocytes was 
confirmed using RTq-PCR assays. Pretreatment with NPS31807 led to significant reduction of STAT3 phosphorylation 
and mitogen induced cellular migration. NPS31807 induced inhibition of proliferative genes and BrdU uptake in epi- 
dermal keratinocytes. In summary, our study provides novel molecular insights into the anti-inflammatory, anti-migra- 
tory and anti-proliferative properties of NPS31807. In summary, NPS31807, an extract from Sphaeranthus indicus can 
be used as therapeutic option in inflammatory and auto-immune conditions such as psoriasis. 
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1. Introduction 

Standardized herbal formulations represent an attractive 
therapeutic option due to their potential for synergistic 
action on multiple targets in disease conditions [1]. This 
warrants mechanistic studies aimed at rational develop- 
ment of these novel formulations in various disease set- 
tings. Sphaeranthus indicus Linn (Family: Astracea) is a 
popular plant widely described in traditional medicine 
and has been known to contain numerous pharmacologi- 
cal compounds such as eudesmanoids, sesquiterpene lact- 
ones, glycosides, flavanoids, and essential oil [2]. The ex- 
tracts from Sphaeranthus spp. mediate anti-oxidant ac- 
tivities through free radical scavenging [3] and inhibit 
TNF-α and IL-8 release in P. acne stimulated leukocytes 
[4]. The herb has also shown protective activity in wound 
healing [5]. However, studies describing the mechanistic 

action of this plant in psoriasis have not been reported till  
date. In this report, we attempted to evaluate the mecha- 
nistic activity of NPS31807 using cell based functional 
assays and gene expression profiling. Psoriasis is a com- 
plex auto-immune disorder characterized by keratinocyte 
hyper-proliferation, abnormal differentiation, leukocyte 
infiltration and inflammation [6]. Macrophages and den- 
dritic cells play a pivotal role by releasing pro-inflam- 
matory cytokines, which in turn activate keratinocytes to 
undergo aberrant hyper-proliferation and differentiation 
[7]. These inflammatory and hyper-proliferative respon- 
ses by immune cells and keratinocytes in psoriatic skin 
are largely mediated through the activation of numerous 
transcription (e.g. NFκB, AP-1 and CEBP-β) and growth 
factors (e.g. EGF, KGF) [8]. Current therapeutics such as 
Infliximab and Etanercept cause abrogation of cytokine 
mediated signaling in immune cells and keratinocytes [9, 
10]. The clinical efficacy induced by anti-inflammatory *Corresponding authors. 
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therapies are associated with lowered infiltration of im-  
mune cells, reduced levels of pro-inflammatory cytokines 
and normalized proliferative responses in keratinocytes 
[11]. However, current therapies for psoriasis are associ- 
ated with long term adverse effect [12]. In contrast, stan- 
dardized herbal formulations demonstrate negligible ad- 
verse events associated with long term use in humans. 
NPS31807 is a standardized, orally available, methanolic 
extract from the fruiting and flowering heads of S. in-
dicus plant undergoing randomized clinical testing [13]. 
NPS31807 has been standardized for two known marker 
compounds—7-hydroxylfrullanolide (5% - 9%) and Sph- 
aeranthanolide (2%). The present study was undertaken 
to examine whether extracts from Sphaeranthus indicus 
could modulate disease relevant phenotypes in human 
epidermal keratinocytes and macrophages in-vitro. 

2. Material and Methods 

2.1. Extraction and Preparation of NPS31807 

The extraction and preparation of NPS31807 and 7-HF 
was performed as described previously [14]. Briefly, the 
flowering and fruiting heads of S. indicus were dried and 
pulverized. The pulverized material (50 gms) was soaked 
in 300 ml of methanol and subsequently heated for 3 
hours at 40˚C. The extract was filtered using Whatman 
filter paper and the filtrate was collected. The methanol 
extraction was repeated thrice and the filtrates were 
pooled and concentrated under line vacuum to obtain a 
thick sticky mass of crude extract (NPS31807). Further, 
bioactivity guided fractionation yielded 49 fractions from 
the crude extract and was subjected for in-vitro TNF-α 
activity screening in human peripheral blood monocyte 
cells (hPBMC). One of the active fractions from the 
anti-TNF-α screens was selected to isolate 7-HF and 
NPS31807 was standardized for the content of 2 marker 
compounds. The detailed phytochemical composition is 
stated as Table 1 and the standardized HPLC fingerprint 
for the extract and marker compounds (7-HF; Sphaeran- 

thanolide) are shown in Figure 1. 

2.2. Chemicals and Reagents 

Recombinant tumor necrosis factor-α (TNF-α), epider- 
mal growth factor (EGF), Oncostatin M (OSM) and Hy- 
gromycin B were procured from Sigma Aldrich (St Louis, 
MO, USA). Dexamethasone (Dex), BAY11-7082 (BAY), 
and FK-506 were procured from Sigma Aldrich (St Louis, 
MO, USA). Monoclonal primary antibody for p65/RELA 
(Clone: E379) was procured from Epitomics, Inc (Burlin- 
game, CA, USA). Hoechst 33342 (nuclear stain) and anti- 
rabbit secondary antibody conjugated with DyLight® 549 
were purchased from Thermo Fisher Scientific (Thermo 
Scientific, Waltham, MA). All other reagents were pur- 
chased from Sigma Aldrich (St. Louis, MO, USA) unless 
otherwise specified. 

2.3. Human Macrophage (THP-1) Assays for 
Cytokine Estimation, Microarray and 
Viability Studies 

THP-1 cells (ATCC, Rockville, MD) were seeded in 96- 
well flat bottom sterile culture-plates (1 × 104 cells/well) 
and 25 cm2 flasks (1 × 105 cells/well) for cytokine estima- 
tions and microarray assays respectively. For ELISA 
assays, cells were differentiated using phorbol myristate 
acetate (PMA, 10 ng/mL) for 2 hours and treated with 
varying concentrations of NPS31807 for 15 minutes, fol- 
lowed by stimulation with lipopolysaccharide (LPS, 1 
μg/mL) for 24 hours. For microarray assays, the treat- 
ment concentrations were 10 μg/ml for NPS31807, 7-HF 
(3 μM), BAY11-7082 (3 μM), Dexamethasone (3 μM), 
and FK-506 (3 μM). The cells and supernatants at the end 
of the assay were collected, centrifuged, and stored at 
−80˚C for total RNA and cytokine estimation respec- 
tively. The concentrations of human cytokines (TNF-α, 
IL-1β, IL-6) in culture supernatants were evaluated by 
enzyme-linked immunosorbent assay (Duosets®, R & D 
Systems, Wiesbaden, Germany). Cell viability measure-  

 

 

Figure 1. HPLC finger-print of NPS31807. 
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Table 1. Physico-chemical composition of NPS31807. 

Parameters Sr. 
Nos Test parameters (% w/w) Mean ± SD (%) 

1 Loss on drying 11.79 ± 1.32 

2 Total ash 11.30 ± 0.7 

3 Acid insoluble ash 2.70 ± 0.6 

4 Alcohol soluble extractives 74.08 ± 9.94 

5 Methanol soluble extractives 95.66 ± 3.55 

6 Content of flavanoids 35.37 ± 2.42 

7 Content of bitters 12.75 ± 1.79 

8 Content of tannins 2.01 ± 0.57 

9 Content of 7-HF 7.13 ± 1.40 

10 Content of Sphearanthanolide 2.45 ± 0.50 

 
ments were carried out in THP-1 cells using the Cell 
Counting Kit-8 (CCK-8) as per the manufacturer’s in- 
structions (Dojindo Molecular Technologies, Gaithers- 
burg, MD). 

2.4. Primary Epidermal Keratinocyte Assays for 
BrdU Uptake and RTq-PCR Studies 

Normal human epidermal keratinocytes (NHEK) were 
procured from Lonza (Allendale, NJ, USA) and cultured 
in complete keratinocyte growth medium, KGM®-2 sup- 
plemented with Bullet Kit® (Lonza, Allendale, USA). 
Cells were serially passaged and assays were conducted 
with sub-confluent cells until passage three. For gene ex- 
pression assays, NHEK cells were seeded in a 6-well 
tissue culture dish and treated with varying concentra- 
tions of NPS31807 (0.1 μg/mL, 1 μg/mL) for 2 hours fol- 
lowed by stimulation with respective stimulants. Cells 
were stimulated with EGF (10 ng/mL) or Oncostatin M 
(100 ng/mL) & TNF-α (10 ng/mL) for 24 hours and sub- 
sequently harvested for total RNA extraction. For BrdU 
uptake assays, NHEK cells were plated in a 96-well tis- 
sue culture plates, treated for 2 hours with varying con- 
centrations of NPS31807 followed by stimulation with 
10 ng/mL of EGF for 24 hours. Labeling and detection of 
BrdU was performed using the Roche BrdU ELISA kit 
(Roche Applied Sciences, Indianapolis, USA) as per the 
manufacturer’s instructions. 

2.5. Total RNA Extraction, cDNA Synthesis and 
RT-qPCR Studies 

For RNA isolation, THP-1 and NHEK cells from respec- 
tive assays were harvested with chilled Trizol reagent 
(Invitrogen Corp, Carlsbad, USA). Total RNA was ex- 
tracted and purified using the chloroform-ethanol phase 
separation as described earlier [15]. Two micrograms of 
total RNA was reverse transcribed in a 20 µL set-up us- 
ing the Superscript III cDNA conversion kit as per the 
manufacturer’s protocol (Invitrogen Corp, Carlsbad, USA). 

RTq-PCR studies were carried out using Quantifast® 
SYBR green master-mix (Qiagen Inc., Valencia, USA) as 
described earlier [16]. Primers were designed using the 
Primer 3 software [17] and are listed in Supplementary 
Table 1. The cycling threshold (Ct) values for target 
genes in all samples were normalized using GAPDH 
transcript and relative fold change values were computed 
using the 2−∆∆Ct

 method as described earlier [18]. 

2.6. Microarray Study and Data Analysis 

70-mer oligonucleotides (Operon Biotechnologies, USA) 
representing 267 transcripts known to play a major role 
in cellular signaling pathways were printed on aminosi- 
lane coated glass slides (Array IT, Sunnyvale, CA) using 
an arrayer (Genomic Solutions, Ann Arbor, USA) For 
gene expression studies, twenty micrograms of total RNA 
were reverse transcribed and labeled with Cy3® (Amer-
sham Pharmacia Biotech, New Jersey, USA) using Chi- 
pshot® in-direct labeling kit (Promega, Madison, WI, 
USA). The microarray chip was hybridized with labeled 
cDNA for 18 hours at 42˚C and scanned with a laser 
scanner (Gene TAC, Genomic solutions, USA). Image 
analysis and data normalization was done using Gene- 
Tac Integrator, (Genomic Solutions, USA) followed by 
data analysis using Genespring 10 (Agilent Technologies, 
Santa Clara, USA). Welch test was used to determine dif- 
ferentially expressed genes [19] (F.C > 2.0, p < 0.05) 
affected due to NPS31807 treatment compared to LPS 
treatment in THP-1 cells. The differentially expressed 
genes were queried for functional enrichment analysis 
using GSEA and PANTHER database [20,21]. 

2.7. Reporter Expression Assays 

The detailed protocol was performed as described earlier 
[22]. Activation of key transcription factor mediated in- 
flammatory signaling was evaluated using the Cignal 
FinderTM assay kit (Qiagen Corp, Valencia, USA). Brie- 
fly, transcription factor containing specific tandem repre- 
sentative elements (TRE) were cloned into dual lucife- 
rase plasmid constructs encoding the mammalian firefly 
luciferase gene and transiently transfected into THP-1 
cells using the Surefect® transfection reagent (Qiagen 
Corp, Valencia, USA). Cells were differentiated using 
PMA and subsequently treated with NPS31807 (10 µg/mL) 
for 15 minutes and stimulated with LPS (1 µg/mL) for 24 
hours. The assay was terminated and quantified using 
DualGlo® luciferase reagent system [Promega, Madison, 
USA] as per the manufacturer’s instructions. 

2.8. STAT3 Luciferase and in-Vitro Wound 
Assays 

HeLa/STAT3-luc reporter cells (Panomics Inc., Red-
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wood City, CA) were seeded in a white opaque 96-well 
plates (Nunc, Rochester, NY ) at a density of 1 × 104 
cells per well and cultured for 24 hours in complete 
growth medium comprising of DMEM, 10% FBS and 
100 ng/mL of Hygromycin B. The cells were serum starved, 
treated with multiple concentrations of NPS31807 for 15 
minutes, followed by stimulation with Oncostatin M (100 
ng/mL) and TNF-α (10 ng/mL) for 3 hours. The assays 
were terminated using the Promega® luciferase assay rea- 
gent system (Promega, Madison, WI) as per the manu- 
facturer’s instructions. In-vitro wound scratch assays 
were performed in HeLa/STAT3-luc cells as described 
previously [23]. In brief, cells were pre-treated with 
NPS31807 (1 µg/mL) and stimulated with recombinant 
EGF (10 ng/mL) for 24 hours followed by fixation with 
3.5% formaldehyde for 15 minutes, washed and visua- 
lized under microscope (Nikon, Tokyo, Japan). The gap 
width (µM) was measured using Image Pro® Plus (Media 
Cybernetics, Silver Spring, USA) and % inhibition as 
compared to basal condition was calculated. 

2.9. Quantitative High Content Cell Based 
Imaging 

Nuclear translocation of p65/RELA was quantified using 
cell based imaging studies in macrophage cells as des- 
cribed previously [24]. THP-1 cells were seeded into 96- 
well MTPs (Nunc, Roskilde, Denmark) at a density of 1 
× 104 cells/well, treated with varying concentrations of 
NPS31807 for 15 minutes preceding stimulation with 
LPS (1 μg/mL) for 30 minutes (p65/REL). The plates 
were processed and quantitative imaging was performed 
using the high content imaging systems from Cellomics® 
(Thermo Scientific, USA) as described previously in de- 
tail [24]. The intensity values for treatment groups were 
normalized to values from LPS stimulation which was 
considered as 100%. 

2.10. Statistical Analysis 

All assays were performed in triplicates unless otherwise 
stated. Statistical comparison between multiple groups 
was evaluated using 1-way ANOVA with Dunnet’s post 
hoc testing in GraphPad Prism 4 (GraphPad Software, 
San Diego, CA). Statistical comparisons among two groups 
were evaluated using student’s t-test. Results are repre-
sented as mean ± SD unless otherwise stated. Statistical 
significance was associated with p < 0.05 (*, #). 

3. Results 

3.1. Effect of NPS31807 on the Production of 
Pro-Inflammatory Cytokines from 
Keratinocytes and Macrophage Cells in Vitro 

We evaluated the effect of NPS31807 on pro-inflam-  

matory cytokine production from human monocytic cell 
line (THP-1) and normal human epidermal keratinocytes 
(NHEK), since these cells are known to release signifi- 
cant amount of pro-inflammatory cytokines in lesional 
skin. THP-1 cells were seeded at a density of 1 × 103 
cells/well, differentiated using PMA (10 ng/ml) for 2 
hours, pre-treated with multiple concentrations of NPS- 
31807 and  stimulated with 1.0 μg/mL LPS for 24 hours. 
Addition of NPS31807 induced a dose dependent inhibi- 
tion in the levels of TNF-α, IL-6 and IL-1β as measured 
by ELISA (Figure 2(a)). NPS31807 induced potent ab- 
rogation of cytokine levels at concentrations of 1 μg/ml, 
although the inhibitions at lower concentrations were 
more pronounced for IL-6 as compared to TNF-α and IL- 
1β (Figure 2(a)). In parallel, we assessed the changes in 
cell viability induced by NPS31807 in THP-1 cells using 
the CCK-8 incorporation assay. NPS31807 treatment did 
not significantly decrease cell viability at concentrations 
up-to 10 μg/ml (Figure 2(a)). In addition, treatment 
maintained cell viability in epidermal keratinocytes for 
concentrations up-to 30 μg/ml (data not shown). Next, 
we evaluated the effect of NPS31807 on TNF-α and IL-8 
expression in keratinocyte cells. NHEK cells were sti- 
mulated with Oncostatin M (100 ng/ml) and TNF-α (10 
ng/ml) for 24 hours since TNF-α is known to induce ex- 
pression of these genes [25]. We observed a robust up- 
regulation of TNF-α levels (FC: 11.0 ± 0.66) with stimu-
lation after 24 hours (Figure 2(b)). Pre-treatment with 
NPS31807 led to highly significant dose dependent de-
crease in TNF-α expression at 1 μg/ml (FC: 0.41 ± 0.19, 
Figure 2(b)). IL-8 expression was up-regulated by 
13(±0.46)-fold in stimulated keratinocytes as compared 
to un-stimulated cells (Figure 2(c)). NPS31807 (1 μg/ml) 
treatment reduced expression of IL-8 to 3.2(±1.2)-fold 
(Figure 2(c)). This potent inhibition in levels of pro- 
inflammatory cytokine levels showed that NPS31807 
mediates anti-inflammatory activity in macrophages and 
keratinocytes. 

3.2. Anti-Inflammatory Activity of NPS31807 Is 
Mediated through Decreased Activation of 
NFκB and AP-1 Signaling 

We next evaluated whether, NPS31807 could modulate 
signaling pathways that regulate inflammation in im- 
mune cells. We used luciferase reporter assays (Cignal- 
finderTM) to evaluate regulatory pathway modulation in 
THP-1 cells. The CignalfinderTM assays consist of a path- 
way focused (e.g. NFκB, CEBPβ, AP-1, etc.) inducible 
transcription factor responsive reporter (firefly luciferase) 
and a constitutive Renilla construct. Undifferentiated 
THP-1 cells were transfected with individual plasmid re- 
porters, differentiated using PMA and treated with NPS- 
31807 for 2 hours preceding LPS stimulation. The assay 
was controlled using positive and negative controls as  
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Figure 2. NPS31807 potently modulates pro-inflammatory cytokine levels via NFκB and AP-1 mediated signaling pathways. 
(a) Pretreatment with NPS31807 induced a concentration dependent reduction in levels of TNF-α, IL-6 and IL-1β in LPS 
stimulated macrophages. The raw data presents the mean ± SD for cytokine levels from three independent experiments. The 
right axis demonstrates the % viability associated with treatment; (b) & (c) NHEK cells were pre-treated with NPS31807 (100, 
1000 ng/ml) and subsequently stimulated with OSM and TNF-α for 24 hours in triplicate assays. RTq-PCR results are repre-
sented as mean ± SD based on Log2 transformation of cycling threshold (Ct) values of TNF-α; (b) IL-8; (c) S100A9; (d) (e) 
The results represent the reporter expression (mean ± SD) for respective transcription factors compared to LPS control 
(100%); (f) NPS31807 induced a concentration dependent inhibition of nuclear translocation of p65/RELA in LPS stimulated 
THP-1 cells (n = 3). The LPS control classically demonstrates extensive nuclear accumulation of p65 in THP-1 nuclei. The bar 
graph indicates the percent (mean ± SD) nuclear levels of p65 for respective treatment conditions. Statistical significance was 
associated with p < 0.05. 
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described by the manufacturer. The relative fluorescence 
values were recorded for firefly and Renilla luciferase. 
The signal intensities of the firefly luciferase were nor-
malized using the Renilla luciferase values and percent 
reporter expression for every reporter was calculated as 
compared to stimulated (LPS) control. Pre-treatment with 
NPS31807 (10 μg/ml) reduced significant activation of 
NFκB (60% ± 7.8%, p < 0.05) and AP-1 (62% ± 4.9%, p 
< 0.05) reporter activity (Figure 2(d)). Further, to con-
firm the NFκB activity, the nuclear translocation of 
p65/RELA was studied using immuno-fluorescence in 
THP-1 cells. THP-1 cells were treated with multiple con- 
centration of the extract and stimulated with LPS for 15 
minutes. LPS induced intense translocation of p65 sub- 
units as shown in Figure 2(e) (LPS control). Treatment 
with NPS31807 significantly prevented nuclear translo-
cation of p65 in a dose dependent manner (32% ± 2.5%, 
10 μg/ml, Figure 2(e)). This substantiated that inhibition 
in NFκB activity was in part modulated by reduced trans-
location of p65 sub-unit in THP-1 cells. 

3.3. NPS31807 Modulates TNF and Growth 
Factor Signaling in Human Macrophages 

Given the fact that NPS31807 modulates pro-inflam- 
matory cytokine production through NFκB and AP-1 sig- 
naling pathways, we further investigated the upstream 
signaling changes mediated by NPS31807 through the 
use of gene expression profiling. We used microarrays 
comprising of 267 genes that play a pivotal role in regu- 
lating signaling pathways to understand the mechanistic 
activity of NPS31807. Differential expression analysis 
revealed NPS31807 treatment significantly deregulated 
66 transcripts (F.C > 2.0, p < 0.05) as compared to sti- 
mulated (LPS) control in human macrophages (Supple-
mentary Table 2). Representative transcripts were veri-
fied by confirmatory assays such as RTq-PCR and the 
expression was found to be concordant with microarray 
data (Figure 3(b)). We observed a decrease in expression 
of TNF-α and IL-6 transcripts with NPS31807 treatment 
(Supplementary Table 2) correlating the ELISA results 
(Figure 2(a)). NPS31807 reduced expression of genes 
(PLAU, MMP-1, MMP-9, IL-6, CTSD, and IRF1) known 
to be involved with angiogenesis and matrix metallopro-
teinase (Supplementary Table 2). Also, NPS31807 
treatment induced robust abrogation of VEGF, MMP-9 
and MMP-1 expression in cytokine stimulated keratino-
cytes (Figures 4(f)-(h)). It was also observed that 
NPS31807 induced potent inhibition of TNFR pathway 
transcripts such as TNFAIP3, TRAF1, TRADD (Table 1) 
with expression of TNFSF10 (TRAIL) showing maxi-
mum deregulation in our data (16-fold reduction, Supp. 
Table 2). Interestingly, we found that NPS31807 modu-
lated genes involved with the cellular apoptotic machin 

ery (BCL2, BID, CASP3, and AKT1) and cell cycle con-
trol (CDKN1A, EREG, BTG1). A striking observation 
from our data revealed decreased expression of epire- 
gulin in THP-1 cells (Supplementary Table 2). The 
expression of epiregulin was confirmed by RTq-PCR and 
found to be concordant with the microarray readings 
(Figure 3(b)). Further, interpretation of the annotations 
associated with differentially expressed genes; gene set 
enrichment analysis (GSEA) and PANTHER database 
were used. The differentially expressed genes (n = 66) 
were queried against the PANTHER and GSEA data-
bases. PANTHER annotations revealed significant treat- 
ment effects on inflammatory, proliferative and angio-
genesis pathways as summarized in Supplementary Ta-
ble 2. On the other hand, gene set enrichment (GSEA) 
allows the identification of co-expressed genes that are 
responsible for driving particular cellular/disease pheno-
types [21]. Of note, GSEA enrichment analysis revealed 
a significant overlap of NPS31807 signatures (n = 9) 
with genes found to be over-expressed by NFκB/RELA 
expression in keratinocytes (Supplementary Table 3). 

3.4. Effect of NPS31807 Treatment on STAT3 
Phosphorylation and Cellular Migration 

We next evaluated the effect of NPS31807 treatment on 
STAT3 phosphorylation and cellular migration upon 
stimulation with EGF. We employed a STAT3 reporter 
cell line (HeLa/STAT3-luc; Panomics) and used On-
costatin and TNF-α to activate STAT3 phosphorylation. 
EGF was used to activate STAT3 mediated migration in 
these cells using wound scratch assays. Stimulation of 
HeLa/STAT3-luc cells with OSM and TNF-α potently 
enhanced phosphorylation of STAT3 (F.C = 9.4) and 
significant dose dependent inhibition was achieved by 
pre-treatment with NPS31807 (Figure 4(a)). Further, to 
assess the effect of NPS31807 on mitogen induced mi- 
gration; HeLa/STAT3-luc cells were plated in a 6-well 
tissue culture dish and assayed using the scratch wound 
method as described previously [23]. At the end of 24 
hours, EGF (10 ng/mL) enhanced migration across the 
wound area (Figure 4(c)) compared to basal cells (Fig- 
ure 4(b)). Pre-treatment with NPS31807 (1 μg/mL) sig- 
nificantly reduced migration compared to EGF alone 
(12% vs 60%, p < 0.05) (Figures 4(d) and (e)). 

3.5. Effect of NPS31807 Treatment on 
Keratinocyte Proliferation 

Changes in cell proliferation were assessed using BrdU 
uptake in NHEK cells in presence of epidermal growth 
factor (EGF). We observed a significant increase in BrdU 
uptake with basal cells (0.3 OD) compared with EGF 
stimulation (1.9 OD) at the end of 24 hours (Figure 5(a)) 
in growth factor deprived keratinocytes. NPS31807 treat- 
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Figure 3. Determination of mechanistic activity of NPS31807 using gene expression profiling (a); Unsupervised, un-centered, 
Pearson clustering of the normalized expression values from total RNA of LPS stimulated THP-1 cells with or without 
NPS31807, Dexamethasone, 7-HF, BAY11-7082 and FK-506. The rows represent the mean expression (n = 2) for every gene 
spotted in the array and columns represent the mean expression changes for individual treatments (n = 2). The list of genes 
represent differentially expressed genes (n = 66) deregulated by NPS31807 treatment. The color bar indicates the numerical 
scale for up-regulation (red) and down-regulation (green) for representative expression values (b); RTq-PCR confirmation of 
key transcripts. The results indicate the Log2 changes in expression values (Mean ± SD) for LPS control (Blank bars) and 
NPS31807 treatment (Solid bars). Statistical significance (p < 0.05) was assessed by student’s t-test. 
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Figure 4. NPS31807 modulates expression of key genes involved with angiogenesis and EGF induced migration through inhi- 
bition of STAT3 phosphorylation. (a) NPS31807 induced dose dependent decrease in STAT3 phosphorylation. The results 
represent the relative fold change in STAT3 phosphorylation for respective treatment conditions with basal as 1-fold. Statis- 
tical significance (p < 0.05) was evaluated using 1-way ANOVA with Dunnet’s post hoc testing. Scratch wound induced mi- 
gration was performed in Hela/STAT3-luc cells and images represent basal condition; (b) Closure of wound area by EGF (10 
ng/mL) alone; (c) And wound closure in presence of NPS31807 + EGF; (d) Images represented are raw images without any 
image enhancements. Bar; 20 μM; (e) Wound distance (μM) was determined from the images and represents the unclosed 
wound area for respective treatment conditions. Statistical significance (p < 0.05) was evaluated using 1-way ANOVA and 
Dunnet’s post hoc testing; (f)-(h) NHEK cells were pre-treated with NPS31807 (100, 1000 ng/ml) and subsequently stimulated 
with OSM and TNF-α for 24 hours in triplicate. RTq-PCR results are represented as Log2 (mean ± SD) of cycling threshold 
(Ct) values of MMP-1 (f); MMP-9 (g); VEGF (h). 
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Figure 5. NPS31807 effectively abrogates keratinocyte mitotic index and hyper proliferative transcripts. (a) NHEK cells were 
treated with NPS31807 and subsequently stimulated with EGF (10 ng/ml) for 24 hours. (a) Pre-treatment with NPS31807 
significantly abrogates BrdU uptake in keratinocytes. The results represent the O.D values for respective treatment condi- 
tions; (b) RTq-PCR results are represented as mean ± SD based on Log2 transformation of cycling threshold (Ct) values of 
MKI67; KRT16 and CCNB1. Normalization was carried out using Ct values of GAPDH gene as control. Statistical significance 
is associated with p < 0.05. 
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ment led to a substantial decrease in BrdU uptake in EGF 
stimulated keratinocytes (1.1 O.D, 10 μg/ml). Also, NPS- 
31807 treatment reduced expression of MKI67 and CCN- 
B1 (Figure 5(b)), markers associated with proliferative 
phenotype in epidermal keratinocytes. We further tested 
the expression of a keratin 16, which is over expressed in 
proliferative keratinocytes of psoriatic lesional skin. We 
observed a robust increase in expression of KRT16 upon 
stimulation with EGF (4.3 ± 0.59 fold increase) and sub-
sequently, pre-treatment with NPS31807 resulted in de-
crease in KRT16 expression (1.3 ± 0.23-fold) after 24 
hours (Figure 5(b)). In summary, these results show that 
extracts from Sphaeranthus indicus mediate anti-proli- 
ferative properties in proliferative keratinocytes. 

4. Discussion 

The objective of this study was to evaluate the mechanis- 
tic activity of extracts from Sphaeranthus indicus under 
relevant in-vitro models of psoriasis. We employed cell 
based and gene expression assays for comparative eva- 
luation of the activity of NPS31807. In our experiments, 
we observed that the moisture content in NPS31807 is in 
the range of 10% - 12% (w/w), which is higher due to 
entrapment of moisture in extract and is difficult to eva- 
porate during the drying process. High levels of total ash 
11.30% (±0.7%) in the extract indicate increased content 
of minerals. The extract contained 2.70% (±0.6%) of 
acid-insoluble ash, which confirms the presence of mine- 
rals. The alcohol and methanol extractive value of this 
plant extract was 74.08 (±9.94%), and 95.66 (±3.55%) 
respectively. The higher alcoholic extractive value indi- 
cates the presence of non-polar and polar phyto-consti- 
tuents in the extract. High abundance of flavanoids (35%) 
and bitter content (12%) in the S. indicus extract con- 
firms the diversity of small molecules present in the ex- 
tract. The extract was standardized using two known 
marker compounds—7-hydroxylfrullanolide (retention 
time; 15.52 minutes) and Sphaeranthanolide (retention 
time; 8.57 minutes) as shown in Figure 1. Pre-treatment 
with NPS31807 resulted in potent dose dependent inhibi- 
tion of pro-inflammatory cytokine (e.g., TNF-α, IL-6, IL- 
1β) from THP-1 cells (Figure 2(a)). This was corrobo- 
rated with reduced expression of TNF-α and IL-8 in cy- 
tokine stimulated keratinocytes (Figure 2). Interleukin 8 
(IL-8) is induced by TNF-α in keratinocytes [26] and is 
over-expressed in psoriatic lesional skin [27]. Also, TNF- 
α, IL-6 and IL-1β are over-expressed in patients, corre- 
lates with disease severity and subsequent treatment out- 
comes in psoriasis [28]. The inhibition in cytokine levels 
was devoid of any decrease in cell viability at the con- 
centrations used in the study (Figure 2). We used OSM 
and TNF-α to stimulate keratinocytes since both these 
cytokines are over expressed in psoriatic skin and repro-  

duce human disease conditions in-vitro [25,29]. S100A9, 
a key mediator of keratinocyte growth [30] was found to 
be over-expressed in keratinocytes upon stimulation with 
OncostatinM and TNF-α (Figure 2(d)) in accordance 
with previously published results [29] and pretreatment 
with NPS31807 resulted in reduced expression of S100- 
A9 (Figure 2(d)). Plants of Sphaeranthus spp. exert anti- 
inflammatory effects due to the presence of lactone, fla- 
vones and tannins [31]. NPS31807 was found to have 
appreciable levels of tannin (12%) and flavones (34%) 
(Table 1) which could explain the anti-inflammatory 
properties observed in the extract. Also, the novel sesqui- 
terpene lactone (7-HF), isolated from Sphaeranthus in- 
dicus [32,33] demonstrates anti-inflammatory activity 
under in-vitro and in-vivo conditions [14]. This could 
mean that the anti-inflammatory activity of NPS31807 
could be in-part due to the content of 7-HF. Indeed, the 
primary mechanism of 7-HF was found to be mediated 
through NFκB [24] in human peripheral blood mono- 
cytes. Similarly, NPS31807 reduced nuclear transloca- 
tion of p65/RELA in THP-1 cells (Figure 2(f)) and re- 
porter expression of NFκB and AP-1 as revealed by pla- 
smid transfection assays (Figure 2(e)). RELA (p65) 
translocation is established as one of the key steps in the 
canonical activation of NFκB [34]. Although, interest- 
ingly gene expression profiling showed that the expres- 
sion changes with 7-HF treatment correlated with BAY- 
11-7082 (NFκB inhibitor) whereas NPS31807 treatment 
correlated to that of Dexamethasone (Figure 3(a)). These 
results prove that although 7-HF is one of the active 
components of NPS31807, other phyto-constituents sy- 
nergistically enhance the activities of the extract as ob- 
served in our study. NFκB and Rel proteins are expressed 
in psoriatic skin as compared to normal skin and demon- 
strate inhibition by anti-TNF-α therapies [35]. Moreover, 
IL-8 is a target gene of NFκB transcription and modu- 
lates key disease activity in psoriasis [36]. The inhibition 
in reporter expression of NFκB and AP-1 with concomi- 
tant inhibition of its target genes; PTGS2 (Figure 3(b)) 
and IL-8 (Figure 2(c)) effectively confirmed the anti- 
inflammatory activity of NPS31807.Thus, our results 
show that the phytochemical composition of NPS31807 
exerts potent anti-inflammatory properties in immune 
and keratinocyte cells. A unique observation from micro- 
array data revealed that NPS31807 modulates TNFSF10 
(TRAIL) levels in THP-1 cells. TNFSF10 plays a key 
role in mediating inflammatory and apoptotic responses 
in variety of cell types [37]. Additionally, TRAIL modu- 
lates NFκB mediated cytokine release in macrophages 
(RAW264) through toll like receptor engagement (TLR) 
and was found to be regulated by RELA [38]. NPS- 
31807 treatment resulted in the inhibition of TRAIL and 
RELA expression at the end of 24 hours when stimulated  
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with LPS (Supplementary Table 2). This could indicate 
that NPS-31807 interrupts pro-inflammatory cytokine 
release through NFκB via abrogation of RELA transcript 
levels. Further, recent reports have revealed that CD11c+ 
dendritic cells in lesional skin have higher expression of 
TNFSF10 in lesional skin and inhibition of TNFSF10 
could lead to disease remission in psoriasis [39,40]. 
Hence, the potent inhibition of TRAIL and RELA trans- 
cripts by NPS31807 in macrophages could be considered 
as an efficacy mechanism of NPS31807 in psoriasis. In- 
flammation induces angiogenesis, cellular migration of 
leukocytes in psoriasis. We, first, evaluated the expres- 
sion of angiogenic mediators in cytokine (TNF-α) stimu- 
lated keratinocytes since TNF-α induces angiogenesis in 
keratinocytes [25]. The distinct down-regulation of VEGF, 
MMP-1 and MMP-9 in keratinocytes (Figures 4(f)-(h)) 
confirmed the results observed in THP-1 cells (Supple-
mentary Table 2). Angiogenesis is regulated by STAT3 
activity [41] that allows interaction between keratino-
cytes and immune cells in psoriasis [42]. The potent 
ihibition of STAT3 activity (Figure 4(a) and EGF in-
duced migration (Figure 4(e)) comprehensively proved 
that NPS31807 could reduce STAT3 mediated angio-
genesis and migration [43]. 

We also observed that NPS31807 modulated expres- 
sion of epiregulin—a potent EGFR ligand in THP-1 cells 
(Supplementary Table 2). The expression of epiregulin 
was confirmed by RTq-PCR assays (Figure 3(b)). 
Epiregulin is a classical EGF ligand released through 
proteolysis by EGFR auto-phosphorylation, expressed in 
lesional skin and macrophages [44] and induces PTGS2 
expression [45,46]. All treatments abolished epiregulin 
levels except Dexamethasone (Figure 3(a)). Surprisingly, 
the highest inhibition of epiregulin was achieved by 
BAY11-7082, a potent NFκB inhibitor [47]. Our results 
confirm that expression of growth factors such as 
epiregulin could be mediated by NFκB in inflammatory 
conditions. Moreover, previous reports have hypothe-
sized that the EGF ligands could be a crucial link con-
necting immune cell infiltration and epidermal hyper- 
proliferation [48]. Our observation supports this hy-
pothesis and demonstrates that levels of EGF ligands 
such as epiregulin are modulated in immune cells by cy- 
tokine antagonists and could eventually reduce epidermal 
hyper-proliferation. Immune cell infiltration and cytokine 
release leads to abnormal hyper-proliferation, differentia-
tion and increased migration in epidermal keratinocytes 
[40], which finally culminates in epidermal thickening. 
BrdU is incorporated in the DNA during S-phase, whe- 
reas markers of proliferation like MKI67 and CCNB1 
express across different phases of cell cycles in kerati-
nocytes [49]. The inhibition in proliferation observed 
with NPS31807 (Figure 5(a)) is relatively modest as 

compared to systemic therapies such as methotrexate that 
induce potent S-phase arrest and concomitant apoptosis 
[50] in keratinocytes. Keratin 16 (KRT16) is pre-domi- 
nantly expressed in hyper-proliferative keratinocytes [51], 
known to contain EGF responsive elements in its distal 
promoters [52] and found to be over-expressed in le-
sional skin. NPS31807 inhibited expression of KRT16, 
CCNB1 and MKI67 and thus proved that extracts of 
Sphaeranthus indicus could modulate anti-proliferative 
effects at the molecular level. This anti-proliferative ef-
fect could be explained due to the tannin content found in 
the extract (Table 1). In summary, our report provides 
novel fact finding insights into the mechanistic activity 
of NPS31807 in macrophages and keratinocytes. Our 
report indicates that NPS31807 induces transcriptional 
abrogation of NFκB/REL and AP-1 driven pathways in 
human macrophages and keratinocytes as an effector 
mechanism for its anti-inflammatory activity. The extract 
reduced expression of genes involved with angiogenesis 
in cytokine stimulated keratinocytes and macrophages. 
Treatment induced inhibition of cellular migration was 
found to be mediated via ablation in STAT3 activity. 
NPS31807 revealed anti-proliferative effects in epider-
mal keratinocytes through reduced BrdU uptake and ex-
pression of proliferative genes. The fact that NPS31807 
inhibited expression of pathological markers of psoriasis 
such as keratin 16 (KRT16) and Calgranulin B (S100A9) 
further substantiates the anti-psoriatic activity of NPS31807. 
Thus, our results confirm the potential use of NPS31807, 
an extract from Sphaeranthus indicus as a therapeutic 
option for psoriasis treatment. 
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Supplementary Tables 

Supplementary Table 1. Primer sequences used for RTq-PCR. 

Gene Symbol Accession Forward primer Reverse primer 

GAPDH NM_002046 CGACCACTTTGTCAAGCTCA TTACTCCTTGGAGGCCATGT 
EREG NM_001432 TTTTTAACCGTCCACCAACC TGGAACCGACGACTGTGATA 
AKT1 NM_005163 TCGGAGACTGACACCAGGTA CTGTCCACACACTCCATGCT 
CASP1 NM_033292 TGTTCCTGTGATGTGGAGGA TCTTTCAGTGGTGGGCATCT 
CASP3 NM_004346 GGTTCATCCAGTCGCTTTGT AATTCTGTTGCCACCTTTCG 
PTGS2 NM_000963 CCACCCGCAGTACAGAAAGT AAAGCGTTTGCGGTACTCAT 
IGF1 NM_001111283 TGTGGAGACAGGGGCTTTTA AAGCAGCACTCATCCACGAT 

MKI67 NM_002417 CAGACTCCATGTGCCTGAGA TGCACACCTCTTGACACTCC 
CCNB1 NM_031966 GCGCTCCGAGTCACCAGGAACT GAGCTGTTCTTGGCCTCAGTCCG 

IL8 NM_000584 CTGCGCCAACACAGAAATTA ACTTCTCCACAACCCTCTGC 
VEGFA NM_001025366 TCCCGGTATAAGTCCTGGAG AAATGCTTTCTCCGCTCTGA 
TNF-α NM_000594 AGCCCATGTTGTAGCAAACC GCTGGTTATCTCTCAGCTCCA 
MMP9 NM_004994 GCACGACGTCTTCCAGTACC TTGGTCCACCTGGTTCAACT 
MMP1 NM_002421 GAGCTCAACTTCCGGGTAGA CCCAAAAGCGTGTGACAGTA 
S100A9 NM_002965 AAAGAGCTGGTGCGAAAAGA GTCCAGGTCCTCCATGATGT 
KRT16 NM_005557 GCATCTGGCCAATCCTATTC GAAGCTGGATGAGCTCTGCT 

Supplementary Table 2. Gene expression data and biological annotations. 

Gene Symbol Gene Name Fold Change Biological annotations  

 Up-regulated transcripts    

TNFSF10 Tumor necrosis factor (ligand) superfamily, member 10 –16.68 

TNFAIP3 Tumor necrosis factor, alpha-induced protein 3 –7.92 

TNFRSF10B Tumor necrosis factor receptor superfamily, member 10b –6.03 

TNF Tumor necrosis factor –5.97 

RB1 Retinoblastoma 1 –5.57 

PF4 Platelet factor 4 –5.49 

TRAF1 TNF receptor-associated factor 1 –5.36 

TGFBI Transforming growth factor, beta induced –4.62 

TFRC Transferrin receptor (p90, CD71) –4.53 

TGFBR1 Transforming growth factor, beta receptor 1 –4.32 

NFKBIA 
Nuclear factor of kappa light polypeptide gene enhancer in 
B-cells inhibitor, alpha 

–4.29 

BCL2A1 BCL2-related protein A1 –4.27 

RAF1 v-raf-1 murine leukemia viral oncogene homolog 1 –3.93 

BCL2 B-cell CLL/lymphoma 2 –4.13 

IL6 Interleukin 6 (interferon, beta 2) –3.81 

WNT2 Wingless-type MMTV integration site family member 2 –3.78 

TF Transferrin –3.64 

CASP1 
Caspase 1, apoptosis-related cysteine peptidase (interleukin 1, 
beta, convertase) 

–3.62 

PLAU Plasminogen activator, urokinase –3.54 

BTG1 B-cell translocation gene 1, anti-proliferative –3.51 

ILK Integrin-linked kinase –3.44 

RELA v-rel reticuloendotheliosis viral oncogene homolog A (avian) –3.28 

CTSD Cathepsin D –3.15 

MMP1 Matrix metallopeptidase 1 (interstitial collagenase) –2.96 

BID BH3 interacting domain death agonist –2.96 

Pathways 
Inflammation mediated by chemokine 
and cytokine signaling Angiogenesis; 
Toll receptor signaling; interleukin  
signaling; Apoptosis signaling; AS  
signaling; Plasminogen activating 
cascade;VEGF signaling; Wnt signaling; 
T cell activation; B cell activation; 
Insulin/IGF pathway-protein kinase B 
signaling cascade; EGF receptor 
signaling; Integrin signaling. 
 
 
Biological Process 
Macrophage activation; Nitric oxide 
 biosynthetic process; Response to 
interferon-gamma; Immune response; 
 Natural killer cell activation;  
Intracellular signaling cascade;  
Apoptosis; B cell mediated immunity; 
Cell cycle; Signal transduction; Cell  
surface receptor linked signaling; Blood 
coagulation; Lipid metabolic process. 
 
 
Molecular Function  
Receptor binding; Protein binding;  
Tumor necrosis factor receptor binding; 
Peptidase activity; Cytokine receptor 
activity;Transmembrane receptor protein 
kinase activity; Ubiquitin-protein Ligase 
activity; Interferon receptor activity; 
Transforming growth factor beta 
receptor activity 
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Continued 

CTNNB1 Catenin (cadherin-associated protein), beta 1, 88kDa –2.96 

BTG2 BTG family, member 2 –2.87 

IRF1 Interferon regulatory factor 1 –2.85 

TRIM25 Tripartite motif containing 25 –2.84 

ID3 Inhibitor of DNA binding 3, dominant negative helix-loop-helix protein –2.77 

EREG Epiregulin –2.76 

WSB1 WD repeat and SOCS box-containing 1 –2.76 

ID2 Inhibitor of DNA binding 2, dominant negative helix-loop-helix protein –2.72 

PECAM1 Platelet/endothelial cell adhesion molecule –2.68 

EN1 Engrailed homeobox 1 –2.67 

BIRC2 Baculoviral IAP repeat-containing 2 –2.64 

ICAM1 Intercellular adhesion molecule 1 –2.51 

PTGS2 Prostaglandin-endoperoxide synthase 2 (prostaglandin G/H synthase and cyclooxygenase) –2.5 

CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) –2.38 

TRADD TNFRSF1A-associated via death domain –2.34 

BCL2L1 BCL2-like 1 –2.29 

PMEPAI Prostate transmembrane protein, androgen induced 1 –2.17 

TNFRSF9 Tumor necrosis factor receptor superfamily, member 9 –2.16 

AKT1 v-akt murine thymoma viral oncogene homolog 1 –2.14 

TIMP2 TIMP metallopeptidase inhibitor 2 –2.1 

CASP3 Caspase 3, apoptosis-related cysteine peptidase –2.1 

ITGA1 Integrin, alpha 1 –2.09 

 Up-regulated transcripts  

GZMA Granzyme A 7.9 

HHIP Hedgehog interacting protein 5.38 

IGF1 Insulin-like growth factor 1 (somatomedin C) 5.27 

FGF6 Fibroblast growth factor 6 3.52 

DHFR Dihydrofolate reductase 3.13 

HTATIP2 HIV-1 Tat interactive protein 2, 30kDa 3.13 

CUL5 Cullin 5 3.06 

ETS2 v-ets erythroblastosis virus E26 oncogene homolog 2 3.03 

LTA Lymphotoxin alpha 2.8 

CRADD CASP2 and RIPK1 domain containing adaptor with death domain 2.73 

ITGA4 Integrin, alpha 2.65 

CCND2 Cyclin D2 2.51 

CDKN1B Cyclin-dependent kinase inhibitor 1B (p27, Kip1) 2.5 

CASP2 Caspase 2, apoptosis-related cysteine peptidase 2.42 

CASP4 Caspase 4, apoptosis-related cysteine peptidase 2.37 

CUL4A Cullin 4A 2.34 

HSPB2 Heat shock 27kDa protein 2 2.29 

BGLAP Bone gamma-carboxyglutamate (gla) protein 2.24 

CUL4B Cullin 4B 2.08 
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Supplementary Table 3. Selected GSEA results for gene set overlap for down-modulated transcripts. 

Gene Set Name Description 
# Genes Overlap 

(k) 
p-value 

ZHANG_RESPONSE_TO_IKK_INHI
BITOR_AND_TNF_UP 

Genes up-regulated in BxPC3 cells (pancreatic cancer) after 
treatment with TNF [Gene ID=7124] or IKI-1, an inhibitor of I?B 
 kinase (IKK). 

15 0.00E+00 

WINTER_HYPOXIA_METAGENE Genes regulated by hypoxia, based on literature searches. 15 0.00E+00 
VART_KSHV_INFECTION_ANGIO
GENIC_MARKERS_UP 

Angiogenic markers up-regulated in lymph endothelial cells upon 
infection with KSHV (Kaposi’s sarcoma herpes virus). 

11 8.88E–16 

HINATA_NFKB_TARGETS_KERAT
INOCYTE_UP 

Genes up-regulated in primary keratinocytes by expression of p50 
(NFKB1) and p65 (RELA) [Gene ID = 4790, 5970] components of 
NFKB. 

9 1.11E–15 

DUTTA_APOPTOSIS_VIA_NFKB 
NF-kB target genes involved in the regulation of programmed cell 
death. 

9 0.00E+00 

BIOCARTA_DEATH_PATHWAY Induction of apoptosis through DR3 and DR4/5 Death Receptors 9 0.00E+00 
REGULATION_OF_I_KAPPAB_KIN
ASE_NF_KAPPAB_CASCADE 

Genes annotated by the GO term GO: 0043122. Any process that 
modulates an I-kappaB kinase/NF-kappaB induced cascade. 

7 5.01E–11 

LINDSTEDT_DENDRITIC_CELL_M
ATURATION_B 

Maturation of monocyte-derived dendritic cells (DC) in response to 
inflammatory stimuli: genes up-regulated both at 8 hr and 48 hr 
after the stimulation (cluster B). 

6 8.05E–11 

ST_TUMOR_NECROSIS_FACTOR_
PATHWAY 

Tumor Necrosis Factor Pathway. 6 2.88E–12 

BIOCARTA_RACCYCD_PATHWAY Influence of Ras and Rho proteins on G1 to S Transition 6 1.77E–12 
BIOCARTA_CHEMICAL_PATHWA
Y 

Apoptotic Signaling in Response to DNA Damage 5 1.52E–10 

BIOCARTA_MITOCHONDRIA_PAT
HWAY 

Role of Mitochondria in Apoptotic Signaling 5 1.18E–10 

TIAN_TNF_SIGNALING_VIA_NFK
B 

Genes modulated in HeLa cells (cervical carcinoma) by TNF [Gene 
ID = 7124] via NFKB pathway. 

5 1.18E–10 

 


