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ABSTRACT 

Igalan from Inula helenium modulates the immune response 

and inflammation in RAW 264.7 macrophages  

and HaCaT keratinocytes 

Dao Thi Phuoc Thien  

Natural Products Science Major 

   College of Pharmacy 

 Master Course in the Graduate School 

Seoul National University 

 
Inula helenium L. is a herb belonging to the Asteraceae family and contains 

an abundant amount of sesquiterpene lactones, which show the potential on 

the treatment of inflammatory diseases. Although igalan is one of the main 

sesquiterpene lactones found in I. helenium, there have been very few studies 

conducted to evaluate its biological activities. This study aimed to assess the 

anti-inflammatory capacity of igalan in vitro, specifically on the atopic 

dermatitis-like skin inflammation model, using the RAW 264.7 macrophages 

and HaCaT keratinocytes. RAW 264.7 cells were pre-treated with igalan in 

two hours then activated by lipopolysaccharide (LPS) in additional 18 hours. 

HaCaT cells, after 2 h-pretreatment with igalan, were stimulated with 

interleukin-4 (IL-4) or combination of tumor necrosis alpha (TNF-α) and 

interferon gamma (IFN-γ) in different periods. The results demonstrated the 

suppression of igalan on the NF-κB activation by inhibiting the degradation 
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of IκB as well as the subsequent translocation of the p65 subunit to the 

nucleus in both models. By suppressing the expression of the inducible nitric 

oxide synthase (iNOS) and cyclooxygenase-2 (COX-2), igalan reduced the 

nitric oxide (NO) production in LPS-stimulated RAW 264.7 cells. In TNF-

α/IFN-γ stimulated HaCaT cells, igalan effectively down-regulated the 

expression of several T helper 2 (Th2) chemokine genes, such as thymus-and 

activation-regulated chemokine (TARC/CCL17), macrophage-derived 

chemokine (MDC/CCL22) and regulated upon activation, normal T cell 

expressed and secreted (RANTES/CCL5), which are considered as 

biomarkers in the severity of atopic dermatitis. In addition, igalan suppressed 

the activation of both JAK/STAT3 and p44/42 MAPK signaling pathway, 

thus improved skin barrier function by regulating the IL-4-mediated changes 

in the mRNA expression levels of following genes: filaggrin (FLG), loricrin 

(LOR), keratin (KRT10) and desmocollin (DSC1), which encode for the 

essential structural components in keratinocyte differentiation. To conclude, 

this study revealed the potent anti-inflammatory and anti-atopic dermatitis 

activities of igalan, thus suggesting its promising effect on the treatment of 

inflammatory skin diseases. 

 

Keywords: Inula helenium, Igalan, Anti-inflammatory effect, JAK/STAT3 

signaling, NF-κB, Atopic dermatitis 

Student Number: 2017-27863
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I. INTRODUCTION 

1. Inula helenium L. (Asteraceae) 

Inula helenium L., also known as elecampane, is a herb belonging to 

Asteraceae family and widely distributed in Europe, North American and East 

Asia [1].  Traditionally, people use the roots of I. helenium for the treatment 

of several inflammatory diseases, such as phthisis, dropsy, skin affections, 

tuberculosis, and bronchitis [2, 3]. The anti-inflammatory property is 

attributed to the sesquiterpene lactones in I. helenium [4, 5]. Igalan is an 

elemane-type sesquiterpenoid isolated from I. helenium; its chemical 

structure is shown in Figure 1A. 

 

Figure 1. Compound igalan from Inula helenium (L.) 

 
A. Igalan with the structure belongs to elemane-type sesquiterpenes 

B. Inula helenium L. and its root 
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2. Atopic dermatitis 

Atopic dermatitis (AD), also called eczema, is an inflammatory skin disease 

characterized by chronic cutaneous inflammation, dry skin, and IgE-mediated 

sensitization to allergens, which affect a high proportion of AD patients. 

Several intrinsic and extrinsic factors could contribute to AD development, 

such as genetic mutation, epidermal barrier dysfunction, immunologic 

responses, and environmental triggers [6]. Currently, there have been two 

hypotheses to explain the pathogenic mechanism of atopic dermatitis. One 

holds the view that the local inflammation is the primary cause of the disease, 

which triggers the abnormal inflammatory responses consisting of the 

predominant T helper (Th) 1 and Th2 imbalance or IgE overproduction, with 

epithelial-barrier dysfunction as resulting damage. Another possible 

explanation is that the immunologic aspects are a result of skin barrier defects 

(Figure 2A) [6, 7].  There are two primary therapies currently to manage AD. 

One is the topical emollients for dry skin, and the others are topical steroids 

and calcineurin inhibitors for skin inflammation, followed by second-line 

adjunct treatments, such as systemic cyclosporine, short-term oral steroids, 

and ultraviolet radiation [8]. Although the standard therapeutics could be 

useful in reducing the inflammation and itch, the medication adherence level 

of AD patients is relatively low compared to patients with other skin diseases 

[9], and the main reason may come from the unexpected effects of medication 

[10, 11]. In recent years, several biological agents influencing AD 
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pathogenesis have been explored in various studies, that shed light on the 

pathomechanisms of AD. In particular, the expression profiling of genes 

involved in AD was identified, which demonstrated two distinct patterns of 

induced inflammatory genes and restrained epidermal barrier function genes 

[12, 13].  

Furthermore, the role of some pathways regulating the inflammatory 

response, such as NF-κB or JAK/STAT signaling, was also clarified, that 

mediate not only the immune cells but also the keratinocyte differentiation 

[14-16]. Therefore, the targeted therapeutics have emerged to approach AD 

management with limited side effects; several of them are assessed in clinical 

trials. Among them, the key aspects could be receptor blocking antibodies or 

cytokine inhibitors [17], NF-κB inhibitors [14] and Janus kinase (JAK) 

inhibitors [18, 19] (Figure 2B). 
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Figure 2. Two hypothesizes on AD pathogenesis and some target 

medications for AD management 

A. An “inside – out” view demonstrates that the local inflammation triggers 

the immune overreactions resulting at impaired skin barrier (left) while in the 

“outside-in” view, the inflammatory response is a secondary effect caused by 

exogenous factors through skin defection (right) [7]. 

B. The impact of exogenous allergens on the activation of inflammatory 

pathways and possible targets of new biological drugs on AD treatment [17] 
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3. The NF-κB and JAK/STAT signaling pathway in the 

pathogenesis of atopic dermatitis 

3.1. NF- κB pathway 

Nuclear factor-kappa B (NF-κB) represents a family of transcription factors 

regulating the majority of inflammation and immune response not only in 

inflammatory diseases but also in AD [20, 21]. The NF-κB DNA binding 

activity in peripheral blood mononuclear cells was found to be significantly 

higher in the children of the AD group, compared to children in the non-AD 

one [21]. The authors also showed a positive correlation between NF-κB 

DNA binding activity and the severity of dermatitis in the same study [21]. 

Typically, NF-κB maintains as an inactive form in the cytoplasm by the 

inhibitory effect of IκB. The conventional pathway of NF-κB activation is 

triggered by various external stimuli, including the proinflammatory 

cytokines like tumor necrosis alpha (TNF-α). Upon this activation, IκB is 

phosphorylated, subsequently degraded by the proteasome, which allows the 

active dimeric form of NF-κB (p65 and p50 units) translocate into the nucleus 

and bind to target genes, initiating the transcriptions (Figure 3) [14]. In recent 

years, NF-κB has been become the promising target for the treatment of AD, 

including gene therapy (NF-κB Decoy oligodeoxynucleotides) to prevent the 

binding of p65 to its specific genes [22] or anti-RelA RNA interference agents 

to silence the p65 RNA in macrophages then suppress the allergic 

inflammatory response in AD [23]. 
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Figure 3. Schematic diagram of the NF-κB activation in response to 

stimuli (LPS or TNF-α) 
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3.2. JAK/STAT signaling pathway 

The JAK/STAT (Janus kinase/signal transducers and activators of 

transcription) pathway is the principal mechanism in immunoregulation and 

immune-mediated diseases [24]. In the pathophysiology of AD, several 

inflammatory cytokines produced by macrophages, mast cells, and activated 

Th2 cells could activate the JAK/STAT signaling pathway. IL-4 or IL-13, as 

Th2 cytokines, exert their biological activity by binding to specific receptors 

(IL-4Rα, IL-13R1, IL-13Rα2), which leads to phosphorylation and activation 

of STATs. The activated STATs then translocate to the cell nucleus to 

regulate their target genes encoding for a broad range of diverse factors, 

including cytokines and hormones (Figure 4) [16]. Not only affecting immune 

cells, such as differentiation of Th2 and Th17, the VEGF production and 

angiogenesis in mast cells or involving the cell proliferation, survival of 

eosinophils, JAKs and STATs also play a crucial role in the dysregulation of 

keratinocyte functions in AD [16]. 

In 2008, an expression profiling of more than 20,000 genes in AD patients 

was performed, and the data revealed a detailed molecular picture in which 

indicated involves the upregulation of chemokines, pro-inflammatory factors, 

and the downregulation of factors responsible for skin barrier function [12]. 

Previous studies reported the roles of TNF-α and IFN-γ in inducing NF-κB 

and STAT1 activation, which up-regulates the expression of a large set of 

chemokines, including MDC/CCL22, TARC/CCL17, RANTES/CCL5, IL-8 
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[25-28]. These chemokines are significantly correlated with the severity of 

AD and have been considered as the biomarkers in this disease [29, 30]. 

Regarding skin barrier dysfunction in AD, numerous studies have attempted 

to explain the mechanism linked to the JAK/STAT pathway. IL-4 emerged as 

a critical factor mediating the changes in both structural components and 

functions of keratinocytes [16, 31, 32]. In particular, IL-4 could attenuate the 

expression of KRT10 encoding for keratin, the fundamental element of skin, 

or DSC1, FLG, LOR which are responsible for forming junctions or 

promoting differentiation in keratinocytes, respectively [32]. Accordingly, 

targeting JAK/STAT signaling is now a promising strategy for AD treatment 

[33]. 

 

Figure 4. Schematic diagram of the effect of IL-4 on JAK/STAT signaling 

pathway leading to dysfunction of keratinocytes in AD 
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4. Oxidative stress and atopic dermatitis 

Oxidative stress is defined as the formation of oxidants, including free 

radicals, reactive oxygen species (ROS), nitrogen oxygen species (NOS) and 

reactive metabolites produced during normal metabolic activities or 

pathological inflammatory processes. It could damage DNA, lipid 

membranes, collagen structures, and mitochondrial function, leading to 

numerous skin diseases  [34].  There are many clinical studies demonstrated 

the apparent relation between oxidative stress and the exacerbation of AD 

through parameters such as urinary or serum nitrite/nitrate for endogenous 

nitric oxide production, 8-hydroxydeoxyguanosine (8-OHdG) for oxidative 

DNA damage, acrolein-lysine adducts for lipid peroxidation [35-37]. In 

contrast, levels of SOD, GXP, GSH, or catalase decreased in the blood of AD 

patients. Therefore, suppressing oxidative stress might be advantageous to 

manage AD  [38].  Studies of antioxidants in AD  have reported the 

importance of heme oxygenase 1 (HO-1) to attenuate the production of 

several inflammatory factors in AD as well as the development of AD skin 

lesions [39-41].  It is believed that nuclear factor Nrf2 regulates the 

antioxidant response in cells by inducing expression of HO-1 and other 

antioxidant or detoxifying enzymes, including SOD, GPX or NQO1, thus 

provides a protective effect on epidermis barrier under stress condition [42]. 

The mechanism of Nrf2 activation is illustrated in Figure 5. 
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Figure 5. Schematic diagram of the Nrf2 pathway activation 
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II. PURPOSE OF THIS STUDY 

Inflammatory skin diseases could be determined as a result of disorders of 

skin barrier function, innate immunity, or acquired immunity [43].  Atopic 

dermatitis is a chronic pruritic skin disorder characterized by both skin 

barrier dysfunction and overactive immune response [6]. However, most 

studies have mainly focused on inhibiting the inflammatory response 

rather than improving the cutaneous barrier in this disease. Moreover, 

several recent clinical studies have indicated the obvious relation between 

reactive oxidative stress (ROS) and atopic dermatitis, suggesting that 

suppressing  ROS producing might be useful for the treatment strategy of 

this disease [35, 36, 38]. Therefore, this study aimed to evaluate the 

protective effect of igalan, a sesquiterpene lactone from Inula helenium L., 

on the anti-inflammatory activity, improving the skin barrier function as 

well as ROS scavenging in skin allergies like atopic dermatitis. 
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III. RESULTS  

1. Igalan suppressed the expression of COX-2 and iNOS in 

stimulated RAW 264.7 cells 

When activated by LPS, macrophages could promote the inflammatory 

response through numerous pro-inflammatory mediators such as nitric oxide 

(NO) or prostaglandin E2. The inducible nitric oxide synthase (iNOS) is 

responsible for producing NO from L-arginine in response to inflammatory 

stimuli while isozyme COX-2 is known as a prostaglandin-endoperoxide 

synthase. In this study, based on the amount of NO and the expression levels 

of iNOS and COX-2, the anti-inflammatory effect of igalan was evaluated on 

LPS-activated macrophage model. As expected, igalan could attenuate the 

expression of iNOS and COX-2 induced by LPS in macrophages (Figure 6A). 

As a result, the subsequent NO production in activated macrophages was 

dose-dependently inhibited while the cell viability was not affected by the 

indicated concentrations of igalan in this study (Figure 6B, 6C).  
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Figure 6. Effect of igalan on inducible NO production and expression 

levels of iNOS, COX-2 in activated macrophages 

A. RAW 264.7 cells were 2 h-pretreated with TPCK (20 µM) or igalan (0, 

2.5, 5, 10 µM) and stimulated with LPS (1µg/ml) for another 18 hours.  

B. The induced NO production was measured in LPS-stimulated RAW 264.7 

cells after 18 h-treatment. Cells were incubated with igalan for 2 hours before 

LPS-stimulation. The NO concentrations were converted into a percentage, 

compared to the group treated with only LPS. ** p < 0.05, error bar indicates 

S.D.  

C. The MTT assay was performed to identify the cell survival of treated cells. 

There was no specific difference between these groups and the control one. 
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2. Igalan inhibited the NF-κB activation in LPS- stimulated 

macrophages 

NF-κB plays a significant role in regulating inflammatory pathways in cells, 

especially in macrophages. NF-κB could be activated by external agents such 

as lipopolysaccharides (LPS).  To check the effect of igalan on NF-κB activity 

in macrophages, RAW 264.7 cells were treated with igalan for 2 hours and 

stimulated them with LPS for additional 18 hours. The NF-κB activity was 

measured through the expression of SEAP, and the expression of proteins was 

visualized by western blot. Igalan could inhibit the NF-κB activity in a dose-

dependent manner; the effect of igalan was comparable to the one of TPCK 

used as a positive control (Figure 7A). Also, igalan suppressed the 

degradation of IκB in the cytoplasm, subsequently prevented the nuclear 

translocation of the p65 unit of NF-κB in its active form (Figure 7B). These 

results suggest that igalan could be useful in suppressing the NF-κB activation 

in stimulated macrophages.
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Figure 7. Effect of igalan on NF-κB activation in LPS-stimulated RAW 

264.7 cells 

A. Cells were transfected with pNF-κB-SEAP-NPT plasmids, and the NF-κB 

activity was measured by the SEAP assay. **p < 0.05, error bar indicates S.D. 

B. Expression of IκBα and p65 unit proteins in cells after treatment in cytosol 

and nucleus were analyzed by western blot. 
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3. Igalan inhibited the NF-κB signaling pathway in HaCaT cells 

stimulated by TNF-α and IFN-γ  

Similarly, pNF-κB-SEAP-NPT transfected HaCaT cells were designed to 

evaluate the effect of igalan on the NF-κB activity. TNF-α is known as one 

of the stimuli that activate the NF-κB pathway in keratinocytes and regulate 

the innate immunity and inflammation by inducing a broad set of chemokines 

[25].  As shown in Figure 8A, TNF-α stimulation increased the NF-κB-SEAP 

activity in HaCaT cells, while treatment with igalan significant decreased the 

induced SEAP expression in cells in a dose-dependent manner. Igalan also 

suppressed the IκB degradation and nucleus translocation of the p65 unit, 

which involved in NF-κB activation (Figure 8B). The results from the CCK 

assay indicated that igalan did not affect HaCaT cell viability at the 

concentrations applied in this study (IC50 = 36.5 ± 6.7 µM) (Figure 8C). 
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Figure  8.  Effect of igalan on NF-κB signaling pathway in HaCaT cells 

stimulated with TNF-α/ IFN-γ 

A. The pNF-κB-SEAP-NPT transfected HaCaT cells were stimulated with 

TNF-α for 30 minutes after 2 h-incubation with igalan (0, 2.5, 5, 10 µM). 

The NF-κB activity was indirectly measured through SEAP expression.  

** p < 0.05, error bars indicates S.D. 

B. 2 h-pretreated HaCaT cells were stimulated with a combination of TNF-α 

and IFN-γ for 30 minutes.  

C. Cells were treated with various concentrations of igalan for 24 hours. The 

CCK assay was performed to identify the cell survival of treated cells. There 

was no specific difference between these groups and the control one. 
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4. Igalan attenuated the expression of inflammatory genes in 

stimulated HaCaT cells by inhibiting STATs activation 

The signal transducer and activator of transcription (STAT) proteins have 

been shown to involve in numerous functions in innate immunity [24]. In 

particular, TNF-α/IFN-γ-induced activated STAT1 regulates the production 

of some Th2-cytokines, such as TARC, MDC, or RANTES [28, 44, 45]. 

Therefore, the following experiments were designed to examine whether 

igalan was effective in inhibiting the STAT activation and regulating the 

production of some inflammatory chemokines. HaCaT cells were co-

stimulated with TNF-α and IFN-γ in the presence or absence of igalan. As 

expected, igalan suppressed the phosphorylation of STAT1 and STAT3 

proteins in response to TNF-α and IFN-γ stimulation in a dose-dependent 

manner (Figure 9A). As a result, igalan could significantly attenuate the 

mRNA expression levels of several genes which were indicated to elevate in 

AD, such as TSLP, IL-8, TARC, MDC, RANTES or MIF (Figure 9B). 

Furthermore, a dose-dependent decrease in the expression of SOCS3, a 

protein has been found to overexpress in severe atopic dermatitis [46], was 

visualized by western blotting (Figure 9C). 
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Figure 9. Effect of igalan on STAT1/STAT3 activation and some 

inflammatory gene expression levels 

A. HaCaT cells were incubated with igalan for 2 hours before treated with 

TNF-α/IFN-γ in 30 minutes. The cell lysates were used for western blot 

analysis. 

B. The relative mRNA expression levels of several genes in HaCaT cells 

stimulated by TNF-α/IFN-γ after 24 hours. Cells were pretreated with igalan 

for 2 hours before stimulation; ** p < 0.05; error bars indicates S.D 

C. The expression of SOCS3 protein in TNF-α/IFN-γ stimulated 

keratinocytes reached the peak after 12 h-treatment (upper). Igalan could 

reduce the expression of this protein after 12 h- treatment (lower). 
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5. Igalan enhanced the expression levels of genes encoding 

structural components and differentiation of keratinocytes through 

inhibiting JAK/STAT3 signaling 

As mentioned in introduction section (section 3.2), JAK/STAT signaling 

pathway plays an essential role in AD pathogenesis, which mediates the 

functions of various type of cells in the immune system as well as in 

epidermal barrier [16]. IL-4, a Th2 cytokine involved in AD, exerts its activity 

by binding to reparative receptors (IL-4Rα or IL-13Rα), which activates the 

JAK/STAT pathway and leads to inhibiting keratinocyte differentiation [24, 

31].  To determine whether igalan showed its inhibitory effect towards 

JAK/STAT signaling, HaCaT cells were pretreated with igalan for 2 hours 

then incubated with IL-4 for additional 30 minutes. First, igalan reduced the 

expression levels of IL-4Rα or IL-13Rα genes, which may contribute to 

mediate the activation of JAK/STAT3 signaling (Figure 10A). Notably, the 

compound suppressed the activation of JAK1, but not JAK2, on a dose-

dependent fashion (Figure 10B). As a consequence, the STAT3 activation and 

the nuclear translocation of this protein were inhibited (Figure 10B, 10C).  

Next, the effect of igalan on the skin barrier function was evaluated. Pre-

treatment with igalan could significantly up-regulate the mRNA expression 

levels of some genes encoding for structural components of skin, such as FLG, 

LOR, KRT10, and DSC1, in comparison with samples treated only with IL-

4 (Figure 11A). The si-RNA analysis demonstrated that STAT3 was an 
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essential contributor in IL-4-mediated down-regulating FLG, KRT10, and 

DSC1 but not LOR gene (Figure 11B, 11C). Interestingly, igalan could 

promote the expression of KRT10 even in si-STAT3-cells, this revealed that 

igalan might affect on KRT10 gene expression not only through JAK/STAT3 

signaling but also on another pathway, such as MAPK cascade [32]. Indeed, 

igalan decreased the expression of phosphorylated p44/42, but not 

phosphorylated-p38 protein (Figure 11D). This result is consistent with the 

statement in the previous study, which demonstrated that p44/42 but not p38 

is necessary for IL-4-mediated change in mRNA expression of KRT10 [32]. 
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Figure 10. Effect of igalan on JAK/STAT3 signaling pathway in IL-4-

stimulated keratinocytes 

A. HaCaT cells were pretreated with igalan for 2 hours before 24 h-treatment 

with IL-4. The PCR assay was performed to observe the expression of IL-4R 

and IL-13Rα genes in cells.  

B, C. Cells were stimulated by IL-4 in 30 minutes after 2 h-treatment with 

igalan. Lysates from cells were used for analyzed by western blot (B). Cells 

were fixed and stained with p-STAT3 antibody (red) in the 

immunofluorescence assay to observed the p-STAT3 nuclear translocation. 

DNA was stained by DAPI (blue). Nuclear translocation of p-STAT3 is 

indicated by arrows (C). 
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Figure 11. Effect of igalan on mediating the expressions of genes related 

to skin barrier function through inhibiting STAT3 activation 

A. Effect of igalan on LOR, FLG, DSC1, and KRT10 gene expression in the 

presence of IL-4 after 6 hours; ** p < 0.05; error bars indicates S.D 

B. Silencing effect of si-STAT3 on protein expressions, in comparison with 

negative control si-RNA (si-Neg) 

C. The expression of LOR, FLG, DSC-1, KRT-10 mRNAs in HaCaT cells 

after 6 h-treatment with IL-4. Data are presented as mean ± S.D; ** p < 0.05 

versus control siRNA; # p < 0.05 versus control group (untreated cells). 

D. Effect of igalan on MAPK signaling in the presence of IL-4 after 30 

minute-treatment 
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6. Igalan suppressed the t-BHP-induced ROS production and 

induced Nrf2 pathways in TNF-α/IFN-γ-stimulated keratinocytes 

ROS has been demonstrated as a contributive factor in server AD. Therefore, 

preventing ROS production might be a useful strategy for the treatment of 

this disease. First, cells were pretreated with igalan or NAC (10 mM) then 

exposed with t-BHP (500 µM), a reagent could induce 8-OHdG in cells [47]. 

The data indicated a dose-dependent-manner ROS suppression in iglalan-

treated cells that comparable to NAC, a ROS scavenger. (Figure 12A). The 

previous study showed that igalan was able to trigger the Nrf2 pathway to 

regulate the antioxidant response in liver cells [48], then this effect of the 

compound was re-evaluated on keratinocytes models in the present study. 

Treatment with igalan increased the expression of Nrf2 and HO-1 proteins, 

and the effect was shown obviously at high concentration (10 µM) of igalan 

(Figure 12B). Igalan also increased the mRNA levels of NQO-1 and OGG1, 

corresponding to enzymes responsible for detoxifying and DNA damage 

repair, respectively in the presence of TNF-α/IFN-γ (Figure 12C). These data 

suggest that igalan could trigger the Nrf2/HO-1 pathway in response to 

oxidative stresses induced by inflammatory agents in keratinocytes. 



 

25 

 

Figure 12. ROS inhibitory effect of igalan on stimulated keratinocytes 

A. Effect of igalan on ROS generation induced by t-BHP in HaCaT cells. The 

histograms represent for living cell population, which is negative with PI. The 

induced ROS generation (%) was calculated in the proportion of cells with 

high fluorescence, where FL1 response > 103
. 

B.  Effect of igalan on the Nrf2/HO-1 pathway to response to TNF-α/ IFN-γ 

stimulation in HaCaT cells. Cells were incubated with igalan for 2 hours 

before treating with a combination of TNF-α/ IFN-γ for another 2 hours.  

C. Effect of igalan on the mRNA levels of NQO1 and OGG1 in the presence 

of TNF-α/ IFN-γ after 2 hr-stimulation in HaCaT cells; ** p < 0.05; error bars 

indicates S.D
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IV. DISCUSSION 

 

Prior studies have noted the importance of both physical skin dysfunction 

and immunodeficiency in AD pathogenesis [43]. However, the 

conventional therapeutics so far have focused primarily on inhibiting the 

immune response rather than improving the skin barrier [49]. It is effective 

in reducing continuous inflammation, but a monotherapy might not be the 

definitive solution and could not satisfy the patients with serve AD. Recent 

studies have developed several target therapies which showed some 

positive effects on the management of AD, such as blocking receptors or 

factors possibly triggering the immune reactions in this disease but few 

studies mentioned the results on the epidermal barrier [8, 17]. Inula 

helenium is a herb in Asteraceae family, which has been well known to have 

an anti-inflammatory effect. This property is attributed to the active 

ingredients in the plant, a group of various compounds named sesquiterpene 

lactones. Therefore, this study was designed to evaluate the effect of igalan, 

a sesquiterpene lactone in I.helenium, on different mechanisms related to 

AD pathogenesis, including inflammatory response in keratinocytes and 

impairment in the epidermis. 

In the current study, igalan showed the inhibitory effect on various 

inflammatory mediators in both stimulated macrophages and keratinocytes. 

Although most studies on AD pathogenesis emphasized the pivotal role of 
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T cells,  macrophages have been known to play crucial roles in AD. 

Macrophages were found to accumulate in both acute phase or during 

exacerbation of inflamed skin of AD patients [50]. When activated by 

several agents like LPS, macrophages could initiate the inflammatory 

response through various pro-inflammatory factors. It has commonly 

assumed that LPS induces the expression of COX-2 and iNOS responsible 

for cellular NO production, which is regulated by the NF-κB transcription 

factor [51]. Through inhibiting NF-κB activation, igalan could suppress 

COX-2, iNOS, and subsequent NO products, thus probably attenuate the 

role of macrophages in inflammation linked AD. 

It has been known that TSLP played a crucial role in the early steps of 

epidermal inflammation by activating the Langerhans cells that induce the 

Th2 polarization in T cells, subsequently triggered the allergic march [52]. 

While Th2 cytokines are considered as a critical role in mediating the 

immune response in AD, it was demonstrated that both Th2 and Th1 

cytokines, such as TARC/CCL17, MDC/CCL22, IL-18 or RANTES/CCL5, 

were elevated in patient skins and suggested as biomarkers for risk 

stratification of AD [29, 53, 54]. By using a keratinocyte model to mimic 

the AD-like inflammatory condition in the present study, it was first 

demonstrated that igalan could effectively down-regulate the expression of 

these proinflammatory mediators in a dose-dependent manner. Furthermore, 

igalan suppressed the activation of NF-κB, together with STAT1 and 



 

28 
 

STAT3 proteins, which strongly influence the immunological response in 

common inflammatory diseases and atopic dermatitis in particular [16, 21]. 

In recent studies, both NF-κB and JAK/STAT pathway were suggested as 

potential therapeutic targets for AD to prevent the downstream signaling of 

proinflammatory cytokines [14, 33]. Based on this sufficiently reliable 

evidence, we suggested that igalan could be considered as a promising 

immunosuppressor in AD through inhibiting NF-κB and STAT activation. 

Interestingly, the expression of SOCS3 showed a dose-dependent decrease 

in treatment of igalan. So far, it has been reported that SOCS3 protein 

overexpressed in AD patient skins, especially in the severe group [46, 55]. 

Being found to increase significantly in both keratinocytes and immune 

cells [12], SOCS3 has been demonstrated to regulate the onset and 

maintenance of Th2 cell population [56] while it might act as an inhibitor 

of cell proliferation and differentiation in keratinocytes [57]. Although the 

mechanism of igalan on the SOCS3 expression needs to be further 

investigated, its positive effect on SOCS3 mediation could be useful in AD 

treatment. 

On the question of the efficiency of the igalan on improving skin barrier 

function, this study found that the expressions of genes responsible for the 

formation of the skin barrier, such as KRT10, LOR, FLG, and DSC1, were 

up-regulated in the treatment with igalan. Keratins are known as structural 

proteins of keratinocytes, and KRT10 is found to be expressed during the 
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cornification of cells [58]. Loricrin (LOR) composes up to 80% of the 

content in the cornified layer of the epidermis [58]. Filaggrin (FLG) is a 

crucial factor contributing to keratinocyte differentiation, while 

desmocollins (DSC) involves in the adherens junctions during cornification 

[58]. The expression of genes encoding for mentioned proteins was 

attenuated by Th2 cytokines like IL-4 [32]. With the evidence revealing the 

role of STAT3 on IL-4-mediated down-regulation of these genes, it 

suggests that igalan, acting as a JAK1 inhibitor, could improve the skin 

barrier function through suppressing STAT3 signaling pathway.  

Oxidative stress has been implicated to be a risk factor in AD pathogenesis, 

with a significant increase of some endogenous ROS produced by 

inflammatory cells such as neutrophils, eosinophils, and macrophages and 

conversely, which in turn contributes to damage the skin and amplify the 

inflammation [37, 59]. Igalan could induce the Nrf2 pathway and 

subsequence genes such as HO-1 or NQO1, which regulates the antioxidant 

response in cells. In igalan-treated HaCaT cells, there was an upregulation 

of OGG1 mRNA, an enzyme responsible for recognizing and eliminating 

8-OHdG to prevent further DNA damage, while TNF-α attenuated the 

expression level of OGG1. These data suggest the promising effect of igalan 

on ROS scavenging, contributing to prevent the risks from ROS in AD.  

The findings in the current study are consistent with those of other studies 

which found the potential property of sesquiterpene lactones in inhibiting 
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the inflammatory response in AD [5, 45]. Moreover, this study is the first 

to clarify the mechanism of the protective effect of igalan, a sesquiterpene 

lactone from I. helenium, on AD-like skin inflammation. Igalan could 

promote the skin barrier function through inhibiting JAK/STAT3 signaling 

and acting as a ROS scavenger by inducing Nrf2 pathway in AD-like 

inflammatory skin models.  

Although the amount of igalan is not comparable with eudesmane-type 

sesquiterpenoids like alantolactone or isoalantolactone in I. helenium, they 

show the same capacity in term of inhibiting NO production in LPS-

stimulated macrophages (Figure S3). However, igalan seems to be less toxic 

to keratinocytes at high concentrations, compared to alantolactone and 

isoalantolactone (Figure S4). It is possible that igalan is safer to use in AD 

treatment in the future. There is some evidence to suggest that elemane-type 

sesquiterpene lactones like igalan could be semi-synthesized from the 

eudesmane-type ones through intermediate compounds, which are santonin 

analogs [60, 61]. 
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V. CONCLUSION 

This study was designed to determine the effect of igalan, a sesquiterpene 

lactone from I. helenium, on in vitro models mimicking skin allergies, 

particularly AD. Igalan showed an inhibitory effect on inflammatory response 

in macrophages and keratinocytes by suppressing the activation of NF-κB, 

STAT1, and STAT3. One of the more significant findings to emerge from 

this study is that igalan possibly contribute to improving the skin barrier 

function in AD by inhibiting the JAK/STAT3 signaling. It was also shown 

that igalan could prevent the ROS generation in keratinocytes through Nrf2 

pathway activation that regulates the antioxidant response in cells. Taken 

together, the results of this study proved the potential of igalan to be a 

promising agent of the anti-AD (Figure 13).  A limitation of this study is that 

in vitro models are useful to clarify the mechanism of igalan, but it might not 

reflect precisely the complex interactions in tissue environment in AD 

patients. Therefore, further research is strongly recommended to 

comprehensively evaluate the effect of igalan in AD, especially in long-term 

treatment. 



 

32 
 

 

Figure 13.  Schematic for the proposed mechanism of igalan on inhibiting 

the inflammatory response and enhancing skin barrier function in AD
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VI. EXPERIMENTAL SECTION 

1. Materials and reagents  

1.1. The isolation of igalan from Inula helenium L. 

Igalan (purity > 97%) was isolated as previously described [48] with a 

modification.  In brief, the crude methanol extracts (500 g) were dissolved in 

distilled water (2 L) then partitioned with n-hexane in triplicate. The n-hexane 

fraction (4.09 g) obtained through evaporation was subjected to a silica gel 

column and eluted by a gradually increasing polarity solvent system (n-

hexane–ethyl acetate gradient) to give eight sub-fractions.  Sub-fraction 5, 

which contains an abundant amount of sesquiterpene lactones (screening with 

TLC and vanillin-sulfuric acid reagent), was analyzed and purified by 

preparative HPLC. The C18 column (250 x 10 mm, 5 µm) was used to 

conduct the preparative HPLC. The optimization of mobile phase has been 

described elsewhere, with acetonitrile and water (58:42) [62].  The purity of 

igalan was identified by HPLC equipped with a photodiode array detector 

(HPLC-DAD) (Figure S1). The structure of igalan was confirmed by MS/MS 

spectrum in comparison with known spectral data. (Figure S2). For further 

experiments, a stock of igalan (100 mM) was prepared in DMSO, and the 

final concentration of DMSO in culture media was less than 0.2%. 
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1.2.  Cell culture and reagents 

Murine macrophage RAW 264.7 cell line was obtained from American Type 

Culture Collection (ATCC), and the immortal human keratinocytes HaCaT 

cell line were kindly provided by Dr. Norbert E. Fusenig (DKFZ, Heidelberg, 

Germany). Cells were cultured in DMEM medium (CM002-250, 

GenDEPOT, USA) supplemented with a 25-mM HEPES buffer (CA011-010, 

GenDEPOT, USA), 10% FBS (F0900-050, GenDEPOT, USA), 100 U/ml 

penicillin and 100 μg/ml streptomycin, at 37 °C in a 5% CO2 incubator. Cells 

were serum starved for 24 hours before applying treatment with stimulators 

(TNF-α, INF-γ, or IL-4). 

Cells transfected with pNF-кB -SEAP-NPT reporter plasmids were cultured 

under the same conditions, except that the culture medium was supplemented 

with 500 μg/ml geneticin (G418, Sigma, St. Louis, MO, USA).  

TNF-α (300-01A) and IL-4 (200-04) were purchased from Peprotech (Rocky 

Hill, NJ, USA), IFN-γ (4116-100) was from BioVision (Milpitas, CA, USA). 

All other chemical reagents were purchased from Sigma–Aldrich Chemical 

Company (St. Louis, MO, USA) unless otherwise noted. 

2. Methods  

2.1. Measurement of cell viability 

Cells were seeded at 1x104 cells/ well on a 96-well plate. After overnight 

incubation, cells were exposed with igalan at various concentrations for 24 
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hours. The cell viability was determined with CCK reagent (Donginls, South 

Korea) or MTT reagent. The IC50 value was identified by using the ED50 Plus 

v1.0 online software. 

2.2. Measurement of nitrite oxide (NO) production 

RAW 264.7 cells were seeded on 24-well plates (1x105 cells/well) and 

incubated overnight. Cells were pre-treated with igalan for 2 hours and 

activated with LPS (1 µg/mL) for another 18 hours. The cell culture media 

were collected and mixed with an equal amount of Griess reagent (1% 

sulfanilamide in 5% phosphoric acid and 0.1% naphthyl ethylenediamine 

dihydrochloride in distilled water). The optical density was measured on a 

microplate reader (SpectraMAX M5, Molecular Devices) at 540 nm. The 

nitrite concentration production was calculated based on the standard curve.  

2.3. NF-κB-SEAP gene assay 

To monitoring the NF-κB activity in cells, cells were transfected with the 

SEAP (secreted alkaline phosphatase) reporter gene under the transcriptional 

control of an NF-κB response element, together with neomycin 

phosphotransferase (NPT) gene for the selection and maintenance of stable 

transformants [63]. Transfected cells were seeded at 1x105 cells/ well. After 

24 h-incubation, cells were pretreated with igalan for 2 hours at various 

concentrations and incubated with LPS (1 µg/mL) or TNF-α (20 ng/mL). The 

cell culture media were collected after 24 h-treatment, heated at 65oC for 5 
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minutes to eliminate the alkaline phosphatase activity and conducted for 

SEAP assay. Mixtures consisting of dilutes buffer (150 µL), culture media 

(30 µL) and MUP 1 mM (3 µL) were prepared in a 96-well plate and 

incubated for 60 minutes in the darkroom at 37 oC. The fluorescence from the 

product of SEAP/MUP reaction was measured on a microplate reader 

(SpectraMAX M5, Molecular Devices). The wavelength for excitation and 

emission were 360 nm and 449 nm, respectively. 

2.4. Western blot analysis 

The whole cells lysates were prepared by briefly washing cells with DPSB 

and homogenizing cells in a lysis buffer (20 mM HEPES (pH 7.6), 350 mM 

NaCl, 20% glycerol, 0.5 mM EDTA, 0.1 mM EGTA, 1% NP-40, 50 mM NaF, 

0.1 mM DTT, 0.1 mM PMSF and a protease inhibitor cocktail) on ice in 30 

minutes, followed by collecting supernatant by centrifuge at 15000 rpm for 

10 minutes.  

To isolate cytosolic and nuclear protein extract, pellets of cells were washed 

with DPBS and resuspended in a lysis buffer (10 mM HEPES, pH 7.9, 10 mM 

KCl, 0.1 mM EDTA, 0.1 mM EGTA, 1 mM DTT, 1 mM PMSF, and protease 

inhibitor cocktail) on ice for 15 minutes, then 10% NP-40 was added and the 

mixtures were centrifuged at 13000 rpm in 5 minutes. The supernatants were 

collected, and nuclear pellets were re-suspended in a nuclear lysis buffer 

(20 mM HEPES, pH 7.9, 400 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM 

DTT, 1 mM PMSF, and protease inhibitor cocktail). After 1 h-incubation on 
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ice with intermittent vortexing, the supernatants were collected through a 

centrifuge at 15000 rpm for 10 minutes. The protein concentrations were 

identified by the Bradford reagent (Bio-Rad, Hercules, CA). 

The equal amounts of proteins were separated on 10% SDS electrophoresis, 

followed by transferring protein bands to nitrocellulose membranes. After 

blocking with 5% BSA for 1 hour, membranes were incubated at 4oC 

overnight, with following primary antibodies; COX-2 (sc-1745, Santa Cruz), 

NOS2 (sc-8310, Santa Cruz), NF-κB p65 (sc-109, Santa Cruz), IκB-α (sc-

371, Santa Cruz), p-STAT1 (9167s, Cell Signaling Technology), STAT1 

(9176, Cell Signaling Technology), p-STAT3 (ab76315, Abcam), STAT3 

(sc-482, Santa Cruz), p-JAK1 (ab138008, Abcam), JAK1 (GTX101955, 

GeneTex), p-JAK2 (3776, Cell Signaling Technology), JAK2 (ab108596, 

Abcam), Nrf2 (sc-722, Santa Cruz), HO (sc-136960, Santa Cruz), β-actin-

HRP (4778, Santa Cruz). After immunoprecipitated with primary antibodies, 

the protein bands were labeled with a goat anti-rabbit IgG HRP or goat anti-

mouse IgG HRP secondary antibody (GeneTex) at room temperature for 2 

hours. The protein bands were detected via the EZ-Western (DG-W500, 

Daeillab Service) solution, then photographed on the LAS-4000 imaging 

system (GE Healthcare, ImageQuant). 

2.5. RT-PCR validation 

Total RNA was isolated by using a Trizol reagent (Invitrogen, CA, USA) 

according to the manufacturer’s instructions. The concentrations of RNAs 
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were identified on a Nanodrop spectrophotometer (ND-1000, 

Thermoscientific). Two µg of each RNA were reverse transcribed, using the 

“AmfiRivert cDNA synthesis platinum master mix” kits (GenDePOT, USA), 

following the manufacturer’s instructions. The polymerase chain reaction 

amplification was performed on a Prism 7500-fast system (Applied 

Biosystems, CA, USA), using the iTaq Universal SYBR Green Supermix kit 

(Bio-Rad, CA, USA) with primers listed in Table 1. The relative mRNA 

expression levels were calculated by using the comparative threshold cycle 

(ΔΔCt) method with β-actin as an internal reference. 

Table 1. Primer sequences 

Genes 
Primer sequences 

(5’ 3’) 
NCBI references 

DSC1 
GGGGCAGGGAGATACTGG 
CAGAGTGTGTCCTCTAATGGATTC 

NM_004948.3 

FLG 
GGATGAAGCCTATGACACCACT 
AACTCTGGATCCCCTACGCT 

NM_002016.1 

IL13Rα2 
ACCTTTGCCGCCAGTCTATC 
TGTCATGTTCTGTCCCTCACG 

GQ494004.1 

IL-4R 
CCTTGGGAAATCGATGAGAA 
CAGGGTGGCTGAGCATATTT 

NM_000418.3 

IL-8 
CTCTTGGCAGCCTTCCTG 
TTGGGGTCCAGACAGAGC 

NM_000584.3 

KRT10 
CCATCGATGACCTTAAAAATCAG 
GCAGAGCTACCTCATTCTCATACTT 

NM_000421.3 

LOR 
GCGAAGGAGTTGGAGGTGTT 
CTGGGGTTGGGAGGTAGTTG 

NM_000427.3 

MDC / 
CCL22 

GAAGCCTGTGCCAACTCTCT 
GGGAATCGCTGATGGGAACA 

NM_002990.4 

MIF 
GGTCTCCTGGTCCTTCTGC 
TGCACCGCGATGTACTGG 

NM_002415.2 

OGG1 
TACCGAGGAGACAAGAGCCA 
CACTGAACAGCACCGCTTG 

NM_001354649.1 
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RANTES 
/ CCL5 

CAGTCGTCTTTGTCACCCGA 
CGGGTGGGGTAGGATAGTGA 

NM_002985.2 

TARC / 
CCL17 

CGGACCCCAACAACAAGAGA 
CTCCCTCACTGTGGCTCTTC 

XM_017023530.1 

TSLP 
TAGCAATCGGCCACATTGCC 
CTGAGTTTCCGAATAGCCTG 

NM_033035.4 

β-actin 
CATGTACGTTGCTATCCAGGC 
CTCCTTAATGTCACGCACGAT 

NM_001101.5 

2.6.  Measurement of reactive oxygen species (ROS) production by 

flow cytometry 

Cells were seeded on 6-well plates (1x106 cells/well) and incubated 

overnight. Igalan at different concentrations and NAC (10 mM, as the positive 

control) were added in the culture media for 2 hours before stimulating cells 

with t-BHP (500 µM) for 1 hour. After treatment, cells were washed with 

DPBS twice and stabilized in the HBSS media for 1 hour. Cells were 

harvested through a centrifuge and stained with DCF-DA (10 µM) at 37 oC 

for 30 minutes then with PI (50 µg/mL) for another 10 minutes in the dark. 

The assay was conducted on FACSCalibur flow cytometry (BD Biosciences) 

according to FL1 and FL3 channels while data was analyzed with FlowJo 

software (version 7.6, BD Biosciences). The proportion of cells with bright 

fluorescence was calculated. ROS generation was detected only in living 

cells, which are PI negative.  

2.7. Small interfering RNA treatment 

HaCaT cells were transfected with a STAT3 small interfering RNA (siRNA) 

or a negative control siRNA (designed by Bioneer, Daejeon, South Korea) 
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using Lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA, USA) according 

to the manufacturer’s instructions. 

2.8. Immunofluorescence 

Cells were grown on 4-well chamber slides with covers (Nunc & Lab-Tek, 

ThermoFisher, USA) overnight. After incubation, cells were pretreated with 

igalan at 10 µM for 2 hours prior exposed to IL-4 for another 30 minutes. 

Cells were fixed with formaldehyde in 10 minutes, permeabilized by 

incubating in DPBS containing 0.25% Triton-X in 10 minutes and washed 

three times by DPBS, then blocked for 1 hour in 1% BSA.  Primary antibody 

recognizing pSTAT3 (1:500) was diluted in blocking buffer and incubated 

overnight at 4oC. Alexa Fluor 647 goat anti-rabbit antibody (A-31573, Life 

Technologies) was used at recommended concentration and incubated in 1 

hour in the dark at room temperature. It was followed by counterstaining with 

DAPI and mounting with Fluoroshield (Abcam). Cells were observed under 

TCP SP8 confocal microscope (Leica, Germany). 

2.9. Statistical analysis 

Data analysis and the statistical significance of the differences between the 

studied groups were tested by applying a one-way analysis of variance 

(ANOVA) followed by a Dunnett's test (SPSS version 25.0, Chicago, IL). 

Data were expressed as mean ± standard deviation (S.D) unless otherwise 

specified. The proven p-values < 0.05 were statistically significant. 
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SUPPLEMENTAL DATA 

 
 

Figure S1. HPLC chromatogram of isolated igalan. 

The purity of isolated igalan was identified by HPLC-DAD, in comparison 

with the reference compound at the laboratory. INNO column C18 (4.6 x 150 

mm, 5 µm) was used. The mobile phase included water (A) and acetonitrile 

(B), the gradient started with 9:1 of A/B and decreased gradually to 1:9 in 60 

minutes; flow rate: 0.8 ml/min. Igalan was detected at 220 nm.  
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Figure S2. The extracted-ion chromatograms of m/z 233.1541(± 10.0 

ppm) [C15H20O2+H]+ using HPLC-QTOF 

A. The extracted-ion chromatograms (EIC) of m/z 233.1541(± 10.0 ppm) 

obtained for n-hexane fraction of I. helenium (upper) and isolated igalan 

(lower). 

B. Product ion chromatogram from EIC of igalan and the possible fragments 

of the compound. 
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Figure S3. Effect of igalan, alantolactone, isoalantolactone on NO 

production in LPS-stimulated macrophages. 

RAW 264.7 cells were pretreated with the compounds or AMT (10 µM) for 

2 hours before stimulated with LPS (1 µg/mL) for another 18 hours. Data are 

presented as mean ± S.D, **p < 0.05 versus LPS alone treatment group. 



 

54 
 

 

Figure S4. Effect of igalan, alantolactone, isoalantolactone on cell 

survival in keratinocytes 

HaCaT cells were incubated with different concentrations of these 

compounds for 24 hours. Cell viability was identified by CCK assay. **p < 

0.05 versus control, error bar indicates S.D. 


	I. INTRODUCTION .
	1. Inula helenium L. (Asteraceae) 
	2. Atopic dermatitis .
	3. The NF-κB and JAK/STAT signaling pathway in the pathogenesis of atopic dermatitis 
	3.1. NF- κB pathway 
	3.2. JAK/STAT signaling pathway 

	4. Oxidative stress and atopic dermatitis 

	II. PURPOSE OF THIS STUDY 
	III. RESULTS .
	1. Igalan suppressed the expression of COX-2 and iNOS in stimulated RAW 264.7 cells .
	2. Igalan inhibited the NF-κB activation in LPS- stimulated macrophages .
	3. Igalan inhibited the NF-κB signaling pathway in HaCaT cells stimulated by TNF-α and IFN-γ 
	4. Igalan attenuated the expression of inflammatory genes in stimulated HaCaT cells by inhibiting STATs activation 
	5. Igalan enhanced the expression levels of genes encoding structural components and differentiation of keratinocytes through inhibiting JAK/STAT3 signaling .
	6. Igalan suppressed the t-BHP-induced ROS production and induced Nrf2 pathways in TNF-α/IFN-γ-stimulated keratinocytes .

	IV. DISCUSSION .
	V. CONCLUSION 
	VI. EXPERIMENTAL SECTION 
	1. Materials and reagents 
	1.1. The isolation of igalan from Inula helenium L. .
	1.2. Cell culture and reagents .

	2. Methods 
	2.1. Measurement of cell viability 
	2.2. Measurement of nitrite oxide (NO) production .
	2.3. NF-κB-SEAP gene assay .
	2.4. Western blot analysis .
	2.5. RT-PCR validation 
	2.6. Measurement of reactive oxygen species (ROS) production by flow cytometry 
	2.7. Small interfering RNA treatment 
	2.8. Immunofluorescence .
	2.9. Statistical analysis .


	REFERENCES .
	SUPPLEMENTAL DATA .


<startpage>17
I. INTRODUCTION . 1
 1. Inula helenium L. (Asteraceae)  1
 2. Atopic dermatitis . 2
 3. The NF-κB and JAK/STAT signaling pathway in the pathogenesis of atopic dermatitis  5
  3.1. NF- κB pathway  5
  3.2. JAK/STAT signaling pathway  7
 4. Oxidative stress and atopic dermatitis  9
II. PURPOSE OF THIS STUDY  11
III. RESULTS . 12
 1. Igalan suppressed the expression of COX-2 and iNOS in stimulated RAW 264.7 cells . 12
 2. Igalan inhibited the NF-κB activation in LPS- stimulated macrophages . 14
 3. Igalan inhibited the NF-κB signaling pathway in HaCaT cells stimulated by TNF-α and IFN-γ  16
 4. Igalan attenuated the expression of inflammatory genes in stimulated HaCaT cells by inhibiting STATs activation  18
 5. Igalan enhanced the expression levels of genes encoding structural components and differentiation of keratinocytes through inhibiting JAK/STAT3 signaling . 20
 6. Igalan suppressed the t-BHP-induced ROS production and induced Nrf2 pathways in TNF-α/IFN-γ-stimulated keratinocytes . 24
IV. DISCUSSION . 26
V. CONCLUSION  31
VI. EXPERIMENTAL SECTION  33
 1. Materials and reagents  33
  1.1. The isolation of igalan from Inula helenium L. . 33
  1.2. Cell culture and reagents . 34
 2. Methods  34
  2.1. Measurement of cell viability  34
  2.2. Measurement of nitrite oxide (NO) production . 35
  2.3. NF-κB-SEAP gene assay . 35
  2.4. Western blot analysis . 36
  2.5. RT-PCR validation  37
  2.6. Measurement of reactive oxygen species (ROS) production by flow cytometry  39
  2.7. Small interfering RNA treatment  39
  2.8. Immunofluorescence . 40
  2.9. Statistical analysis . 40
REFERENCES . 41
SUPPLEMENTAL DATA . 51
</body>

