The effects of erucin on inflammatory mediators and antioxidant enzymes

expression in TNF-a-stimulated human oral epithelial cells

Masahiro Shimoyama, Yoshitaka Hosokawa?, Ikuko Hosokawa?, Kazumi Ozaki®, and Keiichi
Hosaka?

2Department of Regenerative Dental Medicine, Tokushima University Graduate School of
Biomedical Sciences, Tokushima, Tokushima, Japan, and "Department of Oral Health Care
Promotion, Tokushima University Graduate School of Biomedical Sciences, Tokushima,
Tokushima, Japan,

Text pages 15 (including 1 title pages), 7 Figures,

Running head; Erucin inhibits inflammatory mediator expression.

Address correspondence and reprint requests to; Dr. Yoshitaka Hosokawa, Department of
Regenerative Dental Medicine, Institute Biomedical Sciences, Tokushima University Graduate
School, 3-18-15 Kuramoto-cho, Tokushima, Tokushima, Japan, 770-8504,

TEL: 81-886-33-7340

FAX: 81-886-33-7340

E-mail: hosokawa@tokushima-u.ac.jp

Keywords: erucin; anti-inflammatory effect; antioxidant enzyme; signal transduction, oral

epithelial cells


mailto:hosokawa@tokushima-u.ac.jp

Abstract

Periodontitis is a chronic inflammatory disease induced by periodontal disease-causing bacteria. It
has been shown that excessive immune response against bacteria is involved in periodontal tissue
destruction including alveolar bone resorption. Erucin is a biologically active substance found in
cruciferous plants such as arugula, and is classified as an isothiocyanate. No previous studies have
attempted to use erucin in the treatment of periodontitis, and there are no papers that have examined
the effects of erucin on periodontal resident cells. The purpose of this study was to analyze the
effects of erucin on the production of inflammatory and antioxidant mediators produced by tumor
necrosis factor (TNF)-a-stimulated TR146 cells, an oral epithelial cell line, including its effects on
signaling molecules. Our results indicate that erucin suppresses interleukin (IL)-6 and CXC-
chemokine ligand (CXCL)I0 production and vascular cell adhesion molecule (VCAM)-1
expression in TNF-a-stimulated TR146 cells. In addition, erucin induced the production of the
antioxidant enzymes, Heme Oxygenase (HO)-1 and NAD(P)H quinone dehydrogenase (NQO)1 in
TR146 cells. Furthermore, erucin suppressed TNF-oa-stimulated nuclear factor (NF)-xB, signal
transducer and activator of transcription (STAT)3, and p70S6K-S6 signaling pathways in TR146
cells. We have shown that erucin has anti-inflammatory effects on oral epithelial cells and also
induces the production of antioxidant mediators. These results suggest that erucin may provide a

new anti-inflammatory agent that can be used in the treatment of periodontitis.



Introduction

Periodontitis is an inflammatory disease caused by periodontopathogenic bacteria, and excessive
production of inflammatory mediators at the site of periodontitis lesions has been shown to induce
periodontal tissue destruction (1, 2). It has been reported that inflammatory cytokines such as
interleukin (IL)-1B and tumor necrosis factor (TNF)-a produced by leukocytes such as
macrophages infiltrating into the periodontitis lesions stimulate gingival epithelial cells and
gingival fibroblasts to produce additional inflammatory mediators (2).

IL-6 is mainly produced by periodontal resident cells and has been suggested to cause alveolar bone
resorption by participating in osteoclast differentiation (3). CXC chemokine ligand (CXCL)10 is
also produced by periodontal resident cells and has been implicated in periodontal tissue destruction
by causing infiltration and accumulation of Thl cells in periodontal lesions (4), and adhesion
molecules such as intercellular adhesion molecule (ICAM)-1 and vascular cell adhesion molecule
(VCAM)-1 have been reported to be expressed on periodontal resident cells, and have been
implicated in the localization of leukocytes in periodontitis lesions, and stimulation of leukocytes
at the site of periodontitis lesions, leading to further exacerbation of inflammation (5).

Oxidative stress caused by reactive oxygen species and free radicals, which cause degeneration of
proteins and nucleic acids, has been implicated in lifestyle diseases such as diabetes (6),
atherosclerosis (7), and hypertension (8). It has also been reported that oxidative stress is involved
in the pathogenic mechanism of periodontal disease, which is also a lifestyle disease. Heme
Oxygenase (HO)-1 and NAD(P)H quinone dehydrogenase (NQO)1 are antioxidant mediators
produced by human cells, and it has been suggested that finding bioactive substances that promote

their production may lead to the treatment of lifestyle diseases including periodontal disease (10,



11).

Erusin is a bioactive substance found in cruciferous plants such as arugula and is classified as an
isothiocyanate. Various bioactive activities of erucin have been reported, including anticancer and
anti-inflammatory effects. As an anticancer effect, erucin has been reported to inhibit the growth of
breast cancer cells (12). As for anti-inflammatory effects, it has been reported that erucin suppresses
TNF-a, IL-1B, IL-6, inducible nitric oxide synthase (iNOS), and cyclooxygenase (COX)-2
expression in macrophages induced by lipopolysaccharide (LPS) stimulation (13). However, there
are no reports examining the effects of erucin on periodontal tissue component cells, and there are
no attempts to use erucin in the treatment of periodontitis.

The aim of this study was to elucidate the effects of erucin on the expression of inflammatory
mediators and antioxidant enzymes induced in oral epithelial cells by TNF-a stimulation, which is
a proinflammatory cytokine. We also sought to determine the effects of erucin on signaling

pathways activated by TNF-a stimulation in human oral epithelial cells.

Materials and Methods

Cell Culture

Human oral epithelial cells (TR146 cells) were kindly provided by Dr Mark Herzberg (Minnesota
University). TR146 cells were grown in Ham’s F12 media (Nakarai Tesque, Kyoto, Japan)
containing 10% fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS, USA), I mmol/L sodium
pyruvate (Gibco, Grand Island, MI, USA), and antibiotics (penicillin G, 100 units/mL; streptomycin,
100 pg/mL; Gibco) at 37 °C in a humid environment with 5% CO». The cells were taken for

subculture when they were subconfluent using a 0.25% trypsin- ethylenediaminetetraacetic acid



(EDTA) solution.

Cytotoxic Assay

Cell Count Reagent SF (Nakarai Tesque) was used to test cell viability. TR 146 cells were seeded in
96-well plates, and cultured for 2 days. The media was withdrawn after 2 days, and 90 uL of Ham's
F12 medium containing various doses of erucin (Cayman Chemical, Ann Arbor, MI, USA) was
added. The cells were then cultured for an additional 24 hours. We added 10 pL of Cell Count
Reagent SF, allowed the cells to remain for 2 hours, and used a microplate reader to detect the
absorbance at 450 nm.

Enzyme-linked immunosorbent assay (ELISA)

TNF-a (100 ng/mL: Peprotech, Rocky Hill, NJ, USA) with or without erucin (1.5625, 3.125, 6.25,
12.5, 25 or 50 uM) was applied to TR146 cells for 24 hours. The concentrations of IL-6 and
CXCLI10 in TR146 cell culture supernatant were measured using DuoSet ELISA Development
Systems (R&D Systems, Minneapolis, MN, USA) as directed by the manufacturer.

Western blot analysis

TR146 cells were cultured in 12-well plates, and total protein was collected in cell lysis buffer (Cell
Signaling Technology, Danvers, MA, USA) after TNF-a (100 ng/mL) stimulation for 15, 30, or 60
minutes with or without erucin (25 uM) pretreatment for 1 hour, or TNF-a (100 ng/mL) stimulation
for 24 hours with or without erucin (12.5, 25, or 50 uM). The protein concentrations in the lysates
were determined using the BCA Protein Assay Kit (TaKaRa, Shiga, Japan). A similar quantity of
protein was loaded onto a 4-20% SDS-polyacrylamide gel electrophoresis (PAGE) gel and
electrotransferred to a polyvinylidene difloride membrane. The membranes were blocked for 1 hour

at room temperature with 1% skim milk before being incubated with primary antibodies against



VCAM-1 (1/1000 dilution, Biolegend, San Diego, CA, USA), HO-1 (1/1000 dilution, Cell
Signaling Technology), NQO1 (1/1000 dilution, Cell Signaling Technology), Phospho-NF-xB p65
(1/1000 dilution, Cell Signaling Technology), NF-xB p65 (1/1000 dilution, Cell Signaling
Technology), Phospho-IkB-a (1/1000 dilution, Cell Signaling Technology), IxkB-a (1/1000 dilution,
Cell Signaling Technology), Phospho-STAT3 (1/2000 dilution, Cell Signaling Technology), STAT3
(1/2000 dilution, Cell Signaling Technology), Phospho-p70S6K (1/1000 dilution, Cell Signaling
Technology), p70S6K (1/1000 dilution, Cell Signaling Technology), Phospho-S6 (1/2000 dilution,
Cell Signaling Technology), S6 (1/4000 dilution, Cell Signaling Technology), or Glyceraldehyde-
3-phosphate dehydrogenase (1/8000 dilution, Cell Signaling Technology) at 4 °C overnight. The
membranes were then washed and treated with a secondary antibody conjugated with horseradish
peroxidase (HRP) (1/10000 dilution, Sigma-Aldrich, St. Louis, MO, USA) at room temperature for
1 hour. Protein bands on western blot images were detected using the ECL Prime Western-blotting
detection system (Cytiva, Tokyo, Japan). Image J software was used to calculate the density of
western blot analysis bands (version 1.52p: NIH, Bethesda, MD, USA).

Statistical Analysis

In order to determine statistical significance, we performed one-way analysis of variance (ANOVA)

followed by a post hoc Tukey-Kramer test, and p values less than 0.05 were considered significant.

Results
The analysis of cytotoxic effects of erucin on TR146 cells
At the first of this study, we examined at what concentrations of erucin is cytotoxic to TR146 cells.

The results showed that concentrations of erucin lower than 50 uM were not cytotoxic to TR146



cells (Fig.1). In this study, we decided to use concentrations of erucin below 50 uM.

The effect of erucin on IL-6 and CXCL10 production in TNF-a-stimulated TR146 cells

We have reported that TR146 cells produces IL-6 and CXCL10 upon TNF-a stimulation (14, 15).
Therefore, we investigated whether erucin affects TNF-a-induced IL-6 and CXCL10 production.
We demonstrated that IL-6 and CXCL10 production in TNF-a-stimulated TR146 cells was
decreased in a concentration-dependent manner by erucin (Fig.2).

The effect of erucin on VCAM-1 expression in TNF-a-stimulated TR146 cells

In our previous report, we showed that TNF-a induces VCAM-1 expression in TR146 cells (15).
Therefore, we decided to examine whether erucin influences the VCAM-1 expression induced by
TNF-a in TR146 cells. We showed that erucin reduced TNF-a-induced VCAM-1 expression in
TR146 (Fig.3).

The effect of erucin on NF-kB activation in TNF-a-stimulated TR146 cells

Previous studies have shown that NF-kB is involved in the production of inflammatory mediators
(16). In this study, we investigated whether erucin affects phosphorylation of NF-kB p65 and I1xB-
o and degradation of IkB-a in TNF-a-stimulated-TR146 cells. The results showed that 25 uM
erucin inhibited the phosphorylation of NF-kB p65 and IxB-a induced by TNF-a stimulation
(Fig.4). The degradation of IxB-o in TR146 cells stimulated with TNF-o for 15 min or 30 min was
inhibited by 25 uM erucin. (Fig.4).

The effect of erucin on STAT3 phosphorylation in TNF-a-stimulated TR146 cells

We have previously reported that TNF-a stimulation induces phosphorylation of STAT3 in TR146

cells (15). Therefore, we examined whether erucin might affect STAT3 phosphorylation. We found



that 25 uM erucin inhibited TNF-a-induced STAT3 phosphorylation (Fig.5).

The effect of erucin on p70S6K and S6 phosphorylation in TNF-a-stimulated TR146 cells
We previously demonstrated that the p70S6K-S6 pathway is activated by TNF-a. stimulation and
that 6-Methylsulfinylhexyl isothiocyanate (6-MSITC), an isothiocyanate found in horseradish,
inhibits the activation of p70S6K-S6 pathway (14). We hypothesized that erucin might have a
similar effect. In this study, we found that 25 puM erucin treatment attenuated TNF-a-induced
phosphorylation of p70S6K and S6 in TR146 cells (Fig.6).

The effect of erucin on HO-1 and NQO1 expression in TNF-a-stimulated TR146 cells

It has been reported that oxidative stress is involved in the pathogenesis of periodontitis (9).
Therefore, we hypothesized that the increase of antioxidant mediators, HO-1 and NQOI, in the
localized periodontitis lesions is important to suppress the progression of periodontitis. We found

that erucin treatment increased HO-1 and NQO1 expression in TR146 cells (Fig.7).

Discussion

Periodontal disease is an inflammatory disease caused by periodontopathogenic bacteria, and local
administration of antibiotics is used to treat periodontitis. However, the use of large doses of
antibiotics is feared to lead to an increase in the number of resistant bacteria (17), making the search
for new anti-inflammatory substances an urgent issue. In this study, erucin was found to have an
anti-inflammatory effect on periodontal tissue component cells. This finding suggests that erucin
may have a potential to be used for the treatment of periodontitis.

This study demonstrated that erucin can inhibit the production of inflammatory mediators such as

IL-6, CXCL10, and VCAM-1 in human oral epithelial cells. Several reports have investigated the



anti-inflammatory effects of erucin. It was reported that TNF-a, VCAM-1, COX-2, and E-cadherin
expression in human vascular endothelial cells stimulated with LPS was suppressed by pretreatment
with erucin (18). Another report demonstrated that erucin decreases LPS-induced iNOS, COX-2,
TNF-a, IL-6 and IL-1B production in RAW 264.7 cells (13). Our present findings and previous
reports have shown that erucin has anti-inflammatory effects on a variety of cells, including
epithelial cells, vascular endothelial cells, and macrophages. Since not only oral epithelial cells but
also vascular endothelial cells and inflammatory cells are present at the site of periodontitis lesions,
the anti-inflammatory effect on various cells may be advantageous in the treatment of periodontitis.
In this study, we demonstrated that erucin suppresses several signaling transduction pathways.
Previous papers have also examined the effects of erucin on signaling transduction pathways. Cho
et al. reported that erucin inhibited IxB-o degradation in LPS-stimulated macrophages similar to
our findings (13). Although there are no reports of erucin inhibiting STAT3 or p70S6K-S6 activation,
we have already reported that other isothiocyanates, 6-MSITC and iberin, inhibit STAT3, p70S6K,
and S6 phosphorylation (14, 15). These results suggest that inhibition of NF-xB, STAT3, and the
p70S6K-S6 signaling pathway may be a common effect of isothiocyanates. Further studies are
needed to prove this hypothesis.

We found that erucin increases HO-1 and NQO1 expression and suppresses the NF-kB pathway.
Antioxidant enzymes such as HO-1 and NQO1 have been reported to influence the activation of the
NF-xB signaling pathway. Bellezza et al. reported that HO-1 activation inhibited NF-kB nuclear
translocation in prostate cancer cells (19). Ahn et al also showed that NF-xB activation, 1kB-o
phosphorylation and degradation, induced by TNF-a and LPS was abolished in NQO1 deleted cells

(20). Our study also suggests that increased HO-1 and NQO1 may influence NF-kB activation.



We found that 25 puM erucin had an anti-inflammatory effect on TR146 cells and induced the
expression of antioxidant enzymes. Furthermore, 25 uM erucin inhibited the activation of various
signaling pathways. However, concentrations of erucin lower than 25 uM exhibited anti-
inflammatory effects in this experiment. The effect of even lower concentrations on TR146 cells

may also need to be investigated.

Conclusions

In conclusion, this report shows that erucin has an anti-inflammatory effect on human oral epithelial
cells and also induces the expression of antioxidant enzymes. Therefore, it is necessary to examine
whether or not erucin has the same effect on other periodontal tissue constituent cells. In addition,

in vivo studies using animal models are also considered necessary.
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Figure Legends

Fig.1. The effect of erucin on cell viability of TR146 cells.

TR 146 cells were seeded on 96-well cell culture plates, grown for two days, and then treated for 24
hours with erucin (1.5625-50 uM). The vitality of cells was determined using Cell Count Reagent
SF. The data are presented as the mean SD of four independent experiments. * = P<0.05,
significantly different from TR146 cells not treated with erucin.

Fig.2. The effect of erucin on TNF-a-induced production of CXCL10 and IL-6.

TR146 cells were grown for 24 hours with TNF-a, (100 ng/ml) with or without erucin (1.5625-50
uM). CXCL10 and IL-6 levels in the supernatant were measured using the ELISA kits indicated in
the Materials and Methods section. The data are presented as the mean SD of three independent
experiments. * = P<0.05, significantly different from TNF-a-stimulated TR146 cells without erucin.
Fig. 3. The effect of erucin on VCAM-1 expression in TNF-a-stimulated TR146 cells

TR146 cells were pretreated for one hour with erucin (12.5, 25, or 50 uM) before being stimulated
with TNF-a (100 ng/ml). The lysates were taken 24 hours after stimulation. The expression of
VCAM-1 was investigated using Western blot analysis. (A) Representative Western blot image of
the expression of VCAM-1 and GAPDH. (B) Quantification of protein expression by densitometry
analysis of Western blots. Data are expressed as the mean + SD of 3 independent experiments. (*=

P<0.05 vs TNF-a-stimulated TR146 cells without erucin)



Fig.4. The effect of erucin treatment on the activation the NF-kB pathway in TNF-a
stimulated TR146 cells.

TR146 cells were pretreated for one hour with erucin (25 pM) before being stimulated with TNF-
o for 15, 30, or 60 minutes, and the phosphorylation of NF-xB p65 and 1kB-o and the degradation
of IxB-a were measured using Western immunoblotting. (A) Representative Western blot image of
the expression of phospho-NF-«xB p65, total NF-xB p65, phospho-1xB-a., IkB-o, and GAPDH. (B,
C, and D) Quantification of protein expression by densitometry analysis of Western blots. Data are
expressed as the mean + SD of 3 independent experiments. (*= P<0.05)

Fig.5. The effect of erucin treatment on the activation of the STAT3 pathway in TNF-a
stimulated TR146 cells.

TR146 cells were pretreated for one hour with erucin (25 pM) before being stimulated with TNF-
a for 15, 30, or 60 minutes, and the phosphorylation of STAT3 was evaluated using Western
immunoblotting. (A) Representative Western blot image of the expression of phospho-STAT3, total
STAT3, and GAPDH. (B) Quantification of protein expression by densitometry analysis of Western
blots. Data are expressed as the mean + SD of 3 independent experiments. (*= P<0.05)

Fig.6. The effect of erucin treatment on the activation of a p70S6K-S6 pathway in TNF-a
stimulated TR146 cells.

TR 146 cells were pretreated for one hour with erucin (25 uM) before being stimulated with TNF-
a for 15, 30, or 60 minutes, and the phosphorylation of p70S6K and S6 was measured using Western
immunoblotting. (A) Representative Western blot image of the expression of phospho-p70S6K,

total p70S6K, phospho-S6, total S6, and GAPDH. (B, C) Quantification of protein expression by



densitometry analysis of Western blots. Data are expressed as the mean + SD of 3 independent
experiments. (*= P<0.05)

Fig. 7. Effects of erucin on HO-1 and NQO1 expression in TNF-a-stimulated TR146 cells

TR 146 cells were pretreated for one hour with erucin (12.5, 25, or 50 uM) before being stimulated
with TNF-a (100 ng/ml). The lysates were taken 24 hours after stimulation. The expression of HO-
1 and NQO1 was investigated using Western blot analysis. (A) Representative Western blot image
of the expression of HO-1, NQO1, and GAPDH. (B, C) Quantification of protein expression by
densitometry analysis of Western blots. Data are expressed as the mean + SD of 3 independent

experiments. (¥*= P<0.05 vs TNF-a-stimulated TR146 cells without erucin)

References
1. Clark D, Radaic A, Kapila Y. Cellular Mechanisms of Inflammaging and Periodontal Disease.

Front Dent Med. 2022; 3:844865.

2. Ramadan DE, Hariyani N, Indrawati R, Ridwan RD, Diyatri I. Cytokines and Chemokines in

Periodontitis. Eur J Dent. 2020; 14:483-495.

3. Aliyu M., Zohora F.T., Anka A.U., Ali K., Maleknia S., Saffarioun M., Azizi G. Interleukin-6

cytokine: An overview of the immune regulation, immune dysregulation, and therapeutic

approach. Int. Immunopharmacol.2022; 111:109130.

4. Hienz SA, Paliwal S, Ivanovski S. Mechanisms of Bone Resorption in Periodontitis. J Immunol


https://pubmed.ncbi.nlm.nih.gov/36540609/
https://pubmed.ncbi.nlm.nih.gov/32575137/
https://pubmed.ncbi.nlm.nih.gov/32575137/
https://pubmed.ncbi.nlm.nih.gov/26065002/

Res. 2025; 2015:615486.

5. Crawford JM, Watanabe K. Cell adhesion molecules in inflammation and immunity: relevance

to periodontal disases. Crit Rev Oral Biol Med. 1994; 5:91-123.

6. Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang Y. Oxidative stress and diabetes: antioxidative

strategies. Front Med. 2020; 14:583-600.

7. Kattoor AJ, Pothineni NVK, Palagiri D, Mehta JL. Oxidative Stress in Atherosclerosis. Curr

Atheroscler Rep. 2017; 19:42.

8. Griendling KK, Camargo LL, Rios FJ, Alves-Lopes R, Montezano AC, Touyz RM.

Oxidative Stress and Hypertension. Circ Res. 2021; 128:993-1020.

9. Sczepanik FSC, Grossi ML, Casati M, Goldberg M, Glogauer M, Fine N, Tenenbaum HC.

Periodontitis is an inflammatory disease of oxidative stress: We should treat it that way. Periodontol

2000. 2020; 84:45-68.

10. AT Dinkova-Kostova, P. Talalay. Direct and indirect antioxidant properties of inducers of

cytoprotective proteins. Mol Nutr Food Res. 20085 52 Suppl 1: S128-S138.

11. VV Lyakhovich, VA Vavilin, NK Zenkov, EB. Menshchikova. Active defense under oxidative


https://pubmed.ncbi.nlm.nih.gov/32248333/
https://pubmed.ncbi.nlm.nih.gov/32248333/
https://pubmed.ncbi.nlm.nih.gov/28921056/
https://pubmed.ncbi.nlm.nih.gov/33793335/

stress. The antioxidant responsive element. Biochemistry. 2006; 71: 962-974.

12. Pretowska M, Kaczynska A, Herman-Antosiewicz A. 4-(Methylthio)butyl isothiocyanate
inhibits the proliferation of breast cancer cells with different receptor status. Pharmacol Rep. 2017;

69:1059-1066.

13. Cho HJ, Lee KW, Park JH. Erucin exerts anti-inflammatory properties in murine macrophages
and mouse skin: possible mediation through the inhibition of NF«B signaling. Int J] Mol Sci.2013;

14:20564-77.

14.  Shimoyama M, Hosokawa Y, Hosokawa I, Ozaki K, Hosaka K.
6-(Methylsulfinyl) Hexyl Isothiocyanate Inhibits IL-6 and CXCLI10 Production in TNF-a-

Stimulated Human Oral Epithelial Cells. Curr Issues Mol Biol. 2022; 44: 2915-2922.

15. Hosokawa Y, Hosokawa I, Shimoyama M, Fujii A, Sato J, Kadena K, Ozaki K, Hosaka K.
The Anti-Inflammatory Effects of Iberin on TNF-a-Stimulated Human Oral Epithelial Cells: In

Vitro Research. Biomedicines. 2022; 10 :3155.

16. Kunnumakkara AB, Shabnam B, Girisa S, Harsha C, Banik K, Devi TB, Choudhury R, Sahu H,
Parama D, Sailo BL, Thakur KK, Gupta SC, Aggarwal BB. Inflammation, NF-xB, and Chronic

Diseases: How are They Linked? Crit Rev Immunol. 2020; 40:1-39.



17. Bessa LJ, Botelho J, Machado V, Alves R, Mendes JJ.
Managing Oral Health in the Context of Antimicrobial Resistance. Int J Environ Res Public Health.

2022; 19: 16448.

18. Ciccone V, Piragine E, Gorica E, Citi V, Testai L, Pagnotta E, Matteo R, Pecchioni N, Montanaro
R, Di Cesare Mannelli L, Ghelardini C, Brancaleone V, Morbidelli L, Calderone V, Martelli A.
Anti-Inflammatory Effect of the Natural H>S-Donor Erucin in Vascular Endothelium. Int J Mol Sci.

2022; 23: 15593.

19. Bellezza I, Tucci A, Galli F, Grottelli S, Mierla AL, Pilolli F, Minelli A.
Inhibition of NF-kB nuclear translocation via HO-1 activation underlies a-tocopheryl succinate

toxicity. J Nutr Biochem. 2012; 23:1583-91.

20. Ahn KS, Sethi G, Jain AK, Jaiswal AK, Aggarwal BB.
Genetic deletion of NAD(P)H:quinone oxidoreductase 1 abrogates activation of nuclear factor-
kappaB, lkappaBalpha kinase, c-Jun N-terminal kinase, Akt, p38, and p44/42 mitogen-activated

protein kinases and potentiates apoptosis. J Biol Chem. 2006; 281:19798-808.



Cell viability (OD at 450 nm)

2.0

1.5

1.0

0.5

0

15625 3.125 6.25 125

erucin (uM)

25 50

Fig. 1



600

(lwyBd) 01719%D

(lwyBu) g

TNF-¢ (100 ng/ml)

erucin (uM) o

Fig. 2



(A)

VCAM-1 - i

GAPDH o i s s oo
TNF-o (100 ng/ml) -+  +  + 4
eruicn(uM) 0 0 125 25 50

(B)

o 9 o
o oW ~

ratio of VCAM-1/GAPDH
o

.
| I
+ +

125 25 50

0 :
TNF-o (100 ng/ml) - +
erucin (uM) 0

o

Fig. 3



(A)
phospho-NF-kB p65
total NF-kB p65
phospho-lkB-a
total-IkB-a

GAPDH

TNF-. (100 ng/ml)

0 15 30 60 _15 30 60 (min)

o s S D T i

——

s ont S R TS

+ O+ o+ o+ o+ o+

erucin(UM) 0 0 0 O 25 25 25

~~

B)

1.5;

ratic of p-p65 / p65

1.01

0.51

= TNF-u
o TNF-o + erucin

0

Stimulation time (min.)

(C)
1.0

0.81
0.61
0.4

0.21
0

ratio of p-IxB-a. / GAPDH

» TNF-c
8TNF-o + erucin

Stimulation time (min.)

(D)

O

1.5,

1.04

0.5

ratio of lkB-a / GAPDH

0

u TNF-o
o TNF-c + erucin

*

Stimulation time (min.)

Fig. 4



(A) .
0 15 30 60 15 30 60 (min)

phospho-STAT3 ([l S SEEND s s s
tolal STATS s cne s COD @SN R/

GAPDH sy sememme-as epmpemmmsnmn
TNF-o. (100ng/ml) - + + 4+ + + +

erucn(M) 0 0 0 0 25 25 25

® TNF-c
8 TNF-a+erucin *

*
0 I ]
0 15

Stimulation time (min.)

—_ —
o (¢}

o
8]

ratio of p-STAT3/ STAT3

Fig. 5



(A) .
0 15 30 60 15 30 60 (min.)

phospho-p70S6K - —(ENENGED
total p7T0SEK s s ol SIS |

phospho-S6 e .

total 56 M

GAPDH e stz s vosmmummengy s
TNF-o (100ng/ml) - + + + + + +

erucin (UM) 0 0 0 0 25 25 25

(B)

v 2.07 "TNF-x
% aTNF-a + erucin
S . * .
8 1.57 ] L] []
X
B
& 1.07
M~
e
Q- -
5 0.5
o
9 0 Fhl . ) . 2 . A
Stimulation time (min.) 0 15 30 60
(C)
1571 wmF
a TNF-o. + erucin
o *
w * *
5 1.0 [
7
a4
G
2 0.51
bl
0 —
Stimulation time (min.) 0

Fig. 6



(A)

HO-1 | ——

CAPDH e s e s <o
TNF-o (100 ng/ml) - + + + +
erucin (uM) 0 0 125 25 50

C

0.4,

0.3;

0.24

0.14

ratio of HO-1 / GAPDH

0
TNF-o (100 ng/ml) -
erucin (uM) 0 0 125 25 50

+
+
+
+

(&)
0.8

0.6 p
0.4

0.2

ol B I
TNF- (100 ng/ml) - +  +
erucin(M) 0 0 125 25 50

Fig. 7

ratio of NQO1 /GAPDH

+
+





