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34 Abstract

35  Various gut bacteria, including Lactobacillus plantarum, possess several enzymes that
36 produce hydroxy fatty acids (FAS), oxo FAs, conjugated FAs, and partially saturated FAs
37  from polyunsaturated FAs as secondary metabolites. Among these derivatives, we
38 identified 10-oxo-cis-6,trans-11-octadecadienoic acid (yKetoC), a v-linolenic
39  acid-derived enon FA, as the most effective immunomodulator, which inhibited the
40  antigen-induced immunoactivation and the LPS-induced production of inflammatory
41  cytokines. The treatment with yKetoC markedly increased the protein level of NRF2, a
42 master transcription factor for antioxidant responses, and the mRNA level of Hmox1, a
43  target gene of NRF2, in bone marrow-derived dendritic cells (BMDCs). Although
44 yKetoC significantly suppressed the LPS-induced activation of control BMDCs,
45  particularly the secretion of 1L-12/23p40, the suppressive effects of yKetoC were
46 reduced in Nrf2"” BMDCs. GW9508, an agonist of GPR40/GPR120, inhibited the
47  release of cytokines from LPS-stimulated BMDCs without activating the NRF2
48 pathway. We evaluated the role of NRF2 in the anti-inflammatory effects of yKetoC in a
49  dextran sodium sulfate-induced colitis model. The oral administration of yKetoC
50  significantly reduced body weight loss, improved stool scores, and attenuated atrophy of
51  thecolon, in wild-type C57BL/6J and Nrf2""" (C57BL/6N) mice with colitis. In contrast,
52 the pathology of colitis was deteriorated in Nrf2” mice even with the administration of
53 yKetoC.

54  Coallectively, the present results demonstrated the involvement of the NRF2 pathway in

55  yKetoC-mediated anti-inflammatory responses.
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58  colitis, dendritic cell, inflammatory cytokine, NRF2, polyunsaturated fatty acid

59

60  Abbreviations: Ab; antibody, Ag; antigen, oHYA;
61  10-hydroxy-cis-12,cis-15-octadecadienoic acid, oKetoA;
62  10-oxo-cis-12,cis-15-octadecadienoic acid, oKetoC;

63  10-oxo-trans-11,cis-15-octadecadienoic acid, APCs; antigen-presenting cells, BMDCs;
64 bone marrow-derived dendritic  cells, DCs, dendritic cells, YHYA;
65  10-hydroxy-cis-6,cis-12-octadecadienoic acid, YKEetoA;
66  10-ox0-Cis-6,cis-12-octadecadienoic acid, vKetoC;
67  10-oxo-Cis-6,trans-11-octadecadienoic acid, LA; linoleic acid, ALA; o-linolenic acid,
68  GLA; v-linolenic acid, HYA; 10-hydroxy-cis-12-octadecenoic acid, KetoA;
69  10-oxo-cis-12-octadecenoic acid, KetoC; 10-oxo-trans-11-octadecenoic acid, NRF2;

70  NF-E2-related factor 2, OVA; ovalbumin, p.o.; per os
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73 Introduction

74  Intheintestines, various secondary metabolites are produced by intestinal bacteria using
75 food ingredient-derived materials as substrates. Several bacteria metabolites exert
76 beneficial effects on the host body, such as short-chain fatty acids (FAs) produced from
77 dietary fibers by Clostridium, which are involved in the maintenance of homeostasis
78  and prevention of immune-related inflammatory diseases by modulating the function of
79 both hematopoietic cells and non-hematopoietic cells. Although polyunsaturated FAs
80  (PUFAS) are catalyzed by enzymes in host cells to achieve various bioactivities and
81  their relationships with inflammatory diseases have been vigorously studied with a
82  focus on the m3/w6 balance (1), a recent study revealed that PUFAS are also converted
83  to derivatives, including hydroxy FAs, oxo FAS, conjugated FAs, and partialy saturated
84  FAs, through the catalysis of enzymes identified in the gut lactic acid bacterium,
85  Lactobacillus plantarum (2). The PUFA metabolite 10-hydroxy-cis-12-octadecenoic
86 acid (HYA), a hydroxy FA derived from linoleic acid (LA), regulates glucose
87  homeostasis by activating GPR40 and GPR120, and increases resistance to obesity (3).
88  The HYA-mediated activation of GPR40 has also been shown to accelerate the recovery
89  of an impaired intestinal epithelial barrier (4) and disrupted gingival epithelial barrier
90  (5). The metabolite 10-oxo-cis-12-octadecenoic acid (KetoA), an oxo FA derived from
91 LA, enhances energy metabolism by activating TRPV1 in adipose tissue and exerts
92  anti-obesity effects on the host body (6). KetoA is also involved in the regulation of host
93  energy metabolism by accelerating adipocyte differentiation, adiponectin production,
94 and glucose uptake through the activation of PPARYy (7). Another LA derivative
95  10-oxo-trans-11-octadecenoic acid (KetoC), an enon FA, was found to regulate the

96  function of monocytes (8) and epithelial cells (9) via GPR120 signaling. Although
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97 accumulating evidence has demonstrated the beneficial effects of the bacteria
98  metabolites of PUFAs on the host body, the roles of these metabolites in
99  immune-related events remain unclear.

100 In the present study, we examined the effects of the bacteria-generated FAs on antigen
101 (Ag)-induced immunoresponses and revealed that enon FAs suppressed the proliferation
102 of T cells and the activation of dendritic cells (DCs). Detailed analyses focusing on
103 10-oxo-cis-6,trans-11-octadecadiencic acid (yKetoC), an enon FA derived from
104  +y-linolenic acid (GLA), demonstrated that the expression of inflammatory cytokines in
105 LPS-stimulated DCs was inhibited by yKetoC. This was partly dependent on the
106  NF-E2-related factor 2 (NRF2) pathway, which modulated GPCR signaling, but was not

107 activated by the stimulation of GPR40/120 signaling.

108
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109 Methods

110  Mice

111 C57BL/6 mice were purchased from Japan SLC (Hamamatsu, Japan). OT-1I mice
112 purchased from The Jackson Laboratory (USA) and previously generated Nrf2” mice
113 (10) were maintained on the C57BL/6J and C57BL/6N backgrounds, respectively. Mice
114  were housed in a specific pathogen-free facility, and all animal experiments were
115 performed in accordance with the guidelines of the Institutional Review Board of Tokyo
116 University of Science. The present study was approved by the Animal Care and Use
117 Committees of Tokyo University of Science: K22005, K21004, K20005, K19006,
118  K18006, K17009, and K17012.

119

120  Cells

121 Bone marrow-derived DCs (BMDCs) generated as previously described (11), were
122 stimulated with 100 ng/mL LPS (#L3024, Fujifilm Wako Chemicals Co., Ltd., Japan).
123 GW9508 (#10008907, Cayman Chemical, Ann Arbor, M1, USA) was used as an agonist
124 of GPR40 and GPR120. Ovalbumin (OVA) peptide 323-339 (POV-3636-PI, Peptide
125 Institute Inc., Osaka, Japan) was added to the culture medium of whole spleen cells
126 prepared from OT-II mice to induce the antigen-presenting cell (APC)-dependent
127  activation of CD4" T cells. The MojoSort Mouse Naive CD4" T cell Isolation Kit
128 (#480040, BioLegend), anti-CD3e antibody (Ab) (clone 145-2C11, BioLegend), and
129  anti-CD28 Ab (clone 37.51, BioLegend) were used for the isolation and stimulation of
130  CD4" T cells, respectively, as previously described (12).

131

132 Preparation of PUFA metabolites
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133 Hydroxy, oxo, and enon FAs were prepared from LA, o-linolenic acid (ALA), and GLA,
134 using the conversion enzymes isolated from L. plantarum AKU1009 (2). LA
135 (#126-06571), and ALA (#122-05831) were purchased from Fujifilm Wako Chemicals
136 and GLA (#L0152) from Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan).

137

138 Enzyme-linked immunosorbent assay (ELI SA)

139  The concentrations of mouse cytokines were measured using ELISA kits purchased
140  from BioLegend (#431004 for IL-2, #431315 for IL-6, #430915 for TNF-o, and
141 #431604 for 1L-12p40, respectively).

142

143 Flow cytometry

144  CFSE (eBioscience Inc., San Diego, CA, USA) was used to monitor the proliferation of
145 T cdls. Surface MHC class Il and CD8 on BMDCs were stained with
146 anti-1-A/l-E-PerCP (clone M5/114.15.2, BioLegend) and anti-CD86-PE (clone GL-1,
147 BioLegend), respectively. Fluorescence was detected by a MACS Quant Analyzer

148 (Miltenyi Biotech) and analyzed with FlowJo (Tomy Digital Biology Co., Ltd., Tokyo,

149 Japan).

151 Quantification of mMRNA
152  The extraction of total RNA, synthesis of cDNA, and quantitative PCR were performed

153 aspreviously described (13).

155  Western blot analysis

156 A Western blot analysis was performed with anti-NRF2 Ab (clone D1Z9C, Cell
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157  Signaling) and anti-B-actin Ab (clone AC-15, Sigma-Aldrich) as previously described
158 (14).

159

160  Dextran sodium sulfate (DSS)-induced colitis

161 To induce coalitis, mice were administered 2.5% (w/v) DSS (#160110, MP Biomedicals,
162  Santa Ana, USA) in their drinking water. yKetoC (15 mg/kg/day) or vehicle (100 ul
163 soybean oil) was orally administered using asonde (#5202K, Fuchigami, Kyoto, Japan).
164

165  Statistical analysis

166 A two-tailed Student’s t-test was used for comparisons of two samples. To compare
167  more than three samples, a one-way ANOVA-followed by the Tukey-Kramer multiple
168 comparison test or Dunnett’s multiple comparison test was used. P values <0.05 were

169  considered to be significant.

170
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171 Results

172 Effects of bacteria metabolites of PUFAs on Ag-dependent responsesin vitro

173 To examine the effects of bacteria metabolites of PUFAs on Ag-induced
174 immunoresponses, we incubated OVA-stimulated OT-I1 spleen cells in the presence or
175  absence of 50 uM of each metabolite for 48 h. The treatments with KetoC, oKetoC,
176 yKetoA, and yKetoC markedly reduced the concentration of IL-2 in culture media,
177 wheress those with HYA, aHYA, and YHYA did not (Fig. 1A). We then compared the
178 suppressive effects of enon FAs on IL-2 production with those of the original PUFAs
179 without conversion, and found that KetoC, aKetoC, and yKetoC significantly and
180  dose-dependently suppressed IL-2 production, whereas apparent effects were not
181  observedin LA, ALA, and GLA (Fig. 1B).

182  These results indicate that converted FAs carrying the enon structure acquired
183 immunosuppressive effects, which were not observed in hydroxy FAs and were
184  moderately induced in oxo FASs.

185

186  Suppressive effects of enon FAson T cell proliferation and DC activation

187  To identify the cells in splenocytes that were regulated by the enon FAs, we examined
188  the proliferation of T cells and the activation of DCs in the presence of enon FAs. The
189  proliferation of naive CD4" T cells, which was induced by the treatment with
190  plate-coated anti-CD3 and anti-CD28 Abs independent of APC, was suppressed by all
191  three FAsat 50 uM (Fig. 1C). The pretreatment with 50 uM enon FAs aso inhibited the
192 up-regulation of MHC class || and CD86 on DCs (Fig. 1D) and the release of IL-6 and
193 TNF-o from DCs (Fig. 1E) 24 h after the LPS stimulation.

194  These results demonstrate that enon FAs inhibited the activation of both of DCsand T

10
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195  cells, resulting in the suppression of Ag-induced IL-2 production in OT-11 splenocytes.
196

197 Involvement of the NRF 2 pathway in the yKetoC-mediated suppression of DCs

198 To elucidate the mechanisms underlying the immunosuppressive effects of enon FAS,
199  we performed further analyses with a focus on yKetoC as the strongest suppressor
200  among the three enon FAs. We confirmed that yKetoC significantly suppressed the
201 LPS-induced production of IL-6 in whole leukocytes isolated from the spleen and
202  peritonea cells (Fig. 2A). Measurements of the mRNA levels of cytokines in
203  LPSstimulated BMDCs revedled that the inhibitory effects of yKetoC on
204  transactivation was marked in the I112b, and significant in 116 and Tnf, but not
205  dgnificant in I11b (Fig. 2B). Previous studies reported that KetoC induced the
206  expression of the antioxidant-related genes through the activation of NRF2, a master
207  transcription factor of antioxidant responses, in the hepatic cell line HepG2 (15), and
208  epithelia cell line Epi4 (9). In addition, a NRF2 deficiency enhanced the expression of
209 1L-12p40 in stimulated DCs (16). Therefore, to confirm whether yKetoC induced an
210  antioxidant response via the activation of NRF2 in DCs, we examined NRF2 protein
211 levels in yKetoC-trested DCs using Western blotting. As shown in Fig. 2C, the
212 expression of NRF2 in BMDCs peaked at 1 h after the addition of yKetoC. The mRNA
213 levels of Hmox1, a target gene of NRF2, were also increased in yKetoC-treated DCs
214 (Fig. 2D). Furthermore, the release of IL-12p40 and TNF-c. in the presence of yKetoC
215 from Nrf2” DCs stimulated by LPS was significantly and moderately greater,
216 respectively, than that from control DCs (Fig. 2E).

217

218  Rolesof Gg-GPCRsin DC activation

11
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219 Previous studies demonstrated that KetoC inhibited the LPS-induced activation of the
220 monocyte cell line RAW264.7 with binding to GPR120 (8), and KetoC-induced NRF2
221 dsignaling was mediated by GPR120 in epithelial cells (9). GPR120 is expressed in
222 adipocytes, macrophages, and DCs (17), and GPR120 mRNA, but not GPR40 mRNA,
223 was detected in the BMDCs generated under our experimental conditions (data not
224  shown). To examine the involvement of GPR120 in the yKetoC-mediated suppression
225  of DCs, we treated BMDCs with GW9508, an agonist common to GPR40/GPR120, and
226  revealed that GW9508 inhibited the LPS-induced release of IL-12p40 in a
227  dose-dependent manner (Fig. 3A), suggesting that the stimulation of GPR120
228  suppressed the LPS-induced activation of DCs. To elucidate the relationship between
229  GPR120 signaling and the NRF2 pathway in DCs, we then treated Nrf2” DCs with
230 GW9508. As shown in Fig. 3B, GW9508 suppressed the release of cytokines from
231  LPS-stimulated control DCs, whereas the inhibitory effects of GW9508 were reduced in
232 Nrf2” DCs. In contrast to yKetoC, which induced the expression of Hmox1 in DCs,
233 GW9508 did not increase Hmox1 mRNA levelsin control DCs (Fig. 3C).

234  These results indicate that the NRF2 pathway modulated GPR120 signaling, while the
235 stimulation of GPR120 did not activate NRF2 in DCs.

236

237 Oral administration of yKetoC ameliorates DSS-induced colitis

238 We utilized a DSS-induced colitis model to examine the protective effects of yKetoC on
239  inflammatory responses in vivo. In the first colitis experiment, wild-type C57BL/6J
240  mice were oraly administered yKetoC (Fig. 4A). We found that the pathology of colitis,
241  reflected by the loss of body weight and increases in the disease activity index (DAI)

242 score, was alleviated by the intake of yKetoC (Fig. 4B). Fibrosis-mediated atrophy of

12
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243 the colon in mice with colitis was significantly reduced in yKetoC-treated mice (Fig.
244 4C). In the next experiment, we investigated the roles of NRF2 in the YK etoC-mediated
245  amelioration of colitis by using Nrf2” mice (Fig. 4D). The administration of yKetoC
246 was initiated 4 days earlier than that in the first experiment and the results obtained
247  revealed that the loss of body weight and increases in the DAI score were significantly
248 suppressed by yKetoC in Nrf2"" mice, but not in Nrf2” mice (Fig. 4E). Atrophy of the
249  colon in Nrf2*" mice was significantly restored by the intake of YK etoC, with the length
250  of the colon being similar with and without the administration of yKetoC in Nrf2” mice

251 (Fig. 4F).

252

13
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253 Discussion

254  The gut microbiota metabolizes food ingredients, and the resulting compounds exert
255  beneficial effects on homeostasis in the host body. PUFAs, which are positively
256  associated with inflammatory diseases depending on the amount consumed and the
257  ®3/w6 ratio, were recently shown to be modified by the enzymes of gut bacteria (2).
258 Although previous studies demonstrated the useful effects of the bacteria metabolites of
259  PUFAs on host health, particularly the attenuation of metabolic disorders (3, 6, 7), their
260  effects on immunoresponses remain unclear.

261  The present results revealed that enon FAs suppressed Ag-mediated immunoresponses,
262 which were not observed for their precursors, namely, LA, ALA, and GLA, or hydroxy
263  FAs. Further analyses with a focus on yKetoC indicated that yKetoC suppressed the
264  release of inflammatory cytokines from LPS-stimulated DCs, whole splenocytes, and
265  peritoneal cells. KetoC has been shown to inhibit the expression of inflammatory
266 cytokines in LPS-stimulated RAW264.3 cells, and this was mitigated by a GPR120
267  antagonist, but not a GPR40 antagonist (8). In contrast to GPR40, which is a receptor
268  for long-chain FAs as well as GPR120, but is highly expressed in the pancreas and liver
269  and isinvolved in metabolism, GPR120 has an anti-inflammatory role as an receptor for
270 @3 FAs (17). Since HYA, which activates GPR40 (3-5), did not suppress the production
271 of IL-2 by OVA-stimulated OT-1l splenocytes in the present study, GPR40 might not
272 play a prominent role in the regulation of inflammatory responses by immune-related
273 cells. Based on the result showing that GW9508, a common agonist of GPR40 and
274  GPR120, aso reduced cytokine production by DCs, we speculate that GPR120 is
275 involved in the anti-inflammatory effects of yKetoC as its receptor; however, we need to

276 confirm this hypothesis in further experiments using a specific antagonist, sSiRNA, or

14
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277 knockout (KO) mice. yKetoC, KetoC, and aKetoC are categorized as o7, o7, and ®3,
278 respectively. The structure of a FA required for ligand activity against GPR120 may not
279 bethelocation of the unsaturated bond, but rather other factors, which were increased in
280  enon FAs. If the enon structure is essential for binding to GPR120, metabolism by
281  bacteria confers anti-inflammatory effects on dietary PUFAS.

282 In a SV40-T-transformed human gingival epithelial cell line, KetoC induced ERK
283 phosphorylation and the subsequent activation of the NRF2 pathway via GPR120 (9).
284  Under our experimental conditions, the GPR120 agonist did not induce Hmox1
285  transactivation in DCs, whereas the suppressive effects of the GPR120 agonist on
286 cytokine production in DCs were reduced by a NRF2 deficiency. These results suggest
287  that yKetoC activated both the NRF2 pathway and GPR120 in DCs and also that the
288  NRF2 pathway modulated GPR120 activity, whereas the stimulation of GPR120 did not
289  induce an antioxidant response in DCs.

290  yKetoC increased NRF2 protein and Hmox1l mRNA levels in DCs, and NRF2
291  deficiency reduced the anti-inflammatory effects of yKetoC both in vitro and in vivo.
292 NRF2 is a ubiquitous transcription factor, and Nrf2 KO mice exhibit severe
293 inflammation in various immune-related diseases, including contact hypersensitivity,
294  autoimmune disease, colitis, and psoriasis (18-23). Therefore, yKetoC and other enon
295  FAs have the potential to prevent and/or treat immune-related diseases. In addition,
296 since we recently demonstrated that yKetoC suppressed osteoclast development and
297  macrophage activation (24), it may also attenuate rheumatoid arthritis.

298  The present study showed that severa bacteria metabolites of PUFAS, particularly enon
299  FAs, wereinvolved in the regulation of immunoresponses, which were not observed for

300  their precursors. The NRF2 pathway and GPR120, both of which play important rolesin

15
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301 anti-inflammatory responses, appear to be involved in the effects of yKetoC. The intake
302 of yKetoC ameliorated colitis in mice in a NRF2-dependent manner. Based on these
303 results, we conclude that gut bacteria and their metabolites of PUFASs exert beneficial

304  effects on immune homeostasis in the host body.
305

16
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411 Legends

412 Figure 1. Effects of bacteria metabolites of PUFASs on the activation of T cells and
413 DCsin vitro

414  A. and B. IL-2 concentrations in the culture media of splenocytes incubated in the
415  presence or absence of OVA and FAs. In total, 1.0 x 10°/200 uL of OT-II spleen-derived
416 single cell-suspended cells were stimulated by 2.5 ug/mL OVA with or without 50 uM
417 bacteria metabolites of PUFAs or vehicle (ethanol) for 48 h (A). The indicated
418 concentrations of enon FAs or their starting PUFAs were added to the culture media of
419  OT-Il spleen-derived cells with OVA during a48-h incubation (B).

420  C. The proliferation of CD4" T cells stimulated with plate-coated anti-CD3 and
421 anti-CD28 Abs. CD4" T cells, which were isolated from the C57BL/6 spleen and were
422 stained with CFSE, were incubated in Abs-coated dishes in the presence of 50 uM enon
423 FAsfor 72 h.

424  D. Cell surface expression levels of MHC class Il and CD86 in LPS-stimulated DCs. In
425  total, 5.0 x 10%2 mL of BMDCs were stimulated by 100 ng/mL LPS for 24 h in the
426 presence or absence of 50 uM enon FAs. MFIs were shown as a ratio to that of
427 LPS-stimulated BMDCs without FAS.

428  E. Concentrations of cytokines in the culture media of LPS-stimulated DCs. In total, 5.0
429 x 10%2 mL of BMDCs were stimulated by 100 ng/mL LPS for 24 h in the presence or
430 absence of 50 uM enon FAs.

431  Data represent the mean + SEM of three independent experiments performed in
432 triplicate (A-E). The Dunnett’s test (A, B) and the Tukey-Kramer test (C-E) were used.

433 *p<0.05,**p < 0.0L.
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435  Figure 2. Involvement of the NRF2 pathway in the suppressive effects of yKetoC
436 on DCs

437 A. IL-6 release from LPS-stimulated spleen cells and peritoneal cells was reduced by a
438 treatment with yKetoC. Spleen cells (5.0 x 10%mL) and peritoneal cells (4.0 x 10°/mL)
439 were stimulated with 100 ng/mL LPS for 24 h with or without 50 uM yKetoC.

440 B. mRNA levels of cytokine genes in LPS-stimulated DCs. 1.0 x 10%mL of BMDCs
441 were stimulated by 100 ng/mL LPS for 4 h in the presence or absence of 50 uM enon
442 FAs.

443  C. NRF2 protein levels in yKetoC-treated DCs. BMDCs were cultured in the presence
444  of 50 uM yKetoC for the indicated times, and aliquots of the whole cell lysate
445  containing 10 ug of protein were applied to each lane of SDS-PAGE for Western
446 blotting. Representative results were obtained in three independent experiments and a
447  typical result is shownin thisfigure.

448 D. mRNA levels of Hmox1 in BMDCs derived from NRF2 deficient mice and its
449  control.

450  E. The amounts of cytokines released from NRF2-deficient DCs and their control DCs.
451  BMDCs derived from Nrf2**, Nrf2*", or Nrf2” mice, which were pretreated with or
452 without yKetoC for 24 h, were cultured in the presence or absence of LPS for an
453  additional 24 h (D and E).

454  Data represent the mean + SEM of three independent experiments performed in
455  triplicate (A, B, D, E). The Tukey-Kramer test was used. *p < 0.05, **p < 0.01

456

457  Figure 3. Roles of Gg-GPCR-signaling in the effects on DCs

458  A. IL-12 release from LPS-stimulated DCs in the presence of the indicated
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459  concentrations of a Gq agonist. BMDCs (C57BL/6J) pretreated in the presence or
460  absence of the indicated concentrations of yKetoC or GW9508 for 24 h, were cultured
461  with or without LPS for an additional 24 h.

462  B. Effects of a Gg agonist on the release of cytokines from NRF2-deficient DCs.
463 BMDCs derived from Nrf2""~ or Nrf2”" mice, which were pretreated in the presence or
464  absence of the indicated concentrations of YKetoC or GW9508 for 24 h, were stimulated
465  with LPS for 24 h.

466 C. mRNA levels of Hmox1 in Gg-agonist treated DCs. Nrf2"" BMDCs and Nrf2”
467  BMDCs were incubated in the presence or absence of yKetoC or GW9508 for 3 h.

468  Data represent the mean + SEM of three independent experiments performed in
469  triplicate (A-C). The Dunnett’s test (A) and the Tukey-Kramer test (B, C) were used. *p
470 < 0.05,**p < 0.01.

471

472 Figure4. Effects of yKetoC on colitisin mice

473 A. Schematic of the oral administration schedule of yKetoC in the DSS-induced colitis
474 model. C57BL/6J mice were oraly administered 15 mg/kg/day of yKetoC in 100 pl
475  soybean oil or vehicle.

476  B. Percent body weight change from that measured on day O (left), and disease activity
477 index (DAI) scores (right).

478 C. Images (left) and length (right) of the large intestine.

479  DSS-; without the DSS treatment (n=6), DSS+; with the DSS treatment (n=15),
480  DSS+yKetoC; administration of YKetoC with the DSS treatment (n=15) (B and C).

481  D. Schematic of the schedule of administration of yKetoC (15 mg/kg/day) to colitis

482 induced-Nrf2 gene targeted mice.
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483  E. Body weight changes (left) and DAI scores (right).

484  F. Atrophy levels of the colon.

485  Nrf2"""DSS+; colitis-induced Nrf2*" mice (n=8), Nrf2*" DSS+yKetoC; yK etoC-treated
486 colitisinduced Nrf2"" mice (n=8), Nrf2”" DSS+; colitis-induced Nrf2”" mice (n=8),
487 Nrf2" DSS+yKetoC; YK etoC-treated colitis-induced Nrf2” mice (n=8) (E and F).

488  Data are shown as the mean £ SEM. *p < 0.05, **p < 0.01 The Tukey-Kramer test was

489  used.
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