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Introduction: Immune stimulators are used to improve vaccine efficiency;

however, they are accompanied by various side effects. In previous studies, we

reported that the Escherichia coli adhesion protein, FimH, induces immune

activity; however, we did not examine any side effects in colon inflammation.

Methods: FimH was administered orally or intraperitoneally (i.p.) to mice with

dextran sulfate sodium (DSS)-induced colitis, and changes in symptoms were

observed. Immune cells infiltrated into the colon after the induction of colon

inflammation were analyzed using a flow cytometer. Changes in Th1 and Th17

cells that induce colitis were analyzed. Further, mesenteric lymph node (mLN)

dendritic cells (DCs) activated by FimH were identified and isolated to examine

their ability to induce T-cell immunity.

Results: FimH oral and i.p. administration in C57BL/6 mice did not induce

inflammation in the colon; however, DSS-induced colitis was exacerbated by

oral and i.p. FimH administration. FimH treatment increased immune cell

infiltration in the colon compared to that in DSS colitis. Th1 and Th17 cells,

which are directly related to colitis, were increased in the colon by FimH;

however, FimH did not directly affect the differentiation of these T cells. FimH

upregulated the CD11b+CD103- DC activity in the mLNs, which produced the

signature cytokines required for Th1 and Th17. In addition, isolated

CD11b+CD103- DCs, after stimulation with FimH, directly induced Th1 and

Th17 differentiation in a co-culture of CD4 T cells.

Conclusion: This study demonstrated the side effects of FimH and indicated that

the use of FimH can aggravate the disease in patients with colitis.
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1 Introduction

Immune stimulators are used to improve the efficiency of

vaccines and treat cancer (1, 2). They are essential to induce

specific immune activity against non-immunogenic antigens, such

as cancer antigens (3). Immune stimulators mostly target innate

immune cells, such as macrophages and dendritic cells (DCs), to

induce immune activation (4, 5). Most ligands that can stimulate

pattern recognition receptors (PRRs) in innate immune cells have

been developed as immune stimulators (2). These immune

stimulators positively induce immune activation against antigens;

however, they can cause side effects such as inflammation or

autoimmune diseases (6–9).

Toll-like receptors (TLRs) are well-studied PRRs, and various

ligands have been identified (10). Imiquimod is a TLR7/8 ligand

actively used in research for developing a viral vaccine; however, it

induces psoriasis, a skin inflammatory disease (8). Unmethylated

single-stranded CpG in bacterial DNA is used for immunotherapy

and vaccines by stimulating TLR9; however, it is known to induce

inflammation (9). Lipopolysaccharide (LPS), a ligand of TLR4, is an

endotoxin as its immune activation ability is strong enough to

induce a cytokine storm or sepsis (11). Recently, we showed that

FimH, a protein form of the TLR4 stimulator, can be used as an

adjuvant in cancer vaccines (12–14). However, the side effects of

FimH, especially in inflammatory diseases, have not yet

been elucidated.

Inflammatory bowel disease (IBD) is an autoimmune disease

associated with inflammation of digestive tract tissues (15). Two

types of IBD are available: ulcerative colitis and Crohn’s disease

(15). Colitis causes inflammation in the large intestine and rectum.

In contrast, Crohn’s disease can cause digestive tract inflammation,

especially in the small intestine and upper gastrointestinal tract

(16). IBD is an inflammatory disease that involves immune cell

activation. The activity of helper T 1 cells (Th1) and Th17 cells has a

direct effect on IBD (17, 18). In addition, the absence of regulatory T

cells (Treg) is directly related to the occurrence of IBD (19). Many

causes of IBD exist, such as drug administration and bacterial

infection (15). Numerous drugs that aggravate IBD have been

studied (7, 20).

DCs are specialized antigen-presenting cells involved in

activating and suppressing immunity via phagocytosis and

antigen presentation (21). DCs appear in different subtypes in the

body, depending on the tissue in which they reside. DCs involved in

immune activation are observed in secondary lymphoid organs. In

contrast, immunosuppressive and immunostimulatory DCs are

observed in peripheral tissues, particularly the lungs and

intestines (21, 22). The three main subtypes of conventional DCs

(cDCs) in the murine intestine can be divided according to their

surface marker expression. Intestinal cDC1 is defined as

CD103+CD11b– cells in CD11c+ cells and cDC2 as CD103–

CD11b+ cells (23). Gut-specific cDC2 subsets express both CD103

and CD11b (23). These DC subsets are involved in immune

act ivat ion and suppress ion (23) . Among these DCs,

CD103+CD11b+ and CD103+CD11b– DCs promote immunity

suppression by inducing regulatory T cell differentiation in

mesenteric lymph nodes (mLNs) (23). However, CD103+CD11b+
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and CD103+CD11b– DCs induce colitis by inducing Th17 and Th1

differentiation, respectively (24). CD103–CD11b+ DC are involved

in immune activation, and in particular, they induce IBD via

inducing Th1 and Th17 differentiation (24–26).

Adherent-invasive E. coli (AIEC) is associated with IBD (27).

AIEC attaches to the intestinal epithelia, penetrates the intestinal

wall, and induces inflammation (27, 28). The pilus and flagella in

AIEC are the main adhesion portions for attachment to the

intestinal epithelia (29). Flagellin, a flagella protein, is a well-

known substance that stimulates TLR5 (30). Flagellin is known to

induce immune activity; however, it is closely associated with IBD

(31). Antibodies against flagellin are increased in patients with IBD,

and flagellin aggravates colitis in a dextran sulfate sodium (DSS)-

induced murine colitis model (32, 33). FimH, a protein involved in

adhesion that is observed at the end of type I pili of AIEC (34), can

induce immune activation by stimulating TLR4 and preventing

colitis by binding to the intestinal epithelium and inhibiting AIEC

invasion (34, 35). However, studies on the effect of FimH in the

presence and exacerbation of colitis are lacking. Thus, we conducted

this study under the hypothesis that FimH may aggravate colitis

based on its ability to induce immune activation.
2 Materials and methods

2.1 Mice

C57BL/6 mice were purchased from the Shanghai Public Health

Clinical Center (SPHCC) and Hyochang Science (Daegu, Korea).

The mice were kept under pathogen-free conditions, housed in a

room at 20–22°C and 50–60% humidity, and fed standard rodent

chow and water. The animal experiments were approved by the

Ethics Committee of SPHCC (mouse protocol number: 2021-A070-

01) and the Asan Medical Center (authorization no. 2023-04-041).
2.2 Recombinant FimH protein purification

The recombinant FimH protein was prepared from E. coli

(strain K21) as previously described (12). Briefly, the pET28a-

FimH plasmids were constructed and transformed into BL21-

competent cells. After incubation in lysogenia broth (LB) medium

containing IPTG to induce expression, competent cells were

harvested and disrupted using ultrasonication. The target FimH

protein was purified from the cell supernatant using an Ni column

and then renatured in a dialysis bag. The endotoxin contaminating

the FimH protein was removed using endotoxin removal resin

(Thermo Fisher Scientific, Waltham, MA, USA) according to the

manufacturer’s instructions. Finally, the FimH protein was

lyophilized and stored at −80°C until use.
2.3 Reagents and antibodies

DSS (40 kDa) was obtained from Sigma-Aldrich (St. Louis,

Missouri, US). Murine monoclonal antibodies anti-IgG1 (RMG1-
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1), anti-IgG2a (RMG2a-62), anti-IgG2b (RMG2b-1), anti-TCR-b
(H57-597), anti-TCR-gd (GL3), anti-NK1.1 (S17016D), anti-Ly-6G

(S19018G), anti-CD4 (GK1.5), anti-CD8 (53-6.7), anti-CD11c

(N418), anti-CD45 (QA17A26), anti-CD11b (M1/70), anti-CD103

(W19396D), anti-CD40 (3/23), anti-CD80 (16-10A1), anti-CD86

(GL-1), anti-major histocompatibility complex (MHC) class I

(AF6-88.5.3), anti-MHC class II (M5/114.15.2), anti-interferon

(IFN)-g (XMG1.2), anti-interleukin (IL)-4, IL-17, and anti-TNF-a
(MP6-XT22), anti-p38 (Poly6224), anti-p38 phospho (A16016A),

anti-ERK1/2 (W15133B) and anti-ERK1/2 phospho (6B8B69) were

purchased from BioLegend (San Diego, CA, US). Anti-JNK (1E5)

and anti-JNK phosphor (SAPKT183Y185-A11) were purchased

from abcam (Cambridge, UK). Recombinant murine cytokines,

IL-1b, IL-6, IL-12, IL-23, and TGF-b, were obtained from

Thermo Fisher Scientific (Waltham, MA, US).
2.4 DSS mild colitis model

The mice were randomly divided into six groups (three mice in

each group repeated the experiment twice; n = 6). The 1st group was

the control group, which received normal water daily. In the 2nd and

3rd groups, in addition to providing normal water daily, FimH (10

mg/kg) was intraperitoneally (i.p.) or orally administered daily. The

4th, 5th, and 6th groups were administered 1.5% DSS in water for

nine days to induce mild colitis. The 5th and 6th groups were

additionally treated with FimH (10 mg/kg) i.p. or orally. The disease

activity index (DAI) was calculated on day 9 after DSS

administration, as previously described (36). The DAI was scored

on a scale of 0–4 using the following parameters: loss of body weight

(0, normal; 1, 0–5%; 2, 5–10%; 3, 10–20%; 4, > 20%), stool

consistency (0, normal; 2, loose stools; 4, watery diarrhea), and

the occurrence of gross blood in the stool (0, negative; 4, positive).
2.5 Hematoxylin and eosin staining

The co l on s we r e ha r v e s t ed and fix ed w i t h 4%

paraformaldehyde. After dehydration with 100% ethanol, the

tissues were embedded in paraffin and sectioned into 5 mm
thickness. The sectioned colon was attached to a glass slide and

deparaffinized with xylene. The sections were then stained with

H&E after rehydration and examined for tissue damage. The

histological scores were evaluated as previously described (37).
2.6 Single- cell suspension from the colon
and mLN

C57BL/6 mice were orally treated with PBS, FimH (10 mg/kg),

1.5% DSS water, and FimH + 1.5% DSS water. The mice were

euthanized for the T cell experiment, and the colon and mLN were

harvested 3 or 5 days after consuming DSS water. DC activation was

measured 24 h after the consumption of DSS water. The harvested

colon, or mLN, was prepared as a single suspension by incubation

with digestion buffer (DNase I and collagenase IV; both from
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Sigma-Aldrich) for 20 min. The remaining fat was removed with

a 100 nm nylon filter, and cells were resuspended in 5 mL of 1.077

Histopaque (Sigma-Aldrich). The cell suspension was then slowly

added to the upper layer of 5 mL of fresh 1.077 Histopaque. The

cells were centrifuged at 1836 ×g for 10 min, and the cells in the

supernatant at 1.077 µg/mL were harvested as leukocytes.
2.7 Flow cytometry analysis

The cells were pre-incubated with Fc-blocking antibodies

(BioLegend) for 15 min and then stained with fluorescence-

labeled antibodies at 4°C for 15 min. The stained cells were

washed with PBS and resuspended in 4’ ,6-diamidino-2-

phenylindole (DAPI) (Sigma-Aldrich) containing PBS. The cells

were analyzed using a FACS LSR II (Becton Dickinson, Franklin

Lakes, NJ, USA) or NovoExpress (ACEA Biosciences Inc., San

Diego, CA, USA).
2.8 T cell differentiation

Naïve CD4 T cells were isolated from spleen and LN using naïve

CD4 T cell isolation kits (Miltenyi Biotec). CD4 T cells (1 × 106)

were incubated in a 5 mg/mL anti-CD3 Ab and anti-CD28 Ab-

coated 24- well plate for three days. To induce Th1 cell

differentiation, the cells were treated with 50 ng/mL IL-12. Th17

cells were differentiated using a combination of IL-1b (10 ng/mL),

IL-6 (10 ng/mL), IL-23 (20 ng/mL), and TGF-b (20 ng/mL). Three

days after incubation, the cells were analyzed for intracellular

cytokine production.
2.9 Intracellular T cell staining

To analyze intracellular cytokine-producing T cells, mLN cells

were stimulated with 50 ng/mL phorbol 12-myristate 13-acetate

(PMA; Sigma-Aldrich) and 1 mM ionomycin (Sigma-Aldrich) for

4 h. The cells were treated with 2 mM monensin (BioLegend), a

Golgi stop for 2 h before harvesting. Cells were stained with anti-

CD3, anti-CD4, anti-CD8, and anti-TCR-b antibodies. The cells

were washed with PBS, and free antibodies were removed. The cell

pellet was fixed with fixation buffer (BioLegend) for 20 min. After

washing with 500 mL of permeabilization buffer (BioLegend), the

cells were stained with intracellular antibodies in Perm/Wash buffer

and T cells with PE-Cy7-anti-IFN-g, PerCp5.5-anti-IL-4, and PE-

anti-IL-17A for 30 min. Dead cells were isolated using the Zombie

Violet Fixable Viability Kit (BioLegend). The cells were analyzed

using a NovoCyte Flow Cytometer and NovoExpress Software

(ACEA Biosciences).
2.10 Real-time PCR

Total RNA was isolated from bone marrow derived dendritic

cell (BMDC), and cDNA was synthesized using Oligo (dT) and M-
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MLV reverse transcriptase (Promega, Madison, Wisconsin, US).

cDNA was annealed and extended at 60°C on a LightCycler 480

Real-Time PCR System (Roche, Basel, Switzerland). Primer

sequences are provided in Table S1.
2.11 Enzyme-linked immunosorbent assay

The concentration of cytokines was measured using the culture

medium of cells or serum from mice. The sample was measured in

triplicate, and the concentration was measured according to the

experimental method provided by the manufacturer (BioLegend).
2.12 mLN DC analysis

mLN cells were stained with anti-CD11b, anti-CD11c, anti-

CD45, and anti-CD103 antibodies. The CD11c+CD45+ cells were

defined as mLN DCs, and the cells further divided CD11b+CD103-,

CD11b+CD103+, and CD11b-CD103+ cells as subsets of DCs. In the

subsets of mLN DCs, co-stimulatory and MHCmolecule expression

were analyzed via flow cytometry.
2.13 mLN DC and CD4 T cell co-culture

The stimulated mLN DC subsets were sorted using a cell sorter

(FACS Aria II). The isolated mLN subsets (1 × 104) were co-

cultured with purified CD4 T cells (2.5 × 105) in 96- well plates.

Three days after incubation, the cells were harvested and stained for

intracellular cytokine production using a NovoCyte Flow

Cytometer and NovoExpress Software (ACEA Biosciences).
2.14 Statistical analysis

All data are expressed as the mean ± standard error of the mean

(SEM). One- or two-way ANOVA (Tukey multiple comparison

test) and the Mann–Whitney t-test were used to analyze the data

sets. Statistical significance was set at p < 0.05.
3 Results

3.1 FimH exacerbated DDS-induced colitis
in mice

To confirm the possibility of FimH-induced intestinal

inflammation, normal colitis in the presence of FimH was

compared with DSS-induced colitis. No change in body weight

was observed in mice administered oral or intraperitoneal FimH

daily (Figure 1A). However, weight loss in mice fed drinking water

containing 1.5% DSS was more severely reduced by oral and i.p.

administration of FimH (Figure 1A). In addition, the DAI score was

considerably increased by the administration of FimH compared to

that in DSS alone (Figure 1B). Consistent with changes in body
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weight, oral or i.p. administration of FimH to control mice did not

promote any decrease in colon length (Figures 1C, D). In mice

administered 1.5% DSS water, the length of the colon was reduced

compared to that in the control mice (Figures 1C, D). In addition,

oral or i.p. FimH administration further decreased colon length

compared to 1.5% DSS water mice (Figures 1C, D). H&E staining of

the colon tissue showed inflammation in mice that consumed 1.5%

DSS water, which was aggravated by oral or i.p. FimH treatment

(Figures 1E, F). Thus, these data indicate that FimH aggravates

colitis in the presence of inflammation in the colon.
3.2 FimH elicited additional immune cell
infiltration in the colon of DSS-colitis mice

Next, we examined immune cell infiltration in the colon. Colonic

infiltration numbers and frequencies of TCR-b-expressing T cells were

markedly increased in mice that consumed DSS water compared to

those in mice that consumed normal water (Figures 2A, B). Single-cell

suspension of colon cells was analyzed on a flow cytometer to

determine the number of infiltrated immune cells (Figure S1A).

Total cell numbers in the colon were not considerably changed by

FimH administration compared to that of 1.5% DSS water control

(Figure S1B). Oral FimH administration resulted in more TCR-b cell

infiltration in the colon than in mice that consumed 1.5% DSS water

(Figures 2A, B). In addition, CD4 and CD8 T cells were increased by

FimH in DSS water mice (Figures 2C, D). Furthermore, DSS water

intake induced NK1.1+ and Ly-6G+ cell infiltration in the colon, and

the infiltration of these cells was elevated by FimH (Figures 2E, F).

Therefore, these data suggest that FimH further enhanced the

infiltration of immune cells in DSS-induced colitis.
3.3 FimH promotes effector T cell
differentiation

DSS-induced colitis develops with the involvement of Th1 and

Th17 cells (17, 18, 24). Since FimH promoted the exacerbation of

DSS-induced colitis, we examined whether FimH elicited

differentiation of Th1 and Th17 cells in DSS-induced colitis. The

colon was harvested five days after DSS administration, and colon

CD4 and CD8 T cells were defined as shown in Figure S2A. IFN-g-
producing CD4 and CD8 T cells were considerably increased in the

colon of DSS-administrated mice, further elevated by FimH

treatment (Figures 3A, B). In addition, IL-17-producing CD4 T

cells were dramatically increased by FimH administration

compared to those in DSS water mice (Figures 3A, B). Consistent

with intracellular cytokine production, the mRNA levels of IFN-g
and IL-17 were substantially upregulated by FimH (Figure 3C).

Furthermore, the signature transcription factors of Th1 and Th17,

T-bet, and RORgt levels were consistently increased in DSS water

mice by FimH compared to that of the PBS control (Figure 3D). In

the colon single-cell culture condition, the levels of Th1 cells

producing IFN-g and TNF-a in DSS-colitis were considerably

increased by FimH administration (Figure 3E). Th17 cells

produced IL-17 and IL-22 in the culture medium of colon cells,
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which were considerably upregulated by FimH compared to those

of DSS-induced colitis (Figure 3E). Thus, these data suggest that

FimH upregulates Th1 and Th17 cell activation.
3.4 FimH does not directly contribute to
Th1 and Th17 differentiation

Since FimH administration enhanced Th1 and Th17 immune

responses in DSS-induced colitis mice, we further examined
Frontiers in Immunology 05
whether FimH can directly induce the activation and

differentiation of these T cells. Isolated naïve CD4 T cells were

differentiated into Th1 cells by stimulation with an anti-CD3/28

antibody and IL-12. Th1 -differentiated cells produced increased

levels of IFN-g. In contrast, FimH treatment did not induce

additional intracellular production of IFN-g in CD4 T cells

(Figure 4A). FimH did not enhance the mRNA levels of IFN-g
and T-bet compared to those in PBS-treated Th1 cells (Figure 4B).

Furthermore, the concentrations of IFN-g and TNF-a in the culture
B

C D

E

F

A

FIGURE 1

FimH administration exacerbates dextran sulfate sodium (DSS)-induced colitis in mice. C57BL/6 mice were administered tap water or 1.5% DSS-
containing water for nine days. The mice were additionally administered FimH orally or intraperitoneally (i.p.) daily (10 mg/kg). (A) Body weight
changes in the indicated groups (n = 6). (B) The disease activity index (DAI) was scored. (C) Photographs of the colon. (D) Length of the colon was
measured on day nine after DSS and FimH administration. (E) Hematoxylin and eosin (H&E) staining images of colon sections (80 × magnification).
(F) Histological scores were measured. Data represent the average of the analyses of two independent experiments (n = 6). Data shown are the
mean ± standard error of the mean (SEM). ** p < 0.01.
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medium of FimH-treated Th1 cells did not increase compared with

those produced by PBS-treated Th1 cells (Figure 4C). Consistent

with the effects of FimH on Th1 cells, FimH treatment did not

upregulate intracellular IL-17 production in Th17 cells (Figure 4D).

The mRNA and cytokine production were not upregulated in Th17

cells by FimH compared to that in PBS-treated Th17 cells

(Figures 4E, F). Thus, these data indicate that FimH does not

directly induce T cell differentiation and activation.
3.5 FimH promotes CD11b+CD103-

DC activation

To identify the target cells of FimH for colitis exacerbation, we

analyzed the DC activation by FimH. Because the DC population

was minor in the colon, mLN DCs were analyzed. We observed that

DSS administration increased the number and frequency of CD11c+

DCs, further increased by FimH treatment in DSS-induced colitis

(Figures 5A, B). The number of all types of DC subtypes in the

intestine was increased in DSS-induced colitis; however, only

CD11b+CD103- DCs were additionally increased by the FimH

administration (Figures 5C, D). Next, the activity marker

expression in the DCs was analyzed. The FimH treatment in

CD11b+CD103- DCs remarkably increased DSS-induced

upregulation of co-stimulatory and MHC molecules (Figures 5E,

F). In addition, FimH treatment induced phosphorylation of ERK,

JNK, and p38 in CD11b+CD103- DCs, indicating DC maturation
Frontiers in Immunology 06
signaling pathway activation (Figure S3). However, the expression

of these activation markers did not increase in CD11b+CD103+ and

CD11b-CD103+ DCs after DSS and FimH treatment (Figure S4).

These data indicate that FimH induces CD11b+CD103−

DC activation.
3.6 FimH-activated CD11b+CD103- DCs
produced pro-inflammatory cytokines

To determine the function of DC subsets, cytokine production

was examined in mLN cells of mice treated with DSS and FimH.

The mLN cells in DSS colitis showed increased mRNA and protein

levels of IL-1b, IL-6, IL-12, and IL-23, which were considerably

increased by additional treatment with FimH (Figures 6A, B). To

confirm cytokine production according to mLN DC subsets, we

sorted and cultured the subsets of DCs from the mLN of mice

treated with DSS and FimH (Figure 6C). The IL-1b production

levels in the culture medium were considerably increased in

CD11b+CD103- and CD11b+CD103+ DCs (Figure 6D). The IL-1b
production levels were remarkably increased in the culture medium

of CD11b+CD103- DCs by FimH, whereas FimH treatment did not

enhance these levels in CD11b+CD103+ DCs in the mLN of DSS-

induced colitis (Figure 6D). In addition, only CD11b+CD103- DCs

secreted IL-6, IL-12p40, and IL-23p19 from the mLN of DSS-colitis

mice, which was further enhanced by the treatment with FimH

(Figure 6D). Thus, these data suggest that FimH stimulates pro-
B

C D

E F

A

FIGURE 2

FimH promoted immune cell infiltration in the colon. (A) Frequency and population of colon- infiltrated TCR-gd+ and TCR-b+ cells. (B) Absolute
numbers of TCR-gd+ and TCR-b+ cells in the colon. (C) CD4+ and CD8+ cells in TCR-b+ cells were shown. (D) Mean number of CD4+ and CD8+

cells in TCR-b+ cells. (E) Colon-infiltrated NK1.1+ and Ly-6G+ cells were analyzed using flow cytometry. (F) Absolute numbers of NK1.1+ and Ly-6G+

cells in the colon. Data are the average of two independent experiments (n = 6) analyses. ** p < 0.01.
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inflammatory cytokine production in CD11b+CD103- DCs in DSS-

induced colitis.
3.7 FimH-activated CD11b+CD103- DCs
induce Th1 and Th17 cell differentiation

To confirm the T cel l di fferentiat ion function of

CD11b+CD103- DCs stimulated by FimH, CD11b+CD103- DCs

were isolated from the mLN of FimH-treated colitis mice and co-

cultured with naïve T cells. CD11b+CD103- DCs isolated from the
Frontiers in Immunology 07
mLN of colitis mice induced IFN-g production in T cells. The

expression of IFN-g was further enhanced in mLN CD11b+CD103-

DCs from mice treated with FimH and DSS compared to that

produced by PBS-treated CD11b+CD103- DCs (Figures 7A, B).

Consistent with the intracellular production levels of IFN-g in CD4

T cells, the concentration of IFN-g in the culture medium of CD4-

and FimH-stimulated CD11b+CD103- DCs was considerably

upregulated compared to that in PBS-treated CD11b+CD103-

DCs from DSS-colitis mice (Figure 7C). Next, we examined the

effect of FimH-stimulated mLN DC subsets on Th17 cell activation

and identified that CD11b+CD103- DCs from FimH- and DSS-
B

C D

E

A

FIGURE 3

FimH- induced Th1 and Th17 immune response activation in the colon. C57BL/6 mice were administered PBS, 1.5% DSS water, and FimH + DSS
water for five days. (A) Intracellular productions of IFN-g, IL-4, and IL-17 were analyzed using flow cytometry. (B) Mean positive of IFN-g-, IL-4-, and
IL-17-producing cells. (C, D) Indicated mRNA levels were analyzed using real-time PCR. (E) Colon single cells were incubated for 24 h, and the
concentration of indicated cytokines was quantified using an enzyme-linked immunosorbent assay (ELISA). Data are the average or representative of
the analysis of six independent samples (n = 6), *p < 0.05, **p < 0.01.
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treated mice mLN substantially increased the intracellular

production of IL-17 in CD4 T cells compared to that of PBS- and

DSS-treated CD11b+CD103- DCs (Figures 7D, E). IL-17 production

levels in the co-culture medium of FimH and DSS-stimulated

CD11b+CD103- DCs and naïve T cells were remarkably elevated

compared to those induced by co-culture of DSS-stimulated

CD11b+CD103- DCs and naïve T cells (Figure 7F). These results

demonstrated that FimH-stimulated CD11b+CD103- DCs in the

mLN and DSS directly induced Th1 and Th17 immune responses.
Frontiers in Immunology 08
4 Discussion

FimH may primarily cause AIEC-induced colitis (38, 39). In

addition, several studies have reported that FimH induces immune

activity (12–14, 40). Therefore, blocking FimH could be a strategy to

prevent AIEC-induced colitis (35, 39). However, direct FimH-

induced colitis has not yet been reported. Accordingly, in this

study, oral or i.p. administration of recombinant FimH did not

induce colitis. However, colitis in mice that consumed 1.5% DSS
B C

D

E F

A

FIGURE 4

FimH did not directly promote Th1 and Th17 differentiation. (A–C) Isolated naïve CD4 T cells were stimulated with anti-CD3/28 antibodies in the
presence or absence of IL-12. The cells were further treated with PBS or 20 mg/mL FimH and incubated for three days. (A) Intracellular IFN-g
production was analyzed using flow cytometry (left panel). Mean percentage of IFN- g-positive cells (right panel). (B) mRNA levels of IFN-g and T-
bet. (C) Concentration of IFN-g and TNF-a in a cultured medium. (D–F) Naïve CD4 T cells were differentiated into Th17 cells by anti-CD3/CD28
antibodies and indicated cytokines. The cells were treated with PBS or 20 mg/mL FimH. (D) Intracellular IL-17 production levels (left panel). Mean
percentage of IL-17-producing cells (right panel). (E) mRNA levels of IL-17 and RORgt. (F) Concentration of IL-17 and IL-22 in the cultured medium.
Data are the average or representative of the analysis of six independent samples (n = 6), **p < 0.01.
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water was exacerbated by oral FimH treatment. This may be due to

FimH infiltration into the epithelium of the large intestine damaged

by DSS, which induces strong immune activity. Therefore, rather

than directly inducing colitis, FimHmay exacerbate colitis when the

colonic epithelial cells are damaged.

Colitis is caused by food poisoning, bacteria, viruses, parasites,

and genetic effects that promote damage to the epithelial cells of the

colon (15). The potential of AIEC to directly induce colitis by

invading colonic epithelial cells has been well documented (41).

However, studies regarding the causes of the aggravation of

relatively mild colitis are lacking. In this study, we suggest that

FimH, an adhesion protein of E. coli, exacerbates colitis caused by

damage to the colon wall. In most colitis studies using DSS, 3–5%

DSS is used to induce colitis in mice (42, 43). However, colitis

induced in this way is an extreme situation, and in a few cases, mice

die after 7 days (36, 42, 43). We used 1.5% DSS to induce relatively

mild inflammation and additionally administered FimH to study

the function of FimH and observed that FimH could exacerbate
Frontiers in Immunology 09
colitis. Therefore, colitis caused by AIEC may have been aggravated

by the inflammation caused by FimH in AIEC after damage to the

colonic epithelium by other factors.

The large intestine can be exposed to various external factors

and is regulated by the immune response against these factors (44).

However, colitis can be induced by several factors. Colitis is a

disease in which activated immune cells attack the epithelial cells of

the colon to destroy their function, and the disease progresses with

the involvement of these immune cells (45). Among these immune

cells, activated CD4 T, Th1, and Th17 cells were observed in the

epithelial layer of the colon of patients with colitis (18, 24). FimH

was fed to mice drinking DSS water, and it was shown that the

immune response of Th1 and Th17 cells in the large intestine

increased. Although Th1 and Th17 are competitively induced in

general immunity, Th1 can induce a Th17 immune response in the

colon (46, 47). In addition, we observed that FimH induced T-cell

activity by directly stimulating colonic DCs. DCs expressing CD103

induce immune tolerance in the colon, which induces the
B

C

D

E

F

A

FIGURE 5

FimH- induced CD11b+CD103- DC activation in the mesenteric lymph node (mLN). C57BL/6 mice were orally administered PBS or 10 mg/kg FimH
with drinking water containing 1.5% DSS. After three days of drinking DSS water, mLNs were harvested. (A) Frequency and population of
CD11c+CD45+ cells in mLN. (B) Absolute number of CD11c+CD45+ cells in mLN. (C) CD11c+CD45+ cells are further divided into CD11b+CD103-,
CD11b+CD103+, and CD11b-CD103+ cells. (D) Total number of CD11b+CD103-, CD11b+CD103+, and CD11b-CD103+ cells in CD11c+CD45+ mLN
cells. (E) Surface activation marker expression in CD11b+CD103- DCs was analyzed using flow cytometry. (F) The mean fluorescence intensity (MFI)
of the indicated surface markers was shown. Data are the average or representative of the analysis of six independent samples (n = 6), **p < 0.01.
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differentiation of regulatory T cells (23). In contrast, CD11b-

expressing DCs are inflammatory DCs that induce T-cell

activation (48). In line with this, in mice treated with FimH,

CD11b+CD103- DCs in the mLN were activated, and these cells

induced T cell activation. However, we could not determine why

other DC subtypes in the mLN were inactive. This may be due to the

expression of Toll-like receptor 4 (TLR4), which stimulates TLR4 in
Frontiers in Immunology 10
mice and humans (12). Therefore, it is necessary to conduct

additional experiments to study TLR expression according to the

DC subtypes.

Immune stimulators are commonly used to improve the

effectiveness of vaccines (3, 21). When antigenic proteins lack

immunogenicity, specific immune activity against the antigen may

be induced by administering them in combination with an
B

C

D

A

FIGURE 6

FimH directly stimulated CD11b+CD103-DCs. (A) Indicated mRNA levels in mLN cells were analyzed using real-time PCR on day 3 of DSS and FimH
treatment. (B) Single cells of mLN were cultured for 24 h. The concentration of indicated cytokines in the cultured medium was quantified using an
enzyme-linked immunosorbent assay (ELISA). (C, D) The mice were euthanized three days after DSS and FimH treatment, and mLNs were harvested.
(C) Purified CD11b+CD103-, CD11b+CD103+, and CD11b-CD103+ cells in CD11c+CD45+ mLN cells. (D) CD11b+CD103-, CD11b+CD103+, and CD11b-

CD103+ cells were cultured for 24 h, and the concentrations of IL-1b, IL-6, IL-12p40, and IL-23p19 were measured in the cultured medium. Data are
the average or representative of the analysis of six independent samples (n = 6), *p < 0.05; **p < 0.01.
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immune stimulator (4). In previous studies, we suggested that

FimH acts as an immune stimulator for enhancing cancer vaccines

(12). In addition, the results posited that the anticancer effect of

the immune checkpoint antibody can be improved by FimH (12).

However, the results of this study suggest an important side effect
Frontiers in Immunology 11
of FimH in the body. FimH has sufficient potential for use as a

protein-based immune stimulator, and its use in patients

with inflammatory diseases should be considered. However, it

does not directly induce inflammatory diseases like other

immune enhancers.
B

C

D E

F

A

FIGURE 7

FimH and DSS stimulated CD11b+CD103- DCs and elicited Th1 and Th17 immune responses. C57BL/6 mice were orally administered PBS or 10 mg/
kg FimH with drinking water containing 1.5% DSS for three days. CD11b+CD103-, CD11b+CD103+, and CD11b-CD103+ DCs were isolated and co-
cultured with naïve CD4 T cells for three days. (A) Intracellular IFN-g production in CD4 T cells. (B) Mean percentage of IFN-g- positive cells in CD4
T cells. (C) Concentration of IFN-g in the culture medium. (D) IL-17-producing CD4 T cells were analyzed using flow cytometry. (E) Mean
percentage of IL-17-producing cells in CD4 T cells. (F) Concentration of IL-17 in the culture medium was quantified using an enzyme-linked
immunosorbent assay (ELISA). Data are the average or representative of the analysis of six independent samples (n = 6), *p < 0.05, **p < 0.01.
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5 Conclusions

The use of immune stimulators may be accompanied by

side effects, such as inflammatory disease induction. FimH, an

immune stimulator discovered in previous studies, did not induce

inflammation of the colon by intraperitoneal or oral administration;

however, it aggravated the degree of inflammation in colitis-

induced mice. FimH aggravated colitis by inducing Th1 and Th17

immune responses, mediated by CD11b+CD103- DC activation in

the colon. Therefore, this study demonstrated the side effects of

FimH and indicated that the use of FimH in patients with colitis can

aggravate colitis.
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34. Reinisch W, Hébuterne X, Buisson A, Schreiber S, Desreumaux P, Primas C,
et al. Safety, pharmacokinetic, and pharmacodynamic study of sibofimloc, a novel fimh
blocker in patients with active crohn's disease. J Gastroenterol Hepatol (2022) 37
(5):832–40. doi: 10.1111/jgh.15828

35. Chevalier G, Laveissière A, Desachy G, Barnich N, Sivignon A, Maresca M, et al.
Blockage of bacterial fimh prevents mucosal inflammation associated with crohn’s
disease. Microbiome (2021) 9(1):1–16. doi: 10.1186/s40168-021-01135-5

36. Chassaing B, Aitken JD, Malleshappa M, Vijay-Kumar M. Dextran sulfate
sodium (Dss)-induced colitis in mice. Curr Protoc Immunol (2014) 104:15 25 1–15
25 14. doi: 10.1002/0471142735.im1525s104

37. ZhangW, Du JY, Yu Q, Jin JO. Interleukin-7 produced by intestinal epithelial cells in
response to citrobacter rodentium infection plays a major role in innate immunity against
this pathogen. Infect Immun (2015) 83(8):3213–23. doi: 10.1128/IAI.00320-15

38. Totsika M, Kostakioti M, Hannan TJ, Upton M, Beatson SA, Janetka JW, et al. A
fimh inhibitor prevents acute bladder infection and treats chronic cystitis caused by
multidrug-resistant uropathogenic escherichia coli st131. J Infect Dis (2013) 208
(6):921–8. doi: 10.1093/infdis/jit245

39. Abdel-Magid AF. Inhibition of the bacterial adhesin fimh may potentially treat
inflammatory bowel diseases (Ibd). ACS Med Chem Lett (2014) 5(7):732–3.
doi: 10.1021/ml500168u

40. Tchesnokova V, Aprikian P, Kisiela D, Gowey S, Korotkova N, Thomas W, et al.
Type 1 fimbrial adhesin fimh elicits an immune response that enhances cell adhesion of
escherichia coli. Infect Immun (2011) 79(10):3895–904. doi: 10.1128/IAI.05169-11

41. Palmela C, Chevarin C, Xu Z, Torres J, Sevrin G, Hirten R, et al. Adherent-
invasive escherichia coli in inflammatory bowel disease. Gut (2018) 67(3):574–87.
doi: 10.1136/gutjnl-2017-314903

42. Dong S, Zhu M, Wang K, Zhao X, Hu L, Jing W, et al. Dihydromyricetin
improves dss-induced colitis in mice via modulation of fecal-bacteria-related bile acid
metabolism. Pharmacol Res (2021) 171:105767. doi: 10.1016/j.phrs.2021.105767

43. Sun J, Chen H, Kan J, Gou Y, Liu J, Zhang X, et al. Anti-inflammatory properties
and gut microbiota modulation of an alkali-soluble polysaccharide from purple sweet
potato in dss-induced colitis mice. Int J Biol Macromolecules (2020) 153:708–22. doi:
10.1016/j.ijbiomac.2020.03.053

44. Mowat AM, Agace WW. Regional specialization within the intestinal immune
system. Nat Rev Immunol (2014) 14(10):667–85. doi: 10.1038/nri3738

45. Rizzello F, Spisni E, Giovanardi E, Imbesi V, Salice M, Alvisi P, et al. Implications
of the westernized diet in the onset and progression of ibd. Nutrients (2019) 11(5):1033.
doi: 10.3390/nu11051033

46. Feng T, Qin H, Wang L, Benveniste EN, Elson CO, Cong Y. Th17 cells induce
colitis and promote th1 cell responses through il-17 induction of innate il-12 and il-23
production. J Immunol (2011) 186(11):6313–8. doi: 10.4049/jimmunol.1001454

47. Cao H, Diao J, Liu H, Liu S, Liu J, Yuan J, et al. The pathogenicity and synergistic
action of th1 and th17 cells in inflammatory bowel diseases. Inflammation Bowel Dis
(2023) 29(5):818–29. doi: 10.1093/ibd/izac199

48. Sun T, Nguyen A, Gommerman JL. Dendritic cell subsets in intestinal immunity
and inflammation. J Immunol (2020) 204(5):1075–83. doi: 10.4049/jimmunol.1900710
frontiersin.org

https://doi.org/10.1016/j.coi.2008.06.002
https://doi.org/10.1086/315093
https://doi.org/10.1038/s41467-020-15030-4
https://doi.org/10.1136/jitc-2021-002666
https://doi.org/10.1021/acsnano.2c03379
https://doi.org/10.1016/S1734-1140(11)70575-8
https://doi.org/10.3238/arztebl.2016.0072
https://doi.org/10.1136/gut.2008.163667
https://doi.org/10.1016/j.cyto.2011.08.036
https://doi.org/10.1155/2020/8813558
https://doi.org/10.1016/j.celrep.2019.03.028
https://doi.org/10.1038/s41577-019-0210-z
https://doi.org/10.1016/bs.ircmb.2019.07.004
https://doi.org/10.3389/fimmu.2018.02883
https://doi.org/10.1016/j.celrep.2016.09.091
https://doi.org/10.1016/j.it.2014.04.003
https://doi.org/10.1016/j.it.2014.04.003
https://doi.org/10.3389/fimmu.2020.536326
https://doi.org/10.3389/fimmu.2020.536326
https://doi.org/10.1111/jgh.15260
https://doi.org/10.3390/ijms21103734
https://doi.org/10.1002/jcp.29430
https://doi.org/10.3389/fimmu.2020.00171
https://doi.org/10.1053/j.gastro.2021.03.064
https://doi.org/10.1073/pnas.0502174102
https://doi.org/10.1073/pnas.0502174102
https://doi.org/10.1002/ibd.20423
https://doi.org/10.1111/jgh.15828
https://doi.org/10.1186/s40168-021-01135-5
https://doi.org/10.1002/0471142735.im1525s104
https://doi.org/10.1128/IAI.00320-15
https://doi.org/10.1093/infdis/jit245
https://doi.org/10.1021/ml500168u
https://doi.org/10.1128/IAI.05169-11
https://doi.org/10.1136/gutjnl-2017-314903
https://doi.org/10.1016/j.phrs.2021.105767
https://doi.org/10.1016/j.ijbiomac.2020.03.053
https://doi.org/10.1038/nri3738
https://doi.org/10.3390/nu11051033
https://doi.org/10.4049/jimmunol.1001454
https://doi.org/10.1093/ibd/izac199
https://doi.org/10.4049/jimmunol.1900710
https://doi.org/10.3389/fimmu.2023.1284770
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Escherichia coli adhesion protein FimH exacerbates colitis via CD11b+CD103- dendritic cell activation
	1 Introduction
	2 Materials and methods
	2.1 Mice
	2.2 Recombinant FimH protein purification
	2.3 Reagents and antibodies
	2.4 DSS mild colitis model
	2.5 Hematoxylin and eosin staining
	2.6 Single- cell suspension from the colon and mLN
	2.7 Flow cytometry analysis
	2.8 T cell differentiation
	2.9 Intracellular T cell staining
	2.10 Real-time PCR
	2.11 Enzyme-linked immunosorbent assay
	2.12 mLN DC analysis
	2.13 mLN DC and CD4 T cell co-culture
	2.14 Statistical analysis

	3 Results
	3.1 FimH exacerbated DDS-induced colitis in mice
	3.2 FimH elicited additional immune cell infiltration in the colon of DSS-colitis mice
	3.3 FimH promotes effector T cell differentiation
	3.4 FimH does not directly contribute to Th1 and Th17 differentiation
	3.5 FimH promotes CD11b+CD103- DC activation
	3.6 FimH-activated CD11b+CD103- DCs produced pro-inflammatory cytokines
	3.7 FimH-activated CD11b+CD103- DCs induce Th1 and Th17 cell differentiation

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


