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Abstract

Although increasing evidence demonstrates the association between intestinal dysbiosis and pancreatic diseases, such as chronic

pancreatitis and pancreatic cancer, it remains largely unknown whether intestinal dysbiosis is involved in the immunopathogene-

sis of autoimmune pancreatitis (AIP). Recently, we found that intestinal dysbiosis mediates experimental AIP via the activation

of plasmacytoid dendritic cells (pDCs), which can produce IFN-α and IL-33. However, candidate pathobionts for type 1 AIP

have not been identified. In this study, we tried to identify pathobionts associated with type 1 AIP. Fecal samples were obtained

from type 1 AIP patients before and after prednisolone (PSL) treatment and subjected to 16S ribosomal RNA sequencing to

evaluate the composition of intestinal bacteria. Induction of remission by PSL was associated with the complete disappearance

of Klebsiella species from feces, in two of the three analyzed patients with type 1 AIP. To assess the pathogenicity of Klebsiella

species, mild experimental AIP was induced in MRL/MpJ mice by repeated injections of 10 μg of polyinosinic-polycytidylic

acid (poly (I:C)) in combination with oral administration of heat-killed Klebsiella pneumoniae. The AIP pathology score was

significantly higher in MRL/MpJ mice that received both oral administration of heat-killed K. pneumoniae and intraperitoneal

injections of poly (I:C) than in those administered with either agent alone. Pancreatic accumulation of pDCs capable of produc-

ing large amounts of IFN-α and IL-33 was also significantly higher in mice that received both treatments. These data suggest

that intestinal colonization by K. pneumoniae may play a pathogenic role in AIP.

Abbreviations used in this paper

Ab, antibody; Ag, antigen; AIP, autoimmune pancreatitis; ELISA, enzyme-linked immunosorbent assay; GI,
gastrointestinal; H&E, hematoxylin and eosin; IgG4-RD, IgG4-related disease; IP, intraperitoneal; K. pneu-
moniae , Klebsiella pneumoniae ;Klebsiella spp. , Klebsiella species ; MAMP, microbe-associated molecular
pattern; OTU, operational taxonomic unit; pDC, plasmacytoid dendritic cell; PMNCs, pancreatic mononu-
clear cells; poly (I:C), polyinosinic-polycytidylic acid; PSC, primary sclerosing cholangitis; PSL, prednisolone;
rRNA, ribosomal RNA; TLR, toll-like receptor.

Introduction

The human gastrointestinal (GI) tract is colonized by more than 100 trillion of microorganisms [1-3]. A
large number of diverse microbial species residing in the GI tract play a major role in multiple aspects of
host physiology, including the maturation of the systemic and mucosal immune responses, and production
and absorption of nutrients [1-3]. There is growing evidence supporting the concept that compositional and
functional alterations of the gut microbiome, called intestinal dysbiosis, are associated with the pathogenesis
of not only the GI tract but also that of extra-GI disorders [1-3]. Moreover, recent studies have highlighted the
importance of intestinal dysbiosis in the development of several pancreatic diseases, such as acute pancreatitis,
chronic pancreatitis, and pancreatic cancer [4, 5].
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Type 1 autoimmune pancreatitis (AIP) is a pancreatic manifestation of systemic IgG4-related disease (IgG4-
RD), a newly established disease entity [6-8]. AIP and IgG4-RD are diagnosed based on elevated serum
concentrations of IgG4 antibodies (Abs) and massive infiltration of IgG4-expressing plasma cells into the
affected organs [6-8]. Although the immunopathogeneses of AIP and IgG4-RD have been poorly understood,
recent identification of candidate autoantigens (autoAgs) strongly suggests that these disorders are driven by
excessive adaptive immunity against such target antigens (Ags) [9-11]. Indeed, effector T cell subpopulations,
such as T helper type 2 cells, regulatory T cells, and follicular helper T cells, are involved in the generation
of IgG4 Ab responses [6]. In addition to the demonstration of the role of adaptive immune responses, studies
have provided evidence that innate immunity also affects the development of AIP and IgG4-RD [12-17]. For
example, enhanced production of the innate immunity cytokines type I IFN and IL-33 is a prominent feature
of experimental AIP and human IgG4-RD [14, 16-19]. Moreover, stimulation of peripheral blood monocytes
and basophils isolated from patients with type 1 AIP promotes IgG4 Ab production by B cells isolated from
healthy controls in the presence of microbe-associated molecular patterns (MAMPs) [12, 13]. Pathogenic
roles played by toll-like receptors (TLRs) recognizing MAMPs have been also implicated because several
TLRs are expressed at higher levels in the pancreas and salivary glands of patients with IgG4-RD [15, 17].

Although disturbances in innate immunity underlie the immunopathogenesis of AIP and IgG4-RD, it remains
largely unknown whether intestinal dysbiosis promotes the pathogenic innate immune responses character-
izing these disorders. We recently provided evidence that intestinal dysbiosis increases the sensitivity to
experimental AIP through the activation of type I IFN and IL-33-mediated signaling pathways [20]; how-
ever, the role of intestinal dysbiosis in human AIP has not been clarified. In this study, we explored the
compositional changes in fecal microbiota in samples obtained from patients with type 1 AIP, before and
after treatment with prednisolone (PSL), and found that the induction of remission might be associated
with complete disappearance ofKlebsiella species (spp ). Thereafter, we determined the pathogenicity of
Klebsiella pneumoniae (K. pneumoniae ) in murine experimental AIP.

Methods

Patients and fecal microbiota analysis

Three AIP patients that met the diagnostic criteria for type 1 AIP [21] were enrolled in this study. They
were treated with PSL for the induction of remission. Oral administration of PSL at an initial dose of
0.6–0.7 mg/kg followed by scheduled tapering regimen (5 mg every two weeks) successfully induced clinical
remission in all patients, as evaluated by the disappearance of diffuse pancreatic swelling and reduction
in serum IgG4 concentrations. The study protocol conformed to the ethical guidelines for human clinical
research established by the Japanese Ministry of Health, Labor, and Welfare and was approved by the ethics
committee at the Kindai University Faculty of Medicine. Written informed consent was obtained from all
patients during enrollment.

Fecal samples were obtained from all three patients before, as well as two months after, the PSL treatment.
Fecal microbiota analysis was performed as described previously [20, 22]. DNA samples extracted from the
stool were subjected to polymerase chain reaction for the amplification of 16S ribosomal RNA (16S rRNA)
V3 and V4 regions, followed by sequencing using the MIseq system (Illumina Japan, Tokyo, Japan). Se-
quence data were processed by Trimmomatic, Cutadapt, and Fastq-join programs; subsequently, operational
taxonomic units (OTUs) were determined by using QIIME programs.

Preparation of heat-killed K. pneumoniae

K. pneumoniae was purchased from ATCC (Manassas, Virginia) and grown overnight in brain heart infu-
sion (BHI) broth (Eiken chemical, Tochigi, Japan) at 37°C. The bacterial number was determined by the
absorbance at 600 nm (0.1=1x108/ml). K. pneumoniae was subjected to incubation at 70°C for 30 minutes
to generate heat-killed K. pneumoniae .

Induction of experimental AIP

Experimental AIP was induced as previously described [14, 16, 20]. Briefly, MRL/MpJ mice (Japan SLC,
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Hamamatsu, Japan) were treated with an intraperitoneal (IP) injection of poly (I:C) (10 μg; InvivoGen, San
Diego, CA) twice a week, for a total of 16 times to induce mild AIP [20]. Other groups of MRL/MpJ mice
received an oral administration of K. pneumoniae(2 × 107/each mouse) and/or an IP injection of 10 μg of
polyinosinic-polycytidylic acid (poly (I:C)) twice a week, for a total of 16 times. Ethical permission for the
animal experiments was obtained from the Review Boards of Kindai University Faculty of Medicine.

Histological analysis

The mice were sacrificed 3 hours after the final injection of poly (I:C) or oral administration of K. pneumoniae
. Pancreatic samples were subjected to fixation with 10% formalin followed by hematoxylin and eosin (H&E)
staining; subsequently, pathological assessment was done by using a scoring system for AIP in accordance
with previous reports [14, 16, 20]. Pancreas inflammation was scored as follows: 0, pancreas without
mononuclear cell infiltration; 1, mononuclear cell aggregation and/or infiltration within the interstitium
without parenchymal destruction; 2, focal parenchymal destruction with mononuclear cell infiltration; 3,
diffuse parenchymal destruction but with retention of some intact parenchymal areas; 4, destruction of
almost all pancreatic tissue, except for the pancreatic islets, or its replacement with fibrosis or adipose tissue
[14, 16, 20]. At least two histological microscopy images (Biozero, BZ-8100, Keyence) were captured from
each slide.

Isolation of pancreatic mononuclear cells and flow cytometry analysis

Pancreatic mononuclear cells (PMNCs) were isolated from mouse pancreas in accordance with previous
reports [23]. PMNCs were stained with FITC or PE-conjugated anti-B220 Ab (eBioscience, San Diego,
CA), anti-pDC Ag-1 (PDCA-1) Ab (eBioscience), anti-CD3 Ab (eBioscience), anti-CD11b Ab (eBioscience),
or anti-CD11c Ab (eBioscience) and then subjected to flow cytometric analysis using an Accuri C6 flow
cytometer (BD Biosciences, San Jose, CA) and CFlow Plus software (BD Biosciences).

Cytokine assays

Cytokine concentrations in the pancreas were measured by the enzyme-linked immunosorbent assay (ELISA),
as previously described [24, 25]. Concentrations of IFN-α, IFN-γ, IL-6, IL-13, IL-33, and TNF-α were
determined using ELISA kits obtained from R&D Systems (Minneapolis, MN) and eBioscience.

Statistical analysis

The Student’s t -test was used to evaluate the significance of differences. Statistical analysis was performed
using Prism (GraphPad Software, La Jolla, CA, USA). Differences were considered statistically significant
if P < 0.05.

Results

In our previous reports, we showed that intestinal dysbiosis mediates the development of experimental AIP
by activating pDCs, which have the ability to produce large amounts of IFN-α and IL-33 [6, 14, 16, 19,
20]. This study aimed to clarify alterations in gut microbiota that have been poorly defined in type 1 AIP
patients.

Case presentation of type 1 AIP and IgG4-RD

Three cases with type 1 AIP with solitary involvement of the pancreas were enrolled in this study (Fig. 1A).
All patients met the diagnostic criteria for definite type 1 AIP [21]. All patients were treated with PSL;
then, remission was successfully induced, as evidenced by reductions in serum concentrations of IgG4 (Fig.
1B). In a typical case of type 1 AIP (Case 1), the diffuse pancreatic swelling and capsule-like rim seen before
PSL administration disappeared after the treatment (Fig. 1C).

Fecal microbiota diversity

To assess the effects of PSL treatment on intestinal microbiota in type 1 AIP, we performed next generation
sequencing of 16S rRNA in fecal samples, as previously described [20, 22]. Fecal microbial diversity was
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comparable before and after PSL treatment, as judged by the rarefaction analysis of alpha diversity (Fig.
1D) and by the Shannon index (data not shown).

Alternations in fecal microbiota composition

Next, we assessed alterations in fecal microbiota composition in type 1 AIP following PSL treatment. Anal-
ysis at the order level revealed that induction of remission by PSL treatment was accompanied by the dis-
appearance of Enterobacteriales and Fusobacterialesfrom the gut of two and one of the three AIP patients,
respectively (Fig. 2, 3).

Relative abundance of each bacteria at the genus level is shown in Fig. 4A. Although the composition of fecal
microbiota did not differ significantly between active and remitted diseases at the genus level, the following
trends were seen in several bacterial species. Colonization by Klebsiella spp. was detected in two of the three
patients before treatment with PSL. Surprisingly, clinical remission induced by PSL was accompanied by
complete disappearance ofKlebsiella spp. in two of the three patients (Cases 1 and 2, Fig. 4B). These data
were consistent with complete disappearance ofEnterobacteriales at the order level in two of three paints
after PSL treatment. In contrast, the relative abundance of Ruminococcus spp. was higher in the feces of
all patients after treatment (Fig. 4A, B). A marked reduction in colonization of Fusobacterium spp.after
PSL treatment was seen in one patient (Case 3) who did not harborKlebsiella spp. before PSL treatment.
AlthoughBifidobacterium spp. were highly abundant in the feces of mice exhibiting AIP in our previous
study [20], the relative abundance ofBifidobacterium spp. was comparable before and after the treatment in
this study. Thus, induction of remission by PSL was accompanied by complete disappearance of Klebsiella
spp. from the feces of two type 1 AIP patients and by a marked reduction inFusobacterium spp. from
those of one patient who did not harbor the former bacterium. These fecal microbiota data suggest that
colonization by Klebsiella spp. might be involved in the development of type 1 AIP in patients who harbor
this bacterium.

Pathogenicity of heat-killed K. pneumoniae in experimental AIP

The association between reduced colonization by Klebsiella spp.and induction of remission led us to examine
the pathogenicity of this bacterium in AIP. Therefore, we employed a well-established murine model of AIP
in MRL/MpJ mice [14, 16, 19, 20]. Repeated IP injections of poly (I:C) into MRL/MpJ mice at a higher
dose of 100 μg triggered severe AIP, characterized by massive infiltration of immune cells, destruction of
acinar architecture, and fibrosis; whereas, repeated IP injections at a lower dose of 10 μg caused mild AIP
with infiltration of immune cells [14, 16, 19, 20]. We hypothesized that immune responses againstKlebsiella
spp. increase the sensitivity to experimental AIP. To test this hypothesis, MRL/MpJ mice received combined
treatment with orally administered heat-killed K. pneumoniae and IP injections of poly (I:C) (10 μg) twice
a week, for a total of 16 times.

As expected, infiltration of immune cells was seen in the pancreas of MRL/MpJ mice that received IP
injections of 10 μg of poly (I:C) alone (Fig. 5A). Interestingly, this infiltration was accompanied by the
destruction of acinar architecture in the pancreas of MRL/MpJ mice following combined treatment with
orally administered heat-killedK. pneumoniae and IP injections of poly (I:C) (Fig. 5A). Quantitative as-
sessment of pathological scores confirmed that oral administration of heat-killed K. pneumoniae promoted
the development of pancreatitis (Fig. 5B).

Ενηανςεμεντ οφ ΙΦΝ-α ανδ ΙΛ-33 προδυςτιον βψ οραλ αδμινιστρατιον οφ ηεατ-κιλλεδ

Κ. πνευμονιαε

Experimental AIP induced by repeated IP injections of poly (I:C) depends on the activation of pDCs, which
produce large amounts of IFN-α and IL-33 [14, 16, 19, 20]. Therefore, we examined whether exacerbation
of AIP by orally administered K. pneumoniae was associated with the activation of pDCs producing both
IFN-α and IL-33. We examined pancreatic immune cell populations by flow cytometry. The percentage
of pDCs defined as PDCA-1+B220low cells was significantly higher in MRL/MpJ mice that received orally
administered heat-killed K. pneumoniae and IP injections of poly (I:C) than in those treated with the
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bacterium or IP injections of poly (I:C) alone (Fig. 6A, B). In contrast, the combined treatment with orally
administered heat-killed K. pneumoniae and IP injections of poly (I:C) did not change the percentages of
CD11b+myeloid cells, CD11c+ DCs, CD3+ T cells, or B220+ B cells, as compared with those following IP
injections of poly (I:C) alone (Fig. 6A, B).

Lastly, we determined profiles of proinflammatory cytokine responses in the pancreas. Consistent with
marked accumulation of pDCs, co-administration of heat-killed K. pneumoniae and poly (I:C) markedly
increased production of IFN-α and IL-33 in the pancreas, as compared with their levels after the admin-
istration of heat-killedK. pneumoniae or poly (I:C) alone (Fig. 7). Pancreatic levels of the prototypical
innate immunity cytokines IL-6 and TNF-α induced by poly (I:C) injections were similar in the presence
and absence of co-administered heat-killed K. pneumonia. We previously showed that pancreatic pDCs
producing both IFN-α and IL-33 induce pancreatic expression of adaptive immunity cytokines, including
pro-inflammatory IFN-γ and pro-fibrogenic IL-13 [14, 16, 20]. In line with the results of those previous
studies, co-administration of heat-killedK. pneumoniae and poly (I:C) enhanced pro-inflammatory and pro-
fibrogenic adaptive immune responses because co-administration markedly elevated pancreatic production of
IFN-γ and IL-13, as compared with the effect of poly (I:C) administration alone (Fig. 7). Collectively, these
data suggest that exacerbation of experimental AIP by oral administration of heat-killed K. pneumoniae
was accompanied by pancreatic accumulation of pDCs producing IFN-α and IL-33.

Discussion

Although intestinal dysbiosis is recognized as one of the pathogenic factors for the development of several
pancreatic diseases, such as chronic alcoholic pancreatitis and pancreatic cancer [4, 5], pathogenic roles of
intestinal dysbiosis in AIP have remained poorly defined. In our previous studies, we found that intestinal
dysbiosis mediates experimental AIP through the activation of pDCs, which subsequently produce large
amounts of IFN-α and IL-33 [20]. In this study, we demonstrated differences in the composition of fecal
microbiota in samples from three type 1 AIP patients, at active and remitted phases. Interestingly, induction
of clinical remission by PSL was accompanied by complete disappearance of Klebsiella spp. from the gut
of two patients who harbored this bacterium before the treatment. We then explored the pathogenicity of
Klebsiella spp.in experimental AIP by utilizing MRL/MpJ mice treated with 10 μg of poly (I:C). In contrast
to the manifestations in the well-established severe AIP model induced by repeated IP injections of 100 μg of
poly (I:C), repeated IP injections of poly (I:C) at a tenfold lower dose (10 μg) into MRL/MpJ mice resulted
in the development of mild AIP [20]. By utilizing this mild AIP model, we found that the degree of AIP was
greater in mice treated with both oral administration of heat-killedK. pneumoniae and IP injections of 10
μg of poly (I:C) than in those that received either treatment alone. Moreover, oral administration of heat-
killed K. pneumoniae combined with IP injections of poly (I:C) promoted pancreatic accumulation of pDCs;
consequently, this elevated IFN-α and IL-33 production by those cells. Thus, moderate AIP mediated by the
pancreatic accumulation of pDCs was successfully induced in MRL/MpJ mice only when oral administration
of heat-killed K. pneumoniae was combined with IP injections of poly (I:C). Therefore, oral administration of
heat-killed K. pneumoniae increased the sensitivity to poly (I:C)-induced experimental AIP. Together with
the complete disappearance of Klebsiella spp.from feces of type 1 AIP patients at the remission phase, these
data strongly suggest that immune responses against Klebsiella spp.may be involved in the development of
type 1 AIP.

Induction of remission by PSL led to complete disappearance ofKlebsiella spp. from the feces of two of
the three type 1 AIP patients. In contrast, colonization by Ruminococcus spp. was promoted after PSL
treatment in all of the three patients. Thus, this study suggests that gut colonization by Klebsiella spp.
andRuminococcus spp. may play pro-inflammatory and anti-inflammatory roles, respectively, in type 1
AIP. Such increased abundance ofKlebsiella spp. and decreased abundance of Ruminococcus spp. have
been observed in the feces of patients who developed pancreatic fistula after pancreaticoduodenectomy for
pancreatic cancer [26]. In addition, fecal samples obtained from chronic alcoholic pancreatitis patients
exhibited higher abundance of Klebsiella spp. than fecal samples from patients with alcoholic hepatitis [27].
These reports and the present study support the view thatKlebsiella spp. may function as a pathobiont for
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CP and AIP as in the case of primary sclerosing cholangitis (PSC) [28]. However, it should be noted that our
sample size was too small to establish with certainty gut microbial alterations in type 1 AIP before and after
PSL treatment. Moreover, pathogenic immune responses to colonization byKlebsiella spp. might be masked
by the differences in microbiota profiles, as the proportions of Bacteroides, Streptococcus , andClostridium
spp . were reported to be lower in patients with AIP than in those with CP [29].

Oral administration of heat-killed K. pneumoniae increased the sensitivity to experimental AIP induced by
low doses of poly (I:C) in this study. Thus, immune responses activated by heat-killed K. pneumoniae alone
were not sufficient for the induction of experimental AIP. As for the pathogenic intestinal bacteria other
than K. pneumoniae , Haruta et al. reported that repeated IP injections of heat-killed Escherichia coli led
to the development of experimental AIP in C57BL/6 mice [30]. They further identified FliC, one of the
flagella subunit proteins of this bacterium, as a bacterial pathogenic factor because repeated IP injections
of FliC alone caused AIP in C57BL/6 mice [31]. Therefore, persistent exposure to FliC derived from E.
coli is sufficient for the development of experimental AIP in C57BL/6 mice. These previous studies utilizing
heat-killed E. coli and C57BL/6 mice differed from our present data in that the development of AIP in
MRL/MpJ mice requires administration not only of heat-killed K. pneumoniae but also of poly (I:C) at low
doses. Whether persistent exposure to heat-killed intestinal bacteria plays a critical or supportive role in
the development of AIP remains to be elucidated. Nonetheless, those studies and our present data indicate
that the development of immune reactions against intestinal bacteria may affect AIP.

One question arising from the present study is how heat-killed K. pneumoniae activates pDCs, which pro-
duce large amounts of IFN-α and IL-33. In this regard, host defense against pulmonary infection withK.
pneumoniae depends upon TLR9-mediated proinflammatory cytokine responses [32]. Moreover, the deple-
tion of pDCs impairs proinflammatory cytokine responses in mice during sublethal pulmonary infection with
K. pneumoniae [33]. Given the fact that TLR9 activation is a strong inducer of IFN-α production in pDCs
[34, 35], it is possible that heat-killed K. pneumoniae directly stimulates IFN-α production by pDCs through
TLR9 activation. This idea is supported by the fact that activation of type I IFN signaling pathways,
and subsequent production of C-X-C motif chemokine ligand 10, mediate host defense against murine K.
pneumoniae pneumonia [36, 37].

Nakamoto et al. identified K. pneumoniae as one of gut pathobionts for PSC [28]. Colonization by K.
pneumoniaederived from PSC patients into gnotobiotic mice led to the development of hepatobiliary injury
through the induction of CD4+T cells, which produced IFN-γ and IL-17 [28]. Colonization byK. pneumoniae
increased the sensitivity to experimental PSC, as the development of chronic hepatobiliary inflammation
required both inoculation of this bacterium and oral administration of 3,5-dicarbethoxy-1,4-dihydrocollidine,
the latter of which triggered hepatobiliary injury. Together with our findings, those data suggest that immune
responses against K. pneumoniae may promote the development of AIP and PSC in the presence of potent
triggers. It should be noted, however, that AIP and PSC are completely different in terms of the sensitivity
to PSL treatment in that most of patients with type 1 AIP respond to PSL treatment while those of PSC
do not. Therefore, other factors than the pathogenic colonization of Klebsiella spp. might be involved in the
different pathophysiology between these immune disorders.

In conclusion, colonization by Klebsiella spp. may mediate the development of type 1 AIP through the
activation of pDCs.Klebsiella spp. may be a type 1 AIP pathobiont. However, a confirmation of this
hypothesis awaits future studies in which gut microbiome will have to be studied in a large number of type
1 AIP patients.
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Figure legends

Figure 1. Characteristics of patients with type 1 autoimmune pancreatitis.

Three patients with type 1 autoimmune pancreatitis were enrolled in this study. They were treated with
prednisolone (PSL) for the induction of remission. (A) Patient age, sex, and affected organs.(B) Serum con-
centrations of IgG4 before and after PSL treatment. (C) Contrast-enhanced computed tomography images
of case 1 before (left) and after (right) PSL treatment. (D) Fecal samples obtained from all the patients
were subjected to 16S ribosomal RNA sequencing to evaluate the composition of intestinal bacteria. Alpha
rarefaction plots. Species richness expressed as the number of operational taxonomic units at increasing
sequencing depth is illustrated. Results are expressed as the mean + standard error.

Figure 2. Gut microbiome alterations in patients with type 1 autoimmune pancreatitis before
and after prednisolone treatment.Fecal samples were subjected to 16S ribosomal RNA sequencing to
evaluate the composition of intestinal bacteria. A total of six samples were obtained from three patients
with type 1 autoimmune pancreatitis before and after prednisolone (PSL) treatment. Relative bacterial
abundance at the order level is shown. Each bar shows relative bacterial abundance in each patient before
and after PSL treatment.

Figure 3. Reduction of Enterobacteriales in patients with type 1 autoimmune pancreatitis after
prednisolone treatment. A total of six samples were obtained from three patients with type 1 autoimmune
pancreatitis before and after prednisolone (PSL) treatment. Fecal samples were subjected to 16S ribosomal
RNA sequencing to evaluate the composition of intestinal bacteria. Alterations in gut microbiota, at the
order level, are shown for each patient.

Figure 4. Reduction of Klebsiella species in patients with type 1 autoimmune pancreatitis
after prednisolone treatment. A total of six samples were obtained from three patients with type 1
autoimmune pancreatitis before and after prednisolone (PSL) treatment. Fecal samples were subjected to
16S ribosomal RNA sequencing to evaluate the composition of intestinal bacteria. (A)Relative abundance
of a broad range of intestinal bacteria is shown at the genus level. Results are expressed as the mean +
standard error in three samples before (black bar) and after (white bar) PSL treatment. (B) Alterations in
gut microbiota, at the genus level, are shown for each patient.

Figure 5. Increased sensitivity to polyinosinic-polycytidylic acid-induced experimental autoim-
mune pancreatitis in MRL/MpJ mice orally administered with heat-killed Klebsiella pneumo-
niae. MRL/MpJ mice were injected with polyinosinic-polycytidylic acid (poly (I:C), 10 μg), orally admin-
istered heat-killed K. pneumoniae , received both these treatments twice a week for a total of 16 times,
or left untreated. Mice were sacrificed 3 h after the final injection of poly (I:C) or oral adiministration of
heat-killed K. pneumoniae .(A) Pancreatic tissues were stained with hematoxylin and eosin (H&E). Rep-
resentative H&E images of the four experimental groups are shown (magnification 400×). (B) Pathology
scores as assessed by H&E staining (n = 5 for all four experimental groups). Results are expressed as the
mean + standard error. *P <0.05, as compared with mice treated with poly (I:C) alone.

Figure 6. Pancreatic accumulation of plasmacytoid dendritic cells in MRL/MpJ mice that
received oral administration of heat-killedKlebsiella pneumoniae and intraperitoneal injections
of polyinosinic-polycytidylic acid. MRL/MpJ mice were injected with polyinosinic-polycytidylic acid
(poly (I:C), 10 μg), orally administered heat-killed K. pneumoniae , received both these treatments twice
a week for a total of 16 times, or left untreated. (A, B)Pancreatic mononuclear cells were analyzed by
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flow cytometry to evaluate the population of plasmacytoid dendritic cell antigen 1 (PDCA-1)+B220low

plasmacytoid dendritic cells (pDCs), CD11b+ myeloid cells, CD11c+ DCs, CD3+ T cells, and B220+ B
cells (n = 5 for all four experimental groups). Results are expressed as the mean + standard error. **P <
0.01, as compared with mice treated with poly (I:C) alone.

Figure 7. Pancreatic expression of proinflammatory cytokines in MRL/MpJ mice that re-
ceived oral administration of heat-killedKlebsiella pneumoniae and intraperitoneal injections
of polyinosinic-polycytidylic acid. MRL/MpJ mice were injected with polyinosinic-polycytidylic acid
(poly (I:C), 10 μg), orally administered heat-killed K. pneumoniae , received both these treatments twice
a week for a total of 16 times, or left untreated. Pancreatic levels of pro-inflammatory cytokines were de-
termined by the enzyme-linked immunosorbent assay (n = 5 for all four experimental groups). Results are
expressed as the mean + standard error. **P< 0.01, as compared with mice treated with poly (I:C) alone.
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