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TABLE 1. Criterion for the Judgment of Long-Term Outcome
of Glucose Tolerance

1) Patients who had already received diabetic medication

(insulin therapy or oral antidiabetic agents) or began it at

the introduction of ST

Improved:

* Relief from diabetic medication after steroid was decreased
to maintenance dose, with decreased Hby ¢

» Decrease of Hba . by 2.0% or more with oral antidiabetic
agents after steroid was decreased to maintenance dose

Aggravated: Switching from oral antidiabetic agents to insulin
therapy after steroid was decreased to maintenance dose

Unchanged: Neither “Improved” nor “Aggravated”

2) Patients who did not receive diabetic medication at the
introduction of ST,

Improved: Normalization of Hb, . (£6.2%) or decrease of Hba
by 0.6% or more without the introduction of diabetic
medication

Aggravated: Elevation of Hb ;. from normal value to abnormally
high value (>6.2%); or elevation of Hb, . by 0.6% or more

Unchanged: Neither “Improved” nor “Aggravated”

and at the same time of AIP in 25 patients. As for ST, prednis-
olone at an initial dosage of 30 to 40 mg/d was administered for
2 to 4 weeks in most cases. It was then tapered by 5 mg every 2 to
6 weeks until reaching 10 mg/d, and 2.5 to 7.5 mg/d was con-
tinued as maintenance therapy in principle. Diabetes was con-
trolled by DM specialists, and intensified insulin therapy was
introduced at the same time as ST in patients in whom remark-
able hyperglycemia was expected or already, in fact, observed.
This retrospective study was approved by the review board of
our institute.

Long-Term Outcome of Glucose Tolerance

There is no consensus criterion for judging improvement
or aggravation of glucose tolerance, but to avoid inconsistent
judgment, it seemed necessary to show a definite criterion in
advance even if it was arbitrary. In this study, we proposed the
criterion shown in Table 1, which was supported and approved
by a DM specialist (I.A.), one of the coauthors. We suppose that
this simple criterion may not be perfect, but it is not far from the
common sense practiced by clinicians treating patients with pan-
creatic diabetes. In our criteria, the transition of Hby . and the
use of diabetic medication (insulin or OHA) were weighted,
whereas the dose of medication was not considered. The value
of Hby . just before ST and the latest value were used in our
analysis. According to the Japan Diabetes Society (JDS), the
Hb, . value in Japan (Hba . [JDS]) differs from the Hby | value
of the National Glycohemoglobin Standardization Program
(Hba. [NGSP]), which is used in many countries other than
Japan. That is, Hba ;. (JDS) is 0.4% lower than Hb, . (NGSP).
In this study, Hba;. (NGSP) was adopted to express the value
of Hb Al 0‘23

Glucagon Tolerance Test

The GTT was performed as follows: blood samples were
collected at 0 and 6 minutes after a bolus intravenous injection
of glucagon (Glucagon Novo; Eizai Co, Ltd, Tokyo, Japan;
1.0 mg/body). C-peptide response (CPR) concentration was
measured each time, and the ACPR value was reported as insulin
secretion. A value of 1.5 ng/mL or less was diagnosed as dys-
function of insulin secretion by B cells. It is reported that a value
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0f0.35 nM (1.05 ng/mL) or less is almost always associated with
OHA failure in normal-weight patients.'® The GTT was per-
formed before ST in 20 patients. Among them, GTT was also
performed 1 month after the introduction of ST in 17. First, we
examined the transition of the ACPR value before and 1 month
after ST. Second, we examined the relation between ACPR be-
fore ST and the present use or nonuse of insulin.

Transitions of HOMA-B and HOMA-R

We analyzed only patients who received neither insulin
treatment nor OHA both before ST and at the time of the lat-
est blood test. When the serum glucose level was more than
200 mg/dL, HOMA-3 and HOMA-R were not calculated be-
cause their values might not be reliable. Finally, the values of
HOMA-B and HOMA-R before ST and their latest ones were
calculated in 16 patients, and their transitions were analyzed. In
general, when HOMA- is less than 40%, dysfunction of insulin
secretion is suspected. When HOMA-R exceeds 2.5, the pres-
ence of insulin resistance is suspected.”*

Statistical Analysis

Continuous variables were reported as mean (SD) or as me-
dian and compared by Mann-Whitney U test or Wilcoxon signed-
rank test when appropriate. P < 0.05 was considered statistically
significant. Statistical analyses were performed by statistical soft-
ware JMP 7.0.1 (SAS Institute, Inc, Cary, NC).

RESULTS

Insulin therapy had already been introduced before ST
in 8 patients. It was introduced concomitantly with ST in
13 patients, among whom 4 became insulin-free in 1, 1, 8, and
48 months, respectively. In 2 patients, insulin therapy was started
during follow-up, namely, 49 and 112 months after ST. There
were 24 patients with no history of insulin therapy. Limited to
17 patients whose Hba . level before ST was more than 7%;
there were only 2 patients who did not receive insulin therapy at
the introduction of ST. The reason was refusal by the patients.

According to our criterion (Table 1), glucose tolerance was
improved in 6 patients (13%), aggravated in 9 patients (19%),
and unchanged in 32 patients (68%; Table 2). Comparing im-
proved and aggravated patients, the onset age of AIP (61 [5.6] vs
60 [9.1] years, P = 0.835) and follow-up period (51 [33] vs 83
[37] months, P = 0.112) were not significantly different. Limited
to the patients with DM at the introduction of ST (n = 33), glu-
cose tolerance was improved in 5 patients (15%), aggravated in
4 patients (12%), and unchanged in 24 patients (73%). In
8 patients with preexistent DM, there was no case that showed
improvement.

The changes in ACPR value before and 1 month after ST
were assessed in 17 patients, with the results shown in Table 3

TABLE 2. Long-Term Outcome of Glucose Tolerance
in 47 Patients With AIP

Presence of DM at the

Introduction of ST Improved Aggravated Unchanged

Patients with preexistent 0 0 8
DM (n = 8)
Patients in whom DM and 5 4 16

AIP occurred
simultaneously (n = 25)

Patients without DM 1 5 8
(n=14)
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TABLE 3. Results of GTT and Insulin Use in 20 Patients With AIP -

Age at Age at ACPR  ACPR1mo Insulin Useat Insulin  Condition of Fellow-Up
Onset of Onset of IgG4, Before ST, After ST, the Initiation Use After Glucose Period After
Case No. AIP,y DM* DM,y mgdL ng/mL ng/mL of ST Follow-Up  Tolerance ST, mo
1 47 + B 960 0 0.46 + + Unchanged 12
2 67 + B 230 0.2 0.9 + + Unchanged 47
3 76 + S 431 0.3 0.8 + + Unchanged 14
4 71 + B 613 0.35 0.53 + + Unchanged 13
5 74 + B 98 0.5 0.5 + + Unchanged 18
6 53 + S 143 0.6 1.4 - - Improved 52
7 59 + S 140 0.6 13 + + Unchanged 13
8 68 + S 989 0.6 0.6 + + Unchanged 21
9 40 - 650 0.7 1.7 - - Unchanged 43
10 64 + S 232 0.8 1.5 + + Unchanged 13
11 72 + S 455 1 1.6 + - Unchanged 38
12 61 + S - 331 1 NT + + Unchanged 44
13 65 + S 1030 1.12 NT - - Improved 14
14 73 + S 1800 1.3 4.2 - - Unchanged 26
15 62 + S 236 1.5 1.7 - - Unchanged 43
16 56 - 436 2.3 3.5 - - Aggravated 51
17 66 + S 270 2.38 3.72 - - Unchanged 56
18 71 - 458 29 2.1 - - Aggravated 36
19 76 - 543 3 5 - - Unchanged 14
20 43 - 223 3.8 NT - - Unchanged 43

*Existence of DM at the introduction of ST.

B indicates that DM occurred before onset of AIP; S, DM and AIP occurred simultaneously.

NT indicates not tested.

and Figure 1. There was a significant increase of ACPR (1.20
[0.96] vs 1.85 [1.40] ng/mL, P = 0.0041). For the ACPR value
1 month after ST, 8 patients showed a value higher than
1.5 ng/mL. Among them, only 1 patient had ACPR before ST
less than 1 ng/mL.

The relation between ACPR before ST and the later use of
insulin during maintenance ST was also assessed. The result is
shown in Table 3. In all 5 patients whose ACPR before ST was
0.5 ng/mL or less, the later use of insulin was inevitable. In all
8 patients whose ACPR before ST was more than 1 ng/mL,
insulin use could be avoided after long-term follow-up. Com-
paring patients needing insulin therapy after long-term follow-up
(n=9) and not (n = 11), the former group showed lower ACPR
before ST than the latter (0.48 [0.31] vs 1.88 [1.06] ng/mL, P =
0.0008). After excluding 4 patients with preexistent DM, this
result did not change (0.66 [0.26] vs 1.88 [1.06] ng/mL, P =
0.012).

The changes in HOMA-8 and HOMA-R in 16 patients are
summarized in Table 4. Moreover, HOMA- showed significant
improvement after ST (43.9%—56.0% in median, P = 0.030),
and HOMA-R showed significant aggravation (1.30—1.78, P =
0.039), although Hb, | did not change (5.8—5.9%, P = 0.313).

DISCUSSION
Diabetes mellitus is often associated with AIP, and it may
show improvement with ST. However, it is difficult to document
how often such improvement is observed because there is no
definite criterion for judging the improvement or aggravation
of DM or glucose tolerance. In addition, improvement of DM
does not necessarily mean the recovery of pancreatic endocrine
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function if insulin or OHA was initiated or increased. In previous
reports, the outcome of DM or glucose tolerance was discussed
without showing concrete judgment criteria. Despite its diffi-
culty, this situation is nonetheless undesirable. Although our cri-
terion in the present study may be imperfect, it will be still useful
for grasping the general trend of the outcome of glucose toler-
ance associated with AIP.

Improvement of glucose tolerance was observed in 13%
(6/47), and that of DM in 15% (5/33), which seemed to be
inferior to previous reports (25%—64%). Although this differ-
ence might be due to our strict judgment criterion, we think it is
partly affected by the longer follow-up periods in our series. In
our analysis, the follow-up period was shorter in improved pa-
tients than in aggravated ones (51 vs 81 months), despite the
difference not being statistically significant. The improvement
rate of 64% (7/11) reported by Ito et al'* was not evaluated with
long-term follow-up. Thus, on a long-term basis, the prognosis
of glucose tolerance may actually be worse than previously
reported. However, if the absence of aggravation can be regarded
as acceptable, the nonaggravation rate of 81% (38/47) does not
seem so bad, although the exact natural history of glucose tol-
erance in AIP without ST is still rather unclear. It is difficult to
discuss the natural history of glucose tolerance because many
patients receive ST later due to the relapse of pancreatic or ex-
trapancreatic lesions.’ As for our experience, we had 21 patients
with AIP whose follow-up period without ST was longer than
12 months (82 months in average). We compared the conditions
at diagnosis and just before ST in 10 patients who did finally
receive ST and in those at diagnosis and at the latest visit in
11 patients without a history of ST. Among the 21 patients, at
least in 9 (43%), aggravation of glucose tolerance was confirmed
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FIGURE 1. Transition of ACPR before and 1 month after ST
in 17 patients is shown.

during the period without ST. Among these 9 patients, there were
5 patients in whom pancreatic lesion was localized and obstruc-
tive jaundice was not recognized at the diagnosis of AIP. Thus,
we think that the natural history of glucose tolerance in AIP will
be much worse than that of the patients treated with steroid.

To assess the pure pancreatic endocrine function, GTT with
results little affected by insulin therapy or OHA was performed
after January 2006. As shown in Figure 1, on a short-term basis,
ACPR increased after ST in 82% (14/17). However, in patients
with more mildly damaged insulin secretion, the extent of the
recovery was more remarkable. This may also be true of the
evaluation on a long-term basis. All the patients with too se-
verely damaged insulin secretion (ACPR < 0.5 ng/mL) did not
become insulin free even after ST, whereas all the patients with
mildly damaged insulin secretion (ACPR > 1.1 ng/mL) remained
insulin independent after ST (Table 3). These results may indi-
cate that too severely damaged insulin secretion cannot recover
enough with ST. To preserve endocrine function, the earlier ST
is started, the more effective it is likely to be. We believe this fact
to be very important in considering the indication of ST for AIP.
At present, the major indication for ST is the presence of symp-
toms.?> However, if asymptomatic patients wait for ST until
symptoms become clear, they may experience exacerbation of
endocrine function and come to need insulin therapy, which can-
not then be recovered easily even with ST. Thus, in light of the
pancreatic endocrine function, the indication for ST should be
extended to asymptomatic patients at least in the case of im-
paired glucose tolerance. In connection with ST, earlier intro-
duction of insulin therapy may be necessary to prevent glucose
toxicity. Because we experienced 4 patients who became insu-
lin therapy-free during the course, we believe that hesitation is
ill placed when considering introduction of insulin therapy as
well as ST.

TABLE 4. Transitions of HOMA-B and HOMA-R in 16 Patients With AIP

Age at Hbasie Hbai. Condition  Follow-Up
Onset of IgG4, HOMA-f HOMA-§ HOMA-R HOMA-R Before After of Glucose Period After

Case No.* AIP,y DM mg/dL Before ST After ST Before ST After ST ST ST Tolerance ST, mo
21 58 + 481 15.8 86.9 1.97 4.18 6.2 6.5  Aggravated 69

6 53 + 143 24.8 27.7 0.45 1.58 8.6 7.4 Improved 52
19 76 - 543 27.0 72.0 0.76 2.03 5.7 59  Unchanged 14
22 72 - 1400 32.7 37.9 0.42 1.00 5.6 5.9  Unchanged 85
23 61 - 578 327 53.6 0.71 1.90 5.4 5.6 Unchanged 75
24 64 - 670 34.6 97.7 1.42 6.24 5.8 5.8 Unchanged 55

9 40 - 650 35.1 45.0 1.03 0.64 5.7 5.7  Unchanged 43
14 73 + 1800 424 112.8 0.96 6.74 5.8 5.7 Unchanged 26
25 66 + 310 45.5 44.1 4.68 1.66 6.3 6.4  Unchanged 99
26 49 - 222 49.1 92.3 1.59 2.52 54 5.9  Unchanged 117
27 65 + 1260 49.7 129.0 2.39 7.70 55 5.7  Unchanged 60
28 55 + 320 524 58.4 233 1.48 5.8 59  Unchanged 101
20 43 - 223 533 58.9 0.89 2.62 5.5 5.8  Unchanged 43
18 71 - 458 56.3 43.9 1.17 1.28 5.9 54  Aggravated 36
13 65 + 1030 58.4 474 1.48 1.25 6.4 6.0 Improved 14
16 56 - 436 60.0 30.0 1.47 1.10 55 6.4  Aggravated 51

*Case numbers 6 to 20 correspond to those of Table 3.

In all 7 patients with DM in this table, DM and AIP occurred simultaneously.
HOMA-B(%) = (IRI x 360)/(FPG-63).
HOMA-R = IRI x FPG/405.

FPG indicates fasting plasma glucose (mg/dL); IRI, immunoreactive insulin (uwU/mL).
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In patients without medication for DM, HOMA-B and
HOMA-R are useful for the evaluation of insulin secretion and
insulin resistance, respectively. They were assessed in 16 patients
in whom glucose tolerance was improved in 2 patients, aggra-
vated in 3 patients, and unchanged in 11 patients. In contrast
with the little change in Hby . level, the changes in HOMA-
and HOMA-R were very impressive. The result of GTT revealed
a short-term effect for improved insulin secretion, whereas the
change in HOMA-( indicated that the effect was sustained for a
long period at least in those with nonsevere glucose intolerance.
Despite improved insulin secretion, the Hb | level showed little
change, perbaps partly due to the significantly aggravated in-
sulin resistance. Because aggravated insulin resistance may be
explained as an adverse effect of steroid, tapering steroid may be
effective for glucose intolerance if the condition of AIP is stable.
Although “improved insulin secretion and aggravated insulin
resistance™ is a general trend, it is not necessarily true for all
cases. For example, in case 16 (Table 4), aggravated glucose tol-
erance seems to be attributable to aggravated insulin secretion.
Thus, needless to say, when medication is started for DM asso-
ciated with AIP, HOMA-B and HOMA-R should be assessed on
a case-by-case basis for the adequate choice of OHA.

The major weak point of this study was that it was not a
prospective study. The GTT was not performed routinely before
2006, and the serum insulin level was not measured routinely
before 2010 during follow-up. As a result, we could not analyze
HOMA-B and HOMA-R in many patients. In addition, HOMA-(3,
as well as HOMA-R, is a variable index, and it is inferior to GTT
in reliability. In fact, deviation between HOMA-B and ACPR
before ST was observed in a few cases. In addition, because we
have no comparative data about pancreatic endocrine function
before and at the onset of AIP, it may be difficult to attribute all
dysfunction of insulin secretion to AIP only, which is another
limitation of the present study.

In summary, glucose tolerance that is too severely damaged
may not recover fully even after ST. Thus, ST should be per-
formed to preserve insulin secretion at the early stage of AIP.
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Involvement of Activation of Toll-like Receptors and
Nucleotide-Binding Oligomerization Domain-like Receptors in
Enhanced IgG4 Responses in Autoimmune Pancreatitis
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Kazuichi Okazaki,® and Tsutomu Chiba!

Objective. IgG4-related disease is a recently rec-
ognized entity affecting multiple organs, including the
pancreas, biliary tracts, and salivary glands. Although
IgG4-related disease is characterized by systemic IgG4
antibody responses and by infiltration of IgG4-
expressing plasma cells, the innate immune responses
leading to adaptive IgG4 antibody responses are poorly
understood. The aim of this study was to clarify the
innate immune responses leading to IgG4 antibody
production.

Methods. IgG4 and cytokine responses to various
nucleotide-binding oligomerization domain (NOD)-like
receptor (NLR) and Toll-like receptor (TLR) ligands
were examined using peripheral blood mononuclear
cells (PBMCs) from healthy control subjects and pa-
tients with IgG4-related autoimmune pancreatitis.

Results. Activation of NOD-2 in monocytes from
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healthy control subjects induced IgG4 production by B
cells in a BAFF-dependent and T cell-independent
manner. In addition, PBMCs from patients with IgG4-
related disease produced a large amount of IgG4 upon
stimulation with NLR and TLR ligands; this enhanced
IgG4 production was associated with the induction of
BAFF by NLR and TLR ligands. Monocytes from pa-
tients with IgG4-related disease induced IgG4 produc-
tion by B cells from healthy control subjects upon
stimulation with NLR and TLR ligands.

Conclusion. The results of these studies suggest
that abnormal innate immune responses against micro-
bial antigens may underlie the immunopathogenesis of
IgG4-related disease.

Autoimmune pancreatitis is a unique form of
chronic pancreatitis, and autoimmune reactions are con-
sidered to be involved in its pathogenesis (1,2). Cur-
rently, the diagnosis of autoimmune pancreatitis is based
on characteristic clinical findings such as hypergam-
maglobulinemia, irregular narrowing of the main pan-
creatic duct, and lymphoplasmacytic infiltration of the
pancreas associated with fibrosis (3). Another important
feature of autoimmune pancreatitis is the variety of
extrapancreatic manifestations (4). Sclerosing cholangi-
tis, sialoadenitis, and retroperitoneal fibrosis are some-
times seen in patients with autoimmune pancreatitis. In
addition to the clinicopathologic findings described
above, most patients with autoimmune pancreatitis have
elevated serum levels of IgG4 (5). Moreover, abundant
infiltration of IgG4-expressing plasmacytes is observed
in both pancreatic and extrapancreatic lesions (4,6).
Based on these recent findings, it is generally accepted
that an enhanced systemic IgG4 response is one of the
most important immunologic features in autoimmune
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pancreatitis, and that autoimmune pancreatitis is con-
sidered to be a pancreatic manifestation of systemic
IgG4-related disease (3,4) and IgG4-positive multiorgan
lymphoproliferative syndrome (7).

Our present understanding of the immunopatho-
genesis of autoimmune pancreatitis is limited. Although
the presence of autoantibodies against carbonic anhy-
drase and lactoferrin in the serum of patients with
autoimmune pancreatitis suggests the involvement of
excessive autoimmune responses (1,2), pathogenic anti-
gens have not been identified. In addition, it remains
unknown whether an enhanced IgG4 response is respon-
sible for the development of autoimmune pancreatitis,
or whether it is an epiphenomenon associated with
inflammatory reactions. Given the fact that a significant
population of patients with autoimmune pancreatitis
have a diagnosis of inflammatory bowel disease, the
development of which requires excessive immune reac-
tions to intestinal microflora (8-10), it is possible that
enhanced immune responses toward microbial antigens
underlie the immunopathogenesis of autoimmune pan-
creatitis. Consistent with this idea, an accumulation of
plasma cells expressing 1gG4 was observed in the gas-
trointestinal tract of patients with autoimmune pancre-
atitis (11). Moreover, our group recently reported 2
cases of autoimmune pancreatitis in patients whose
peripheral blood mononuclear cells (PBMCs) exhibited
enhanced Th2 cytokine responses upon stimulation with
microbial antigens (12,13).

Antigens derived from the intestinal microflora
activate the host innate immune system via pattern
recognition receptors such as Toll-like receptors (TLRs)
and nucleotide-binding oligomerization (NOD)-like re-
ceptors (NLRs) (10,14). Antigen-presenting cells
(APCs) interact with B cells to induce IgG and IgA
production (14). Interestingly, the activation of TLRs
and NLRs in APCs, including dendritic cells, monocytes,
and macrophages, leads to immunoglobulin class switch-
ing through production of BAFF and APRIL (15,16).
However, the roles played by APCs expressing TLRs
and NLRs in IgG4 responses are poorly defined.

In this study, we sought to determine how the
activation of TLRs and NLRs in APCs enhances IgG4
responses linked to autoimmune pancreatitis. NOD-2 is
an intracellular NLR for small peptides derived from the
bacterial cell wall component peptidoglycan (PGN) (10).
Here, we provide evidence that NOD-2 activation in
monocytes enhances production of IgG4 from B cells via
secretion of BAFF in a T cell-independent manner, in
healthy control subjects. Moreover, we report that
PBMCs from patients with autoimmune pancreatitis
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exhibited enhanced production of IgGG4 upon stimula-
tion with NLR and TLR ligands. Thus, we propose that
excessive innate immune responses to microbial antigens
may underlie the immunopathogenesis of IgG4-related
autoimmune pancreatitis.

PATIENTS AND METHODS

Stimulation of cells with a broad range of microbial
antigens. PBMCs (2 X 10°ml) from healthy control subjects
were stimulated with FK-156 (20 pg/ml; Astellas Pharma),
muramyldipeptide (MDP) (20 pg/ml; InvivoGen), PGN (10
pg/ml; Sigma-Aldrich), palmitoyl-3-cysteine-serine-lysine-4
(Pam;CSK,) (1 pg/ml; InvivoGen), double-stranded RNA
(dsRNA) (25 ug/ml; InvivoGen), lipopolysaccharide (LPS) (1
wpg/ml; Sigma-Aldrich), flagellin (1 ug/ml; InvivoGen), and
R837 (50 wg/ml; InvivoGen) for 14 days in complete RPMI
medium, as previously described (17,18). In some experiments,
CD3+ T cells, CD14+ monocytes, and CD19+ B cells (1 X
10%/ml) were isolated from PBMCs by positive selection using
anti-human CD3, CD14, and CD19 microbeads, respectively
(Miltenyi Biotech) (19). Depletion of CD14+ monocytes was
performed by negative selection, using anti-CD14 microbeads.
The isolated cell populations were cultured with the indicated
doses of a neutralizing anti-BAFF monoclonal antibody (R&D
Systems) or a mouse IgG control antibody (eBioscience).
CD14+ monocytes were incubated with 10 uM SB203580 (p38
and RICK inhibitor), PD98059 (ERK inhibitor), SP600125
(JNK inhibitor), or BAY 11-7082 (NF-«B inhibitor) (all from
InvivoGen) for 1 hour, followed by overnight stimulation with
MDP (20 pg/ml). Culture supernatants were collected at the
indicated time points.

Enzyme-linked immunosorbent assays (ELISAs).
Culture supernatants were assayed for the measurement of
interleukin-6 (IL-6), IL-8, IL-12p40, IL-17, tumor necrosis
factor (TNF), interferon-y (IFNvy), APRIL, and BAFF, using
ELISA kits (PharMingen and eBioscience). The production of
IgG1 and IgG4 was determined by ELISAs. Anti-human IgG1
and IgG4 antibodies (PharMingen) were used as capture
antibodies, and horseradish peroxidase (HRP)-labeled anti-
human IgG antibody (PharMingen) was used for detection.

. The production of IgA and IgE was determined using an

ELISA (Bethyl Laboratories).

Fluorescence-activated cell sorter analysis. PBMCs
were preincubated with Fe-blocking solution (Miltenyi Bio-
tech), stained with fluorescein isothiocyanate—conjugated anti-
human CD14 or CD19 antibody (both from eBioscience) and
phycoerythrin-labeled anti-human BAFF (R&D Systems),
APRIL (BioLegend), B cell maturation antigen (BCMA;
R&D Systems), HLA-DR, CD40, CD80, CD86 (all from
eBioscience), inducible costimulator (ICOS) ligand (eBiosci-
ence), CD163 (BioLegend), BAFF receptor (BAFF-R; Bio-
Legend), and TACI (BioLegend). An intracellular staining kit
(PharMingen) was used for intracellular staining of BAFF and
APRIL. Stained cells were analyzed on an Accuri C6 cytome-
ter (Accuri Cytometers).

Immunoblotting. CD14+ monocytes from healthy con-
trol subjects were stimulated with MDP (20 pg/ml). At the
indicated time points, protein extracts were isolated and
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subjected to immunoblotting as described previously (18). The
primary antibodies used in this study were as follows: actin
(Santa Cruz Biotechnology), phospho-p38, total p38, phospho-
ERK, total ERK, phospho-JNK, total JNK, and total IkBa
(Cell Signaling Technology). To detect NOD-2 expression,
cells were first immunoprecipitated with monoclonal NOD-2
antibody (eBioscience) followed by immunoblotting with poly-
clonal NOD-2 antibody (Santa Cruz Biotechnology).

Small interfering RNA (siRNA) study. MonoMac6
cells (1 X 10%ml), a human monocytic cell line, were trans-
fected with control siRNA or NOD-2-specific siRNA (25 nM;
Santa Cruz Biotechnology), using TransIT-TKO transfection
reagent (Mirus). Cells were stimulated with MDP (20 ug/ml)
for 36 hours after transfection and then incubated for an
additional 24 hours.

NF-«B activation assay. Nuclear extracts were pre-
pared using an extraction kit (Clontech), and the binding
activity of nuclear extract to NF-«xB p50, p65, c-Rel, p52, and
RelB was measured using a TransAM NF-«B kit (Active
Motif). Nuclear extracts (10 ug) isolated from monocytes
stimulated with MDP (20 pg/ml) for 30 minutes were applied
to each well coated with NF-«B consensus oligonucleotides
and then incubated with rabbit anti-p50, anti-p65, anti-c-Rel,
anti-p52, and anti-RelB antibodies followed by HRP-labeled
anti-rabbit IgG.

Studies using peripheral blood cells from patients with
autoimmune pancreatitis. Ethics permission for this study was
granted by the review board of Kyoto University. Healthy
control subjects (n = 24) and treatment-naive patients with
IgG4-related autoimmune pancreatitis (n = 8) were enrolled
in this study after informed consent was obtained. PBMCs,
CD14+ monocytes, and CD19+ B cells were isolated from the
patients and stimulated with a broad range of microbial
antigens, as described above.

Statistical analysis. Student’s ¢-test was used to evalu-
ate statistical significance. Statistical analysis was performed
with the StatView version 4.5 program (Abacus Concepts). P
values less than 0.05 were considered significant.

RESULTS

NOD-2-induced IgG4 production by PBMCs
from healthy controls. Although an enhanced IgG4
response is one of the most important immunologic
features in patients with autoimmune pancreatitis (4,5),
the molecular mechanisms accounting for increased
production of this IgG subtype in patients with auto-
immune pancreatitis are poorly understood. To address
the role of microbial antigens in the production of I1gG4,
PBMCs from healthy control subjects were stimulated
with a broad range of TLR and NLR ligands (FK-156
[NOD-1 ligand], MDP [NOD-2 ligand], Pam;CSK,
[TLR-1/2 ligand], PGN [TLR-2/6 ligand], dsRNA
[TLR-3 ligand], LPS [TLR-4 ligand], flagellin [TLR-5
ligand], and R837 [TLR-7 ligand]) for 14 days.

Activation of NOD-2 by MDP induced the pro-
duction of IgG4, but not IgG1, by PBMCs from healthy
control subjects (Figure 1). In contrast, activation of

WATANABE ET AL

Medium [
FK158

Flagellin §
RB37

o 5 10 15 20 25

~ lgtad (ngfmi
Medium | g4 (ng/mi)

P16
mope
PGN |
Pam,(EKa
dsRNA
LPS |
Flagellin
Raar

G Sé)ﬂ ﬁlmﬁ ’féﬂi} Eéﬂﬂ 2éﬁﬂ

gG1 {(ngfmi}

Figure 1. Muramyldipeptide (MDP)~induced activation of nucleotide-
binding oligomerization domain 2 (NOD-2) enhances [gG4 production
by peripheral blood mononuclear cells (PBMCs) from healthy control
subjects. PBMCs (2 X 10%ml) from healthy control subjects (n = 14)
were stimulated with a broad range of NOD-like receptor (NLR) and
Toll-like receptor (TLR) ligands (FK-156, 20 pg/ml; MDP, 20 pg/ml;
peptidoglycan [PGN], 10 pg/ml; palmitoyl-3-cysteine-serine-lysine-4
[Pam;CSK,], 1 pg/ml; double-stranded RNA [dsRNA], 25 ug/ml;
lipopolysaccharide [LPS}, 1 ng/ml; flagellin, 1 ug/ml; R837, 50 ug/ml)
for 14 days. Production of IgG4 and IgG1 in the culture supernatants
was determined by enzyme-linked immunosorbent assay. Bars show
the mean = SEM. * = P < (.05 versus medium.

TLR-2 and TLR-4 induced the production of both
IgG1 and IgG4. Thus, these data suggest that activation
of NOD-2 enhances the IgG4 response rather than
the IgG1 response. Because the regulation of IgG4
production is dependent on Th2 cytokines (20), we
evaluated the profiles of cytokines induced by MDP.
Stimulation with MDP did not induce production of
Thl-associated cytokines such as IFN+y and IL-12p40,
Th2-associated cytokines such as IL-4 and IL-13, or
Thi17-associated cytokines such as IL-6 and IL-17 (data
not shown). These results suggested that IgG4 produc-
tion by MDP is not associated with typical Thl, Th2, or
Th17 cell responses. Significant production of IL-10 was
induced in PBMCs stimulated with MDP. All of the
TLR and NLR ligands enhanced IL-8 production, which
suggests that the doses of microbial antigens used in this
study were sufficient to cause innate immune responses.
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T cell-independent IgG4 production by NOD-2.
We next determined the types of cells that are involved
in enhanced IgG4 production through NOD-2 activa-
tion. Initially, we isolated CD3+ T cells, CD19+ B cells,
and CD14+ monocytes and then examined the types of
cells expressing NOD-2 at the protein level. Immuno-
precipitation followed by immunoblotting with anti-
NOD-2 antibody revealed that NOD-2 expression was
limited to CD14+ monocytes (Figure 2A). Consistent
with this NOD-2 expression in monocytes, the depletion
of CD14+ cells from PBMCs reduced IgG4 production
stimulated by MDP-induced activation of NOD-2 (data
not shown). These results suggested that activation of
monocytes expressing NOD-2 is responsible for MDP-
induced IgG4 production.

To confirm these results, we assessed IgG4 pro-
duction by CD19+ B cells cocultured with CD14+
monocytes or CD3+ T cells. MDP-induced IgG4 pro-
duction was observed in the coculture containing both B
cells and monocytes (Figure 2B). In contrast, the addi-
tion of CD3+ T cells to the culture reduced MDP-
induced IgG4 production. These results showed that the
presence of monocytes and B cells is sufficient for
MDP-induced IgG4 production, and that NOD-2 acti-
vation induces IgG4 production in a T cell-independent
manner. The production of IgG1, IgA, and IL-10 was
comparable in the coculture containing monocytes and
B cells, regardless of whether cells were activated with
MDP. Furthermore, the optimal induction of IL-10 by
MDP required B cells, T cells, and monocytes, suggest-
ing that T cells are the main producers of this cytokine.
Taken together, these data suggested that stimulation of
MDP activates NOD-2 in monocytes and then induces
IgG4 production by B cells in a T cell-independent
manner.

We examined regulation of the expression of
surface markers in monocytes stimulated with MDP.
MDP-induced activation of NOD-2 enhanced cell sur-
face expression of HLA-DR and costimulatory mole-
cules such as CD40, CD80, and CDS86, whereas no
significant change was observed in the cell surface
expression of CD163 or ICOS ligand (data not shown).

IgG4 production by NOD-2 activation of BAFF
signaling pathways. We next examined the effects of
NOD-2 activation in monocytes on the survival of B
cells. The percentage of annexin V—positive apoptotic B
cells was significantly reduced in PBMCs stimulated with
MDP (Figure 3A). These results suggested that MDP-
induced activation of NOD-2 in monocytes enhances the
survival of CD19+ B cells by inhibiting apoptotic cell
death.

The TNF family members BAFF and APRIL are
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Figure 2. MDP-induced activation of NOD-2 in monocytes induces
IgG4 production by B cells in a T cell-independent manner. A, CD3+
T cells, CD14+ monocytes, and CD19+ B cells were purified from the
PBMC:s of healthy control subjects. Protein extracts were isolated from
CD3+ T cells, CD19+ B cells, and CD14+ monocytes and then
subjected to immunoprecipitation with anti-NOD-2 antibody, fol-
lowed by immunoblotting with anti-NOD-2 antibody. Expression of
NOD-2 by immunoblotting using 2 healthy controls is shown. B,
CD19+ B cells (1 X 10%ml) from healthy control subjects (n = 6) were
cocultured with CD14+ monocytes (1 X 10%ml) and/or CD3+ T cells
(1 x 10%ml) in the presence of MDP (20 ug/ml) for 14 days. Culture
supernatants were analyzed for the production of IgG4, IgG1, IgA, and
interleukin-10 (IL-10). Bars show the mean = SEM. * = P < 0.05;
#k = P < 0.01 versus the 3 other coculture conditions. See Figure 1 for
other definitions.

crucial survival factors for peripheral B cells (21,22).
Innate immune cells such as APCs and epithelial cells
produce BAFF and APRIL to cause T cell-independent
immunoglobulin responses (15,16). Therefore, we ad-
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Figure 3. MDP-induced activation of NOD-2 in monocytes induces IgG4 production in a BAFF-dependent manner. A, PBMCs from healthy
control subjects were stimulated with MDP for 24 hours and then stained with phycoerythrin (PE)-conjugated anti-CD19 antibody (Ab) and
fluorescein isothiocyanate (FITC)-conjugated annexin V. The percentage of apoptotic annexin V-positive CD19+ B cells was decreased by
stimulation with MDP. * = P < 0.05 versus medium. B, CD14+ monocytes from healthy control subjects were stimulated with MDP for 24 hours,
and intracellular expression of BAFF and APRIL was determined by flow cytometry. C, CD19+ B cells from healthy control subjects (n = 6) were
cocultured with CD14+ monocytes and/or CD3+ T cells in the presence of MDP for 24 hours. Culture supernatants were analyzed for the
production of BAFF and APRIL. * = P < (.05 versus other coculture conditions. D, CD19+ B cells from healthy control subjects (n = 6) were
cocultured with CD14+ monocytes in the presence of neutralizing anti-BAFF antibody or control antibody for 14 days. Culture supernatants were
analyzed for the production of IgG4 and IgG1. #+ = P < 0.01 versus control. Bars in A, C, and D show the mean * SEM. See Figure 1 for other

definitions.

dressed whether MDP-induced activation of NOD-2
stimulates production of BAFF and/or APRIL and
thereby enhances IgG4 production. Intracellular stain-
ing revealed a marked increase in BAFF, but not
APRIL, expression in monocytes stimulated with MDP
(Figure 3B). We next determined whether MDP-
mediated BAFF production depends on NOD-2 activa-
tion. For this purpose, we used MonoMac6 cells, a
human monocytic cell line, because of the very low
efficiency of gene transfection in primary monocytes.
MDP-mediated BAFF production was reduced in
MonoMac6 cells transfected with NOD-2-specific
siRNA, which suggested NOD-2-dependent BAFF
production upon stimulation with MDP (data not
shown).

The production of BAFF in the coculture con-

taining B cells and monocytes was enhanced upon
stimulation with MDP (Figure 3C). More importantly,
abrogation of BAFF signaling by its neutralizing anti-
body inhibited the production of IgG4 in a dose-
dependent manner (Figure 3D). BAFF binds to the
receptors BCMA, TACI, and BAFF-R, which are ex-
pressed on the cell surface of B cells (21,22). Stimulation
of PBMCs with MDP enhanced cell surface expression
of TACI on B cells (data not shown), suggesting that the
interaction between TACI and BAFF is involved in
enhanced IgG4 production mediated by NOD-2 activa-
tion. Consistent with these data, the addition of BAFF
alone led to a marked increase in IgG4 production by
CD19+ B cells (data not shown). These results sug-
gested a novel mechanism of 1gG4 production mediated
by NOD-2 activation: monocytes produce BAFF upon
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Figure 4. MDP-induced activation of NOD-2 in monocytes stimulates BAFF production via NF-«B activation. A, CD14+ monocytes from 2 healthy
control subjects were stimulated with MDP, and protein extracts were isolated at the indicated time points. Whole extracts were subjected to
immunoblotting with anti-IxBa, phospho-p38, p38, phospho-JNK, JNK-1, phospho-ERK, and ERK antibodies. B, Nuclear extracts were isolated
from monocytes stimulated with MDP (20 wg/ml) for 30 minutes. The activation of NF-«B subunits in the nuclear extracts was determined. * = P <
0.05 versus medium. C, CD14+ monocytes (1 X 10%ml) from healthy control subjects (n = 4) were preincubated with 10 uM BAY 11-7082 (BAY,
NF-«B inhibitor), SB203580 (SB; p38 and RICK inhibitor), PD98059 (PD; ERK inhibitor), or SP600125 (SP; JNK inhibitor) for 1 hour, followed
by overnight stimulation with MDP (20 pg/ml). Culture supernatants were analyzed for production of BAFF. * = P < 0.05 versus DMSO. Bars in

B and C show the mean = SEM. See Figure 1 for other definitions.

NOD-2 activation by MDP, and BAFF induce IgG4
production via interaction between BAFF and TACI.
NF-xB-dependent BAFF production by NOD-2.
We next examined the signaling pathway involved in
NOD-2~induced BAFF production in monocytes. Previ-
ous studies have established that NOD-2 activation
results in interactions between the CARD domain of the
NOD molecule and the CARD domain of a downstream
effector molecule, the serine/threonine kinase RICK;
activated RICK generated in this manner activates
NF-«B and MAP kinases (MAPKs) (10). Stimulation of
monocytes with MDP led to degradation of IxBa and
enhanced expression of the phosphorylated forms of
p38, INK, and ERK (Figure 4A). In addition, the
binding of NF-kB subunits p65 and p50 to consensus
sequences was markedly enhanced in nuclear extracts
isolated from monocytes upon stimulation with MDP
(Figure 4B). In contrast, there was no significant differ-
ence in the binding of c-Rel, RelB, or p52 in the nuclear
extracts either with or without MDP stimulation. These
results suggested that MDP-induced activation of

NOD-2 results in the activation of NF-«B and MAPK in
monocytes.

In subsequent studies to determine which of the
previously established components of NOD-2 signaling
were relevant to BAFF production, monocytes were
preincubated with various inhibitors specific to these
pathways, including PD98059 (ERK inhibitor),
SB203580 (p38 and RICK inhibitor), SP600125 (JNK
inhibitor), and BAY 11-7082 (NF-«B inhibitor) and then
stimulated with MDP. The addition of BAY 11-7082 or
SB203580 to cultures led to reduced BAFF production
by monocytes (Figure 4C). In contrast, the addition of
PD98059 or SP600125 had no inhibitory effects on
BAFF production. To exclude toxic effects of these
inhibitors, we performed a gene-silencing study. Trans-
fection of p65 siRNA into MonoMac6 cells led to a
substantial reduction in BAFF production upon stimu-
lation with MDP as compared with cells transfected with
control siRNA (data not shown). Taken together, these
results suggested that BAFF production by MDP is
induced by the activation of NF-«kB through RICK.
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Figure 5. Nucleotide-binding oligomerization domain-like receptor (NLR) and Toll-like receptor (TLR) ligands induce production of BAFF and
IgG4 by peripheral blood mononuclear cells (PBMCs) from patients with IgG4-related autoimmune pancreatitis (AIP). PBMCs (1 X 10%ml) from
healthy control subjects (n = 10) and patients with IgG4-related autoimmune pancreatitis (n = 8) were stimulated with a broad range of NLR and
TLR ligands for 14 days, as described in Figure 1. Culture supernatants obtained at 14 days were assayed for the presence of IgG1, IgG4, IgA, and
IgE. Culture supernatants obtained at 2 days were assayed for the presence of APRIL and BAFF. Bars show the mean = SEM. = = P < (.05 and

= P < 0.01 versus healthy controls; # = P < 0.05 and ## = P < 0.01 versus medium; $ = P < 0.05 and $$ = P < 0.01 versus medium. MDP =
muramyldipeptide; PAM = palmitoyl-3-cysteine-serine-lysine-4; PGN = peptidoglycan; dsRNA = double-stranded RNA; LPS = lipopolysaccha-

ride.

IgG4 production by PBMCs from patients with
IgG4-related autoimmune pancreatitis via activation of
NLRs and TLRs. As mentioned above, we identified a
novel pathway of NOD-2-mediated IgG4 production by
using PBMCs from healthy control subjects. To establish
the significance of this finding in the immunopathogen-
esis of IgG4-related disease, we compared the immune
responses of PBMCs from patients with IgG4-related
autoimmune pancreatitis with those of PBMCs from
healthy controls. Patients enrolled in this study met the
criteria for the diagnosis of autoimmune pancreatitis
(23,24) and were diagnosed as having lymphoplasma-
cytic sclerosing pancreatitis. The mean * SD serum
levels of IgG4 and IgG1 in patients enrolled in this study
were 665 * 232 mg/dl (normal range 4.8-105) and
1,050 = 567 mg/dl (normal range 320-748), respectively.
PBMC:s from healthy control subjects and patients were
stimulated with NLR and TLR ligands to measure the
production of immunoglobulins and cytokines.

Basal production of IgG4 by PBMCs was mark-
edly elevated in patients compared with controls, and
this enhanced IgG4 production by patient PBMCs was
augmented in the presence of a broad range of NLR and
TLR ligands (Figure 5, top). Although the activation of
NOD-2 preferentially induces IgG4 production in
healthy PBMCs, not only NOD-2 ligands (MDP) but
also TLR ligands (Pam;CSK, and PGN [TLR-2 ligands],
dsRNA [TLR-3 ligand], LPS [TLR-4 ligand], and flagel-
lin [TLR-5 ligand]) efficiently induced IgG4 production
by PBMCs from patients. Similar results were observed
for IgG1, although the difference between control sub-
jects and patients was much smaller than the differences
observed for IgG4 (Figure 5, top).

PBMC:s from patients and control subjects pro-
duced comparable levels of IgA and IgE upon stimula-
tion with NLR and TLR ligands (Figure 5, middle).
Interestingly, BAFF production by PBMCs from pa-
tients was much higher than that by PBMCs from
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control subjects upon stimulation with NOD-2 and TLR
ligands (Figure 5, bottom). In contrast, stimulation of
PBMCs with NLR and TLR ligands induced comparable
levels of APRIL in control subjects and patients (Figure
5, bottom). These results suggested that PBMCs from
patients with IgG4-related autoimmune pancreatitis
produce a large amount of IgG4 upon stimulation with
NLR and TLR ligands, and that such enhancement of
IgG4 production is associated with BAFF induced by
NLR and TLR ligands.

Defective Thl cell responses in patients with
IgG4-related autoimmune pancreatitis. We next evalu-
ated the profiles of cytokines induced by NLR and TLR
ligands in patients with IgG4-related autoimmune pan-
creatitis. In patients compared with controls, IFNy
production by PBMCs was markedly reduced upon
stimulation with TLR-2, TLR-3, TLR-4, and TLR-5
ligands (for PAM, mean = SEM 229 * 61 pg/ml versus
1,184 * 290 pg/ml; for dsDNA, 260 *= 82 pg/ml versus
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3,810 = 1,400 pg/ml; for LPS, 1,690 = 974 pg/ml
versus 4,530 = 929 pg/ml; for flagellin, 872 * 530 pg/ml
versus 4,110 = 960 pg/ml). Stimulation with MDP
induced comparable levels of IFNy production by
PBMCs from controls and those from patients (data not
shown). Given the fact that IFNvy is a prototypical Thl
cytokine, these results suggested that PBMCs from
patients with IgG4-related autoimmune pancreatitis
show defective Thl cell responses to TLR ligands.
Consistent with this reduced IFN+y production, the pro-
duction of IL-12p40, which is associated with Th1 cell
responses, was significantly reduced in patients com-
pared with controls upon stimulation with TLR-2 or
TLR-4 ligand (for PAM, mean = SEM 130 * 18 pg/ml
versus 456 = 91 pg/ml; for LPS, 344 = 58 pg/ml versus
670 £ 128 pg/ml). In addition, IL-6 production by
TLR-2 and TLR-5 ligands was reduced in PBMCs from
patients compared with controls (for PAM, mean *
SEM 3,491 =+ 554 pg/ml versus 7,664 = 848 pg/ml; for
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Figure 6. Monocytes isolated from patients with IgG4-related autoimmune pancreatitis induce IgG4 production by B cells from healthy controls
upon stimulation with MDP and LPS. A, CD19+ B cells (1 X 10%ml) from healthy control subjects (n = 4) were cocultured with CD14+ monocytes
(1 X 10%ml) from control subjects (n = 4) or patients with IgG4-related autoimmune pancreatitis (n = 4) in the presence of MDP (20 ug/ml) or
LPS (1 pg/ml) for 14 days. B, CD19+ B cells (1 X 10%ml) from patients with IgG4-related autoimmune pancreatitis (n = 4) were cocultured with
CD14+ monocytes (1 X 10%ml) from control subjects (n = 4) or patients (n = 4) in the presence of MDP (20 ug/ml) or LPS (1 ug/ml) for 14 days.
Culture supernatants obtained at 14 days were assayed for the presence of IgG1 and IgG4. Bars show the mean *= SEM. * = P < 0.05 versus the

respective controls. See Figure 5 for definitions.
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flagellin, 4,403 *+ 345 pg/ml versus 7,207 = 750 pg/ml).
In contrast, no significant difference between patients
and control subjects was observed in the production of
IL-17 or IL-10 by PBMCs stimulated with NLR and
TLR ligands (data not shown). Thus, these studies
clearly showed that defective Th1 cell responses to TLR
ligands, but not NLR ligands, are associated with en-
hanced 1gG4 production by PBMCs from patients with
IgG4-related autoimmune pancreatitis.

Induction of IgG4 responses by monocytes from
patients with IgG4-related autoimmune pancreatitis. In
a final series of experiments, we determined the type of
cells that play a critical role in the generation of IgG4
responses in patients with IgG4-related autoimmune
pancreatitis. Because PBMCs from patients with auto-
immune pancreatitis produced a large amount of BAFF
upon stimulation with TLR and NLR ligands, we hy-
pothesized that monocyte-induced activation of TLRs
and NLRs is responsible for enhanced IgG4 production
in patients with IgG4-related autoimmune pancreatitis.
To this end, we conducted coculture experiments in
which CD19+ B cells and CD14+ monocytes isolated
from the PBMC:s of healthy control subjects and patients
were stimulated with MDP or LPS in various combina-
tions.

First, we set up a coculture system in which
CD19+ B cells from healthy control subjects were
incubated with monocytes from healthy control subjects
or patients. Monocytes isolated from patients, but not
control subjects, induced production of IgG4 by healthy
B cells upon stimulation with MDP or LPS (Figure 6A).
In contrast, no differences were observed between pa-
tients and control subjects in IgG1l production upon
stimulation with MDP or LPS (Figure 6A). Enhanced
IgG4 production by monocytes from patients was signif-
icantly reduced by IFNy (data not shown), suggesting
that impaired Thl cell responses are involved in en-
hanced IgG4 responses in patients with IgG4-related
disease.

Next, we set up a coculture system in which
CD19+ B cells from patients were incubated with
monocytes from healthy control subjects or patients. B
cells from patients produced comparable levels of IgG1
and IgG4 regardless of whether these cells were cocul-
tured with monocytes from healthy controls or patients
(Figure 6B). These data suggested that activation of
NOD-2 or TLR-4 in the monocytes of patients triggers
IgG4 production by healthy CD19+ B cells, and that
monocyte activation of TLRs and NLRs underlies the
immunopathogenesis of enhanced IgG4 production in
IgG4-related disease.

WATANABE ET AL

DISCUSSION

Although autoimmune pancreatitis is character-
ized by systemic IgGG4 antibody responses and is consid-
ered to be a pancreatic manifestation of IgG4-related
disease and IgG4-positive multiorgan lymphoprolifera-
tive syndrome, the innate immune responses leading to
adaptive IgG4 antibody responses are poorly under-
stood. In the current study, we examined the innate
immune responses inducing IgG4 antibody production.
In our initial studies, we used healthy PBMCs to show
that B cells produce a large amount of IgG4 in a T
cell-independent manner when B cells are cocultured
with monocytes stimulated with MDP, a NOD-2 ligand.
Furthermore, we showed that BAFF produced by MDP-
activated monocytes induces IgG4 production by B cells.
Thus, we characterized T cell-independent IgG4 pro-
duction induced by NOD-2 signaling, which operates in
monocytes. With respect to the role of NOD-2 in
IgG4-related autoimmune pancreatitis, we showed that
NOD-2 activation enhances the production of BAFF
and IgG4 by PBMCs from patients with autoimmune
pancreatitis. More importantly, we showed that MDP-
stimulated monocytes isolated from patients with auto-
immune pancreatitis induce production of IgG4 by B
cells from healthy controls. Therefore, these data sug-
gest that NOD-2-dependent BAFF production in
monocytes plays an important role in the generation of
an IgG4 response in autoimmune pancreatitis.

NOD-2-mediated BAFF production by mono-
cytes is an indispensable step for T cell-independent
IgG4 production, as shown in this study. We showed
enhanced activation of NF-xB and MAPKSs in mono-
cytes upon stimulation with MDP. Moreover, BAFF
production mediated by MDP was markedly decreased
by the addition of pharmacologic inhibitors for NF-«xB
and RICK, which strongly suggests that MDP-induced
activation of NOD-2 elicits BAFF production by mono-
cytes via NF-kB activation. Compatible with this idea,
the BAFF gene promoter contains many NF-«B binding
sites (25). In this study, however, the molecular mecha-
nisms by which NOD-2-mediated BAFF production
enhances IgG4 production remain unknown. BAFF is a
crucial survival factor for peripheral B cells (21,22). In
fact, the percentage of apoptotic B cells was reduced in
the presence of monocytes stimulated with MDP, which
suggests an expansion of B cells due to BAFF produc-
tion induced by NOD-2 activation. Thus, one possible
mechanism for BAFF-dependent IgG4 production may
be promotion of the activation or expansion of B cells
that are already committed to IgG4 production. In this
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regard, the survival of B cells committed to IgG4 pro-
duction is enhanced in the presence of IL-21 (26).
Therefore, it is possible that BAFF, in concert with
IL-21 and/or other unidentified factors, enhances 1gG4
production via promoting the expansion of IgG4-
committed B cells. Alternatively, BAFF may directly
induce IgG4 class-switch DNA recombination. Although
Litinskiy et al reported that BAFF induces IgG4 class-
switch DNA recombination in the presence of IL-4 (15),
we failed to detect IL-4 in cells stimulated with MDP.

Although the activation of NOD-2, but not TLRs,
preferentially induces IgG4 production by PBMCs from
healthy control subjects, not only MDP but also many
TLR ligands induce IgG4 production by PBMCs from
patients with IgG4-related autoimmune pancreatitis.
This enhanced IgG4 production by TLR ligands is
associated with the reduced production of proinflamma-
tory Th1 cytokines and with the enhanced production of
BAFF. Thus, in contrast to NOD-2-induced IgG4 pro-
duction, which is dependent on BAFF production by
monocytes, the reduced production of Thl cytokines
may also be involved in enhanced TLR-induced 1gG4
production in autoimmune pancreatitis. Consistent with
this idea, IgG4 production by healthy B cells upon
coculture with monocytes from patients with IgG4-
related disease is reduced in the presence of IFNYy.
Therefore, it seems likely that not only NOD-2-
mediated BAFF production but also TLR-mediated
production of BAFF and reduced production of Thl
cytokines are involved in the generation of systemic
1gG4 responses in patients with autoimmune pancreati-
tis. In addition, our preliminary data show that basophils
isolated from patients with autoimmune pancreatitis, but
not those from healthy control subjects, induce produc-
tion of a large amount of IgG4 by B cells upon stimula-
tion with TLR-2 and TLR-4 ligands (Watanabe T, et al:
unpublished observation). Further phenotypic analysis
of basophils from patients with autoimmune pancreatitis
and healthy control subjects may provide the mecha-
nisms accounting for differences in TLR and NLR
ligands that drive the production of this immunoglobulin
subclass. In any case, these data suggest that activation
of both NLRs and TLRs is involved in the development
of enhanced IgG4 production in patients with auto-
immune pancreatitis.

TLR activation enhances the production of
BAFF rather than APRIL in patients with IgG4-related
autoimmune pancreatitis. Thus, BAFF plays an impor-
tant role in T cell-independent IgG4 production. Simi-
larly, Alsaleh et al observed that TLR activation in
synovial fibroblasts from patients with rheumatoid ar-
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thritis cause T cell-independent IgG secretion via
BAFF-mediated but not APRIL-mediated signaling
pathways (27). Thus, the immunopathogenesis of rheu-
matoid arthritis and autoimmune pancreatitis may be
similar, in that T cell-independent and BAFF-
dependent immunoglobulin secretion is seen in both
diseases. Although BAFF binds to the receptors BCMA,
TACI, and BAFF-R expressed on the cell surface of B
cells (21,22), TACI delivers innate immunoglobulin-
inducing signals to B cells (28). In the current study,
TACI expression in B cells was up-regulated in PBMCs
stimulated with MDP. Therefore, the interaction be-
tween TACI and BAFF may be involved in T cell-
independent IgG4 production. Blockade of TACI-
specific signaling pathways may provide new insights
into the immunopathogenesis of IgG4-related disease.

The role of an IgG4 antibody response in the
immunopathogenesis of IgG4-related disease is poorly
understood. Several lines of evidence suggest an anti-
inflammatory rather than an inflammatory role of this
immunoglobulin subclass. First, the interaction between
IgG4 and the Fcy receptor or Clq is weaker than that of
other IgG subclasses (20). Second, IgG4 antibodies can
exchange Fab arms by swapping a heavy chain and an
attached light chain (half-molecule) with a heavy-light
chain pair from another molecule, which results in
bispecific antibodies (29). This bispecific property of
IgG4 antibodies protects against the autoimmune dis-
ease myasthenia gravis by competing pathogenic IgG1
antibodies against acetylcholine receptor (29). Third,
elevated IgG4 levels are considered to be a marker of
tolerance induction in IgE-related allergic disorders
(20,30). These unique properties of IgG4 prompt us to
speculate that enhanced IgG4 antibody responses may
be an epiphenomenon associated with inflammatory
reactions. In this study, we identified BAFF as a critical
player in IgG4 production. Thus, it iS an interesting
question whether or not BAFF inhibition influences the
clinical course of IgG4-related disease and IgG4-positive
multiorgan lymphoproliferative syndrome.

Our findings have certain implications with re-
spect to possible mechanisms of IgG4-related auto-
immune pancreatitis. Activation of NOD-2 and TLR
ligands enhances IgG4 responses by PBMCs from pa-
tients with IgG4-related autoimmune pancreatitis, which
suggests the possible involvement of abnormal innate
immune responses against intestinal microflora in the
development of IgG4-related autoimmune pancreatitis.
Alternatively, microbial infections trigger the develop-
ment of IgG4-related autoimmune pancreatitis. In con-
clusion, abnormal innate immune responses via NLRs
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and TLRs may underlie the immunopathogenesis of
IgG4-related disease and IgG4-positive multiorgan lym-
phoproliferative syndrome.
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This article has an accompanying continuing medical education activity on page e7. Learning Objectives—At the
end of this activity, the successful learner will know about the importance of serum IgE levels in patients with

primary sclerosing cholangitis.

BACKGROUND & AIMS: High serum levels of immuno-
globulin (Ig)E often are detected in patients with primary scle-
rosing cholangitis (PSC), but the clinical significance is not
known. METHODS: We analyzed data from 44 patients with
PSC and known serum levels of IgE. They were divided into
groups called high IgE (>170 IU/mL; n = 17) or normal IgE
(n = 27). We compared occurrence of biliary carcinoma includ-
ing cholangiocellular and gallbladder carcinoma, liver trans-
plantation, and death between groups. RESULTS: The high
IgE group had a later age of onset of PSC than the normal IgE
group (54 = 20y vs 39 * 16 y; P = .010); they also had a higher
serum level of IgG (2078 = 638 vs 1517 * 475 mg/dL; P = .002)
and IgG4 (104 = 102 vs 38 * 16 mg/dL; P = .002). Association
with inflammatory bowel disease did not differ significantly
between groups (5 of 17 vs 11 of 27; P = .661). No patient had
biliary carcinoma in the high IgE group, but biliary carcinoma
was observed during the follow-up period in 8 patients in the
normal IgE group (0 of 17 vs 8 of 27; P = .016). The occurrence
of biliary carcinoma, liver transplantation, or death did not
differ between groups (4 of 17 vs 13 of 27; P = .124). CON-
CLUSIONS: High serum levels of IgE often are observed
in older patients with PSC and are associated with a re-
duced incidence of biliary carcinoma.

Keywords: Prognosis; Ulcerative Colitis; Allergy; Malignancy.

rimary sclerosing cholangitis (PSC) is a chronic cholestatic
disease of unknown etiology characterized by fibrosing in-
flammatory destruction of intrahepatic and/or extrahepatic bile
ducts. PSC is generally progressive, and usually leads to the devel-
opment of cirrhosis. There is no medical therapy that can dramat-
ically disrupt the disease progression, and liver transplantation
remains the only option for patients with end-stage PSC.! Mean
age at diagnosis is 40 years, and men are about 2 times more likely
to be affected than women in BEurope and the United States,
whereas in Japan there are 2 age distribution peaks, in the 20s and
60s, even after immunoglobulin (Ig)G4-related sclerosing cholan-
gitis (IgG4-SC) is strictly removed.? In this regard, we previously
reported that high serum IgE was characteristic of PSC patients
with onset age older than S0 years.?
The IgE level often is found to be increased in allergic
diseases. Interestingly, it has been reported that an inverse

association exists between allergy and malignancy such as pan-
creatic cancer and glioma.* As for IgE, an odds ratio of glioma
risk in those with increased IgE levels compared with normal
levels of 0.3 was reported by Wiemels et al.’> They also showed
that glioblastoma patients with increased IgE levels had longer
survival times than those with normal or borderline IgE levels.%
Thus, increased IgE levels may work in a protective manner
against certain kinds of malignancies.

The most feared complication of PSC is biliary carcinoma,
including cholangiocarcinoma (CCA) and gallbladder carcino-
ma.l710 Various studies have tried to clarify risk factors of biliary
carcinoma in PSC, but conclusive factors have yet to be found. To
date, it is not known whether either high or normal IgE levels in
PSC might be a predictive factor for biliary carcinoma. Thus, in the
present study, we examined clinical differences between PSC pa-
tients with and without high IgE levels, focusing especially on the
possible association with biliary carcinoma.

Patients and Methods

Sixty-six patients were diagnosed with PSC art our in-
stitutes (64 at the University of Tokyo and 2 at Mitsui Memo-
rial Hospital) between January 1982 and February 2011. Among
them, serum IgE level was measured in 44 patients (42 patients
at the University of Tokyo and 2 patients at Mitsui Memorial
Hospital). These 44 patients were followed up at our outpatient
department and were enrolled in the present study. In principle,
laboratory data were checked every 3 months and imaging
studies such as abdominal ultrasonography was performed at
least once a year even when the condition of the disease was
stable. We used diagnostic criteria of the Mayo Clinic (pub-
lished in 2003) for the diagnosis of PSC, but excluded IgG4-
SC3!! Even if the serum IgE level was measured several times,
the initial value was adopted. The duration of PSC was defined
as the time elapsed since the first clinical, biochemical, or

Abbreviations used in this paper: CCA, cholangiocarcinoma; FEIA,
fluorenzymeimmunoassay; IBD, inflammatory bowel disease; Ig, im-
munoglobulin; PSC, primary sclerosing cholangitis; SC, sclerosing
cholangitis.
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Table 1. Clinical Features of Patients With PSC

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY Vol. 10, No. 1

High IgE group (n = 17, IgE > 170 [U/mL) Normal IgE group (n = 27) P value
Sex, M:F 8:9 16:11 631
Onset age of PSC 54 = 20 (11-79) 39 = 16 (16-75) .006
Follow-up period? 69 + 66 71 + 58 .888
Associated diseases
Bronchial asthma 2 1 .386
Atopic dermatitis 1 0 .386
Drug allergy 4 5 716
Inflammatory bowel disease 5 11 661
Variceal bleeding 1 1 999
Laboratory data
IgE level =170 IU/mL 770 + 486 69 = 52 <.001
1gG level 800-1700 mg/dL 2078 + 638 1517 = 475 .002
18G4 level <135 mg/dL 104 + 102 (n = 17) 38 £ 16 (n = 21) .020
1gM level 35-220 mg/dL 144 £ 76 141+ 73 875
Positive ANA, =x80 0/16 2/24 .508
Eosinophilia >1000 pL 2/16 2/26 .999
Total bilirubin level 0.91 +0.60 (n=17) 0.91 £ 0.36 (n = 24) 967
Albumin level 4.0 £0.42(n=17) 3.9+ 0.46 (n = 24) 724
Model for end-stage liver disease score 7.5 1.6(n=16) 7.3+1.3(n=23) 687

aPeriod from the onset of PSC to the day of biliary carcinoma, liver transplant, death, or the last visit.

cholangiographic findings leading to the diagnosis of PSC. The
diagnosis of biliary carcinoma was confirmed by histology ex-
cept in one patient whose diagnosis was made only by imaging
findings. This patient showed irregular gallbladder wall thick-
ening with papillary nodule on computed tomography and
magnetic resonance imaging. These findings became aggravated
during the follow-up period, which made us suspect gallbladder
cancer, although a close examination was not performed be-
cause of advanced liver failure. Medical records were reviewed to
obtain information regarding demographic variables, labora-
tory data, and the presence of associated diseases. Serum IgE
level was measured by fluorenzymeimmunoassay (FEIA) at
BML, Inc. (Saitama, Japan). Less than the mean * standard
deviation was defined as a normal value.!? Concretely, the nor-
mal value was 170 IU/mL or less in the patients aged 7 years or
older. Based on the IgE value (>170 IU/mL or not), we divided
patients into 2 groups: the high IgE group (n = 17; IgE > 170
IU/mL) and the normal IgE group (n = 27; IgE = 170 IU/mL).
We compared the 2 groups in terms of associated diseases,
laboratory data (mainly immunologic parameters), and prog-
nosis. In the present study, associated diseases included inflam-
matory bowel disease (IBD) and allergic diseases such as bron-
chial asthma and atopic dermatitis. History of variceal bleeding
also was examined. Laboratory parameters included IgG, IgG4,
IgM, and the presence of antinuclear antibody (y = X80). For
prognosis, 3 analyses were performed. In the first analysis, only
biliary carcinoma was regarded as an end point, and the frequency
of biliary carcinoma was compared between the 2 groups. In the
second analysis, biliary carcinoma and death by other causes were
regarded as end points, and the frequency of these end points was
compared. In the third analysis, biliary carcinoma, liver transplan-
tation, and death by other causes were regarded as end points, and
the frequency of these end points was compared.

Continuous variables were reported as the mean * standard
deviation. Differences were evaluated by the Student ¢ test, the

Welch ¢ test, the chi-square test with Yates’ correction, or the
Fisher exact test. Cumulative event occurrence rate curves were
analyzed using the Kaplan-Meier technique with the log-rank
test. A P value less than .05 was considered statistically signif-
icant. This retrospective study was approved by the review
board of our institute.

Results

Forty-four patients (24 men and 20 women) were enrolled,
and their mean age at onset of PSC was 45 * 19 years. The clinical
features of the high IgE group and the normal IgE group are
summarized in Table 1. The mean onset age was significantly
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Figure 1. Kaplan—-Meier curves comparing the nonoccurrence rate of
biliary carcinoma between the high IgE group and the normal IgE group.
Patients with liver transplantation or death from causes other than biliary
carcinoma were treated as censored cases in this analysis.
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Table 2. Clinical Profile of 8 Patients Associated With Biliary Carcinoma

Location of Age at onset Period from the onset of
Patient BCA IgE level, IU/mL IBD Sex, M/F of BCA PSC to BCA, mo
1 EHBD 97 - M 22 2
2 GB 70 + F 48 65
3 GB 69 + M 61 43
4 EHBD 39 - F 52 119
5 IHBD 23 + M 29 152
6 EHBD 22 + F 40 12
7 IHBD 11 + F 48 18
8 IHBD 9 + M 39 127

BCA, biliary carcinoma; EHBD, extrahepatic bile duct; GB, gallbladder; IHBD, intrahepatic bile duct.

higher in the former group (54 * 20 vs 39 *= 16 y; P = .010).
Association with bronchial asthma, atopic dermatitis, drug allergy,
IBD, and variceal bleeding did not differ between the 2 groups.
There was no patient with allergic vasculitis or parasitic infection.
The frequency of allergic rhinitis was not exactly known after
reviewing medical records because allergic rhinitis caused by pollen
allergy is a very common disease in Japan!® and many patients did
not seem to report their mild allergic rhinitis if they had one.
Sixteen patients were associated with IBD, and all of them had
ulcerative colitis. Among them, none was associated with colorec-
tal cancer. There was no patient with anomalous pancreatobiliary
ductal union, which was confirmed by endoscopic retrograde
cholangiopancreatography or magnetic resonance cholangiopan-
creatography. As for laboratory data, there were significant differ-
ences in IgG (2078 * 638 vs 1517 = 475 mg/dL; P = .002) and
IgG4 (104 * 102 vs 38 * 16 mg/dL; P = .020) levels. Total
bilirubin and albumin levels at the onset of PSC showed no
significant difference. There was no difference in the model for
end-stage liver disease score.

The mean disease durations (from onset to the day of biliary
carcinoma, liver transplantation, death, or last visit) in the 2
groups wete 69 & 66 and 71 * 58 months (P = .888). The mean
follow-up periods at our institute (from the first visit to our
institute to the day of biliary carcinoma, liver transplantation,
death, or last visit) in the 2 groups were 50 * 43 and 34 *+ 27
months (P = .193). There was no occurrence of biliary carcinoma
in the high IgE group, but biliary carcinoma occurred in 8 patients
in the normal IgE group (0 of 17 vs 8 of 27; P = .016). The
cumulative occurrence rate of biliary carcinoma analyzed by the
Kaplan-Meier method also showed a significant difference (P =
.048) (Figure 1). There was no occurrence of carcinoma of duode-
nal papilla and pancreas. Clinical profiles of the 8 patients with
biliary carcinoma (6 CCA and 2 gallbladder carcinoma) are sum-
marized in Table 2. There were 2 patients whose CCA was found
within 1 year after the diagnosis of PSC. Although there is no
denying that occult CCA existed at the diagnosis of PSC, their
onsets were not synchronous clinically. Therefore, we also included
these 2 patients in the present analyses. Biliary carcinoma was
diagnosed 59 months on average after PSC onset. Surgical treat-
ment was performed in 3 patients, and 2 showed recurrence 13
and 23 months later. Chemotherapy with or without radiation was
chosen in 3 patients, and the other 2 patients were followed up
only with best supportive care. Serum IgE values of these 8 pa-
tients were less than 100 IU/mL.

The comparison between patients with and without biliary
carcinoma was summarized in Table 3. Besides serum IgE,

association with ulcerative colitis was related to the occurrence
of biliary carcinoma.

When biliary carcinoma and death by other causes were re-
garded as end points, these end points were observed in 4 patients
(death from liver failure) in the high IgE group, and in 10 patients
(8 biliary carcinoma, 1 death from liver failure, and 1 suicide) in
the normal IgE group (4 of 17 vs 10 of 27; P = .509). The
cumulative occurrence rate of end points according to the
Kaplan-Meier method showed no significant difference (P = .766)
(Figure 2).

When biliary carcinoma, liver transplantation, and death by
other causes were regarded as end points, these end points were
observed in 4 patients (death from liver failure) in the high IgE
group, and in 13 patients (8 biliary carcinoma, 3 liver transplan-
tation, 1 death from liver failure, and 1 suicide) in the normal IgE
group (4 of 17 vs 13 of 27; P = .124). The cumulative occurrence
rate of end points according to the Kaplan-Meier method showed
no significant difference (P = .370) (Figure 3).

Discussion

Biliary carcinoma including CCA and gallbladder carci-
noma represents the most feared biliary complication occurring in
patients with PSC. The reported prevalence of CCA in PSC varies
from 3.6% to 36%, depending on the methods used to establish the
diagnosis and the length of follow-up evaluation>!4-18 In this
study, the incidence of biliary carcinoma during the follow-up
period was 18% (8 of 44), and that of CCA -was 14% (6 of 44). This
may not seem so high in comparison with previous reports, but
the rate was much higher than that observed in a Japanese na-
tional survey of PSC in 2003 (3.6%) despite a seemingly similar

Table 3. Comparison Between Patients With and Without
Biliary Carcinoma

Biliary Biliary

carcinoma carcinoma P

(+),n =28 (=), n =236 value
Sex, M:F 4:4 20:16 .999
Age at onset of PSC 3714 47 =19 .198
Ulcerative colitis (+) 6/8 10/36 .019
1gG level >1700 mg/dL 2/8 15/36 455
18G4 level >135 mg/dL 0/7 3/36 .999
IgE level >170 [U/mL 0/8 17/36 .016
Mean IgE level 43 + 32 405 + 481 <.001
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Figure 2. Kaplan-Meier curves comparing the survival rate without
biliary carcinoma between the high IgE group and the normal IgkE group.
Patients with liver transplantation were treated as censored cases in this
analysis.

follow-up period (median, about 5 y). Two PSC patients with CCA
in our series were referred to our institute only after the diagnosis
of CCA was made. In addition, because our institute (University of
Tokyo) is a tertiary hospital in which liver transplantation is
performed, our series may include patients with more severe liver
dysfunction and younger age than those in the national survey.
These factors may have contributed to the comparatively high rate
of CCA.

In our previous study,? it was found that a portion of the
PSC patients, most of whom were elderly, showed high se-
rum IgE levels, but the clinical significance of IgE level in
PSC was still unclear. However, in addition to allergy and
parasitic infections, IgE recently was shown to possess anti-
cancer effects.* It has been reported that IgE can destroy
pancreatic and ovarian cancer cells through antibody-depen-
dent cell-mediated cytotoxicity.?-?! The serum level of IgE
was increased significantly in patients with pancreatic cancer
compared with controls.?® It is also known that total IgE
levels may be related to natural killer cell activity, whose low
level is associated with an enhanced risk of cancer at all
sites.?22% These findings made us suppose that IgE also might
be associated with biliary carcinoma.

In the present study, there were 8 patients whose serum IgE
level ranged between 100 and 170 IU/mL, and none of them
had biliary carcinoma. Thus, in referring to a risk factor for
biliary carcinoma in PSC, it may be more exact to use the term
lower IgE instead of normal IgE. By using receiver operating
characteristic curve analysis to show the ideal cut-off IgE value
to predict the occurrence of biliary carcinoma in patients with
PSC, the cut-off value turned out to be 100 IU/mL. Sensitivity,
specificity, and accuracy were 100%, 69%, and 77%, respectively.
The area under the curve was 0.84.

In one patient with PSC and CCA (patient 4 in Table 2), IgE
level was measured repeatedly before and after the diagnosis of
CCA, but there was no significant change in its level (20-53
IU/mL). Its variability did not seem to be related to CCA at least
as far as this patient is concerned.

Increased IgE was strongly associated with old-age onset
of PSC. However, in general, the serum IgE level does not
change with age.?* Even in patients with increased serum IgE
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levels, the association with bronchial asthma or atopic der-
matitis was not observed frequently. Thus, we speculate that
the increase of IgE level is derived from PSC itself. However,
it seems difficult to conclude that PSC with high IgE level is
quite different from PSC with normal IgE level. Irrespective
of the IgE levels, the association of IBD was observed, and
liver dysfunction was generally progressive. Although the
high IgE group showed higher IgG and IgG4 level than the
normal IgE group (Table 1), we never considered that PSC
with high IgE level in the present series was equal to IgG4-
SC. Obvious jaundice at onset (total bilirubin level, >3 mg/dL),
which often is recognized in IgG4-SC, was not observed in the
present series. Even in the high IgE group, only 3 patients had
IgG4 levels higher than 135 mg/dL, a commonly used cut-off value
for the diagnosis of IgG4-related diseases.” Two of them had
ulcerative colitis, which is infrequent in IgG4-related diseases.?®
Moreover, 3 patients with increased IgE level received steroid
treatment, but remarkable improvement was not observed.® Be-
cause both IgE and IgG4 productions are Th2-dependent in gen-
eral, IgE-inducing antigens are also efficient IgG4 inducers.?® In a
sense, it may not be unusual that patients with high IgE level show
a somewhat high IgG4 level. Considering these data, PSC with
increased IgE should be differentiated from IgG4-SC.

Various studies have attempted to clarify the risk factors
of CCA in PSC. One previous study reported that the pres-
ence of IBD was associated with an increased risk of CCA,
but this was not confirmed by other studies.!®?” Two previ-
ous studies have identified abdominal pain as a predictor
of CCA in PSC patients.'62® On the other hand, absence of
symptoms was a predicator of CCA according to the study of
Burak et al.!s They suggested that variceal bleeding was a
major risk factor for the later development of CCA, but in
our study there were no patients with biliary carcinoma and
a history of variceal bleeding. Among the 8 patients with
biliary carcinoma in our series, one was a smoker and none
was a habitual drinker, although studies have reported their
association with CCA.2%% Taken together, definitive factors
still have to be found. The relation between IgE and biliary
carcinoma has not been discussed fully. We believe our find-
ing is very simple, but also very innovative. Because ulcerative
colitis seemed to be related to biliary carcinoma in our study
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Figure 3. Kaplan-Meier curves comparing the survival rate without

biliary carcinoma and liver transplantation between the high IgE group
and the normal IgE group.
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(Table 3), it was desirable to perform a multivariate analysis
to clarify whether both IgE and ulcerative colitis were inde-
pendent factors for the development of biliary carcinoma.
This analysis was impossible because there was no occurrence
of biliary carcinoma in the high IgE group, which meant that
the odds ratio or hazard ratio could not be calculated.
However, considering no significant relation between high
IgE level and ulcerative colitis (P = .661, x* test with Yates’
correction) (Table 1), IgE and ulcerative colitis seemed to be
independent factors.

Despite the significantly different prevalence of biliary
carcinoma between patients with and without increased IgE
levels, there was no significant difference in the prevalence of
end points including biliary carcinoma, liver transplantation,
and death by other causes. This is because PSC with in-
creased IgE level is still a progressive disease and may lead to
eventual liver dysfunction. However, considering the differ-
ent occurrence rates of biliary carcinoma, a significant dif-
ference might be found if our study populations were larger.

In summary, increased IgE level was related closely to older age
at onset of PSC and reduced occurrence of biliary carcinoma. It has
not yet been determined whether IgE is related directly to the
pathogenesis of PSC or whether it increased reactively. In any
event, it is certain that grouping PSC in terms of IgE should be
attempted on a larger scale to validate our finding. Adequate
grouping may contribute to the clarification of the pathogenesis of
PSC, which remains poorly understood.
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