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Chronic pancreatitis (CP) is a pancreatic disease with poor prognosis characterized clinically by abdominal
pain, morphologically by pancreatic stones/calcification, duct dilatation and atrophy, and functionally by
pancreatic exocrine and endocrine insufficiency. CP is also known as a risk factor for the development of
pancreatic cancer. CP has long been understood based on a fixed disease concept deduced from the
clinical and morphological features of the end-stage disease. However, identification of causal genes for
hereditary pancreatitis and success in the isolation and culture of pancreatic stellate cells have advanced
the understanding of the underlying pathological mechanisms, the early-stage pathophysiology, and the
mechanisms behind pancreatic fibrosis. These advances have led to moves aimed at improving patient
prognosis through prevention of disease progression by early diagnosis and early therapeutic intervention.
The strategy for preventing disease progression has included a proposal for diagnostic criteria for early CP
and introduction of a new definition of CP in consideration of the pathological mechanisms. Our group has
been committed deeply to these studies and has provided a large amount of information to the world.
Keywords: chronic pancreatitis; early chronic pancreatitis; hereditary pancreatitis; mechanistic definition; pancreatic
stellate cell
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Introduction

Footsteps of Predecessors

CP is a progressive inflammatory disease of the
pancreas with poor prognosis characterized histologically
by destruction of parenchyma and replacement with strong
fibrosis, which results in exocrine and endocrine
insufficiency in the end-stage. According to the results of a
nationwide survey, the total estimated number of CP
patients under treatment in 2011 in Japan was 66,980, and
the number has been increasing in the past 2 decades
(Hirota et al. 2014). CP develops predominantly in middleaged to elderly male people with a male to female ratio of
4.3 and a peak of age in the 60s in both men and women.
CP is characterized by the high rate of alcohol for the
etiology, which accounts for the cause of 67.5% of total
patients and 75.7% of total male CP patients (Hirota et a.
2014). Although the pathological mechanisms and
pathophysiology have long been largely unknown, this
disease has become understood from a new point of view
recently thanks to several breakthroughs in the past two
decades. In this special review, I would like to focus on
“chronic pancreatitis (CP),” a traditional research topic in
our department of gastroenterology and to introduce our
research efforts and achievements in an attempt to develop
further the succession of traditions inherited from our
predecessors.

Tohoku University was established in 1907, near the
end of the Meiji era. The medical department was founded
8 years later, in 1915, as the Medical College of Tohoku
Imperial University. The third department of Internal
Medicine, the origin of our department, began a series of
lectures in 1918. The first professor was Shotaro
Yamakawa (1918-1941), who received instruction at the
Medical Department led by Professor Tanemichi Aoyama at
Tokyo Imperial University, and later went on to conduct
research on dietetics and carbohydrate metabolism. The
second professor was Toshio Kurokawa (1941-1960), who
studied X-ray examinations of the stomach during his
studies in Germany and subsequently introduced this
technique to Japan. He established a gastric cancer
screening procedure known as the “Miyagi System” and
was later awarded the Order of Cultural Merit for his
contribution to saving the lives of patients with gastric
cancer, which was one of the most important medical issues
in Japan at that time. The third professor was Shoichi
Yamagata (1960-1976), who studied the technique of
gastroendoscopy in Germany before introducing it to Japan
for wide dissemination. During the era of Professor
Yamagata, the Department of Gastroenterology produced
an excellent body of research and witnessed a flourishing

Received June 25, 2019; revised and accepted July 16, 2019. Published online August 2, 2019; doi: 10.1620/tjem.248.225.
Correspondence: Tooru Shimosegawa, South Miyagi Medical Center, 38-1 Aza-nishi, Ohgawara, Shibata-gun, Miyagi 989-1253, Japan.
e-mail: t.shimosegawa@southmiyagi-mc.jp

225

226

T. Shimosegawa

period in which it was known as the “Mecca of
gastroenterology in Japan.” The fifth professor, Yoshio
Goto (1976-1988), specialized in diabetology and is known
for the development of a spontaneous rat model of diabetes
mellitus (DM), known as “Goto-Kakizaki rats” (Goto et al.
1976). The sixth professor, Takayoshi Toyota (1988-2000),
studied the pathological mechanisms underlying type 1 DM
and contributed to the progress in the diagnosis and
treatment of DM. Following a governmental policy which
increased the priority of the graduate school, the third
department of internal medicine was reorganized into two
divisions: The Division of Molecular Metabolism and
Diabetes and the Division of Gastroenterology, for which I
served as professor for 19 years from 1998 to 2017.

Traditions of Pancreatitis Research
Although a diverse area of gastroenterology research
was covered in the department led by Professor Yamagata,
his own lifework was the elucidation of the cause and
pathophysiology of pancreatitis. He joined the “Kurokawa
Department” and started his research career by developing
a method to measure serum amylase. He later made a short
trip to the United States to observe their medical education
system, and on the occasion, he learned a direct method for
a pancreatic exocrine function test, which enabled
pancreatic exocrine function to be evaluated by measuring
the volume, amylase output, and bicarbonate concentration
of duodenal juice collected under secretin stimulation. He
introduced this method to his department and placed it at
the center of pancreas research, as an especially important
method for the diagnosis and assessment of the pathological
condition of CP (Takebe et al. 1976). A stream of
associated research in the “Yamagata Department” gave
birth to creative research outcomes, such as the assessment
of exocrine pancreatic function through the maximum
stimulation of the pancreas (Takebe et al. 1978), the
measurement of sweat chloride concentrations in CP
patients (Hanawa et al. 1978) and a comparison between
secretin-stimulated exocrine pancreatic function and
pathological change of the pancreas in CP patients (Saito et
al. 1984). These achievements provided a unique
interpretation on the clinical and pathophysiological
conditions of CP (Yamagata and Takebe 1967) which
played an important role in the formation of the disease
concept in Japan.

What is Chronic Pancreatitis (CP)?
Conventional Definition of CP
Comfort et al. (1946) established the idea that CP was
a distinct disease entity. They described the features of this
disease precisely by investigating the clinical and
pathological aspects of 29 cases of CP in detail. Generally
speaking, the Cambridge classification definition of 1984
(Sarner and Cotton 1984) is prevalently used in the West:
“CP is defined as a continuing inflammatory disease of the
pancreas, characterized by irreversible morphological

change, and typically causing pain and/or permanent loss of
function.” Meanwhile, the following definition is favored in
Japan: “CP is a condition characterized by chronic
pathological changes in the pancreas such as irregular
fibrosis, inflammatory cell infiltration, and the loss of
parenchyma and granuloma tissue, which result in
deteriorated exocrine and endocrine function of the
pancreas with progression. It takes mostly an irreversible
course.” The definition of CP varies widely between
countries and academic societies, even in the West, and the
clinical course is deduced rather speculatively from the
clinical and pathological findings of the end-stage disease
with pancreatic calcification and exocrine and endocrine
insufficiency. In other words, CP is a miscellany of diseases
with a common end stage characterized by the progressive
destruction of the pancreas, irrespective of etiology.

A Breakthrough - Discovery of the Genes
Responsible for Hereditary Pancreatitis
Since the introduction of CP by Comfort et al. (1946),
no particular progress was made for a long time in regard to
the pathophysiological mechanism of the disease, which
was therefore expressed as “an enigmatic process of
uncertain pathogenesis” (Steer et al. 1995). However, in
1996, a breakthrough was achieved by the discovery of the
gene responsible for hereditary pancreatitis by Whitcomb et
al. (1996a, b). Hereditary pancreatitis is an autosomal
dominant inherited disease, as originally reported in
Comfort and Steinberg (1952), who identified a familial
aggregation of patients with pancreatitis among the 29 CP
cases originally reported by Comfort et al. (1946).
a. PRSS1 and protective genes against pancreatitis
Whitcomb et al. (1996b) mapped the hereditary
pancreatitis gene to chromosome 7q35 by linkage analysis
and simultaneously determined the cause as a point
mutation of the cationic trypsinogen gene (PRSS1)
(resulting in p.R122H) using positional cloning in the
family members with hereditary pancreatitis (Whitcomb et
al. 1996a). The gene mutation was thought to form
abnormal trypsinogen and trypsin, resistant to autolysis,
indicating a gain-of-function mechanism (Whitcomb et al.
1996a). On another front, Witt et al. (2000) discovered that
mutations were frequently found in the Kazal type 1
(SPINK1) gene, also known as pancreatic secretory trypsin
inhibitor (PSTI), an intrinsic trypsin inhibitor that can
inactivate trypsin within acinar cells. As the patients with
idiopathic CP, who retained gene mutations in the trypsindegradation enzyme chymotrypsin C (CTRC) (Szmola and
Sahin-Tóth 2007) were subsequently identified (Rosendahl
et al. 2008; Masamune et al. 2013), a molecular mechanism
of lowering the threshold for pancreatitis by the imbalance
between trypsin as an offensive factor and PSTI and/or
chymotrypsin C as the defense mechanism was unveiled.
By contrast, rare mutations of the PRSS1 gene suggested
another mechanism of pancreatitis caused by stress in the
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endoplasmic reticulum due to the disturbed secretion and
intracellular accumulation of structurally abnormal
trypsinogen (Schnúr et al. 2014; Masamune et al. 2014).
These findings suggest diversity in the molecular
mechanism of pancreatitis (Table 1).
b. Abnormality of the CFTR gene
In 1998, Cohn et al. (1998) and Sharer et al. (1998)
studied mutations in the cystic fibrosis trans-membrane
conductance regulator (CFTR) gene, which is responsible
for cystic fibrosis, an inherited autosomal recessive disease
commonly seen in Western countries, and reported a high
frequency of major ΔF508 heterozygous mutations and
some others in CP patients (Table 1). A series of subsequent
studies suggested minor mutations of the CFTR gene that
partly disturbed its function and trans-heterozygous
mutations of CFTR and SPINK1 as risk factors that lowered
the threshold for pancreatitis (Schneider et al. 2011; Jalaly
et al. 2017). We also conducted a comprehensive analysis
of the CFTR gene using next-generation sequencing and
reported several novel polymorphisms in Japanese CP
patients (Nakano et al. 2015). A molecular mechanism of
protein plug and pancreatic stone formation was
subsequently proposed. According to the hypothesis, gene
mutations cause functional impairments of CFTR, an anion
channel for chloride and bicarbonate, which may result in
the disturbed alkalization of pancreatic juice and injury to
duct epithelium, followed by the aggregation and
precipitation of pancreatic juice proteins (Franks 2011).
c. Other gene abnormalities
Statistically higher rates of mutations in various genes
have been reported in patients with idiopathic and/or
alcoholic CP (Table 1). These mutations include the genes
encoding carboxypeptidase A1 (CPA1), an enzyme

abundant in the pancreatic juice (Witt et al. 2013), the
calcium sensing receptor (CASR) protein (Felderbauer et al.
2003), carboxyl ester lipase (CEL) (Fjeld et al. 2015; Zou et
al. 2016) and the tight junction protein claudin-2 (CLDN2)
(Whitcomb et al. 2012; Masamune et al. 2015). However,
it is not always clear why these genetic abnormalities cause
pancreatitis.
d. Molecular mechanisms of CP
It was fortunate for us to retain a large familial
aggregation of CP patients in our department. In the wake
of the discovery of the gene responsible for hereditary
pancreatitis, we performed genetic analyses of these
pedigrees and identified the PRSS1 p.R122H mutation
(Otsuki et al. 2004). In addition, we found multiple
families with hereditary pancreatitis with the PRSS1 gene
mutation in Japan (Otsuki et al. 2004). We conducted a
parallel investigation of genetic abnormalities in the
SPINK1 gene among Japanese CP patients, finding the
occurrence of not only the p.N34S mutation that is
prevalent in Western countries but also the intronic mutation
of c.IVS3 + 2T>C (Kaneko et al. 2001; Kume et al. 2005;
Shimosegawa et al. 2006). This finding attracted special
attention because the latter occurred at the splice donor site
for the formation of mature mRNA in PSTI. We later
verified that the intronic mutation caused alternative
splicing with exon 3 skipping, resulting in the generation of
a truncated form of PSTI without trypsin inhibitor capacity
(Kume et al. 2006). That report provided the first molecular
evidence that a loss of function of PSTI could be a cause of
pancreatitis (Masamune et al. 2007). Our finding of the
high frequency of the c.IVS3 + 2T>C mutation in the
SPINK1 gene in Japanese CP patients contrasted findings in
the Western population, in which the intronic mutation was
minor, suggesting ethnic differences in SPINK1 gene

Table 1. The Gene Mutations Associated with CP.
molecule

gene

mutations

mechanism

category

PRSS1

p.R122H, p.N29I
p.A16V, p.D22G, p.K23R, etc.
p.D100H, p.G208A

trypsin-dependent
trypsin-dependent
ER stress

hereditary (au. dominant)
familial/idiopathic
idiopathic

PRSS2

p.G191R

trypsin-dependent

idiopathic/alcoholic

PSTI

SPINK1

p.N34S
c.IVS3+2T＞C

trypsin-dependent

hereditary/familial/idiopathic
idiopathic

CTRC

CTRC

p.R254W, p.K247_R254del

trypsin-dependent

idiopathic

CFTR

CFTR

ΔF508, p.R117H, poly T,
p.Q493X, p.R560T, p.R553X,
p.N1303K, p.I336K, p.R75Q,
p.Q1352H, p.L1156F, etc.

channel function

idiopathic

others

CPA1
CLDN2-MORC4
CEL
CASR

ER stress
unknown
ER stress
calcium sensing

idiopathic
alcoholic
familial/idiopathic/alcoholic
familial

TRY

p.V251M
Rs7057398, rs12688220
CEL-HYB
p.L173P

TRY, trypsinogen; PSTI, pancreatic secretory trypsin inhibitor; CTRC, chymotrypsin C; CFTR, cystic fibrosis trans-membrane
conductance regulator.
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mutation patterns. This idea was supported by subsequent
reports from Korea (Oh et al. 2009) and Taiwan (Chang et
al. 2009) that showed the dominancy of the c.IVS3 + 2T>C
mutation in Korean and Chinese idiopathic and familial CP
patients.
Even when focusing on the PRSS1 gene, most of the
mutations do not show a clear inheritance pattern, occurring
even in solitary and sporadic cases, except for p.R122H and
p.N29I mutations, which can form large families of
pancreatitis patients because of autosomal dominant
inheritance. Moreover, as SPINK1 and other various minor
mutations can be detected only in some of the patients with
idiopathic and alcoholic CP, and as comprehensive gene
analysis does not always confirm these mutations in CP
patients, it is considered that the genetic abnormality is not
a sole determinant, and that the interaction of genetic and
environmental factors such as alcohol abuse (Aghdassi et
al. 2015; Kume et al. 2015) and smoking (Lin et al. 2000) is
important for disease onset (Keim 2008; Shelton and
Whitcomb 2014; Kleeff et al. 2017) (Fig. 1).

Fig. 1. Genetic and Environmental Interaction for CP
development.
The relative risk of the combination of genetic abnormalities
(PRSS1, SPINK1, CFTR and CLDN2-MORC4) and
environment factors (heavy drinking and smoking) for
development of CP is shown according to the order of
risk grade.
CFTR, cystic fibrosis trans-membrane conductance
regulator.

CP and Pancreatic Cancer
a. Epidemiological evidence
The notion that CP is a risk factor for pancreatic cancer
was made clear by epidemiological surveys (Lowenfels et
al. 1993, 1997, 2001; Talamini et al. 1999; Malka et al.
2002; Wang et al. 2003; Howes et al. 2004) (Table 2). In a
multicenter historical cohort study of many CP patients
recruited from six countries, Lowenfels et al. (1993)
showed that the risk of development of pancreatic cancer
was 16.5 times higher in CP patients compared with
controls. Another cohort study of hereditary pancreatitis
patients registered in 10 countries revealed that the
pancreatic cancer risk was 53 times higher in CP patients
than in controls (Table 2) (Lowenfels et al. 1997), and that
pancreatic cancer developed about 20 years earlier in
patients with compared with those without a history of
current or former cigarette smoking (Lowenfels et al. 2001).
Even in Japan, a multicenter study conducted by the
Research Committee of Intractable Pancreatic Diseases
(RCIPD) supported by the Ministry of Health, Labour and
Welfare, Japan (chairman: Tooru Shimosegawa) estimated
the risk of developing pancreatic cancer to be 11.8 times
higher in CP patients compared with controls, and the
cumulative risk of pancreatic cancer to be 2.6%, 5.6%,
8.8% and 12.2% at 10, 15, 20, and 25 years after the
diagnosis of CP, respectively (Ueda et al. 2013). In
addition, very interestingly, the results also showed that the
cumulative risk of pancreatic cancer was significantly
higher in patients with compared with those without
calcification in the pancreas; the risk was also significantly
higher in patients who were current alcohol drinkers
compared with those who abstained, and the risk decreased
significantly in patients who underwent compared with
those who did not undergo surgical treatment for CP (Ueda
et al. 2013).
We previously reported on the siblings of patients with
chronic calcifying pancreatitis with the SPINK1 mutation
p.N34S, of whom, the younger sister developed pancreatic
cancer (Masamune et al. 2004). We were inspired by these
cases and therefore decided to investigate the association
between the occurrence of the SPINK1 gene mutation in CP
patients and the rate of cancer development. The results
revealed that the rate of cancer development was 18.8% in
CP patients with p.N34S, which was significantly higher
than the rate of 2.3% in patients without the mutation
(Shimosegawa et al. 2009). Moreover, the SPINK1
mutation p.N34S was detected in 37.5% of the pancreatic
cancer patients with a background of CP, whereas it was
found at a significantly lower rate of only 1.9% in patients
with ordinary pancreatic cancer without CP (Shimosegawa
et al. 2009). As no clear association was found between the
type of gene mutation and the incidence of pancreatic
cancer, it was considered that inflammation of the pancreas
itself may be an important factor promoting pancreatic
carcinogenesis.
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Table 2. CP/hereditary pancreatitis (HP) and the Risk of Pancreatic Cancer.

CP

study

study
type

pop.size

2-year lag period
ES (95% CI)

5-year lag period
ES (95% CI)

Lowenfels et al. 1993

cohort

1,552

16.50 (11.10, 23.70)

14.40 (8.50, 22.80)

Talamini et al. 1999

cohort

715

18.50 (10.00, 30.90)

13.30 (6.40, 24.50)

Malka et al. 2002

cohort

373

26.70 (7.30, 68.30)

Wang et al. 2003

cohort

420

27.20 (7.40, 69.60)

Ueda et al. 2013

cohort

506

11.80 (7.10, 18.40)

study

study
type

pop.size

SIR (95% CI)

Lowenfels et al. 1997

cohort

246

53 (23, 105)

Howes et al. 2004

cohort

418

67 (50, 82)

HP

b. Animal model
The somatic K-ras gene mutation can be detected in
the cancer tissues of more than 90% of pancreatic cancer
patients (Yachida and Iacobuzio-Donahue 2013). The activation of K-ras by the gene mutation occurs even in the
precancerous condition called pancreatic intraepithelial
neoplasias (PanINs), suggesting that the K-ras mutation is
an important molecular mechanism from the most initial
stage of pancreatic cancer (Hruban et al. 2000). Mice
genetically manipulated to express the K-ras gene mutation
in the pancreas frequently develop multiple PanIN lesions,
but rarely develop invasive cancer (Hingorani et al. 2003).
However, the induction of pancreatitis in these mice by
cerulein administration promoted the development of
invasive cancer, suggesting a model of “inflammation and
carcinogenesis” (Guerra et al. 2007). The introduction of
the K-ras mutation in the pancreas leads to the expression
of p.16, a master molecule that triggers senescence, whereas
the induction of pancreatitis inhibits this process.
Therefore, the animal model explains the inflammationinduced inhibition of senescence as an important molecular
mechanism for carcinogenesis of the pancreas (Guerra et al.
2011).

History of the Diagnostic Criteria for CP
a. Diagnostic criteria in the Western world
The first definition of pancreatitis was the Marseille
classification in 1963, which classified it into four
categories: acute, acute recurrent, chronic recurrent and CP
(Sarles 1965). In Europe and the U.S., a series of
diagnostic criteria for CP were subsequently proposed.
These include the Cambridge classification (Sarner and
Cotton 1984) and the revised Marseille classification in
1984 (Singer et al. 1985), the Marseille-Rome classification
in 1988 (Sarles et al. 1989), the etiology-based TIGAR-O
system in 2001 (Etemad and Whitomb 2001), and the
M-ANNHEIM classification in 2007 (Schneider et al.
2007), which enabled assessments of the cause, clinical
stage and severity of this disease. In 2014, the American

Pancreatic Association (APA) proposed new diagnostic
criteria, in which CP could be diagnosed comprehensively
based on the findings of various imaging modalities,
pancreatic exocrine function and clinical symptoms
(Conwell et al. 2014).
b. Diagnostic criteria in Japan
The first and most primitive diagnostic criteria for CP
was compiled by The Japanese Society of Pancreatic
Disease (1971). In 1983, the Japanese Society of
Gastroenterology (JSGE) proposed clinical diagnostic
criteria that consisted of five items: 1) pathological findings
of the pancreas, 2) calcification of the pancreas, 3)
pancreatic exocrine function, 4) imaging findings of the
pancreas including the duct structure, and 5) upper
abdominal pain and/or tenderness with persistent elevation
of serum pancreatic enzymes (The Criteria Committee for
Chronic Pancreatitis of the Japanese Society of Gastro
enterology 1983). Shoichi Yamagata, the second professor
of our department, played a key role in compiling these criteria. A point worthy of special mention is the classification
of CP into two categories, group I and II, according to the
reliability of diagnosis. Group I refers to patients with a
more reliable diagnosis of CP, whereas group II refers to
patients possibly at the early stage of the disease. However,
the concept of group II was later considered obsolete
because it was not accepted in foreign countries, and
because no disease progression was observed in the patients
within this category. In 1995, the Japan Pancreas Society
(JPS) compiled clinical diagnostic criteria that enabled the
comprehensive diagnosis of CP utilizing various imaging
modalities and exocrine pancreatic function tests (The
Criteria Committee for Chronic Pancreatitis of the Japan
Pancreas Society 1995; Homma et al. 1997). Thereafter,
the JPS made a minor revision by including magnetic resonance cholangiopancreatography (MRCP) findings in the
1995 diagnostic criteria and proposed new criteria in 2001
(The Criteria Committee for Chronic Pancreatitis of the
Japan Pancreas Society 2001).
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Proposal of Diagnostic Criteria for Early CP
a. The need to diagnose early-stage CP
The results of a prognostic survey of CP patients
conducted by the RCIPD (chairman: Makoto Otsuki)
revealed that the average life-span of male CP patients was
67.2 years, 10.5 years younger than that of the general
Japanese male population, while that of female CP patients
was 68.7 years, 16 years younger than that of the general
Japanese female population (Otsuki and Fujino 2008). The
most frequent cause of death among CP patients was a
malignant tumor (43.1%), and the incidence of pancreatic
cancer was especially high, with a standardized mortality
rate of 7.33 (Otsuki and Fujino 2008). It is usually quite
difficult to diagnose pancreatic cancer complicated by CP
because strong fibrosis and calcification in the pancreas
makes the interpretation of imaging findings complicated;
in most cases, this results in a delayed diagnosis, even at
advanced stages. To improve the long-term prognosis of
CP patients, it is indispensable to diagnose CP in the early
stage and prevent its progression through therapeutic
interventions.
b. Disease concept of early CP
In Japan, the clinical course of CP is typically
classified into three stages: compensated, transitional and
decompensated (Ito et al. 2016). In the “compensated
stage,” the pancreatic parenchyma retains a sufficient
volume with no obvious impairment in exocrine or
endocrine function, and the major symptom is recurrent
abdominal pain due to acute-on-chronic pancreatitis. In the
“decompensated stage,” the pancreatic parenchyma starts
becoming diminished with extension and the progression of
inflammation and fibrosis, leading to the appearance of exo-

crine and endocrine insufficiency, with episodes of abdominal pain gradually subsiding. Since the boundary between
the two stages is not clear, the transition period from the
compensated to the decompensated stage is referred to as
the “transitional stage.” Early CP corresponds to the time
when CP has already started with clinical symptoms and
signs of pancreatic injury; however, characteristic morphological changes of the pancreas have still not been detected
clearly on imaging modalities (Fig. 2). Theoretically early
CP is considered to be a reversible pathological condition
(Ito et al. 2016).
c. Clinical diagnostic criteria for early CP
In 2009, the RCIPD (chairman: Tooru Shimosegawa),
JPS and JSGE collaborated in revising the “Diagnostic
Criteria of CP 2001,” and published the new “Clinical
Diagnostic Criteria 2009” (The Research Committee of the
Intractable Pancreatic Diseases supported by the Ministry
of Health, Labour and Welfare of Japan (RCIPD) 2009;
Shimosegawa et al. 2010). The criteria classified “early
CP” in the category of CP together with the “definite” and
“probable” diseases, and proposed its diagnostic criteria for
the first time anywhere the world. The clinical and
pathological findings of the early stage of hereditary
pancreatitis were referred to in order to draft the diagnostic
criteria for early CP.
Under these criteria, early CP is diagnosed in patients
suspected of pancreatic injury based on their clinical
symptoms, laboratory test results, and lifestyle, and when
they show minor morphological changes on imaging that
are suggestive of chronic inflammation of the pancreas (Fig.
3). Regarding the findings suggestive of pancreatic injury,
the following four items were cited: 1) repeated abdominal
pain attacks, 2) abnormal levels of serum or urine pancre-

Fig. 2. Clinical Course of CP.
The clinical course of CP patients is schematically shown with the major clinical symptom (abdominal pain; blue line)
and signs (exocrine and endocrine dysfunction; red line) according to the 3 stages (compensated, transitional and
decompensated). The severity of imaging findings is also shown below from light changes in the left (parenchymal
changes and branch duct dilatation) to severe changes in the right (calcification, MPD dilatation and atrophy). The
rough time range corresponding to early CP is shown by brown shadow.
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Fig. 3. Clinical Diagnostic Criteria of Early CP.
A flow to diagnose early CP is schematically shown. The diagnosis of early CP can be made in the patient who had 2 or
more clinical findings (CF) from 1 to 4, and when the patient satisfied the imaging criteria (IF) for EUS or ERCP. The
diagnosis of suspicious early CP is given to the patient who had only 1 CF, and when the patient satisfied the imaging
criteria for EUS or ERCP, and when other diseases are ruled out. The diagnosis of suspicious CP is made in the patient
who had two or more CFs but lack IF, and when other diseases are ruled out.
hc, honeycombing; MPD, main pancreatic duct; EUS, endoscopic ultrasonography; ERCP, endoscopic retrograde
cholangiopancreatography.

atic enzyme, 3) impaired pancreatic exocrine function, and
4) history of continuing heavy drinking of more than 80 g/
day (equivalent to pure ethanol). A diagnosis of early CP
can be made in patients with two or more of these four
items and when they show minor changes in the pancreatic
parenchyma or branch ducts detected by endoscopic ultrasonography (EUS) or endoscopic retrograde cholangiopancreatography (ERCP). Regarding EUS findings, the following seven features were adopted: 1) lobularity with
honeycombing, 2) lobularity without honeycombing, 3)
hyperechoic foci without shadowing, 4) stranding, 5) cysts,
6) dilated side branches, and 7) hyperechoic main pancreatic duct (MPD) margin. The EUS criteria for early CP
involve two or more of the seven features, including at least
one from 1) to 4); these four features are the findings
reported to be more specific to pancreatic fibrosis based on
a comparison between EUS findings and histological evaluations of the pancreas (Catalano et al. 1998, 2009; Kahl et
al. 2002; Varadarajulu et al. 2007). The ERCP criteria for
early CP adopted the irregular dilatation of three or more
branch ducts, which corresponds to the ERCP criteria of
“mild change” in the Cambridge classification (Axon 1989).
Based on the concern of post-ERCP pancreatitis, EUS is
recommended first for diagnosis, and the application of
ERCP should be considered carefully (Fig. 3).

d. Cases of early CP
We previously reported two patients initially diagnosed with early CP based on the “Clinical Diagnostic
Criteria 2009” who later progressed to definite CP (Hirota
et al. 2012). The first case was a 71-year-old male patient
who was a social drinker with a history of cigarette smoking for over 20 years. He experienced light acute pancreatitis attacks, first in his 40s, and then twice more in his early
60s, and was diagnosed with early CP at the age of 64 after
a detailed examination. Multiple stones appeared in the
pancreas head 1 year after the fourth attack at the age of 68,
and a diagnosis of definite CP was made. The second case
was a 59-year-old male patient who was a heavy drinker,
having a history of persistent drinking of 60 g/day of
ethanol from the age of 20 years, which increased to 120 g/
day after reaching the age of 40 years. He had also
persistently smoked a pack of cigarettes/day from the age
of 20 years. He was hospitalized for the treatment of
diabetic ketoacidosis at the age of 56 years, and
subsequently diagnosed with early CP by examination at
the hospital. Soon after discharge, he resumed drinking,
and the appearance of a few pancreatic stones was noticed
on computed tomography (CT) 1 year later. He experienced
his first attack of pancreatitis when he was 58 years old,
which triggered the rapid progression of imaging findings
such as diffuse calcification and irregular MPD dilatation
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the following year. As seen in these two cases, the
progression of early CP shows various courses depending
on the patient.
e. Nationwide survey of early CP patients
In 2014, the RCIPD (chairman: Yoshifumi Takeyama)
conducted a nationwide survey of patients with early CP,
targeting those diagnosed in 2011 using the “Clinical
Diagnostic Criteria 2009.” The results of the first-round
survey revealed an estimated total number of the patients
under treatment of 5,410 (95% confidence interval [CI]:
3,675-6,945) and an incidence rate of 1,330 [95% CI:
1,058-1,602] (Masamune et al. 2017). Since the total number of CP patients (definite and probable) in 2011 in Japan
was estimated to be 66,980 [95% CI: 59,743-74,222]
(Hirota et al. 2014), the number of patients with early CP
was equivalent to about 8.1% of the total.
f. Prospective follow-up of early CP patients
Following the announcement of the diagnostic criteria
for early CP, the RCIPD (chairman: Tooru Shimosegawa)
performed a multi-institutional joint 2-year follow-up of
early CP patients (Ito et al. 2015). According to the data
obtained from 52 patients who completed the 2-year
follow-up, the average number of clinical items in the
criteria decreased significantly from 2.50 ± 0.58 at
registration to 1.44 ± 1.06 2 years later, whereas the average
number of EUS features increased significantly from 2.67 ±
1.02 at registration to 2.96 ± 1.27 at the end of the 2-year
follow-up. Five (9.6%) of the 52 patients with early CP,
showed progression to established (definite or probable) CP,
whereas 15 (28.8%) did not show any change in the
diagnosis and 32 (61.5%) showed disappearance of
symptoms or downgrading of the diagnosis to suspicious
early CP. The five patients who showed progression were
all alcoholics, and four (80%) of whom had continued
drinking (Ito et al. 2015).
Sheel et al. (2018) recently reported the results of a
reassessment of 807 cases who had been diagnosed with CP
based on clinical symptoms such as abdominal pain.
Among the patients who were not confirmed as having
definite CP by pathological and/or imaging findings, 40
showed minor changes equivalent to CP on the EUS
examination. Sheel et al. (2018) reported that twelve (30%)
of these 40 cases showed progression to definite CP in a
30-month observation period (range: 18.75-36.5 months),
and 67% of whom had continued drinking, 83% of whom
had a history of smoking, 75% of whom were current
smokers, and 58% of whom had a history of acute
pancreatitis. These findings were particularly interesting in
regard to understanding the risk factors for the progression
of CP.

Mechanistic Definition of CP
a. New definition of CP and its background
Because the pathological mechanism and clinical

condition of CP have become clearer as a result of the
identification of the causal gene of hereditary pancreatitis
and so on, a new definition of this disease based on the
latest understanding was required. Whitcomb et al. (2016)
selected representative members known for CP research
from several countries, including Japan, to examine, closely
and comparatively, the past definitions of CP proposed from
different countries and academic societies. After
enthusiastic discussions, they announced a new definition
of CP, referred to as the “mechanistic definition” of chronic
pancreatitis, which was created based on the members’
consensus (Whitcomb et al. 2016). The “mechanistic
definition” can be understood as a definition that considers
the pathological mechanism of CP. The new definition is
composed of two parts. The first part describes CP as “a
pathologic fibro-inflammatory syndrome of the pancreas in
individuals with genetic, environmental and/or other risk
factors who develop persistent pathologic responses to
parenchymal injury or stress.” The second part states that
the “common features of established and advanced CP
include pancreatic atrophy, fibrosis, pain syndromes, duct
distortion and strictures, calcifications, pancreatic exocrine
dysfunction, pancreatic endocrine dysfunction and
dysplasia.” The first part represents a paradigm shift in the
definition of CP that enables early diagnosis and an
etiological classification of this disease, which has never
been possible with conventional definitions.
b. Conceptual model
The mechanistic definition of CP proposed a conceptual model composed of five clinical stages (Whitcomb et
al. 2016) (Fig. 4). According to the conceptual model, CP
develops in at-risk patients (At risk) if their pancreas is
exposed to injury or stress. The onset of the disease
emerges as acute or recurrent acute pancreatitis (AP-RAP),
which becomes chronic and progresses to early CP (Early
CP). In the conceptual model, early CP can be resolved,
and is therefore a reversible pathological condition. If
injury or stress occurs repetitively or persistently, dysfunction is observed in various pancreatic components, including the immune system, acinar cells, endocrine function,
pathological pain, and dysplastic change of the duct epithelium, resulting in the establishment of CP (Established CP).
Further advances of the pathological condition finally reach
the end stage, where severe fibrosis, exocrine and endocrine
insufficiency, persistent pain and carcinogenesis become
evident. This idea closely resembles the interpretation of
early CP in Japan. The new definition and clinical criteria
for early CP were voted on through the use of 10 clinical
questions (CQs) in a bid to reach a consensus by representatives from various societies including the international
association of pancreatology (IAP), the APA, the JPS, the
PancreasFest and the European Pancreatic Club (EPC).
Although consensus was reached for five CQs, complete
agreement was not achieved, leaving the issue as a future
subject (Whitcomb et al. 2018)

Recent Advances in the Research of Chronic Pancreatitis

233

Fig. 4. Conceptual Model of CP.
In the conceptual model, CP is considered to occur in the patients with genetic, environmental and/or other risks, and
progress from preclinical “At Risk” stage to the “End Stage CP” by pathological responses to parenchymal injury and/or
stress in the pancreas. “Early-CP” is positioned between “AP-RAP” and “Established CP” and is considered to be a
pathological condition, which can be resolved. In the figure, clinical symptoms like SAPE, RAP and pathological pain,
and clinical signs like exocrine insufficiency and DM are shown upward, and pathological and imaging findings in the
respective stages are shown downward.
SAPE, sentinel acute pancreatitis event; RAP, recurrent acute pancreatitis.

Pancreatic Stellate Cells (PSCs)
a. Identification and roles of pancreatic stellate cells
(PSCs)
CP is characterized pathologically by a loss of
pancreatic parenchyma and replacement by fibrosis as the
consequence of chronic inflammation in the pancreas. As a
result of the identification and separation of the special cells
that play important roles in the regulation of fibrosis, the
molecular mechanism of fibrosis in CP is becoming
increasingly clear. In 1998, Apte et al. (1998) and Bachem
et al. (1998) succeeded in the separation and culture of starshaped cells resembling hepatic Ito cells (Ito 1951) from rat
pancreas and resected human pancreatic tissues,
respectively. The cells referred to as “PSCs” possess
several processes and intracellular vitamin A-storing lipid
droplets on fluorescence imaging. Separated PSCs are
spontaneously activated in serum-added condition medium
and transformed into myofibroblast-like cells as they lose
lipid droplets and processes and express α-smooth muscle
actin (α -SMA) in the affluent cytoplasm (Masamune et al.
2009). PSCs are detected as desmin- and glial fibrillary
acidic protein (GFAP)-positive cells around acini, blood
vessels and ducts within the pancreas. Activated PSCs
promote proliferation and migration through stimulation
with platelet-derived growth factors (PDGF) (Luttenberger
et al. 2000), increase the production of extracellular matrix
(ECM) proteins including various types of collagen through
the stimulation with transforming growth factor β (TGF-β)
(Schneider et al. 2001; Shek et al. 2002), and enhance the

expression of chemokines and cell adhesion molecules such
as monocyte chemoattractant protein-1 (MCP-1) and
intercellular adhesion molecule-1 (ICAM-1) through the
stimulation with several cytokines such as tumor necrosis
factor-α (TNF-α) and interleukin-1β (IL-1β) (Masamune et
al. 2002b; Mews et al. 2002). As PSCs enhance the production of not only ECM proteins, but also various matrix
metalloproteases (MMPs), ECM degradation enzymes, and
tissue inhibitors of MMPs (TIMPs) (Phillips et al. 2003),
PSCs are regarded as a key player in regulating the process
of pancreatic fibrosis in a dynamic way.
b. Regulation of PSCs
Since the regulation of PSCs could realize the
treatment of fibrosis in CP, we have studied the mechanism
actively. In in vitro experiments, we clarified that various
chemicals can inhibit the activity of PSCs and reverse
activated PSCs to a state of quiescence. These chemicals
include peroxisome proliferator-activated receptor (PPAR)-γ
ligands (Masamune et al. 2002a), inhibitors of mitogenactivated protein (MAP) kinases (Masamune et al. 2003b)
and Rho-Rho kinases (Masamune et al. 2003a),
epigallocatechin (Masamune et al. 2005a), antioxidant
polyphenols such as curcumin (Masamune et al. 2006) and
ellagic acid (Masamune et al. 2005b; Suzuki et al. 2009),
nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase inhibitor (Masamune et al. 2008), and serine
protease inhibitors such as gabexate mesillate (Nakamura et
al. 2001) and camostat mesilate (Gibo et al. 2005). Some
of these have already been confirmed in the inhibition of
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fibrosis, even in in vivo animal models of pancreatic fibrosis
(Gibo et al. 2005; Masamune et al. 2008; Suzuki et al.
2009). As anti-fibrotic or inhibitory effects on the activation
of PSCs have also been reported in antihypertensive agents
such as angiotensin-converting enzyme (ACE) inhibitors
(Kuno et al. 2003) and lipid-lowering drugs such as
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibitor (Lee et al. 2012) in experimental
animals, they could be candidates for use in clinical
applications for the treatment of CP together with PPAR-γ
ligands and serine protease inhibitors.
c. New treatment strategy for CP
From the point of view of the molecular mechanisms
of hereditary pancreatitis and the importance of the
imbalance between trypsin as an offensive factor and its
defense mechanism for the development of pancreatitis, the
oral administration of camostat mesilate, a synthetic trypsin
inhibitor with a low molecular weight, could be reasonable
to strengthen the intracellular defense mechanism against
pancreatitis (Otani et al. 1997). The use of this medicine
from the early stage of CP could be especially effective for
the prevention of disease progression through antiinflammatory and anti-fibrosis mechanisms (Ito et al. 2016).
Together with increasing knowledge about the role of PSCs
and the molecular mechanism of their activation, the
expanded application of medicines in other fields needs to
be considered for the treatment of pancreatic fibrosis.
Therefore, diagnosis in the early stage and interventional
treatment with the above-mentioned medicines could be a
new treatment strategy for CP.

Challenges for Future
We hope the day is soon coming when the prognosis
of CP patients is improved remarkably by solving the
following important issues.
According to a secondary analysis of the nationwide
survey of early CP in 2011 (Masamune et al. 2017), the
patients diagnosed as having early CP by the “Clinical
Diagnostic Criteria 2009” showed somewhat different
clinical features compared with those diagnosed as having
definite CP, such as a higher female to male ratio, a higher
age at onset, a lower rate of alcoholic etiology, and a higher
frequency of abdominal pain, suggesting a mixture of
patients other than just true CP. The most important and
urgent tasks are therefore the exploitation of reliable
biomarkers and the development of more sensitive and
specific imaging modalities for the detection of early CP.
Camostat mesilate is a medicine that is theoretically
expected to prevent the onset and progression of
pancreatitis by reinforcing intra-acinar defense mechanisms
(Otani et al. 1997). This drug has been used for a long time
in clinical practice in Japan for the treatment of CP, but
there is no solid evidence for its efficacy (Kanoh et al.
1989). It is a promising medicine especially when applied
to the early stage of CP (Ito et al. 2016), and should

therefore be verified clinically in patients with early CP. In
addition, it would also be interesting to see if camostat
mesilate could improve the long-term prognosis of patients
with hereditary pancreatitis by using it from a younger age.
The separation and culture of PSCs have enabled a
clearer understanding of the molecular mechanisms
underlying pancreatic fibrosis. Although there have been
several reports of promising drugs for the inhibition of
activated PSCs, these mostly involve in vitro studies or
animal experiments; no clinical evidence for their efficacy
in CP patients has been presented. Therefore, the long-term
clinical effects of candidate drugs need to be confirmed,
especially in early CP patients.
Pancreatic cancer is the most challenging disease with
the poorest prognosis of patients because of the very high
malignant potential and difficulty in the early detection.
Since CP, especially the end-stage CP is a confirmed risk
factor for the development of pancreatic cancer, diagnosis
of early CP and early interventional treatment could be a
promising approach to save lives from this malicious
disease.

References
Aghdassi, A.A., Weiss, F.U., Mayerle, J., Lerch, M.M. & Simon, P.
(2015) Genetic susceptibility factors for alcohol-induced
chronic pancreatitis. Pancreatology, 15, S23-31.
Apte, M.V., Haber, P.S., Applegate, T.L., Norton, I.D., McCaughan,
G.W., Korsten, M.A., Pirola, R.C. & Wilson, J.S. (1998)
Periacinar stellate shaped cells in rat pancreas: identification,
isolation, and culture. Gut, 43, 128-133.
Axon, A.T. (1989) Endoscopic retrograde cholangiopancreato
graphy in chronic pancreatitis. Cambridge classification.
Radiol. Clin. North Am., 27, 39-50.
Bachem, M.G., Schneider, E., Gross, H., Weidenbach, H., Schmid,
R.M., Menke, A., Siech, M., Beger, H., Grunert, A. & Adler,
G. (1998) Identification, culture, and characterization of
pancreatic stellate cells in rats and humans. Gastroenterology,
115, 421-432.
Catalano, M.F., Lahoti, S., Geenen, J.E. & Hogan, W.J. (1998)
Prospective evaluation of endoscopic ultrasonography, endo
scopic retrograde pancreatography, and secretin test in the
diagnosis of chronic pancreatitis. Gastrointest. Endosc., 48,
11-17.
Catalano, M.F., Sahai, A., Levy, M., Romagnuolo, J., Wiersema,
M., Brugge, W., Freeman, M., Yamao, K., Canto, M. &
Hernandez, L.V. (2009) EUS-based criteria for the diagnosis
of chronic pancreatitis: the Rosemont classification. Gastro
intest. Endosc., 69, 1251-1261.
Chang, Y.T., Wei, S.C., L, P.C., Tien, Y.W., Jan, I.S., Su, Y.N.,
Wong, J.M. & Chang, M.C. (2009) Association and
differential role of PRSS1 and SPINK1 mutation in earlyonset and late-onset idiopathic chronic pancreatitis in Chinese
subjects. Gut, 58, 885.
Cohn, J.A., Friedman, K.J., Noone, P.G., Knowles, M.R.,
Silverman, L.M. & Jowell, P.S. (1998) Relation between
mutations of the cystic fibrosis gene and idiopathic pancreatitis.
N. Engl. J. Med., 339, 653-658.
Comfort, M.W., Gambill, E.E. & Baggenstoss, A.H. (1946)
Chronic relapsing pancreatitis; a study of 29 cases without
associated disease of the biliary or gastrointestinal tract.
Gastroenterology, 6, 376-408.
Comfort, M.W. & Steinberg, A.G. (1952) Pedigree of a family
with hereditary chronic relapsing pancreatitis. Gastroentero

Recent Advances in the Research of Chronic Pancreatitis
logy, 21, 54-63.
Conwell, D.L., Lee, L.S., Yadav, D., Longnecker, D.S., Miller,
F.H., Mortele, K.J., Levy, M.J., Kwon, R., Lieb, J.G., Stevens,
T., Toskes, P.P., Gardner, T.B., Gelrud, A., Wu, B.U., Forsmark,
C.E., et al. (2014) American Pancreatic Association Practice
Guidelines in Chronic Pancreatitis: evidence-based report on
diagnostic guidelines. Pancreas, 43, 1143-1162.
Etemad, B. & Whitcomb, D.C. (2001) Chronic pancreatitis:
diagnosis, classification, and new genetic developments.
Gastroenterology, 120, 682-707.
Felderbauer, P., Hoffmann, P., Einwachter, H., Bulut, K., Ansorge,
N., Schmitz, F. & Schmidt, W.E. (2003) A novel mutation of
the calcium sensing receptor gene is associated with chronic
pancreatitis in a family with heterozygous SPINK1 mutations.
BMC Gastroenterol., 3, 34.
Fjeld, K., Weiss, F.U., Lasher, D., Rosendahl, J., Chen, J.M.,
Johansson, B.B., Kirsten, H., Ruffert, C., Masson, E., Steine,
S.J., Bugert, P., Cnop, M., Grutzmann, R., Mayerle, J.,
Mossner, J., et al. (2015) A recombined allele of the lipase
gene CEL and its pseudogene CELP confers susceptibility to
chronic pancreatitis. Nat. Genet., 47, 518-522.
Franks, I. (2011) Pancreatitis: CFTR mutations and risk of chronic
pancreatitis. Nat. Rev. Gastroenterol. Hepatol., 8, 120.
Gibo, J., Ito, T., Kawabe, K., Hisano, T., Inoue, M., Fujimori, N.,
Oono, T., Arita, Y. & Nawata, H. (2005) Camostat mesilate
attenuates pancreatic fibrosis via inhibition of monocytes and
pancreatic stellate cells activity. Lab. Invest., 85, 75-89.
Goto, Y., Kakizaki, M. & Masaki, N. (1976) Production of
spontaneous diabetic rats by repetition of selective breeding.
Tohoku J. Exp. Med., 119, 85-90.
Guerra, C., Collado, M., Navas, C., Schuhmacher, A.J.,
Hernandez-Porras, I., Canamero, M., Rodriguez-Justo, M.,
Serrano, M. & Barbacid, M. (2011) Pancreatitis-induced
inflammation contributes to pancreatic cancer by inhibiting
oncogene-induced senescence. Cancer Cell, 19, 728-739.
Guerra, C., Schuhmacher, A.J., Canamero, M., Grippo, P.J.,
Verdaguer, L., Perez-Gallego, L., Dubus, P., Sandgren, E.P. &
Barbacid, M. (2007) Chronic pancreatitis is essential for
induction of pancreatic ductal adenocarcinoma by K-Ras
oncogenes in adult mice. Cancer Cell, 11, 291-302.
Hanawa, M., Takebe, T., Takahashi, S., Koizumi, M. & Endo, K.
(1978) The significance of the sweat test in chronic
pancreatitis. Tohoku J. Exp. Med., 125, 59-69.
Hingorani, S.R., Petricoin, E.F., Maitra, A., Rajapakse, V., King, C.,
Jacobetz, M.A., Ross, S., Conrads, T.P., Veenstra, T.D., Hitt,
B.A., Kawaguchi, Y., Johann, D., Liotta, L.A., Crawford, H.C.,
Putt, M.E., et al. (2003) Preinvasive and invasive ductal
pancreatic cancer and its early detection in the mouse. Cancer
Cell, 4, 437-450.
Hirota, M., Shimosegawa, T., Kanno, A., Kikuta, K., Kume, K.,
Hamada, S., Unno, J. & Masamune, A. (2012) Distinct
clinical features of two patients that progressed from the early
phase of chronic pancreatitis to the advanced phase. Tohoku J.
Exp. Med., 228, 173-180.
Hirota, M., Shimosegawa, T., Masamune, A., Kikuta, K., Kume,
K., Hamada, S., Kanno, A., Kimura, K., Tsuji, I. & Kuriyama,
S.; Research Committee of Intractable Pancreatic Diseases
(2014) The seventh nationwide epidemiological survey for
chronic pancreatitis in Japan: clinical significance of smoking
habit in Japanese patients. Pancreatology, 14, 490-496.
Homma, T., Harada, H. & Koizumi, M. (1997) Diagnostic criteria
for chronic pancreatitis by the Japan Pancreas Society.
Pancreas, 15, 14-15.
Howes, N., Lerch, M.M., Greenhalf, W., Stocken, D.D., Ellis, I.,
Simon, P., Truninger, K., Ammann, R., Cavallini, G., Charnley,
R.M., Uomo, G., Delhaye, M., Spicak, J., Drumm, B., Jansen,
J., et al. (2004) Clinical and genetic characteristics of
hereditary pancreatitis in Europe. Clin. Gastroenterol.
Hepatol., 2, 252-261.

235

Hruban, R.H., Wilentz, R.E. & Kern, S.E. (2000) Genetic
progression in the pancreatic ducts. Am. J. Pathol., 156, 18211825.
Ito, T. (1951) Cytological studies on stellate cells of Kupffer and
fat storing cells in the capillary wall of the human liver. Acta
Anat. Nippon, 26, 42 (in Japanese).
Ito, T., Kataoka, K., Irisawa, A., Hirota, M., Miyakawa, H.,
Okazaki, K., Yosida, H., Inui, K., Kihara, Y., Masuda, A.,
Inatomi, S., Uemura, M., Kamisawa, T., Sakagami, J., Hijioka,
M., et al. (2015) A prospective survey of the prognosis of
early chronic pancreatitis and suspected chronic pancreatitis
cases (Final report of the RCIPD led by Shimosegawa). In
The 2014 annual report of the Research Committee of the
Intractable Pancreatic Diseases supported by the Ministry of
Health, Labour and Welfare of Japan (RCIPD), pp. 145-149
(in Japanese).
Ito, T., Ishiguro, H., Ohara, H., Kamisawa, T., Sakagami, J., Sata,
N., Takeyama, Y., Hirota, M., Miyakawa, H., Igarashi, H.,
Lee, L., Fujiyama, T., Hijioka, M., Ueda, K., Tachibana, Y., et
al. (2016) Evidence-based clinical practice guidelines for
chronic pancreatitis 2015. J. Gastroenterol., 51, 85-92.
Jalaly, N.Y., Moran, R.A., Fargahi, F., Khashab, M.A., Kamal, A.,
Lennon, A.M., Walsh, C., Makary, M.A., Whitcomb, D.C.,
Yadav, D., Cebotaru, L. & Singh, V.K. (2017) An evaluation
of factors associated with pathogenic PRSS1, SPINK1, CTFR,
and/or CTRC genetic variants in patients with idiopathic
pancreatitis. Am. J. Gastroenterol., 112, 1320-1329.
Kahl, S., Glasbrenner, B., Leodolter, A., Pross, M., Schulz, H.U. &
Malfertheiner, P. (2002) EUS in the diagnosis of early chronic
pancreatitis: a prospective follow-up study. Gastrointest.
Endosc., 55, 507-511.
Kaneko, K., Nagasaki, Y., Furukawa, T., Mizutamari, H., Sato, A.,
Masamune, A., Shimosegawa, T. & Horii, A. (2001) Analysis
of the human pancreatic secretory trypsin inhibitor (PSTI)
gene mutations in Japanese patients with chronic pancreatitis.
J. Hum. Genet., 46, 293-297.
Kanoh, M., Ibata, H., Miyagawa, M. & Matsuo, Y. (1989) Clinical
effects of camostat in chronic pancreatitis. Biomed. Res., 10
Suppl 1, 145-150.
Keim, V. (2008) Role of genetic disorders in acute recurrent
pancreatitis. World J. Gastroenterol., 14, 1011-1015.
Kleeff, J., Whitcomb, D.C., Shimosegawa, T., Esposito, I., Lerch,
M.M., Gress, T., Mayerle, J., Drewes, A.M., Rebours, V.,
Akisik, F., Munoz, J.E.D. & Neoptolemos, J.P. (2017)
Chronic pancreatitis. Nat. Rev. Dis. Primers, 3, 17060.
Kume, K., Masamune, A., Ariga, H. & Shimosegawa, T. (2015)
Alcohol consumption and the risk for developing pancreatitis:
a case-control study in Japan. Pancreas, 44, 53-58.
Kume, K., Masamune, A., Kikuta, K. & Shimosegawa, T. (2006)
[-215G>A; IVS3+2T>C] mutation in the SPINK1 gene causes
exon 3 skipping and loss of the trypsin binding site. Gut, 55,
1214.
Kume, K., Masamune, A., Mizutamari, H., Kaneko, K., Kikuta, K.,
Satoh, M., Satoh, K., Kimura, K., Suzuki, N., Nagasaki, Y.,
Horii, A. & Shimosegawa, T. (2005) Mutations in the serine
protease inhibitor Kazal Type 1 (SPINK1) gene in Japanese
patients with pancreatitis. Pancreatology, 5, 354-360.
Kuno, A., Yamada, T., Masuda, K., Ogawa, K., Sogawa, M.,
Nakamura, S., Nakazawa, T., Ohara, H., Nomura, T., Joh, T.,
Shirai, T. & Itoh, M. (2003) Angiotensin-converting enzyme
inhibitor attenuates pancreatic inflammation and fibrosis in
male Wistar Bonn/Kobori rats. Gastroenterology, 124, 10101019.
Lee, B.J., Lee, H.S., Kim, C.D., Jung, S.W., Seo, Y.S., Kim, Y.S.,
Jeen, Y.T., Chun, H.J., Um, S.H., Lee, S.W., Choi, J.H. & Ryu,
H.S. (2012) The effects of combined treatment with an
HMG-CoA reductase inhibitor and PPARgamma agonist on
the activation of rat pancreatic stellate cells. Gut Liver, 6,
262-269.

236

T. Shimosegawa

Lin, Y., Tamakoshi, A., Hayakawa, T., Ogawa, M. & Ohno, Y. (2000)
Cigarette smoking as a risk factor for chronic pancreatitis: a
case-control study in Japan. Research Committee on Intractable
Pancreatic Diseases. Pancreas, 21, 109-114.
Lowenfels, A.B., Maisonneuve, P., Cavallini, G., Ammann, R.W.,
Lankisch, P.G., Andersen, J.R., Dimagno, E.P., AndrenSandberg, A. & Domellof, L. (1993) Pancreatitis and the risk
of pancreatic cancer. International Pancreatitis Study Group.
N. Engl. J. Med., 328, 1433-1437.
Lowenfels, A.B., Maisonneuve, P., DiMagno, E.P., Elitsur, Y.,
Gates, L.K. Jr., Perrault, J. & Whitcomb, D.C. (1997)
Hereditary pancreatitis and the risk of pancreatic cancer.
International Hereditary Pancreatitis Study Group. J. Natl.
Cancer Inst., 89, 442-446.
Lowenfels, A.B., Maisonneuve, P., Whitcomb, D.C., Lerch, M.M.
& DiMagno, E.P. (2001) Cigarette smoking as a risk factor
for pancreatic cancer in patients with hereditary pancreatitis.
JAMA, 286, 169-170.
Luttenberger, T., Schmid-Kotsas, A., Menke, A., Siech, M., Beger,
H., Adler, G., Grunert, A. & Bachem, M.G. (2000) Plateletderived growth factors stimulate proliferation and extracellular
matrix synthesis of pancreatic stellate cells: implications in
pathogenesis of pancreas fibrosis. Lab. Invest., 80, 47-55.
Malka, D., Hammel, P., Maire, F., Rufat, P., Madeira, I., Pessione,
F., Levy, P. & Ruszniewski, P. (2002) Risk of pancreatic
adenocarcinoma in chronic pancreatitis. Gut, 51, 849-852.
Masamune, A., Kikuta, K., Nabeshima, T., Nakano, E., Hirota, M.,
Kanno, A., Kume, K., Hamada, S., Ito, T., Fujita, M., Irisawa,
A., Nakashima, M., Hanada, K., Eguchi, T., Kato, R., et al.
(2017) Nationwide epidemiological survey of early chronic
pancreatitis in Japan. J. Gastroenterol., 52, 992-1000.
Masamune, A., Kikuta, K., Satoh, M., Sakai, Y., Satoh, A. &
Shimosegawa, T. (2002a) Ligands of peroxisome proliferatoractivated receptor-gamma block activation of pancreatic
stellate cells. J. Biol. Chem., 277, 141-147.
Masamune, A., Kikuta, K., Satoh, M., Satoh, K. & Shimosegawa,
T. (2003a) Rho kinase inhibitors block activation of
pancreatic stellate cells. Br. J. Pharmacol., 140, 1292-1302.
Masamune, A., Kikuta, K., Satoh, M., Suzuki, N. & Shimosegawa,
T. (2005a) Green tea polyphenol epigallocatechin-3-gallate
blocks PDGF-induced proliferation and migration of rat
pancreatic stellate cells. World J. Gastroenterol., 11, 33683374.
Masamune, A., Kume, K., Takagi, Y., Kikuta, K., Satoh, K., Satoh,
A. & Shimosegawa, T. (2007) N34S mutation in the SPINK1
gene is not associated with alternative splicing. Pancreas, 34,
423-428.
Masamune, A., Mizutamari, H., Kume, K., Asakura, T., Satoh, K.
& Shimosegawa, T. (2004) Hereditary pancreatitis as the
premalignant disease: a Japanese case of pancreatic cancer
involving the SPINK1 gene mutation N34S. Pancreas, 28,
305-310.
Masamune, A., Nakano, E., Hamada, S., Kakuta, Y., Kume, K. &
Shimosegawa, T. (2015) Common variants at PRSS1-PRSS2
and CLDN2-MORC4 loci associate with chronic pancreatitis
in Japan. Gut, 64, 1345-1346.
Masamune, A., Nakano, E., Kume, K., Kakuta, Y., Ariga, H. &
Shimosegawa, T. (2013) Identification of novel missense
CTRC variants in Japanese patients with chronic pancreatitis.
Gut, 62, 653-654.
Masamune, A., Nakano, E., Kume, K., Takikawa, T., Kakuta, Y. &
Shimosegawa, T. (2014) PRSS1 c.623G>C (p.G208A) variant
is associated with pancreatitis in Japan. Gut, 63, 366.
Masamune, A., Sakai, Y., Kikuta, K., Satoh, M., Satoh, A. &
Shimosegawa, T. (2002b) Activated rat pancreatic stellate
cells express intercellular adhesion molecule-1 (ICAM-1) in
vitro. Pancreas, 25, 78-85.
Masamune, A., Satoh, M., Kikuta, K., Sakai, Y., Satoh, A. &
Shimosegawa, T. (2003b) Inhibition of p38 mitogen-activated

protein kinase blocks activation of rat pancreatic stellate cells.
J. Pharmacol. Exp. Ther., 304, 8-14.
Masamune, A., Satoh, M., Kikuta, K., Suzuki, N., Satoh, K. &
Shimosegawa, T. (2005b) Ellagic acid blocks activation of
pancreatic stellate cells. Biochem. Pharmacol., 70, 869-878.
Masamune, A., Suzuki, N., Kikuta, K., Satoh, M., Satoh, K. &
Shimosegawa, T. (2006) Curcumin blocks activation of
pancreatic stellate cells. J. Cell. Biochem., 97, 1080-1093.
Masamune, A., Watanabe, T., Kikuta, K., Satoh, K. &
Shimosegawa, T. (2008) NADPH oxidase plays a crucial role
in the activation of pancreatic stellate cells. Am. J. Physiol.
Gastrointest. Liver Physiol., 294, G99-G108.
Masamune, A., Watanabe, T., Kikuta, K. & Shimosegawa, T.
(2009) Roles of pancreatic stellate cells in pancreatic
inflammation and fibrosis. Clin. Gastroenterol. Hepatol., 7,
S48-54.
Mews, P., Phillips, P., Fahmy, R., Korsten, M., Pirola, R., Wilson, J.
& Apte, M. (2002) Pancreatic stellate cells respond to
inflammatory cytokines: potential role in chronic pancreatitis.
Gut, 50, 535-541.
Nakamura, F., Shintani, Y., Saotome, T., Fujiyama, Y. & Bamba, T.
(2001) Effects of synthetic serine protease inhibitors on
proliferation and collagen synthesis of human pancreatic
periacinar fibroblast-like cells. Pancreas, 22, 317-325.
Nakano, E., Masamune, A., Niihori, T., Kume, K., Hamada, S.,
Aoki, Y., Matsubara, Y. & Shimosegawa, T. (2015) Targeted
next-generation sequencing effectively analyzed the cystic
fibrosis transmembrane conductance regulator gene in
pancreatitis. Dig. Dis. Sci., 60, 1297-1307.
Oh, H.C., Kim, M.H., Choi, K.S., Moon, S.H., Park, D.H., Lee,
S.S., Seo, D.W., Lee, S.K., Yoo, H.W. & Kim, G.H. (2009)
Analysis of PRSS1 and SPINK1 mutations in Korean patients
with idiopathic and familial pancreatitis. Pancreas, 38,
180-183.
Otani, T., Atomi, Y., Kuroda, A., Muto, T., Tamura, M., Fukuda, S.,
Akao, S. & Gorelick, F.S. (1997) Distribution of a synthetic
protease inhibitor in rat pancreatic acini after supramaximal
secretagogue stimulation. Pancreas, 14, 142-149.
Otsuki, M. & Fujino, Y. (2008) A study of the prognosis and the
cause of death of the registered chronic pancreatitis patients.
The 2007 annual report of the Research Committee of the
Intractable Pancreatic Diseases supported by the Ministry of
Health, Labour and Welfare of Japan (RCIPD), 98-102 (in
Japanese).
Otsuki, M., Nishimori, I., Hayakawa, T., Hirota, M., Ogawa, M. &
Shimosegawa, T.; Research Committee on Intractable Disease
of the Pancreas (2004) Hereditary pancreatitis: clinical
characteristics and diagnostic criteria in Japan. Pancreas, 28,
200-206.
Phillips, P.A., McCarroll, J.A., Park, S., Wu, M.J., Pirola, R.,
Korsten, M., Wilson, J.S. & Apte, M.V. (2003) Rat pancreatic
stellate cells secrete matrix metalloproteinases: implications
for extracellular matrix turnover. Gut, 52, 275-282.
Rosendahl, J., Witt, H., Szmola, R., Bhatia, E., Ozsvari, B., Landt,
O., Schulz, H.U., Gress, T.M., Pfutzer, R., Lohr, M., Kovacs,
P., Bluher, M., Stumvoll, M., Choudhuri, G., Hegyi, P., et al.
(2008) Chymotrypsin C (CTRC) variants that diminish
activity or secretion are associated with chronic pancreatitis.
Nat. Genet., 40, 78-82.
Saito, T., Takebe, T. & Ohyama, K. (1984) Relationship between
pancreatic exocrine function and ductal morphology in chronic
pancreatitis. Nippon Shokakibyo Gakkai Zasshi, 81, 10501061 (in Japanese).
Sarles, H. (1965) Pancreatitis. Symposium of Marseille 1963,
Karger, Basel.
Sarles, H., Adler, G., Dani, R., Frey, C., Gullo, L., Harada, H.,
Martin, E., Norohna, M. & Scuro, L.A. (1989) The pancreatitis
classification of Marseilles-Rome 1988. Scand. J. Gastroenterol.,
24, 641-642.

Recent Advances in the Research of Chronic Pancreatitis
Sarner, M. & Cotton, P.B. (1984) Classification of pancreatitis.
Gut, 25, 756-759.
Schneider, A., Larusch, J., Sun, X., Aloe, A., Lamb, J., Hawes, R.,
Cotton, P., Brand, R.E., Anderson, M.A., Money, M.E., Banks,
P.A., Lewis, M.D., Baillie, J., Sherman, S., Disario, J., et al.
(2011) Combined bicarbonate conductance-impairing variants
in CFTR and SPINK1 variants are associated with chronic
pancreatitis in patients without cystic fibrosis. Gastroenterology,
140, 162-171.
Schneider, A., Lohr, J.M. & Singer, M.V. (2007) The
M-ANNHEIM classification of chronic pancreatitis: intro
duction of a unifying classification system based on a review
of previous classifications of the disease. J. Gastroenterol.,
42, 101-119.
Schneider, E., Schmid-Kotsas, A., Zhao, J., Weidenbach, H.,
Schmid, R.M., Menke, A., Adler, G., Waltenberger, J., Grunert,
A. & Bachem, M.G. (2001) Identification of mediators
stimulating proliferation and matrix synthesis of rat pancreatic
stellate cells. Am. J. Physiol. Cell Physiol., 281, C532-543.
Schnúr, A., Beer, S., Witt, H., Hegyi, P. & Sahin-Tóth, M. (2014)
Functional effects of 13 rare PRSS1 variants presumed to
cause chronic pancreatitis. Gut, 63, 337-343.
Sharer, N., Schwarz, M., Malone, G., Howarth, A., Painter, J.,
Super, M. & Braganza, J. (1998) Mutations of the cystic
fibrosis gene in patients with chronic pancreatitis. N. Engl. J.
Med., 339, 645-652.
Sheel, A.R.G., Baron, R.D., Sarantitis, I., Ramesh, J., Ghaneh, P.,
Raraty, M.G.T., Yip, V., Sutton, R., Goulden, M.R., Campbell,
F., Farooq, A., Healey, P., Jackson, R., Halloran, C.M. &
Neoptolemos, J.P. (2018) The diagnostic value of Rosemont
and Japanese diagnostic criteria for ‘indeterminate’,
‘suggestive’, ‘possible’ and ‘early’ chronic pancreatitis.
Pancreatology, 18, 774-784.
Shek, F.W., Benyon, R.C., Walker, F.M., McCrudden, P.R., Pender,
S.L., Williams, E.J., Johnson, P.A., Johnson, C.D., Bateman,
A.C., Fine, D.R. & Iredale, J.P. (2002) Expression of
transforming growth factor-beta 1 by pancreatic stellate cells
and its implications for matrix secretion and turnover in
chronic pancreatitis. Am. J. Pathol., 160, 1787-1798.
Shelton, C.A. & Whitcomb, D.C. (2014) Genetics and treatment
options for recurrent acute and chronic pancreatitis. Curr.
Treat. Options Gastroenterol., 12, 359-371.
Shimosegawa, T., Kataoka, K., Kamisawa, T., Miyakawa, H.,
Ohara, H., Ito, T., Naruse, S., Sata, N., Suda, K., Hirota, M.,
Takeyama, Y., Shiratori, K., Hatori, T., Otsuki, M., Atomi, Y.,
et al. (2010) The revised Japanese clinical diagnostic criteria
for chronic pancreatitis. J. Gastroenterol., 45, 584-591.
Shimosegawa, T., Kume, K. & Masamune, A. (2006) SPINK1
gene mutations and pancreatitis in Japan. J. Gastroenterol.
Hepatol., 21 Suppl 3, S47-51.
Shimosegawa, T., Kume, K. & Satoh, K. (2009) Chronic
pancreatitis and pancreatic cancer: prediction and mechanism.
Clin. Gastroenterol. Hepatol., 7, S23-28.
Singer, M.V., Gyr, K. & Sarles, H. (1985) Revised classification of
pancreatitis. Report of the second international symposium on
the classification of pancreatitis in Marseille, France, March
28-30, 1984. Gastroenterology, 89, 683-685.
Steer, M.L., Waxman, I. & Freedman, S. (1995) Chronic
pancreatitis. N. Engl. J. Med., 332, 1482-1490.
Suzuki, N., Masamune, A., Kikuta, K., Watanabe, T., Satoh, K. &
Shimosegawa, T. (2009) Ellagic acid inhibits pancreatic
fibrosis in male Wistar Bonn/Kobori rats. Dig. Dis. Sci., 54,
802-810.
Szmola, R. & Sahin-Tóth, M. (2007) Chymotrypsin C (caldecrin)
promotes degradation of human cationic trypsin: identity with
Rinderknecht’s enzyme Y. Proc. Natl. Acad. Sci. USA, 104,
11227-11232.
Takebe, T., Koizumi, H. & Yamagata, S. (1976) Continuous
secretin infusion with pancreozymin pretreatment as a

237

pancreatic function test. Tohoku J. Exp. Med., 118 Suppl,
173-181.
Takebe, T., Takahashi, S., Kagaya, T., Ishizuki, S., Hanawa, M.,
Koizumi, M., Kataoka, S., Kamei, T., Ohyama, K. & Endo, K.
(1978) Reserve capacity of bicarbonate secretion in chronic
pancreatitis. Gastroenterol. Jpn., 13, 447-460.
Talamini, G., Falconi, M., Bassi, C., Sartori, N., Salvia, R.,
Caldiron, E., Frulloni, L., Di Francesco, V., Vaona, B., Bovo,
P., Vantini, I., Pederzoli, P. & Cavallini, G. (1999) Incidence
of cancer in the course of chronic pancreatitis. Am. J.
Gastroenterol., 94, 1253-1260.
The Criteria Committee for Chronic Pancreatitis of the Japanese
Society of Gastroenterology (1983) Clinical diagnostic
criteria of chronic pancreatitis. Jpn. J. Gastroenterol., 80,
1863-1866 (in Japanese).
The Criteria Committee for Chronic Pancreatitis of the Japan
Pancreas Society (1995) Final report of clinical diagnostic
criteria of chronic pancreatitis. Suizo, 10, xxiii-xxvi (in
Japanese).
The Criteria Committee for Chronic Pancreatitis of the Japan
Pancreas Society (2001) JPS clinical diagnostic criteria of
chronic pancreatitis 2001. Suizo, 16, 560-561 (in Japanese).
The Japanese Society of Pancreatic Disease (1971) Clinical
diagnostic criteria for chronic pancreatitis. Jpn. J.
Gastroenterol., 68, i-ii (in Japanese).
The Research Committee of the Intractable Pancreatic Diseases
supported by the Ministry of Health, Labour and Welfare of
Japan (RCIPD), Japan Pancreas Society, Japanese Society of
Gastroenterology. (2009) Clinical diagnostic criteria for
chronic pancreatitis 2009. Suizo, 24, 645-646 (in Japanese).
Ueda, J., Tanaka, M., Ohtsuka, T., Tokunaga, S. & Shimosegawa,
T.; Research Committee of Intractable Diseases of the
Pancreas (2013) Surgery for chronic pancreatitis decreases
the risk for pancreatic cancer: a multicenter retrospective
analysis. Surgery, 153, 357-364.
Varadarajulu, S., Eltoum, I., Tamhane, A. & Eloubeidi, M.A.
(2007) Histopathologic correlates of noncalcific chronic
pancreatitis by EUS: a prospective tissue characterization
study. Gastrointest. Endosc., 66, 501-509.
Wang, W., Liao, Z., Li, G., Li, Z.S., Chen, J., Zhan, X.B., Wang,
L.W., Liu, F., Hu, L.H., Guo, Y., Zou, D.W. & Jin, Z.D. (2003)
Incidence of pancreatic cancer in Chinese patients with
chronic pancreatitis. Pancreatology, 11, 16-23.
Whitcomb, D.C., Frulloni, L., Garg, P., Greer, J.B., Schneider, A.,
Yadav, D. & Shimosegawa, T. (2016) Chronic pancreatitis: an
international draft consensus proposal for a new mechanistic
definition. Pancreatology, 16, 218-224.
Whitcomb, D.C., Gorry, M.C., Preston, R.A., Furey, W.,
Sossenheimer, M.J., Ulrich, C.D., Martin, S.P., Gates, L.K. Jr.,
Amann, S.T., Toskes, P.P., Liddle, R., McGrath, K., Uomo, G.,
Post, J.C. & Ehrlich, G.D. (1996a) Hereditary pancreatitis is
caused by a mutation in the cationic trypsinogen gene. Nat.
Genet., 14, 141-145.
Whitcomb, D.C., LaRusch, J., Krasinskas, A.M., Klei, L., Smith,
J.P., Brand, R.E., Neoptolemos, J.P., Lerch, M.M., Tector, M.,
Sandhu, B.S., Guda, N.M., Orlichenko, L., Alzheimer’s
Disease Genetics Consortium, Alkaade, S., Amann, S.T., et al.
(2012) Common genetic variants in the CLDN2 and PRSS1PRSS2 loci alter risk for alcohol-related and sporadic pancreatitis. Nat. Genet., 44, 1349-1354.
Whitcomb, D.C., Preston, R.A., Aston, C.E., Sossenheimer, M.J.,
Barua, P.S., Zhang, Y., Wong-Chong, A., White, G.J., Wood,
P.G., Gates, L.K., Jr., Ulrich, C., Martin, S.P., Post, J.C. &
Ehrlich, G.D. (1996b) A gene for hereditary pancreatitis maps
to chromosome 7q35. Gastroenterology, 110, 1975-1980.
Whitcomb, D.C., Shimosegawa, T., Chari, S.T., Forsmark, C.E.,
Frulloni, L., Garg, P., Hegyi, P., Hirooka, Y., Irisawa, A.,
Ishikawa, T., Isaji, S., Lerch, M.M., Levy, P., Masamune, A.,
Wilcox, C.M., et al. (2018) International consensus statements

238

T. Shimosegawa

on early chronic Pancreatitis. Recommendations from the
working group for the international consensus guidelines for
chronic pancreatitis in collaboration with The International
Association of Pancreatology, American Pancreatic
Association, Japan Pancreas Society, PancreasFest Working
Group and European Pancreatic Club. Pancreatology, doi:
10.1016/j.pan.2018.05.008 [Epub ahead of print].
Witt, H., Beer, S., Rosendahl, J., Chen, J.M., Chandak, G.R.,
Masamune, A., Bence, M., Szmola, R., Oracz, G., Macek, M.,
Jr., Bhatia, E., Steigenberger, S., Lasher, D., Buhler, F.,
Delaporte, C., et al. (2013) Variants in CPA1 are strongly
associated with early onset chronic pancreatitis. Nat. Genet.,
45, 1216-1220.
Witt, H., Luck, W., Hennies, H.C., Classen, M., Kage, A., Lass, U.,
Landt, O. & Becker, M. (2000) Mutations in the gene

encoding the serine protease inhibitor, Kazal type 1 are
associated with chronic pancreatitis. Nat. Genet., 25, 213-216.
Yachida, S. & Iacobuzio-Donahue, C.A. (2013) Evolution and
dynamics of pancreatic cancer progression. Oncogene, 32,
5253-5260.
Yamagata, S. & Takebe, T. (1967) Concept and classification of
chronic pancreatitis. Nihon Rinsho, 25, 2673-2678 (in
Japanese).
Zou, W.B., Boulling, A., Masamune, A., Issarapu, P., Masson, E.,
Wu, H., Sun, X.T., Hu, L.H., Zhou, D.Z., He, L., Fichou, Y.,
Nakano, E., Hamada, S., Kakuta, Y., Kume, K., et al. (2016)
No association between CEL-HYB hybrid allele and chronic
pancreatitis in Asian populations. Gastroenterology, 150,
1558-1560.

