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1. INTRODUCTION

Acute pancreatitis (AP) is a serious disease witth mortality (1). The reported
incidence is variable in different countries (108/M0,000 people) (2), and AP is a leading
cause of acute hospitalization for gastrointestthabrders (3). Therefore, large, nationwide,
prospectively collected cohorts are needed. Adlereio treatment guidelines has been
documented to reduce mortality and/or severity Bf (). Inspite of the rising incidence of
pediatirc pancreatitis in the past few years (4;-itgrnational guideline for the management
of childhood onset pancreatitis is still missing.

Therefore research on pancreatitis both in aduit pediatruc field are crucially

important.

2. AIMS

2.1. Specific aim 1.

The main goals of our study were to analyse theseoof AP in a prospectively collected cohort
of patients from Hungarian centres and to valitta¢emajor recommendations in the IAP/APA

evidence-based guidelines for the management of AP.

2.2. Specific aim 2.

To organize an international, observational clihtcal for pediatric pancreatitis to collect a
critical mass of clinical data and biomedical reseaamples in uniform, prospective manner
(Analysis of Pediatric Pancreatitis-APPLE).

2.3. Specific aim 3.

Identify potential pathogenic promoter variantSS&fINK1 in CP patients, determine their
possible linkage with SPINK1 coding region variamriisd assess the relevance of the novel

promoter variants in relation to disease.

3. PATIENTS AND METHODS (P&M)

3.1. P&M for Aim 1: Prospective, Multicentre, Nationwide Clinical Data
from 600 Cases of Acute Pancreatitis

3.1.1. Subjects and study design

The study was approved by the Scientific and Rebekthics Committee of the Medical
Research Council (22254-1/2012/EKU). All the paptnits provided written informed consent
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to participate in this study. For this HPSG studhart, 600 patients in Hungary were
prospectively enrolled for two years between 1 dayn2013 and 1 January 2015. Eighty-six
different parameters were collected
(http://journals.plos.org/plosone/article?id=10.1/@3rnal.pone.0165309S2Fig). Overall,
77% of the requested data were provided by invaisiig.

3.2. P&M for Aim 2: Analysis of Pediatric Pancreattis (APPLE Trial): Pre-

Study Protocol of a Multinational Prospective Clincal Trial

The study protocols have been discussed in ouniatienal meeting held in Szeged in
November 2014, where expert pediatric pancreatsisgittended. The study has received the
relevant ethical approval (No. ad.52499-3/2014yessby the National Hungarian Ethical
Authority (ETT TUKEB). The trial has been registgreat the ISRCTN registry
(ISRCTN89664974) which is a primary clinical trisdgistry recognized by Word Health
Organization (WHO) and International Committee oedital Journal Editors (ICMJE).
Electronic clinical research forms have been depazlo

(http://www.pancreas.hu/studies/apple).

3.3. P&M for Aim 3: Variants in Chronic Pancreatiti s
3.3.1. Nomenclature

Nucleotide numbering reflects coding DNA numbenwith +1 corresponding to the A
of the ATG translation initiation codon in the SHKIN reference sequence (RefSeq:
NG_008356.1). Promoter variants were numberedivelab the first nucleotide’5 of the

ATG initiation codon, designated —1.

3.3.2. Patients

Patients were recruited through the Hungarian MatioPancreas Registry

(www.pancreas.hu All patients enrolled were Hungarian and gawveirtinformed consent

according to the ethical guidelines of the Declarabf Helsinki. A total of 100 unrelated
patients with CP (cases) and 100 subjects withameeatic disease (controls) were enrolled.
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3.3.3. DNA Extraction

Whole blood was collected in EDTA tubes and statd80°C. Genomic DNA was
extracted from peripheral blood leukocytes usirgg@Aamp DNA Blood Mini Kit (Qiagen,

Hilden, Germany).

3.3.4. Mutational Analysis

The p.N34S mutation was detected by polymerasenategiction (PCR)-restriction
fragment length polymorphism.

3.3.5. Construction of Luciferase Reporter Plasmid$Vith SPINK1 Promoter

A DNA fragment corresponding to the region betweeb41 and c.35 of the SPINK1
genewas cloned into the pGL3-Basic vector (Prombtgdison, Wis) upstream of a firefly
luciferase reporter gene (pGL3-SPINK1 plasmid) gsiestriction sites Kpnl and Hindlll.
SPINK1 promoter variants were introduced into tbamistruct by overlap extension PCR

mutagenesis.

3.3.6. Dual Luciferase Reporter Gene Assay

Luciferase expression was measured using the DioalkGciferase Assay System
(Promega). Relative luciferase activity was detesdi by dividing the firefly and renilla
luciferase luminescence results and expressinditbf//renilla ratio as the percentage of the
wild-type pGL3-SPINK1 value. Results were obtairfiexin 3 to 8 independent transfection

experiments.

3.4. Statistical methods for studies 3.1-3

Several statistical models have been used to seeiason between the investigated

variables (for details see doctoral thesis andatlieles).
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4. RESULTS

4.1. Pancreatitis in adults

4.1.1. Epidemiology and aetiology

In our cohort, 56% (n=335) of the patients wereanahd 44% (n=265) were female.
AP incidence in the males increased between 33ary@ars and remained high until 68 years,
after which it sharply declined. In the females thghest incidence was between 53 and 78
years. The majority (61.2%) of the cases were r8l)dp were moderate, and 8.8% were severe,
according to the revised Atlanta classification)(®8ortality was higher in severe AP (28.3%;
p<0.001) versus moderate (0.6%) and mild AP (0.3 length of hospitalization showed
significant differences between these groups (n8l8+0.2 days; moderate: 14.6+0.5 days;
severe: 26.2+3.1 days; p<0.001). The cost of treatn{calculating only the costs of
medications, examinations and interventions) fddAP was HUF 99,006 (approximately 330
euros); however, it increased to HUF 1,725,135 r@amately 5,750 euros) for severe AP,
based on an average of 10 patients per group.

The most common aetiology of AP was biliary dise&&8%) and alcohol abuse
(26.5%). Relative to other aetiologies, the frequyssf hyperlipidaemia was significantly lower
in mild AP, whereas it was higher in moderate and severeniliRating that hyperlipidaemia
is a risk factor for severity.

Anamnestic data collected at admission revealed2h2% of AP was recurrent and
4.9% had a family history of AP. History of alcolemnsumption or smoking was associated
with higher mortality in severe AP.

4.1.2. Diagnosis, anamnestic data and symptoms atraission

The majority of AP patients usually presented aémgancy departments 1-6 hours or
19-24 hours after the onset of abdominal pain.éeking medical attention during the first
four days of AP strongly heightened the risk forese AP and mortality.

In 44.9% of the cases, all three diagnostic d¢atéabdominal pain, serum pancreatic
enzyme elevation, imaging alterations) were predemportantly, the lack of an increase in
enzyme was a risk factor for severe pancreatitisereas the lack of abdominal pain
demonstrated a risk for mortality. The absence roéging alterations in the pancreas

significantly decreased the risk of severe AP.
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4.1.3. Physical examination at admission

Although a tendency for association was observéddsn the rise in BMI and severity
of AP, a significant difference was not found. Witkgard to the physical examination,
abdominal tenderness developed in all the patgaritering from severe AP; however, the lack
of this symptom was favourable for mortality. Abdoal guarding developed in 6.4% of the
patients during AP, and this symptom was associitdincreased mortality in severe AP.
Systolic blood pressure above 180 Hgmm or elevatidreart rate above 100 was significantly

connected with severe AP.

4.1.4. Imaging at admission

All the patients had either abdominal US or CT @nesion. During abdominal US,
only 74.3% of the investigators described the stafuhe lungs. Pleural fluid and/or pulmonary
infiltrateswere found in 6.7% of the US examinations, 26.6%hefX-rays and 75.6% of the

CT scans. Importantly, mortality was not observethe absence of lung injury at admission.

4.1.5. Laboratory parameters at admission

A white blood cell (WBC) count above 23,000/uL veasociated with severe AP (OR
3.2; 95% CI 1.1-9.2). Furthermore, the average VeBhts differed significantly between the
mild vs. moderate and the mild vs. severe AP grotips level of C-reactive protein (CRP)
above 200 mg/L was associated with severe AP (BR3%% CI 1.3-6.2). The average CRP
levels differed significantly between the mild wsoderate and the mild vs. severe AP groups.
Procalcitonin (PCT)evels above 10 U/L were associated with severd @R 20.6; 95% ClI
3.7-115.4). Calcium levels below 2 mmol/L were assed with severe AP (OR 5.2; 95% CI
1.5-17.7). Triglyceride (Tg) levels above 40 mmad/ere associated with severe AP (OR 4.1,
95% CI 1.3-13.6). The average glucose levelsmiffsignificantly between mild vs. moderate

and mild vs. severe AP cases.

4.1.6. Complications

The most common organ complication in severe AP afgemncreatic origin (87.5%),
followed by lung (68.1%), cardiac (47.7%), kidn&g 4%) and brain (11.1%) injury. Mortality
in severe AP without respiratory failure was 6.%8%hgreas it increased to 50% if lung injury

persisted for more than 24 hours. Mortality in sevAP with no cardiac failure was 8.7%,
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while it was elevated to 57.1% if cardiac failuested for more than 24 hours. Importantly,

local complications during AP had no effect on tis& of mortality.

4.1.7. Conservative therapy

Statistical analyses of fluid resuscitation praagim the first 24 hours showed that both
severity and mortality are affected by the amountilwd administered. The optimal fluid
amount was between 1500 and 3500 mL. Enteral igedias employed in 28.7% of the
patients. The majority (85.4%) of the patients vgitvere AP received enteral feeding. In severe
AP, the mortality rate rose from 27% to 57% wheteml feeding was not administered.

The practice of antibiotic therapy was widespreaaur cohort (77.1% of the cases). In
two-thirds of the cases, the indication was forghevention of infectious complications. There
were no relevant differences in mortality or setydoetween patients who received antibiotics
for prevention and those who were treated withlaotics for infection.

4.1.8. Endoscopic therapy

In 80.6% of the patients with biliary aetiology, ER was performed. In 91.9% of the
cases, the endoscopic intervention was carriedvihin the first 48 hours after the diagnosis
of AP. In 33.1% of the patients, cholangitis wassant, 81.3% had obstruction, and 35.3% had
severe or moderate AP. Endoscopic biliary sphintbeny was carried out in 71.8% of the
cases, while endoscopic pancreatic sphincterotoasya@nducted in only 7%. A biliary stent

was placed in 11.2% of the cases, and 11.5% qgfdlients received a pancreatic stent.

4.1.9. Interventions

Interventions were performed in 26 cases (4.3%Qun cohort, of which 62% were

surgical operations, 19% endoscopic procedured @¥@radiological interventions.

4.2. Pediatric pancreatitis

Our APPLE trial is currently running. Until now w@ve enrolled 75 acute, 32 recurrent
acute and 14 chronic pancreatitis cases to the EFHRktudy: Concerning the etiology, biliary
and drug-induced 9-9%, trauma, acohol2-2%, postfER@ anatomic 5-5%, other 14% were
identified however 54% of the cases still remaiitopathic. In 121 cases, genetic analyses of
PRSSL, SPINK1, CFTR andCTRC genes have been completed. 48,8% (59/121) ofaterps
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have pathogenic variants. Genetic alterationBRSSL were found in 4 caseSPINK1 in 13
casesCPAL in 2 casesCFTR in 15 case an@€TRC in 51 cases. Pathogenic variants in two
genes were observedPRSS1-CTRC, 1 PRSSL-SPINK1, 6 SPINK1-CTRC, 1 SPINK1-CFTR,

7 CTRC-CFTR, 1 CPA1-CFTR. There were no pathogenic variants in 62 cases.

APPLE-P: We have already enrolled 18 patients wh More data is necessary for detailed
analysis (12).

4.3. SPINK1 Promoter Variants in Chronic Pancreatits

4.3.1. Sequence Analysis of the SPINK1 Promoter Reg

In the approximately 1.2-kb SPINK1 promoter regidh,different variants were
detected. Two common polymorphisms (c.-253T>C ar@DZC>T) were present in cases and
controls. The C-allele of the ¢.-253T>C polymorphiwas significantly overrepresented in CP
patients (19%) compared with controls (10%) (odd®rOR], 2.1; 95% confidence interval
[95% CI], 1.2-3.8; P = 0.015). In subgroup analysie variant was observed in similar
frequency in ACP patients (13.3%) and controls (L0OR, 1.4; 95% CI, 0.7-2.9; P = 0.4) but
occurred significantly more frequently in ICP pati®(24.5%) (OR, 2.9; 95% ClI, 1.5-5.6; P =
0.002). The distribution of the ¢.-807C>T polymagwh in cases (21%) and controls (17.5%)
did not differ significantly (P = 0.45). Three ndJeeterozygous variants were identified in
single cases in patients with ACP, c.-14G>A, c¢.G88, and c.-246A>G, whereas the
heterozygous c.-215G>A variant occurred in 3 padi€d ACP and 1 ICP). None of these 4

promoter variants was detected in controls.

4.3.2. Sequence Analysis of the SPINK1 Coding Regio

The c.-14G>A variant was not associated with o8fINK1 variants. In the case with
the ¢.-108G>T variant, 3 common polymorphisms wietected, the intron 3 variant ¢.195—
323C>T in theheterozygous state and the 3 priregion variants ¢.*318A>T and ¢.*407C>G
in the homozygous state. In all 3 patients carryimg c.-215G>A variant, the ¢.194+2T>C
mutation in intron 3 was confirmed. Two of thessoahad the ¢.*318A>T and c.*407C>G
polymorphisms in the heterozygous state. The patwh the c.-246A>G variant carried also

a heterozygous variant ¢c.88—-23A>T of unknown sigaifce in intron 2.
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4.3.3. Functional Analysis of Promoter Variants Usig Luciferase Reporter Gene

Assay

To determine their functional significance, promatariants c.-14G>A, c¢.-108G>T, c.-
215G>A, c.-246A>G, and c¢.-253T>C were introducetb ia luciferase reporter plasmid
carrying the SPINK1 promoter and AR42J cells weanagfected with the constructs. Compared
with the wild type, 3 variants (c.-14G>A, c.-108G>and c.-246A>G) showed a statistically
significant decrease in luciferase expression, wetidual activities of 80%, 31%, and 47%,
respectively. Variant c.-253T>C had no appreciaffect on the promoter activity, whereas

variant c.-215G>A increased luciferase activit@1%.

5. DISCUSSION

Our study in adults contain among the largest dshaf any publication on
prospectively collected clinical data in AP to daféith regard to epidemiology, our study
confirmed findings from other cohorts showing td® in women is more likely related to
gallstones, alcohol-related pancreatitis is moraroon in men (13,14), and age is a risk factor
for AP (15). Cigarette smoking has been linked B (A6,17); we observed that smoking was
connected with greater mortality in severe AP.

Hypertriglyceridaemia was an etiological factorA® in our cohort, as described for
other cohorts (18-21). A rise in a serum triglyderlevel above 11.3 mmol/L in a patient with
AP is considered diagnostic, whereas above 5.6 rhmobnsidered suspicion for
hypertriglyceridemia-induced AP (19). In our study, increase in serum triglycerides above
5.6 mmol/L was considered as causative wheneveother obvious aetiology of AP was
apparent. One of the most important new observatiof this study is that
hypertriglyceridaemia is associated with severe WR.could see a tendency between the rise
in BMI and risk of severe AP.

With regard to laboratory parameters, a WBC caibatve 23,000/uL, CRP evels above
200 mg/L, PCTlevels above 10 U/L, calcium levels below 2 mmadfid triglyceride levels
above 40 mmol/L were all associated with severe ARerage glucose levels differed
significantly between the three AP severity groups.

Our study support the recommendations in the IARYARidelines. The first 24 hours
were found to be the “golden hours” in AP (22, Z3)r example, recommendations D9-10

highlight the importance of fluid resuscitationaalmission. In our cohort, fluid volume below
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1500 mL or above 3500 mL raised the risk of mastadnd AP severity. In the current study,
71.7% of the patients received the recommended atrafuluid. In this group, the severity
rate was only 7.8%, whereas it increased to 14 fatients who were given less than 1500
mL or more than 3500 mL. Moreover, the mortalitieravas also elevated from 2.3% to 5.1%.
If we consider that around 7,000 new AP cases @&gndsed in Hungary in a year,
hypothetically, we would prevent 124 patients frdaveloping severe AiPfluid therapy were
administered according to the IAP/APA guidelinebisTwould result in cost savings of HUF
200 million (about 672,000 euros) and could savé&s in a country of 10 million people.
Projection of these calculations to the entire &asEuropean region, with a population of
about 200 million people, indicates that implemaateof the EBM guidelines could save over
a thousand lives.

Secondly, we wanted to investigate the situatsochildren. Although the incidence of
AP in children is only 2-3 times less than in aslutiur knowledge in pediatric AP is very
limited. The current situation is difficult for tHellowing reasons: (i) there is a limited number
of scientists working in the field, genetic tesis pancreatic patients are unavailable or testing
is not organized at the national level in mostef tcountries, (ii) there is a big and unacceptable
high difference in disease recognition and outcameng the countries, (iii) limited number
of biobanks or patient registers are availablesé¢hthat exist are mostly organized on national
levels with no links to international consortia &aing funding is often refused because of the
low importance. Therefore, multinational efforte arucially needed (24).

In summary, we propose a multinational observatiolivacal trial (APPLE) to collect a critical
mass of clinical data from children suffering fré@® in an uniform prospective manner to help
fill the knowledge gap and provide simple, ped@aspecific, clinical scoring system that can
stratify patients with AP on presentation. It igoontant to mention that after the APPLE study,
we plan to design a follow-up longitudinal study better understanding of PP.

Thirdly, In the present thesis we choose a genehnditerations can be found in both
adult and children. Sequencing of the SPINK1 pr@natgion in a Hungarian cohort of CP
patients revealed 6 different variants. Of thelse,d-807C>T variant was found in both cases
and controls with comparable frequencies and cbeldonsidered as a common polymorphism
with no clinical significance. The ¢.-253T>C variatcurred significantly more frequently in
ICP patients than in controls; however, a similai@gment was not observed in ACP patients.
We conducted functional characterization of thisara by luciferase reporter gene assay. This
variant had no considerable effect on promotewv#gtisuggesting that c.-253T>C is a harmless

variant.
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6. NEW DISCOVERIES

6.1. Prospective, Multicentre, Nationwide ClinicaData from 600 Cases of

Acute Pancreatitis

The first report about the epidemiology, risk fasiananagement of AP from Hungary on a
prospectively collected cohort. The article hightgy the importance of evidence based
guidelines. Following results have not been publishefore:

*Hyperlipidaemia is a risk factor for severity.
=Lack of serum enzyme elevation posed a risk foeseRAP.
=Lack of abdominal pain at admission demonstrateskaor mortality.

=Deviation from the recommendations in the IAP/APAdence-based guidelines on
fluid replacement, enteral nutrition and timingiterventions increased severity and

mortality.

6.2. Analysis of Pediatric Pancreatitis (APPLE Trid)

This is the first worldwide study on the field dficlhood onset pancreatitis for earlier (APPLE-
R) and ongoing episodes (APPLE-P) of pancreattisallect a critical mass of clinical data

and biomedical research samples in uniform progsmentanner.

6.3. SPINK1 Promoter Variants in Chronic Pancreatits

The common SPINK1 promoter variant ¢.-253T>C wa®eisted with CP in this cohort. Two

of 3 newly identified SPINK1 promoter variants seenexhibit significant functional defects

and should be considered potential risk factor<liar
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