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ABBREVIATIONS

cDNA complementary DNA

CEL carboxyl esther lipase

CLPS procolipase gene

CTRB2 human chymotrypsinogen B2 protein

CTRC human chymotrypsinogen C protein

Ctrb mouse chymotrypsinogen B protein

Ctrc mouse chymotrypsinogen C protein

DEFAl humanal-defensin gene

DEFA3 humano3-defensin gene

DEFB1 humanpl-defensin gene

DM diabetes mellitus

DM1 type 1 diabetes mellitus, insulin-dependeabdies mellitus
DM2 type 2 diabetes mellitus, non-insulin dependiabetes mellitus
DNA deoxyribonucleic acid

EDTA ethylenediaminetetraacetic acid

ELISA enzyme-linked immunosorbent assay

GAPDH glyceraldehyde-3-phosphate dehydrogenase gene
HBD1 humarp1-defensin protein

HLA human leukocyte antigen

HNP human neutrophil peptide

Hul human cationic trypsinogen protein

IFNy interferon gamma

IL-18 interleukin-B

IL-6 interleukin-6

LDL low density lipoprotein

MODY maturity onset diabetes of the young, monogelabetes
MPO myeloperoxidase gene

MRNA messenger ribonucleic acid

NCBI NationalCenter for Biotechnology InformatiddSA
NF-xB nuclear factorB

OR odds ratio

PAGE polyacrylamide gel electrophoresis

PCR polymerase chain reaction

PMN polymorphonuclear immune cells

PRSS1 human cationic trypsinogen gene

PVDF polyvinylidene fluoride

gPCR quantitative (real time) polymerase chaictiea
RNA ribonucleic acid

RT PCR reverse transcription polymerase chain i@act
SDS sodium dodecyl sulfate

SNP single nucleotide polymorphism

TLR4 Toll-like receptor 4

TNF-a tumor necrosis factor alpha



1. INTRODUCTION

Disorders of the pancreas, both endocrine (e.gbetés mellitus) and exocrine (e.g. chronic
pancreatitis or cystic fibrosis), can be triggebgddifferent genetic factors. There exist speaifigtations that
can lead to the development of certain pancredteadesdirectly. A litle more than half a centago,
mankind already had a significant knowledge ondhdisorders clinically, however at that time notamwvas

known about their genetic background.

1.1. GENETIC RISK FACTORS OF DIABETES

Based on the definitions provided by the Americaiabetes Association, diabetes is a group of
metabolic diseases characterized by hyperglyceesialting from defects in insulin secretion, insudiction, or
both. Type 1 diabetes is causedpbgell destruction in the Langerhans islets of thagreas, usually leading to
absolute insulin deficiency. Characteristics ofetyp diabetes range from predominant insulin resistavith
relative insulin deficiency to predominant insulsecretory defect with insulin resistance. The ldagn
complications affect several organs including tlese kidneys, nerves and blood vessels, makingetBaba
lifelong disease which predisposes to secondarfjumetion of almost all organs in the whole bodyinarily

due to the metabolic changes characteristic ofedésh

1.1.1. Genetic risk factors of type 1 diabetes mélis (DM1)

Type 1 diabetes mellitus (DM1, OMIM: 222100) isengtically heterogeneous autoimmune disease of
glucose homeostasis that is characterized by stisitip to ketoacidosis in the absence of insutfirerapy.p-
cells of the pancreas suffer autoimmune destrudtiomhich several autoantibodies can have a patliogele
against islet cells.

Based on functional, structural and genetic evidehaplotypes DR3 and DR4 of the human leukocyte
antigene (HLA) class Il loci are considered stramggering factors, while DR2 haplotype protecisnir DM1.
Certain alleles of other genes which are involvaddisease pathogenesis confer relatively low rigk f
development of DM1 compared to HLA class Il happats.

Since DM1 is known to be principally an autoimmutisease, genetic factors which influence the

physiology of the immune system might have a sigaift role in the pathophysiology.

1.1.2. Genetic risk factors of type 2 diabetes mélis (DM2)

Type 2 diabetes mellitus (DM2, OMIM: 125853) acctsufor 90-95% of those with diabetes. This
type encompasses individuals who have insulin taasi® and usually have relative insulin deficieAtijrough
many different etiological factors can be respadesfbr the development of DM2, the specific cauass not
known.The innate immune system is the first linedefense against microbial, fungal and viral infacs.
Tumor necrosis factor alpha (TN#; interleukin-B (IL-1B) and interleukin-6 (IL-6) are released when tiel
receptor 4 (TLR4) binds certain danger- or pathegssociated molecules. These molecules can directly
increase insulin resistance in fat, muscle and be#ls, which can lead to impaired glucose toleearthe major

characteristic of DM2.



1.2. DEFENSINS IN DIABETES
Defensins are small antimicrobial peptides of theate immune system, which have 3 major types in
vertebratesa -, B- and6-defensins. In humans onty andp-defensins are expressed, while the genes encoding

humano-defensins are pseudogenes.

1.2.1. a- and pB-defensins

The human chromosome locus 8p23.1 harbors 6 diffenedefensin genesDEFA1, DEFA3,
DEFA1B, DEFA4, DEFA5, DEFA6) and 5a-defensinpseudogenes. There are 6 different typesdefensins /
human neutrophil peptides (HNP) expressed in huniBmes protein product ddEFA1, DEFA3, DEFA4 genes
are HNP-1,-2,-3 and -4 derived from polymorphonacienmune cells, while intestinal human defensktB-{
and HD-6) are derived from Paneth cells and areth&ein products oDEFAS andDEFA6 genes.The cluster
of human a-defensin genes includ®EFAL (OMIM: 125220) andDEFA3 (OMIM: 604522) lying on
chromosome 8 with high variability of copy nhumbers.

Today, these peptides are characterized as daigyealss (alarmins) that play important roles in
inflammation and immunity. In addition to antimibtial effects, a-defensins have an important role in
chemotaxis and induce proinflammatory cytokines.RdNncrease LDL (low density lipoprotein choleskero
binding to the endothelial surface suggesting thatlefensins may modulate the development of
atherosclerosis.Neutrophil granulocytes are consdlto be the primary cellular origin of HNP 1-3.

Humanp-defensins are also antimicrobial peptides, whighthought to control the microbial flora on
epithelial surfaces. According to currently acdelesidata from the HUGO Gene Nomenclature Committee
(http://www.genenames.org/), 38 different genesewdentified encoding potentially expresgdefensins in
humans, while 9 genes are referred t@-defensinpseudogenes.

Several SNPs have been characterized ilD#EB1 gene. Three frequent SNPs at positions c.-20G>A
(rs11362), c.-44C>G (rs 1800972) and c.-52G>A (88PA6) in the 5'-untranslated region (5' UTR)OEFB1

were described earlier. The untranslated varianfisence HBD1 expression or function.

1.2.2. Role of defensins in diabetes mellitus

Although it has been shown that some polymorphisntertain cytokine genes are associated either
with DM1 or DM2, little is known about the genetiesid the functions ofi- and f-defensins in diabetes.
Infections are frequent in diabetic patients, beeathe antimicrobial function of their immune resp®e is
impaired. It has been reported that mRNA levelsabf31-defensinare decreased in the kidneys, which may
explain the high incidence of urinary tract infecis in diabetes mellitus. Recently, the effect locgse and
insulin on pB-defensin expression has been described. Howewelgonnection was found between genetic
polymorphisms of th®EFB1 gene and diabetes in a Brasilian study investigadiabetic children.

Increased levels of HNP1-3 in type 1 diabetic pasiewith nephropathy and with cardiovascular
complications have recently been reported. It mping to speculate that copy number polymorphismd
alterations oDEFAL/DEFA3 mRNA levels in granulocytes may influence the Ilsxaf HNP1-3 in patients with
diabetes type 1 and type 2.
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1.3. CONNECTIONS BETWEEN ENDOCRINE AND EXOCRINE PANCREATIC DISEASES AT
THE GENOMIC LEVEL

Diabetes is a multifactorial disease, with bothieonmental and genetic factors playing a role & it
development. Mutations in only a single gene can &ad to the development of diabetes. Monogealuetes,
also termed maturity onset diabetes of the youn@IpM), develops before the age of 25, and presents a
nonketotic form of diabetes. Its inheritance folf»an autosomal dominant pattern, and mutationsciatsd
with MODY cause a primary defect in the function tbké beta cells of the endocrine pancreas. Exocrine
pancreas function is not affected in the majoritthe 11 different types of MODY. However, in MODYEBEL
MODY), in which there is a defect in the carboxgter lipaseCEL, OMIM: 114840) gene, insufficiency of
both endocrine and exocrine pancreatic functiabserved.

Another example where a single malfunctioning gemey lead to both endocrine and exocrine
insufficiency of the pancreas is the procolipaseeg€LPS, OMIM: 120105). The products @LPS gene are
the precursors of colipase and enterostatin. Theysacreted mainly by the exocrine pancreas, ako
expressed in stomach, liver and regions of therakmervous system. The mature form of colipaséhés
essential cofactor of lipase, which has a significale in the digestion of triglycerides emulsifiby bile salts.
Enterostatin acts as a pentapeptide hormone, vdaldctively down-regulates fat intake and hampesslin
secretion in animal models. Certain SNPs ofGh&S gene are associated with altered insulin secr@tiomon-
diabetic Caucasians. Furthermof&,PS gene mutant p.R109C was found to be associatdd Dl2. In a
functional study, the same mutant was found to dfedive in its ability to anchor triglycerides pancreatic
lipase.

The simultaneous appearance of diabetes mellitdseaacrine pancreas insufficiency is surprisingly
common. In most cases they do not develop togetherto a single genetic disorder as described ainothe
case of CEL MODY. Diabetes mellitus stemming frorangreatic tissue damage (pancreatitis, trauma,
pancreatectomy, neoplasia, cystic fibrosis, hemmohtosis, fibrocalculouspancreatopathy or surgiealcreas
resection) is classified as type 3c.

Though endocrine and exocrine malfunction of thecpeas usually have different genetic risk factors,
they might have a common genetic origin due toagennutations irCLPS and CEL genes mentioned above.
Living with chronic pancreatitis leads to the deprhent of endocrine pancreas disfunction over time.
Therefore, investigation of the mechanisms leadmghronic pancreatitis may not only result in sepler
understanding of the function of the exocrine paasrand related diseases, but may also elucidate th

mechanism of disease pathogenesis in certain tfpiabetes.

1.4. HEREDITARY CHRONIC PANCREATITIS

Chronic pancreatitis (CP) is defined as a relapsingontinuing inflammatory disease of the pancreas
and is characterized by irreversible morphologichhnges, upper abdominal pain and, in some patients
permanent impairment of exocrine or endocrine fioncor both.

The first description of familial accumulation dfironic pancreatitis cases was provided in 1952 by
Comfort and Steinberg. However, it took 44 year®iwethe first gene associated with hereditary peatdis
was identified by Whitcomb et al. in 1996.
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Mutations in thePRSS1 gene associated with hereditary chronic pancieadsult in early activation of
trypsinogen inside the pancreas due to alteredlatga by chymotrypsin C (CTRC). High penetrance
trypsinogen mutations such as p.N29I and p.R122Haasociated with an autosomal dominant inheritance
pattern, whereas mutations with lower penetranag (eutation p.A16V) may be found not only in hetax

but also in sporadic cases without family history.

1.5. MOUSE TRYPSINOGENS

Considering the widespread use of mice in experaiestudies of the pancreas, it is surprising how
little is known about mouse trypsinogens. Using therently accessible NCBI online genomic database
(http://www.pubmed.org/) we found that eleven af 20 genes are potentially functional (T4, T5, T8, T9,
T10, T11, T12, T15, T16, T20), while the other ngenes are either pseudogenes (T1, T2, T3, T14lior
genes (T6, T13, T17, T18, T19). It remained unknowawever, which isoforms of the 11 potentially dtional
trypsinogen genes are expressed at the proteihifetee mouse pancreas. More recently, genetietidal of
T7 indicated that this isoform may contribute tonasch as 60% of pancreatic trypsinogens. It was falsnd
that despite the presence of other trypsinogenoiswf, mice deficient in T7 did not respond to
secretagoguehyperstimulation with the characteristra-acinar cell trypsinogen activation, whichan early

event in acute pancreatitis.



2. AIMS

Like other members of the innate immune systenemghs can also have a role in the development of

type 1 and type 2 diabetes mellitus and their maanal microvascular complications. In order to gaéeper

comprehension about the role of defensins in dehéhe aims of this study were:

to measure plasma levels of human neutrophil peptid3 (HNP 1-3) and to examine their
possible association with diabetes and / or itsplmattions,

to determine gene copy number polymorphism and mRKEXpression levels of
DEFA1/DEFA3 genes in diabetes mellitus,

to investigate the association of single nuclegtideymorphisms c.-20G>A, c¢.-44C>G and c.-
52G>A in the promoter region of thgl-defensin DEFB1) gene with type 1 and type 2

diabetes mellitus.

Research into the pathomechanism of hereditarynahimancreatitis has been hindered by the lack of

good animal models which mimic the human diseaskedmvelop spontaneous pancreatitis. In order tatera

mouse model, biochemical characterization of maugasinogens was necessary. The aims of the stéidy o

mouse trypsinogens were:

to identify the major trypsinogen isoforms expressethe mouse pancreas,

to characterize the autoactivation of mouse tryggpdms and study their interaction with
mouse chymotrypsins,

to investigate the biochemical characteristicshef inost frequent pathogenic human cationic

trypsinogen mutation p.R122H introduced into mawgesinogen isoforms T7 and T8.
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3. PATIENTS AND METHODS

3.1. PATIENTS AND CONTROLS IN GENETIC ASSOCIATION STUDY

All cases and controls were of Hungarian ethnigiariand were residents of Hungary. Informed
consent was obtained from all subjects, and thal I&thics Committee of University of Szeged gavemr
approval to the study. All subjects consented ® $hudy and were treated according to the PatiéghtR
Protection Act of our institutions and internatibgaidelines.

The 221 age- and gender matched members of theotgnoup were selected from healthy blood
donors from the regional Centre of Hungarian NatidBlood Transfusion Service(Szeged, Hungary). Bloo
donors with diabetes mellitus, nephropathy, hypesiten or ischemic heart disease were excluded tlisn
study.

257 diabetic patients (122 men, 135 women) werelkedr in the study; which included 117 patients
with type 1 and 140 patients with type 2 diabeRiagnosis of diabetes of all patients was basetherADA
criteria.

71 of the cohort had diabetic nephropathy (32 DMl 89 DM2), 115 patients suffered from
retinopathy (47 DM1, 68 DM2). Neuropathy was diaggoh in 95 patients (35 DM1, 60 DM2).54 diabetic
patients (14 DM1, 40 DM2) had previously been daspd with different macrovascular diseases. Highber
of patients (182) had treatedhypertension (50 Dkid 532 DM2).

3.2, METHODS USEDIN GENETIC ASSOCIATION STUDY

To extract genomic DNA and mRNA from leukocytes anddeterminea-defensin levels we used
anticoagulated (EDTA), centrifuget200 rpm/min for 15 mijy peripheral blood.

We determinedEFAL/DEFA3gene copy number using quantitative real-time PCR
according to the method used by Linzmetieal. In our experiments we chodPO
(myeloperoxidase gene) as reference gene. Expreksiel of DEFAL/DEFA3 mRNA was
measured by reverse transcriptase quantitativetirmal PCR. As a reference gene we used

GAPDHIn this experimenRelative gene expression was determined usingAl@ method.Genotyping of

DEFB1 SNPs (c.-20G>A , ¢.-44C>G and c.-52G>A) were penfa using Custom TagM&rSNP Genotyping
Assays. The level of significance of the genotyeidiency of differenDEFB1 SNPs was analysed by using
they’ test and Fischer test.

The same peripheral blood samples we used for genoMA and RNA extraction from patients and
controls were also used for isolation of plasmaictviwas stored at -8C until further analysis. Plasma HNP1-3
concentrations were determined by ELISA accordmghe instructions of the manufacturer.Comparisohs

plasma concentrations were carried out by Mann-ligitest and with two-tailed paired Student’s test.

3.3. EXPERIMENTAL PROCEDURES USED IN MOUSE TRYPSINOGEN EXPERIMENTS

Mouse trypsinogens were isolated from homogenizedis® pancreata (2-3) using ecotin affinity

chromatography and cationic exchange chromatographg eluted proteins were separated by SDS-PAGE,
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transferred to PVDF membrane and individual ban@sewsubjected to N-terminal protein sequencing by
Edman degradation.

For experimental use, human cationic trypsinoges exépressed in the aminopeptidase P deficient
LG-3 E. coli strain as fusions with a self-splicing mini-inteMouse trypsinogens were expressedircoli
BL21(DE3), as described for human trypsinogensipresly. Isolation of cytoplasmic inclusion bodi@syvitro
refolding and purification with ecotin affinity cimatography were performed. Human CTRB2, mouse Ctrb
and mouse Ctrc carrying 10His affinity tags wer@ressed in transiently transfected HEK 293T celing
Lipofectamine® 2000 and purified from 450 mL comatied medium using nickel-affinity chromatography.
Chymotrypsinogens were activated with trypsin antiva chymotrypsin concentrations were determingd b

active site titration with ecotin.

Trypsinogen at 2 uM concentration was incubateth@absence or presence of 25
nM chymotrypsin. Autoactivation was induced by 14 trypsin at 37°C. At given times
aliquots were withdrawn and mixed with assay bufleypsin activity was measured using
N-CBZ-Gly-Pro-Arg-p-nitroanilide substrate dissallvén assay buffer and following the
release of the yellow p-nitroaniline at 405 nm fbrmin.Complete activation of 2 uM

trypsinogen was carried out using 140 ng/mL firmlaentration of human enteropeptidase.

To investigate structural changes of trypsinogensind autoactivation and degradation by
chymotrypsins, aliquots were withdrawn from thect@m mixture at certain time points, protein fragms
were precipitated and were separated by SDS-PAGHEsferred to PVDF membrane and individual bands we
subjected to N-terminal protein sequencing by Eddegradation.
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4. RESULTS

4.1. RESULTS OF HUMAN GENETIC INVESTIGATIONS

4.1.1. a-defensins (HNP 1-3)
There was high individual variation in plasma levef a-defensin, but a significant

difference between healthy subjects and both grafipiabetic patients was observeda:
mean valuet S.E.M. was 28.7& 4.2 ng/mL in type 1 diabetes, and 298%.36 ng/mL in type 2 diabetes,

versus 11.94 2.96 ng/mL in controls; p<0.01 respectively. Thghlest concentrations af-defensin levels
were found in diabetic patients with nephropath§.44 4.8 ng/mL), and with neuropathy (38:74.8 ng/mL)
or with cardiovascular complications (4%6L.45 ng/mL) which were significantly higher in cparison with
HNP1-3 plasma levels of diabetic patients withanplications (25.4 3.5 ng/mL).

There was no significant difference IEFAL/DEFA3 copy humber between controls and patients or
between patients in the two types of diabetes groljp positive correlation was observed betweenctmy
numbers and the expression levelsD&FAL / DEFA3 gene and also between the copy numbers and plasma

levels of human neutrophil peptide 1-3.

4.1.2. pl-defensin DEFB1)

Investigating thddEFB1 polymorphisms ¢.-20G>A és c¢.-52G>A there was gaifcant difference in
genotype distribution between the patients oveaall the healthy controls. However, the frequencyGGf
genotype of c.-44C>G was significantly lower in bbaypes of diabetes (2.5% and 2%, respectivelyh tha
healthy controls (9%). Conversely, the prevalerfati® CC genotype was 61% in the group of diabgditlents
vs. 45 % of controls (Fisher test: p = 0.02, OR.653, 95% CI: 1.27 — 3.745). When the patients vgerted
according to their diabetic complications, lowerduency of GG genotype among the patients with nogaithy

and among the patients with neuropathy was found.

4.2. RESULTS OF BIOCHEMICAL CHARACTERISATION OF MOUSE TRYPSINOGENS
Mice expressed 4 trypsinogen isoforms at high (€Y, T8, T9 and T20), which were identified from

homogenized whole mouse pancreata using N-terre@talencing and mass spectrometry.

When recombinant mouse trypsinogens were incubatéddnM CaC} at pH 8.0, isoforms T7, T8 and
T9 autoactivated and reached about 40-60% of patlsntattainable trypsin levels. According to our
experiments the T7 isoform autoactivated at theéndsg rate and reached the highest trypsin levelmglu
autoactivation. In contrast, T20 did not autoat¢gvander these conditions. Slow cleavage of thelfigu
Ser150 peptide bond by mouse chymotrpysin C (Qtr¢he autolysis loop was observed in T7 isofornthe
absence of calcium. The Leu82-Glu83 peptide bonddésponding to Leu81-Glu82 in human trypsinogers a
other studied mouse isoforms) in the calcium bigdaop was not cleaved to a detectable extent.

Mouse Ctrc almost completely inhibited autoactimatof T8 and T9 trypsinogen in 1 mM calcium and
markedly reduced it in 10 mM calcium. Both isoformsre primarily cleaved at the Phel50-Gly151 peptid
bond, with minimal cleavage observed at the Leu8i8& peptide bond in the absence of calcium. In

degradation experiments, mouse Ctrb cleaved th&F2h€ly151 peptide bond at a more than 7-foldslonaé
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than mouse Ctrc. Mouse Ctrc had essentially naeffie trypsinogen T20, except for a slight stimiolatof the
activation rate in 10 mM calcium.

The majority of mammalian trypsinogens do not conBhe150 in their autolysis loop. To test whether
introduction of Phel50 would reconstitute the chimpsin-dependentautoactivation inhibition in aresth
mammalian trypsinogen, we mutated Ser150 in hunagiordc trypsinogen to Phe. Human CTRB2 at 25 nM
concentration had no effect on the autoactivatibrnwidd type cationic trypsinogen, whereas it inléa
activation of the p.S150F mutant, via cleavagdetRthe150-Gly151 peptide bond.

Mutation p.R123H protected T7 trypsinogen againsgreddation during autoactivation in 1 mM
calcium in the presence of Ctrc; however, it hadeffect on the cleavage of the Leul49-Ser150 pepiahd
per se. Mutation p.R122H slightly stimulated autoactieatiof T8 trypsinogen in 1 mM calcium, in the absenc
of Ctrc. In the presence of Ctrc, however, aut@atittn was strongly inhibited by Ctrc, approximgtéd the
same extent as seen with wild type T8. Consistttt tlve robust inhibitory effect, the Phe150-Glylidptide
bond was cleaved by Ctrc almost as well in T8 pA1L#ypsinogen as in wild type T8, indicating thaftation

p.R122H does not influence this regulatory mechanis
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5. DISCUSSION

5.1. RELEVANCE OF A-AND B-DEFENSINSIN DIABETESMELLITUS

In this work, HNP1-3 levels from the plasma of vesdlood were measured. We investigated copy
number variation and mRNA expression levelD&FAL/DEFA3 genes of the same individual. Intriguingly,
our results showed significantly higher HNP 1-3spta levels in patients with both type 1 and tymhabetes
mellitus compared to healthy controls. Moreovere tilasma of diabetic patients with nephropathic and
neuropathic complications showed the highest canatons of HNPs.It seems possible that the elexadif
HNP1-3 in the plasma of patients with nephropaththe consequence of the decreased renal degradétioe
peptides together with advanced nephropathy. Theecaf high levels of HNP1-3 in patients with neuathy
in type 1 and type 2 diabetes remains unknown.

The G allele of the ¢.-44C>G SNP generates a pethinding site for nuclear facteB (NF«B), and
induces overexpression BIEFB1 gene.The present study has demonstrated thaistidogtion of DEFB1 c.-
44C>G genotypes were different between patients diibetes and healthy controls. Our results shaat
the frequency of the GG genotype was significahtbher in the control population. The presence dliéle
might lead to strengthened HBD1 antimicrobial attjvwhich is less frequent among patients withbeizs.
Conversely, in these studies subjects carrying>liggenotype were at a greater risk of aquiringdtide.

Our present findings draw attention to the impareaafDEFB1 polymorphisms in diabetes, especially
in case of nephropathy and neuropathy; the GG gpaatould also be protective in diabetes, and thegmce
of CC genotype might be connected with lower exgicgsof humargl-defensin.It is noteworthy that insulin is

also an important factor mediating HBD1 expression.

5.2. CTRC REGULATES AUTOACTIVATION OF MOUSE TRYPSINOGENS VIA CLEAVAGE OF
THE AUTOLYSIS LOOP

In the past decade there were several attempte&becmouse models that develop chronic panceeatiti
due to different genetic manipulations.However, examf these models attempted to manipulate genes of
digestive enzymes. Human cationic trypsinogeRSS1), chymotrypsinogen CQTRC) and carboxypeptidase
Al (CPA1) are known to have a role in the development afcpeatitis according to described plethora of
biochemical and clinical studies. However, animabdels that recapitulate the characteristics of huma
hereditary pancreatitis are still lacking.

We wanted to clarify whether introduction of trypegen mutations associated with human hereditary
pancreatitis into mouse trypsinogens would offeriable approach to model hereditary pancreatitisnioe.
Therefore, identification of the major trypsinogdsoforms expressed by the mouse pancreas and
characterization of their regulation of autoaciiwatoy mouse Ctrc was necessary.

Investigating the commonly used outbred mouserst@d-1, we found that only four trypsinogen
isoforms, T7, T8, T9 and T20, are expressed to kgbls in the mouse pancreas. Autoactivation ofisgo
trypsinogens T7, T8 and T9 was comparable, whef@f@sautoactivated more slowly, particularly in 1 mM
calcium. Surprisingly, regulation of autoactivatiby mouse Ctrc was isoform specific and mechailtyic
different from the actions of human CTRC on humationic trypsinogen.Cleavage of the Leu81-Glu82tidep

bond in the calcium binding loop was detectabl& inbut was inefficient and resulted in minimal cedgation,
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when compared to the effect of human CTRC on hupaionic trypsinogen. Slow cleavage of the Leu81-
Glu82 peptide bond was also seen in T8 and T9, eesaisoform T20 was not cleaved by Ctrc.

In contrast, isoforms T8 and T9 were rapidly clehw the Phel50-Glyl51 peptide bond in the
autolysis loop and this cleavage resulted in markdtbition of autoactivation without degradatiofihe
Phe150-Gly151 peptide bond was also cleaved bydttab7-fold slower rate. However, considering tbab is
the most abundant chymotrypsin in the mouse pascpdgysiological regulation of activation of T8 ah@d may
be also dependent on Ctrb.Interestingly, we founad tleavage of the Phel50-Gly151 peptide bondBimid
T9 trypsinogens also inhibits activation by enteqmidase, the physiological trypsinogen activatorthe
duodenum.

Our data argue that the previously published mauseéel in which a T8 transgene carrying the
p.R122H mutation was introduced could not have ligesl the described phenotypic changes as a r&fsalt
mutation-dependent increase in trypsinogen actimat\We found that mutation p.R122H did not affect
inhibition of autoactivation by Ctrc in T8 trypsigen, which stands in contrast to the robust negadffect of
this mutation on CTRC-dependent degradation of huoagionic trypsinogen. Thus, it seems more likbbt in
the published mouse model increased gene dosagenspecific effects of the transgene may have bleen

cause of the described pancreas pathology.
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SUMMARY AND NEW RESULTS

We confirmed earlier findings of elevated HNP 1{8spna levels in patients with diabetes mellitus
compared to healthy controls. Furthermore, we fouhdt diabetic patients with nephropathy,
neuropathy, or cardiovascular complications all bagphificantly higher HNP1-3 levels compared to
diabetic patients without complications and alsbealthy controls.

Our results demonstrated that the median gene sopper of humamEFA1/DEFA3 gene is 10 per
diploid genome in the Hungarian population; notyoamong controls but also in diabetic patients.
DEFA1/DEFA3 gene copy numbers did not correlate with mRNA esggion levels in peripheral
leukocytes, nor with the  a-defensin (HNP 1-3) levels measured in the plasigevipheral
blood.Therefore the elevated HNP 1-3 levels might be genetically determined, or at least
independent of the copy number variation of Eite-AL/DEFA3 genes.

The C allele of the ¢.-44C>G SNP located in themwter region of th®©EFB1 gene was found to be
more frequent among diabetic patients than in hgatbntrols, indicating that impaired humfn

defensin function might have a role in the develeptrof diabetes mellitus.

There are 4 trypsinogen isoforms (T7, T8, T9 an@)TeXpressed at high levels in the mouse pancreas
under physiological conditions. In 1 mM CacCl2, &58.0, only T7, T8 and T9 autoactivated, while
T20 did not autoactivate.

Ctrc and Ctrb almost completely inhibited autoaatiion of T8 and T9 isoforms by enzymatic cleavage
of their autolysis loop, but had no significanteetf on the autoactivation of T7 isoform.

Introduction of the p.R123H mutation in T7, or thealogous p.R122H mutation in T8, did not
significantly change the autoactivation charactieds of mouse trypsinogens. Therefore, the
biochemical characteristics of these mutants didnmianic the pathogenic phenotype of the p.R122H

mutation in human cationic trypsinogen.
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