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Hereditary chronic pancreatitis is a rare form of 
pancreatitis with a typical early onset and a slow 
progression of disease. The significant increase 

of pancreatic cancer in this patient population is very 
concerning. While its clinical features, including the 
course, pathology, and laboratory findings are similar to 
other etiologies of chronic pancreatitis, the underlying 
pathophysiologic mechanisms are based on genetic 
mutations. In 1952, Comfort and Steinberg1 pointed out 
a familial accumulation of chronic pancreatitis, hence 
suggestive of a possible genetic etiology to the disease.1 
It was not until 1996 that several groups identified 
a genetic link to hereditary chronic pancreatitis on 
chromosome 7.2, 3 The underlying mutations were 
further characterized the same year by Whitcomb et 
al3 as an R122H mutation in the cationic trypsinogen 
gene (PRSS1). Since then, there has been remarkable 
progress in understanding the genetic basis of chronic 
pancreatitis with the identification of several additional 
genetic polymorphisms, including mutations in the 
anionic trypsinogen gene (PRSS2), the serine protease 

inhibitor Kazal type 1 gene (SPINK1), and the cystic 
fibrosis transmembrane conductance regulator gene 
(CFTR). In this paper, we will review these underlying 
genetic factors and their link to chronic pancreatitis. 

PrSS1 Mutations and Hereditary Pancreatitis
Hereditary pancreatitis is an autosomal dominant 
genetic disorder with incomplete penetrance and highly 
variable disease expression. About half of the affected 
individuals tend to progress to chronic pancreatitis at 
a young age.4, 5 The discovery of cationic trypsinogen 
gene mutation and their link to pancreatitis provided 
evidence that trypsinogen is an essential player in the 
pathophysiology of the disease. Patients with hereditary 
pancreatitis can start showing symptoms in childhood 
or adolescence, and with time, exocrine and endocrine 
insufficiency may develop. The diagnosis of hereditary 
pancreatitis should be considered in patients who present 
with recurrent pancreatitis and with a family history of 
pancreatic disease.6 In a clinical setting, however, it is 
very hard to establish accurate pedigrees. Therefore, the 
criteria for diagnosis of hereditary pancreatitis continue 
to evolve. In 1997, the European Registry of Hereditary 
Pancreatitis and Pancreatic Cancer (EUROPAC) based 
the diagnosis on two first-degree relatives or three or 
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more second-degree relatives, in two or more generations 
with recurrent acute and/or chronic pancreatitis with no 
evidence of other known etiologies.4 These criteria differ 
across various clinical centers. Although hereditary 
pancreatitis only represents approximately 2%-3% 
of all cases of chronic pancreatitis, it is important 
to establish diagnosis as early as possible because it 
provides clinical insight into acute, recurrent acute, 
and chronic pancreatitis, in addition to pancreatic 
cancer.7 Even then, it is very common for patients to 
remain undiagnosed for years. Aside from young age 
and slow progression, the presentation of hereditary 
pancreatitis is indistinguishable from other causes of 
acute and chronic pancreatitis. In fact, with more genes 
and polymorphisms being discovered, the line between 
idiopathic and genetic-related pancreatitis is becoming 
unclear and such a differentiation may become obsolete.  

In 1996, the discovery of the hereditary pancreatitis 
gene, cationic trypsinogen (PRSS1)— specifically 
chromosome 7q35—led to important insights into the 
pathophysiology of acute and chronic pancreatitis.8 
There are two main PRSS1 mutations associated with 
hereditary pancreatitis. The most common is the R122H 
mutation that results from a substitution of the amino 
acid histidine (H) for arginine (R) at position 122.8-10 
The second mutation, known as N291, results from 
a substitution of isoleucine (I) for asparagine (N) at 
position (N29I). These mutations lead to an increase 
in the autocatalytic conversion of trypsinogen to 
trypsin causing premature intrapancreatic trypsinogen 
activation.9 There are other PRSS1 alterations identified 
as well in the trypsinogen activation peptide region 
which include A16V, D22G, K23R, N29T and R122C.9 

Clinical Presentation
PRSS1 mutations are detected in more than 50% of 
families with hereditary pancreatitis. However, only 
80% of patients carrying the N29I or the R122H 
mutations express the chronic pancreatitis phenotype. 
The reason behind this incomplete penetrance remains 
unclear and likely involves the interaction with other 
environmental factors such as smoking, alcohol, 
and lack of antioxidants.5, 11 While both alcoholic 
and PRSS1-related chronic pancreatitis have very 
similar clinical laboratory features, histopathology, 
and imaging findings, patients with PRSS1-related 
pancreatitis typically present at a younger age and 
tend to have a lower incidence of calcifications and 
diabetes.12 The presentation of hereditary pancreatitis 

can vary significantly between individuals and families. 
Children tend to present with recurrent acute abdominal 
pain associated with vomiting that can last up to 2-3 
days. Other patients present with vague abdominal 
pain during their teens and now present with chronic 
pancreatitis.8 In some patients, the disease can be severe 
enough to lead to diabetes, pancreatic pseuodcysts, bile 
duct and duodenal obstruction, and pancreatic cancer. 
The lifetime risk of developing pancreatic cancer in 
these patients is about 50-fold higher than the normal 
population and is even higher than that of patients with 
alcoholic chronic pancreatitis, which is 20-fold higher 
than the general population.13, 14 

SPINK1/PST1
Serine Protease Inhibitor Kazal type 1 (SPINK1)/
Pancreatic Secretory Trypsin Inhibitor (PSTI) is the 
second gene that has been found to be associated with 
pancreatitis. PSTI is a 56-amino acid polypeptide 
secreted in the pancreatic juice that inhibits trypsin 
by binding to it and forming a stable complex, thus 
rendering the enzyme inactive. It plays an important 
protective role by preventing the trypsin activation 
of other zymogens as well. It is believed that 
intrapancreatic PSTI concentrations are able to inhibit 
about 20% of intrapancreatic trypsin.15 SPINK1 is 
an acute-phase protein whose gene expression and 
protein concentrations are markedly up-regulated by 
inflammation.16-18 SPINK1 gene mutations are thought 
to diminish protection against prematurely activated 
trypsin, and are thereby linked to trypsin-related 
pancreatic injury.19 

Multiple studies have looked at the association 
between SPINK1 mutations and chronic pancreatitis, 
and there has been a wide variation along with significant 
heterogeneity noted across the board. Indeed, odds 
ratios for this association have ranged from 0 to 80. In 
2008, a meta-analysis of this association was conducted 
based on different etiologies of chronic pancreatitis.20 It 
was found that there was an overall strong association 
between the N34S haplotype and chronic pancreatitis 
in general regardless of etiology with an odds ratio 
of 11. Interestingly, the association between such 
polymorphisms varied greatly depending on the 
underlying etiology. The weakest association was noted 
in patients with alcohol-related chronic pancreatitis 
(odds ratio 4.98), while patients with idiopathic 
and tropical pancreatitis had a significantly higher 
association (odds ratio 14.97 and 19.15, respectively). 
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These findings suggested that the pathophysiology 
of alcohol-related chronic pancreatitis may follow a 
different pathway that is largely trypsin independent.20  

The association of SPINK1 polymorphisms with 
acute pancreatitis was studied in188 patients with 
acute pancreatitis and 670 controls.21 SPINK1 N34S 
polymorphism was detected in 1 of 232 alleles in 
patients with sentinel AP, 11 of 144 alleles in patients 
with recurrent acute pancreatitis, and in 19 of 1,340 
control alleles. There was no difference in the prevalence 
of the polymorphism between sentinel attack patients 
and controls. Patients with the polymorphism were 
more prone to develop recurrent attacks with an odds 
ratio of 19.1. These findings suggested that the N34S 
polymorphism is not associated with the sentinel acute 
pancreatitis attack, but that its presence substantially 
increases the risk of recurrent attacks.21 

Cystic Fibrosis Transmembrane 
Conductance Regulator Gene (CFTR)
Cystic fibrosis is the most common heritable cause 
of pancreatic insufficiency. CFTR functions as an 
anion channel and as a regulator of other ion transport 
proteins. It plays a key role during normal exocrine 
pancreatic function. Located on the apical side of the 
duct cells, it promotes cAMP-regulated bicarbonate and 
fluid secretion.22 It is believed that CFTR contributes to 
normal pancreatic secretions by alkalinizing and diluting 
the pancreatic juice, hence preventing proteinacious 
plugs from obstructing the small pancreatic ductules.23 
Several findings suggested an association between 
chronic pancreatitis and CFTR gene mutation. First, 
early ductal plugging is a common feature of chronic 
pancreatitis.24 Second, patients with chronic pancreatitis 
can have false-positive sweat tests,25 and finally, patients 
with cystic fibrosis were noted to have a higher incidence 
of pancreatitis.26 

In 1998, two separate articles published in the 
New England Journal of Medicine reported a strong 
association between idiopathic chronic pancreatitis and 
mutations in the CFTR gene.27, 28 Over 1500 mutations 
of the CFTR gene have so far been described in the 
literature. However, the exact underlying mechanisms 
that lead to chronic pancreatitis are not well understood.7 
The increased risk of developing chronic pancreatitis 
seems to be in the compound heterozygote state where 
patients have one cystic fibrosis severe mutation 
(CFsev) and one cystic fibrosis mild-variable mutation 
(CFm-v). In one specific study involving 39 patients, 

compound heterozygotes were found to have a 40-
fold increase in the risk of developing pancreatitis. 
The addition of the N34S SPINK1 polymorphism to 
the compound heterozygote state increased the risk 
substantially further.29

Management
The treatment of pancreatitis resulting from a genetic 
predisposition does not differ substantially from that 
of other forms of pancreatitis. It is recommended that 
patients abstain from any form of alcohol and tobacco 
consumption. Chronic pain with persistent dilation of 
the main pancreatic duct in patients with hereditary 
pancreatitis can be addressed surgically.7 Surgical 
interventions in the pediatric population should be 
performed with caution. Overall, the consequences for 
treatment and follow-up for patients with mutations of 
PRSS1, SPINK1 or CFTR are limited. There is a 40% 
chance of increased pancreatic cancer risk in patients 
with the PRSS1 mutation by the age of 70 years. 

ConClusion
The genetic basis of pancreatitis and its implications 
present a fascinating perspective in our understanding 
and approach at assessing and treating the disease. Much 
more remains to be discovered about the interactions 
between these genes and other environmental 
risk factors. With no cure for the disease, medical 
management at this time focuses on symptom-based 
treatment and lifestyle changes that may reduce the risk 
of potential complications including the development 
of pancreatic cancer. Further research is warranted in 
order to better understand the pathogenesis behind these 
polymorphisms in pancreatitis patients.

References

1. Comfort MW, Steinberg AG. Pedigree of a family with hereditary 
chronic relapsing pancreatitis. Gastroenterology 1952;21:54-63.

2. Le Bodic L, Bignon JD, Raguenes O, Mercier B, Georgelin 
T, Schnee M, Soulard F, Gagne K, Bonneville F, Muller JY, 
Bachner L, Ferec C. The hereditary pancreatitis gene maps to 
long arm of chromosome 7. Hum Mol Genet 1996;5:549-54.

3. Whitcomb DC, Preston RA, Aston CE, Sossenheimer MJ, Barua 
PS, Zhang Y, Wong-Chong A, White GJ, Wood PG, Gates LK, 
Jr., Ulrich C, Martin SP, Post JC, Ehrlich GD. A gene for heredi-
tary pancreatitis maps to chromosome 7q35. Gastroenterology 
1996;110:1975-80.

4. Howes N, Lerch MM, Greenhalf W, Stocken DD, Ellis I, Simon 
P, Truninger K, Ammann R, Cavallini G, Charnley RM, Uomo 
G, Delhaye M, Spicak J, Drumm B, Jansen J, Mountford R, 
Whitcomb DC, Neoptolemos JP. Clinical and genetic charac-
teristics of hereditary pancreatitis in Europe. Clin Gastroenterol 
Hepatol 2004;2:252-61.

(continued on page 40)

Agrawal_July_12.indd   38 7/9/12   5:26 PM



Genetic Mutations, Polymorphisms and Pancreatitis

diseases of the pancreas, series #6

40� Practical�GastroenteroloGy� •� july�2012

5. Keim V, Bauer N, Teich N, Simon P, Lerch MM, Mossner J. 
Clinical characterization of patients with hereditary pancreati-
tis and mutations in the cationic trypsinogen gene. Am J Med 
2001;111:622-6.

6. Charnley RM. Hereditary pancreatitis. World journal of gastro-
enterology : WJG 2003;9:1-4.

7. Teich N, Mossner J. Hereditary chronic pancreatitis. Best prac-
tice & research. Clinical gastroenterology 2008;22:115-30.

8. Whitcomb DC. New insights into hereditary pancreatitis. 
Current gastroenterology reports 1999;1:154-60.

9. Whitcomb DC. Hereditary pancreatitis: a model for under-
standing the genetic basis of acute and chronic pancreatitis. 
Pancreatology : official journal of the International Association 
of Pancreatology 2001;1:565-70.

10. Chen JM, Ferec C. Molecular basis of hereditary pancreatitis. 
European journal of human genetics : EJHG 2000;8:473-9.

11. Amann ST, Gates LK, Aston CE, Pandya A, Whitcomb DC. 
Expression and penetrance of the hereditary pancreatitis pheno-
type in monozygotic twins. Gut 2001;48:542-7.

12. Keim V, Witt H, Bauer N, Bodeker H, Rosendahl J, Teich N, 
Mossner J. The course of genetically determined chronic pan-
creatitis. Jop 2003;4:146-54.

13. Lowenfels AB, Maisonneuve P, Whitcomb DC. Risk factors 
for cancer in hereditary pancreatitis. International Hereditary 
Pancreatitis Study Group. Med Clin North Am 2000;84:565-73.

14. Teich N, Rosendahl J, Toth M, Mossner J, Sahin-Toth M. 
Mutations of human cationic trypsinogen (PRSS1) and chronic 
pancreatitis. Hum Mutat 2006;27:721-30.

15. Teich N, Ockenga J, Hoffmeister A, Manns M, Mossner J, Keim 
V. Chronic pancreatitis associated with an activation peptide 
mutation that facilitates trypsin activation. Gastroenterology 
2000;119:461-5.

16. Khalid A, Finkelstein S, Thompson B, Kelly L, Hanck C, 
Godfrey TE, Whitcomb DC. A 93 year old man with the PRSS1 
R122H mutation, low SPINK1 expression, and no pancreatitis: 
insights into phenotypic non-penetrance. Gut 2006;55:728-31.

17. Lasson A, Borgstrom A, Ohlsson K. Elevated pancreatic secre-
tory trypsin inhibitor levels during severe inflammatory disease, 
renal insufficiency, and after various surgical procedures. Scand 
J Gastroenterol 1986;21:1275-80.

18. Ogawa M. Pancreatic secretory trypsin inhibitor as an acute 
phase reactant. Clin Biochem 1988;21:19-25.

19. Witt H, Luck W, Hennies HC, Classen M, Kage A, Lass U, 
Landt O, Becker M. Mutations in the gene encoding the serine 
protease inhibitor, Kazal type 1 are associated with chronic pan-
creatitis. Nat Genet 2000;25:213-6.

20. Aoun E, Chang CC, Greer JB, Papachristou GI, Barmada MM, 
Whitcomb DC. Pathways to injury in chronic pancreatitis: 
decoding the role of the high-risk SPINK1 N34S haplotype 
using meta-analysis. PLoS One 2008;3:e2003.

21. Aoun E, Muddana V, Papachristou GI, Whitcomb DC. SPINK1 
N34S is strongly associated with recurrent acute pancreatitis 
but is not a risk factor for the first or sentinel acute pancreatitis 
event. Am J Gastroenterol;105:446-51.

22. Stutts MJ, Canessa CM, Olsen JC, Hamrick M, Cohn JA, 
Rossier BC, Boucher RC. CFTR as a cAMP-dependent regula-
tor of sodium channels. Science 1995;269:847-50.

23. Oppenheimer EH, Esterly JR. Pathology of cystic fibrosis 
review of the literature and comparison with 146 autopsied 
cases. Perspect Pediatr Pathol 1975;2:241-78.

24. De Angelis C, Valente G, Spaccapietra M, Angonese C, Del 
Favero G, Naccarato R, Andriulli A. Histological study of 
alcoholic, nonalcoholic, and obstructive chronic pancreatitis. 
Pancreas 1992;7:193-6.

25. Bank S, Marks IN, Novis B. Sweat electrolytes in chronic pan-
creatitis. Am J Dig Dis 1978;23:178-81.

26. Shwachman H, Lebenthal E, Khaw KT. Recurrent acute pan-
creatitis in patients with cystic fibrosis with normal pancreatic 
enzymes. Pediatrics 1975;55:86-95.

27. Cohn JA, Friedman KJ, Noone PG, Knowles MR, Silverman 
LM, Jowell PS. Relation between mutations of the cystic fibrosis 
gene and idiopathic pancreatitis. N Engl J Med 1998;339:653-8.

28. Sharer N, Schwarz M, Malone G, Howarth A, Painter J, Super 
M, Braganza J. Mutations of the cystic fibrosis gene in patients 
with chronic pancreatitis. N Engl J Med 1998;339:645-52.

29. Teich N, Mossner J. Genetic aspects of chronic pancreatitis. 
Med Sci Monitor 2004; 10: 325-8.

(continued from page 38)

REPRINTS

Special rates are available for
quantities of 100 or more.

For further details email us at:
practicalgastro1@aol.com

PRACTICAL 
GASTROENTEROLOGY

Celebrating
Over 3 Decades

of  Service

Agrawal_July_12.indd   40 7/9/12   5:26 PM


