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Abstract

Background: The identification of genetic risk factors for chronic pancreatitis, such as PRSS1, 

CFTR and SPINK1, provides the opportunity to define key pathologic hallmarks and etiologic-

specific changes. For example, pancreata from PRSS1 and CFTR patients exhibit progressive 

lipomatous atrophy without significant fibrosis. Considering the pathology of SPINK1-associated 

pancreatitis is ill-defined, we examined the pancreata of SPINK1 patients with chronic 

pancreatitis.

Methods: Histologic sections after total pancreatectomy with islet autotransplantation and 

associated clinicopathologic data were collected from 28 patients with SPINK1 germline 

alterations. Clinical findings, germline data, anatomic anatomic anomalies and pathologic findings 

were descriptively evaluated.

Results: Patients ranged in age from 5 to 48 years (median, 21.6 years) with abdominal pain 

between 2 and 25 years (median, 5.8 years). Most patients were SPINK1 heterozygous and 14 

(50%) had co-occurring CFTR (n=12) and CTRC (n=2) mutations. Other pancreatitis risk factors 
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included anatomic anomalies (n=9) and tobacco use (n=1). Overall, 24 (86%) patients had 

additional pancreatitis-associated germline alterations, SPINK1 homozygosity, anatomic 

anomalies or environmental factors. Examination of pancreata revealed a sequential pattern of 

exocrine parenchymal loss and replacement by prominent fibrosis, dependent on the duration of 

abdominal pain. No malignancies were identified, but low-grade pancreatic intraepithelial 

neoplasia was present for 2 cases.

Conclusions: Within this descriptive study, SPINK1-associated pancreatitis is characterized by 

parenchymal fibrosis and suggests divergent pathophysiologic mechanisms from PRSS1 and 

CFTR-associated pancreatitis. Moreover, SPINK1 patients frequently had additional etiologic 

factors that did not impact the development of pancreatic fibrosis and may implicate SPINK1 as a 

disease modifier gene.
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Introduction

Chronic pancreatitis is a progressive condition that leads to irreversible damage to the 

pancreas and is frequently accompanied by chronic, disabling pain. However, rather than a 

single entity, chronic pancreatitis represents a heterogenous group of disorders with protean 

clinical and pathologic findings.1 The etiology of chronic pancreatitis is often multifactorial 

and known risk factors include chronic alcohol consumption, smoking, autoimmune 

conditions, pancreatic duct obstruction and anatomic anomalies. Genetics is also recognized 

as a risk factor and, in certain instances, influences disease penetrance and severity. 

Germline alterations strongly associated with chronic pancreatitis include those involving 

PRSS1, CFTR and SPINK1 and, to a lesser extent, CTRC and CASR.2 Importantly, the 

identification of germline carriers allows the opportunity to define the pathologic hallmarks 

and etiologic-specific changes of chronic pancreatitis. Further, the presence of distinctive 

histology could provide information on the pathogenesis of chronic pancreatitis associated 

with other etiologic factors.

Recently, the clinicopathologic features of PRSS1-associated chronic pancreatitis were 

reported. Germline alterations in PRSS1 are autosomal dominant with a 40% to 96% 

penetrance.3–6 Patients suffer from recurrent episodes of acute pancreatitis, which often 

progresses to chronic pancreatitis. PRSS1-associated chronic pancreatitis usually begins in 

early childhood, but onset can vary from infancy to the sixth decade of life. Histologically, 

the pancreata from PRSS1 carriers develop lipomatous atrophy that leads to pancreatic 

insufficiency.7 Similar observations have also been made with CFTR patients, and, thus, 

alterations in both genes may follow a common pathophysiologic mechanism.8, 9

However, among the genes strongly associated with chronic pancreatitis, the histopathologic 

features of pancreata from SPINK1 carriers have not been characterized. Therefore, we have 

collected pancreatic specimens from 28 SPINK1 patients of various ages with a reported 

history of chronic pancreatitis and who underwent total pancreatectomy with islet 

autotransplantation. We describe the patient demographics, clinical history, presence of 
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anatomic anomalies, co-occurring germline alterations and the pancreatic pathology of this 

unique cohort.

Materials and Methods

Case Selection

Study approval was obtained from the institutional review boards at the University of 

Pittsburgh and University of Minnesota. A search for all patients undergoing total or 

complete pancreatectomy with islet autotransplantation at the University of Pittsburgh 

Medical Center and the University of Minnesota that harbored a SPINK1 gene mutation was 

performed between 2004 and 2018. All patients are participants in a prospective 

observational study collecting laboratory, medical records, radiographic/endoscopic 

imaging, intraoperative findings and pathology reports. Informed parental consent and assent 

or informed consent, as age appropriate, was obtained for all participants. Upon 

identification of 28 SPINK1 carriers, germline testing reports were reviewed for each patient 

to confirm the presence of SPINK1 alterations and the identification of other germline 

variants. Germline testing data included reports from Ambry Genetics (Aliso Viejo, CA), 

Associated Regional and University Pathologists (Salt Lake City, UT), Quest Diagnostics 

(Madison, NJ) and the Molecular and Genomic Pathology Laboratory at the University of 

Pittsburgh Medical Center (Pittsburgh, PA). For all testing platforms, extended testing of not 

only SPINK1 was performed, but also PRSS1 and CFTR. A germline analysis for CTRC 
was done for 19 (68%) patients and an evaluation of CASR was performed for 10 (36%) 

patients.

Histopathologic analysis

For each surgical specimen, the relevant gross findings were documented to include color, 

texture, lobularity, concretions, cysts and mass lesions. Prior to islet cell isolation, 

representative sections of the pancreas were obtained and formalin-fixed and paraffin-

embedded (FFPE). For each specimen, FFPE sections ranged between 1 to 9 (mean, 4 

sections; median, 4 sections) with at least 1 section taken from the head of the pancreas. 

Hematoxylin-and-eosin stained slides for each case were independently reviewed by 2 

surgical pathologists (T.E.J. and A.D.S.) that were blinded to clinical data. Particular 

attention was paid to document the number, distribution, and changes of pancreatic acini, 

ducts, and islets of Langerhans. Furthermore, the amount and location of both acute and 

chronic inflammation, presence of concretions, extent and distribution of parenchymal 

fibrosis and fat, and neoplasia were noted. Histopathologic findings were reviewed 

independently by both surgical pathologists and then were discussed and re-reviewed 

collectively with correlation to patient age, disease onset, abdominal pain duration, social 

history, germline genetics, and anatomic anomalies. As accepted guidelines for the 

interpretation of pancreata for chronic pancreatitis and associated changes are not available, 

the histopathologic findings were documented (Supplementary Table 1) as previously 

reported for patients with genomic alterations in PRSS1.7 The presence of fibrosis was semi-

quantitatively graded as mild, moderate or severe with respect to intralobular, interlobular 

and perilobular parenchymal locations.10
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Results

The study cohort consisted of 28 patients with a germline mutation in SPINK1. For each 

patient, the clinical features, pancreatobiliary/gastrointestinal tract anatomic anomalies and 

genomic findings are summarized in Table 1. At the time of total pancreatectomy, the 

patients ranged in age from 5 to 48 years (mean, 21.9 years; median, 20.5 years) and the 

majority were female (n = 17, 61%). All patients reported a history of intermittent 

abdominal pain with an age of onset ranging from infancy to 44 years and a duration of 

symptoms that ranged between 2 and 25 years (mean, 8.8 years; median, 5.7 years), which 

did not correlate with patient age. Other risk factors for pancreatitis, including alcohol 

consumption (>5 drinks per day), were absent; but, a history of tobacco smoking was 

identified for 1 patient. Of note, 9 (31%) patients were remarkable for pancreatobiliary or 

gastrointestinal tract anatomic anomalies that included pancreatic divisum (n = 6), 

pancreatobiliary maljunction (n = 1), ampullary stenosis (n = 1) and intestinal malrotation (n 

= 1). In addition, a history of exocrine insufficiency was documented 15 (54%) patients and 

more likely to be seen in patients with longstanding duration of symptoms.

Germline testing for SPINK1, PRSS1 and CFTR was performed in all cases. In addition, 19 

(68%) patients had germline testing for CTRC. A heterozygous mutation in SPINK1 was 

identified in 25 patients, while the remaining 3 patients had a SPINK1 homozygous 

mutation. Detailed genomic information was available for 25 patients and the most prevalent 

SPINK1 alteration was the p.N34S missense mutation (n = 24, 96%). The remaining patient 

was reported to harbor a heterozygous SPINK1 p.R67H missense mutation. Among SPINK1 
heterozygous carriers, 14 (56%) patients also had a heterozygous mutation in either CFTR 
(n = 12) or CTRC (n = 2).

Upon microscopic examination of representative sections from patients’ pancreata, a 

sequential pattern of histologic changes became apparent based on the duration of reported 

abdominal pain and could be subdivided into four pathologic stages of progressive chronic 

pancreatitis (Supplementary Table 1). The pancreata of SPINK1 carriers with a history of 

abdominal pain of < 4 years (n = 10) exhibited mild atrophy that was characterized by 

decreasing size and variable shape of the pancreatic lobules (Figure 1A and 1B). These 

histologic findings were often associated with multifocal, cytoplasmic vacuolization of the 

acinar parenchyma (n = 6) (Figure 1C) and the presence of mild intralobular fibrosis at the 

periphery of the pancreas (n = 7) (Figure 1D). Intralobular (n = 3) and extralobular (n = 4) 

lipomatous infiltration into the pancreatic parenchyma was also seen but focal in 

distribution. The presence of lipomatous infiltration was distinctly seen among CFTR 
carriers.

Among SPINK1 patients with a history of abdominal pain ranging from 4 to < 7 years (n = 

6), their pancreata showed a progressive loss of acinar parenchyma. Further, mild 

interlobular (n = 6), mild intralobular (n = 5) and mild perilobular (n = 5) fibrosis was 

frequently identified and composed of thick bundles of collagen, fibroblasts and scattered 

islands of neutrophilic inflammation (Figure 2A and 2B). In fact, neutrophilic inflammation 

was seen in the majority of cases (n = 4) and present within and in between the pancreatic 

lobules (Figure 2C and 2D). In addition, fat necrosis and saponification were found within 
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the pancreatic periphery for 3 cases. Extralobular lipomatous infiltration was seen in 2 

patient that were also heterozygous for CFTR.

Pancreatic specimens from patients with a 7-to-15-year history of abdominal pain (n = 8) 

displayed increasing loss of not only acinar cell epithelium, but also intralobular ducts. 

These findings coincided with a moderate amount of intralobular, interlobular and 

perilobular fibrosis (Figure 3A and 3B). Main duct and interlobular ductal alterations were 

identified (n = 7) and included ductal ectasia (n = 6), squamous metaplasia (n = 5) and 

intraductal concretions (n = 5) (Figure 3C). The periphery of the pancreas was remarkable 

for complete loss of acinar and ductal epithelium, but preservation of islets of Langerhans 

and surrounding nerves (Figure 3D) and, for 5 cases, the presence of fat necrosis and 

saponification. Of note, 3 patients within this group were SPINK1 homozygous and did not 

show appreciable differences from the remaining 6 SPINK1 heterozygous patients (Figure 

3E and 3F). Lipomatous infiltration within an extralobular distribution was focally present in 

2 patients with a germline alteration in CFTR.

Finally, pancreata from patients with a history of abdominal pain that ranged between 21 and 

25 years (n = 4) exhibited near complete to complete loss of acinar and ductal epithelium, 

and extensive or severe parenchymal fibrosis (Figure 4A and 4B). The remnant exocrine 

pancreas consisted primarily of a dilated main pancreatic duct and associated interlobular 

ducts (Figure 4C). Three cases also had intraductal concretions/calcifications and, for 2 

cases, scattered foci of reactive and hyperplastic intralobular ducts were also identified 

(Figure 4D). Pancreatic intraepithelial neoplasia (PanIN) of the highest grade PanIN-2 was 

also seen for 2 cases. The borders of the pancreata were ill-defined and the only clue were 

the presence of residual islets of Langerhans embedded in fibrosis (Figure 4E and 4F). Fat 

necrosis and saponification were absent. With regards to the presence of anatomic anomalies 

or germline status in not only SPINK1, but CFTR, CTRC and PRSS1, no significant 

pathologic differences that deviate from those associated with the duration of abdominal 

pain were identified. Of note, the presence of lipomatous infiltration was distinctly absent, 

even among the 2 CFTR patients within this group.

Discussion

The serine protease inhibitor Kazal type 1 (SPINK1) protein is an antiprotease secreted by 

pancreatic acinar cells and is hypothesized to function by delaying the autoactivation 

cascade of converting trypsinogen to trypsin.11 This delay is important as it allows for the 

digestive proteases, such as trypsin, to transit from the pancreas to the duodenum in an 

inactive form and, thus, preventing autodigestion of the gland.12 Although the underlying 

molecular mechanisms between SPINK1 and pancreatitis are unclear, mutations in SPINK1 
may lead to diminished inhibition of trypsin activity.13 Several mutations in SPINK1 have 

been documented, but the most common is the p.N34S haplotype and may increase the risk 

of chronic pancreatitis by up to 23%.14–17 However, this mutation is also a common 

polymorphism in the general population at a frequency of approximately 2%, which 

suggests that it may play a role as a disease modifier rather than a causative agent.18–20 In 

fact, when inherited in a heterozygous form, as is the case for the majority of patients with 
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chronic pancreatitis, other inherited germline alterations, environmental factors and/or 

anatomic anomalies have been reported.21–26

Herein, we collected pancreatic specimens from patients with pathogenic SPINK1 variants 

and chronic pancreatitis. Among the reported SPINK1 variants, the p.N34S mutation was 

the most prevalent within our study cohort and were predominantly heterozygous. 

Furthermore, consistent with its potential status as a disease modifier, the majority of 

SPINK1 heterozygote patients (23 of 25, 92%) had either co-occurring alterations in other 

genes associated with chronic pancreatitis, anatomic anomalies and/or a history of tobacco 

use. Additional etiologic factors were not identified among patients with SPINK1 
homozygous mutations. Examination of pancreata from SPINK1 carriers of various ages 

revealed a progressive loss of primarily exocrine parenchyma and replacement by prominent 

fibrosis. These findings do not seem dependent on patient age, but the duration of reported 

abdominal pain or clinical chronic pancreatitis.

The presence of progressive parenchymal fibrosis within the pancreas is intriguing and 

contrasts histopathologic findings reported for other germline variants associated with 

chronic pancreatitis, such as PRSS1 and CFTR. PRSS1 encodes for cationic trypsinogen and 

gain-of-function mutations lead to premature trypsinogen activation.27 As a result, PRSS1 
patients exhibit chronic pancreatitis at a young age and develop progressive exocrine 

insufficiency.28 Previously, we published the histopathology of PRSS1-associated chronic 

pancreatitis and found these patients develop pancreatic lipomatous atrophy and not 

parenchymal fibrosis.7 Similarly, dysfunctional germline alterations in CFTR, which leads to 

retention of trypsinogen within the pancreas and, consequently, pancreatitis, also results in 

fatty replacement of the pancreas.8, 9 Pancreatic parenchymal fibrosis has not been described 

in CFTR patients. SPINK1 carriers with co-occurring mutations in CFTR exhibited 

prominent fibrosis of the pancreas and only focal intralobular and/or extralobular lipomatous 

infiltration into the pancreatic parenchyma. In addition, the presence of lipomatous atrophy 

was not seen in longstanding cases of SPINK1-associated chronic pancreatitis. Our 

observations would suggest that the pathophysiologic mechanisms of SPINK1-associated 

pancreatic parenchymal fibrosis are not only distinct from those described in PRSS1 and 

CFTR patients, but overcome those associated with lipomatous atrophy.

While the histopathologic findings of SPINK1-associated chronic pancreatitis may seem 

unique, they are reminiscent of those seen among chronic pancreatitis patients with 

documented heavy alcohol consumption. Within a large autopsy series, Suda et al. found 

pancreata from patients with chronic alcohol abuse exhibited a combination of intralobular 

and perilobular fibrosis.29 Intralobular fibrosis was characterized by a uniform distribution 

of fibrosis within the pancreas that imparts a micronodular arrangement around atrophic 

lobules. In comparison, perilobular fibrosis is often dense with ductal ectasia and intraductal 

calcifications. In advanced cases, the pancreatic parenchyma may be completely replaced by 

extensive fibrosis. These histopathologic findings are analogous to pancreata from SPINK1 
patients and, similarly, may represent a sequence of changes that correlates with duration of 

heavy alcohol consumption and clinical chronic pancreatitis. In fact, the reported prevalence 

of SPINK1 mutations in alcohol-induced chronic pancreatitis is higher than the general 

population at 5.6% to 6%.19, 24, 30, 31 It is interesting to speculate that there may be a 
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common pathophysiologic mechanism shared between SPINK1-associated and alcohol-

induced chronic pancreatitis.

In addition to defining the histopathologic features of chronic pancreatitis among SPINK1 
carriers, our observations are also significant as they can be used to determine the validity of 

current and future animal models of SPINK1-associated chronic pancreatitis. Targeted 

disruption of Spink3 (the murine homologue of human SPINK1) results in is severe 

pancreatic damage and death within two weeks after birth.32 The histopathologic changes 

are restricted to pancreatic acinar cells, which are filled with numerous autophagic vacuoles 

with enhanced trypsin activity. These vacuoles closely resemble the vacuolated acinar 

parenchyma of SPINK1 patients with a history of chronic pancreatitis of < 4 years. Mosaic 

expression of human SPINK1 in Spink3 knockout mice rescued the perinatal lethality, but 

these mice gradually developed chronic pancreatitis, manifested by loss of acinar cells, 

intralobular fibrosis and dilatation of intralobular ducts, which bears resemblance to human 

SPINK1-associated chronic pancreatitis.33 However, in humans, homozygous SPINK1 
mutations do not result in embryonic lethality, and heterozygous mutations are frequently 

present in the general population with development of chronic pancreatitis typically 

associated with the co-occurrence of other genetic alterations, anatomic anomalies and 

environmental factors. Hence, while current mouse models emulate several aspects of 

SPINK1-associated chronic pancreatitis, they likely do not recapitulate human disease.

It is worth noting that there are several limitations to our study. Although it is the first to 

assess the histopathologic features of SPINK1-associated chronic pancreatitis, the number of 

cases within our cohort is relatively small and a control cohort was not available for 

comparative histopathologic review. In addition, most of our patients were heterozygous for 

SPINK1, which as discussed previously is common within the general population, and had 

co-occurring genomic, anatomic and/or environmental risk factors. Thus, one could infer 

that the histopathologic findings described herein may be unrelated to SPINK1 status. 

However, our study cohort included 3 patients that were homozygous for SPINK1 and had 

no additional risk factors. The pancreata from these 3 patients exhibited similar 

histopathologic findings as SPINK1 heterozygotes within the reported timeframe of 

abdominal pain. Another limitation of this study is that we did not use a histopathologic 

scoring system for chronic pancreatitis, but rather graded the presence of fibrosis semi-

quantitatively.10 While clinical, imaging and functional scoring systems have been 

developed for chronic pancreatitis, an accepted and reproducible method of evaluating the 

microscopic findings of chronic pancreatitis does not exist.34–36 In fact, within a recent joint 

publication by the International Association of Pancreatology, the American Pancreatic 

Association, the Japan Pancreas Society and the European Pancreatic Club, there was strong 

agreement that there currently exists no reproducible or universally accepted histological 

grading system to assess the severity of chronic pancreatitis.37 Moreover, there was strong 

agreement that a three-tiered semi-quantitative scoring system is typically used to evaluate 

the pancreas.37 Therefore, we chose to report the clinical, genomic and histopathologic 

findings of SPINK1-associated chronic pancreatitis within a descriptive manner. As 

additional cases of SPINK1-associated chronic pancreatitis are evaluated, it is likely that the 

histopathologic features described herein may prove to represent a continuum of findings 

rather than discrete stages of chronic pancreatitis. Further, the duration of abdominal pain 
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and subsequent time periods were determined retrospectively at the time of total 

pancreatectomy with islet autotransplantation and, thus, was dependent upon patient recall. 

Our study also suffers from selection bias because only patients undergoing total 

pancreatectomy with islet autotransplantation were evaluated. Finally, the isolation of islets 

during this procedure precludes complete histologic analysis of the pancreas. Therefore, 

only representative sections of the pancreas were reviewed.

In summary, SPINK1-associated chronic pancreatitis is characterized by progressive 

parenchymal fibrosis. These findings contrast the reported findings of lipomatous atrophy 

observed is PRSS1 and CFTR patients, suggesting divergent pathophysiologic mechanisms. 

Further, patients with SPINK1-associated chronic pancreatitis frequently have additional 

etiologic factors for pancreatitis, such as alterations in CFTR, that did not impact the 

development of pancreatic fibrosis and may indicate a role for SPINK1 as a disease modifier 

gene. While this study enhances our current understanding of chronic pancreatitis among 

SPINK1 carriers, certainly additional questions emerge regarding the pathogenesis of 

SPINK1 mutations and its interaction with other etiologic factors. However, as germline 

testing for chronic pancreatitis becomes more widespread, future studies should provide 

greater insight into this disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
The pancreata of SPINK1 carriers with a history of abdominal pain of < 4 years. An 

examination of pancreatic specimens identified mild atrophy that was characterized by 

decreasing size and variable shape of the pancreatic lobules (A and B). For a subset of cases, 

multifocal, cytoplasmic vacuolization of the acinar parenchyma (C) and focal intralobular 

fibrosis at the periphery of the pancreas (D) were seen.

Jones et al. Page 11

Pancreatology. Author manuscript; available in PMC 2021 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
SPINK1 patients with a history of abdominal pain ranging from 4 to < 7 years. The 

pancreata exhibited a progressive loss of acinar parenchyma with coinciding mild 

interlobular and mild perilobular fibrosis. Fibrosis was typically composed of thick bundles 

of collagen, fibroblasts and scattered islands of neutrophilic inflammation (A and B). A 

brisk acute inflammatory infiltrate was also seen present within the pancreatic lobules (C 

and D).
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Figure 3. 
Pancreatic specimens from SPINK1 patients with a 7-to-15-year history of abdominal pain. 

The pancreata demonstrated increasing loss of acinar cell epithelium and intralobular ducts, 

which coincided with intralobular, interlobular and perilobular fibrosis (A and B). Ductal 

ectasia, squamous metaplasia and intraductal concretions were also present (C). The 

periphery of the pancreas was remarkable for complete loss of acinar and ductal epithelium, 

but preservation of islets of Langerhans and surrounding nerves (D). In addition, while the 

majority of patients were heterozygous for SPINK1, 3 patients were SPINK1 homozygotes 

with reported abdominal pain between 8.1 to 10 years and their pancreata exhibited similar 

histopathologic features as their SPINK1 heterozygous counterparts with ductal ectasia and 

intraductal concretions (E) and both intralobular and interlobular fibrosis (F).
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Figure 4. 
SPINK1 carriers with a history of abdominal pain that ranged between 21 and 25 years. 

Pancreatic specimens exhibited near complete to complete loss of acinar and ductal 

epithelium, and extensive parenchymal fibrosis (A and B). The remnant exocrine pancreas 

consisted primarily of a dilated main pancreatic duct and associated interlobular ducts (C). 

Scattered foci of reactive and hyperplastic intralobular ducts were also identified (D). At 

higher magnification, residual islets of Langerhans were found scattered throughout the 

pancreas but embedded in dense fibrosis (E and F).
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