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Abstract
Kazal-type serine protease inhibitor is one of the most 
important and widely distributed protease inhibitor 
families. Pancreatic secretory trypsin inhibitor (PSTI), 
also known as serine protease inhibitor Kazal type Ⅰ
(SPINK1), binds rapidly to trypsin, inhibits its activity 
and is likely to protect the pancreas from prematurely 
activated trypsinogen. Therefore, it is an important 
factor in the onset of pancreatitis. Recent studies found 
that PSTI/SPINK1 is also involved in self-regulation of 
acinar cell phagocytosis, proliferation and growth of 
a variety of cell lines. In addition, it takes part in the 
response to inflammatory factor or injury and is highly 
related to adult type Ⅱ citrullinemia. 
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INTRODUCTION
Human pancreatic secretory trypsin inhibitor (PSTI) is 
also known as serine protease inhibitor Kazal type Ⅰ 
(SPINK1). It was originally isolated from the pancreas[1] 

and subsequently identified in mucus producing cells 
of  the gastrointestinal tract and in a range of  other 
tissues including lung, liver, kidney, ovary, breast and in 
the collecting tubules and transitional epithelium of  the 
renal pelvis[2]. There are homologous PSTI/SPINK1 
genes in mouse and rat. Serine protease inhibitor, Kazal 
type 3 (Spink3), the homologous gene in mouse, was 
recently discovered in the forebrain/midbrain junction 
region, mesonephric tubules and other tissues during 
mouse embryonic development[3]. In recent years, more 
and more attention has been devoted to PSTI/SPINK1 
with identification of  more unexpected functions for 
PSTI/SPINK1. In this review, we summarize the diverse 
roles of  PSTI/SPINK1 in pancreatitis, embryonic deve
lopment, cancer occurrence and development, acute 
phase response and adultⅡ citrullinemia.

STRUCTURE OF PSTI/SPINK1 AND ITS 
HOMOLOGS
Kazaltype serine protease inhibitor, usually with a 
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signal peptide of  about 20 amino acids at Nterminal, 
is normally composed of  one or several Kazal domains 
which typically consist of  5060 amino acid residues. 
Human PSTI gene, containing about 7.5 kb and four 
exons, is located on 5q32. Analysis of  the PSTI gene 
reveals that a 40 bp DNA fragment located between 
kb 3.84 and 3.80 carries the element responsible for 
both transcriptional activity and IL6induced gene 
expression[4]. The protein of  79 amino acids encoded by 
human PSTI gene includes two parts. The first part of  
56 amino acid residues contains three disulfide bonds 
and a trypsinspecific binding site formed by LysIle; 
the second part is a 23 amino acid signal peptide. The 
mature PSTI is produced after being directed by signal 
peptide into the cavity of  endoplasmic reticulum. In 
mouse, the homologous gene is designated Spink3. There 
are two types of  cDNA, PSTII or SPINK3 and PSTI
Ⅱ or SPINK1, which code for the two types of  PSTIs 
in rat. The nucleotide sequences are 91% homologous 
between the two cDNAs, but 68% and 65% homologous 
respectively when compared with human PSTI cDNA. 
Both amino acid sequences consist of  79 amino acids 
with the secretion signal peptide consisting of  18 and 
23 amino acids for PSTIⅠ and PSTIⅡ respectively. 
Therefore, mature PSTIⅠ consists of  61 (PSTI61) and 
PSTIⅡ of  56 (PSTI56)[5,6]. There may be no difference 
between two PSTIs in inhibitory properties. However, 
PSTIⅠ, also known as monitor peptide (MP), can sense 
the content of  proteins in the intestine, promote peptide 
cholecystokinin (CCK) release and thereby contributes 
to pancreatic exocrine function, while PSTIⅡ has no 
effect on either CCK release or pancreatic secretion 
function[79]. 

PSTI/SPINK1 IN THE ONSET OF 
PANCREATITIS 
PSTI/SPINK1 is synthesized in acinar cells of  the 
pancreas, packaged with digestive enzymes into the 
secretory granule and binds covalently with erroneously 
activated trypsin to form an inactive, stable complex[10]. 
Therefore, PSTI/SPINK1’s likely major role is to prevent 
premature activation of  trypsinogen thereby ensuring 

the integrity of  acinar cells to prevent autodigestion of  
the pancreas[11]. Because the SPINK1 and trypsinogen 
ratio is 1:5, SPINK1 can only inhibit up to 20% of  the 
trypsin activity in the pancreas. Thus a lack of  SPINK1 or 
decreased activity of  SPINK1 may result in the premature 
conversion of  trypsinogen into active trypsin leading to 
activation of  various proteases that damage acinar cells 
and then ultimately the development of  pancreatitis[1214] 
(Figure 1). 

There have been many reports of  mutations of  PS 
TI/SPINK1 gene in patients with pancreatitis and se
veral hypothesized roles of  these mutant proteins in 
pancreatitis. Pfutzer et al[12] compared the SPINK1 gene 
sequences in 112 pancreatitis patients with family history 
and 95 control persons and found SPINK1 mutations 
were very common (2%) in the population and closely 
related to pancreatitis. Drenth et al[15] showed SPINK1 
gene mutations occurred in 12.2% of  adult patients 
with alcoholinduced chronic pancreatitis and idiopathic 
chronic pancreatitis, indicating SPINK1 was a susceptible 
gene for chronic pancreatitis. In South India, SPINK1 
gene mutations and environmental factors were found 
to be possible reasons that lead to tropical pancreatitis[16]. 
Furthermore, Witt et al[17] identified N34S missense 
mutation and four other kinds of  mutations in SPINK1 
gene in 18 of  96 (23%) patients with chronic pancreatitis. 
Bernardino pointed out the 253C allele for SPINK1 
gene might represent a risk factor for the occurrence of  
pancreatitis in Brazilian population[18].

Interestingly, many previous studies have confirmed 
that the N34S and other SPINK1 mutations are more 
common in the general population. However, the inci
dence of  pancreatitis is not very high. Lee et al revealed 
SPINK1 gene mutations only slightly increased the 
risk of  alcoholinduced chronic pancreatitis (ACP) 
while the new genetic, environmental and triggering 
factors must be worth exploring the relationship with 
ACPs[1921]. Therefore, the pathogenesis of  pancreatitis 
may be more complex[12] and it is hypothesized that 
only the mutations that affect PSTI/SPINK1 binding 
to trypsin will contribute to the onset of  pancreatitis. 
Recent research suggested that trypsinogen activation 
and trypsin activity were regulated by calcium and the 
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Figure 1  The importance of PSTI/SPINK1 in onset of 
pancreatitis (cited from Hirota et al[14] and revised).



combination mutations of  calciumsensing receptor 
(CASR) and SPINK1 gene may further increase the risk 
of  pancreatitis[22]. In summary, SPINK1 gene mutations 
may be a key factor to determine the occurrence of  
pancreatitis while more attention should be paid to other 
genetic and external environmental factors. 

To better understand the physiological roles of  PSTI/
SPINK1 in pancreatitis, Ohmuraya et al[23] carried out 
a study by means of  Spink3 knockout mice and found 
that they died after birth due to excessive autophagy and 
impaired regeneration in pancreatic acinar cells, suggesting 
that Spink3 is involved in the regulation of  autophagy 
and is essential for maintaining exocrine integrity of  
the pancreas. Subsequently, Ohmuraya et al[24] further 
demonstrated that autophagy is specific to pancreatic 
acinar cells and involved in trypsinogen activation in 
experimentally induced pancreatitis. These results suggest 
that Spink3 has protective roles in pancreatitis by dual 
mechanisms, one as a trypsin inhibitor and a second as a 
suppressor of  autophagy. 

PSTI/SPINK1 IN CELL PROLIFERATION 
AND GROWTH
PSTI/SPINK1 and embryonic development
In 1986, Fukayama et al[25] first detected SPINK1 in 
developing buds of  the pancreas during the 8th gesta
tional week and found that pancreatic proteinases ap
peared in acinar cells during the 14th wk of  gestation 
before trypsinogen started to be produced. Thus, the 
development of  the pancreas may be related to the 
earlier appearance of  SPINK1 which perhaps works as 
a growth factor. Wang et al[3] detected the expression of  
Spink3 during development of  fetal mouse and observed 
Spink3 in the foregut, midgut, hindgut and the forebrain/
midbrain junction region at 9.5 d post coitus (dpc), in 
the pancreas, large intestine, mesonephric tubules and 
urogenital ridge at 11.5 dpc, in the acinar cell, small 
intestine and genital swelling at 13.5 dpc, in the the ductus 
epididymis at 17.5 dpc and in the seminal vesicle at 8 
wk. These data suggest that PSTI/SPINK1 may play 
important roles in proliferation and/or differentiation of  
various cell types during development.

PSTI/SPINK1 and cancers
Many previous studies have shown PSTI/SPINK1 were 
highly expressed in the liver and serum of  hepatocellular 
carcinoma (HCC) patients. Ohmachi et al [26] early 
discovered the blood level of  PSTI in 27 patients with 
HCC was significantly increased and positively corre
lated with tumor size, suggesting that elevated blood 
level of  PSTI without inflammation indicates the 
presence of  HCC. Human PSTI is also known as tumor
associated trypsin inhibitor (TATI). The results of  Lee 
et al[27] concluded that TATI overexpression contributed 
to cell growth advantage and enhanced the metastatic 
potential of  tumors and suggested using TATI, AFP and 
osteopontin as combined markers for molecular staging, 

the detection of  HCC and for the prediction of  early 
tumor recurrence. PSTI is highly expressed not only in 
HCC but also in many other tumors[28]. By means of  
DNA microarray analysis, quantitative realtime reverse 
transcriptionpolymerase chain reaction (RTPCR) 
and immunohistochemistry, PSTI was identified in the 
cytoplasm of  intrahepatic cholangiocarcinoma (ICC) 
cells and had been suggested as a potential marker for 
identifying ICC patients with an increased risk of  early 
recurrence after surgical resection[29]. Moreover, high 
TATI expression was associated with liver metastasis 
and was an independent predictor of  poor prognosis 
in cancer of  the colon and the breast[30,31]. Paju et al[32] 
demonstrated for the first time that TATI was expressed 
in the benign and malignant prostate and androgens can 
regulate TATI protein expression in highgrade tumors. 

High expression of  PSTI/SPINK1 in cancers may 
be highly related to its roles in cell proliferation and 
migration[33]. In addition, there are structural similarities 
between SPINK1 and epidermal growth factor (EGF) 
in terms of  the number of  amino acid residues and 
the presence of  3 intrachain disulfide bridges. Hence, 
SPINK1 may bind to EGF receptor (EGFR) to activate 
its downstream signaling. Recently, Ozaki first showed 
that SPINK1 induced proliferation and growth of  NIH 
3T3 cells and pancreatic cancer cell lines and this effect 
of  EGF or SPINK1 can be completely inhibited by 
EGFR and MAPK/ERKK inhibitor. Taken together, 
these results suggest SPINK1 stimulates the proliferation 
of  pancreatic cancer cells through the EGFR/MAPK 
cascade[34]. Rat PSTI61 in vitro induced the growth and 
proliferation of  rat intestinal epithelial cells IEC6 in a 
dosedependent manner and can effectively enhance the 
activity of  ornithine decarboxylase, indicating polyamine 
metabolism may be involved in the mechanism of  
growth induction[35]. 

PSTI/SPINK1 IN RESPONSE TO 
INFLAMMATORY FACTOR OR INJURY
The early stages of  the host response to infection, in
flammation, tissue damage and other stressors include 
a number of  physiologic changes collectively known as 
the acute phase response. The acute phase response is 
comprised of  many acutephase reactants which rapidly 
increase in the serum. PSTI has been suggested to be 
an acutephase reactant in humans in previous studies. 
Yasuda reported LPSstimulated macrophage conditioned 
medium and IL6 markedly stimulated the secretion of  
PSTI by cultured hepatoblastoma cells and suggested 
IL6 induced PSTI secretion is mediated by cAMP de
pendent protein kinase A[36]. Jönsson also found the 
median plasma level of  PSTI increased significantly at the 
fourth day following subtotal pancreatoduodenectomy 
with no increase in pancreatic juice or trypsinogen le
vels in pancreatic juice and plasma. Furthermore, he 
detected the levels of  PSTI in culture medium from 
endotoxinstimulated hepatocellular carcinoma cells and 
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pancreatic cancer cells and demonstrated that the liver is 
the probable source of  extrapancreatic origin of  plasma 
PSTI during the acutephase reaction[37]. There are two 
PSTIs (PSTI61 and 56) purified from rat pancreatic 
juice. However, only the serum PSTI61 had increased 
approximately 17fold over the initial level at 48 h after 
the injection in the turpentine-induced acute inflammation 
model and this immunoreactive PSTI61 was detected in 
the liver after induction of  inflammation[38]. Thus, PSTI 
is highly expressed mainly in the liver after stimulation 
by inflammatory cytokines or other stressors and thereby 
leads to elevated levels of  plasma PSTI. 

In addition, SPINK3 was found highly expressed in 
the pancreas and induced after pancreatic injury in mouse. 
Because SPINK3 may be an important serine protease 
inhibitor, its upregulation may reflect an important 
endogenous cytoprotective mechanism in preventing 
further injury[39]. Marchbank et al[40] demonstrated that 
PSTI can reduce the release of  cytokine in lipopolysa
ccharidestimulated dendritic cells and therefore trans
genic mice overexpressing human PSTI within the 
jejunum reduced indomethacininduced injury by 42% 
and systemic recombinant hPSTI truncated injurious 
effects in rat models of  dextransodiumsulfateinduced 
colitis. Human milk containing high concentration of  
PSTI stimulated migration and proliferation of  intestinal 
HT29 cells about three fold, reduced indomethacin
induced apoptosis by about 70%80% and gastric damage 
in rats by about 75%[41]. Thus, we conclude that PSTI 
may be involved in stabilizing intestinal mucosa against 
noxious agents and stimulating repair after injury. We 
used Rat Genome 230 2.0 array to detect the expression 
of  rat PSTI61 mRNA in isolated hepatocytes, stellate 
cells, dendritic cells, sinusoidal endothelial cells, Kupffer 
cells and pit cells from regenerating livers and found its 
expressions were significantly up-regulated in some kinds 
of  hepatic cells, with the highest 449fold over the control 
at 2 h after partial hepatectomy (PH) in isolated stellate 
cells and 132fold at 2 h after PH in hepatocytes, which 
implies PSTI-61 may be highly related to inflammation or 
injury during liver regeneration. 

PSTI/SPINK1 IN ADULT-Ⅱ 
CITRULLINEMIA
Citrin deficiency caused by SLC25A13 gene mutations 
usually develops into adultonset type Ⅱ citrullinemia 
(CTLN2). Previous studies have shown that the ex
pression of  hPSTI mRNA increased significantly and 
the concentration of  hPSTI protein was higher in the 
liver of  type Ⅱ patients than controls. Furthermore, a 
significant increase in serum hPSTI level with no change 
in the other serum markers was found, suggesting 
serum hPSTI is useful as a diagnostic marker for adult
onset type Ⅱ citrullinemia[42,43]. Further study indicated 
that CTLN2 patients may also have weight loss, hepatic 
steatosis, steatohepatitis and a history of  pancreatitis and 
serum concentration of  PSTI was higher when compared 

with nonalcoholic fatty liver disease (NAFLD) (non
SLC25A13 gene mutations). Therefore, serum PSTI may 
be a useful indicator for distinguishing CTLN2 patients 
from conventional NAFLD[44]. However, the regulatory 
mechanism and physiological role of  high expression of  
PSTI in the liver remain to be elucidated. 

CONCLUSION
The roles of  PSTI/SPINK1, especially its relationship to 
the onset of  pancreatitis, have been particularly described 
and we have shown that activation of  trypsinogen 
and PSTI/SPINK1 regulates the onset of  pancreatitis 
while other genetic and external environmental factors 
should be considered more in future. We need to further 
explore possible signal pathways for PSTI/SPINK1 
involved in cell proliferation, growth and migration 
which may contribute to a better understanding of  its 
roles in embryonic development or types of  cancers. 
Furthermore, we do not clearly know the mechanism 
involved in high expression of  PSTI/SPINK1 in livers 
when stimulated by inflammatory factors or partial 
hepatectomy. In addition, the relationship between 
PSTI/SPINK1 and adult type Ⅱ citrullinemia remains 
unclear. In short, much further work is required in order 
to comprehensively understand the functions of  PSTI/
SPINK1.
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