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Summary 
The present review is focused on the clinical significance of lactoferrin in pancreatic secretions and stone formation in chronic 
pancreatitis, and of serum anti-lactoferrin antibody in autoimmune pancreatitis. Lactoferrin secretion is increased in pancreatic 
secretions in calcified and non-calcified chronic pancreatitis. Lactoferrin, pancreatic stone protein and trypsin are present in 
pancreatic stones. We cannot conclude which protein is more important for the precipitate and stone formation. The presence of anti-
lactoferrin antibody has been reported in serum in autoimmune diseases, such as autoimmune pancreatitis. The coincidental 
appearance of autoimmune pancreatitis with extrapancreatic autoimmune diseases strongly suggests a common autoimmune 
mechanism and lactoferrin is a candidate antigen. Lactoferrin may play an important role as a precipitate protein in pancreatic stone 
formation in chronic pancreatitis and as an autoantigen in autoimmune pancreatitis. Further studies are required to better understand 
the role of lactoferin. 
 
Introduction 
 
Lactoferrin is an iron-binding protein present mainly in 
external secretions such as breast milk and 
polymorphonuclear white cells [1, 2, 3, 4]. The protein 
is synthesized during the transition of neutrophils from 
promyelocytes to myelocytes and is stored in the 
secondary granules [5]. Lactoferrin is released from 
polymorphonuclear leucocytes on activation of these 
cells, and its presence in body fluids is proportional to 
the flux of neutrophils [4, 5, 6, 7]. Determination of the 
lactoferrin content in various body fluids can be a 
marker inflammation. 
Lactoferrin is normally present in low concentration in 
pancreatic secretions and the concentration tends to 
increase in chronic pancreatitis [8]. Therefore, 
lactoferrin was also incriminated in the past in 
formation of protein plugs in the pancreatic duct by 
aggregating with acid macromolecules under decreased 
secretion of bicarbonate in the pancreatic juice [9, 10]. 
Chronic pancreatitis is characterized by progressive 
and irreversible pancreatic damage, parenchymal loss 

and interstitial fibrosis which eventually result in 
significant impairment of the exocrine and endocrine 
pancreatic functions. Additional histopathological 
features have been described as pancreatic calcification 
in advanced forms of chronic pancreatitis (regardless of 
etiology) and a prominent lymphoplasmacytic infiltrate 
in autoimmune pancreatitis. Additional details of its 
pathogenesis and mechanism are required regarding its 
formation in the pancreatic ducts and prominent 
lymphoplasmacytic infiltrate. 
The etiology and prevalence of chronic pancreatitis 
have been widely reported in India and Asian-Pacific 
areas as well as in Western countries in the last ten 
years [11, 12, 13]. The present review will focus on the 
clinical significance of lactoferrin in pancreatic 
secretions and stone formation in chronic pancreatitis, 
and of serum anti-lactoferrin antibody in autoimmune 
pancreatitis. 
 
Lactoferrin in Pancreatic Juice 
 
An analysis of the protein components of the 
pancreatic juice is important for clarifying the 
mechanism of stone formation in the pancreatic duct. 
Plugs formed by the precipitation of the protein within 
the interlobular and intralobular ducts are one of the 
earliest findings in chronic pancreatitis and the protein 
plugs subsequently perpetuate inflammation of the 
gland through recurrent obstruction of the pancreatic 
duct system. 
If concentration-dependent precipitation is a cause of 
protein plug formation, some proteins must be 

Received December 21st, 2008 - Accepted February, 20th, 2009 

Key words Antibodies; Autoimmune Diseases; Calculi; 
Lactoferrin; Pancreas; Pancreatitis; Pancreatitis, Chronic 

Correspondence Tetsuo Hayakawa 
Meijo Hospital, Sannomaru 1-3-1, Naka-ku, Nagoya, Japan 460-
0001 
Phone: +81-52.201.5311; Fax: +81-52.201.5318 
E-mail: t_hayakawa@meijohosp.com 
Document URL http://www.joplink.net/prev/200905/04.html



JOP. J Pancreas (Online) 2009 May 18; 10(3):237-241. 

JOP. Journal of the Pancreas - http://www.joplink.net - Vol. 10, No. 3 - May 2009. [ISSN 1590-8577] 238

increased, at least, in their concentration. Through 
analysis of the pancreatic juice, the iron-binding 
protein, lactoferrin, has been found to be secreted in 
greater amounts in patients with chronic pancreatitis [8, 
14, 15, 16, 17, 18]. Lactoferrin may play a role in the 
formation of the protein plugs frequently seen in 
chronic pancreatitis because of their ability to produce 
the aggregation of a large acidophilic protein, such as 
albumin [19]. 
Lactoferrin hypersecretion by the pancreas was initially 
postulated by Figarella and Sarles to be a congenital 
secretory defect, possibly worsening the damaging 
effects of alcohol and malnutrition in the pancreas [10]. 
Subsequent studies failed to reveal a significant 
correlation between chronic alcohol consumption and 
lactoferrin concentration in pancreatic secretion, 
although they confirmed a hyperconcentration of 
lactoferrin in both non-calcified and calcified chronic 
pancreatitis [15]. Lactoferrin hyperconcentration has 
also been reported in pancreatic juice by Fedail et al. 
and by Tympner et al. and in duodenal juice by Brugge 
and Burke [14, 16, 20]. In our previous reports, we 
demonstrated the increased secretion of lactoferrin in 
non-calcified and calcified chronic pancreatitis in both 
pancreatic and duodenal juice [17, 18, 21]. However, 
the simultaneous elevation of the protein and 
lactoferrin in pancreatic secretions occurred in 
European patients with chronic pancreatitis, but not in 
Japanese patients [14, 16, 17, 18]. The reasons for the 
discrepancy are not clear. Brugge and Burke revealed 
that lactoferrin concentration and its output in duodenal 
juice, not pure pancreatic juice, were both increased in 
asymptomatic alcoholics, alcoholics recovered from 
acute pancreatitis and alcoholics with chronic 
pancreatitis when compared with those in nonalcoholic 
healthy subjects [20]. Polymorphonuclear leucocytes 
were commonly encountered in the pancreatic juice of 
alcoholics even in those without clinical pancreatitis 
[19]. Therefore, the presence of leucocytes could 
account for a part of the increased lactoferrin seen in 
alcoholics and patients with pancreatic disease since 
one million polymorphonuclear leucocytes contain 3 
µg of lactoferrin. 
No increase could be found in lactoferrin concentration 
in either the plasma or parotid saliva of the controls 
and patients with chronic pancreatitis [10, 22]. 
However, increased levels were observed in the parotid 
saliva of patients with parotid gland disease. Benini et 
al. have speculated that increased lactoferrin levels in 
saliva are secondary to the inflammation [22], and it 
seems probable that the same is also true of the 
pancreas. 
 
Lactoferrin in Pancreatic Stones 
 
Protein analysis of the intraductal precipitates and 
calculi is important in order to elucidate the mechanism 
of stone formation in the pancreatic duct. Mariani et al. 
compared calcified stones obtained from 20 alcoholic 
patients with radiolucent stones obtained from five 
non-alcoholic patients [23]. They speculated that the 

formation of these two types of pancreatic stones was 
mediated by two different mechanisms. The formation 
of the calcified radiopaque stones was attributed to the 
precipitation of calcium carbonate occurring as a 
consequence of the reduced secretion of pancreatic 
stone protein which normally functions as an inhibitor 
of calcium carbonate precipitation. Therefore, 
pancreatic stone protein reduction could be expected to 
result in the precipitation of calcium carbonate, leading 
to stone formation in the pancreatic duct. However, 
reduction of pancreatic stone protein secretion or an 
inhibitory effect of calcium precipitation specific to 
pancreatic stone protein has not yet been confirmed in 
cases of chronic pancreatitis. Mariani et al. postulated 
that the formation of radiolucent stones, on the other 
hand, could be attributed to precipitation of degraded 
forms of pancreatic stone protein [23]. Thus, stone 
formation in chronic pancreatitis could be due to the 
precipitation of either calcium or proteinaceous 
materials. 
Lactoferrin and pancreatic stone protein are thought to 
be closely related to pancreatic stone formation in 
chronic pancreatitis. No significant reduction of 
pancreatic stone protein was observed in either 
calcified or non-calcified chronic pancreatitis patients 
[18]. 
Allan and White proposed a mechanism of protein plug 
formation, involving the partial activation of pancreatic 
secretion resulting in precipitation formation in the 
ductules as an initial step, followed by the development 
of protein plugs from these precipitations through the 
slow adsorption of salts and protein from newly-
secreted pancreatic juice [9]. Intraductal activation by 
pancreatic zymogens with the occasional appearance of 
precipitates in the ductules has been noted in some 
patients with pancreatitis [9, 24, 25]. Hayakawa et al. 
observed human cationic trypsin immunoreactivity in 
protein extracts of pancreatic stones in 11 of 13 
patients with chronic calcified pancreatitis, ranging 
from 0 to 42.3 ng/μg protein [26]. On immunostaining 
of pancreatic stones, immunoreactivity was observed to 
be more intense in the amorphous portion of the center 
of the stones than in the concentric laminar layer of the 
periphery. Only negligible activity was detected for 
elastase 1 or amylase in the stone extracts [26]. These 
results suggest that the presence of trypsinogen in 
pancreatic stones is not due to coprecipitation or 
adsorption of pancreatic enzymes but that trypsinogen 
is more likely involved in an initial step of intraductal 
precipitate formation than in a subsequent step of stone 
formation. Jin et al. [27] determined pancreatic stone 
protein and lactoferrin in pancreatic stones obtained 
from the 13 patients with chronic calcified pancreatitis 
same as in the previous study [26]. Pancreatic stone 
protein was measured in pancreatic stones in all 13 
patients, but did not differ significantly between 
alcoholic (n=6) and non-alcoholic (n=7) pancreatitis. 
Lactoferrin was detectable in 5 of the 13 patients. 
There was neither a definite common etiology nor 
clinical features to explain the high lactoferrin contents 
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[27]. The stone in one patient was predominantly 
composed of fatty acid calcium [28]. The stones in 
another two patients were large and were obtained 
from the markedly dilated main pancreatic duct. 
Recurrent inflammation in a cystic lesion or dilated 
ducts in the three patients could be a common factor 
attributable to high contents of lactoferrin. 
Nagai and Ohtsubo reported calcified stones in the 
pancreata of elderly people autopsied at a geriatric 
hospital [29]. The incidence of pancreatic calculi 
increased after 70 years of age: 0% under 69 years of 
age, 4.2% between 70 and 79 years of age, 7.7% 
between 80 and 89 years of age and 16.7% over 90 
years of age. The small calculi found in the 22 patients 
were 1-3 mm in diameter and 2-100 in number and 
were distributed throughout the pancreas. All of the 
small calculi were composed of calcium carbonate and 
located in the peripheral branch of the pancreatic duct. 
No patients had a history of pancreatitis or abdominal 
pain suggestive of pancreatic abnormality. Lactoferrin 
was observed in acinar cells to some extent, but it was 
present in much greater concentrations in the protein 
plugs and in the cytoplasm of squamous cells of the 
dilated ducts encasing the plugs. This suggested that 
lactoferrin may play a role in an initial stage of protein 
plug formation in the pancreatic duct [29]. On 
immunogold staining and scanning electron 
microscopy of pancreatic stones, trypsin immuno-
reactivity was observed more densely in the amorphous 
portion of the center of the stones than in the 
concentric laminar layer of the periphery. Trypsin is 
more likely involved in an initial step of intraductal 
precipitate formation than in a subsequent step of stone 
formation [26]. Distribution of pancreatic stone 
protein-gold particles differs from the center to the 
periphery of the stone [27]. The exact distribution of 
lactoferrin-gold particle is not clear in spite of our 
expectation of a more intense distribution in the 
amorphous portion of the center of the stones. 
It is still inconclusive whether lactoferrin comes from 
polymorphonuclear leucocytes or is produced in the 
pancreatic tissues, such as acinar cells, ductal cells, 
etc.. 
We can not conclude which protein is more important 
for precipitate and stone formation. We found a 
pancreatic stone containing lactoferrin but only trace 
amounts of trypsin and pancreatic stone protein in a 
patient with chronic pancreatitis [26, 27]. In a canine 
experimental model of pancreatolithiasis, persistent 
stasis of protein-rich pancreatic juice secondary to 
partial obstruction in the pancreatic duct leads to 
calculus formation [30], although dogs lack lactoferrin. 
These results suggest that additional candidate proteins 
and mechanisms will be required in stone formation. 
 
Anti-Lactoferrin Autoantibody in Serum 
 
Autoimmune pancreatitis is a relatively uncommon, 
non-alcoholic-related form of chronic pancreatitis  
 

which has received increasing attention in recent years. 
Autoimmune pancreatitis is characterized by: i) the 
presence of increased serum gammaglobulin levels 
(particularly IgG4); ii) the presence of autoantibodies 
(anti-lactoferrin autoantibody, anticarbonic anhydrase 
antibodies, rheumatoid factor, and antinuclear 
antibodies); iii) pancreatic fibrosis with lymphocytic 
infiltration and absence of pancreatic calcification; iv) 
association with other autoimmune diseases and v) 
response to steroid therapy [31]. Chari recently gave 
the following definition: “autoimmune pancreatitis is a 
systemic fibroinflammatory disease which affects not 
only the pancreas but also a variety of other organs 
including the bile duct, salivary glands, retro-
peritoneum and lymph nodes. Organs affected by 
autoimmune pancreatitis have a lymphoplasmacytic 
infiltrate rich in IgG4 positive cells and the 
inflammatory process responds to steroid therapy” 
[32]. The pathogenesis of this disease remains largely 
unknown but, from clinical and experimental studies, it 
has been postulated that aberrant HLA-DR expression 
(in autoimmune pancreatitis HLA-DR expression has 
been found in pancreatic ductal and acinar cells) leads 
to the presentation of autoantigens to lymphocytes, 
resulting in autoimmune response [31]. The presence 
of serum anti-lactoferrin autoantibody has been 
reported in patients with autoimmune-related disease, 
such as autoimmune pancreatitis [33, 34, 35, 36, 37, 
38, 39, 40, 41], autoimmune hepatitis [42, 43, 44], 
systemic lupus erythematosus [45, 46], ulcerative 
colitis [44], Crohn’s disease [34], primary sclerosing 
cholangitis [42, 43, 44] and type I diabetes mellitus 
[39, 41]. The coincidental appearance of autoimmune 
pancreatitis with extrapancreatic autoimmune diseases 
strongly suggests a common pathogenesis. Various 
autoantibodies have been screened in patients with 
autoimmune pancreatitis and/or other autoimmune 
diseases. Among these are antinuclear antibodies, 
antibodies against lactoferrin carbonic anhydrase type 
II and pancreatic secretory trypsin inhibitor, etc. 
Okazaki et al. have reported detection rates of 
autoantibodies in 54 patients with autoimmune 
pancreatitis: anti-lactoferrin autoantibody: 75%, 
antinuclear: 65%, anticarbonic anhydrase: 55%, anti-
pancreatic secretory trypsin inhibitor: 33%, and 
rheumatoid factor: 25% [40]. Uchida et al. have 
demonstrated that mice developed pancreatitis as well 
as sialadenitis and cholangitis after subcutaneous 
injection with lactoferrin or carbonic anhydrase [47]. 
These findings described above suggest that an 
autoimmune mechanism may be involved in the 
pathogenesis of autoimmune pancreatitis, and 
lactoferrin is a candidate antigen as well as the other 
above-mentioned antigens. However, positivity for 
anti-lactoferrin autoantibody is not associated with a 
particular clinical or biochemical profile of the 
underlying disease and seems to reflect an immune 
reaction state. Overinterpretation is the major pitfall in 
the clinical application of the serological results. 
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Conclusion 
 
In conclusion, lactoferrin may play various roles as a 
precipitate protein in pancreatic stone formation in 
chronic calcified pancreatitis and as an autoantigen in 
autoimmune pancreatitis. Further studies are required 
to better understand the role of lactoferrin. 
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