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Introduction

Pancreas

The pancreas plays a key role in humans serving as both an 
endocrine and exocrine gland in the digestive system (1).  
The pancreas extends across the abdomen, and has an 
enlarged head region as well as a tail portion. Located 
behind the stomach and partially connected to the 
duodenum, the pancreas acts to aid in digestion as well as 
adjusting gastrointestinal hormone levels. The exocrine 
portion of the pancreas utilizes zymogens and bicarbonate 
in order to assist in digestion and neutralization, 
respectively (2). As to be expected, the endocrine pancreas 
aids in regulating hormone levels to allow for metabolic 
homeostasis.

Comprising part of the small intestinal tract, the pancreas 

is made up of different epithelial cell types, which have very 
specific functions. Various genes have been associated with 
the formation and regulation of the pancreas such as Sox 9, 
Neurog3, and Ptf1a (1). The exocrine region of the pancreas 
is composed of duct cells and acinar cells which function 
to produce zymogens (2). Duct cells deliver zymogens 
and bicarbonate for activation in the duodenum, and 
subsequently digestion of food (2). In the endocrine portion 
of the pancreas there are large collections of epithelial cells 
called islets of Langerhans (3). The islets of Langerhans 
contain several types of hormone-secreting cells including 
α, β, γ, ε, and pancreatic polypeptide-secreting cells (3). β 
cells have received much attention in research because these 
cells produce insulin, and are implicated various forms of 
diabetes (3). Figure 1 depicts a cartoon schematic of the 
pancreas, pancreatic cells and surrounding organs (open 

Review Article

Histamine regulation of pancreatitis and pancreatic cancer: a 
review of recent findings

Taylor Francis1, Allyson Graf2,3, Kyle Hodges3, Lindsey Kennedy3, Laura Hargrove3, Mattie Price3, Kate 
Kearney3, Heather Francis1,2,3

1Medicine, 2Research, Central Texas Veteran’s Health Care System, 3Scott & White Digestive Disease Research Center, Scott and White Healthcare, 

Texas A&M HSC, Temple, TX, USA

Corresponding to: Heather Francis, Ph.D., Assistant Professor. Texas A&M HSC College of Medicine, Central Texas Veteran’s Health Care System, 

Digestive Disease Research Center, Scott & White Healthcare, Department of Internal Medicine, 1901 S. Veterans Memorial Drive (151), Bldg. 

205, Office 1R58, Temple, Texas 76504, USA. Email: hfrancis@medicine.tamhsc.edu.

Abstract: The pancreas is a dynamic organ that performs a multitude of functions within the body. 
Diseases that target the pancreas, like pancreatitis and pancreatic cancer, are devastating and often fatal to 
the suffering patient. Histamine and histamine receptors (H1-H4HRs) have been found to play a critical 
role in biliary diseases. Accordingly, the biliary tract and the pancreas share similarities with regards to 
morphological, phenotypical and functional features and disease progression, studies related the role of H1-
H4HRs in pancreatic diseases are important. In this review, we have highlighted the role that histamine, 
histidine decarboxylase (HDC), histamine receptors and mast cells (the main source of histamine in the 
body) play during both pancreatitis and pancreatic cancer. The objective of the review is to demonstrate that 
histamine and histamine signaling may be a potential therapeutic avenue towards treatment strategies for 
pancreatic diseases.

Key Words: Histamine; pancreas; pancreatitis; pancreatic cancer

Submitted Jul 18, 2013. Accepted for publication Jul 25, 2013.

doi: 10.3978/j.issn.2304-3881.2013.08.06

Scan to your mobile device or view this article at: http://www.thehbsn.org/article/view/2606/3490



217HepatoBiliary Surgery and Nutrition, Vol 2, No 4 August 2013

© Hepatobiliary Surgery and Nutrition. All rights reserved. Hepatobiliary Surg Nutr 2013;2(4):216-226www.thehbsn.org

access, no copyright).

Pancreatitis

There exist two divisions of pancreatitis: acute and chronic, 
with autoimmune pancreatitis falling under the chronic 
distinction (4). Pancreatitis can arise due to damage of the 
pancreas, infection, as a result of alcoholism and smoking 
or due to genetic mechanisms (2). Acute pancreatitis 
is diagnosed in 210,000 Americans every year, and can 
range from mild to lethal in severity, with 20% of cases 
resulting in death caused by necrotizing disease (5). The 
condition is caused by the pancreas using its own proteases 
to digest itself. It remains unknown whether or not 
trypsin and cholecystokinin are directly responsible for 
this autodigestive damage (6). Acute pancreatitis results in 
symptoms of epigastric pain, vomiting, and nausea, along 
with markedly increased amylase and lipase levels (6). 

To determine the prognosis, the systemic inflammatory 
response (SIRS) and the Bedside Index for Severity of Acute 
Pancreatitis (BISAP) tests are employed (5). Currently, 
there are not many treatments to combat the disease itself, 
but supportive treatments such as fluid resuscitation, and 
enteral feeding help to maintain health in the patient (5).

Chronic pancreatitis typically originates from acute 
pancreatitis although not all patients continue on to develop 
chronic pancreatitis. This recurrent form of pancreatitis 
is marked by fibrosis, loss of islet and acinar cells in the 
pancreas, and inflammation (7). Patients who develop 
acute pancreatitis by smoking or consuming alcohol are 
more likely to develop the chronic form of pancreatitis (7). 
Diagnosing chronic pancreatitis can be attained through 
various imaging tests (MRI, EUS, CT), and patients 
typically present with great abdominal pain similar to that 
of acute pancreatitis (7). Like acute pancreatitis, treating 
and managing chronic pancreatitis is very difficult; Many 

Figure 1 A cartoon depiction of the pancreas and surrounding organs (open access, no copyright)
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times even after therapy, patients still retain symptoms (7). 
In order to manage chronic pancreatitis, abstinence from 
alcohol, pancreatic enzymes, analgesics, or sometimes 
narcotics and opioids are employed (7).

Autoimmune pancreatitis typically presents in middle-
aged and elderly males, accompanied with obstructive 
jaundice, diabetes mellitus, and epigastric discomfort (8). 
Three criteria are used to diagnose autoimmune pancreatitis; 
Enlargement of the pancreas and narrowing of the main 
pancreatic duct, elevated levels of autoantibodies, and 
lymphoplasmacytic infiltration and fibrosis (8). Although 
rare, it has also been found that autoimmune pancreatitis can 
be misdiagnosed as, or found in conjunction with pancreatic 
cancer. These findings make it rather difficult for clinicians 
to determine the true diagnosis of the patient, so tests to 
differentiate the conditions must be used (4).

Pancreatic cancer

According to the American Cancer Society, in 2013, there 
will be 45,220 cases of pancreatic cancer diagnosed in US, 
with 38,460 dying of this devastating cancer (9). Pancreatic 
cancer remains one of the deadliest cancer types, with a 
five-year survival rate of about 5% (10). Pancreatic cancer 
is notorious for being asymptomatic, which then allows 
the disease a greater ability to metastasize to other organs 
before it is ever diagnosed. This particular type of cancer 
arises due to several factors, including environmental, 
genetic, and pathological causes (11). Specifically, a 
history of smoking, increased body mass index, family 
history of pancreatic cancer, alcoholism, pancreatitis, and 
diabetes mellitus are all factors, which increase the risk of 
obtaining pancreatic cancer (10). There are various forms 
of pancreatic cancer, which affect both the endocrine and 
exocrine pancreas systems. The most common cancerous 
tumor in the pancreas is invasive ductal adenocarcinoma, 
and typically retains the title of pancreatic cancer (11). 
Neuroendocrine tumors in the pancreas may also arise, 
but are much less prevalent (12). Neuroendocrine tumors 
result due to an excess in pancreatic hormone levels, and 
treatment must be established to correct the excess in that 
particular hormone, as well as possibly identifying the 
presence of an inherited disease that caused this excess (12). 
Currently, due to the asymptomatic nature of pancreatic 
cancer, early diagnosis remains a challenge. However, once 
the diagnosis is made, patients typically undergo various 
treatments such as chemotherapy, chemoradiotherapy, 
possibly surgical resection of the tumor, as well as other 

supportive therapies (4,9,10,12).

Histamine

The biogenic monoamine histamine is one of the most 
intensely studied molecules in the biological system (13). 
Histamine is known to induce broad spectrum of biological 
activities including cell proliferation, differentiation, 
regulation of gastrointestinal function, and modulation 
of immune responses (13). Histamine is a low molecular 
weight amine synthesized exclusively by L-HDC that is 
expressed in numerous cells throughout the body including 
gastric-mucosa, parietal, and mast cells (14). After histamine 
is formed by HDC it is rapidly stored or degraded (15).

Histamine exerts its biological effects by interacting with 
four G protein-coupled (GPCR) receptors, i.e., H1HR, 
H2HR, H3HR, and H4HR (15). Activating or inhibiting 
the HRs triggers downstream signaling pathways to 
elicit immune-modulatory and pro-inflammatory cellular 
responses (15). H1HRs main signal is induced by ligand 
binding and activation of phospholipase C-generating 
inositol 1, 4, 5-triphosphate and 1, 2-diacylglycerol (DAG) 
leading to increased cytosolic Ca2+ (13,16,17). The H2HR 
is coupled to adenylate cyclase and to phosphoinositide 
secondary messenger system via separate GTP-dependent 
mechanisms (18,19). Histamine is a strong stimulant of 
cAMP accumulation in many cells, and H2HR-dependent 
signaling of histamine is typically mediated through cAMP 
(18,19). In contrast, H3HR activation triggers inhibition 
of cAMP formation, accumulation of Ca2+ and stimulation 
of mitogen-activated protein kinase (MAPK) (20,21). 
H4HR is expressed in many areas of the body including 
intestinal tissue, basophils, and mast cells (13,22). Similar 
to H3HR, H4HR signaling mechanisms triggers an 
inhibition of adenylyl cyclase and downstream of cAMP 
response elements as well as activation of MAPK (22,23). 
Figure 2 depicts the generally acknowledged signaling of 
the histamine/histamine receptor axis [used with permission 
from Shahid, et al., “Histamine, Histamine Receptors, and 
Their Role in Immunomodulation: An Updated Systematic 
Review” The Open Immunology Journal, 2009;2:9-41 (open 
access journal)].

The role of histamine during biliary damage and biliary 
cancer has been extensively studied (14,15,17,18,20,21,23). 
Because the biliary tract and pancreas share similar 
pathological, phenotypical and biological features (24) 
it is likely that histamine, the histamine receptors and 
the synthesis of histamine by HDC are all important in 
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the regulation of pancreatic diseases like pancreatitis and 
pancreatic carcinoma.

Histamine and pancreatitis

As stated above, while most cases of acute pancreatitis are 
non-progressive, recurrent episodes may lead to chronic 
pancreatitis, which is also a very challenging disease (25). 
As the pathophysiological causes of acute and chronic 
pancreatitis gradually become revealed to us, it is hopeful 
that their treatments will become more successful. However, 
the biological basis of pain and the mechanisms underlying 
the pathogenesis of acute and chronic pancreatitis is 
still poorly understood (26-28). Recent findings indicate 
that the activation of granulocytes and macrophages in 
pancreatitis results in the release of a number of cytokines 

Figure 2 The classical binding sites of histamine and their 
main signaling pathways such as AC (adenylate cyclase/cyclic 
AMP), PKC (protein kinase C), PKA (protein kinase A), PLC 
(phospholipase C), H1+ or H2+ (stimulation via H1 or H2 
receptor), H3- & H4- (inhibition via H3 and H4 receptors). 
Used with permission from Shahid et al., “Histamine, Histamine 
Receptors, and Their Role in Immunomodulation: An Updated 
Systematic Review” The Open Immunology Journal, 2009;2:9-41 (open 
access journal)

and inflammatory mediators and an important inflammatory 
mediator, the mast cell, secretes histamine as well as other 
chemotactic molecules and inflammation activators (29-31).  
Mast cells have been implicated in the pathogenesis of 
pain in other conditions and some have hypothesized that 
mast cells and histamine secretion play a role in the pain of 
chronic pancreatitis, which is characterized by mononuclear 
inflammatory cell infiltration (27,32-34). Interestingly, it has 
been shown that humans with painful chronic pancreatitis 
have an increased number of pancreatic mast cells compared 
to those with painless chronic pancreatitis (27).

Because histamine is produced predominantly by mast 
cells, it is important to consider studies involving mast cell 
activation and pancreatitis to analyze the resultant effects 
of histamine during the course of this threatening disease. 
It has also been argued that increased circulating histamine 
levels worsen distant organ injury, especially if derived 
from pancreatic mast cells in cases of acute and chronic 
pancreatitis (28,35,36). In an attempt to study the activation 
of pancreatic mast cells and the effects of mast cell inhibition 
on the activation of peritoneal and alveolar macrophages 
during acute pancreatitis, a recent study suggested that 
pancreatic mast cells are significant triggers of local and 
SIRS in the early phases of acute pancreatitis (37). These 
authors confirmed that pancreatitis resulted in increased 
levels of circulating histamine in plasma in both the pancreas 
and lung. The inhibition of mast cell degranulation with 
cromolyn sodium also resulted in a reduction in pancreatic 
myeloperoxidase (MPO) activity, indicating that this 
treatment reduced pancreatic inflammation (37). Several 
mediators released by mast cells, including histamine are 
increased shortly after (a few minutes) the induction of 
pancreatitis in their experimental models. In addition to this, 
administration of mast cell inhibitors results in a reduction 
of the local and SIRS and prevents changes in endothelial 
cells and vascular permeability (37). As histamine has 
been confirmed to be a potent vasodilator, histamine may 
possibly be an important factor to study in increased vascular 
permeability in pancreatic inflammation (28,38). There 
is a very large population of mast cells that resides in the 
periacinar space, pancreatic interstitium and mesentery and 
these mast cells degranulate early in acute pancreatitis (39).  
In three models of necrotizing disease, local increases 
were noted of mast-cell mediators, histamine being one 
of them (39). In addition, water immersion-induced stress 
was shown to result in the conversion of hyperstimulation 
mild pancreatitis into necrohaemorrhagic disease, similarly 
to when histamine or dimethyl PGE2 were added in a duct 
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hyperpermeability model of mild pancreatitis (40). A similar 
pattern of increase in plasma histamine has been recorded in 
pancreatitis models upon exposure to water immersion stress 
(40,41). As acute pancreatitis can be fatal when it advances 
to systemic inflammation and multi-organ failure, Kempuraj 
et al., desired to study a mouse model of pancreatic duct 
ligation-induced acute pancreatitis that is associated with 
systemic inflammation and substantial mortality (28). These 
authors found using an Enzyme-Linked Immunosorbant 
Assay (ELISA) for in vivo mouse duct ligation-induced 
acute pancreatitis models, plasma histamine concentrations 
were increased. In concurrence with these findings, it has 
also been speculated that increased circulating histamine 
levels originating from activated pancreatic mast cells are 
implicated in the development of acute lung injury during 
acute pancreatitis (28,35,36). Zhao et al., demonstrates that 
pancreatitis-associated lung injury is an early-occurring and 
severe complication that involves a number of inflammatory 
cells and their products in the initiation and progress of the 

condition (36). While higher plasma levels of histamine 
were determined, the intraperitoneal administration of 
cromolyn (a mast cell stabilizer) reduced pancreatitis-
induced systemic increase of histamine after one hour. 
Cromolyn was also found to prevent pancreatitis-induced 
pulmonary endothelial barrier dysfunction after 6 hours (36).  
The authors hypothesize that mast cells and histamine 
may play an important role in the activation of leukocytes 
during the initiation of pancreatitis-associated lung injury 
by altering phenotypes of adhesion molecules (36). Figure 3  
shows immunohistochemistry for mast cells (marked by 
toluidine blue) in the pancreas and lung after induction 
of pancreatitis (B and E) and after cromolyn treatment  
(C and F). Degranulating mast cells were observed in the 
pancreas after pancreatitis induction (B) and cromolyn 
treatment inhibited mast cell degranulation (Reused with 
permission from World Journal of Gastroenterology “Pancreatic 
and pulmonary mast cells activation during experimental 
acute pancreatitis” 2010;16:3411-7).

Figure 3 Immunohistochemistry for mast cells (marked by toluidine blue, 40×) in the pancreas (A-C) and lung (D-F) after induction of 
pancreatitis (B and E) and after cromolyn treatment (C and F). Degranulating mast cells were observed in the pancreas after pancreatitis 
induction (B) and cromolyn treatment inhibited mast cell degranulation (Used with permission from World Journal of Gastroenterology 
“Pancreatic and pulmonary mast cells activation during experimental acute pancreatitis” 2010;16:3411-7)

A B C

FED



221HepatoBiliary Surgery and Nutrition, Vol 2, No 4 August 2013

© Hepatobiliary Surgery and Nutrition. All rights reserved. Hepatobiliary Surg Nutr 2013;2(4):216-226www.thehbsn.org

In clinical trials, controlling histamine levels by way of 
receptor inhibition or mast cell stabilization has yielded 
mixed results. In a retrospective analysis of pancreatic 
exocrine insufficiency (PEI), Sander-Struckmeier et al., 
aimed to determine whether the efficacy of pancrealipase/
pancreatin may be affected by the concomitant use of 
proton pump inhibitors (PPIs)/histamine-2 receptor 
antagonists (H2RAs) (42). PEI, which is a deficiency or 
absence of digestive enzyme secretion in the duodenum, 
is associated with many pancreatic disorders such as cystic 
fibrosis and chronic pancreatitis. Analyzed data from a 
number of clinical trials in patients having PEI indicates 
that the efficacy of pancrelipase/pancreatin is not affected by 
concomitant PPI/H2RA use and concurs with the treatment 
guidelines’ recommendation that acid suppression is not 
routinely mandated with pancreatic enzyme replacement 
therapy (42). Early administration of protease inhibitors 
has commonly been employed for the therapy of acute 
pancreatitis in Japan. Kohsaki et al., state that a number 
of clinical trials have failed to show the clinical effects of 
protease inhibitors and H2 receptor antagonist during the 
treatment of acute pancreatitis and these authors argue 
that well-organized clinical studies should be undertaken 
to assess the relative therapeutic value of these agents for 
acute pancreatitis (43). However, according to Abdel Aziz 
et al., non-enteric-coated enzyme preparations along with 
acid suppression (histamine-2 blockers or PPIs) have at least 
a modest effectiveness in treating pain caused by chronic 
pancreatitis and may be worth a trial in patients with less 
advanced disease diagnosis (44). Clearly, more work needs 
to be performed to fully understand the role of histamine 
and histamine receptors (H1-H4HRs) on the treatment 
strategies of pancreatitis.

Histamine and pancreatic cancers

Pancreatic cancer is the leading cause of cancer-related 
deaths worldwide due to its aggressive nature (45). For 
this reason, it is of great importance that we ascertain 
the interrelations of pancreatic cancer and discover new 
therapeutics to help combat this devastating disease. 
HDC, which converts histidine to histamine, has been an 
important area of study recently due to histamine’s known 
ability to accelerate cancerous cells into cell cycle arrest (45). 
In normal pancreatic islet cells, HDC is predominantly 
found in glucagon cells, but in pancreatic tumors, HDC 
was found in all types of islet cells: glucagon-, insulin-, 
somatostatin-, pancreatic polypeptide- and serotonin-

producing enterochromaffin cells (46). Over expression of 
HDC has been demonstrated in various pancreatic cancer 
cells, but one study found that 79% (19/24) of the evaluated 
pancreatic tumors showed HDC expression (46,47). 
Based on this study, we can define HDC as an indicator 
of endocrine differentiation and, therefore, a potential 
diagnostic tool in pancreatic cancer (46).

Various other studies have been performed to evaluate 
how histamine carries out cellular proliferation via its 
G-protein coupled histamine receptors (H1-H4HR). 
Previous research performed on the PANC-1 cell line, 
which is derived from human pancreatic carcinoma and 
contains a mutated P53, demonstrated that these cells 
over express H1HR and H2HR (45). These PANC-1 cells 
can also secrete histamine into the extracellular medium 
where it can act as an autocrine or paracrine growth factor 
to regulate cellular proliferation through the binding of 
H1 and H2 histamine receptors (45,48). When bound 
to H1HR, histamine has been shown to induce PANC-1 
proliferation by up regulating nerve growth factor (NGF) 
secretion and mRNA expression (49). These effects 
can be negated by pyrilamine, the H1HR antagonist, 
which further proves the increased proliferative effect 
of histamine (49). Histamine or an agonist binding to 
H1HR has also proven to influence PANC-1 cells into 
metastasis due to a decrease in cellular adhesion; which 
is associated with an increase in matrix metalloprotease 
2 (MMP2) activity (48,50). In contrast, when H1HR and 
H2HR were blocked using specific receptor antagonists 
there was an increase in adhesion and, therefore, a 
decrease in cellular motility (48). Activation of H2HR in 
PANC-1 cells tends to have the opposite effect of H1HR 
activation. A study by Cricco et al., states that H2HR 
activation, through the binding of histamine, generates 
partial cellular differentiation of the PANC-1 cell line and 
stimulates cAMP production to inhibit proliferation (45).  
Bcl-2, an anti-apoptotic regulator protein, may be 
involved in this regulation of cAMP (45). This H2HR 
activation also inhibited PANC-1 cell growth by moving 
the cells into G0/G1 phase arrest (45). Furthermore, the 
expression of proliferating cell nuclear antigen (PCNA) 
and Bax, a pro-apoptotic factor, were decreased through 
H2HR modulation (45,51). Additional research done on 
the various histamine receptors has proven that H3HR 
stimulation increases cellular proliferation by regulating 
the cell cycle, but that H4HR stimulation diminishes 
pancreatic tumor growth (52,53). The pathological and 
biological functions of H3HR and H4HR activation 
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in pancreatic tumors are vague and require further 
investigation in order to be clearly defined.

Currently, mast cells have been of great interest in the 
studies of pancreatic cancer as well (54). Mast cells are 
ubiquitous and found throughout all tissues of the human 
body and contain many cytoplasmic granules that, when 
stimulated, are able to release considerable quantities of 
histamine into the surrounding microenvironment (54). 
Mast cells have other roles, but their release of histamine is 
what draws them into the interest of this review. In general, 
mast cell infiltration is increased in cases of pancreatic 
cancer when compared to normal pancreatic tissue (55). 
This same study demonstrated how PANC-1 cells, when 
in the presence of mast cell conditioned media, were 
accompanied with an influx of mast cells; Which leads to 
increased pancreatic cancer cell migration, proliferation, 
and invasion (55). Conversely, this infiltration did not 
have an effect on normal pancreatic tissues (55). This 
increase in mast cell number can be an indicator of higher-
grade pancreatic adenocarcinoma and, therefore, can be 
correlated with poorer prognosis for the patient (54,55). 
The exact pathological and physiological role of mast cells 
and histamine secretion in pancreatic carcinoma is unclear 
and requires further research.

Clinical studies in pancreatic cancer

Currently, 5-6% of pancreatic cancer patients with non-
resectable disease have an estimated survival rate of 5-years, 
but chemotherapy resistant patients have a median survival 
time of <6 months (56,57). Due to its poor prognosis 
and aggressive nature pancreatic cancer has prompted 
many research facilities to perform clinical trials to help 
determine a productive treatment method for this disease. 
For the past 10-15 years the main form of chemotherapy 
treatment for advanced and metastatic cancer was the 
use of gemcitabine, an anti-metabolite (56). Generally, 
gemcitabine is a favorable treatment in patients that have 
a poor performance status (56). Five recent clinical trials 
tested the efficacy of gemcitabine by administering it to 
different sets of patients; four trials administered it as a fixed 
dose rate of 10 mg/m2/min, while one trial administered it 
as a standard infusion rate over 30 minutes (56,58-61). The 
data from all five of these trials gave a median response rate 
(RR) of 23%, a median progression-free survival (PFS) of  
4 months, and an overall survival (OS) of 6 months (56).

Research has suggested that there may be a survival 
benefit in first-line treatment when erlotinib, a tyrosine 

kinase inhibitor, is combined with gemcitabine (56,62). One 
trial treated patients in a 1:1 ratio with either a combination 
of erlotinib and gemcitabine or gemcitabine together with a 
placebo (62). The results from this study concluded that OS 
was significantly prolonged with the erlotinib/gemcitabine 
treatment compared to gemcitabine with the placebo 
(6.24 vs. 5.91 months, respectively) (62). Overall first-year 
survival was also greater with the combined treatment (23% 
vs. 17%), but there tended to be more adverse side effects 
with the combined treatment (erlotinib and gemcitabine) 
when compared to gemcitabine with the placebo (62).

Other studies have suggested the use of gemcitabine in 
conjunction with platinum agents as a potential treatment 
in the first-line setting of advanced pancreatic cancer 
(56,63-65). When analyzing the results from gemcitabine 
with platinum agents there tended to be an improvement 
in RR and PFS (P=0.006 and 0.059, respectively), but no 
significant improvement in OS (P=0.1) when compared 
to other methods of treatment (56). Gemcitabine is not 
the only compound that has been suggested to be used 
with platinum agents. Some research has suggested the 
use of the pyrimidine analog, 5-fluoruracil (5-FU) with 
platinum agents as well (56). Recently, 8 trials studied 
the effectiveness of 5-FU with oxiplatin, a platinum 
based alkylating agent, and 2 trials tested 5-FU with 
cisplatin, a platinum containing drug that cross-links DNA  
(56,62,66-72). When analyzing the data from these 8 clinical  
trials, the 5-FU combined with a platinum agent had a 
median PFS of 2.9 months and a median OS of 5.7 months 
(56,62,66-72). When compared to the treatments stated 
earlier, it seems as if the combination of 5-FU with platinum 
containing agents is less efficient in terms of survival  
benefit (56).

Future studies and concluding statement

Throughout this article we have aimed to highlight the 
characteristics of pancreatitis, pancreatic cancer, and 
histamine’s role in the progression and development 
of these diseases. When viewing current literature that 
discusses the involvement of histamine in various forms 
of pancreatitis we can see that histamine and mast cell 
secretion tightly regulate inflammation, which can 
ultimately lead to endothelial cell destruction. Being able to 
block this pro-inflammatory signaling pathway via mast cell 
degranulation inhibition may decrease the damaging effects 
that histamine is able to enact on the pancreas. Histamine 
has also been labeled as a vasodilator in pancreatitis, but its 
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exact function in this area requires further investigation. 
In terms of clinical trials, some work on the treatment 
of acute pancreatitis using protease inhibitors and an H2 
receptor antagonist were ineffective in terms of prevention 
and replacement therapy, but were successful in relieving 
pain in early developed acute pancreatitis. Clinical trials on 
histamine influence in pancreatitis are few and far between 
and thus require additional studies. Histamine’s regulation 
of pancreatic cancer is more convoluted and confusing than 
it is in pancreatitis in general. When working through its 
H1HR and H3HR receptors histamine has demonstrated 
pro-proliferative and metastatic abilities in the PANC-1 
cell line, but when bound to H2HR or H4HR histamine 
has proven to be anti-proliferative through G0/G1 cell cycle 
arrest, the diminishment of tumor growth, and generation 
of partial cellular differentiation. Recent clinical trials on 
pancreatic cancer have been valuable in terms of generating 
treatment options that successfully help to prolong life, 
but no current trials have been performed with histamine-, 
mast cell-, or histamine receptor-related therapies. 
For this reason, clinical studies on the manipulation of 
histamine through various signaling molecules, such as 
mast cells, HDC, and H1-H4HR, need to be developed 
to help determine if this area of study could be beneficial 
to the lives of future patients. The future of histamine in 
prevention, diagnosis and therapy of pancreatic diseases is 
unknown and open to evaluation and experimentation.
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