Chapter 3
Common Pancreatic Disease

3.1 Pancreatitis

Pancreatitis is an inflammatory disease of the pancreas characterized by acute and
chronic condition as well as varying duration and severity. Acute pancreatitis (AP)
is a severe abdominal inflammation, characterized by parenchymal edema, necrosis
with occasional presence of pseudocysts, abscess, hemorrhage, and inflammatory
cell infiltration (Chan & Leung, 2007a). Its disease spectrum varies from mild ede-
matous to severe disease with fatal complications. Pancreatic acinar cells are very
susceptible to inflammation during an episode of AP attack. It is believed that some
initiating factors can lead to the premature transformation of inactive pro-proteases
into active proteases within the pancreas. The active proteases degrade a number of
cellular proteins such as the structural protein F-actin, thus leading to the collapse
and malfunction of acinar and pancreatic damage, a process known as autodigestion
of the pancreas (Singh et al., 2001).

3.1.1 Etiology and Prognosis

Some AP-triggering environmental toxins are known to directly affect pancreatic
acinar cells, leading to rupture and necrosis, and eventually an extensive inflam-
matory response. Epidemiological studies have revealed that the morbidity rate
of the disease depends on which regions are examined, ranging from 50 to 800
cases per 1,000,000 people annually. Actually, AP is more prevalent in Caucasian
than in Asian populations. The incidence rate is 700—800 and 150-420 per million
annually in the USA and UK, respectively (Banks, 2002); however, it is just 106—
205 per million annually in Japan (Sekimoto et al., 2006). Similar studies in China
and Hong Kong have been inconsistent. In 2007, there were only 1976 patients with
AP admitted to hospital from 15 Chinese tertiary care centres during the period
from 1990 to 2005 (Bai et al., 2007). Despite this discrepancy, there are an increas-
ing number of individuals with AP, probably due to life-style changes and increased
exposure to risk factors in recent decades.
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The diagnosis of AP entails several characteristic clinical features, such as
abdominal pain at the upper epigastric region, vomiting, and elevation of plasma
pancreatic enzyme levels, such as a-amylase and lipase. Hyperstimulation or pan-
creatic lesions might account for leakage of pancreatic enzymes into circulation.
It should be emphasized that elevated levels of plasma pancreatic enzymes are a
commonly used indicator for AP, though they do not generally reflect the degree of
disease severity. It is noted that the elevation of plasma a-amylase tends to be cleared
most rapidly from the circulation and it is the first enzyme to fall during resolution
of AP. In view of this fact, if a patient with AP presents more than a few days after
onset of abdominal pain, serum amylase can be normal or only slightly elevated. In
this case, serum lipase is however cleared less rapidly and thus this enzyme is more
likely to remain elevated in patients whose onset of symptoms is several days earlier.
In addition, serum amylase levels can also be elevated in non-AP conditions such
as pancreatic duct obstruction, pancreatic cancer, appendicitis, bowel obstruction
and renal failure. On the other hand, measurement of serum C-reactive peptide and
interleukin-6 (IL-6) provides additional information, particularly within 48 h of the
onset of AP symptoms (Davies & Hagen 1997). For further evaluations, approaches
such as ultrasonography and computed tomography imaging are more effective
and reliable; these diagnostic procedures offer a better understanding of the cause
of the disease, including the presence of gallstones or dilatation of the common
bile duct.

In the clinical setting, about 80% of AP can be etiologically determined while the
remaining cases are classified as idiopathic or without a known cause. Alcoholism
and gallstone obstruction (choledocholithiasis) are the two major causes of the dis-
ease, accounting for about 35 and 45% of AP cases, respectively. Other causes of
AP, to name but a few, include drug uses, trauma, genetic and infection. The cardinal
feature of alcoholism-induced AP is characterized by the formation of proteinaceous
plugs in bile ducts thus activating proteolytic enzymes and leading to pancreatic
autodigestion. Gallstone obstruction-induced AP is, however, due mainly to gall-
stone formation which results in blockage of ampulla of Vater and thus reflux of
biliary and pancreatic juices into pancreatic ducts, eventually leading to pancreatic
inflammation. Different countries and regions have various proportions of pancre-
atitis caused by alcoholism and gallstones. Alcoholism is a major cause in some
regions while gallstones may be a major cause in others. A similar incidence rate
between these two etiological factors has also been reported (Gullo et al., 2002).
However, it should be noted that the risk of acute alcoholic pancreatitis and acute
gallstone-induced pancreatitis is around 2-3% and 0.63—1.48%, respectively, sug-
gesting that these two risk factors can not fully account for the incidence of AP. In
fact, idiopathic pancreatitis accounts for the third most common cause of AP clini-
cally. Other risk factors including hyperlipidemia, viral infection (HI'V, mumps and
hepatitis B), and endoscopic retrograde cholangiopancreatiography (ERCP), as well
as surgical procedures and medications may be implicated in the development of AP
(Chan & Leung, 2007a).

The AP recurrence rate is relatively high. A cohort study in Sweden reported
that about 21% of AP patients suffer a recurrence, with nearly 70% of them



3.1 Pancreatitis 31

exhibiting a second episode within three months of the first episode (Andersson
et al., 2004). A similar follow-up study conducted in Japan indicated an overall
recurrence rate of 37% (Sekimoto et al., 2006). If choledocholithiasis is not treated
properly, the recurrence rate of gallstone-induced pancreatitis could reach 32-61%
(Delorio et al., 1995). Patients with alcoholism-induced pancreatitis and idiopathic
pancreatitis have been reported to have relapse rates of around 46 and 3.2%, respec-
tively, indicating that recurrence varies in an etiology-dependent manner (Pelli et al.,
2000).

Some patients may gradually develop chronic pancreatitis (CP) if recurrent AP
is not well controlled. Basic research studies have revealed that repeated episodes
of AP result in a progressive development to CP. The so-called “necrosis-fibrosis
theory” hypothesizes that residual pancreatic damage, especially necrosis, can
gradually lead to parenchymal destruction and fibrosis replacement (Ammann &
Muellhaupt, 1994). It is believed that repeated acinar injury leads to activation of
pancreatic stellate cells (PSCs). The activated PSCs secrete fibrogenic factors, thus
triggering progressive substitution of functional exocrine pancreas and subsequent
development of CP (Leung & Chan, 2009). It should be emphasized that AP and CP
are two distinct diseases with discrete features in terms of pancreatic morphology
and clinical outcome. Patients with AP usually exhibit pancreatic swelling (edema-
tous or necrotic cell death), while the pancreata of CP patients usually undergoes
atrophy and apoptosis. In AP, the damage is confined to the exocrine pancreas
and exocrine dysfunction leads to pancreatic exocrine insufficiency; meanwhile, CP
or repeated episode of AP attack causes endocrine dysfunction that emerges from
advanced stage of CP, notably in the form of pancreatic fibrosis which accounts
for not only pancreatic exocrine but also endocrine insufficiency, the latter being
attributable to impaired glucose tolerance or diabetes.

Mortality is the major complication of severe AP. The overall mortality rate of
AP lies between 7.5 and 20%, depending on the diagnostic criteria chosen and
the age of the patients. Most patients are susceptible to death within the first few
weeks after the onset of symptoms. Early mortality is associated with the develop-
ment of systemic inflammatory response syndrome (SIRS), aggravated by multiple
organ dysfunction syndrome (MODS). In this context, death is generally due to local
complications, notably occurrence of infection resulting from pancreatic necrosis.
The clinical parameters of MODS include dyspnea, shock, bleeding tendency, and
elevated blood urea (Sekimoto et al., 2006). In terms of organ failure, pulmonary
dysfunction is commonly observed. Acute respiratory distress syndrome (ARDS) is
usually the primary manifestation of AP-associated complications and is believed
to trigger MODS (Bosma & Lewis, 2007). On the other hand, the development
of ARDS may further exacerbate the severity of pancreatitis since hypoxia is a
well-known enhancer of inflammatory responses. Undoubtedly, the more organs
that fail, particularly if the liver and kidney are involved, the higher the mortality
rate is (McFadden, 1991). The mortality rate in AP-induced ARDS surges when
renal failure has ensued. Actually, there is a close association between pancreatic
necrosis and development of SIRS as well as MODS. It is believed that necrotizing
pancreatitis causes the release of overwhelming pro-inflammatory mediators and,
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subsequently, over-activates inflammatory responses, leading to SIRS and distant
organ lesions and thus death ensues.

3.1.2 Treatments

Although AP has been studied for decades, promising and effective therapy is still
not available. In most cases, patients develop mild, self-limiting AP, requiring no
special treatment or surgery. Traditional approaches are generally palliative and
nonspecific including analgesic (opiate) administration for pain relief, intravenous
fluids for volume depletion and nothing by mouth for pancreatic rest. By doing so,
the patients may be discharged from the hospital within weeks. However, around
20% of patients develop severe AP, concomitant with lethal complications that bring
the mortality rate up to 20-25% in these patients, compared with 1-3% in a mild
attack. In such cases, patients should be monitored under intensive care unit and
surgery should be justified in such case as gallstone-induced AP.

Enteral/parentenal nutrition, antibiotic treatment, surgical removal of necrotic
tissue, and some surgical manipulations such as cholecystectomy are the first-line
treatment modalities for clinical AP (Makola et al., 2007). However, many such
treatments are rather passive in nature (e.g. enteral/parentenal nutrition) while oth-
ers are invasive (e.g. surgical management). Most of these treatments are targeted
for the complications of the disease (e.g. sepsis or pain management) rather than
the primary insults. In view of this fact, clinicians are in search of new effec-
tive alternatives for curing AP. Potential therapeutic approaches derived from basic
research include, but are not limited to, the protease inhibitor gabexate, the anti-
secretagogue agent octreotide, the anti-inflammatory drug lexipafant, and an antiox-
idant regimen. Unfortunately, thus far, these potential therapeutic methods have
yielded unsatisfactory or marginal results and warrant further extensive investigation
(Chan & Leung, 2007a; Leung & Chan, 2009).

Emerging data from basic research have shed some lights on potential therapeu-
tic strategies against AP, such as cyclooxygenase (COX)-2 inhibition, substance P
antagonism, and heat shock protein (HSP) activation. COX-2 expression has been
found to be up-regulated in caerulein-induced pancreatitis in both mice (Song et al.,
2002) and rats (Zhou et al., 2004). Treatment with specific COX-2 inhibitors, such
as celecoxib and NS-398, could alleviate pancreatic injury (Song et al., 2002).
Genetic knock-out of COX-2 leads to resistance against experimental pancreatic
injury and its associated lung injury (Song et al., 2002). In addition, the expression
of substance P, the physiological agonist of neurokinin 1 receptor (NK1R), has been
shown to be upregulated during experimental pancreatitis, thus implicating its role
in AP-induced lung injury (Bhatia et al., 1998; Lau et al., 2005a); a pharmacological
antagonist for its receptor was also protective against caerulein-induced pancreati-
tis and associated lung damage (Lau et al., 2005a). On the other hand, the chaperon
protein and HSP have also been closely linked with AP pathogenesis; secreatagogue
and arginine-induced pancreatitis was shown to provoke pancreatic HSP protein
expression and HSP induction was shown to be protective against experimental
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Fig. 3.1 Schematic diagram illustrating the simplified relationship between AP pathophysiology
and some novel biological factors (modified from Chan & Leung, 2007a)

pancreatitis (Tashiro et al., 2001). Last but not least, we have shown that angiotensin
I, the vasoactive peptide, is crucial in mediating pro-inflammatory responses dur-
ing AP (Chan & Leung, 2007b). The novel roles of angiotensin II and its type 1
receptor (AT1R) blockade and thus its clinical relevance to pancreatic inflammation
will be further discussed in Chapter 10. Potential pathogenetic factors of acute pan-
creatitis implicated and discussed above in the pathogenesis of AP are summarized
in Fig. 3.1.

3.2 Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal recessive disease commonly found about once
in every 25,000 births in the Caucasian population while it occurs rare in native
Africans and Asians. The disease is a result of a genetic defect leading to abnormal
sodium chloride and water movement across the epithelial membranes. Where such
membranes line the pancreatic duct and small respiratory airways, they produce
dense and viscous mucus that cannot be properly cleared, thus causing pancreatic
insufficiency and pulmonary disorder. The genetic defect involves a particular mem-
brane protein expressed in the epithelial cells, called cystic fibrosis transmembrane
conductance regulator (CFTR). Mutations in the CFTR are categorized into five
groups according to their repercussion on CFTR protein synthesis and its chloride
channel function. Class I or stop codon mutations result in truncated non-functional
CFTR; Class Il mutations consist of aberrantly folded CFTR protein that is degraded
by the cell quality control system; Class III mutations lead to defective regulation
of the CFTR protein; Class IV mutations cause defective chloride conductance; and
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Class V mutations interfere with normal transcription, thereby reducing the amount
of normal CFTR (Proesmans et al., 2008).

3.2.1 Etiology and Prognosis

One of the genetic mutations of CF gene is due to a single mutation (amino acid
508) located on the long arm of chromosome 7 that codes for the CFTR protein.
This genetic defect is characterized by abnormalities in exocrine gland function that
result in altered ion composition and increased viscosity of epithelial cell secre-
tions. The affected tissues include the secretory cells of the sweat glands, salivary
glands, small intestine, lungs, vas deferens, and the exocrine pancreas (Voynow &
Scanlin, 2005). CF is manifested by elevated electrolyte concentrations, reduced ion
permeability, and impaired luminal ion secretion upon stimulation by secretagogues
(Tucker et al., 2003). Thus, the defect in perturbed salt and water transport leads to
secondary alterations of pancreatic, intestinal and pulmonary functions. Pancreatic
exocrine insufficiency is clinically obvious in 85-90% of CF patients (Baker et al.,
2005).

As mentioned, CFTR is expressed in various cell types, including the pancreas.
It is comprised of two membrane-spanning domains and two nucleotide-binding
domains separated by a regulatory R domain. The two membrane-spanning domains
form a low-conductance chloride channel pore. It is regulated by ATP binding and
hydrolysis at the nucleotide-binding domains following initial phosphorylation of
the R domain. CFTR functions as a chloride channel in the apical membrane of
epithelial cells that regulate ion transport (Schwiebert et al., 1999). It has inhibitory
effects on apical Na™ permeability across epithelia while activating non-CFTR chlo-
ride channels. Owing to the widespread presence of CFTR throughout the body, CF
is a multisystem disorder affecting many organs, especially the gastrointestinal tract,
pancreas and lungs.

Failure of the function of CFTR results in impaired chloride transport at the api-
cal surface of epithelial cells and dysregulation of other transporters, such as the
chloride-coupled bicarbonate transport and sodium channel activity (Reddy et al.,
1999; Choi et al., 2001). The aqueous medium of the intestinal lumen becomes
hyper-viscous in CP patients due to excessive and abnormal intestinal mucopro-
tein (Forstner et al., 1984). In the pancreas, these viscous secretions cause luminal
obstruction of pancreatic ducts, leading to acinar cell destruction, fibrosis, and ulti-
mately pancreatic exocrine insufficiency which is characterized by a decrease or
absence of digestive enzymes and concomitant with maldigestion and malabsorp-
tion of nutrients. In view of the close interaction between exocrine and endocrine
pancreas, patients with CF usually develop with pancreatic exocrine along with
endocrine insufficiency as manifested by other pancreatic conditions such as acute
and chronic AP, pancreatic surgery and pancreatic cancer (Czako et al., 2009). The
pathophysiology of lung disease in CF is more complex than that of pancreatic dis-
ease. A major finding is that the airway mucus is thick and viscous as a result of
insufficient fluid secretion into the airway. The lung epithelium secretes fluid in
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a mechanism that requires CFTR while absorbing fluid that requires apical ENaC
sodium channels. In patients with CF, the reduced activity of CFTR shifts the bal-
ance more toward absorption, and a thick mucous layer is generated that inhibits
the ciliary clearance of foreign bodies. The result is an increased rate and sever-
ity of infections and thus inflammatory processes that contributes to the destructive
process in the lung (Ingbar et al., 2009). In contrast, the levels of salivary secre-
tion are normal or raised while lingual lipase levels are elevated (Guy-Crotte et al.,
1996). Although CF is the most common lethal genetic disease in Caucasians, there
is often a delay between the onset of symptoms and definitive diagnosis. Blood
spot CF screening tests can be performed in newborn babies. A definitive diagnos-
tic sweat test will then be given if the screening suggests CF. About one in five
people with CF are diagnosed at birth when their gut is blocked by extra thick
meconium.

3.2.2 Treatments

The conventional treatment of CF is usually palliative, alleviating signs and symp-
toms and treating organ dysfunction, including replacement of pancreatic enzymes,
vitamin and nutritional supplements, airway clearance techniques, daily physio-
therapy and antibiotics for pulmonary infections (Davis et al., 1996; Ramsey,
1996).

Despite advances in treatment, there remains no cure for CF. It has become appar-
ent that there is a need for a more effective and convenient therapy. New therapies
directed at the basic defect represent the only potential approach to truly treating CF.
The identification of the gene responsible for CF (CFTR protein), in 1989, provided
insight into a potential treatment for CF. Gene therapy, the transfer of a normal copy
of the CFTR gene into the lungs of CF patients, has been proposed as an attrac-
tive alternative to the conventional approach (Riordan, 2008; Ratjen, 2007). Genes
are most commonly transferred into cells through viruses and liposomes. Viruses
have evolved to enter the cells of the body efficiently. Scientists have harnessed this
property for gene therapy by inserting a copy of the therapeutic gene of interest
into the virus, which then directs it into the cell. The adenovirus is an example of a
virus that has been used extensively for gene therapy. On the other hand, liposomes
are fatty substances that naturally adhere to the surface of cells, thus facilitating
entry into cells. The CF gene could potentially be transferred into the airway cells;
however, considerable challenges lie ahead, particularly with regard to efficiency
of gene transfer and persistence of transferred gene expression (Atkinson, 2008).
The field is moving forward rapidly, particularly pertaining to the development of
better virus and liposome vectors. Apart from the aforementioned state-of-the-art
methodology, there are a number of potential drugs which are emerging for the treat-
ment of CF and are in clinical trials. They include some anti-bacterial formulations,
anti-inflammatory agents, ion channel modulating agents, and agents that correct
the underlying gene defect (Jones & Helm, 2009). The pathogenetic pathways and
common symptoms of CF are briefly summarized in Fig. 3.2.
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3.3 Pancreatic Cancer

3.3.1 Etiology and Prognosis

Pancreatic cancer is a deadly malignant disease with an extremely high mor-
tality rate in humans. It is classified into tumours arising from the pancreatic
exocrine tissue (ductal adenocarcinoma) and pancreatic endocrine tissue (insuli-
noma, glucagonoma, gastrinoma and VIPoma), as well as atypical neoplasms
(Iymphomas, mesotheliomas and sarcomas) (Hruban & Adsay, 2009). It is the fourth
leading cause of cancer in the United States, with an estimated 37,680 new cases
and 34,290 deaths in 2008 (Jemal et al., 2008). Ductal adenocarcinoma accounts for
approximately 80% of all pancreatic cancers (Lewis, 2006). Only 23% of patients
with pancreatic cancer of exocrine origin will survive for 1 year, while about 4%
will survive for 5 years. In contrast, pancreatic endocrine tumours are relatively
rare accounting for less than 2% of pancreatic neoplasms. In this section, we thus
focus on the ductal adenocarcinoma as an example of pancreatic cancer for further
discussion below.

The risk of developing pancreatic cancer is much higher beyond the age over
50 and is more prevalent in males. Risk factors include family history, cigarette
smoking, a diet rich in fat and meat, and exposure to chemicals. In addition, patients
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with diabetes mellitus, chronic pancreatitis and gastric surgery are more susceptible
to the disease (Dunphy, 2008). Diagnosis of pancreatic cancer in an early stage is
extremely difficult, mainly due to the nonspecific symptoms and the lack of accurate
diagnostic tests. Hence, more than 80% of patients with pancreatic cancer are diag-
nosed only in advanced or late tumour stages (stage II-1V), often when the tumours
metastasize without a recourse of tumour resection (Canto, 2008). Furthermore, the
propensity for tumour metastasis and intrinsic resistance to conventional chemo-
radiation treatments renders pancreatic cancer very difficult to handle clinically.
Surgical resection of localized tumours is the only potentially curative option avail-
able for pancreatic cancer patients (Ozawa et al., 2001). Unfortunately, pancreatic
cancer is a highly aggressive cancer and, with the late diagnosis that characterizes
many cases, only about 10-15% of patients are considered suitable for the surgical
option. There are two standard resection procedures, including resection of the pan-
creatic head and of the left-side pancreatic tissues. In the case of a local advanced
tumour, a total pancreatectomy may be chosen for particular patients (Loos et al.,
2008a). Pancreatic surgery has significantly improved and the associated postoper-
ative morbidity and mortality have decreased markedly over the last three decades.
Despite these advances, the prognosis for patients with pancreatic cancer remains
poor and this poor prognosis is the reason for pancreatic cancer’s high mortality rate.

3.3.2 Treatments

Complete surgical resection of the tumour is only possible in 10-25% of patients
with pancreatic cancer, while about half of them are subjected to adjuvant thera-
pies. Chemotherapy with 5-fluorouracil (5-FU), cisplatin, oxaliplatin, mitomycin C,
and doxorubicin in mono- or combination treatments are the major options for pan-
creatic cancer. In the case of locally unresectable or metastatic adenocarcinoma,
chemotherapy was found to enhance overall 1-year survival, but not to appreciable
improve long-term (5-year) survival (Loos et al., 2008b). In 1996, gemcitabine was
approved as the standard chemotherapeutic agent in monotherapy or combination
therapy for locally advanced and metastatic pancreatic cancer (Barton-Burke, 1999;
Hui & Reitz, 1997). Gemcitabine has been reported to improve survival and allevi-
ate disease-related symptoms (Almhanna & Kim, 2008). Single chemotherapy with
gemcitabine is considered the standard for patients with advanced pancreatic can-
cer along with other drugs including 5-FU. Meanwhile, targeted therapies inhibiting
specific pathways for the growth and progression of malignant tumors are under
intensive investigations. The epidermal growth factor receptor (EGFR) mediated
pathway is one of the most promising targets for the treatment. In over 90% of
cases, EGFR is over-expressed to stimulate pancreatic tumour growth (Lemoine
et al., 1992). Indeed, the EGFR tyrosine inhibitor erlotinib has been shown to
increase median survival and, in 2005, the U.S. FDA approved the use of erlotinib
in combination with gemcitabine for treating locally advanced, unresectable, or
metastatic pancreatic cancer (Danovi et al., 2008). Gene therapy using antisense
oligonucleotides or ribozymes could also correct a genetic defect or mutation. For
example, K-ras and p53 tumour suppressor gene mutations are found in about 70%



38 3 Common Pancreatic Disease

of pancreatic cancer and have been predominant targets in preclinical gene therapy
studies (Danovi et al., 2008).

Despite these recent advances, treatment of pancreatic cancer remains difficult
and relatively ineffective due to its intrinsic broad resistance to cytotoxic drugs.
Some recent studies have focused on the transcription factor nuclear factor kappa B
(NF-«kB), which is proposed to be a central determinant in the induction and mani-
festation of chemo-resistance in pancreatic cancer cells. Since constitutive activation
of NF-kB is a hallmark of pancreatic cancer accounting for profound chemo-
resistance, suppression of NF-kB activity might be a useful strategy for increasing
sensitivity towards cytostatic drug treatment (Sebens et al., 2008). However, solid
tumors apparently exhibit comprehensive protection from induction of apoptosis, so
pharmacological inhibition of NF-kB only appears to be insufficient. Thus, NF-kB
inhibition should be used as a chemo-sensitizing adjuvant in combination with other
cytostatic drugs.

Several new immunotherapies have been developed for potential treatment of
pancreatic cancer. Chemotherapy, which reduces tumour cells by preferentially poi-
soning proliferating cells, is not a cancer cure per se. Immunotherapy, however,
could potentially eliminate quiescent tumour (stem) cells. Although immunother-
apy is in the early stage of development and has not yet replaced conventional
chemotherapy, it may in the future be an additional approach in fighting cancer
and eradicating tumour stem cells (Schulenburg et al., 2006). Table 3.1 summarizes
the different forms of pancreatic tumours that arise from exocrine and endocrine
origins, together with their characteristics and the current treatments.

3.3.3 Alternative Approach Using Traditional Chinese Medicine

Based on herbal medicine knowledge that has accrued over centuries, tradi-
tional Chinese medicine provides a potential approach for alternative treatments
to pancreatic cancer. Chinese herbal extracts have been extensively investigated in
various clinical trials of anti-tumour studies, including studies of leukemia, lung,
ovarian, breast and pancreatic cancers. Indeed, a number of Chinese herbs have
been identified as having anti-cancer properties (Wang et al., 2005). For exam-
ple, Curcumin has been reported to possess a wide range of beneficial properties,
including anti-inflammatory, antioxidant, chemopreventive and chemo-therapeutic
activities. Curcumin influences multiple signalling pathways, including the fol-
lowing: cell survival pathways regulated by NF-kB, Akt, and growth factors;
Nrf2-dependent cytoprotective pathways; and matrix metallo-proteinase-dependent
metastatic and angiogenic pathways (Park et al., 2005; Zheng & Chen, 2004).
Additionally, the traditional Chinese medicinal Brucea javanica was recently shown
to exhibit various biological activities such as anti-malarial (O’Neill et al., 1987),
anti-inflammatory (Hall et al., 1983), and hypoglycaemic effects (NoorShahida
et al., 2009), thus implicating its clinical use for the treatment of various
diseases.

Brucea javanica is a shrub of about 3-meter height. The fruit of Brucea javanica,
or Ya Dan Zi in Chinese (meaning crow bile fruit), contains oils (glyceroltrileate,
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Fig. 3.3 Photographs of Brucea javanica. (a) The plant. (b) The fruit. (¢) The dry fruit. (d)
Chemical structure of brucein D

oleic acid, linoleic acid), alkaloids, quassinoids, bursatol, brucein A, B, C, D, E,
F and H etc (Fig. 3.3). In term of cancer, extracts or compounds from Brucea
Jjavanica, particularly brucein D, have anti-proliferative and cytotoxic effects on a
number of cancer cell types; they include, but are not limited to, the lung, liver,
breast and oesophageal cancers (Lau et al., 2005b). In our laboratory, we have
recently performed preliminary screening tests on nine commonly used Chinese
herbal medicines for anti-pancreatic cancer activities. Among these, an ethano-
lic extract of Brucea javanica fruit has also been identified to possess potent
cytotoxicity that induced marked apoptosis in several human pancreatic cancer
cell lines, including PANC-1, SW1990 and CAPAN-1 while exhibiting less cyto-
toxic action on Hs68 cells (a human foreskin fibroblast cell line); specifically, it
produced chromatin condensation and fragmentation as well as activation of the
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Fig. 3.4 A schematic presentation of the proposed mechanism (s) by which brucein D induces
apoptosis and anti-apoptosis in PANC-1 cells

proteolytic cleavage of caspase 3 in these human pancreatic cancer cell lines (Lau
et al., 2008). Furthermore, brucein D, a quassinoid compound found abundantly
in Brucea javanica fruit, displayed potent anti-proliferative activity and induced
apoptosis in PANC-1 cells through activation of the p-38 mitogen-activated protein
kinase (MAPK) signal transduction pathway (Lau et al., 2009). Both intrinsic and
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extrinsic apoptotic pathways are activated following p38-MAPK phosphorylation
and, ultimately, the effector caspase 3 is activated, causing irreversible apoptotic
cell death in pancreatic cancer cells. On the other hand, Brucein D treatment
depletes intracellular glutathione levels in PANC-1 cells, while triggering activation
of the NADPH oxidase isoforms p22PP* and p67P"°*, and increasing superoxide
generation. Although intracellular reactive oxygen species and NADPH oxidase
activities can be inhibited by the presence of an antioxidant (e.g. N-acetyl cysteine),
inhibition of NF-kB activity in brucein D-treated cells appears to be independent
of ROS changes (Lau et al., 2010). These results suggest that brucein D elicits
apoptosis in pancreatic cancer cells by activating the redox-regulated p38 MAPK
signalling pathway and reducing anti-apoptotic activity through inhibition of NF-kB
activation.

Taken the above substantial data together, these findings provide experimen-
tal evidence that supports the potential use of traditional Chinese medicinal
such as Brucea javanica fruit extract, in the treatment of pancreatic cancer and,
more importantly, brucein D is a promising candidate compound for further
development into a mechanism-driven anti-pancreatic cancer agent. A schematic
presentation of the proposed mechanism(s) by which brucein D induces MAPK-
mediated apoptosis and NF-kB-mediated survival in PANC-1 cells is presented
in Fig. 3.4.

3.4 Diabetes Mellitus

3.4.1 Etiology and Prognosis

Blood glucose concentration has a normal range of 3.8—7 mmol/l (70-125 mg/dl).
When the body is not able to maintain normal glucose status, glucose cannot enter
into cells to supply them with energy. Prolonged high blood glucose levels, a
state known as hyperglycemia, ultimately leads to diabetes mellitus. The American
Diabetes Association (ADA, 2009) distinguishes among normoglycemia, impaired
glucose tolerance (IGT, also known as pre-diabetes), and overt diabetes mellitus
based on fasting plasma glucose (FPG) levels and 2-h oral glucose tolerance test
(OGTT) results as follows: normoglycemia is FPG <6.0 mmol/l (110 mg/dl) and
2-h OGTT <7.7 mmol/l (140 mg/dl); IGT is FPG levels >6.0 mmol/l (110 mg/dl) but
<7.0 mmol/I (125 mg/dl), and 2-h OGTT >7.8 mmol/l (140 mg/dl) but <11.1 mmol/l
(200 mg/dl); and overt diabetes mellitus is FPG >7.0 mmol/l (125 mg/dl) and
2-h OGTT >11.1 mmol/dl (200 mg/dl). Individuals with impaired FPG or IGT
are generally euglycemic and have normal or near normal glycated hemoglobin
levels (HbA ¢, normal range 3.5-5.5%), but may progress to overt diabetes with-
out treatment. Diabetes is often concomitant with chronic complications such as
nephropathy, retinopathy and neuropathy which in turn can lead to end-stage renal
failure, blindness and diabetic foot, respectively.
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Diabetes mellitus is classified as type 1 (T1DM), type 2 (T2DM), gestational dia-
betes (GDM), and other specific types, based on its specific pathogenesis (American
Diabetes Association, 2009). According to the definition of the World Health
Organization (WHO), the two major types, namely T1DM and T2DM, account
for approximately 10 and 90% of diabetics, respectively. TIDM (also previously
known as insulin-dependent or juvenile diabetes) results from an absolute defi-
ciency of insulin secretion from pancreatic f-cells. Most of the TIDM incidence
is due to immune-mediated disease with autoimmune features, such as the presence
of islet cell antibodies (e.g., islet cell antigen, islet cell surface antigen, GAD65 and
GADG67). TIDM pathogenesis is thought to involve both genetic susceptibility and
environmental factors. T2DM results from relative insulin deficiency and insulin
resistance (also previously known as non-insulin dependent or adult-onset diabetes).
While the etiology of T2DM is multifactorial, it is associated with strong genetic
and environmental factors (e.g., single-diabetes gene, diet, physical inactivity and
obesity). In the former case, one form of T2DM called maturity onset diabetes of
the young (MODY) has been attributed to dysfunction of a single gene. MODY
is an autosomal dominant genetic disease which leads to metabolic abnormality,
notably defective insulin secretion. Based on the influence of specific single gene
concerned, it is divided into various forms, such as MODY1, MODY2, MODY3,
MODY 4 etc, depending on which particular gene is involved. For example, if the
defective gene occurs in the hepatocyte nuclear factor 400 (HNF 4a) and pancre-
atic duodenal homeobox factor-1 (PDX-1), they are called MODY 1 and MODY 4,
respectively (Table 3.2).

Some confusion has arisen from the above classification scheme. For exam-
ple, some patients with severe T2DM may also require insulin therapy in order
to maintain euglycemic control. In addition, age is no longer a classification cri-
terion. Though most commonly observed before the age of 30, TIDM can develop
at any age (Eisenbarth, 2007). Meanwhile, T2DM once supposed to develop later
in life, can also occur in young people (Song & Hardisty, 2008). In any case, loss
of beta-cell mass over time is a common feature of both TIDM and T2DM, lead-
ing to impaired glucose tolerance, hyperglycemia and overt diabetes (Butler et al.,
2003). On the other hand, GDM is defined as any degree of glucose intolerance
with an onset during pregnancy (American Diabetes Association, 2009). The cause
of GDM remains ambiguous, but placental hormones produced during pregnancy
may reduce sensitivity to insulin. Repeated GDM over multiple pregnancies may
increase the incidence of permanent diabetes. On the other hand, the remaining ~1%
of cases, termed secondary diabetes, are considered complications of other condi-
tions or medications. Secondary diabetes is usually temporary, unless due to total
pancreatectomy. Conditions associated with secondary diabetes include disorders
that impair pancreatic functions, such as hemochromatosis, chronic pancreatitis,
cystic fibrosis, and pancreatic trauma, as well as drugs such as beta blockers, gluco-
corticoids, antiretrovirals, opiates, and alcohol. Table 3.3 summarizes some cardinal
features and that distinguish T1DM from T2DM.
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Table 3.2 Some examples of single recessive dominant genes as exemplified by maturity onset
diabetes of the young (MODY) which is associated with metabolic syndrome disorder as observed

in T2DM
Metabolic Clinical
Gene Type of MODY  Genetic defect disorder features
Hepatocyte MODY 1 Autosomal Impaired insulin Rare and
nuclear factor dominant secretion progressive
4o form of early
onset disease
Glucokinase MODY 2 Autosomal Impaired insulin Mild and
dominant secretion relatively
stable early
onset disease
Hepatocyte MODY 3 Autosomal Impaired insulin Progressive
nuclear factor dominant secretion form of early
la onset disease
Pancreatic MODY 4 Autosomal Impaired insulin Early onset
duodenal dominant secretion disease
homeobox
factor-1
Mitochondrial - Maternal DNA  Impaired insulin Diabetes
DNA secretion associated
with deafness
Insulin - Autosomal Defective insulin ~ Very rare
dominant production
Insulin receptor  — Autosomal Impaired insulin Severe insulin
dominant or signaling resistance
recessive pathway

Table 3.3 Some key features in term of etiology, metabolic feature and clinical presentation that

distinguish T1IDM from T2DM

Type TIDM T2DM
Etiology
e Autoimmune features Yes (e.g. islet cell antigens, No

e Genetic susceptibility
e Environmental factors

Metabolic features

e Insulin deficiency

o Insulin resistance

e Diabetic ketoacidosis

Clinical presentation
e Age of onset

e Body weight

e Body mass index

GADG6S5 & 67)
Moderate

Viruses, diet and stress

Severe
Moderate
Yes

Most occur < 40 years old
Commonly decrease
Mostly <25

Very strong (e.g.
MODY)
Physical inactivity

Moderate
Severe
No

Most occur > 40 years
Sometimes decrease
Mostly >25
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3.4.2 Treatments

The incidence of diabetes is ever increasing globally in terms of mortality and
morbidity (Wild et al., 2004). Unfortunately, adequate preventive and curative man-
agement for diabetes is lacking. Most treatments are intended to slow or prevent
disease progression and complications (Reimann et al., 2008). Ideally, TIDM treat-
ment should be focused on pB-cell regeneration and early intervention (Meier, 2008).
While T1DM may be incurable, its onset and progression may be delayed. Insulin
therapy remains the mainstay treatment of T1DM since glycemic control is crucial
for preventing chronic complications. Hypoglycemia remains the major disadvan-
tage of insulin injection treatment. Physiologically, prevention of B-cell loss would
be a more direct treatment. In this context, recent studies have proposed novel
approaches, such as immunoregulatory techniques, to deal with autoimmune g-cell
destruction (Phillips et al., 2008). In addition, pancreatic or renal-pancreatic trans-
plantation together with long-term immunosuppressive drugs can be an affective
treatment course for TIDM (Stratta & Alloway, 1998). Although islet B-cell trans-
plantation has been performed experimentally in animals and human patients, its
major obstacle and practicability for clinical use are due to the very limited avail-
ability of islets (Shapiro et al., 2006). In order to resolve this issue, a stem cell-based
approach to islet cell transplantation is promising and may someday circumvent this
problem as well as providing a cure but not only treatment for T1DM. In this regard,
hyperglycemia has been completely reversed in some cases as reported recently
(Voltarelli et al., 2007). Additional information on current research concerning pan-
creatic stem cells, with particular focus of the novel roles of RAS in this area, will
be discussed in Chapter 9.

As far as T2DM is concerned, improvements of insulin secretion and/or insulin
sensitivity along with reduction of chronic complications are the major considera-
tions in T2DM treatment (Stumvoll et al., 2005). Key preventive strategies include
primary prevention, decreasing risk factors, and enhancing B-cell function and cell
mass (Reimann et al., 2008). Life-style changes, such as reducing obesity and
increasing physical activity can reduce the risk of developing T2DM and related
complications (Pan et al., 1997; Gillies et al., 2007). Pharmacological interventions,
such as oral hypoglycemic drugs, are the most effective means of therapy, when diet,
exercise and change of life style are not sufficient (Torgerson et al., 2004). There are
three major categories of oral anti-diabetic drugs currently available based on the
two primary causes of T2DM: insulin sensitizers that enhance insulin sensitivity of
peripheral tissues at the levels of skeletal muscle, adipose tissue and liver; B-cell sec-
retagogues that improve f-cell secretion, function and cell mass; and a-glucosidase
inhibitors that delay or inhibit carbohydrate absorption from the intestine. Apart
from these classes of drugs, some novel treatment modalities and novel candidate
drugs such as combination drugs and RAS blockers, respectively, the later being
fully discussed in Chapter 8, provide significant and effective approaches for treat-
ing T2DM. Current treatments of oral hypoglycaemic drugs and some combination
therapy for T2DM, and their proposed mechanisms involved are briefly tabulated in
Table 3.4.
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Table 3.4 Currently and potentially used oral hypoglycemic medications and proposed mecha-
nisms for the management of T2DM

Major class of drugs

Site of actions and proposed
mechanisms

Some specific drugs

B-cell secretagogues
Sulfonylureas

GLP-1
analogues/DPP-IV
inhibitors/Amylin
analogue

a-glucosidase
inhibitors

Insulin sensitizers
Biguanides

Thiazolidinediones
(TZDs)

RAS blockers

e Act on the pancreas

e Enhance f-cell secretion by
acting on the ATP-dependent
potassium channel

e Use with or without insulin
but hypoglycemia

e Act on the pancreas

e Enhance B-cell secretion
and/or cell mass

e Do not cause weight gain but
GI side effects

e Act on the gastrointestinal
tract

e Lower blood glucose by
delaying the digestion and
absorption of carbohydrates

e Do not cause weight gain and
hypoglycemia but
concomitant
with gas, bloating and
diarrhea

e Act primarily on the liver

e Decrease liver’s glucose
production and slightly
increase muscle glucose
uptake

e Do not cause weight gain and
hypoglycemia while inducing
nausea, diarrhea or loss of
appetite

e Act on the peripheral tissues

e Decrease insulin resistance at
the muscle & liver levels

e Improve cholesterol
and triglyceride status while
but cause weight gain

e Act on the pancreas and the
peripheral tissues

e Improve B-cell function,
structure and/or insulin
resistance

— Tolbutamide
Glipizide
Meglitinides
Nateglinide
— Exenatide, Liraglutide;
— Sitagliptin, Vidagliptin;

— Synthetic amylin

— Acarbose
— Miglitol

— Metformin
— Metformin (extended release)
— Metformin (liquid)

— Pioglitazone
— Rosiglitazone
— Troglitazone

— ACElIs (Ramipril)
— ARBs
(Losartan, Valsartan)
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Table 3.4 (continued)

Site of actions and proposed

Major class of drugs mechanisms Some specific drugs
Combination drugs e Act on different tissue-organ — Metformin + TZD,
levels — Metformin + DPP-IV
e Potential advantages and inhibitor,
disadvantages for each drug —TZD + Sulfonylurea

in the combination listed
separately above

RAS, Renin-angiotensin system; ACEIs, Angiotensin-converting enzyme inhibitors; ARBs,
Angiotensin receptor blockers; GLP-1, Glucagon-like peptide-1; DPP-1V, Dipeptidyl peptidase IV.
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