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1 Introduction

1.1 Pancreatic cancer

Pancreatic cancer involves malign tumors of the exocrine and the endocrine

pancreas.

The most common malign tumor of the pancreas is the exocrine ductal

adenocarcinoma (PDAC) contributing to 80% of all malign pancreatic tumors with

an incidence of 0.008- 0.01 % (Ghaneh P et al. 2007; Hariharan D et al. 2008).

Incidence of pancreatic cancer is higher in older than in younger persons (Hidalgo

M 2010).

PDAC has a very poor prognosis (Li D et al. 2004). It was the fourth leading cause

of cancer deaths in 2007 in the US in men and women and remained in this

position in 2010 (Jemal A et al. 2007; Jemal A et al. 2010). The “overall five year

survival rate in patients with pancreatic cancer is maximally 5%” (Hidalgo M 2010,

p. 1605).

At time of diagnosis only 15-20% of pancreatic tumors are resectable and the 5-

year survival among patients with resectable tumors is 20 % (Li D et al. 2004).

The etiology of pancreatic cancer is not fully known (Ghaneh P et al. 2007;

Hidalgo M 2010; Li D et al. 2004).

The only risk factors which have been approved in various studies are cigarette

smoking and aging (Hidalgo M 2010; Li D et al. 2004).

Furthermore fat and protein- rich diet, chronic pancreatitis and diabetes have been

reported as risk factors for pancreatic cancer (Ghaneh P et al. 2007; Hidalgo M

2010; Li D et al. 2004).

There are furthermore familiar forms of pancreatic cancer (Hidalgo M 2010).

The risk to develop pancreatic cancer is increased in individuals with two or more

first degree relatives suffering from pancreatic cancer (Ghaneh P et al. 2007).

On molecular basis mutations in oncogenic pathways, including “tumor suppressor

genes” and “genomic maintenance genes” have been found in pancreatic cancer

tissue (Ghaneh P et al. 2007; Hidalgo M 2010; Li D et al. 2004, p. 1050).

Furthermore increased expression of growth factors, as well as cytokines and their

receptors have been found in pancreatic cancers (Li D et al. 2004)
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In “75-90% of pancreatic cancers”, including adenocarcinomas, “activation

mutations” of the K-ras oncogene can be found (Ghaneh P et al. 2007, p. 1134; Li

D et al. 2004).

Clinical symptoms of pancreatic cancer can be abdominal pain, which typically

spreads to the back, maldigestion, weight loss and diabetes mellitus, as well as

indolent jaundice, caused by obstruction of the common bile duct and pancreatitis

caused by obstruction of the pancreatic duct (Li D et al. 2004).

Carbohydrate antigen 19-9 (CA 19-9) is a tumor marker, which is used in

pancreatic cancer to monitor therapy (Hidalgo M 2010). CA 19-9 cannot be used

as a screening tool for pancreatic cancer, since for example cholestasis can

induce false positive CA 19-9 levels and on the other hand some pancreatic

cancer patients do not synthesize this biomarker (Hidalgo M 2010).

In order to predict outcome of a patient with pancreatic cancer tumor stage is

analysed. This has been done with the TNM- and UICC- classification in the last

decades (Tamm EP et al. 2003).

Recently it has been proposed that besides the classical tumor staging, the

immune response of the host to the tumor plays an essential role for the prediction

of the outcome (Galon J et al. 2012; Vonderheide RH and Bayne LJ 2013).

According to the TNM-classification pancreatic cancer is categorized as shown in

Table 1.

Table 1: TNM classification of pancreatic cancer (Tamm et al. 2003, p. 1312)
Tis:        Carcinoma in situ

T1: Tumor is limited to pancreas, < 2 cm in diameter

T2: Tumor is limited to pancreas, > 2 cm in diameter

T3: Tumor spreads over organ borders, but does not infiltrate coeliac trunk or superior mesenteric artery

T4: Tumor infiltrates celiac trunk or superior mesenteric artery

N1: regional lymph node metastases (peri-pancreatic, pancreatic-duodenal, pyloric, splenic hilum, proximal

mesenterial or coeliacal)

M1: Distant metastasis (liver, lung, bone, brain etc.)

G1-4: Differentiation of tumor cells (G1= highly differentiated - G4= undifferentiated)

R0/1/2: resection boundaries (R0= no tumor tissue in the organism, R1= microscopically residual tumor at surgical

margin, R2= macroscopically tumor or metastasis in the organism)

Table 2 shows UICC- classification of pancreatic cancer, which is based on the

TNM-classification.
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Table 2: UICC- classification of pancreatic cancer (Hidalgo M 2010)
Stage I: T1N0M0 – T2N0M0

Stage II: T3N0M0 – T1-3N1M0

Stage III: all T4

Stage IV: all M1

Resection of pancreatic cancer is possible if no distant metastasis, no involvement

of the mesenteric superior artery or coeliac trunk is present (corresponding to

tumor stages: T1-T3) (Hidalgo M 2010).

In a curative situation the standard procedures are pancreaticoduodenectomy,

also called classical Whipple procedure and the Pylorus-preserving

pancreaticoduodenectomy (Diener MK et al. 2007; Ghaneh P et al. 2007). If the

tumor is located in the tail or corpus of the pancreas, left pancreatic resection can

be done, usually combined with resection of the “spleen and hilar lymph nodes”

(Ghaneh P et al. 2007, p. 1145).

In patients with “positive resection margins” after curative surgery, adjuvant

therapy with gemcitabine, or gemcitabine and fluorouracil- based chemo radiation

is induced (Hidalgo M 2010, p. 1610).

Patients with locally advanced disease or with distance metastasis are in a

palliative situation (Hidalgo M 2010).

Today the standard therapy in these patients is chemotherapy with gemcitabine, or

gemcitabine together with erlotinib or a fluoropyrimidine (Hidalgo M 2010).

In a palliative setting surgical procedures to reduce tumor associated

complications, like bile duct – / duodenal obstructions and pyloric orifice stenosis

are sometimes warranted (Ghaneh P et al. 2007).

Reasons for poor prognosis of pancreatic cancer are multifactorial.

It is probably caused by the proximity of the pancreas to big abdominal vessels

and other organs, late clinical symptoms of the cancer, poor treatment response of

the cancer and high morbidity of the patients caused by cachexia (Li D et al.

2004).
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1.2 Cancer Cachexia

Cachexia describes a clinical syndrome consisting of “weight loss, anemia,

inflammation, hypogonadism, fatigue, insulin resistance and anorexia” (Evans WJ

et al. 2008, p. 794).

The syndrome accompanies chronic diseases like HIV, heart, kidney and

pulmonary disease, but also acute diseases like sepsis or major trauma (Delano

MJ and Moldawer LL 2006; Tisdale, MJ 1997).

Furthermore certain cancers, especially upper gastrointestinal-, lung- and

pancreatic- cancer, are often accompanied by cachexia with an incidence of up to

80 % (Bruera E 1997; Laviano A et al. 2005; Saini A et al. 2009; Tisdale MJ 2009).

It has been shown that cachexia decreases the prognosis, therapeutic success

and quality of life in patients (Gordon JN et al. 2005).

The causes of cachexia are multifactorial (Gordon JN et al. 2005; Delano MJ and

Moldawer LL 2006).

In most cases of cachexia, certainly in cancer, an increase of pro-inflammatory

cytokines and proteins, like TNF-α, IL-6, IL-1, INF-y, Proteolysis Inducing Factor

(PIF) and NF-қB has been observed (Gordon JN et al. 2005; Deans C and

Wigmore SJ 2005; Delano MJ and Moldawer LL 2006).

It has been proposed that these cytokines and proteins lead to metabolic-,

hormonal- and neuropeptide- signaling changes, which together induce cachexia

in the organism (Gordon JN et al. 2005; Delano MJ and Moldawer LL 2006)

Cachexia in different cancers might be caused by different factors (Huang Q et al.

2005).
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Figure 1: A schematic overview on the causes of cachexia.

A major clinical characteristic of cachexia is loss of muscle tissue (Donohoe CL et

al. 2011).

Multiple pathways within skeletal muscle cells and their microenvironment have

been shown to be affected by or contribute to cachexia (Acharyya S and Guttridge

DC 2007; Hasselgren PO and Fischer JE 2001; He WA et al. 2013).

In cachectic human skeletal muscle components of the ubiquitin proteasome

pathway (UPP), which is a specific cellular protein degradation system, are

upregulated (Bossola M et al. 2003; Williams A et al. 1999).

Metabolic and inflammatory reactions, which are known to activate the UPP

(Lecker SH et al. 2006), are also found during cancer cachexia.

Upregulation of cathepsins, which are acidic proteases and belong to the

autophagy- lysosome system, have been found in cancer patients (Tisdale MJ

2009).

This system degrades portions of the cytoplasm rather unspecific in contrast to the

ubiquitin proteasome system (White JP et al. 2011).

Studies on causes of skeletal muscle wasting in cancer cachexia also indicate an

involvement of apoptosis (Tisdale MJ 2009).
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In animal models increased DNA- fragmentation and upregulation of the pro-

apoptotic protein Bax have been observed (van Royen M et al. 2000; Yoshida H et

al. 2001).

In human studies increased DNA- fragmentation and PARP cleavage, both

elements of the pro- apoptotic process, have been found (Busquets S et al. 2007).

On molecular level TNF-α and reactive oxygen species (ROS) are proposed to

induce apoptosis in skeletal muscle (Adhihetty PJ and Hood DA 2003).

In the entire organism “mineralcorticoids, glucocorticoids, statins,

chemotherapeutics, local anesthetics and toxins” are proposed to induce

apoptosis in skeletal muscle (Otrocka-Domagała I 2011, p. 690). Most of these

factors have been found in cancer cachexia (Tisdale MJ 2009).

Beside increased skeletal muscle protein degradation, skeletal muscle protein

synthesis is impaired in cachectic cancer patients (He WA et al. 2013).

MyoD is a “myogenic regulatory factor”, which belongs to the basic helix loop helix

transcription factors (bHLH) (Megeney LA et al. 1996, p. 1173) and is usually

expressed “at low levels in adult skeletal muscle” (Guttridge DC et al. 2000, p.

2365).

It is an important muscle- specific factor for repair processes (Megeney LA et al.

1996).

The transcription factor myostatin inhibits expression of MyoD and was

upregulated in cachectic hamsters with cancer (Elkina Y et al. 2011).

It has been shown that “Akt- protein level is decreased” in skeletal muscle samples

of cachectic pancreatic cancer patients (Schmitt TL et al. 2007, p. 647).

Akt- protein is a key- enzyme of the mTOR- pathway, which is an important

molecular pathway for muscle growth (Glass DJ 2003; McCarthy JJ and Esser KA

2010).

Decrease of Akt- protein in cachectic cancer patients leads directly to decreased

protein synthesis via the Akt/mTOR pathway, as well as indirectly to increased

protein degradation. Akt- protein usually phosphorylates and thus inactivates

Forkhead box transcription factors (FOXOs), which in their active,

dephosphorylated, form upregulate the muscle specific ubiquitin- E3 ligases

MuRF1 and MaFBx (Sandri M 2008; Stitt TN et al. 2004).
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1.3 Heat shock protein 72 (Hsp 72)

1.3.1 Structure and Physiology of Heat shock protein 72 (Hsp 72)

Heat shock proteins (HSPs) are a group of proteins, which can be found in

eukaryotic as well as prokaryotic cells and are expressed during stress conditions

but also during physiologic conditions. They have a “highly conserved structure”,

which implies that they are important for cellular integrity (Kiang JG and Tsokos

GC 1998, p. 184).

In 1962 it was observed that a heat shock stimulus of 37°C to salivary gland

Drosophila cells was followed by upregulation of certain genes (Ritossa F 1962).

Some years later it was observed that this reaction on genome level was

accompanied by changes on protein level (Kiang JG and Tsokos GC 1998;

Tissiéres A et al. 1974). The identified proteins were called heat shock proteins

(HSPs).

In the meantime expression of HSPs has been called heat shock response and it

has been shown that this cellular response can be activated through diverse

cellular stressors, beside the name giving - heat shock - (Mustafi SB et al. 2009).

HSPs can be found intracellular and extracellular with distinct functions (Schmitt E

et al. 2007; Caldewood SK et al. 2005).

Intracellular HSPs assist folding of proteins into their native state and transport to

correct destinations (Kiang JG and Tsokos GC 1998). This function is called

chaperoning activity.

Some intracellular HSPs act as cytoprotectants. In some cases they interfere with

important apoptotic- and inflammatory pathways (Beere HM 2004; Senf SM et al.

2008), in other cases they act as cytoprotectants through their chaperone activity,

e.g. by stabilizing protein complexes (Gupta S et al. 2010).

A further function of intracellular HSPs might be stress sensing (Gabai VL et al.

1997; Liu Y et al. 2006).

Extracellular HSPs are proposed to “stimulate” the immune system and might be

involved in “anti- tumour immunity” (Schmitt E et al. 2007, p. 23).

There are HSPs, which are constitutively expressed and others are induced by

stress. The level of the constitutive HSP 70 protein can also change (Kiang JG

and Tsokos GC 1998). This occurs during different cell cycle phases.
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It has been observed that inducible HSPs have to be “low under physiologic

conditions”, so that “constitutive cellular activities” are not impaired (Garrido C et

al. 2006, p. 2592). High expression of HSPs “suppresses cell division” (Mosser DD

and Morimoto RI 2004, p. 2916).

HSPs are classified into families according to their molecular mass (Kiang JG

2004). HSPs with a molecular mass of 70 kDa belong to the HSP 70 family.

Regarding skeletal muscle tissue four different HSP 70 proteins are known

(Walgren JLE et al. 2003).

Heat shock protein 72 (Hsp 72) is a stress inducible form among them (Walgren

JLE et al. 2003). It has a molecular mass of 72 kDa and its function is

cytoprotection (Kiang JG 2004).

Hsp 72 protein consists of an “ATPase domain” (44 kDa) at the N- terminus, a

substrate binding domain (18 kDa) in the middle and a C- terminus domain (10

kDa) at the end, which functions as a “lid” over the substrate binding domain

(Kiang JG and Tsokos GC 1998, p. 815; Gao X-C et al. 2012, p. 6044).

In the ATP- bound stage Hsp 72 has low affinity for substrates and a fast

exchange of substrates takes place. In contrast during ADP- bound stage Hsp 72

has a strong affinity for substrates and slow substrate exchange takes place

(Mayer MP and Bukau B 2004).

Other skeletal muscle HSP 70 proteins are constitutive HSC 70 and “glucose-

regulated proteins” GRP 75 and GRP 78 (Walgren JLE et al. 2003, p. 432).

During unstressed conditions HSP 70 proteins bind to heat shock transcription

factors (HSFs). Upon stress stimuli HSP 70 proteins dissociate from the HSFs and

bind to unfolded proteins. The unbound HSFs are phosphorylated by kinases.

Phosphorylated HSFs form trimers and migrate into the cell’s nucleus (Kiang JG

2004). Here they bind to heat shock elements (HSEs). These elements are

nucleotide sequences in the human HSP 70 promoter region (Kiang JG and

Tsokos GC 1998). Binding of heat shock factors initiates transcription of heat

shock genes (Kiang JG 2004).

It has been furthermore proposed that binding of HSP 70 proteins to misfolded

proteins dissociates HSP 70 proteins from proteins of stress cascades. In

quiescent times binding of HSP 70 proteins to proteins of stress cascades stops

stress cascades, but during times of stress dissociation of HSP 70 proteins

activates these stress cascades (Gabai VL et al. 1997).
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The expression of the isoform Hsp 72 can be induced by hormones, heat shock,

changes in intracellular pH- , cAMP-, and Ca2+- levels (Kiang JG and Tsokos GC

1998), activation of intracellular protein kinases (Kiang JG 2004), amino acid

analogues, inhibitors of energy metabolism, infection, heavy metals, ethanol (Li C-

Y et al. 2000), physical exercise (Liu Y et al. 2006), as well as certain drugs like

valproic acid, mood stabilizing drugs and lithium (Kiang JG 2004).

Studies on “post- exercise” expression levels of HSP 70 in gastrocnemius muscle

of rats showed higher HSP 70 level in male than in female individuals (Paroo Z et

al. 2002, p. 245). It was suggested that lower expression of HSP 70 in female rats

is caused by the sex hormone estrogen (Paroo Z et al. 2002).

Following stress stimulus, inducible HSP 70 concentration can increase to 5-20 %

of total cellular protein content (Beere HM et al. 2000; Liu Y et al. 2006).

The magnitude of HSP 70 expression following stress depends on the duration

and level of the stress (Kiang JG and Tsokos GC 1998; Liu Y et al. 2000).

Regarding kinetics of HSP 70 proteins it has been reported that the protein has a

relatively long half-life. Furthermore it has been observed that protein levels raise

three to five hours after stress input (Kiang JG and Tsokos GC 1998).

There is controversy whether Hsp 72 is regulated on transcriptional level (Paroo Z

et al. 2002) or on posttranscriptional level (Liu Y et al. 2006).

1.3.2 Molecular pathways that interact with Heat shock protein 72 (Hsp
72)

Hsp 72 is proposed to act as an inhibitor of apoptosis (Li C-Y et al. 2000).

Apoptosis, defined as programmed cell death, is a necessary part of cell and

tissue homeostasis. It is executed by the interplay of several proteins.

It can be induced externally, via “binding of ligands to extracellular receptors, as

well as internally, via release of pro-apoptotic factors from mitochondria”

(Adhihetty PJ and Hood DA 2003, p. 171).
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Figure 2: Scheme on apoptosis (Adhihetty PJ and Hood DA 2003).
Binding of extracelulluar factors to the Fas-ligand receptor leads to binding of procaspase- 8 to the Fas- Associated- Death-

Domain (FADD). This connection induces more procaspase-8 enzymes to bind to the complex. They build a Death-inducing

–Signalling compex (DISC), which activates caspase 8. This enzyme can then activate Caspase 3. A further option for

activated caspase-8 is splitting of BH3- interacting domain death agonist (Bid) into truncated Bid (tBid). tBid then migrates

into mitochondria, where it binds to Bcl-2 associated X protein (Bax) and thus release of cytochrome C is induced.

Cytochrome C release initiates the caspase cascade, which at its end induces DNA- fragmentation in the nucleus. Before

that cytochrome C “binds to apoptotic activating factor-1 (APAF-1)” (Adhihetty PJ and Hood DA 2003, p. 173). This enzyme

then attracts procaspase-9 and together they form the apoptosome, which leads to activation of caspase 3 and thus

apoptosis in the cell’s nucleus.

Within mitochondria apoptosis inducing factor (AIF) and endonuclease G (Endo G) are located in the intermembrane space.

Upon their release they directly migrate to the nucleus, where they induce apoptosis.

Hsp 72 has been shown to inhibit apoptosis via various ways. It has been

proposed that Hsp 72 binds to Apaf-1 protein and prevents a conformational

change of this protein. Consecutively procaspase-9 cannot bind to Apaf-1 and the

caspase-cascade is interrupted (Beere HM et al. 2000).

A few years later another group proposed that Hsp 72 inhibits apoptosis by

inhibiting cytochrome C release from mitochondria (Steel R et al. 2004).

A further study showed that Hsp 72 inhibits apoptosis by preventing Bax-

translocation upon heat shock and thus release of cytochrome C (Stankiewicz AR

et al. 2005).

It has also been proposed that HSP 70 inhibits apoptosis in some cases by

interacting with apoptosis- inducing factor (AIF) (Matsumori Y et al. 2005). AIF is a

protein, that can be released from mitochondria and translocate to the cell’s
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nucleus, where it triggers caspase- independent apoptosis (Matsumori Y et al.

2005).

Another effect of HSP 70 is to stabilize lysosomal membranes and thus inhibit

release of cathepsins from the lysosomes and consecutively apoptosis (Garrido C

et al. 2006; Gyrd-Hansen M et al. 2004).

The stress activated kinases JNK (c-Jun N-terminal kinase) can also induce

apoptosis (Volloch V et al. 2000). It has been shown, that Hsp 72 protein can

attenuate this pathway by suppressing inhibition of Jnk- dephosphorylation (Meriin,

AB et al. 1999; Volloch V et al. 2000).

It was furthermore observed that overexpression of Hsp 72 leads to reduced

activity of the “stress- activated kinase” p38 (Gabai VL et al. 1997, p. 18033). JNK

and p38 MAP kinase are supposed to be activated by stress and known to be able

to induce apoptosis (Gabai VL et al. 1997).

Apoptosis can also be induced by endoplasmic reticulum stress (Gupta S et al.

2010).

Proteins are folded in the endoplasmic reticulum (Gupta S et al. 2010). Due to

increased physiologic or pathologic needs for new proteins, the amount of

misfolded proteins can raise. This induces so called endoplasmic reticulum stress.

Hsp 72 has been observed to protect cells from endoplasmic reticulum (ER) stress

induced apoptosis by interaction with Bax (Gotoh T et al. 2004).

It was also postulated that Hsp 72 improves cellular adaptation to ER stress by

binding to IRE1α, a kinase and endoribonuclease, which splices X-box binding

protein (XBP-1) and thus improves “ER folding capacity” (Gupta S et al. 2010, p.

9).

It has been shown that Hsp 72 can interfere with NF-қB activation and thus inhibit

its further pro- inflammatory activities (Feinstein DL et al. 1996; Meldrum KK et al.

2003).

In skeletal muscle disuse atrophy it was shown that overexpression of HSP 70

inhibits NF-κB -, as well as Foxo3a - activation (Senf SM et al. 2008).

Further examples for interaction of HSP 70 with components of inflammatory

pathways are inhibition of TNF-α (Kiang JG 2004; Ribeiro SP et al. 1996), as well

as reduced expression of iNOS through upregulation of HSP 70 expression (Kiang

JG et al. 2004). Although regarding the latter there have been contradictory earlier
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studies which described upregulation of iNOS following increased expression of

HSP 70 (Bellmann K et al. 2000).

Another important observation is that there is an interplay between the ubiquitin-

proteasome pathway and the chaperone activity of heat shock proteins. This

interplay decides whether denatured proteins are degraded via the ubiquitin

proteasome pathway or refolded via heat shock proteins. In this interplay co-

chaperones seem to be an important mediator (Garrido C et al. 2006; Marques C

et al. 2006).

1.3.3 Heat shock protein 72 (Hsp 72) in physiologic and pathologic
conditions

Numerous studies could show that over-expression of Hsp 72 protein protects

cells against otherwise harmful stressors (Buzzard KA et al. 1998; Latchman DS

2001; Matsumori Y et al. 2005).

A study on rats overexpressing HSP 70 showed that these animals had reduced

infarct size after ischemia and reperfusion of their hearts compared to rats not

overexpressing Hsp 70 (Marber MS et al. 1995).

In muscles of patients with type II diabetes it has been observed that Hsp 72

mRNA content is reduced and that low Hsp 72 mRNA correlates with “insulin

resistance” (Kurucz I et al. 2002, p. 1102).

It has been observed that aging is associated with reduced expression and

inducibility of Hsp 72 protein (Calderwood SK et al. 2009).

Overexpression of HSP 70 leads to decreased accumulation of reactive oxygen

species in muscle (Broome CS et al. 2006).

Therefore it has been speculated that decreased expression of heat shock

proteins mediates the aging process (Calderwood SK et al. 2009).

Studies of Hsp 72 expression level in skeletal muscles of regularly exercising

humans showed that expression levels are increased in exercising individuals

compared to non-exercising humans on protein- and mRNA- level (Liu Y et al.

2006; Morton JP et al. 2008). It has been speculated that increased Hsp 72 protein

levels provide protection against the chronic stress of exercise (Morton JP et al.

2008).

It has also been proposed that HSP 70 expression after exercise is important for

“skeletal muscle regeneration and repair” (Liu Y et al. 2006, p. 2812).
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In this context HSP 70 might be involved in muscle adaptation by supporting

myosin heavy chain transition (Liu Y et al. 2006; Oishi Y et al. 2003; O'Neill DET et

al. 2006).

The positive effects of HSP 70 as a stress sensor and cytoprotective protein can

also be harmful to cells (Garrido C et al. 2006).

An upregulation of HSP 70 has been found in many cancers (e.g. human breast- ,

colorectal - and gastric cancer) (Aghdassi A et al. 2007).

Elevated HSP 70- levels have been associated with a poor prognosis in some

cancers (Mosser DD and Morimoto RI 2004), though there are also cancer types

in which elevated HSP 70- levels correlate with good prognosis (Garrido C et al.

2006).

It has been shown that HSP 70 induces resistance against chemotherapy in

certain cancers (Garrido C et al. 2006).

Furthermore it has been observed that expression of HSP 70 “increases the

tumorigenic potential of cancer cells” (Schmitt E et al. 2007, p. 15).

A study on pancreatic cancer cells showed, that there is higher expression of

inducible HSP 70 mRNA in pancreatic cancer cells, compared to normal

pancreatic ductal cells (Aghdassi A et al. 2007; Gress TM et al. 1994; Saluja A and

Dudeja V 2008).

Aghdassi et al. showed that inhibition of inducible HSP 70 mRNA induced

apoptosis of pancreatic cancer cells (Aghdassi A et al. 2007).

It was shown that quercetin, an inhibitor of HSP 70 mRNA, similar to HSP 70

siRNA, but in contrast to dihydroquercetin, induced apoptosis of pancreatic cancer

cells (Aghdassi A et al. 2007). The conclusion of this study was that inhibition of

HSP 70 mRNA, e.g. by quercetin, might be a new additional therapeutic option to

treat pancreatic cancer (Aghdassi A et al. 2007).

It is speculated that the anti- apoptotic properties of HSP 70, as well as its role as

a chaperone, which stabilizes proteins of the cell cycle and protein kinases, induce

the above mentioned effects (Schmitt E et al. 2007).
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1.4 Hypothesis

The role of Heat shock protein 72 (Hsp 72) in skeletal muscle of cachectic cancer

patients has so far not been studied.

There are multiple factors, like inflammation and metabolic stress, which on one

side induce cachexia and on the other side are also known to induce increased

levels of Hsp 72 in cells.

Hsp 72 can act as a stress indicator, as well as a cytoprotectant and is proposed

to have an important role in the decision whether apoptotic pathways proceed as

an answer to a stress situation or cellular survival is promoted (Jolly C and

Morimoto RI 2000).

Inflammatory Stress
(TNF-α, NF-κB, NOS, CRP,

leukocytes)

Metabolic Stress
(albumin, protein)

Pancreatic Cancer
(UICC- stage, CA 19-9)

?

?

Skeletal
Muscle
Hsp 72

protein/
mRNA

BaxBcl-2, MyoD, IGF-1
Cellular Survival Apoptosis

Figure 3: Hypothetical role of Heat shock protein 72 (Hsp 72) in skeletal muscle of cachectic
pancreatic cancer patients.
Tumor necrosis factor- α (TNF-α), Nuclear factor ‘κappa light chain enhancer’ of activated B- cells (NF-κB), Nitric oxide

synthase (NOS), C-reactive protein (CRP) and leukocytes can be summarized as inflammatory stress and are a cause of

cachexia and at the same time an inducer of Heat shock protein 72 (Hsp 72) expression. Also metabolic stress induces

both, Heat shock protein (Hsp) 72 expression and cachexia. Pancreatic cancer, which is staged through the Union

International Contre le Cancer (UICC) and monitored with the tumor marker Carbohydrate Antigen (CA) 19-9 induces

inflammatory and metabolic stress and might as well induce expression of Heat shock protein 72 (Hsp 72) in skeletal

muscle. Heat shock protein (Hsp)- 72 in skeletal muscle again could induce expression of factors protecting the cell, like B-

cell lymphoma 2 (Bcl-2), Myogenic Differentiation (MyoD) and Insulin- like growth factor 1 (IGF-1), as well as expression of

factors triggering apoptosis, like Bcl-2 associated X protein (Bax)- mRNA.

The aims of this study were:

1) to analyse whether Hsp 72 is increased in skeletal muscle samples of

cachectic pancreatic cancer patients due to increased stress in these

patients. Therefore, clinical parameters of stress and cancer cachexia, as

percentual weight loss, pre-surgery serum C- reactive protein (CRP)-,
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leukocyte-, albumin -, protein- and Carbohydrate Antigen (CA)- 19-9- value,

as well as Union International Contre le Cancer (UICC)- stage, were related

with skeletal muscle Hsp 72 protein- and mRNA levels.

2) to analyse which role Hsp 72 plays in skeletal muscle of patients with

pancreatic cancer patients. Therefore, association of skeletal muscle Hsp

72 and factors of skeletal muscle survival, as Insulin- like growth factor 1

(IGF-1)-, Myogenic Differentiation 1 (MyoD) -, B- cell lymphoma 2 (Bcl-2)-

mRNA - and apoptosis, as Bcl-2 associated X protein (Bax)- mRNA were

analysed.

3) to analyse whether expression of Hsp 72 in cancer patients is regulated on

transcriptional or translational level. Therefore, Hsp 72 mRNA and Hsp 72

protein were measured in skeletal muscle tissue of pancreatic cancer

patients.
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2 Subjects, Materials & Methods

2.1 Patients

Patients were recruited by physicians of the Surgical Department of the Technical

University of Munich, Germany, as well as by physicians of the Department of

General Surgery of the University of Heidelberg, Germany between 2004-2011.

The recruitment was within a project on developing a tissue databank for

molecular studies on cachexia- associated diseases of the thorax and

gastrointestinal tract.

The study was approved by the ethics committee of the Technical University of

Munich, Germany, as well as the ethics committee of the University of Heidelberg

and written informed consent was obtained from each patient.

21 patients with pancreatic cancer were enrolled in this study. Criteria for inclusion

in the study were newly diagnosed pancreatic cancer, which had not been treated

before.

Histologic examination showed pancreatic ductal adenocarcinoma (PDAC) in all

samples. One histologic examination showed an adenosquamous carcinoma of

the pancreas, which belongs to a sub-group of the pancreatic ductal

adenocarcinoma. The histologic examination of a second sample showed a

relapse of PDAC.

In 11 of the pancreatic cancer patients Whipple- surgery was conducted: one of

them was a classical Whipple- surgery and 10 were pylorus- preserving Whipple

procedures. Five pancreatic cancer patients received palliative surgery including

three explorative- and two double bypass surgeries.

Five pancreatic cancer patients were treated with partial resection of the pancreas.

Pancreatic cancer patients were categorized into cachectic and non- cachectic

patients. Cachectic patients were classified as persons, who had lost ≥ 10% of

their stable pre- illness weight at the time of diagnosis of pancreatic cancer.

According to this definition 10 patients belonged to the cachectic group and 11

patients belonged to the non- cachectic group.

Control patients were recruited if they underwent surgery for the treatment of

benigne visceral disease, e.g. sigma diverticulitis, liver adenoma, cystadenoma

and chronic cholecystitis.
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Criteria for inclusion in the control group were no malign disease and no

unintentional weight loss in the last 6 months.

Informed consent was obtained from each patient and the ethical committees of

both universities approved the study.

Five control patients were enrolled in this study.

In Table 3 clinical characteristics of the patients of this study are summarized. The

value listed in line n of each parameter indicates the total number of patients with

the corresponding characteristic.

Table 3: Clinical characteristics of patients

Parameter Non- cachectic
patients

Cachectic patients Control patients Total

Number 11 10 5 26
Female
Male

7
4

7
3

4
0

18
7

n 11 10 4 25
Age 67 (median)

(min=63 max=86)
69 (median)
(min= 52 max= 83)

71 (median)
(min= 32 max= 73)

69 (median)
(min=32 max=86)

n 11 10 5 26
Weight Loss in % 6.60 (median)

(min=0.00 max=9.10)
15.60 (median)
(min=10.00 max=26.70)

1.30 (median)
(min=0.00 max=6.20)

7.40 (median)
(min=0.00 max=26.70)

n 11 10 4 25
BMI 23.12 (median)

(min=18.70 max=30.52)
23.60 (median)
(min=17.57 max=27.89)

33.13 (median)
(min=22.30 max=40.63)

23.74 (median)
(min=17.57 max=40.63)

n 11 10 4 25
Pre- surgery C-
reactive protein
(CRP) (mg/l)

10.20 (median)
(min=1.00 max=52.10)

1.00 (median)
(min=1.00 max=47.00)

4.00 (median)
(min=1.00 max=22.00)

3.40 (median)
(min=1.00 max=52.10)

n 6 9 3 18
Pre- surgery
leucocyte value (/nl)

8.22 (median)
(min=4.79 max=10.14)

6.99
(min=6.99 max=6.99)

6.31 (median)
(min=4.31 max=14.53)

7.02 (median)
(min=4.31 max=14.53)

n 3 1 4 8
Pre- surgery serum-
protein (g/l)

72.60 (median)
(min=45.00 max=76.70)

68.30 (median)
(min=61.80 max=70.70)

69.00 (median)
(min=69.00 max=69.00)

69.00 (median)
(min=45.00 max=76.70)

n 6 7 2 15
Pre- surgery albumin
(g/l)

39.60 (median)
(min=32.20 max=47.40)

39.90 (median)
(min=37.40 max=43.50)

43.50 (median)
(min=43.00 max=44.00)

40.30 (median)
(min=32.20 max=47.40)

n 5 7 2 14
Carbohydrate
Antigen (CA) 19-9
(U/ml)

218.00 (median)
(min=19.90 max=744.60)

361.00 (median)
(min=11.40
max=19354.00)

7.00
(min=7.00 max=7.00)

218.00 (median)
(min=7.00 max=19354.00)

n 7 9 1 17
UICC II
UICC III
UICC IV

8
2
1

7
0
3

0
0
0

15
2
4

n 11 10 0 21
ASA I
ASA II
ASA III

0
4
7

0
2
8

1
2
1

1
8
16

n 11 10 4 25
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2.2 Tissue samples

Muscle biopsies of the rectus abdominis muscle were taken during surgery of the

main disease (e.g. pancreatic cancer or liver adenoma).

After surgical removal the biopsies were put as fast as possible (0- 30 min) into

liquid nitrogen and stored in -80°C fridges until further usage.

The tissue samples were marked with consecutive anonym identification numbers.

2.3 Clinical parameters

Clinical parameters were collected by studying patient charts retrospectively.

To describe and compare the patient collective general parameters as age, sex,

BMI and ASA- classification were used (Table 3) (Daabiss M 2011).

The key parameter for differentiation between cachectic and non- cachectic

patients was percentual weight loss.

Control patients were not divided into further groups. In general weight parameters

like BMI and percentual weight loss were obtained from the clinical charts to

ensure that no cachectic patient was among the control group. In one control

patient these parameters were not documented and thus the patient was assigned

to the control group only on the basis of its diagnosis.

C-reactive protein, leucocyte-, albumin- , serum protein and tumor marker CA 19-9

had been measured in the serum of the patients during routine laboratory

diagnostics and were documented in the patient’s charts. Values were obtained

retrospectively and classified into pre- and post-surgery values for comparability.

A further important clinical parameter in pancreatic cancer treatment is staging of

the tumor disease. It is done according to the TNM- and UICC classification

(Tamm EP et al. 2003).

Staging was done by physicians of Heidelberg and Munich University prior to

surgery and was also documented in the patient’s charts, from where the

information was obtained.
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2.4 Materials
Table 4: Chemical substances

Substance Company

Acrylamide 30% Roth

Agarose Biozym Scientific GmbH

6-Amino-caproic acid Fluka Chemika

Ammonium persulfate (APS) Sigma

Bisacrylamide 2% Roth

Boric acid JT Baker

Bromphenol blue Sigma

Chloroform JT Baker

Disodium Phosphate Sigma

Distilled water University Ulm

Dithiothreitol (DTT) Sigma

Ethanol Sigma

Ethidium bromide Dionova

Ethylene Glycol-bis(2-aminoethylether)-N,N,N′,N′-

Tetraacetic acid (EGTA)
Sigma

Ethylenediaminetetraacetic acid (EDTA) AppliChem GmbH

Glycerin Sigma

Glycin Sigma

Hydrochloric acid (HCl) Merck

Isobutanol AppliChem GmbH

Isopropanol VWR Chemicals

Magnesium Chloride (MgCl2) Sigma

Mercaptoethanol Sigma

Potassium Chloride (KCl) Riedel-de Haen

Protease Inhibitor complete Mini Roche

Sodium chloride Sigma

Sodium di hydrogen phosphate Sigma

Sodium-Dodecyl-Sulfate (SDS) AppliChem

Sucrose ICN Biomedicals

Tetramethylethylendiamin (TEMED) Sigma

Tetra-Sodium Pyrophosphate Sigma

Tris(hydroxymethyl)amino methane (TRIS) USB Corporation

Tris base Sigma

Tris- HCl Sigma

TRIzol Reagent InvitroGene

Tween 20% Sigma
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Table 5: Biological reagents
Substance Company

Albumin bovine Serva

Hsp 72 protein standard Stressgen ESP-555 100ng

Milk Powder Roth

Protein Standard Bio- Rad (Precision Plus)

Table 6: Antibodies
Name Source Use Order Code Company

Anti- Hsp70 Mouse Primary

antibody

SPA 810 Stressgene

Anti- IgG1

HRP

conjugated

Mouse Secondary

antibody

SAB- 100 Stressgene

Table 7: Primers
Name Sequence Product

length
Order Code Melting

temperature
Company

Hs_HSPA1A_1_SG

Quanti Tect Primer Assay

not known 119 bp 01002568 85,5°C Qiagen

hu Bax for 5’- cca gct

gcc ttg gac

tgt- 3’

135 bp ----- 81°C Biomers

hu Bax rev 5’- acc ccc

tca aga cca

ctc tt- 3’

hu Bcl-2 for 5’- ctt cgc cga

gat gtc cag- 3'

111 bp ----- 87°C Biomers

hu Bcl-2 rev 5’- aca atc ctc

ccc cag ttc a-

3’

hu IGF-1 for 5‘- ccc aag

acc cag aag

gaa- 3‘

290 bp ----- 82°C Biomers

hu IGF-1 rev 5’- aat cta cca

act cca gga

cca tt- 3’

Hs_GAPDH_1_SG

QuantiTect Primer Assay

Not known 95 bp 00079247 82°C Quiagen

hu MyoD for 5’- gca ggt

gta acc gta

acc- 3’

170 bp ----- 81°C Biomers
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Name Sequence Product
length

Order Code Melting
temperature

Company

hu MyoD rev 5’- acg tac

aaa ttc cct gta

gc- 3’

Hs_RPL13_1_SG

QuantiTect Primer Assay

Not known 131bp 00067963 84°C Quiagen

Table 8: Substances
Name Company

DNA Blue Run Promega

Molecular Weight Marker Promega

RNase free water Promega

Table 9: Kits
Name Company

Bio-Rad Protein Dc Assay Kit Bio-Rad Laboratories, Hercules,

USA

Quanti Tect SYBR Green PCR Kit Quiagen

Sensiscript Reverse Transcription Kit Quiagen

Table 10: Equipment
Device Company

Block Thermostat BT 100 Kleinfeld Labortechnik

Centrifuge 5810R Eppendorf

Digital pH Meter Schott

Electronic balance Sartorius Göttingen

Electrophoresis apparatus GNA 100 Pharmacia LKB

Electrophoresis apparatus multiphor II Pharmacia LKB

Electrophoresis Power Supply Consort

Lightcycler Roche

Lightcycler 480 Roche

Lightcycler capillary Roche

Magnetic stirrer Junke & Kunkel GmbH & Co. KG.

Mini Spin Eppendorf

Model white/UV Appligene

Platform shaker Unimax 2010 Heidolph Instruments

Ultrasonic homogenizer Bandelin Sonoplus

UltrospecIII Spectrophotometer Pharmacia

Vortex Janke & Kunkel IKA®-Labortechnik

Pipets Eppendorf
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Table 11: Other materials
Material Company

0.5 ml Eppendorf tubes Eppendorf

Beaker Schott

Chemiluminescence Film GE Healthcare

Comb Pharmacia

Developer and Replenisher Kodak

Fixer and Replenisher Kodak

Microwave Bosch

PVDF Western Blotting VWR International

Transfer Membrane Whatman

Western Blot Detection Reagents GE Healthcare
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2.5 Methods

This thesis was done within a project on changes in skeletal muscle of pancreatic

cancer patients at the Muscle- and Cell Culture Laboratory, University Hospital

Ulm.

Protein extraction was done by Adriane Müller-Witt in cooperation with the doctoral

student Max Lücker.

RNA- extraction, quantitative Real Time Polymerase Chain Reaction and Western

Blotting of Hsp 72 protein was done by Adriane Müller-Witt together with the

medical technical assistant Thea Hamma.

Analysis of the Western Blot results with MARS_98 computer programm, as well

as calculation of the fold change of PCR- results and statistical analysis with SPSS

was done by Adriane Müller-Witt.

Acquisition and archiving of skeletal muscle samples and clinical data of patients

was done and provided by physicians of the Departments of General Surgery of

the University Hospital Heidelberg and Technical University Hospital of Munich

(Prof. Dr. med. Marc Martignoni, Dr. med. Jeannine Bachmann, Dr. med. Olga

Prokopchuk) during 2004-2011.

2.5.1 RNA extraction

Gene expression takes place by transcription of DNA into RNA, which is then

translated into proteins. In order to analyse gene expression RNA is analysed.

Total RNA extraction from tissue was done according to the single-step method of

RNA-isolation by Chomczynski (Chomczynski P and Sacchi N 1987).

Tissue samples were taken out of the -80°C fridge just before usage.

Small pieces were cut from the tissue samples in a sterile environment. These

pieces were then put into safe lock tubes and weighed.

250 µl TRI-zol reagent were put into the tube.

The content of the tube was homogenized with an Ultrasonic Homogenizer.

Afterwards an incubation period of 10 minutes followed.

Then 0.2 ml chloroform were added, the mixture was shaken and afterwards

incubated for further 5 minutes at room temperature.

Centrifugation with 12 000 g for 15 minutes followed.

The dilute phase was put into a new tube, 0.5 ml isopropanol were added and

incubated for 10 minutes.
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Centrifugation with 12 000 g for 10 minutes followed. The dilute phase was

discarded.

The remaining solid matter was resuspended in 1 ml 75 % ethanol, which was

followed by centrifugation with 7500 g for 5 minutes.

The fluid phase was discarded and the solid phase was stored with RNase free

water in the -80°C fridge until further usage.

2.5.2 Reverse Transcription of RNA

Analysis of RNA takes place by reverse transcribing it into its complementary DNA

(cDNA).

For this purpose a mastermix, containing the following ingredients shown in Table

12, was calculated for a total volume of 200 µl.

Table 12: Ingredients of the Mastermix of Reverse Transcriptase
Substance Volume

RT- Buffer, 10x 20 µl

dNTP Mix 20 µl

oligo – dt primer 2 µl

RNase Inhibitor 2.5 (100 U) µl

Sensiscript Reverse Transcriptase 10 µl

Dist. H2O 125.5 µl

RNA 20 µl

Total volume 200 µl

The mixture was put into a 0.5 ml tube and shortly vortexed. Then the tubes were

incubated on a heating block with 37°C for 60 minutes.

Until further usage the samples were stored in the -80°C fridge.

2.5.3 Quantitative Real Time Polymerase Chain Reaction (qRT- PCR)

The Polymerase Chain Reaction (PCR) is a well- established method which

detects specific nucleotide sequences and amplifies these sequences (Lynch JR

and Brown JM 1990; Saiki RK et al. 1985).

Quantitative Real Time PCR (qRT- PCR) is a modification of the ordinary PCR

(Kubista M et al. 2006).

It visualizes the amplification of PCR products in real time (Bonetta L 2005). For

this purpose fluorescence dyes are added to the PCR- reaction mixture (Bonetta L

2005).
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These dyes intercalate to double strand DNA (Bonetta L 2005). As the amount of

DNA increases with each PCR cycle the fluorescence intensity increases as well

(Hunt M 2010). This increase is measured and visualized.

With the help of real time PCR technique the amount of a certain DNA sequence

in a sample can be calculated (compare Analysis of Quantitative Real Time

Polymerase Chain Reaction (qRT-PCR)).

In order to identify false PCR products, produced by incomplete matching

nucleotide strands or primer dimer binding, melting curve analysis was run at the

end of each qRT- PCR (Hunt M 2010).

2.5.3.1 Analysis of Quantitative Real Time Polymerase Chain Reaction (qRT-
PCR)

Quantitative Real Time PCR allows quantitative measurement of the amount of a

certain DNA sequence in a sample (Pfaffl MW 2001). For this purpose either a

standard dilution series with known concentrations is used for absolute

quantification or, as in this study, an internal reference gene is used for relative

quantification (Pfaffl MW 2001).

The ratio between reference gene and target gene expresses whether the target

gene is expressed stronger, similar or weaker compared to the reference gene,

independent from the amount of starting material (Pfaffl MW 2001).

In this study GAPDH and RPL 13 were used as reference genes.

Under optimal PCR conditions, each nucleotide strand is duplicated in each PCR

cycle (Hunt M 2010). This would require a perfect binding of the primers to the

target sequences, an optimal binding of polymerase to the primers and nucleotide

sequences and an optimal denaturation of the nucleotide strands (Hunt M 2010).

Efficiency is a mathematical expression to describe the reaction conditions.

Optimal reaction conditions would result in an efficiency of 100%, which is equal to

the equation fx=2x (Hunt M 2010).

In this study an efficiency of 100 % was presumed for each PCR.

The crossing point (CP), also called threshold (CT) value is measured and is the

point of the exponential fluorescence slope of a qRT- PCR, where it suddenly

becomes much steeper. It inversely expresses the amount of a certain cDNA in a

sample. A small CP value implies a great amount of starting cDNA.
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Each PCR was run in triplicate. If the difference between the crossing points in the

different PCRs was ≤1 mean value of the three CP- values was calculated. If the

difference between the crossing points was ≤1 only in two runs, mean value of the

crossing points of these two runs was calculated and the third run was not

included in the analysis. If the difference of the CP- values between all three runs

was each time ≥1 this sample was not included in statistical analysis.

Relative expression of a target gene was calculated with a modified formula by

Pfaffl (Pfaffl et al. 2001):

Table 13: Calculation of relative expression of target genes as fold changes to mean value
of control patients (Pfaffl et al. 2001)

I. Crossing Point (CP) target gene- CP reference gene (calculated for all samples)

II. mean value of I in control patients

III. (CP target gene- CP reference gene) – II

IV. 2-(results III)

V. mean value control samples of IV

VI. IV/ V
Table 13 shows the different steps of calculation going from I to VI. Crossing point (CP) value is the measured point of an

exponential Polymerase Chain Reaction- curve, where is starts to rise.

Based on this calculation mean value of relative expression of a certain gene is 1

in control patients and relative gene expression in cachectic and non- cachectic

patients is shown as fold change to mean value of relative gene expression in

control patients.
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2.5.3.2 Heat shock protein 72 (Hsp 72)- quantitative Real Time Polymerase
Chain Reaction (qRT- PCR)

An Hsp 72 primer assay by Qiagen was used for Hsp 72 qRT- PCR.

The synthesized PCR product has a length of 119 bp, its annealing temperature is

55°C and the melting temperature is 85.5°C.

The PCR reaction mixture was calculated according to the Quanti Tect Primer

Assay Handbook by Quiagen. The next tables show ingredients of the mastermix

and PCR reaction conditions.

Table 14: Mastermix for Heat shock protein 72 (Hsp 72)- Real Time Polymerase Chain
Reaction

Compound Volume

Quanti Tect Sybr Green 10 µl

Quanti Tect Hsp72 Primer Assay 2 µl

cDNA 2 µl

Dist. H2O ad 20 µl

Table 15: Heat shock protein 72 (Hsp 72)- Polymerase Chain Reaction conditions
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 40
Denaturation 94°C 15 sec 2 None

Annealing 55°C 20 sec 2 None

Extension 72°C 20 sec 2 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None

2.5.3.3 Bcl- 2 associated X protein (Bax)- quantitative Real Time Polymerase
Chain Reaction (qRT- PCR)

Primers used for Bax Real Time PCR had been tested and used in prior

experiments of the department.

The sequences of the primers are shown in Table 16.
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Table 16: Sequences of Bcl-2 associated X protein (Bax)- primers
Primer Nucleotide sequence

Bax for 5’- CCA GCT GCC TTG GAC TGT -3’

Bax rev 5’- ACC CCC TCA AGA CCA CTC TT -3’

The synthesized PCR product has a length of 135 bp, its annealing temperature is

58°C and the melting temperature is 81°C.

The next tables show ingredients of the mastermix and PCR reaction conditions.

Table 17: Mastermix for Bcl-2 associated X protein (Bax)- Quantitative Real Time
Polymerase Chain Reaction (qRT- PCR)

Compound Volume

Quanti Tect Sybr Green 10 µl

Bax for 1 µl

Bax rev 1 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl

Table 18: Reaction conditions of Bcl- 2 associated X protein (Bax)- Quantitative Real Time
Polymerase Chain Reaction (qRT- PCR)
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 47
Denaturation 94°C 15 sec 20 None

Annealing 58°C 15 sec 20 None

Extension 72°C 30 sec 20 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 20 sec 1 20 None

2.5.3.4 B- cell lymphoma 2 (Bcl-2)- quantitative Real Time Polymerase Chain
Reaction (qRT- PCR)

Primers used for Bcl-2 Real Time PCR had been tested and used in prior

experiments of the department.

The sequences of the primers are shown in Table 19.
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Table 19: Sequences of B cell lymphoma 2 (Bcl-2)- primers
Primer Nucleotide sequence

Bcl-2 for 5’- CTT CGC CGA GAT GTC CAG -3’

Bcl-2 rev 5’- ACA ATC CTC CCC CAG TTC A -3’

The synthesized PCR product has a length of 111 bp, its annealing temperature is

63°C and the melting temperature is 87°C.

The next tables show ingredients of the mastermix and PCR reaction conditions.

Table 20: Mastermix for B- cell lymphoma 2 (Bcl-2) - Quantitative Real Time Polymerase
Chain Reaction (qRT- PCR)

Compound Volume

Quanti Tect Sybr Green 10 µl

MgCl2 1 µl

Primermix 1 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl

Table 21: Reaction conditions of B- cell lymphoma 2 (Bcl-2)- Quantitative Real Time
Polymerase Chain Reaction (qRT- PCR)
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 66
Denaturation 94°C 15 sec 20 None

Annealing 63°C 15 sec 20 None

Extension 72°C 10 sec 20 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None

2.5.3.5 Insulin- like growth factor 1 (IGF-1) - quantitative Real Time
Polymerase Chain Reaction (qRT- PCR)

Primers used for IGF-1 Real Time PCR had been tested and used in prior

experiments of the department.

The sequences of the primers are shown in Table 22.
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Table 22: Sequences of Insulin- like growth factor 1 (IGF-1) - primers
Primer Nucleotide sequence

IGF-1 for 5’- CCC AAG ACC CAG AAG GAA -3’

IGF-1 rev 5’- AAT CTA CCA ACT CCA GGA CCA TT -3’

The synthesized PCR product has a length of 290 bp, its annealing temperature is

55°C and the melting temperature is 82°C.

The next tables show ingredients of the mastermix and PCR reaction conditions.

Table 23: Mastermix for Insulin- like growth factor 1 (IGF-1)- quantitative Real Time
Polymerase Chain Reaction

Compound Volume

Quanti Tect Sybr Green 10 µl

IGF-1 for 1 µl

IGF-1 rev 1 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl

Table 24: Reaction conditions of Insulin- like growth factor 1 (IGF-1) - quantitative Real Time
Polymerase Chain Reaction
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 62
Denaturation 94°C 15 sec 20 None

Annealing 55°C 20 sec 20 None

Extension 72°C 30 sec 2 Single

Meltingcurve 1
Denaturation 95°C 5 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None

2.5.3.6 Myogenic Differentiation 1 (MyoD)- quantitative Real Time-
Polymerase Chain Reaction

Primers used for MyoD Real Time PCR had been tested and used in prior

experiments of the department.

The sequences of the primers are shown in Table 25.
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Table 25: Sequences of Myogenic Differentiation 1 (MyoD)- primers
Primer Nucleotide sequence

MyoD for 5’- GCA GGT GTA ACC GTA ACC -3‘

MyoD rev 5’- ACG TAC AAA TTC CCT GTA GC -3‘

The synthesized PCR product has a length of 170 bp, its annealing temperature is

58°C and the melting temperature is 81°C.

The next tables show ingredients of the mastermix and PCR reaction conditions.

Table 26: Mastermix for Myogenic Differentiation 1 (MyoD)- quantitative Real Time
Polymerase Chain Reaction

Compound Volume

Quanti Tect Sybr Green 10 µl

Primermix 1 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl

Table 27: Reaction conditions of Myogenic Differentiation 1 (MyoD)- quantitative Real Time
Polymerase Chain Reaction
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 60
Denaturation 94°C 15 sec 20 None

Annealing 58°C 20 sec 20 None

Extension 72°C 15 sec 20 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None

2.5.3.7 Glycerinaldehyd-3-phosphat-Dehydrogenase (GAPDH) quantitative
Real Time- Polymerase Chain Reaction

A GAPDH primer assay by Qiagen was used for GAPDH qRT- PCR.

The synthesized PCR product has a length of 95 bp, its annealing temperature is

55°C and the melting temperature is 82°C.

The PCR reaction mixture contains the following ingredients shown in Table 28.
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Table 28: Mastermix for Glycerinaldehyd-3-phosphat- Dehydrogenase (GAPDH) quantitative
Real Time Polymerase Chain Reaction

Compound Volume

Quanti Tect Sybr Green 10 µl

Primermix Quiagen GAPDH 2 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl

Reaction conditions of GAPDH Real Time PCR are shown in Table 29.

Table 29: Reaction condition of Glyercinaldehyd-3-phosphat- Dehydrogenase (GAPDH)
quantitative Real Time Polymerase Chain Reaction
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 43
Denaturation 94°C 15 sec 2 None

Annealing 55°C 20 sec 2 None

Extension 72°C 20 sec 2 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None

2.5.3.8 Ribosomal Protein (RPL)- 13 quantitative Real Time- Polymerase
Chain Reaction

A RPL 13 primer assay by Qiagen was used for RPL 13 qRT- PCR.

The synthesized PCR product has a length of 131 bp, its annealing temperature is

55°C and the melting temperature is 84°C.

The next tables show ingredients of the mastermix and PCR reaction conditions.

Table 30: Mastermix for Ribosomal Protein 13 (RPL) 13 quantitative Real Time- Polymerase
Chain Reaction

Compound Volume

Quanti Tect Sybr Green 10 µl

Quanti Tect RPL 13 Primer Assay 2 µl

cDNA 2 µl

Dist. H2O                                          ad 20 µl
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Table 31: Reaction conditions of Ribosomal Protein (RPL)- 13 quantitative Real Time-
Polymerase Chain Reaction
Cycle Temperature Duration Number of

cycles
Slope
(°C/sec)

Acquisition
mode

Hotstart 95°C 15 min 1 20 None

Amplification 43
Denaturation 94°C 15 sec 2 None

Annealing 55°C 20 sec 2 None

Extension 72°C 20 sec 2 Single

Meltingcurve 1
Denaturation 95°C 0 sec 20 None

Annealing 60°C 15 sec 20 None

Denaturation 95°C 0 sec 0.1 Continous

Cooling 40°C 10 sec 1 20 None
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2.5.4 Protein extraction

Immediately before usage tissue samples were taken out of the -80°C fridge.

Small pieces were cut from the tissue samples in a sterile environment. These

pieces were then put into safe lock tubes and weight.

200 µl protein extraction buffer (pH 8.5), containing the following ingredients

shown in Table 32, was added into each tube:

Table 32: Ingredients of Protein Extraction Buffer
Substance Volume Molar

Na4P2O7 x 10H2O 4.46 g 100 mM

EGTA 0.19 g 5 mM

MgCl2 x 6H2O 0.102 g 5 mM

KCl 2.24 g 0.3 mM

DTT 0.0155 g 1.0 mM

Dist. H2O 100 ml -

Protease Inhibitor complete 1 tablet -

The protein buffer mixture was immediately homogenized with the Utrasonic

Homogenizer. Afterwards the mixture was incubated 30 minutes on ice.

This was followed by centrifugation with 14 000 rpm at 4°C for 10 minutes.

The supernatant, containing dissolved proteins, was put into new tubes.

2.5.5 Measurement of protein concentration

Measurement of protein concentration was done according to the Lowry method.

Primarily a protein standard (4 % ABF) with 24 mg albumin bovine and 6 ml H2O

was mixed.

This standard was diluted in the following steps shown in Table 33.

Table 33: Albumin protein standard

mg/ml 0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0

ABF

solution

(ml)

0.0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0

H2O

(ml)

4.0 3.6 3.2 2.8 2.4 2.0 1.6 1.2 0.8 0.4 0.0
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Then 20 µl of each protein standard was mixed in a fixed order with 180 µl H2O,

followed by 102 µl reagent A.2 (containing 50 x A.1 and 1 x S) and 800 µl reagent

B.

The standard solution was incubated for 15 minutes at room temperature.

Then extinction of each protein standard was measured with a spectral

photometer at a wave length of 750 nm.

The measured values were used for calculation of a standard curve.

Now extracted proteins from the tissue samples were mixed with reagent A.2 and

reagent B, as described above and their extinction values were measured. With

the help of the standard curve the protein concentration of the tissue samples was

calculated.
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2.5.6 Western Blot of Heat shock protein 72 (Hsp 72)

Western Blotting is a molecular technique, which uses protein- antibody binding to

detect specific proteins.

Prior to Western Blotting samples have to be prepared, which usually includes

protein denaturation with specific detergents and separation of proteins on a gel.

Afterwards proteins are transferred from a gel to a membrane, where the protein-

antibody binding and further staining takes place (Towbin H et al. 1979).

2.5.6.1 Sample preparation

Primarily Laemmli-Lysis buffer (pH 6.8), containing SDS, an anion rich

denaturating detergent, was prepared.

Table 34: Ingredients of Laemmli- lysis buffer
Substance Volume

Tris-HCl 0.4925 g

Glycerin 5 ml

Mercaptoethanol 2.5 ml

SDS 1.15 g

Dist. H2O 50 ml

10 ml of Laemmli-lysis buffer and 2 ml bromophenol blue were mixed. This mixture

is called the loading buffer.

Table 35: Ingredients of bromophenol- blue solution
Substance Volume

Sucrose 8.8 g

Bromophenol blue tip of a spatula

NaOH until blue- violet colour is visuable

Samples added by loading buffer and glycerine were put in tubes and vortexed.

The volume of each ingredient was calculated to achieve a protein- concentration

of 0.25 µg/µl in 200 µl.

The mixture was put in a heating block with 95°C for 5 minutes.

2.5.6.2 Separation of proteins on SDS-Page

Separation of proteins takes place on polyacrylamide gels, a procedure called

SDS-Page.
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After protein preparation proteins are denatured and coated by anions of the

detergent SDS.

This detergent has the ability to bind in a relatively constant manner with “one SDS

molecule to two amino acid residues”. The constant binding of SDS molecules to

amino residues and its negative charge enables protein separation according to

their molecular seize (Grabski AC and Burgess RR 2001).

For SDS-Page a separation gel (7.2 %) and a sample gel (4 %) are prepared.

Table 36: Ingredients of Separation Gel 7.2% for SDS- Page
Substance Volume

Glycerin 15 ml

Acrylamide 30% 14.4 ml

Bis-Acrylamide 2% 2.16 ml

Tris (pH 8.6) 15 ml

H2O 12.48ml

SDS 10% 600 µl

Mixture is put on magnetic stirrer and degased for

15 min, then:

APS-solution 258 µl

TEMED 102 µl

The mixture was poured into a gel caster and coated with isobutanol.

Polymerization continued for 45 minutes. Then the sample gel was prepared.

Table 37: Ingredients of Sample Gel 4% for SDS- Page
Substance Volume

Acrylamid 30% 2.66ml

Bis-Acrylamide 2% 400 µl

Tris (pH 6.7) 1.66 ml

H2O 14.87 ml

SDS 10% 200 µl

Mixture is put on magnetic stirrer and degased for 15 min, then:

APS-solution 166µl

TEMED 30 µl

The mixture was poured on top of the polymerized separation gel and a comb was

inserted on top. Polymerization continued for 45 minutes.

In the meantime a running buffer (pH 8.3) for further electrophoresis was

prepared.
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Table 38: Ingredients of Running buffer for SDS- Page
Substance Volume

Tris base 13.5 g

Glycin 64.8 g

SDS 4.5 g

H2O ad 4.5 l

By taking 600 ml Running buffer and adding 600 µl Mercaptoethanol a running

buffer for the upper chamber of the gel electrophoresis tank was prepared.

The gels and the running buffers were put in the electrophoresis tank. Now 60µl (=

15 µg protein) of each sample, a molecular weight marker and Hsp 72 standard

samples, with known concentrations (10- 15- 20- 25- 30 ng) were loaded in the

wells.

Electrophoresis was run with 100V and 50 mA for approximately 12 hours.

2.5.6.3 Western Blotting

Transfer of proteins from gels to membranes proceeds by putting both carrier

media into an electrophoresis system.

In this system the gel with the negatively charged proteins is located close to the

anode and the membrane (new carrier medium for the proteins) is located

underneath the cathode. Thus the negatively charged proteins wander towards the

cathode and bind to the PVDF- membrane. This process is called “blotting”.

Prior to this process buffer solutions, which are needed to conduct the current and

remain the chemical equilibrium of the system, have to be prepared.

Table 39: Ingredients of Positive Pole Buffer I
Substance Volume

Tris base 7.2684g

Methanol 20 ml

H2O ad 200 ml

Table 40: Ingredients of Positive Pole Buffer II
Substance Volume

Tris base 1.2114g

Methanol 40 ml

H2O                                                   ad 400 ml



39

Table 41: Ingredients of Negative Pole Buffer
Substance Volume

Positive Pole Buffer II 200 ml

6- Amino- caproic acid 1.04944 g

Primarily the gel was put for 15 minutes in the negative pole buffer. The PVDF

membrane was put into pure methanol for 15 minutes, followed by 2 minutes in

H2O and further 5 minutes in positive pole buffer.

The cathode plate was watered. Then the following layers were put in this order on

the plate:

1) 2 filter papers soaked in positive pole buffer I

2) 1 filter paper soaked in positive pole buffer II

3) PVDF- membrane

4) Gel

5) 3 filter papers soaked in negative pole buffer

6) Watered anode plate

Current was applied and the system ran with 200V and 154 mA for 1 hour.

After blotting the membrane has to be “blocked” to prevent unspecific antibody

binding to it.

The membrane was put into a blocking buffer (5%) in a -4°C fridge overnight.

Prior to the blocking buffer, PBS (phosphate buffered saline) -buffer has to be

prepared.

Table 42: Ingredients of PBS- Buffer (pH 7.5)
Compound Volume

Sodium chloride 11.68 g

Disodium Phosphate 22.712 g

Sodium Di Hydrogen Phophate 4.8 g

H2O                                                  ad 2000 ml

Table 43: Ingredients of the Blocking Buffer (5%)
Compound Volume

Milk powder 5 g

Tween 20% 500 µl

PBS-buffer 100 ml
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On the following day the membrane is washed in a washing buffer (PBS-T)

(2*shortly, 1*15 minutes, 2* 5 minutes).

Table 44: Ingredients of the Washing Buffer (PBS- T)
Compound Volume

Tween 20% 4.625 ml

PBS 1850 ml

Afterwards the membrane is incubated with the primary antibody. Therefore the

primary antibodies are solved in a special blocking buffer for primary antibodies.

Incubation continues for one hour on a shaker at room temperature.

Table 45: Ingredient of the primary antibody blocking buffer
Compound Volume

Milk powder 2.5 g

Tween (20%) 250 µl

PBS                                                  ad 50 ml

Table 46: Primary antibody solution
Compound Volume

Anti- (Hsp70) 50 µl

Blocking Buffer for primary antibody ad 50ml

Afterwards the membrane was washed (2*shortly, 1*15 minutes, 2*5 minutes).

Then the membrane was incubated with the secondary antibody on a shaker for

one hour at room temperature.

Table 47: Ingredients of buffer solution for the secondary antibody
Compound Volume

Milk powder 2.5 g

PBS-T 50 ml

Tween 20% 125 µl

Secondary Antibody 5 µl

Then the membrane was washed (2*shortly, 1*15 minutes, 4*5 minutes)
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In the last step visualization of the bound antibodies was conducted with an X-ray

system. The membrane was put on gel-blotting paper in an X-ray cassette, which

was covered by a transparent film.

Incubation was done for 1 minute. Then the film was incubated for 2 minutes in

ECL-1 solution and then fixed in ECL-2 solution for 4 minutes.

2.5.6.4 Analysis of Western Blot

After manual film development the films were photographed with a digital camera.

Then optical density (OD) of Hsp 72- protein bands (72 kDa) in each sample was

measured. This was done with a special computer program, called MARS_98,

which has been developed for this purpose in 1998 in our department.

On the basis of the Hsp 72 protein standard a standard curve was calculated,

which enabled calculation of the Hsp 72 protein concentration (ng/ 15µg of total

protein) for each sample.
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2.5.7 Statistical Analysis

Data were analysed statistically in a descriptive orientating manner.

Qualitative characteristics were counted with absolute frequency and for

quantitative characteristics median, minimum and maximum, as well as 95 %

confidence interval of the median were calculated for Hsp 72 protein. Additionally

median value of fold change to control patients was calculated for mRNAs.

Group comparison (non- cachectic-, cachectic-, control- and pancreatic cancer

patients) of Hsp 72 protein content in skeletal muscle was made with Kruskal-

Wallis test and Mann- Whithney- U test and assessed as statistically significant if p

≤ 0.05.

Association among experimental parameters, as well as among experimental and

clinical parameters was assessed with Spearman’s correlation coefficient.

If Spearman’s correlation coefficient was ≥ 0.8 association between two

parameters was assessed as a strong association, associations ≥ 0.6 were

assessed as tendencies.

Graphically the association between the parameters was shown with point clouds.

Data were evaluated with SPSS software.
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3 Results

3.1 Heat shock protein 72 (Hsp 72)

3.1.1 Heat shock protein 72 (Hsp 72) content in skeletal muscle of non-
cachectic-, cachectic and control patients

As Table 48 shows skeletal muscle Hsp 72 protein content is higher in cachectic-

than in non- cachectic cancer patients and Hsp 72 protein content is similar in

cachectic- and control- patients.

Table 48: Heat shock protein 72 (Hsp 72) content (ng) in skeletal muscle samples from non-
cachectic-, cachectic- and control- patients

Statistical Parameter No Cachexia Cachexia Control

Median 15.65 20.40 20.37

Minimum 7.45 4.40 5.64

Maximum 21.30 38.21 27.28

Confidence interval 10.81 – 20.39 15.90 – 26.61 5.64 – 27.28

There is no statistically significant difference of Hsp 72 protein content between

skeletal muscles of cachectic-, non- cachectic- and control- patients.

This is shown through statistical analysis with the Kruskal- Wallis- test (p= 0.23),

and the Mann- Whithney- U test (Table 49). Table 48 shows that the confidence

intervals of the median of Hsp 72 protein content in the single groups overlap,

which supports the observation that there is no statistically significant difference of

Hsp 72 protein content among the patient groups.

Table 49: Statistical analysis of Heat shock protein 72 (Hsp 72) content in skeletal muscles
from non- cachectic-, cachectic- and control- patients

Patient Group Patient Group Mann- Whithney- U test (p)

No Cachexia Cachexia 0.133

Cachexia Control 0.414

No Cachexia Control 1.000
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Figure 4 underneath shows all measured values of Hsp 72 protein content in non-

cachectic-, cachectic- and control patients. It reflects the observation that skeletal

muscle Hsp 72 protein content is higher in cachectic- than in non- cachectic-

cancer patients. It furthermore shows that the highest and lowest values of Hsp 72

protein are measured in skeletal muscle samples from cachectic patients and that

the number of control patients, in whom Hsp 72 protein content was measured, is

rather low.

Figure 4: Heat shock protein 72 (Hsp 72) content in skeletal muscle samples of non-
cachectic-, cachectic- and control- patients.

3.1.2 Heat shock protein 72 (Hsp 72) content in all female and male
patients

Table 50 shows that Hsp 72 protein content is higher in skeletal muscle of male

than of female patients. The confidence intervals of both gender overlap with one

another, which indicates that there is no statistically relevant difference of Hsp 72

protein content between male and female patients.



45

Table 50: Heat shock protein 72 (Hsp 72) content (ng) in skeletal muscle of all female and
male patients (including pancreatic cancer- and control- patients)

Statistical Parameter Female Male

n 16 6

Median 15.95 21.13

Minimum 4.40 7.45

Maximum 38.21 28.76

Confidence interval 14.06 – 19.68 7.45 – 27.69

In skeletal muscle of female patients Hsp 72 protein content is higher in cachectic

than in non- cachectic patients and the highest value of Hsp 72 protein content is

seen in control patients.

The confidence intervals of all three female patient groups overlap, which indicates

that there is no statistically relevant difference of skeletal muscle Hsp 72 protein

content in non- cachectic-, cachectic- and control patients.

Table 51: Heat shock protein 72 (Hsp 72) protein content (ng) in skeletal muscle of female
non- cachectic-, cachectic- and control- patients

Statistical Parameter No Cachexia Cachexia Control

n 6 7 3

Median 14.86 16.00 17.45

Minimum 10.81 4.40 5.64

Maximum 21.30 38.21 27.28

Confidence interval 11.11 – 19.15 10.15 – 21.93 5.64 – 27.28

Similar to female patients Hsp 72 protein content is higher than in male cachectic

cancer patients than in male non- cachectic cancer patients.

Due to the small number of cases (three male patients in each group) confidence

interval of the median could not be calculated.

Table 52 shows that minimum Hsp 72 protein content in cachectic male cancer

patients is higher than maximum Hsp 72 protein content in male non- cachectic

cancer patients, which indicates a relevant different of Hsp 72 protein content

between the two groups.
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Table 52: Heat shock protein 72 (Hsp 72) content (ng) in skeletal muscle of male non-
cachectic- and cachectic cancer patients

Statistical
Parameter

No Cachexia Cachexia Control Mann-
Whitney- U test
(p)

n 3 3 0

Median 20.36 26.61 - 0.05

Minimum 7.45 21.85 -

Maximum 20.41 28.76 -

Confidence interval - - -

The confidence intervals of the median of Hsp 72 protein content could not be calculated for non- cachectic- and cachectic

male cancer patients, therefore Mann- Whitney U test was performed.

3.1.3 Heat shock protein 72 (Hsp 72) content in skeletal muscle of
pancreatic cancer patients with lower and higher UICC- stages

UICC- stage indicates progress of the tumor.

Hsp 72 protein content is higher in skeletal muscle of patients with UICC- stage

III/IV than in patients with UICC- stage II (compare Table 53).

Confidence intervals of the median of Hsp 72 protein in the two groups overlap,

which indicates that there is no relevant statistical difference of Hsp 72 protein

between the two groups.

Table 53: Heat shock protein 72 (Hsp 72) content (ng) in skeletal muscle of pancreatic
cancer patients according to UICC- stages

Statistical Parameter UICC- stage II UICC- stage III/IV

n 13 6

Median 15.90 20.39

Minimum 7.45 4.40

Maximum 38.21 21.30

Confidence interval 14.06 – 21.85 12.04 – 21.21
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3.2 Changes on transcriptional level in skeletal muscle of
pancreatic cancer patients

3.2.1 Heat shock protein 72 (Hsp 72)- mRNA

3.2.1.1 Relative expression of Heat shock protein 72 (Hsp 72)- mRNA in
skeletal muscle of non- cachectic- and and cachectic- cancer
patients

Table 54 shows that relative expression of Hsp 72 mRNA in skeletal muscle of

non- cachectic- cancer patients is higher than in cachectic cancer patients.

Furthermore relative expression of Hsp 72 mRNA seems to be smaller in

cachectic cancer patients than in control patients, because fold change to control

patients is <1 in cachectic cancer patients. In non- cachectic cancer patients

relative expression of Hsp 72 mRNA is as high as in control patients.

The confidence intervals of the median overlap with one another, which indicates

no relevant difference of relative expression of Hsp 72 mRNA in cachectic- and

non- cachectic- cancer patients.

Table 54: Fold change of relative expression of Heat shock protein 72 (Hsp 72)- mRNA in
skeletal muscle of non- cachectic- and cachectic- cancer patients to mean value of control
patients

Statistical Parameter No Cachexia Cachexia

n 11 10

Median 1.013 0.874

Minimum 0.163 0.205

Maximum 1.614 2.167

Confidence interval 0.336 – 1.390 0.622 – 1.052

3.2.2 Insulin- Like Growth Factor -1 (IGF-1)- mRNA

3.2.2.1 Relative expression of Insulin- Like Growth Factor- 1 (IGF-1)- mRNA
in skeletal muscle of non- cachectic- and cachectic- cancer patients

Relative expression of IGF-1 mRNA is similarly strong in non- cachectic- and

cachectic- cancer patients.

The fold change or relative expression is < 1 in both patient groups indicating that

IGF-1 mRNA is expressed weaker in skeletal muscle of pancreatic cancer patients

than in skeletal muscle of control patients.
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The confidence intervals of the median of non- cachectic – and cachectic- cancer

patients overlap, which indicates no strong difference concerning relative

expression of IGF-1 mRNA between these two groups.

Table 55: Fold change of relative expression of Insulin- Like Growth Factor 1 (IGF-1) mRNA
in skeletal muscle of non- cachectic- and cachectic- cancer patients to control patients

Statistical Parameter No Cachexia Cachexia

n 6 4

Median 0.332 0.459

Minimum 0.003 0.007

Maximum 8.014 14.148

Confidence interval 0.005 – 4.266 0.007 – 14.148

3.2.3 Bcl-2 associated X protein (Bax)- mRNA

3.2.3.1 Relative expression of Bcl-2 associated X protein (Bax)- mRNA in
skeletal muscle of non- cachectic- and cachectic- cancer patients

Table 56 below shows that relative expression of Bax mRNA is slightly higher in

cachectic- than in non- cachectic cancer patients.

The confidence intervals of relative expression of Bax mRNA overlap with each

other, which indicates that there is no difference between relative expression of

Bax mRNA in skeletal muscle of cachectic- and non- cachectic cancer patients.

Table 56 also indicates that relative expression of Bax mRNA is similarly high in

skeletal muscle of control patients compared to pancreatic cancer patients, since

median value of fold change is close to 1 in non- cachectic- and cachectic- cancer

patients.

Table 56: Fold change of relative expression of Bcl-2 associated X protein (Bax)- mRNA in
skeletal muscle of non- cachectic- and cachectic- cancer patients to control patients

Statistical Parameter No Cachexia Cachexia

n 5 3

Median 0.919 1.056

Minimum 0.731 0.517

Maximum 1.452 2.825

Confidence interval 0.731 – 1.452 0.517– 2.825



49

3.2.4 B- cell lymphoma 2 (Bcl-2)- mRNA

3.2.4.1 Relative expression of B- cell lymphoma 2 (Bcl-2)- mRNA in skeletal
muscle of non- cachectic- and cachectic- cancer patients

Table 57 below shows that relative expression of Bcl-2 mRNA is higher in skeletal

muscle of cachectic- than of non- cachectic- cancer patients.

In both patients groups fold change to control patients is above 1, indicating that

relative expression of Bcl-2 mRNA is higher in skeletal muscle of pancreatic

cancer patients than in skeletal muscle of control patients.

Confidence intervals of non- cachectic- and cachectic- cancer patients overlap,

which indicates that the difference of relative expression of Bcl-2 mRNA between

the two groups is not severe.

Table 57: Fold change of relative expression of B- cell lymphoma 2 (Bcl-2)- mRNA in skeletal
muscle of non- cachectic- and cachectic- cancer patients to control patients

Statistical Parameter No Cachexia Cachexia

n 6 5

Median 2.538 14.417

Minimum 0.247 0.664

Maximum 52.699 340.072

Confidence interval 0.247– 37.264 0.664– 340.072
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3.2.5 Myogenic Differentiation 1 (MyoD)- mRNA

3.2.5.1 Relative expression of Myogenic Differentiation 1 (MyoD)- mRNA in
skeletal muscle of non- cachectic- and cachectic- cancer patients

In skeletal muscle of non- cachectic- and cachectic- cancer patients fold change to

control patients of relative expression of MyoD mRNA is <1 (compare Table 58).

This indicates that relative expression of MyoD mRNA in skeletal muscle of

pancreatic cancer patients is weaker compared to control patients.

Median value of relative expression of MyoD mRNA in skeletal muscle of non-

cachectic- and cachectic cancer patients lie close to each other. Furthermore

confidence intervals of the median overlap each other, which indicates no severe

difference of relative expression of MyoD mRNA in skeletal muscle of non-

cachectic- and cachectic- cancer patients.

Table 58: Fold change of relative expression of Myogenic Differentiation 1 (MyoD)- mRNA in
skeletal muscle of non- cachectic- and cachectic- cancer patients to control patients

Statistical Parameter No Cachexia Cachexia

n 9 10

Median 0.635 0.845

Minimum 0.223 0.072

Maximum 2.258 2.488

Confidence interval 0.305- 2.166 0.126- 2.321
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3.3 Association between clinical parameters and experimental
parameters

3.3.1 Association between skeletal muscle Heat shock protein 72 (Hsp
72) content and clinical parameters

3.3.1.1 Association between skeletal muscle Heat shock protein 72 (Hsp 72)
and percentual weight loss

Figure 5 underneath shows no association between percentual weight loss in

patients prior to surgery and skeletal muscle Hsp 72 protein content. Patient

groups are colour marked.

Also Spearman’s correlation coefficients (ρ) do not indicate association between

the two parameters in any patient group (Figure 5).

Figure 5: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
percentual weight loss in non- cachectic-, cachectic- and control patients.
Spearman’s Correlation Coefficient ρ: No Cachexia =-0.118 Cachexia = -0.422 Control = 0.500
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Association between skeletal muscle Heat shock protein 72 (Hsp 72) and
pre- surgery serum C- reactive protein (CRP)- value

Figure 6 indicates a slight tendency towards a positive association between

increased pre- surgery serum CRP values and increased Hsp 72 protein content in

skeletal muscle of non- cachectic cancer patients. Spearman’s correlation

coefficient, which is shown below Figure 6 supports this tendency.

Figure 6: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
pre- surgery serum C- reactive protein (CRP)- values in cachectic-, non- cachectic- and
control- patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.600 Cachexia = -0.110 Control = 0.500
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3.3.1.2 Association between skeletal muscle Heat shock protein 72 (Hsp 72)
and pre- surgery serum leukocyte value

Only in a small number of cases association between skeletal muscle Hsp 72

protein and the pre- surgery serum leukocyte value could be tested.

Due to the small number of patients association could not be tested in non-

cachectic- (2 patients) and cachectic (1 patient) - cancer patients.

If cachectic- and non- cachectic- cancer patients are evaluated in one group

(pancreatic cancer patients n= 3), Spearman’s correlation coefficient indicates a

tendency towards a positive linear association between the two parameters.

Figure 7: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
pre- surgery serum leukocyte value in pancreatic cancer patients and control patients.
Spearman’s Correlation Coefficient ρ: Control = -0.500 Pancreatic Cancer = 1.000
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3.3.1.3 Association between skeletal muscle Heat shock protein 72 (Hsp 72)
and pre- surgery serum protein

In cachectic cancer patients Figure 8 shows a tendency towards a negative

association between reduced pre- surgery serum protein content and increased

skeletal muscle Hsp 72 protein content.

In non- cachectic cancer patients no clear trend towards a linear association is

seen.

In control patients Spearman’s correlation coefficient could not be tested, because

only two cases are in this group.

Figure 8: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
pre- surgery serum protein- values in cachectic-, non- cachectic- and control- patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.314 Cachexia = -0.643 Control (not

calculated)
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3.3.1.4 Association between skeletal muscle Heat shock protein 72 (Hsp 72)
and pre- surgery serum albumin value

Figure 9 shows a negative linear association between skeletal muscle Hsp 72

protein content and pre- surgery serum albumin value in cachectic cancer patients.

It shows that increased skeletal muscle Hsp 72 protein content is associated with

lower pre- surgery serum albumin values.

In non- cachectic cancer patients a linear association is not seen and in control

patients are only two cases, in which association can be analysed.

Figure 9: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
pre- surgery serum albumin values in cachectic-, non- cachectic- and control- patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.200 Cachexia = -0.893 Control (not

calculated)
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3.3.1.5 Association between skeletal muscle Heat shock protein 72 (Hsp 72)
and tumor marker Carbohydrate Antigen 19-9 (CA 19-9)

As Figure 10 shows there is no association between skeletal muscle Hsp 72

protein content and tumor marker CA 19-9 in non- cachectic- and cachectic-

cancer patients.

In one control patient tumor marker CA 19-9 was measured, because prior to

surgery a malign disease was suspected.

Figure 10: Association between skeletal muscle Heat shock protein (Hsp) 72 content and
pre- surgery serum Carbohydrate Antigen 19-9 (CA 19-9) value in cachectic- and non-
cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.400 Cachexia = -0.400, control (not

calculated)
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3.3.2 Association between relative expression of Heat shock protein
72 (Hsp 72)- mRNA in skeletal muscle and clinical parameters

3.3.2.1 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and percentual weight loss

There is no linear association between relative expression of Hsp 72 mRNA in

skeletal muscle and percentual weight loss in non- cachectic and cachectic cancer

patients (shown in Figure 11).

Figure 11: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA in skeletal muscle and percentual weight loss in non- cachectic- and cachectic-
cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.478 Cachexia = 0.236
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3.3.2.2 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and pre- surgery serum C-
reactive protein (CRP)- value

There is no linear association between relative expression of Hsp 72 mRNA in

skeletal muscle samples of non- cachectic- and cachectic- cancer patients and

pre- surgery serum CRP values of these patients (shown in Figure 12).

Figure 12: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA in skeletal muscle and pre- surgery serum C- reactive protein (CRP)- values in
cachectic- and non- cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.429 Cachexia = 0.091
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3.3.2.3 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and pre- surgery serum leukocyte
values

Figure 13 shows no association between relative expression of Hsp 72 mRNA and

pre- surgery serum leukocyte value in non- cachectic cancer patients as well as in

pancreatic cancer patients (cachectic- and non- cachectic cancer patients)

(Spearman’s correlation coefficient= 0.400).

Association between the two parameters could not be tested in cachectic cancer

patients, because only in one cachectic patient the two parameters were

measured.

Figure 13: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA in skeletal muscle and pre- surgery serum leukocyte value of non- cachectic and
cachectic cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.500 Cachexia (not calculated)
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3.3.2.4 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and pre- surgery serum protein
value

Figure 14 shows no strong linear association between relative expression of Hsp

72 mRNA in skeletal muscle of non- cachectic- and cachectic cancer patients and

pre- surgery serum protein value in these patients.

The graphic indicates a small trend towards a positive association in cachectic

cancer patients.

Figure 14: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA and pre- surgery serum protein values in cachectic- and non- cachectic- cancer
patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.200 Cachexia = 0.536
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3.3.2.5 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and pre- surgery serum albumin
value

Figure 15 below shows no linear association and Spearman’s correlation

coefficients also do not support an association between relative expression of Hsp

72 mRNA in skeletal muscle and pre- surgery serum- albumin value of non-

cachectic- and cachectic cancer patients.

Figure 15: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA in skeletal muscle and pre- surgery serum albumin values in cachectic- and non-
cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.200 Cachexia = 0.429



62

3.3.2.6 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA in skeletal muscle and tumor marker Carbohydrate
Antigen 19-9 (CA 19-9)

Figure 16 shows association analysis between relative expression of Hsp 72

mRNA in skeletal muscle and tumor marker CA 19-9. There is no association

between the two parameters in non- cachectic- and cachectic cancer patients.

Figure 16: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA and pre- surgery tumor marker Carbohydrate Antigen 19-9 (CA 19-9) in cachectic –
and non- cachectic cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.214 Cachexia = 0.233
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3.4 Association between experimental parameters

3.4.1 Association between Heat shock protein 72 (Hsp 72) content-
and experimental parameters

3.4.1.1 Association between Heat shock protein 72 (Hsp 72) content and
relative expression of Heat shock protein 72 (Hsp 72)- mRNA in
skeletal muscle

Relative expression of Hsp 72 mRNA – and Hsp 72 protein content are not

associated with another in non- cachectic- and cachectic cancer patients (compare

Figure 17). There might be a very small tendency towards a positive association

between the two parameters in non- cachectic cancer patients.

Figure 17: Association between skeletal muscle Heat shock protein 72 (Hsp 72) content and
relative expression of Heat shock protein 72 (Hsp 72)- mRNA in skeletal muscle of non-
cachectic- and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.567 Cachexia = -0.491
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3.4.1.2 Association between Heat shock protein 72 (Hsp 72) content and
relative expression of Insulin- like growth factor 1 (IGF-1)- mRNA in
skeletal muscle

Figure 18 shows no linear association between Hsp 72 protein content and relative

expression of IGF-1 mRNA in skeletal muscle of non- cachectic- and cachectic

cancer patients.

Figure 18: Association between Heat shock protein 72 (Hsp 72) content and relative
expression of Insulin- like growth factor 1 (IGF-1) - mRNA in skeletal muscle of non-
cachectic- and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.429 Cachexia = 0.200
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3.4.1.3 Association between Heat shock protein 72 (Hsp 72) content- and
relative expression of Bcl-2 associated X protein (Bax)- mRNA in
skeletal muscle

In skeletal muscle of non- cachectic cancer patients seems to be a trend towards a

linear negative association between Hsp 72 protein content and relative

expression of Bax mRNA (compare Figure 19).

The association indicates that in non- cachectic cancer patients increased Hsp 72

protein content in skeletal muscle is associated with lower relative expression of

Bax mRNA in skeletal muscle.

In cachectic cancer patients such an association is not observed.

Figure 19: Association between Heat shock protein 72 (Hsp 72) content and relative
expression of Bcl-2 associated X protein (Bax)- mRNA in non- cachectic- and cachectic-
cancer patients.
Spearman’s Correlation Coeffcient ρ: No Cachexia = - 0.600 Cachexia = - 0.500
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3.4.1.4 Association between Heat shock protein 72 (Hsp 72) content- and
relative expression of B- cell lymphoma 2 (Bcl-2) - mRNA in skeletal
muscle

Figure 20 shows a trend towards a positive linear association between Hsp 72

protein content- and relative expression of Bcl-2 mRNA in skeletal muscle of non-

cachectic cancer patients.

There seems to be no linear association between the two parameters in cachectic

cancer patients.

Figure 20: Association between Heat shock protein 72 (Hsp 72) content and relative
expression of B- cell lymphoma 2 (Bcl-2)- mRNA in skeletal muscle of non- cachectic- and
cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 1.000 Cachexia = -0.100
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3.4.1.5 Association between Heat shock protein 72 (Hsp 72) content- and
relative expression of Myogenic Differentiation 1 (MyoD)- mRNA in
skeletal muscle

In skeletal muscle of cachectic, as well as non- cachectic cancer patients, there is

no linear association between Hsp 72 protein content- and relative expression of

MyoD (compare Figure 21).

Figure 21: Association between Heat shock protein 72 (Hsp 72) content and relative
expression of Myogenic Differentiation 1 (MyoD)- mRNA in skeletal muscle of non-
cachectic- and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.321 Cachexia = -0.042
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3.4.2 Association between relative expression of Heat shock protein
72 (Hsp 72)- mRNA and experimental parameters

3.4.2.1 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA- and Insulin- like growth factor 1 (IGF-1)- mRNA in
skeletal muscle

Figure 22 shows that relative expression of IGF-1 mRNA remains in the left part of

the graphic in cachectic- and non- cachectic- cancer patients, independent from

relative expression of Hsp 72 mRNA. Spearman’s correlation coefficients also

reflect no association between the two parameters in any patient group.

Figure 22: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA- and Insulin- like growth factor 1 (IGF-1)- mRNA in skeletal muscle of non- cachectic-
and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.086 Cachexia = -0.400
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3.4.2.2 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA- and Bcl-2 associated X protein (Bax)- mRNA in
skeletal muscle

Figure 23 indicates a tendency towards a negative association between relative

expression of Hsp 72 mRNA- and Bax mRNA in skeletal muscle of non- cachectic

cancer patients.

This negative association would indicate that increased relative expression of Hsp

72 mRNA is associated with reduced relative expression of Bax mRNA in non-

cachectic cancer patients.

In cachectic cancer patients such an association cannot be seen.

Figure 23: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA- and Bcl-2 associated X protein (Bax)- mRNA in skeletal muscle of non- cachectic-
and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.600 Cachexia = 0.500
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3.4.2.3 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA- and B- cell lymphoma 2 (Bcl-2)- mRNA in skeletal
muscle

In cachectic cancer patients Figure 24 shows a tendency towards a negative

association between increased relative expression of Hsp 72 mRNA- and reduced

relative expression of Bcl-2 mRNA in skeletal muscle.

Among the small amount of cachectic cancer patients is one patient with

comparatively high relative expression of Bcl-2 mRNA. This high value contributes

to the negative association between the two parameters in cachectic cancer

patients.

In non- cachectic- cancer patients such an association is not seen.

Figure 24: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA and B- cell lymphoma 2 (Bcl-2) - mRNA in skeletal muscle of non- cachectic- and
cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = 0.429 Cachexia = -0.600
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3.4.2.4 Association between relative expression of Heat shock protein 72
(Hsp 72)- mRNA- and Myogenic Differentiation 1 (MyoD)- mRNA in
skeletal muscle

There is no linear association between relative expression of Hsp 72 mRNA and

relative expression of MyoD mRNA in any patient group. Figure 25 shows a

random distribution of the association points: there are patients with increased

relative expression of Hsp 72 mRNA and low relative expression of MyoD mRNA

and vice versa. Spearman’s correlation coefficients below Figure 25 also do not

indicate any association between the two parameters in any patient group.

Figure 25: Association between relative expression of Heat shock protein 72 (Hsp 72)-
mRNA and Myogenic Differentiation 1 (MyoD)- mRNA in skeletal muscle of non- cachectic-
and cachectic- cancer patients.
Spearman’s Correlation Coefficient ρ: No Cachexia = -0.167 Cachexia = -0.030
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4 Discussion
This study shows a trend towards increased expression of Heat shock protein 72

(Hsp 72) in skeletal muscle from cachectic- compared to non- cachectic-

pancreatic cancer patients (compare chapter 4.1).

Association analysises show, that expression of Hsp 72 protein in skeletal muscle

of pancreatic cancer patients is probably influenced by inflammatory and

nutritional stress in patients, rather than tumor progress. (compare chapter 4.1)

Analysises of association between skeletal muscle Hsp 72 protein content and

parameters of muscle cell survival (Insulin- like growth factor 1 (IGF-1)-, Myogenic

Differentiation 1 (MyoD) and B- cell lymphoma 2 (Bcl-2)) and apoptosis (Bcl-2

associated X protein (Bax)) indicate a protective role of Hsp 72 protein in non-

cachectic cancer patients. Though future studies have to examine the causative

character of these associations (compare chapter 4.2).

This study could not show a strong association between relative expression of Hsp

72 mRNA in skeletal muscle and skeletal muscle Hsp 72 protein content (compare

chapter 4.3).

Due to the small patient numbers of this study, results only describe trends and

should be verified in future studies with bigger patient collectives (compare chapter

4.4).

4.1 Skeletal muscle Heat shock protein 72 (Hsp 72) in pancreatic
cancer patients and its association with clinical parameters
of cachexia

The hypothesis of this study was that Hsp 72 protein is elevated in skeletal muscle

samples of cachectic pancreatic cancer patients due to increased stress in these

cells.

To test this hypothesis Hsp 72 protein content in skeletal muscle samples from ten

cachectic-, eleven non- cachectic- and five control patients was measured.

Furthermore expression of skeletal muscle Hsp 72 protein was examined in

female and male patients (including pancreatic cancer and control patients) and

within female and male cachexia groups.

This study indicates that Hsp 72 is elevated in cachectic cancer patients.
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In all tested cachectic patient groups: female and male cachectic, as well as male

cachectic- and female cachectic- patients, Hsp 72 protein content is higher in

cachectic than in non- cachectic pancreatic cancer patients (chapter 3.1).

In male cachectic cancer patients skeletal muscle Hsp 72 protein is significantly

higher (p= 0.05) than in male non- cachectic cancer patients, though with low

statistic predictive power due to the small number of patients.

There is no significant difference between Hsp 72 protein content in (pancreatic

cancer and control) male and (pancreatic cancer and control) female patients of

this study. It has been observed before, that Hsp 72 expression is attenuated by

estrogen (Paroo Z et al. 2002). Regarding median age of patients of this study

(70.5 years) the missing discrepancy between male and female patients might be

due to the postmenopausal status of women in this study, with a similar estrogen

level compared to men (Simpson E et al. 1999).

Interestingly skeletal muscle Hsp 72 protein content is similarly high in control

patients (both gender) compared to cachectic cancer patients (both gender).

Expression of Hsp 72 protein can be induced through various factors (Kiang JG

and Tsokos GC 1998; Liu Y et al. 2006).

Control patients of this study suffer from some benign visceral disease demanding

surgical treatment, which indicates that these patients suffer from stress reactions.

Among control patients are patients, who lost weight, though smaller 10% of their

stable weight, prior to surgery. Beside a desired weight loss or physiologic weight

variations, this might be an expression of a disease process in these patients.

Furthermore in control patients median value of C- reactive protein (CRP) is higher

than in cachectic- cancer patients (compare Table 3), which is a further indication

that control patients suffer from stress reactions, which might cause an

upregulation of Hsp 72.

Clinical factors accompanying cachexia and possible causes of increased skeletal

muscle Hsp 72 protein expression in pancreatic cancer patients, as well as in

control patients, were therefore associated with Hsp 72 protein expression.

The major clinical parameter of cachexia is weight loss, which itself is supposed to

be caused by alterations of the energy metabolism, as well as inflammatory and

hormonal reactions (Tisdale MJ 2009).
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In aged individuals with sarcopenia an association between higher extracellular

Hsp 72 protein levels and lower muscle mass have been oberserved (Ogawa K et

al. 2012).

An association between intracellular Hsp 72 protein expression in skeletal muscle

and weight loss due to cachexia has so far not been studied.

This study does not indicate a strong linear association between Hsp 72 protein

content in skeletal muscle and percentual weight loss of patients (compare Figure

5).

It indicates that significant weight loss neither induces increased expression of

Hsp 72 protein in skeletal muscle cells of pancreatic cancer patients nor that

increased expression of Hsp 72 protein protects against weight loss or as a

contrary induces weight loss.

This observation might indicate that not weight loss, but other clinical factors of

cachexia induce the expression of Hsp 72 protein in skeletal muscle.

A limitation of this observation is, beside the above mentioned small number of

patients, that weight loss was analysed anamnestically, which provides a source of

error.

The clinical parameters pre- surgery serum leukocyte value and C- reactive

protein (CRP) - value are markers of inflammation. Inflammation is a further

essential part of cancer cachexia (Tisdale MJ 2009). It has been shown that

increased serum markers of inflammation are associated with “poor prognosis” in

cancer patients (Donohoe CL et al. 2011, p. 4).

In this study a trend towards a positive linear association between pre- surgery

serum CRP- value and skeletal muscle Hsp 72 protein content (ρ = 0.600) was

observed in five non- cachectic cancer patients.

In nine cachectic cancer patients such a trend was not observed.

Paradoxically in this study lowest CRP- values were measured in cachectic cancer

patients (9 cases: median= 1.00 mg/l) and highest CRP- values were measured in

non- cachectic cancer patients (6 cases: median= 10.20 mg/l).

It is surprising that pre- surgery CRP values are lower in cachectic cancer patients

than in non- cachectic cancer patients, since an acute phase response has been

related to cachexia (Stephens NA et al. 2008).

On the other hand the trend towards a positive association between pre- surgery

serum CRP- values and skeletal muscle Hsp 72 protein content in non- cachectic
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cancer patients, in whom higher pre- surgery CRP- values were measured, could

indicate that Hsp 72 protein in pancreatic cancer patients is increased in skeletal

muscle cells due to inflammatory stress.

The comparatively low pre- surgery serum CRP- values in cachectic cancer

patients might explain why there is no association between the pre- surgery

serum- CRP value and Hsp 72 protein expression in skeletal muscle of these

patients.

A possible cause for the low pre- surgery CRP value in cachectic cancer patients

might be malnutrition, which has been discussed to cause a reduced acute- phase

response (Gruys E et al. 2005).

Another reason for a missing association between Hsp 72 protein and pre- surgery

serum CRP- value in cachectic cancer patients might be the small number of

patients included in the study. In such small patient collectives outliers have a big

impact. For general predictions greater patient collectives should be studied.

Beside pre- surgery serum CRP- value, pre- surgery serum leukocyte value, a

further marker of inflammation was associated with skeletal muscle Hsp 72 protein

expression. This association could only be done in very few patients (in total: 6

patients including pancreatic cancer- and control patients).

Therefore association between the two parameters was analysed in pancreatic

cancer patients (including two non- cachectic- and one cachectic- cancer patients).

In this group a positive association between skeletal muscle Hsp 72 protein

content and pre- surgery serum leukocyte value was seen.

Similar to the trend towards a positive association between skeletal muscle Hsp 72

protein and pre- surgery serum CRP value, this association supports the

hypothesis that inflammation in patients with pancreatic cancer induces expression

of Hsp 72 protein in skeletal muscle.

A further clinical symptom of cachexia are low serum- albumin values (Evans WJ

et al. 2008).

Albumin belongs to the plasma proteins and is built by the liver (Franch-Arcas G

2001).

Plasma proteins have important functions in immune defence, transportation of

hormones and lipids and maintenance of the oncotic pressure (Horn F et al.

2002a).

During disease plasma protein levels can change (Horn F et al. 2002b).
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Already in 1955 hypoproteinemia was documented in “surgical patients” (Rhoads

JE and Alexander CE 1955, p. 268).

Parts of plasma proteins, belonging to the acute phase proteins can increase

(Gabay C and Kushner I 1999). Other parts can decrease due to decreased

synthesis rate in the liver or fluid shifts (Franch-Arcas G 2001).

These changes are possibly influenced by inflammatory reactions (e.g. cytokines)

and nutrition (Gupta D and Lis CG 2010).

In this study pre- surgery serum- protein content (i.e. plasma protein content

without erythrocytes, leukocytes and coagulation factors) is lower in cachectic than

in non- cachectic cancer patients (compare Table 3) and there is a trend towards a

negative association between pre- surgery serum protein content and skeletal

muscle Hsp 72 protein values in cachectic cancer patients (ρ = -0.643).

The trend indicates that low pre- surgery serum protein values are associated with

increased skeletal muscle Hsp 72 protein expression in cachectic cancer patients

or vice versa.

In non- cachectic cancer patients such a trend is not seen. Due to the small patient

collective and low statistical power this does not necessarily mean that there is no

such association in non- cachectic cancer patients in general, but should be

studied in bigger patient collectives in the future.

Since a trend towards a positive association between pre- surgery serum CRP

values and skeletal muscle Hsp 72 protein has been observed, there might be an

association between low pre- surgery serum protein- and increased CRP- values.

This would be a hint that inflammation induces reduced serum protein content in

cachectic cancer patients. Such an association is not seen in all patients (including

pancreatic cancer- and control- patients) of this study (compare Figure 27).

Beside association between skeletal muscle Hsp 72 protein content and pre-

surgery serum protein value, association between the stress protein and pre-

surgery serum albumin value was analysed in this study.

Similar to pre- surgery serum protein value there is a negative association

between skeletal muscle Hsp 72 protein content in cachectic patients (7 cases)

and pre- surgery serum albumin value (ρ = -0.893). The association indicates that

in cachectic cancer patients low serum albumin values correspond with high

skeletal muscle Hsp 72 protein content.

In non- cachectic cancer patients this association does not exist.
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It has been observed in other works that albumin synthesis is reduced in patients

with cachexia due to chronic diseases (Chojkier M 2005).

There are assumptions that oxidative stress induces reduced synthesis of albumin

by “preventing binding of a promoter to the albumin gene” (Chojkier M 2005, p.

143).

As mentioned above oxidative stress has been shown to be involved in the

pathogenesis of cancer cachexia (Hall DT et al. 2011; Laviano A et al. 2007;

Tisdale MJ 2009).

Furthermore it has been proposed that oxidative stress is able to induce

expression of Hsp 72 protein and that Hsp 72 protein might act as a defence

mechanism against oxidative stress (Bruce CR et al. 2003; Smolka MB et al.

2000).

Thus it could be speculated that reduced serum albumin values and increased

expression of skeletal muscle Hsp 72 protein are due to increased oxidative stress

in the organism of cachectic cancer patients.

In a broader sense it can be speculated that inflammation, which also induces

oxidative stress leads to decreased serum albumin and increased Hsp 72 protein

levels.

Hsp 72 protein expression in skeletal muscle cells might also be increased in

cachectic cancer patients due to an energy deficit in these muscles.

Earlier works could show that “glucose ingestion attenuates the exercise- induced

increase in circulating heat shock protein 72 in humans” (Febbraio MA et al. 2004,

p. 393). It was speculated that increased expression of HSP 70 might indicate an

energy deficit (Febbraio MA et al. 2004).

Low pre- surgery serum albumin values might be caused by depletion of protein

stores (Siddiqui A et al. 2007).

A combination of inflammatory stress and energy deficit could induce increased

expression of Hsp 72 protein in skeletal muscle cells from pancreatic cancer

patients.

The negative association between pre- surgery serum albumin and skeletal

muscle Hsp 72 protein content might also indicate that increased Hsp 72 protein

levels reduce serum albumin level via some pathway.

It has been shown that intracellular Hsp 72 can be released into the extracellular

compartment (Luo X et al. 2008). And it has been proposed that Hsp 72 protein
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has immune- modulatory functions in the extracellular compartment (Schmitt E et

al. 2007; Walsh RC et al. 2001). A possible way could be, that intra- or

extracellular Hsp 72 protein induces pro- inflammatory cytokines.

Inflammation again is proposed to reduce serum albumin levels (Gupta D and Lis

CG 2010).

A direct effect of intracellular skeletal muscle Hsp 72 protein on serum protein- and

albumin values is rather unlikely, though it has been proposed that Hsp 72 protein

stimulates glycolysis (Wang L et al. 2012). Increased Hsp 72 protein content might

support increased glycolysis, which might consecutively lead to reduced protein

stores- and albumin stores.

In summary it can be hypothesized that low pre- surgery serum albumin and high

skeletal muscle Hsp 72 protein content interfere with each other in some form of

viscous cycle.

Beside clinical factors of cachexia the tumor itself might induce expression of

skeletal muscle Hsp 72 protein in pancreatic cancer patients.

It has been shown by Aghdassi A et al. that there is higher expression of inducible

Hsp 72 mRNA in pancreatic cancer cells compared to normal pancreatic ductal

cells (Aghdassi A et al. 2007).

To analyse whether tumor progress is associated with skeletal Hsp 72 protein

content in pancreatic cancer patients, expression level of Hsp 72 protein in

skeletal muscle was compared with UICC stages. Furthermore association of

skeletal muscle Hsp 72 protein content and tumor marker Carbohydrate Antigen

19-9 (CA 19-9) was analysed.

This study does not indicate a strong difference of skeletal muscle Hsp 72 protein

content between patients with lower and higher UICC- stages, which indicates that

higher tumor stages do not induce expression of skeletal muscle Hsp 72 protein or

reversely that Hsp 72 protein content in skeletal muscle induces pancreatic cancer

progress. There is furthermore no association between tumor marker CA 19-9 and

Hsp 72 protein (neither in cachectic- nor in non- cachectic patients).

Tumor marker CA 19-9 can produce false negative results (Hidalgo M 2010), but

was recently confirmed to be associated with tumor stage (Molina V et al. 2012).

The observations of this study indicate that there is no association between stage

of pancreatic cancer and Hsp 72 protein expression in skeletal muscle.
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Interestingly even though markers of tumor progress are not associated with

skeletal muscle Hsp 72 protein expression, there is a strong evidence that

increased inflammatory and metabolic stress is associated with skeletal muscle

Hsp 72 protein expression. Inflammatory reactions might be caused by the tumor

itself.

There have been studies which showed that a systemic inflammatory response

correlates with tumor progress and poor prognosis (Siddiqui A et al. 2007).

In this study no significant association between pre- surgery serum CRP- values

and tumor marker CA 19-9 (Figure 26) exist, though there is a tendency towards a

positive association between skeletal muscle Hsp 72 content and inflammation.

It has recently been proposed that the immune response of the host is an

important predictor for prognosis of cancer (Galon J et al. 2012; Vonderheide RH

and Bayne LJ 2013).

Regarding skeletal muscle Hsp 72 response during pancreatic cancer, it might be

speculated that the immune reponse of the host, rather than the tumor itself

induces its expression.

The results of this study indicate that the main clinical factors inducing expression

of Hsp 72 protein in skeletal muscle of pancreatic cancer patients are inflammatory

and nutritional stress.
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4.2 Role of Heat shock protein 72 (Hsp 72) in skeletal muscle of
patients with pancreatic cancer

A central question of this study was whether increased Hsp 72 content might

induce protective cellular pathways in skeletal muscle cells.

Therefore genes involved in muscle cell survival, as Insulin- like growth factor 1

(IGF-1)- , Myogenic Differentiation 1 (MyoD) and B- cell lymphoma 2 (Bcl-2), as

well as apoptosis Bcl-2 associated X protein (Bax) were examined and associated

with expression of Hsp 72 protein- and mRNA in skeletal muscle of cachectic- and

non- cachectic- pancreatic cancer patients.

Insulin- like growth factor 1 (IGF-1) mRNA is an anabolic factor (Costelli P et al.

2006).

It activates the phosphatidylinositol 3-kinase (PI3-K)/Akt signalling pathway, which

triggers growth of skeletal muscle cells (Schmitt TL et al. 2007; Stitt TN et al.

2004).

In tumor-bearing rats downregulation of IGF-1 has been shown (Costelli P et al.

2006). In tissue from human cancer patients lower levels of insulin receptor

substrate 1 (IRS1), a protein which is activated by binding of IGF-1 to insulin

receptor (IR), have been seen in cachectic cancer patients compared to non-

cachectic cancer patients, though not significant (Schmitt TL et al. 2007).

In this study relative expression of IGF-1- mRNA is smaller in skeletal muscle from

non- cachectic and cachectic cancer patients than in skeletal muscle from control

patients as relative expression is shown as fold change to control patients.

There is no difference of relative expression of IGF-1 mRNA between cachectic-

and non- cachectic- cancer patients (Table 55).

Thus the conclusion of this study for relative expression of IGF-1 mRNA is that its

expression is reduced in pancreatic cancer patients compared to control patients,

but there is no relevant difference of its relative expression between non-

cachectic- and cachectic- cancer patients.

There is furthermore no association between relative expression of IGF-1 mRNA

and Hsp 72 expression on mRNA- or protein level.

Thus Hsp 72 probably does not excert protective effects via IGF-1 mRNA in

skeletal muscle of pancreatic cancer patients.
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MyoD mRNA is an important transcription factor during muscle cell development

(Lecker SH et al. 2006; Megeney LA et al. 1996). It has also been proposed that

this factor is involved in muscle regeneration (Guttridge DC et al. 2000).

In rats with the “Yoshida AH-30 hepatoma a decrease in muscle weight was

accompanied by a decrease in MyoD mRNA content” (Costelli P et al. 2005, p.

1663).

In this study relative epression of MyoD mRNA in skeletal muscle of pancreatic

cancer patients is reduced compared to control patients.

On the basis of literature research increased inflammatory reactions in cachectic

patients might cause loss of MyoD mRNA (Costelli P et al. 2005; Guttridge DC et

al. 2000).

There is no difference between relative expression of MyoD mRNA in skeletal

muscle samples from non- cachectic- and cachectic- cancer - patients.

There is furthermore no association between relative expression of MyoD mRNA

and relative expression of Hsp 72 mRNA- or Hsp 72 protein in skeletal muscle of

non- cachectic- and cachectic- cancer patients.

Thus this study shows that Hsp 72 protein- as well as mRNA does not excert

protective effects in skeletal muscle of pancreatic cancer patients via MyoD.

Bcl-2 mRNA is an anti- apoptotic factor and has been described as a survival gene

(Hunter BR et al. 2002).

On the other hand in patients with acute myeloid leukemia increased expression of

Bcl-2 mRNA in bone marrow predicted poor prognosis (Karakas T et al. 1998).

Relative expression of Bcl-2 mRNA is higher in pancreatic cancer patients than in

control patients, as the fold change to control patients is > 1 in cachectic and non-

cachectic pancreatic cancer patients.

There is no relevant difference between relative expression of Bcl-2 mRNA in non-

cachectic- and cachectic- pancreatic cancer patients since the confidence intervals

overlap (compare Table 57).

There is a trend towards a positive association between skeletal muscle Hsp 72

protein content and relative expression of Bcl-2 mRNA in five non- cachectic

pancreatic cancer patients.

This observation can imply that increased skeletal muscle Hsp 72 protein content

induces increased relative expression of Bcl-2 mRNA or vice versa in non-

cachectic cancer patients.
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In contrast in cachectic cancer patients a trend towards a negative association

between relative expression of Hsp 72 mRNA- and Bcl-2 mRNA is seen.

Though this patient group contains one patient with an extremely high value of

relative expression of Bcl-2 mRNA, which enables the negative association

between the two parameters. Therefore validation of this result should be done in

a bigger patient collective.

If the results are confirmed in such a validation, this might be an interesting

approach for further studies, since it would be an important difference between

skeletal muscle of cachectic- and non- cachectic pancreatic cancer patients.

Siu PM et al. 2004 observed a positive association between Hsp 72 protein

content and Bcl-2 mRNA- and protein content in skeletal muscle of rats after

exercise and it was concluded that this might protect muscle cells from apoptosis.

The authors remarked that this association does not indicate a causative relation

(Siu PM et al. 2004, p. 1152).

This study can also not show a causative relation between the two parameters in

non- cachectic-, as well as cachectic- cancer patients. But the relation is

interesting since it might be one way by which skeletal muscle tissue in non-

cachectic cancer patients is protected.

In contrast to the above mentioned factors which might protect skeletal muscle

cells from apoptosis, Bax mRNA is a pro- apoptotic factor (Siu PM et al. 2004).

There have been some studies which proposed that apoptosis is involved in

muscle wasting in cachexia (Busquets S et al. 2007; Yoshida H et al. 2001).

In this study relative expression of Bax mRNA in different patient groups was

analysed.

First of all relative expression of Bax mRNA is similarly high in skeletal muscle

from pancreatic cancer patients compared to control patients.

Furthermore relative expression of Bax mRNA does not differ between skeletal

muscle from cachectic- and non- cachectic- cancer - patients.

But this study shows a trend towards a negative association between relative

expression of Bax mRNA- and Hsp 72 mRNA, as well as -Hsp 72 protein in non-

cachectic cancer patients.

The above mentioned study by Siu PM et al. in 2004 also showed an inverse

relation between relative expression of Hsp 72 protein and Bax mRNA in muscles

of rats after “moderate regular physical activity” and as mentioned above it was
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concluded that Hsp 72 protein might have an anti- apoptotic effect in skeletal

muscle after exercise training (Siu PM et al. 2004, p. 1151).

The trend towards an inverse relation between relative expression of pro-

apoptotic Bax mRNA – and Hsp 72 mRNA- / - protein, as well as the trend towards

a positive association between relative expression of anti- apoptotic Bcl-2 mRNA

and Hsp 72 protein content in skeletal muscle of non- cachectic cancer patients,

might show a possible mechanism by which Hsp 72 protein protects skeletal

muscle from non- cachectic cancer patients from wasting.

These observations should be examined in bigger patient collectives first.

If a protective role of skeletal muscle Hsp 72 protein can be confirmed in such

studies, factors which support this function of Hsp 72 in skeletal muscle of non-

cachectic cancer patients should be searched.
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4.3 Heat shock protein 72 (Hsp 72) expression on transcriptional-
and translational level in pancreatic cancer patients

Relative expression of Hsp 72 mRNA does not differ between cachectic- and non-

cachectic- cancer patients, which indicates that in contrast to Hsp 72 protein

content, relative expression of Hsp 72 mRNA in skeletal muscle samples is not

associated with cachectic status of pancreatic cancer patients.

Furthermore as relative expression of Hsp 72 mRNA is expressed as fold change

to control patients, there is no relevant difference between cachectic (median=

0.874) – and non- cachectic cancer patients (median= 1.013) and control patients

(mean= 1) (compare chapter 3.2.1).

This observation might indicate that the Hsp 72 response to stress during cachexia

is not regulated on transcriptional level, since changes of skeletal muscle Hsp 72

protein content (translational level) between cachectic and non- cachectic cancer

patients have been seen. Furthermore there is no association between clinical

parameters of cachexia and relative expression of Hsp 72 mRNA in non- cachectic

and cachectic cancer patients, which has been seen between skeletal muscle Hsp

72 protein and clinical parameters.

Though it has to be considered that relative expression of genes was analysed as

fold change to control patients, who themselves suffered from some disease. Thus

the fold change might not reflect the fold change, which would be measured

compared to a healthy control population. Furthermore does skeletal muscle Hsp

72 protein content only show tendencies to be higher in cachectic cancer patients

compared to non- cachectic cancer patients. Therefore the missing different

relative expression of Hsp 72 mRNA between non- cachectic and cachectic

pancreatic cancer patients, as well as compared to control patients is not sufficient

to show that Hsp 72 protein is regulated on translational level in pancreatic cancer

patients. Furthermore did association analysis between Hsp 72 mRNA and Hsp 72

protein show a small tendency towards a positive association between skeletal

muscle Hsp 72 protein content and relative expression of Hsp 72 mRNA in skeletal

muscle of non- cachectic cancer patients.

Future studies with bigger sample collectives and stricter criteria for healthy

controls should be conducted to analyse whether Hsp 72 protein expression is

regulated on translational or transcriptional level in skeletal muscle of pancreatic

cancer patients.
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4.4 Limitations of the study

The major limitation is its small number of patients, which results in low statistic

predictive power of the observations of this study. Therefore results of this study

were only analysed in a descriptive orientating manner and future studies with

bigger patient collectives should confirm the observations of this study.

On the other hand the skeletal muscle samples, which were used in this study are

very valuable, because they are rare.

There are many studies on consequences of cancer cachexia in skeletal muscle of

animals, but much less studies have been conducted in human trials (Tisdale MJ

2009). Therefore results of this study should be used as initiations for future

studies.

A further limitation of this study could be the skeletal muscle sample management.

Samples were obtained during surgery and put into liquid nitrogen within 30

minutes. This time period might be harmful for preservation of intact RNA, since

this molecule has a “very short half- life” after extraction from tissues, among

others, due to the presence of RNases (Tan SC and Yiap BC 2009).

In several quantitative Polymerase Chain Reactions (qRT- PCR) of this study

reproducible crossing points and thus further analysis of relative expression of the

gene could be only obtained in a small number of cases (compare chapter 3.2).

Beside sample management this might also be caused by the used primers, as

well as the qRT- PCR- conditions, although they had been successfully used in

prior studies of the Muscle- and Cell- Culture Laboratory of Sportsmedicine, Ulm

(Liu Y et al. 2008).

A further weakness of this study might be evaluation of Polymerase Chain

Reaction- results. Relative expression of genes was expressed as fold change to

control patients, although these patients themselves were not healthy, but suffered

from some benign visceral disease (compare chapter 2.1).

This evaluation method might induce distortion of results of relative expression of

cachectic- and non- cachectic- cancer patients compared to control patients.

Therefore in future studies “healthy” control patient collectives should be used. An

approach could be the use of muscle samples, as they have been obtained for

studies on sportsmen, from the musculus triceps brachii, as well as musculus

vastus lateralis (Liu Y et al. 1999; Liu Y et al. 2008).
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5 Summary
Pancreatic cancer is often accompanied by the syndrome of cachexia, which

involves muscle loss.

Causes of cancer cachexia are not fully understood but various, and involve

metabolic and inflammatory alterations in the organism.

Heat shock protein 72 (Hsp 72) is a heat shock protein, whose expression can be

induced by various stressors and its function is protection of cells, as well as

stress sensing.

The aim of this study was to analyse the role of Hsp 72 in skeletal muscle of

cachectic pancreatic cancer patients and it was hypothesized that cachectic

pancreatic cancer patients have higher skeletal muscle Hsp 72 content due to

increased stress compared to non- cachectic- and control- patients.

In order to analyse which factors induce Hsp 72, clinical factors of cachexia, as

percentual weight loss, pre- surgery serum C- reactive protein, leukocyte-, protein-

, albumin- and Carbohydrate Antigen 19-9 (CA 19-9) - value were associated with

Hsp 72 protein- and mRNA. In order to understand the role of Hsp 72 in skeletal

muscle of pancreatic cancer patients factors of skeletal muscle- survival

(Myogenic Differentiation- MyoD, Insulin- like growth factor 1 - IGF-1, B- cell

lymphoma 2 - Bcl-2) and - apoptosis (Bcl-2 associated X protein- Bax) were

associated with skeletal muscle Hsp 72 protein- and mRNA.

By measuring Hsp 72 protein- and mRNA content in skeletal muscle, it was

analysed whether the protein is regulated on transcriptional or translational level in

skeletal muscle of pancreatic cancer patients.

Skeletal muscle samples from 11 non- cachectic-, 10 cachectic- and five control-

patients were examined in this study.

Clinical information was obtained from patient charts retrospectively.

Skeletal muscle samples were analysed for relative expression of mRNAs with

quantitative Real Time Polymerase Chain Reaction and protein expression was

analysed with Western Blotting.

Due to the small number of patents statistic analysis was done in descriptive

orientating manner.

In skeletal muscle of male cachectic cancer patients Hsp 72 protein content

(median= 26.61 ng) shows a strong tendency to be higher than in male non-

cachectic cancer patients (median= 20.36 ng) (Mann- Whithney- U test: p= 0.05).
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Also in all cachectic (both gender) patients skeletal muscle Hsp 72 protein content

(20.40 ng) is higher than in non- cachectic patients (both gender) (15.65 ng),

though not significant (Mann- Whithney- U test: p= 0.133).

Correlations analysis shows a negative association between skeletal muscle Hsp

72 protein content and pre- surgery serum protein (Spearman’s correlation

coefficient: ρ= -0.643) - and albumin – value (ρ= -0.893) in seven cachectic cancer

patients, as well as trends towards a positive association between skeletal muscle

Hsp 72 protein- and pre- surgery serum C- reactive protein (CRP) (ρ= 0.600) (5

non- cachectic patients) - and leukocyte (ρ= 1.000) (3 pancreatic cancer patients) -

value. There is no association between tumor marker CA 19-9 and skeletal muscle

Hsp 72 protein content.

There is furthermore a negative association between Hsp 72 protein content and

relative expression of Bax mRNA (ρ= -0.600) and a positive association between

Hsp 72 protein content and relative expression of Bcl-2 mRNA (ρ= 1.000) in

skeletal muscle of five non- cachectic cancer patients.

There is no strong association between relative expression of Hsp 72 mRNA and

Hsp 72 protein content in skeletal muscle of non- cachectic- and cachectic- cancer

patients.

The results of this study show a trend that Hsp 72 is higher in skeletal muscle of

cachectic- compared to non- cachectic- cancer patients. Inflammatory and

nutritional stress might induce expression of Hsp 72 protein rather than tumor

progress. In skeletal muscle of non- cachectic cancer patients expression of Hsp

72 protein might protect cells against muscle wasting via reduced expression of

Bax mRNA, as well as increased expression of Bcl-2 mRNA.

The causative character of the association between Hsp 72 protein expression

and relative expression of Bax- and Bcl-2 mRNA in non- cachectic cancer patients

should be examined in future studies.
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Appendix
Table 59: Clinical characteristics of female and male patients

Parameter Female Male Total
Number 18 7 25
Age (years) 70.50 (median)

(min= 32.00 max= 86.00)
66.00 (median)
(min= 52.00 max= 72.00)

69.00 (median)
(min=32.00 max= 86.00)

n 18 7 25
Weight Loss in % 6.75 (median)

(min= 0.00 max= 26.70)
9.10 (median)
(min= 0.00 max= 12.30)

7.40 (median)
(min= 0.00 max= 26.70)

n 18 7 25
BMI 22.29 (median)

(min= 17.57 max= 40.63)
25.35 (median)
(min= 21.05 max= 30.52)

23.74 (median)
(min= 17.57 max= 40.63)

n 18 7 25
Pre- surgery serum C-
reactive protein (CRP) (mg/l)

3.00 (median)
(min= 1.00 max= 52.10)

3.50 (median)
(min= 1.00 max= 39.60)

3.40 (median)
(min= 1.00 max= 52.10)

n 12 6 18
Pre- surgery leukocyte (/nl) 7.02 (median)

(min= 4.31 max= 14.53)
- 7.02 (median)

(min= 4.31 max= 14.53)
n 8 0 8
Pre- surgery serum- protein
(g/l)

69.00 (median)
(min= 45.00 max= 76.70)

69.30 (median)
(min= 65.10 max= 72.30)

69.00 (median)
(min= 45.00 max= 76.70)

n 12 3 15
Pre- surgery albumin (g/l) 42.10 (median)

(min= 32.20 max= 47.40)
39.20 (median)
(min= 37.40 max= 39.90)

40.30 (median)
(min= 32.20 max= 47.40)

n 10 4 14
Carbohydrate Antigene (CA)-
19-9 (U/ml)

330.50 (median)
(min= 7.00 max= 19354.00)

161.90 (median)
(min= 19.90 max= 709.70)

218.00 (median)
(min= 7.00 max= 19354.00)

n 12 5 17
UICC II
UICC III
UICC IV

10
0
4

5
2
0

15
2
4

n 14 7 21
ASA I
ASA II
ASA III

1
8
9

0
0
7

1
8
16

n 18 7 25
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Figure 26: Association between pre- surgery serum C- reactive protein (CRP)- value and
tumor marker Cancer Antigen 19-9 (CA 19-9) in all (pancreatic cancer- and control-) patients
Spearman’s Correlation Coefficient ρ: all patients (pancreatic cancer patients and 1 control patients) = 0.226
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Figure 27: Association between pre- surgery serum protein- and C- reactive protein (CRP)-
value in all (pancreatic cancer- and control-) patients.
Spearman’s correlation coefficient ρ: all patients (pancreatic cancer patients and control patients) = 0.326
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Figure 28: Association between pre- surgery serum C- reactive protein (CRP)- value and
albumin- value in all (pancreatic cancer- and control-) patients.
Spearman’s Correlation Coefficient ρ: all patients (pancreatic cancer and control) = 0.096
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Western Blot Analysis

Figure 29: Picture of a Western Blot membrane after chemiluminescence.
The numbers on the picture indicate different muscle samples. Beside the muscle samples a loading buffer (1st line), a

molecular weight marker (2nd line) and different concentrations of Hsp 72 protein standard are on the membrane (e.g. 3rd

line).

The Western Blot and the photography were made by Thea Hamma (MTA) of the Muscle- and Cell Culture Laboratory of

Sportsmedicine, University Hospital Ulm (2012).

Figure 30: Measurement of the optical density of Hsp 72 protein
The picutre shows how optical density of protein bands was measured with the help of the MARS 98 software. The small

green boxes are the areas where optical density is measured. The blue box measures background density. Since it differs

at different parts of the picture, background density is also measured in the surrounding area of the protein bands and

subtracted, in order to prevent false positive results.
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