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ABSTRACT

There are many unknown mechanisms concerning lung cancer, which is known to be one
of the leading causes of death in the world. Several studies indicate a correlation between
tumor progression and LPL (lipoprotein lipase) levels. For instance, in patients with
resectable non-small cell lung cancer, LPL activity is higher in cancer tissue than in the
surrounding non-cancer lung tissue. There are several possible mechanisms hypothesized
trying explain the background being responsible this interrelationship.

The aim of our study was to investigate whether Angiopoietin-like protein 4 is responsible
for the change in LPL activity levels. We hypothesized that Angptl-4 gene expression is
higher in apparently healthy lung tissue surrounding the tumor than in the lung cancer
tissue and that Angptl-4 gene expression negatively correlates with LPL activity (in lung
cancer tissue as well as in the apparently healthy lung tissue surrounding the tumor). The
study included forty two patients suffering from resectable non-small cell lung cancer.
Samples of lung cancer tissue and surrounding, apparently healthy tissue were cut from the
excised lung. To test the hypothesis we performed transcription of isolated mMRNA to
cDNA, real-time PCR (polymerase chain reaction) quantification of Angptl-4 gene
expression and statistical analysis of the obtained values.

In contradiction to our expectations, Angptl-4 expression in tumor tissue was 1.48 times
higher than in the non - cancer tissue (p=0.0141). We found no statistical correlation
between Angptl-4 gene expression and LPL activity, neither in tumor tissue, nor in control
tissue. In turn, Angptl-4 gene expression in tumor and control tissue positively correlated
with fatty acid synthase expression (p=0.0036; p=0.0152) as well as with LDLR (low
density lipoprotein receptor) expression (p=0.0024; p=0.0011). Furthermore, in control
tissue Angptl-4 negatively correlates with serum triglycerides (p=0.0389) and serum
albumin (p=0.0068), and positively with weight loss (p=0.0070). These findings suggest
that in lung cancer patients Angptl-4 may have an important role in regulation of
metabolism. Though we couldn’t approve our hypothesis, the found correlations are in
accordance with some studies, which also agreed upon the fact that Angptl-4 plays an
important role in lipid and energy metabolism. Therefore, Angptl-4 has to be considered as
a potential target for the development of new, well-directed therapies. Further studies are
needed to find the real regulators of LPL activity in cancer tissue and in tissue surrounding
the tumor.



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

KURZREFERAT

Viele Mechanismen rund um die Entstehung von Lungenkrebs, der zu den hé&ufigsten
Todesursachen weltweit z&hlt, sind noch unerforscht. Studien deuten darauf hin, dass ein
Zusammenhang zwischen dem Tumorwachstum und der Hoéhe des LPL(Lipoprotein
Lipase)-Levels besteht. Bei Patienten mit resektablem NSCLC (nicht-kleinzelligem
Lungenkarzinom) wurde nachgewiesen, dass die LPL Aktivitat im Tumorgewebe héher als
im umgebenden, gesunden Gewebe ist. Dazu gibt es mehrere Hypothesen, die versuchen,
die Hintergriinde dieser LPL-Aktivitdtsminderung darzulegen.

Das Ziel unserer Studie war, herauszufinden, ob Angiopoietin-like protein 4 (Angptl-4)
verantwortlich fur diese Aktivitdtsminderung ist. Wir nahmen daher an, dass die Angptl-4
Genexpression im gesunden Gewebe héher ist als im Tumorgewebe, und dass die Angptl-4
Genexpression negativ mit der LPL-Aktivitat korreliert (sowohl im Tumor- als auch im

umgebenden, gesunden Gewebe).

Die Studie umfasste 42 Patienten, die an resektablem NSCLC litten. Es wurden vom
entnommenen Lungengewebe Proben genommen: direkt aus dem Tumorgewebe und auch
aus dem gesunden Gewebe. Um die Hypothese zu Uberpriifen, wurde isolierte mMRNA zu
cDNA transkribiert, Real-Time PCR (Polymerase-Kettenreaktion) zur Quantifizierung der
Angptl-4 Genexpression und die statistische Analyse der erhaltenen Werte durchgefihrt.

Im Gegensatz zu unseren Erwartungen war die Angptl-4 Genexpression im Tumorgewebe
1.48fach hoher als im gesunden Gewebe (p=0.0141). Wir konnten keine statistische
Korrelation zwischen der Angptl-4 Genexpression und der LPL-Aktivitdt nachweisen,
weder im Tumor- noch im gesunden Gewebe. Dagegen zeigte sich eine positive
statistische Korrelation (in Tumor- und in gesundem Gewebe) zwischen Angptl-4
Genexpression und  Fettsdure-Synthase  (p=0.0036; p=0.0152), als auch mit
LDL(Lipoprotein niederer Dichte-) Rezeptor (p=0.0024; p=0.0011). Zusatzlich korrelierte
Angptl-4 im gesunden Gewebe negativ mit Serumtriglyceriden (p=0.0389) und mit
Serumalbumin (p=0.0068), als auch ein positiv mit dem Gewichtsverlust der Patienten
(p=0.0070). Obwohl wir unsere Hypothese nicht bestdtigen konnten, stimmen wir mit
anderen Studien Uberein, dass Angptl-4 ein wichtiger Faktor im Metabolismus des Korpers
ist. Daher ist Angptl-4 als potentieller Kandidat fir die Entwicklung von
Therapiemdglichkeiten zu betrachten und weitere Studien sind nétig, um die regulierenden
Faktoren der LPL-AKktivitat zu finden.
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1 INTRODUCTION

1.1 Lung cancer

According to recent studies of the World Health Organization (WHO), cancer is one of the
most common causes of death throughout the world. Lung cancer causes approximately 1.3
million deaths each year. Among men, it is the most common form of cancer and among
women, it is presently on second place after breast cancer. Although there is progress in
the development of therapy, the prognosis for affected patients is still poor. Therefore the
WHO predicts an increase of deaths caused by cancer [1]. There are numerous unanswered
questions concerning lung cancer which need further elucidation and it is of primary
importance for cancer research to identify and describe proteins and enzymes which could
be responsible for or participating in the regulation of these malignant tumors.

In general, lung cancer is defined as unregulated growth of cells in lung tissue. The
predominant type of lung cancer is carcinoma, a malignant form of tumor which has its

origin in epithelial tissue.

There are two central types of lung carcinoma called non-small cell lung carcinoma and
small cell lung carcinoma. They are divided in those two groups because they have several

characteristics in common.

1.1.1 Non-small cell lung carcinoma (NSCLC)

The three sub-types of non-small cell lung cancer are squamous cell lung carcinoma,
adenocarcinoma and large cell lung carcinoma. Their commonness is primarily based on
their treatment: If the tumor is in an early stage and not yet metastasizing into other organs
beside the lung, it is the best way to remove the tumor to enhance the chance for recovery
of the patient [2].

Squamous cell carcinoma, which is the lung cancer sub-type in 25-35%, is mainly placed
in the center of the lung and his origin is typically located in the bronchial epithelium.
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Accounting for approximately 35-40% of lung carcinomas and therefore the most common
ones, adenocarcinomas have their origin mostly in peripheral tissue, evolving of mucus
producing glandular tissue. Non-smokers are typically affected by this form of lung

carcinoma.

In 5-10% of the cases, it is concerning large cell lung carcinomas. Their only commonality
is the size of the tumor cells and in most of the cases they show an aggressive, rapid

growth progression.

1.1.2 Small cell lung carcinoma (SCLC)

Small cell lung carcinomas represent approximately 15-20% of lung carcinomas, and
nearly all of the concerned patients are smokers or former smokers. This type of carcinoma
is known to metastatasize in early stages and surgical removal of the tumor is mostly not
possible or of no avail in avoiding tumor progression. Moreover, the average survival rate
is considerably low in comparison to NSCLC (non treated SCLC has a survival rate of

approximately 6-18 weeks) [3].

Manifestations in lung cancer are multifaceted and they are dependent on various factors,
such as location and growth rate of the tumor. Only in 5-15% of the patients, this
malignant disease is discovered by routinely performed chest radiography before they are

suffering from any symptoms like a persistent cough, which is the most common symptom.

Mostly affected from lung cancer are patients, who are 50 - 70 years old, persons younger

than 35 are usually not concerned [4].

Different publications encourage the hypothesis that lipoprotein lipase (LPL) takes a part
in the regulation of tumor growth in a not fully established manner. Some studies
investigated as case in point the plasma postheparin LPL activity of patients with different
forms of cancer, and they found a considerable decrease of activity, especially in lung

cancer patients, where they obtained the lowest values with 54% of normal activity [5].
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1.2 Lipoprotein Lipase

Lipoprotein lipase (LPL) is the most important enzyme for the hydrolysis of triglycerides,
which are circulating in the body. Therefore it is considered to play a primary role in
lipoprotein metabolism. For this hydrolysis which is associated with providing free fatty
acids, LPL is connected with the lumen of blood vessels. Due to this connection, these free

fatty acids can be embodied by adipose and muscle tissue [6].

Intestine

i i —— /

Fibrates

Muscle and
adipose tissue

Blood vessel

Figure 1: Illustration of the role of LPL in lipoprotein metabolism [7]

As demonstrated in Figure 1, LPL hydrolyzes triglycerides located in circulating
triglyceride-rich lipoproteins (VLDL and Chylomicrons), which are then converted into
LDL or chylomicron remnants. Then LDL can be attached to a receptor for assimilation.

FFA-uptake can now be proceeded by the surrounding muscle and adipose tissue.

As already mentioned above, LPL is mainly detectable in the cardiac and skeletal muscle
and in the adipose tissue. In addition, LPL activity is also found in the following tissues:
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adrenal, ovary, thoracic aorta, mammary glands, spleen, small intestine, testes, lung,

kidney, brain and liver (during neonatal period) and also in differentiated macrophages [8].

Its active form is a non-covalent homodimer. According to recently published findings,
which have been obtained by the detection of fluorescence resonance energy transfer
between the subunits of LPL, rapid exchange of the subunits happens in this LPL dimer. In
addition, it has been shown that the monomers are more disposed to aggregate because

their structure offers more binding sites and thereby it is more flexible [9].

LPL acts as a triglyceride hydrolase for very low-density lipoproteins (VLDL) and
chylomicrons, but it also has a so-called bridging function, because of which LPL is able to
attach lipoproteins to the blood vessel wall which enables an easier particle uptake and
hydrolysis. Moreover the specific uptake of vitamin A and E or other lipoprotein
associated lipids is provided by this mechanism, without the incorporation of the whole
lipoprotein. In addition, the enzyme serves as a ligand for most of the LDL receptors.

The gene, which encodes for LPL is a 28-kb gene which is situated on the long arm of
chromosome 8. The mRNA of LPL is 3.5 kb long. The regulation of lipoprotein lipase
takes place on different levels: on transcriptional level, on translational and also on

posttranslational level [10].

1.2.1 Requlation on transcriptional level:

Several reporter genes are responsible for the activity of the LPL promoter, so transient
transfection assays were used to identify different potential cis-regulatory elements.
Relating to these findings it is shown that the 5” regulatory area extends up to 4 kb from
the transcription start. Within 101 bp upstream of the transcription start site the elementary
promoter elements are situated. This basic transcriptional equipment comprises an octamer
motif interacting with the proteins Oct-1 and Oct-2, a TATA-Box and a CCAAT box
which is able to bind nuclear factor-Y [11]. This above mentioned octamer motif is

considered to play a basic role in positioning the preinitiation complex formation [12].

Apart from this elementary transcriptional equipment, there are several other cis-acting

elements described: A CT element, which is known as an enhancer and local control
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region of genes in general, is found upstream of human LPL gene and it is considered to
have an effect on basal promoter activity by attaching to the transcription factors Sp1/Sp3
[13]. A sterol regulatory element, which is located in the same region as the CT element
mentioned above, is known to competitively interact with SREBP-1 and also with Spl.
Therefore, this collaboration of the CT element and the sterol regulatory element is
hypothesized to offer a way of communication for cholesterol and triglyceride metabolic
pathways [14]. These Sp1/Sp3 factors are able to interact with an interferon-y-responsive
element as well. This conclusion was detected in test arrangements where interferon-y was
added to macrophages resulting in decrease of Sp3 and thereby in diminishment of LPL
transcription rates [15]. Relating to recent data declaring that tissue specific induction of
LPL is interrelated to the concomitance of the corresponding peroxisome proliferator-
activated receptors (PPARS), a tissue specific modulation of LPL activity and LPL mRNA
levels by respective PPAR activators exists [16]. In addition to those transcription factors,
there is also the oxysterol liver X receptor responsive element described. It is located in
intron 1 of the LPL gene and it is shown, that this element interacts with the liver X
receptor (LXR) and the rexinoid receptor (LXRo/RXR). For this reason it has an impact on
tissue specific LPL messenger RNA expression too [17]. Furthermore, there is also the
hypothesis that a nuclear factor-1 like motif is involved in the suppression of LPL
expression, indicating that this factor may hire another factor by forming a protein complex
[18].

The plurality of the factors described above is considered to activate or upregulate LPL
transcription or respectively activity, but there are also elements or transcription factors
which have a silencing effect on LPL activity. They have been described from -225 to -81
within the LPL promoter [19].

1.2.2 Requlation on translational and posttranslational level:

Even if it is shown that there are many possibilities for the regulation of LPL activity and
expression on translational and posttranslational level, the participating processes are
barely investigated. For the translational regulation of LPL the involvement of protein
kinase C (PKC) is indicated for instance. In several studies decreased LPL expression
levels were detected when PKC was inhibited in adipocytes [20].
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Moreover there are multiple points of application during the maturation of the functional
LPL enzyme. There are many steps involved where posttranslational regulation is possible
concerning especially the dimerization and glycosylation in the Golgi complex and in the
endoplasmic reticulum. It is not elucidated whether LPL attains its active form already in
the endoplasmatic reticulum or whether it has to be transported to the Golgi complex to

attain its definite active form [21,22].

There are several transcription factors which can interact on posttranslational level too,
such as PPARa and PPARY agonists. They are known to influence cellular LPL trafficking,
which refers to the glucose conditioned translocation of LPL from intracellular to
extracellular sites of pancreatic B-cells [23]. This type of translocation was also noticed in
cardiomyocytes hypothesized to be dependent on insulin and glucocorticoid secretion.
Studies with cytochalasin D disproved the influence of insulin and glucocorticoid, so
Ewart et al. published the hypothesis of the participation of the actin cytoskeleton in the

regulation of cellular trafficking [24].

Another possible factor in posttranslational regulation of LPL is calcium. Recently
published data show that calcium has an influence on refolding of LPL after entire
denaturation of the molecule. The first step of refolding is quickly performed, starts from
the C-terminal domain and calcium is not needed for this folding of an inactive LPL-
monomer. The second step, on the contrary, is triggered by Ca2+. This slow step involves
the compact folding of the monomers, so they are able to form dimers. In these

experiments, Ca2+ triggers the regaining of activity of before inactive monomers [25].

These numerous factors mentioned above, which are all able to somehow influence the
regulation of LPL show that there are multiple, possible ways to change the expression and
also the activity of LPL. These data indicate again that further elucidation in this area of

research is absolutely needed.
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1.2.3 Tissue specific requlation and expression of LPL

LPL is present and also regulated in many different tissues. Therefore it is important to
consider the tissue specific expression and activity of LPL, not only the postheparin plasma
LPL activity for measuring the LPL activity in the entire body. In addition, tissue specific
regulation of LPL offers the possibility for locally regulated assimilation of FFAs, lipids
and lipoproteins as a whole. This in turn facilitates the allocation of nutrients in different

target tissues [10].

Concerning for example plasma triglyceride levels, variations in LPL levels are strongly
associated with hypertriglyceridemia. As it is shown in patients suffering from
heterozygous lipoprotein lipase deficiency, they develop severe hypertriglyceridemia and
show decreased HDL levels [26]. These heterozygotes are also known to have an increased
risk of premature atherosclerotic diseases [27]. In approximately 20% of the cases patients
suffering from hypertriglyceridemia are carriers of mutations, mostly concerning common
mutations in the LPL gene (like Asp9Asn, Asn291Ser) [28]. Apart from these mutations,
there are several other metabolic causes for decreased or increased LPL activity:

Insulin resistance in type 2 diabetes for example is known to decrease LPL activity in
adipose tissue and additionally released interleukin-6 and TNFa leads to further decrement
[29]. In macrophages, there are also several factors which are known to downregulate or
inhibit LPL activity or its gene expression: lipopolysaccharides [30], different cytokines
(gamma-interferon, interleukin-1 and interleukin-2) [31] and prostaglandin E2 [32].
Factors that increase LPL levels in macrophages are for instance glucose, which is
supposed to involve transcriptional mechanisms [33], or homocystein, which is shown to

increase both LPL activity as well as LPL expression [34].

LPL is supposed to play an important role in adipose tissue and also in muscle tissue.
Publications indicate that if the ratio adipose tissue to muscle tissue LPL activity is raised,
free fatty acids (FFA) can be delivered to the adipose tissue and stored there. This, in turn,
is followed by obesity and this whole mechanism is known as the ‘gatekeeping function of
LPL’ [35]. Certainly it is also hypothesized that muscle tissue LPL is regulated inversely to
whom in adipose tissue. So it is concluded, that inhibiting LPL by factors like TNFa may
prevent or work against obesity because the ratio changes towards muscle LPL and
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therefore FFAs can be delivered to muscle tissue instead of being stored in adipose tissue
[36].

With the aim of detecting mechanisms, which have an influence on the regulation of LPL,
a study with lean and obese cats has been carried out. The researchers measured LPL,
TNFa and hormone-sensitive lipase in adipose and muscle tissue and they approved,
amongst others, with the hypothesis of the ‘gatekeeping function’ mentioned above.
Moreover, they also demonstrated that TNFa influences this mechanism by suppressing
adipocyte LPL [37]. This hypothesis, indicating that TNFa has an inhibiting influence on
LPL activity and that this mechanism of LPL regulation plays an important role in energy
metabolism, was also examined in human beings. There, they also found increased TNFa
mRNA levels corresponding to the degree of adiposity. TNFa levels are decreased when
LPL levels are elevated (like it is the case in obese patients) and they are increased when

LPL is decreased (in case of loss in weight for instance) [38].

LPL plays an important role not only in energy metabolism, but also in carbohydrate
metabolism. A study with transgenic mice indicates that insulin resistance combined with
increased triglyceride levels and reduced glucose uptake in skeletal muscle results from
overexpression of LPL in muscle tissue. This finding is regarded as a further indication
that muscle insulin resistance is strongly connected with the contained muscle lipid. By
contrast, the role of LPL in insulin resistance concerning the liver is not yet fully
elucidated. It is also known that increased expression of liver specific LPL is followed by
the decrease of glucose tolerance and this overexpression is also known to interfere with
the insulin signaling pathway [39].

Another important aspect is the role of placental LPL in severe intrauterine growth
restriction (IUGR). IUGR is a complication during the pregnancy where the fetus is
exposed to the risk of starving because of a reduction of nutrients supplied to the fetus. In
this study the researchers supported the hypothesis that in cases of severe IUGR placental
MRNA gene expression is significantly higher in comparison to levels in pregnancies
which go according to plan without severe complications. This increased expression of

placental LPL results in augmentation of nutrient transport to the fetus [40].

In addition to the roles of LPL described above and its regulation therein, LPL is indicated

to be involved in tumor growth.
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1.3 The role of LPL in cancer:

Sakayama and colleagues already provided evidence in 1994 that LPL is present in a
number of examined samples of human sarcomas and carcinomas. They also demonstrated,
that human osteosarcoma cells produce LPL to make free fatty acids available, which can
further be used as components of cell membranes and certainly also for nutrition and
development of the tumor. Additionally, they indicated that LPL is not uniformly
distributed in tumor tissue and that this inhomogeneity in distribution is associated with the
level of proliferation of the examined tumor tissue. Thus, they found increased LPL
activity levels in areas of the tumor tissue, which show progressive growth at the time of

the measurements [41].

Already in 1967, Arthur Spector made obvious that a tumor needs free fatty acids for its
active proliferation. Tumor cells are shown to synthesize fatty acids by transforming for
instance glucose, but it is hypothesized that tumor cells are not able to produce enough
fatty acids for active proliferation. This hypothesis indicates that most of the available LPL
delivered to the tumor is already formed by the host [42]. In 1974, studies in Ehrlich cells
show that these cells can make use of triglycerides which are located in Ehrlich ascites
plasma VLDL under in vitro conditions. These results lead to the conclusion that one
important function of the VLDL, which is present in the ascites plasma, might be to
transport FFAs in form of triglycerides from the other body compartments of the host to
the tumor tissue. Even if there is a part of the present FFAs delivered from the ascites
plasma FFAs, the amount of FFAs which is transported by VLDL in form of triglycerides
is considerably large [43].

An additional factor, which clarifies that there exists an influence of LPL on cancer
development and accordingly progression, is a study concerning Ser447 stop
polymorphism. This stop polymorphism affects synthesis of LPL, because it results in a
very rapid processing in the Golgi apparatus and endoplasmic reticulum. The quicker
synthesis results in higher activity and this is hypothesized further to increase the risk for

developing of prostate cancer [44].

Moreover, it is shown in tumor-bearing rats that there exists a tumor dependent

suppression of LPL activity in surrounding non-cancer tissues. With ongoing tumor
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progression in one day fasted rats, a considerable decrease of LPL activity in cardiac
muscle and epididymal fat tissue was noticeable. After the excision of the tumor the LPL

activity switched back to the normal activity [45].

Tumor growth is also shown to be influenced by several drugs. Cortisol, which is already
endowed to patients for pre-and postoperative neoadjuvant chemotherapy, is shown to
reduce proliferation of human osteosarcoma cells in vitro and this study also indicated an
inhibiting effect of cortisol on LPL synthesis which results in a downregulated activity of
LPL [46].

Peroxisome proliferator-activated receptor (PPAR) alpha agonists like bezafibrate or
PPARgamma agonists like pioglitazone were used in studies with Apc-deficient mice
suffering from age-dependent hyperlipidemia which is known to be connected to the
development of colon cancer and polyp formation in intestines. Therefore, these mice had
decreased levels of LPL mRNA in intestines and liver. It was demonstrated that both
drugs mentioned above suppress both hyperlipidemia and, as a further consequence, also
colon polyp formation by stimulating increase of mRNA levels [47]. These effects were
also shown in Min (multiple intestinal neoplasms) mice, which are known for a high rate of
spontaneous tumour development in intestines. The researchers used different doses of
another PPARgamma agonist, pioglitazone, depending on the triglyceride and VLDL
levels in the Min mice. In this study the increasing effect of the PPARgamma agonist drug
on liver-specific mMRNA levels and further suppression of colon polyp formation was again
demonstrated. Therefore, it was hypothesized that both PPARalpha agonists, as well as

PPARgamma agonists might be prospective chemopreventive drugs for colon cancer [48].

Bezafibrate is also known to extensively increase the growth development of the MAC16
tumor in cachectic animals if it is available for tumor tissue. MAC16 is a subcutaneous
adenocarcinoma with a slow growth rate in general and it is very debilitative for the host
by causing severe secondary actions body, such as cancer cachexia. This increase of the
progression rate was not indicated in MAC13 tumor, which generally shows a similar
histological structure as MAC16, but is not affecting body compartments and also not
inducing cachexia. Therefore, it is again hypothesized that the enabled increasing uptake of
FFAs is responsible for the elevating tumor level [49].
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Concerning the survival prognosis of cancer patients there are two relevant publications at
the moment. The first one is a study which investigated the association of LPL mRNA
expression levels and the survival rate of patients with B-cell chronic lymphocytic
leukemia (CLL). The research team found that there is a definite correlation of increased
LPL expression and reduced survival time without treatment. Due to these data they
indicated that LPL is to be regarded as a reliable, prognostic marker. Although in this case
should be considered that CLL is not a solid tumor and that the measurements of LPL
MRNA expression levels were taken in blood and so the results are not related to specific
body compartments [50]. The second publication is a study concerning patients suffering
from resectable non-small cell lung cancer (NSCLC). The researchers tested the hypothesis
that elevated levels of LPL activity in cancer tissue have a predictive value for shorter
patient survival. This hypothesis has been confirmed, but they found no association of LPL
expression and survival time and therefore no possible prediction of patient survival. These
findings also approve that the tumor needs lipids for its progression. In this trial, they also
discovered that the increase of the LPL gene expression in non-cancer lung tissue, which
surrounds the tumor and contains obviously healthy cells, is in an unexplainable manner
associated with considerably decreased LPL activity in the same tissue. This difference in
the levels of expression and activity seems to be somehow influenced or even regulated by
the tumor [51].

There are several possible mechanisms described trying to find reasons or responsible
influencing variables which could be responsible for the differences in LPL activity levels.
One potential mechanism could be the intervention of several inhibitory factors. These
factors can either be produced by the host or by the tumor tissue itself, such as cytokines
like TNFa or leukemia-inhibiting factor (LIF) or a not yet fully-elucitated 76kDa —protein,
which is known to be heat-labile. They all show a noticeable inhibitory effect on LPL

activity when conditioned with samples of different human lung cancer cell lines [52].

Another possible explanation could be the intervention of angiopoietin-like protein 4. It is
also the aim of the present work to evaluate whether this protein is a possible modulator for
lipoprotein lipase activity and whether it is the responsible factor for the decrease of LPL

activity in the non-cancer tissue surrounding the tumor.
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1.4 Angiopoietin-like protein 4

Up to now, there are already seven members of the angiopoietin-like (Angptl) protein
family established. They were named like this, because they have several structures with
the angiopoietins in common. For instance, they both have an N-terminal coiled-coil
domain as well as a fibrinogen-like domain at C-terminal. Thus, the most important
difference separating them from angiopoietins, is, that they do not attach to tie receptors,
neither to Tie2 nor to the similar structured Tiel receptor, which are both known as typical
angiopoietin receptors. Three of the Angptls are known to have influence on lipid
metabolism, whereof Angptl-3 and Angptl-4 are able to suppress LPL activity which leads
to increase of triglycerides in plasma [53]. They differ for instance in their sites of action.
Whereas Angptl-3 is predominantly found in liver, Angptl-4 has been detected in various
tissues, but mostly in adipose tissue. Furthermore, Angptl-3 is reported to bind to liver X-

receptor, in contradiction to Angptl-4 which is known to interact with PPARs [54].

Angptl-4 is reported to show an oligomeric structure with intermolecular disulfide bonds.
It is known to form these structures (dimers and tetramers) before the protein is secreted.
Cleavage leads in vivo to release of the two domains, whereas the N-domain maintains the
oligomeric structure in contrast to the C-domain, which splits to monomers. Thus it has
been shown that the suppression of cleavage does not influence the ability of Angptl-4 to
inhibit LPL activity. On the other hand, if oligomerization is inhibited, the protein loses
this function. Therefore it is indicated, that building the structure of oligomers, and not the
cleavage, is the essential step for regulation of the LPL-inhibiting and possible other
abilities of Angptl-4 [55,56]

Studies in mice demonstrated, that both Angptl-3 as well as Angptl-4 have the ability to
inhibit LPL activity leading to increasing plasma lipid levels, when administered to the
animals. The comparison displayed in addition that Angptl-4 increases these levels higher
than Angptl-3 [57]. It is also shown that mice with deficiency in Angptl-4 and Angptl-3
have increased levels of LPL and therefore a decrease in triglyceride levels. As well in the
inverse case, mice having highly elevated levels of Angptl4 show increase in triglyceride
levels and decrease in activity of LPL. These effects are known to become more severe in
the fasting state [58].
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As it is already mentioned in the studies above, Angptl-4 is being promoted as important
regulator of LPL. Therefore, searchers engaged themselves in finding the underlying
mechanisms how Angptl-4 acts upon LPL. They found that Angptl-4 acts neither on
transcriptional level, nor does it affect the processing or the synthesis of LPL. Surprisingly,
they detected that this protein uses a quite uncommon method. It causes a change in the
conformation of the LPL molecule, in such a way that LPL switches from his active,
dimeric form to a monomeric form, which is known to be the inactive form. This
mechanism starts with the binding of the amino-terminal coiled-coil domain of Angptl-4 to
the LPL molecule, whereas Angptl-4 is known to have a high bonding capacity for LPL,
binding is induced also at low levels of added Angptl-4 [59]. It is indicated that the rapid
exchange of monomers respectively subunits in LPL molecules has a supportive effect on
this mechanisms [9,59]. Whereas it is not yet known, if Angptl-4 attaches to the dimer

itself or if it binds to monomers during the subunit exchange of LPL [59]

Studies with rats showed again that Angptl-4 takes part in the regulation of LPL activity
also as a reaction to alterations in nutrition. Food deprivation in rats leads to elevated
MRNA levels of Angptl-4 and further suppression of LPL activity. When the rats were
allowed to feed again, Angptl-4 mRNA showed a decrease of approximately 75% within 6
hours and LPL activity showed an elevation exceeding 200% [59]

This form of inactivation of the LPL molecule is known to lead to missing catalytic
activity and also decrease in affinity for heparin, but it is hypothesized, that the LPL
molecule has still elementary functions, because the monomers remain folded and because
of that they are supposed to be relatively stable. It is further determined that Angptl-4 does
not stay attached to the enzyme after inactivation, but it is able to bind to other LPL
molecules and lead to further inactivation. From this basic, it is indicated that the role of

Angptl-4 in this context is a catalytic one [9].

The aim of the present work is to investigate whether Angptl-4 takes part in regulation of
LPL activity in lung tissue, relating to the study where the differences in the LPL activity
levels in tumor tissue and in the surrounding non-cancer tissue of lung cancer patients were
determined [51]. Therefore, the gene expression levels of Angptl-4 in lung cancer tissue

and also in the surrounding non-cancer tissue were measured.
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2 OBJECTIVE

There are many unknown or not well understood facts and mechanisms concerning lung
cancer, which is known to be one of the leading causes of death in the world among men,
as well as among women [1]. It is supposed, that LPL, which is the most important enzyme
for the hydrolysis of triglycerides circulating in the body, plays a considerably important
role in the development of certain forms of lung cancer [51]. It is provided evidence in
appropriate studies that there is a correlation between tumor progression and LPL levels
[41, 44]. 1t is moreover shown that in patients with resectable non-small cell lung cancer
LPL activity is higher in cancer tissue than in the surrounding non-cancer lung tissue [51,
62]. As it is mentioned in the introduction of this text, there are several possible
mechanisms described trying to find reasons or responsible influencing variables which

could be responsible for the differences in LPL activity levels [47-51].

The aim of this study is to investigate whether Angiopoietin-like protein 4 is connected
with the change in LPL activity levels or if there is no correlation between the LPL activity

values and this inhibitory factor. We hypothesized:

1.) Angptl-4 gene expression is higher in apparently healthy lung tissue
surrounding the tumor than in the lung cancer tissue; and that

2.) Angptl-4 gene expression negatively correlates with LPL activity (in lung
cancer tissue as well as in the apparently healthy lung tissue surrounding the

tumor).

This would mean that Angptl-4 may regulate LPL activity and thus may modify the LPL —

driven influx of lipids to the tumor.

To test the hypothesis we will perform transcription of isolated mMRNA to cDNA as well as
Real-time PCR quantification of Angptl-4 gene expression and statistical analysis of the
obtained values.

To confirm the hypothesis would mean that Angptl-4 is most likely the factor, which
regulates LPL activity in this case and potentially offers itself as a target for intervention to

develop new methods for inhibiting tumor growth or even development of the tumor.
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3 PATIENTS AND METHODS

3.1 Patient Selection and Tissue Sampling

The study includes forty two patients suffering from resectable non-small cell lung cancer
in stages I, 1l and Il1. These patients have undergone surgical excision of the tumour and at
the time of the removal, samples of lung cancer tissue and surrounding, apparently healthy
and visually unaffected tissue were cut from the excised lung within 15 minutes of the
operation. The tumor tissue samples were taken from the periphery where the tumor was
supposed to have the most viability. The non-cancer tissue samples were taken from lung
periphery as far away from tumor as possible. These samples, which are supposed to

represent normal and healthy lung tissue, were taken from each patient as control tissue.
The obtained tissue samples were stored in liquid nitrogen until analyzing.

Staging was performed according to TNM Classification of Malignant Tumours, 6"
edition, International Union Against Cancer Conference (UICC). The histological analysis
of the obtained samples was performed according to World Health Organization (WHO)
histological classification. Every patient enrolled in the study received 5000 IU dalteparin
(Fragmin; Pfizer, New York, USA) subcutaneously 15 to 20 hours before the operation.
Furthermore, samples of venous blood were taken before the surgery, after at least 12
hours of fasting. The obtained samples were centrifuged for 10 minutes at 1600 x g after
coagulation of the blood and the serum was stored at -80° C for analysis. The study was
approved by the national ethics committee. Informed consent was obtained from all

patients enrolled in the study. [51, 62]

The following of the patients has lasted for four years. The examinations have taken place
every three months in the first two years, then, for the following two years, the patients
have been examined every six months. For every examination, clinical status and also the
x-ray results have been registered. Bronchoscopy, CT scans and scintigraphy have been
used in suspicious cases. The patients affected by stage Ill, have been treated accessorily

with chemotherapy after the removal of the tumor.
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3.2 RNA Isolation and Transcription to cDNA

RNA of all samples was isolated from tissue with RNeasy Mini Kit (Quiagen, Hilden,
Germany) following the manufacturer’s protocol. Approximately 30 mg were used for the
isolation and homogenized under liquid nitrogen in a highly denaturating guanidine-
isothiocyanate-containing buffer, which is responsible for the inactivation of RNAses. The
suspension is then passed through a gDNA Eliminator soin column, which enables the
removal of genomic DNA. Then ethanol is added to the flow-through, which offers
optimal binding conditions for mRNA. The mixture is applied to a RNeasy Spin column
and its membrane is able to bind total RNA. Other components are washed away, so
genomic DNA contamination is avoided. The obtained RNA isolates were aliquoted into
0.5ml tubes. The RNA quality and amount was estimated with RNA 6000 Nano LabChips
(Agilent, Palo Alto, CA), which were run on Agilent 2100 Bioanalyser platform.

For the Real-Time PCR, internal standards for controlling batch to batch variability were
mixed out of three different samples of lung tissue and they were treated the same way as
the samples. Aliquots of the samples as well as the aliquots of the internal standards were

immediately frozen at -86°C to avoid changes in the gene expression profile.

Reverse transcription of RNA to cDNA of all the samples as well as the internal standards
was performed with a High-Capacity cDNA Archive Kit (Applied Biosystems Foster City,
CA). The reaction mixture contains supplied Reverse Transcription Buffer, 50 U of
Multiscribe Reverse Transcriptase, ANTP mixture, random primers, Rnase-free water and 5
pl of RNA inhibitor. The final volume amounts to 100 ul, whereof 50 ul is sample and 50
pl of the above mentioned Mastermix are added. These reaction mixtures were incubated
at 25°C for 10 minutes, 37°C for 120 minutes and 95°C for 5 minutes in a polymerase
chain reaction thermocycler (MWG AG Biotech Primus 96plus). The obtained cDNA
samples were aliquoted and stored at -86°C.

3.3 Real-time PCR Quantification of Angptl-4 gene expression

The measurements for the quantification of Angptl-4 gene expression in the samples
mentioned above were taken with TagMan real-time PCR. One microliter of cDNA was
used for each measurement and the Mastermix consisted of 10 ul TagMan Mix (TagMan

Universal PCR Master Mix, Applied Biosystems), 1upl of primer and probe mix (18
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umol/L and 5 pmol/L, respectively) (TagMan Gene Expression Assay, Applied
Biosystems) and 8ul purified water. From this follows the total volume of 20 pl. The
samples were FAM (6-carboxyfluorescin) labeled. To avoid random errors, which could
occur accidentally, all analyses were made in triplicate and paired samples, so that tumor
tissue and control tissue of the same patient were analyzed at the same plate. The reaction
mixtures were analyzed with ABI Prism 7000 Sequence Detection System PCR thermal
cycler (Applied Biosystems) in 96-well optical reaction plates. The incubation lasted for 2
minutes at 50°C and 10 minutes at 95°C, followed by 40 cycles of 15 seconds denaturation
at 95°C and 60 seconds annealing/extension at 60°C. For every plate, an internal standard
was carried along and according to the measured CT values of the internal standards the
elimination of batch to batch variation was enabled. The mean CT value of all internal
standard samples was adjusted by manually lowering or raising the threshold value of each
batch.

Concerning the increased sensitivity of the quantitative PCR, a suitable internal control
gene is required for normalization. Selection of internal control gene was performed with
TagMan Human Endogenous Control Plate (Applied Biosystems), where 11 possible genes
were available. These genes are supposed to be transcribed relatively constant and further
to not being affected by the experimental conditions. Four pairs of samples (cancer and
control-tissue), which are known to be as different as possible, were chosen for the
selection of the target gene. Reaction mixtures were prepared according to manufacturer’s
protocol and run on ABI Prism 7000 Sequence Detection System PCR thermal cycler. In
each cycle, the gene which is most inappropriate was excluded. This excluded gene was
chosen by comparing the similarity of the Ct - values in all 8 samples. Patterns, which are
not similar, indicate that this gene is affected by disease or by different influences during
measurement and it is not convenient as an internal control gene. So the selection of this
gene was based on the smallest geometric average Ct — values of individual candidates and
results from geNorm [60]. Selected as internal control gene was GUS (B-glucoronidase)

and it was VIC (6-carboxyrhodamine) labeled.
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3.4 Statistical Analysis

Results are presented as medians with 25" and 75" percentiles and range values.
Comparisons of parameters between cancer and control tissue samples were evaluated with
Wilcoxon matched pairs test and spearman rank order correlations test. Associations
between variables were made with Spearman rank order regression analysis. Comparisons
between groups of the same parameter were evaluated with Mann-Whitney or Kruskal-
Wallis tests. Anova- median test was used to evaluate the correlation between variables
and stage of disease. For assessment of the effects of variables on survival Cox regression

method has been used.

Statistical analysis was carried out with program package SPSS version 12.0 (SPSS,

Chicago, IL, USA). Values of p < 0.05 were assumed to indicate statistical significance.
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4 RESULTS

During the four years of the study one patient died due to a non-cancer reason and

therefore has to be excluded from statistical analysis.

In table 1, the most important characteristics of the remaining forty one participating
patients are summarized. It is apparent that the distribution of gender is uneven with males
accounting for 73.17 % of cases. At the time of examination, the median age of the patients
was 63 years and most of them, 87.80 %, were current or former smokers. The
predominant histological type of tumor was squamous cell carcinoma, accounting for
46.34 % of all the cases, followed by adenocarcinoma representing 31.71 % of cases,
whereof the stage of disease according to TNM classification of malignant tumours are
mostly stage | and stage |1, accounting for 41.46% and 34.15%, respectively.

Table 1: Basic characteristics of examined subjects (examined in part in earlier studies)
[62, 51]

Parameter Patient
Gender (male/female) 30/11
Age (years) 63.0 {53.0/67.0} (44-77)
Body mass index (kg/m?) 24.8 {22.2/28.3} (16.4-46.5)
Stage of disease according to TNM classification of

_ 17/14/10
malignant tumors (I/11/111)
Histological classification of tumor

: 19/13/5/4

(squamous cell/adenocarcinoma/large cell/other)
Smoking status (never/current or former) 5/36

Values are median {25™ percentile/75" percentile} (range) or number of subjects.
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The obtained samples of lung cancer tissue and non-cancer (control-) tissue were stored at
-86°C.

Basic laboratory findings are summarized in Figure 2.

Figure 2: Basic experimental results of Angptl-4 gene expression in tumor tissue and in
adjacent control tissue.
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Histograms indicate median {25™ percentile / 75™ percentile} and bars indicate range.

As it is displayed in Figure 2 and in contradiction to our expectations and the formed
hypotheses, Angptl-4 expression in tumor tissue is 1.48 times higher than Angptl-4
expression in the adjacent, non - cancer tissue (named “control tissue” below). The median
value of the Angptl-4 gene expression in tumor tissue is 5.33 in comparison to the median
value of the control tissue which accounts for 3.60. The p-value accounts for 0.0141, which
is on the border to significance, but it is still significant. Also the maximum value in the

tumor tissue is considerably higher (70.52 in tumor tissue vs. 37.27 in control tissue). In
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turn, the minimum value in control tissue is not that much lower than in tumor tissue (0.63

in tumor tissue versus 0.36 in control tissue).

Figure 3: Results of Angptl-4 gene expression for each patient (in tumor and in control
tissue).
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As shown in Figure 3, Angptl-4 gene expression is higher in the tumor tissue in 28 cases
out of 41, therefore accounting for 68.29 %. In the other 13 cases, gene expression was

higher in the control tissue (in 31.71% of cases).

Furthermore, there is no statistical correlation found between Angptl-4 gene expression in

tumor tissue and Angptl-4 gene expression in the control tissue.

Cancer stage was distributed almost uniformly from stage | to stage Ill, as it is shown
above in Table 1. Based on this distribution, ANOVA median test was performed to
evaluate whether there is a correlation between Angptl-4 expression in tumor tissue and the
stage of disease. Similar to the tests performed above, there is no statistical correlation
between the stage of disease and the gene expression of Angptl-4 in tumor tissue (p =
0.0696). The corresponding p-values and results, respectively, for each stage are shown in
Table 2.
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Table 2: Angptl-4 gene expression compared to stage of disease (according to TNM
classification of malignant tumors) and corresponding p-values.

Stage of Comparison of mean values Corresponding p-values
disease
I stage | > stage Il p =0.0722
1 stage | > stage 111 p =0.9076
1 stage 11 < stage IlI p =0.0818.

As it is shown in Table 2, there is no statistical correlation found between the stage of
disease and Angptl-4 gene expression in tumor tissue, even if two of the three p-values are
near the border to significance. The results illustrate the course of Angptl-4 gene

expression according to the different stages.

In Figure 4, there is a possible way which course the Angptl-4 gene expression in tumor
tissue takes. It is a schematic design of the course we hypothesized in referral to the results

that were gained through the statistical analysis.

-22-



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

Figure 4: Course of Angptl-4 gene expression according to stage of disease.
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There are some variabilities in Angptl-4 gene expression between different stages of
disease, but they are statistically insignificant. Furthermore, higher stage of disease is
definitely not associated with higher Angptl-4 gene expression. As it is shown in Figure 4,
we assume that the highest values of Angptl-4 gene expression are found in stage I. The
lowest values are supposed to be in stage Il and in stage Ill, a re-increase of Angptl-4 gene

expression is assumed.

Due to the relatively high number of patients suffering from the histological types of
squamous cell carcinoma and adenocellular carcinoma, an individual statistical analysis of
these two histological types of lung cancer was possible. In turn, there was no statistically
significant difference of Angptl-4 gene expression in tumor tissue between these two types
of tumor (p= 0.6045). However, it was not possible to draw firm conclusions, because the
clinical stratification of those two subgroups was poor. Namely, there was higher
abundance of smokers having a long smoking history in the squamous cell carcinoma
subgroup, but on the other hand higher abundance of females in the adenocellular

carcinoma subgroup.
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During the 4-year follow-up, 21 out of the 41 remaining patients died. Their death was a
result of tumor progression. One patient, who died due to a non-cancer reason, was
excluded. The Angptl-4 gene expression is shown to not correlate with the 4-year patient
survival (p = 0.987). As mentioned above, Cox regression method was used to assess the
effect of Angptl-4 on survival. Again, four years after operation, there is no statistical
difference detectable in Angptl-4 expression between patients who survived and patients
who deceased. (in tumor tissue p = 0.2849; in control tissue p = 0.3545).

Furthermore, the correlation of the measured Angptl-4 gene expression with other clinical
data and some other previously measured parameters was evaluated. In the following there

are the most important results:

1.) In contrast to our expectations, it is shown that Angptl-4 expression did neither
correlate with LPL activity nor with LPL gene expression measured in the same
tissues (no correlation in tumor tissue as well as in control tissue).

2.) In turn, Angptl-4 gene expression in tumor tissue positively correlated with FAS
expression (r = 0.4446; p = 0.0036) as well as with LDLR expression (r = 0.4614; p
=0.0024). These p-values show a relatively strong correlation.

3.) Positive statistical correlation between Angptl-4 gene expression and FAS (r =
0.3768; p = 0.0152) as well as with LDL receptor (r = 0.4932; p = 0.0011) was
found also in the control tissue.

4.) Angptl-4 gene expression in control tissue correlated positively with weight loss in
kg (r = 0.4145; p = 0.0070) and it is also evident that Angptl-4 gene expression is
higher in patients with weight loss than in patients without weight loss. (p =
0.0099).

5.) Angptl-4 gene expression in control tissue further statistically correlated with
triglycerides in serum (r = -0.3238; p = 0.0389)

6.) Additionally, there was also a correlation found with albumin in serum (r = -
0.4160; p = 0.0068).
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5 DISCUSSION

Our study showed that in resectable non-small cell lung cancer tissue the gene expression
of Angptl-4 as a whole is 1.48 times higher in tumor tissue than in the adjacent, apparently
healthy lung tissue (control tissue). The finding of the higher gene expression of Angptl-4
in lung cancer tissue corresponds to another study (and their published data) in another

form of cancer.

In a French study concerning conventional renal cell carcinoma researchers found higher
gene expression as well as protein levels of Angptl-4 in tumor cells especially in the
hypoxic areas which surround the necrotic regions of the tumor. The French researchers
assumed, according to their findings, for Angptl-4 to be a marker of conventional renal cell
carcinoma and they further drew the conclusion that in this case Angptl-4 is induced by
hypoxia. Therefore, they suggested a possible use of Angptl-4 levels as a diagnostic factor
and a potential target for new therapies, which is able to modulate angiogenesis in tumors
as well as in other ischemic tissues, like in critical leg ischemia. Although they found higher
levels of Angptl-4 mRNA in tumor cells of conventional renal cell carcinoma, they could
not find higher levels of Angptl-4 mRNA in tumor tissue of other benign or malignant
renal tumors [61].

Table 3 summarizes the Angptl-4 gene expression in various cancer tissues. As it was
mentioned above, high Angptl-4 gene expression is only found in one type of renal cancer:
in conventional renal carcinoma. In the other forms of renal carcinomas, expression of
Angptl-4 was detectable only in tumoral cells. Furthermore, the researchers of this study
reported about Angptl-4 gene expression in hepatocellular carcinoma, in liposarcoma and
in brain tumors. In opposition to our results, the researchers of this study reported that
Angptl-4 gene expression was detectable only in tumoral cells of adenocarcinomas and not
in other histological types of lung cancer [61]. This contradicts our results that there is no
difference in Angptl-4 gene expression between adenocarcinoma and squamous cell

histological type of lung cancer.
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Table 3: Angptl-4 gene expression in different tumor tissues [Fehler! Textmarke nicht

definiert.]
Angptl-4 gene expression
Organ Tumor type in normal in tumoral in peri-
tissue cells necrotic cells

Kidney Conventional — +++ +++
carcinoma
Tubulo-papillary = + =
carcinoma
Chromophobe - + _
cell carcinoma
Composite — I =
tumor

Breast Canalar invasive — — —
carcinoma

Lung Adenocarcinoma — + —
Squamous cell - -
carcinoma
Small cell = =
carcinoma

Brain Glioblastoma — + —
Oligodendro- — + _
glioma

Soft tissues Angiosarcoma - * _
Liposarcoma ++ ++ ++

Angptl-4 gene expression levels are indicated by + signs; - signs indicate no detected gene
expression; * indicates the presence only of very small regions of necrosis, in which

Angptl-4 mRNA was barely detected.

Our experimental data showed that only in 13 out of 41 cases, the Angptl-4 gene

expression was higher in the control tissue than in the tumor tissue, where we previously

had found very low LPL activity levels. In the rest of the cases, accounting for 68.29%,

Angptl-4 gene expression was higher in the tumor tissue, where we had previously

measured high LPL activity levels. These results do not prove the hypothesis that Angptl-4

is involved or somehow responsible for the changes in LPL activity levels by shifting

dynamic equilibrium from dimeric of LPL towards inactive monomeric form. We

hypothesized a downregulation of LPL activity by Angptl-4 in the control tissue and
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therefore expected increased Angptl-4 gene expression in the control tissue when
compared to the tumor tissue.

Additionally, there was no statistical correlation found between Angptl-4 gene expression
in tumor tissue and the stage of disease. As it is shown in Figure 4, the Angptl-4 gene
expression does not increase or decrease with the increasing or decreasing, respectively,
stage of disease. We tried to assume a curve which shows the course of Angptl-4 gene
expression according to the different stages of disease. As it is shown, we can conclude
that there is definitely no trend of Angptl-4 gene expression with the increased severity of

the disease.

Furthermore, Angptl-4 gene expression did not correlate with the histological type of
tumor. As mentioned above, there was no difference in Angptl-4 expression in tumor tissue
between squamous cell and adenocarcinoma histological type of the tumor. These findings
were in accordance with an earlier study concerning the same samples. In this study, they
also found that neither LPL activity nor LPL gene expression in tumor tissue correlated

with the histological type of the tumor [62].

In addition, the gene expression of Angptl-4 did neither correlate with the 4-year patient
survival, nor there was a statistical difference between survived and deceased patients four
years after operation. Therefore, according to our results, Angptl-4 has no predictive value

in this way.

These results seem to be in opposition to another study concerning tongue cancer. Chinese
researchers examined Angptl-4 gene expression in a subtype of tongue cancer by analyzing
paraffin-embedded samples of the tumor. They found that high gene expression of Angptl-
4 had a predictive value concerning the poor prognosis of the patients suffering from oral
tongue squamous cell carcinoma, especially, if there was a concomitant high expression of
tenascin-C protein. Hence, they report that Angptl-4 is to consider as an independent
prognostic value of poor patient’s survival in cases of tongue cancer which is, in
comparison to other prognostic values, not dependent on lymph node metastasis status
[63].
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In our study, we also found correlations of Angptl-4 gene expression with several other
observed parameters. In tumor tissue as well as in control tissue Angptl-4 gene expression
correlates positively with FAS expression and LDL receptor expression. The correlations
were especially strong in tumor tissue. Fatty acid synthase (FAS) is known as
homodimeric, multifunctional structure responsible for the intracellular de novo synthesis
of fatty acids [64]. The LDL (Low-Density-Lipoprotein) — receptor family is a family of
chimeric proteins, which consists of several distinct domains. The receptor complex is
bound to the cell surface of most of the nucleated cells. Those receptors mediate the uptake
of LDL through endocytosis and its synthesis is assumed to be controlled in general by the
amount of free intracellular cholesterol. It is supposed that if there is an intracellular
overdose of cholesterol, the gene expression of the receptor gene is inhibited [65]. Both,
LDL receptor as well as FAS, are supposed to be expressed not in macrophages, but rather
in tumor cells. Further, they are supposed to act in a combined way and therefore to be an
indirect marker for what is happening in tumor tissue. Thus, they are in part responsible for
the supply of lipids and energy, respectively, for the cell - whereof the LDL receptor
provides lipids from the blood and the FAS are responsible for the de novo intracellular

synthesis of fatty acids.

Furthermore, there was also a positive correlation between the Angptl-4 gene expression in
control tissue and the weight loss of patients. 17 out of 41 participating patients suffered
from weight loss in the last three months (accounting therefore for 41.46 %), whereof the
remaining 24 patients had no remarkable weight loss. The statistical analysis showed that
Angptl-4 gene expression in control tissue is higher in patients with weight loss than in

patients without weight loss.

In addition, there is a statistical correlation of Angptl-4 gene expression with the
concentration of triglycerides in serum (r = -0.3238; p = 0.0389) as well as with the
concentration of albumin in serum (r = -0.4160; p = 0.0068). These results indicate that
albumin in serum and triglycerides in serum are decreased while Angptl-4 gene expression

is increased.

In summary it can be said that these results of the statistical analysis are not what we had
expected, but seen from another perspective, they seem to be quite reasonable. First, the
results indicate that our hypothesis cannot be approved. Angptl-4 is therefore assumed to
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be not the factor sought-after, which was supposed to down regulate or decrease LPL
activity in control tissue. Even though our hypothesis is not approved by the obtained
results of the statistical analysis, there seems to be another important role of Angptl-4: its

role in lipid metabolism.

According to recently published data, Angptl-4 is supposed to be a novel endocrine factor
that highly increases plasma triglyceride levels by inhibiting the clearance of triglycerides.
A Dutch study further showed that Angptl-4 levels in plasma show strong variations from
human to human, but these levels for the individuals stay relatively stable during the day.
In turn, the levels increase considerably in response to fasting, caloric restriction and
endurance sports. The researchers of this study further demonstrated that intralipid
injection as well as the usage of beta-adrenergic agonist, which both causes an increase of
plasma FFA levels, elevates Angptl-4 gene expression too. Therefore, the researchers drew
the conclusion that plasma Angptl-4 levels are increased by the factors mentioned above
and they also suppose that this is probably mediated by increased plasma FFAs [66]. These
findings are somehow in accordance with our results and it might offer a reasonable
explanation for the higher Angptl-4 gene expression in tumor tissue: the tumor would need

influx of lipids and therefore it is useful to increase the plasma FFAs.

Moreover, another study proposed Angptl-4 again as a strong hyperlipidemia-inducing
factor. The researchers examined their hypothesis by intravenous administration of Angptl-
4 in KK/San mice. After 30 minutes they analyzed the plasma lipid levels which showed a
distinct increment and they further performed an LPL assay for approving the Angptl-4
impact and its inhibiting effect on LPL. This study demonstrated that Angptl-4 should be
considered as a strong hyperlipidemia - inducing factor and as a new possible therapeutic
agent for hyperlipidemia. So, the results of this study encourage again the importance of
the role of Angptl-4 in lipid metabolism [67]. This is confirmed by another study
concerning Angptl-4 and its ability of regulation of glucose homeostasis and insulin
sensitivity. They showed that adenovirus-mediated expression of Angptl-4 causes
hyperlipidemia and potently increases plasma triglyceride levels [68]. This ability of
Angptl-4 to regulate triglyceride metabolism is confirmed in another study concerning the
effects of transgenic Angptl-4 overexpression and its targeted disruption. They generated
mice with a deficiency of Angptl-3 and Angptl-4 and also mice with overexpression of

human Angptl-4 in liver. The overexpression of human Angptl-4 in mice caused a
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considerable increase of plasma triglycerides and a decrease of postheparin plasma LPL
activity. In turn, the Angptl-4 deficient mice suffered from hypotriglyceridemia and
increased LPL activity [69]. This hyperlipidemic effect of Angptl-4 was further confirmed
in another study which investigated the effect of adeno-virus mediated overexpression of
Angptl-4. The researchers of this study also found that this expression led to an increase of
plasma triglyceride levels [70]. Hence, these studies demonstrated and approved the
effects of Angptl-4 mentioned above in animal models with adeno-virus mediated

overexpression as well as with intravenous administration of Angptl-4.

All these studies confirm in general that Angptl-4 is a potent hyperlipidemia-inducing
factor and further confirm its potentially important role in lipid metabolism. These findings
are somehow in accordance with our results and suggest that cancer tissue may increase
Angptl-4 gene expression in order to induce hyperlipidemia and thus improve the supply of

lipids for the tumor.

As mentioned above, 17 patients suffered from weight loss. This weight loss leads to a
deficit of energy and therefore a shortage of nutrients. The body further tries to compensate
this shortage of energy with everything which is available at that moment. This lack of
energy leads to the situation that tissues maximize the mechanisms to cover the needs. This
might be a reasonable cause for the increase of FAS — and LDL — receptor expression in
our study. As we mentioned, these two expressions correlated with the elevated Angptl-4

gene expression in the same tissue.

Furthermore, the low albumin levels could be caused by the lack of energy and the
according use of proteins for energy production. For this, aloumin is a candidate because it
forms a large proportion of all plasma protein and has a high turn-over rate, which means
that a big amount of protein can be synthesized in short time — this, in turn, could be used
as an energy source by the body. Although we found in our study relatively high statistical
correlations between the factors mentioned above, it has to be considered, that we studied
tissues as a whole, as a heterogenous cell population. If Angptl-4 is expressed in non-tumor
cells of cancer tissue, then it should be released into the bloodstream, to be finally able to
modify FAS- and LDL-receptor expression in tumor cells. If we act on the assumption that
Angptl-4 is released into the blood stream after expression, it leads to the question, why it
doesn’t show an effect on LPL, which is located extracellularly. It is not examined yet, in
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which cell lineAngptl-4 is mainly expressed, even if it is already published that Angptl-4
may be expressed in endothelial cells, adipocytes and smooth muscle cells [61].

In addition to the role of Angptl-4 in lipid metabolism mentioned above, it has to be
considered that several studies demonstrated that this protein also plays an important role
also in energy metabolism and insulin sensitivity, whereof the underlying molecular
actions are not fully elucidated. This second important role of Angptl-4 seems reasonable
when taking into consideration that Angptl-4 is known to be the target gene of peroxisome
proliferator-activated receptors (PPARSs), of both, of the lipid-lowering PPARa agonists,

fenofibrates [71], as well as of the insulin-sensitizing PPARY agonists [72].

A study, where researchers examined protein profiles in the livers of db/db mice treated
with Angptl-4 confirmed that Angptl-4 has to be considered as an important protein in
energy metabolism. They compared protein liver profile with the protein profile of lean
mice and found that 118 proteins were down- or up- regulated in db/db mice. Moreover,
they found 14 spots corresponding to the key enzymes of methionine and homocysteine
metabolic pathways. Interestingly, they approved that continuous administration of Angptl-
4 reversed most of these up- or down- regulated proteins nearly to a level of lean mice
[73].

Figure 5 demonstrates the enzymes which are supposed to be involved in the methionine
pathway.
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Figure 5: Metabolic Pathways of Methionine — Illustration of the deregulated enzymes in
db/db mice involved in those pathways [73].
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As it is shown in Figure 5, this study proved that several of these up-regulated enzymes are
involved in the methionine/homocysteine metabolic cycles and they showed further that
treatment with Angptl-4 leads to significantly decreased expression levels of these
enzymes. For instance, MAT1A, which is the only enzyme to catalyze SAM synthesis and
also SAHH, which is necessary for the cleavage of SAH and the further generation of
homocysteine, are shown to be up-regulated in db/db — mice. Interestingly, this increased
expression was reversed by Angptl-4 administration. SAM is known as an essential methyl
donor for biological methylation reactions of molecules like DNA or RNA for example.
According to these results, the researchers assumed that Angptl-4 regulates or is involved
in the regulation of methionine/homocysteine cycles in the livers of db/db — diabetic mice
[73].
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Moreover, according to the fact that most of these dysregulated enzymes in db/db — mice
are located in mitochondria and that long-time administration of Angptl-4 also leads to an
increase of activity in mitochondria respiratory chain complex II-111 and IV in db/db-mice,
and thus increases energy production, the researchers of this study suggested that Angptl-4
obtains its metabolic effects through modulation of mitochondria functions. Angptl-4
driver increased energy production in mitochondria is also somehow in correspondence
with increased Angptl-4 expression in tumor tissues found in our study. In disagreement
with earlier studies, they could not approve that the hypoglycemic effects of Angptl-4 are
related to its effects on fatty acids combustion and that there is no distinct relation to
peroxisomal fatty acid B-oxidation in particular [73]. This is also in agreement with our
results, because Angptl-4 gene expression correlated, as already mentioned, with FAS

receptor expression.

In conclusion it has to be said that though we couldn’t approve our hypothesis that Angptl-
4 is the protein, which is responsible for the decrease of LPL activity in control tissue, we
found several other correlations as mentioned above. Therefore, there need for further
investigation to find the regulators of LPL activity. The obtained results in this study, even
if they are not confirming our hypothesis, are also relevant and may lead to further

investigations in this field.

At the moment, there is a variety of hypotheses concerning Angptl-4 and its effectiveness,
but its role, especially the mode of action and the underlying molecular mechanisms, are
poorly understood. Despite these diversities, all the conclusions drawn from the different
studies agreed upon the fact that Angptl-4 plays an important role in lipid metabolism as

well as in energy metabolism.

Finally, Angptl-4 has to be considered as a potential target for the development of new,
well-directed therapies and further studies are going to inform us about all the possibilities

of its action.

-33-



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

6 REFERENCES

! http://www.who.int/mediacentre/factsheets/fs297/en/, 09.10.2009, 10:36h, fact sheet nr.
209, February 2009

2 Williams C.: Lung cancer: The facts; ed.2, New York: Oxford University Press, 1992,
50-55. — ISBN 0-19-262250-1

% Stephen J. McPhee, Lawrence M. Tierney,Maxine A. Papadakis: Current medical
diagnosis and treatment 2008; ed.47, London: Mcgraw-Hill Professional 2008, 271-273. —
ISBN 0-07-149430-8

* Prelutsky J., Stein, Stein J.: Internal Medicine, ed 5, Berlin: Mosbhy, 1998, 485-488. —
ISBN 0-81-518698-3

> Vlassara H, Spiegel RJ, San Doval D, Cerami A: Reduced plasma lipoprotein lipase
activity in patients with malignancy-associated weight loss. Horm Metab Res. 1986;
18:698-703.

® Goldberg 1J: Lipoprotein Lipase and Lipolysis: central roles in lipoprotein metabolism
and atherogenesis; J Lipid Res 1996; 37:693-707.

"http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=cardio&part=A1964#A263,
30.10.2009, 16:00h. (Ashley E, Niebauer J: Cardiology explained, 2004.)

® Braun JE, Severson DL: Regulation of the synthesis, processing and translocation of
lipoprotein lipase. Biochem J. 1992 Oct 15; 287:337-347.

® Lookene A, Zhang L, Hultin M, Olivecrona G: Rapid Subunit Exchange in Dimeric
Lipoprotein Lipase and Properties of the Inactive Monomer J. Biol. Chem. 2004
279:49964-49972.

19 preiss-Landl K, Zimmermann R, Hammerle G, Zechner R: Lipoprotein Lipase: The
regulation of tissue specific expression and its role in lipid and energy metabolism; Curr
Opin Lipidol. 2002 Oct 13:471-481.

1 Gimble JM, Hua X, Wanker F, Morgan C, Robinson C, Hill MR, Nadon N: In vitro and
in vivo analysis of murine lipoprotein lipase gene promoter: tissue-specific expression. Am
J Physiol. 1995; 268:E213-218.

12 Nakshatri H, Nakshatri P, Currie RA: Interaction of Oct-1 with TFIIB. Implications for a
novel response elicited through the proximal octamer site of the lipoprotein lipase
promoter. J Biol Chem. 1995 Aug 18; 270:19613-19623.

3 Yang WS, Deeb SS: Spl and Sp3 transactivate the human lipoprotein lipase gene
promoter through binding to a CT element: synergy with the sterol regulatory element

-34-


http://www.who.int/mediacentre/factsheets/fs297/en/
http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=cardio&part=A196#A263

Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

binding protein and reduced transactivation of a naturally occurring promoter variant. J
Lipid Res. 1998 Oct; 39:2054-2064.

4 Schoonjans K, Gelman L, Haby C, Briggs M, Auwerx J. Induction of LPL gene
expression by sterols is mediated by a sterol regulatory element and is independent of the
presence of multiple E boxes. J Mol Biol. 2000 Dec 1;304:323-334.

> Hughes TR, Tengku-Muhammad TS, Irvine SA, Ramji DP: A novel role of Sp1 and Sp3
in the interferon-gamma -mediated suppression of macrophage lipoprotein lipase gene
transcription. J Biol Chem. 2002 Mar 29;277:11097-11106.

1% Torra IP, Chinetti G, Duval C, Fruchart JC, Staels B: Peroxisome proliferator-activated
receptors: from transcriptional control to clinical practice. Curr Opin Lipidol. 2001
Jun;12:245-254.

17 Zhang Y, Repa JJ, Gauthier K, Mangelsdorf DJ: Regulation of lipoprotein lipase by the
oxysterol receptors, LXRalpha and LXRbeta. J Biol Chem. 2001 Nov 16;276:43018-
43024.

18 Schoonjans K, Staels B, Devos P, Szpirer J, Szpirer C, Deeb S, Verhoeven G, Auwerx J:
Developmental extinction of liver lipoprotein lipase mRNA expression might be regulated
by an NF-1-like site. FEBS Lett. 1993 Aug 23;329:89-95.

9 Tanuma Y, Nakabayashi H, Esumi M, Endo H: A silencer element for the lipoprotein
lipase gene promoter and cognate double- and single-stranded DNA-binding proteins. Mol
Cell Biol. 1995 Jan 15:517-523.

20 Ranganathan G, Kaakaji R, Kern PA: Role of protein kinase C in the translational
regulation of lipoprotein lipase in adipocytes. J Biol Chem. 1999 Mar 26;274:9122-9127.

21 Ben-Zeev O, Mao H, Doolittle MH: Maturation of lipoprotein lipase in the endoplasmic
reticulum. Concurrent formation of functional dimers and inactive aggregates. J Biol
Chem. 2002 Mar 22;277:10727-10738.

22 \Jannier C, Ailhaud G: Biosynthesis of lipoprotein lipase in cultured mouse adipocytes.
I1. Processing, subunit assembly, and intracellular transport. J Biol Chem. 1989 Aug
5;264:13206-13216.

2% Cruz WS, Kwon G, Marshall CA, McDaniel ML, Semenkovich CF: Glucose and insulin
stimulate heparin-releasable lipoprotein lipase activity in mouse islets and INS-1 cells. A
potential link between insulin resistance and beta-cell dysfunction. J Biol Chem. 2001 Apr
13;276:12162-12168.

24 Ewart HS, Severson DL: Insulin and dexamethasone stimulation of cardiac lipoprotein
lipase activity involves the actin-based cytoskeleton. Biochem J 1999; 340:485-490.

-35-


javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');
javascript:AL_get(this,%20'jour',%20'J%20Biol%20Chem.');

Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

2% Zhang L, Lookene A, Wu G, Olivecrona G: Calcium triggers folding of lipoprotein
lipase into active dimers. J Biol Chem. 2005 Dec 30;280:42580-42591.

2% Nordestgaard BG, Abildgaard S, Wittrup HH, Steffensen R, Jensen G, Tybjaerg-Hansen
A: Heterozygous lipoprotein lipase deficiency: frequency in the general population, effect
on plasma lipid levels, and risk of ischemic heart disease. Circulation 1997 Sep
16;96:1737-1744.

2" Bijvoet S, Gagné SE, Moorjani S, Gagné C, Henderson HE, Fruchart JC, Dallongeville
J, Alaupovic P, Prins M, Kastelein JJ, Hayden MR: Alterations in plasma lipoproteins and
apolipoproteins before the age of 40 in heterozygotes for lipoprotein lipase deficiency. J
Lipid Res. 1996 Mar;37:640-650.

28 Gehrisch S: Common mutations of the lipoprotein lipase gene and their clinical
significance. Curr Atheroscler Rep. 1999 Jul;1:70-78.

2% Kern PA, Ranganathan S, Li C, Wood L, Ranganathan G: Adipose tissue tumor necrosis
factor and interleukin-6 expression in human obesity and insulin resistance. Am J Physiol
Endocrinol Metab. 2001 May;280:E745-751.

%0 Hill MR, Kelly K, Wu X, Wanker F, Bass H, Morgan C, Wang C, Gimble JM:
Lipopolysaccharide regulation of lipoprotein lipase expression in murine macrophages.
Infect Immun. 1995 Mar;63:858-864.

31 Querfeld U, Ong JM, Prehn J, Carty J, Saffari B, Jordan SC, Kern PA: Effects of
cytokines on the production of lipoprotein lipase in cultured human macrophages. J Lipid
Res. 1990 Aug;31:1379-1386.

%2 Desanctis JB, Varesio L, Radzioch D: Prostaglandins inhibit lipoprotein lipase gene
expression in macrophages. Immunology 1994 Apr;81:605-610.

%% Sartippour MR, Lambert A, Laframboise M, St-Jacques P, Renier G: Stimulatory effect
of glucose on macrophage lipoprotein lipase expression and production. Diabetes. 1998
Mar;47:431-438.

3% Beauchamp MC, Renier G: Homocysteine induces protein kinase C activation and
stimulates c-Fos and lipoprotein lipase expression in macrophages. Diabetes 2002
Apr;51:1180-1187.

% Greenwood MR: The relationship of enzyme activity to feeding behavior in rats:
lipoprotein lipase as the metabolic gatekeeper. Int J Obes. 1985;9 Suppl 1:67-70.

% Kern PA: Potential role of TNFalpha and lipoprotein lipase as candidate genes for
obesity. J Nutr. 1997 Sep;127:1917S-1922S.

-36-



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

3" Hoenig M, McGoldrick JB, deBeer M, Demacker PN, Ferguson DC: Activity and tissue-
specific expression of lipases and tumor-necrosis factor alpha in lean and obese cats.
Domest Anim Endocrinol. 2006 May;30:333-344.

%8 Kern PA, Saghizadeh M, Ong JM, Bosch RJ, Deem R, Simsolo RB: The expression of
tumor necrosis factor in human adipose tissue. Regulation by obesity, weight loss, and
relationship to lipoprotein lipase. J Clin Invest. 1995 May;95:2111-2119.

%9 Kim JK, Fillmore JJ, Chen Y, Yu C, Moore IK, Pypaert M, Lutz EP, Kako Y, Velez-
Carrasco W, Goldberg 13, Breslow JL, Shulman GI: Tissue-specific overexpression of
lipoprotein lipase causes tissue-specific insulin resistance. Proc Natl Acad Sci U S A. 2001
Jun 19;98:7522-7527.

0 Tabano S, Alvino G, Antonazzo P, Grati FR, Miozzo M, Cetin I: Placental LPL gene
expression is increased in severe intrauterine growth-restricted pregnancies. Pediatr Res.
2006 Feb;59:250-253.

1 Sakayama K, Masuno H, Miyazaki T, Okumura H, Shibata T, Okuda H: Existence of
lipoprotein lipase in human sarcomas and carcinomas. Jpn J Cancer Res. 1994
May;85:515-521.

*2 Spector A: The Importance of Free Fatty Acid in Tumor Nutrition, Cancer Res. 1967
Sep;27:1580-1586.

*3 Brenneman D, Spector A: Utilization of ascites plasma very low density lipoprotein
triglycerides by Ehrlich cells. J Lipid Res. 1974;15:309-316.

*Narita S, Tsuchiya N, Wang L, Matsuura S, Ohyama C, Satoh S, Sato K, Ogawa O,
Habuchi T, Kato T: Association of lipoprotein lipase gene polymorphism with risk of
prostate cancer in a Japanese population. Int J Cancer 2004;112:872-876.

*> Noguchi Y, Vydelingum NA, Younes RN, Fried SK, Brennan MF: Tumor-induced
alterations in tissue lipoprotein lipase activity and mRNA levels. Cancer Res. 1991 Feb 1;
51:863-869.

%6 Sakayama K, Mashima N, Kidani T, Miyazaki T, Yamamoto H, Masuno H: Effect of
cortisol on cell proliferation and the expression of lipoprotein lipase and vascular
endothelial growth factor in a human osteosarcoma cell line. Cancer Chemother
Pharmacol. 2008 Mar;61:471-479.

" Mutoh M, Niho N, Wakabayashi K: Concomitant suppression of hyperlipidemia and
intestinal polyp formation by increasing lipoprotein lipase activity in Apc-deficient mice.
Biol Chem. 2006 Apr;387:381-385.

8 Niho N, Takahashi M, Shoji Y, Takeuchi Y, Matsubara S, Sugimura T, Wakabayashi K:

Dose-dependent suppression of hyperlipidemia and intestinal polyp formation in Min mice
by pioglitazone, a PPAR gamma ligand. Cancer Sci. 2003 Nov;94:960-964.

-37 -



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

9 Mulligan HD, Tisdale MJ: Effect of the lipid-lowering agent bezafibrate on tumour
growth rate in vivo. Br J Cancer. 1991 Dec;64:1035-1038.

%0 Heintel D, Kienle D, Shehata M, Kréber A, Kroemer E, Schwarzinger 1, Mitteregger D,
Le T, Gleiss A, Mannhalter C, Chott A, Schwarzmeier J, Fonatsch C, Gaiger A, Déhner H,
Stilgenbauer S, Jager U, CLL Study Group: High expression of lipoprotein lipase in poor
risk B-cell chronic lymphocytic leukemia. Leukemia. 2005 Jul;19:1216-1223.

> Trost Z, Sok M, Marc J, Cerne D: Increased lipoprotein lipase activity in non-small cell
lung cancer tissue predicts shorter patient survival. Arch Med Res. 2009 Jul;40:364-368.

>2 Nara-Ashizawa N, Akiyama Y, Maruyama K, Tsukada T, Yamaguchi K: Lipolytic and
lipoprotein lipase (LPL)-inhibiting activities produced by a human lung cancer cell line
responsible for cachexia induction. Anticancer Res. 2001 Sep-Oct;21:3381-3387.

%% Oike Y, Tabata M: Angiopoietin-Like Proteins. Circ J. 2009 (in process of publication)

>* Ge H, Cha J, Gopal H, Harp C, Yu X, Repa J, Li C: Differential regulation and
properties of angiopoietin-like proteins 3 and 4. J Lip Res. 2005 Jul;46:1484-1490.

> Yin W, Romeo S, Chang S, Grishin NV, Hobbs HH, Cohen JC: Genetic variation in
ANGPTLA4 provides insights into protein processing and function. J Biol Chem. 2009 May
8;284:13213-13222.

% Ge H, Yang G, Huang L, Motola DL, Pourbahrami T, Li C: Expand Oligomerization and
Regulated Proteolytic Processing of Angiopoietin-like Protein 4. J Biol Chem. 2004 Jan
16;279:2038-2045.

>" Yoshida K, Shimizugawa T, Ono M, Furukawa H: Angiopoietin-like protein 4 is a
potent hyperlipidemia-inducing factor in mice and inhibitor of lipoprotein lipase. J Lipid
Res. 2002 Nov;43:1770-1772.

%8 Koster A, Chao YB, Mosior M, Ford A, Gonzalez-DeWhitt PA, Hale JE, Li D, Qiu Y,
Fraser CC, Yang DD, Heuer JG, Jaskunas SR, Eacho P: Transgenic angiopoietin-like
(angptl)4 overexpression and targeted disruption of angptl4 and angptl3: regulation of
triglyceride metabolism. Endocrinology. 2005 Nov;146:4943-50.

%% Sukonina V, Lookene A, Olivecrona T, Olivecrona G: Angiopoietin-like protein 4
converts lipoprotein lipase to inactive monomers and modulates lipase activity in adipose
tissue. Proc Natl Acad Sci U S A. 2006 Nov 14;103:17450-17455.

%0 \vandesompele J, De Preter K, Pattyn F, Poppe B, Van Roy N, De Paepe A, Speleman F:
Accurate normalization of real-time quantitative RT-PCR data by geometric averaging of
multiple internal control genes. Genome Biol. 2002;3:RESEARCH0034.1-0034.11.

%1 Le Jan S, Amy C, Cazes A, Monnot C, Lamandé N, Favier J, Philippe J, Sibony M, Gasc
JM, Corvol P, Germain S: Angiopoietin-like 4 is a proangiogenic factor produced during

-38 -



Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

ischemia and in conventional renal cell carcinoma. Am J Pathol. 2003 May;162:1521-
1528.

%2 Cerne D, Melkic E, Trost Z, Sok M, Marc J: Lipoprotein lipase activity and gene
expression in lung cancer and in adjacent noncancer lung tissue. Exp Lung Res. 2007 Jun-
Jul;33:217-225.

% Wang Z, Han B, Zhang Z, Pan J, Xia H: Expression of angiopoietin-like 4 and tenascin
C but not cathepsin C mRNA predicts prognosis of oral tongue squamous cell carcinoma.
Biomarkers. 2009 Sep 23. [in process of publication]

% Asturias FJ, Chadick JZ, Cheung IK, Stark H, Witkowski A, Joshi AK, Smith S:
Structure and molecular organization of mammalian fatty acid synthase. Nat Struct Mol
Biol. 2005 Mar;12:225-232.

% May P, Bock HH, Herz J: Integration of endocytosis and signal transduction by
lipoprotein receptors. Sci STKE. 2003 Apr 1;2003:PE12.

% Kersten S, Lichtenstein L, Steenbergen E, Mudde K, Hendriks HF, Hesselink MK,
Schrauwen P, Miller M: Caloric restriction and exercise increase plasma ANGPTL4 levels
in humans via elevated free fatty acids. Arterioscler Thromb Vasc Biol. 2009 Jun;29:969-
974.

%7 Yoshida K, Shimizugawa T, Ono M, Furukawa H: Angiopoietin-like protein 4 is a
potent hyperlipidemia-inducing factor in mice and inhibitor of lipoprotein lipase. J Lipid
Res. 2002 Nov;43:1770-1772.

% Koster A, Chao YB, Mosior M, Ford A, Gonzalez-DeWhitt PA, Hale JE, Li D, Qiu Y,
Fraser CC, Yang DD, Heuer JG, Jaskunas SR, Eacho P: Transgenic angiopoietin-like
(angptl)4 overexpression and targeted disruption of angptl4 and angptl3: regulation of
triglyceride metabolism. Endocrinology. 2005 Nov;146:4943-4950.

% Xu A, Lam MC, Chan KW, Wang Y, Zhang J, Hoo RL, Xu JY, Chen B, Chow WS, Tso
AW, Lam KS: Angiopoietin-like protein 4 decreases blood glucose and improves glucose
tolerance but induces hyperlipidemia and hepatic steatosis in mice. Proc Natl Acad Sci U S
A. 2005 Apr 26;102:6086-6091.

" Ge H, Yang G, Yu X, Pourbahrami T, Li C: Oligomerization state-dependent
hyperlipidemic effect of angiopoietin-like protein 4. J Lipid Res. 2004 Nov;45:2071-2079.

™ Mandard S, Zandbergen F, Tan NS, Escher P, Patsouris D, Koenig W, Kleemann R,
Bakker A, Veenman F, Wahli W, Muller M, Kersten S: The direct peroxisome proliferator-
activated receptor target fasting-induced adipose factor (FIAF/PGAR/ANGPTL 4) is
present in blood plasma as a truncated protein that is increased by fenofibrate treatment. J
Biol Chem 2004; 279:24411-24420.

-39-


javascript:AL_get(this,%20'jour',%20'J%20Lipid%20Res.');

Investigation of Angptl-4 gene expression in lung
cancer tissue and adjacent non-cancer lung tissue Carina Pojer

"2'Yoon JC, Chickering TW, Rosen ED, Dussault B, Qin Y, Soukas A, Friedman JM,
Holmes WE, Spiegelman BM: Peroxisome proliferator-activated receptor y target gene
encoding a novel angiopoietin-related protein associated with adipose differentiation. Mol
Cell Biol 2000; 20:5343-5349.

®Wang Y, Lam KS, Lam JB, Lam MC, Leung PT, Zhou M, Xu A: Overexpression of
angiopoietin-like protein 4 alters mitochondria activities and modulates methionine
metabolic cycle in the liver tissues of db/db diabetic mice. Mol Endocrinol. 2007 Apr;
21:972-986.

-40-



