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Abstract

Normal human cells are strictly controlled in their environment by extrinsic and intrinsic 
factors. Despite this, some cells begin to develop into cancer cells, and if this process is 
allowed to continue, it will develop into cancer disease. To become cancerous, a cell must 
break several biological barriers. Two important barriers are apoptosis and cellular growth 
control.

Cancer is a multifactorial disease caused by environmental and hereditary factors. The 
incidence of colorectal cancer varies among different populations around the world. Sweden 
has a history of a relatively high incidence of colorectal cancer, whereas its incidence in China 
is relatively low.

Nuclear factor kappa B (NF-�B) is a transcription factor protein family, regulating genes 
involved in several aspects of cancer development. In human cells five members have been 
identified: NFKB1 (p105/p50), NFKB2 (p100/p52), RelA (p65), RelB and c-Rel. They 
normally form homo- or heterodimers in the cytoplasm of the cells, where they are in an 
inactive state by binding to inhibitory proteins, I kappaB-�, -� and -� and Bcl-3. Stimulatory 
signals, both intrinsic and extrinsic, lead the inhibitory proteins to be phosphorylated, which 
marks them for degradation. On activation, NF-�B proteins are often posttranslationally 
modified.

In the first project, we investigated the role of a polymorphism in the promoter region of 
NFKB1 gene. The polymorphism is a 4-basepair insertion/deletion located 94 basepairs 
upstream of the gene (-94ins/delATTG). It does not seem to alter the amino acid sequence of 
the protein and therefore does not alter the function of the protein itself. Instead, it alters the 
regulation of the protein transcription. The aim of the present study was to investigate whether 
the polymorphism was related to cancer risk or clinicopathological variables. We found that 
this polymorphism increased the risk of sporadic colorectal cancer in a Swedish population but 
not in Swedish populations with a family history of colorectal cancer or in Chinese population.

In the second project we studied an 8-basepair insertion/deletion polymorphism in the 
promoter region of NFKBIA gene coding for the nuclear factor kappa B inhibitory protein, 
I�B�. This polymorphism is located 708 basepairs upstream of the gene (-708ins/del8). The 
aim of the study was to investigate whether the polymorphism was related to cancer risk or 
clinicopathological factors. We found that this polymorphism was very rare in a Swedish 
population of colorectal cancer patients and controls and was totally absent in a Chinese 
population of patients and controls. Our conclusion is that this polymorphism is too rare to 
have a major impact on colorectal cancer incidence in the two populations.

In the third project we studied levels of p65 phosphorylated at Serine-536 in colorectal 
cancers in a Swedish population. After activation and I�B phosphorylation/degradation, p65 is 
phosphorylated at Serine-536. This phosphorylation is involved in regulating transcriptional 
activity, nuclear localisation and protein stability. The aim of the study was to investigate 
whether the expression of the phosphorylated protein correlated to any clinicopathological 
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variables, including survival. The expression of p65 phosphorylated at Serine-536 increased 
from normal mucosa to primary tumour, but no further increase to lymph node metastases was 
found. We did find, however, that the strong expression in the cytoplasm was correlated to 
worse survival among the patients, independent of gender, age, tumour location, stage and 
differentiation.

In the fourth project we continued to study p65 phosphorylated at Serine-536. In this 
project, however, we studied the expression in a population of rectal cancer patients who 
participated in a Swedish clinical trial of preoperative radiotherapy. The aim of the study was 
to investigate whether the expression correlated to response to radiotherapy or to 
clinicopathological and some biological factors. We found that the expression was increased 
from normal mucosa to primary tumour, but detected no further increase from primary tumour 
to lymph node metastases. We found that the expression of p65 protein phosphorylated at 
Serine-536 was positively related to expression of TEM1, FXYD-3, PRL, p73 and MAC30 in 
the group of patients who received radiotherapy. Although no such relationship was seen in the 
group of patients that had not received radiotherapy, we did not find that the expression of p65 
protein phosphorylated at Serine-536 was directly related to the clinical response to 
radiotherapy.

In summary, the -94ins/delATTG polymorphism in the promoter region of NFKB1 gene 
increases the risk of sporadic colorectal cancer in Swedish but not in Chinese populations. The 
-708ins/del8 polymorphism in the promoter region of the NFKBIA gene is too rare to have a 
major impact on colorectal cancer incidence in Swedish and Chinese populations. Strong 
expression of p65 protein phosphorylated at Serine-536 is independently related to worse 
survival in Swedish colorectal cancer patients, and the expression is positively correlated to 
biological factors associated with more malignant features of tumours in rectal cancer patients 
who received preoperative radiotherapy.
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Populärvetenskaplig sammanfattning

Cancer är en komplex sjukdom. För att en cell ska utvecklas från en normal cell till en 
cancercell krävs att den erhåller förmågan att bryta de fysiologiska barriärer som cellen och 
omgivande vävnad besitter för att förhindra utvecklingen av cancer. En cancercell är en cell 
som delar sig okontrollerat. Den måste även erhålla något sätt att undvika apoptos, 
programmerad celldöd, vilket är ett program som finns i varje cell och som gör att cellen kan 
dö utan att skada omgivande vävnad och utan att ge upphov till inflammation. Det finns flera 
andra fysiologiska barriärer, däribland måste syre och näringsförsörjning erhållas genom 
nybildning av blodkärl, så kallad angiogenes. Flera av dessa biologiska funktioner regleras 
delvis utav en proteinfamilj kallad NF-�B. Denna proteinfamilj har till funktion att reglera 
tillverkningen av andra proteiner och man har idag funnit att denna proteinfamilj reglerar över 
200 olika proteiner med en mängd olika funktioner, däribland celldelning och apoptos.

NF-�B proteiner binder normalt till varandra i så kallade dimerer. Dessa dimerer binder i 
sin tur till ett inhiberande protein, så kallade I kappa B, och hålls inaktivt i cellens cytoplasma 
utanför cellkärnan. När det kommer en aktiverande signal så bryts det inhiberande proteinet ner 
och NF-�B-dimeren släpps fri och kan därefter transporteras in i cellkärnan där den reglerar 
tillverkningen av olika proteiner.

Orsaken till att studier av NF-�B i cancer är intressant är att många av de proteiner som 
regleras är involverade i de biologiska mekanismer som skyddar mot eller bidrar till 
cancerutvecklingen.

Fram till idag har fem olika proteiner i NF-�B-familjen upptäckts i humana celler. I det 
första arbetet i denna avhandling studerades den gen, NFKB1, som kodar för p50 proteinet. Det 
tillsammans med p65 proteinet bildar den vanligaste dimeren, p65/p50, i humana celler. Vi 
studerade en medfödd förändring, en så kallad polymorfi, i den del av genen som reglerar 
uttrycket av proteinet, vilket betyder att själva proteinet får i sig själv inte någon förändrad 
funktion. Däremot kan den biologiska funktionen av proteinet i cellen förändras då regleringen 
av uttrycket av proteinet kan förändras. Vi ville studera denna polymorfi dels i en svensk 
population, då kolorektalcancer är förhållandevis vanligt i Sverige, samt även i en kinesisk 
population, där kolorektalcancer är förhållandevis ovanligt. Vi ville även studera om det var 
skillnad på om cancer var sporadisk eller om patienten hade nära släktingar som tidigare 
insjuknat i kolorektalcancer. Vi ville även studera om denna polymorfi var relaterad till någon 
klinisk eller patologisk variabel hos tumören eller patienten. Det vi fann var att de personer 
som levde i Sverige och som hade denna polymorfi hade ökad risk att utveckla sporadisk 
kolorektalcancer. Detta samband fanns inte i den kinesiska populationen eller hos personer som 
hade insjuknande nära släktingar.

Vidare fortsatte vi studera denna proteinfamilj och dess relation till kolorektalcancer 
genom att undersöka en polymorfi i genen som kodar för ett av de inhiberande proteinerna till 
NF-�B. Denna polymorfi fanns även den i den del av genen som reglerar uttrycket av proteinet. 
Den gen vi studerade var NFKBIA som kodar för proteinet I�B�. Även denna gång använde vi 
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både en population från Sverige och en från Kina. Vi fann att denna polymorfi var mycket 
sällan förekommande. I den svenska populationen fann vi den hos bara någon procent och vi 
fann den inte alls i den kinesiska populationen. Den slutsats vi drog av detta var att polymorfin 
var för sällsynt för att kunna ha någon större inverkan på totala förekomsten av 
kolorektalcancer i något av länderna.

Regleringen av NF-�Bs funktion är mycket invecklad. En viktig del i denna reglering är 
fosforylering av proteinerna på specifika aminosyror, och en av de mest studerade är 
forforyleringen av aminosyran Serine-536 i p65 proteinet. Denna har visat sig mycket viktig 
vid regleringen av NF-�B. Denna aminosyra forforyleras omgående vid aktivering via flera av 
de vanligaste aktiveringssignalerna. I det tredje projektet undersökte uttrycket av det 
fosforylerade p65 protein i kolorektalvävnad samt närliggande normal vävnad. Vi ville 
undersöka om uttrycket av p65 proteinet fosforylerat på Serine-536 var sammankopplat med 
olika kliniska och patologiska variabler däribland patientens överlevnad. Det vi fann var att det 
i cellernas cytoplasma fanns ett högre uttryck av proteinet i tumörvävnad jämfört med 
närliggande normal vävnad. Vidare fann vi att ett högt utryck gav sämre chans för patienten att 
överleva, detta oberoende av patientens kön, ålder, var i kolon eller rektum tumören hade vuxit, 
hur långt tumören hade utvecklats eller hur väl differentierad tumören var.

I det fjärde projektet fortsatte vi att undersöka uttrycket av p65 fosforylerat på 
Serine-536, men denna gång i endast rektalcancer. Vi studerade detta i en grupp patienter som 
hade randomiserats att få radioterapi innan kirurgi, eller inte. Detta för att kunna studera om 
uttrycket av proteinet hade någon inverkan på den respons som patienterna fick av 
radioterapin. Vi kunde här se att uttrycket av p65 fosforylerat på Serine-536 korrelerade med 
uttrycket av andra proteiner, TEM1, FXYD-3, PRL, p73, MAC30, i gruppen patienter som 
erhållit radioterapi men inte i gruppen patienter som inte fått denna extra behandling. Vi kunde 
dock inte direkt se att uttrycket av p65 proteinet var relaterat till den kliniska responsen av 
radioterapi. Vi kunde ej heller här hitta något samband med patientens överlevnad.

Vi har i detta avhandlingsarbete börjat försöka klarlägga NF-�Bs roll i utvecklingen 
kolorektalcancer. Vi har sett att p50 proteinet kan inverka på risken att utveckla sporadisk 
kolorektalcancer, detta i Sverige men inte i Kina. Vi har vidare kunnat visa att aktiveringen av 
p65 proteinet påverkar överlevnaden hos svenska kolorektalcancerpatienter. Att detta protein är 
uppreglerat i tumörceller jämfört med normala celler. Samt att uttrycket av detta protein var 
samuttryckt med flera andra proteiner hos patienter som hade erhållit preoperativ radioterapi 
men att detta samuttryck inte kunde finnas hos patienter som inte hade fått radioterapi.
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Abbreviations

APC  Adenomatous polyposis coli
ANK  Ankyrin repeats
CRC  Colorectal cancer
DNA  Deoxyribonucleic acid
FAP  Familial adenomatous polyposis
HCRC  Hereditary colorectal cancer
HNPCC Hereditary non-polyposis colorectal cancer
IHC  Immunohistochemistry
I�B  Inhibitor of Nuclear factor kappaB
IKK  I�B kinase
MAC30 Meningioma associated protein 30
MMP  Matrix metalloproteinase
NEMO  NF-�B essential modifier
NF-�B  Nuclear factor kappaB
PCR  Polymerase chain reaction
PRL  Phosphatase of regenerating liver
RFLP  Restriction Fragment Length Polymorphism
SSCP  Single-Stranded Conformation Polymorphism
TAD  Transactivation domain
TCR  Two close relatives
TEM1  Tumour endothelial marker 1
TMA  Tissue Microarray
TNM  Tumour node metastasis
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Introduction

The colon is subdivided into the caecum and the ascending, transverse, descending and 
sigmoid colon. The sigmoid colon ends in the rectum, and the rectum ends in the anus. The 
function of the colon is to extract water and electrolytes from solid wastes. The rectum stores 
solid wastes before they are eliminated from the body through the anus. The colon and rectum 
are histologically divided into four layers. The first layer facing the lumen of colorectal canal is 
the mucosa layer. Under this there is a layer of submucosa. Responsible for the peristaltic 
movement of the colorectal canal is a muscle layer, muscularis propria. Finally an outer layer, 
the serosa, surrounds the entire colon and rectum.

The histology of normal colorectal mucosa show abundant vertically oriented crypts. The 
surface of the epithelium is composed of columnar absorptive cells. Although the flow of solid 
wastes through the lumen of the colorectal canal leads to constant physical stress on the 
mucosa layer, the regenerative capacity of the intestinal epithelium is remarkable. Cellular 
proliferation takes place in the crypts, and the newly divided cells migrate upwards in the 
crypts towards the lumen of the bowel. The turnover of the colonic surface epithelium takes 3 
to 8 days. This remarkable capacity for repair also renders the epithelium vulnerable to agents 
that interfere with cell replication.

Humans have 23 chromosome pairs in each cell nucleus. The entire genome extends over 
3000 million basepairs and is replicated each time a cell divides. Although the human 
replication machinery is very accurate, with proof-reading machinery, errors are unavoidable 
and mutations occur. When this happens in a germ cell, the mutation passes to the offspring. 
When a specific mutation accumulates in a population and more than one percent of the people 
in the population carry the variation, it is known as a polymorphism, which is defined as 
common, inherited genetic variations in a population. Mutations can affect the function of a 
cell if they are located within the coding region of a gene, resulting in an altered amino acid 
sequence of the protein. A mutation may also affect the function of a cell if the mutation is 
located in such a way that it affects the transcription of the protein and not the protein itself. 
For instance, this may occur if the mutation is located in the promoter region of a gene. The 
promoter region is located upstream of the gene and recruits the transcription machinery by 
expressing a specific DNA sequence that is recognised by transcription factors in the cell. 
Mutation in the coding sequence of the protein that alters the amino acid sequence of the 
protein often alters the function of the protein, whereas mutation in the promoter region often 
does not alter the amino acid sequence, but alters the gene regulation instead.

Colorectal cancer

Colorectal cancer is the third most common form of cancer in Sweden. Only breast and 
prostate cancers are more common. Around 5,000 new cases of colorectal cancer are diagnosed 
in Sweden each year. The incidence is rising, but mortality is decreasing. This is due to 
improved treatment, most likely to improved surgery but also to improved adjuvant 
chemotherapy in colorectal cancers and preoperative radiotherapy in rectal cancers.
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Cancer is a genetic disease. Altered function of proto-oncogenes, tumour suppressor 
genes and genes involved in DNA repair, often in a sequential pattern, are necessary for a 
normal cell to develop into a cancer cell. In 1990, Fearon and Vogelstein presented a genetic 
model for colorectal tumourigenesis that shows a series of gene alterations in a sequential order 
(Figure 1). However, it is the accumulation of genetic changes, rather then their order, that 
appears to be the most important factor. Tumours continue to alter once carcinomas have been 
formed and continue to accumulate alterations in other genes related to tumour development 
(Fearon and Vogelstein, 1990).

APC KRAS p53
Other 

mutations

� � � �

Normal 
epithelium

Early 
adenoma

Late 
adenoma

Carcinoma Metastasis

Figure 1. A genetic model for colorectal tumourigenesis (adopted from Fearon and Vogelstein, 1990)

Colorectal cancer is often divided into three different categories: hereditary, familial and 
sporadic. Hereditary colorectal cancer accounts for approximately 1% to 5% of all cases. The 
two most common forms are familial adenomatous polyposis (FAP) and hereditary non-
polyposis colorectal cancer (HNPCC). FAP is associated with inactivation of the adenomatous 
polyposis coli (APC) gene, with patients developing a large number of adenomas at a relatively 
young age. If the patients are left untreated, almost all will develop colorectal cancer by the 
time they are 40 years old. HNPCC involves mutations in DNA repair genes. A further 10% to 
15% of colorectal cancers occur in patients who have a family history of colorectal cancer. 
They experience an apparently inherited increased risk of colorectal cancer similar to 
hereditary colorectal cancer, but the risk genes have not yet been identified. These cases are 
called familial colorectal cancers. Sporadic colorectal cancer occurs in patients without any 
family history of colorectal cancers (Figure 2).

Cancer is a genetic disease, but only a small proportion of cancers follow a Mendelian 
pattern of inheritance. There is a considerable difference in incidence worldwide, and when 
lifestyle and environmental exposure change in a population, the incidence of changes. 
Migration studies reveal that adaptation to a different cancer incidence takes place within only 
one or a few generations. It is therefore of interest to investigate patients from populations with 
different cancer incidence. In the present thesis we studied a population from China, with a 
relatively low colorectal cancer incidence, and a Swedish population, with a high incidence.

There are several risk factors for colorectal cancer. Incidence increases with age. People 
with inflammatory bowel diseases also have an increased risk of colorectal cancer. Lifestyle 
also affects the risk. Diets with a high fat and red meat content have been shown to increase the 
risk, whereas diets high in fruit and vegetables reduce the risk. Alcohol consumption and 
smoking have been seen to increase the risk, whereas the regular intake of non-steroidal anti-
inflammatory drugs reduces risk.

Introduction

16



Radiotherapy

Preoperative radiotherapy has been shown to increase overall survival and reduce the rate of 
local recurrence in patients with resectable rectal cancer (Swedish Rectal Cancer Trial, 1997). 
It is now standard practice to give preoperative radiotherapy to patients with rectal cancer, 
often in high doses distributed over several days. In the above-mentioned study, the patients 
were given 25 Gray over 5 times 5 Gray. Ionising radiation results in the release of free 
radicals, which causes damage on macromolecules in the cells. For the cells, the most lethal 
consequences of this are double-strand breaks of DNA. This often leads to cell death, either 
through necrosis or apoptosis. There is a significant variation in the response to radiotherapy 
among patients. One important protein in radio-resistance is p53 (Adell et al. 1999). Survivin 
and cyclooxygenase-2 have been implicated in the radio-resistance of rectal cancer (Knutsen et 
al., 2004. Pachkoria et al., 2005). The expression of phosphatase of regenerating liver at the 
invasive margin can be used to predict radio-resistance in rectal cancer patients (Wallin et al., 
2006). It has also been proposed that NF-�B is involved in radio-resistance in cells.

Clinicopathological variables

In the present thesis we wished to study NF-�B in colorectal cancer by identifying correlation 
to clinicopathological variables. We had information about the patients and the tumours. From 
surgical and pathological records we obtained information about the patients’ age at diagnosis, 
gender, and the location and stage of the tumours (Dukes or TNM). Tumours from the 
ascending and the transverse colon were regarded as proximal, whereas tumours from the 
descending or sigmoid colon and from rectum were considered distal. Dukes stage is an older 
method of grading the tumour stage than TNM, which is the standard method of grading 
tumour stage today. Tumour growth pattern, grade of differentiation, inflammatory infiltration 
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Figure 2. Hereditary colorectal cancer, familial adenomatous polyposis and hereditary non-
polyposis colorectal cancer with mutation in high penetrance genes have a strong hereditary 
component with little environmental influence. The increased risk of colorectal cancer seen 
in patients with familial colorectal cancer can be caused by germline mutation in low 
penetrance genes. Somatic mutations contribute to sporadic colorectal cancer.



and necrosis were scored by a pathologist. The tumour growth pattern was graded as expansive 
or infiltrative. The grade of differentiation was graded as well, moderately or poorly 
differentiated or as mucinous/signet-ring cell carcinoma. Inflammatory infiltration was graded 
as weak, moderate or strong. Necrosis was graded as little, moderate or strong. Tumour size, 
gross status and invasive depth were graded by a surgeon or by pathologists. Gross status was 
classified as polypoid or ulcerative. Invasive depth was grouped as intra- or ultra-bowel wall. 
Apoptosis was measured with TUNEL and other methods. Survival can be either overall 
survival or disease-free survival. There is a strong correlation between overall survival and 
disease-free survival among colorectal cancer patients.

Many clinicopathological variables are associated with prognosis in colorectal cancer 
patients. Tumour stage, Dukes or TNM, is the strongest prognostic factor of colorectal cancer. 
Advanced stage is correlated to worse prognosis. Grade of differentiation is also an important 
variable after the stage. Patients with poorly differentiated cancers have a worse prognosis than 
those with well-differentiated cancers. Moreover, the tumour growth pattern, in some aspects, 
affects patient survival. Patients who have tumours with an infiltrative growth pattern have a 
worse prognosis than patients with tumours with an expansive growth pattern. A low level of 
inflammatory infiltration (weak) is also a sign of poor prognosis compared with tumours with a 
high level of inflammatory infiltration (strong).

Age and gender can also be prognostic variables in some groups of patients; older 
patients have lower survival than younger patients, and men have a higher survival rate than 
women.

Nuclear factor-kappaB

NF-�B is a transcription factor protein family. It regulates more than 200 different genes. Five 
members (subunits) of this family have been found in human cells: p65, p105/p50, p100/p52, 
RelB and c-Rel, which are transcribed from the RelA, NFKB1, NFKB2, RELB and REL 
genes, respectively (Figure 3). The subunits normally form homo- or heterodimers, the most 
common dimer in human cells being the p65/p50 heterodimer. NF-�B dimers are normally kept 
in an inactive state in the cytoplasm by inhibitory proteins or by the inhibitory c-terminal part 
of the p100 or p105 subunits. Four I�B proteins have been identified in human cells: I�B�, 
I�B�, I�B� and Bcl-3 (Figure 4). All I�B proteins contain ankyrin repeats (ANK). The c-
terminal part of p100 and p105 also contains ankyrin repeats. All subunits in the NF-�B protein 
family contain a 300-amino-acid long domain called the Rel homology domain (RHD), which 
is responsible for DNA binding, dimerisation and interaction with I�B proteins. The Rel 
homology domain also contains a nuclear localisation signal. p65, RelB and c-Rel possess a 
transcription activation domain (TAD) that is necessary for the transcriptional activity. As p50 
and p52 do not have transcription activation domain domains, homodimers of these can 
suppress transcription of NF-�B-dependent target genes. I�B� bonds to the p65/p50 
heterodimer mask only the nuclear localisation signal on the p65 subunit and not on the p50 
subunit. The exposed NLS on the p50 and the exposed nuclear export sequence on the I�B lead 
to constant shuttling of I�B�/NF-�B complexes between the nucleus and the cytoplasm, but the 
steady-state localisation is in the cytosol. Degradation of I�B on activation signal through the 
canonical pathway leads to nuclear accumulation of NF-�B proteins.
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Figure 3. The five members of NF-�B found in human cells. The proteins contain Rel 
homology domain (RHD). RelA, RelB and c-Rel have a transactivation domain responsible 
for recruitment of transcription machinery in the nucleus. p105 and p100 have c-terminal 
ankyrin repeats that function as inhibitors and keep the dimers in the cytoplasm. The picture 
also shows common phosphorylation sites on the proteins.
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Figure 4. Four members of I kappa B family with common phosphorylation sites. The 
proteins contain several ankyrin repeats.



NF-�B signalling is primarily regulated through two major pathways: the canonical and 
the non-canonical NF-�B pathways. With the canonical (or classical) NF-�B pathway, the 
cytoplasmic I�B Kinase (IKK) complex is recruited, containing a catalytic � and � subunit and 
two NF-�B essential modifiers (NEMO). The IKK� is required for activation of the canonical 
pathway. The canonical NF-�B pathway involves dimers with a p50 subunit, either the p65/p50 
heterodimer or p50/c-Rel. The non-canonical (or alternative) pathway acts through an IKK 
complex that contains two IKK� subunits (but no NEMO) and is largely for activation of 
dimers with a p100/p52 subunit, often the p100/RelA heterodimer. The IKK� complex 
phosphorylates two Serine residues adjacent to the ankyrin repeat C-terminal IkB domain of 
p100, leading to its partial proteolysis and liberation of the p52/RelB complex (Figure 5).

The NF-�B/I�B proteins studied in this thesis are the NF-�B p65 and p50 subunits, and 
I�B�. p65 is a protein of 551 amino acids, transcribed from the RelA gene located on 
chromosome 11q13. NFKB1 is located on chromosome 4q24. The p105 subunit is transcribed 
from this gene. The 433 amino acid p50 subunit is derived by processing p105, probably 
through posttranslational degradation of the c-terminal part of the protein or at times perhaps 
by arrested translation. I�B� has a mass of 36 kDa and a length of 317 amino acids. It is 
transcribed from the NFKBIA gene located on chromosome 14q13.

Phosphorylation of NF-kB/I�B

Phosphorylation is crucial for the activity of NF-�B. Two very important phosphorylations 
occur during activation through the canonical pathway. One is the phosphorylation of I�B� at 
two residues, Serine-32 and Serine-36, by IKK�. This marks the I�B� proteins for proteosome-
mediated degradation. This event allows the dimers bound, and thereby inhibited, by I�B� 
proteins to be released, and the nuclear localisation signal in the Rel homology domain of p65 
is unmasked. NF-�B dimers then quickly accumulate into the nucleus. At the same time as the 
I�B� phosphorylation, NF-�B p65 is phosphorylated at Serine-536 by IKK�. This 
phosphorylation affects the transcriptional activity, nuclear localisation and protein stability. 
Phosphorylation of the NF-�B protein affects its activity in many ways. Phosphorylation of 
p100 by IKK� and p105 by IKK� initiates their processing into p52 and p50, respectively. 
Phosphorylation also affects the normal function of NF-�B proteins. For example, the 
phosphorylation of p65 at Serine-536 has been found to decrease the affinity to I�B�, which 
enhances/prolongs activation by reducing turn-off through binding to nuclear I�B� and the 
subsequent nuclear export. Phosphorylation sites have been found on all NF-�B and I�B 
proteins. Most of these phosphorylations have been shown to fine-tune and optimise NF-�B 
activation.

NF-�B in cancer

NF-�B is constitutively active in most tumour cell lines. NF-�B has also been found 
constitutively active in both solid and haematopoietic tumours. Suppression of constitutively 
active NF-�B inhibits proliferation, causes cell cycle arrest and leads to apoptosis (Aggarwal, 
2004).

NF-�B proteins regulate many anti-apoptotic proteins. For example, Bcl-xL, Bcl-2, 
Survivin, TRAF1, and TRAF2 are all regulators of apoptosis and are regulated by NF-�B. 
Inflammatory infiltration is also an important factor in tumour development. NF-�B regulates 
many genes involved in the immune response. TNF-� and IL-1 are both regulated by NF-�B 
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but are also potent activators of NF-�B, leading to a positive regulatory loop. Growth pattern 
and invasive depth are both variable depending on the tumour’s ability to remodel surrounding 
tissue. Metastasis, both to regional lymph nodes and to distant metastasis sites, is also 
dependent on the ability of the tumour to infiltrate surrounding tissue. Here matrix 
metalloproteinase (MMP) is important. MMP-2 and MMP-9 are both regulated by NF-�B. 
Most of the genes involved in tumourigenesis are regulated by NF-�B activated through the 
canonical pathway.

In cell lines, NF-�B has been seen to be activated after radiation (Ahmed, 2007). 
Inhibition of NF-�B in these cell lines has been shown to increase apoptotic response and 
decrease growth and clonogenic survival after radiation. Irradiation of cells causes single-
strand and double-strand breaks in the DNA. The damaged DNA activates nuclear ATM. This 
protein is then translocated to the cytoplasm where it activates NF-�B through regulation of 
IKK activity. NF-�B regulates many proteins that participate in the regulation of the cell cycle 
and apoptosis, for example cyclin D1 and B1, Bcl-2 and Bcl-xL. In vitro results show that such 
inhibition may increase the therapeutic efficiency of radiotherapy.
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Figure 5. The canonical and the non-canonical pathways. In the canonical pathway IKK� 
phosphorylate I�B and p65 resulting in rapid degradation of I�B and activation of NF-�B. 
p65 and p50 heterodimer is shown in the picture but it can also be p50/c-Rel heterodimer. 
Central in the non-canonical pathway is the p100 NF-�B subunit. IKK� phosphorylate p100 
at c-terminal end causing processing of p100 to p52 NF-�B subunit. Activated NF-�B dimers 
translocate to the nucleus and initiate transcription of target genes.





Aims

The general aim of the present thesis was to begin to investigate the role of Nuclear factor 
kappaB in colorectal cancer.

Paper I
The aim of this study was to investigate whether the polymorphism (-94ins/delATTG) in the 
promoter region of the NFKB1 gene has any impact on the risk of colorectal cancer in four 
different groups of Swedish patients (unselected, HCRC, TCR and sporadic) and in a group of 
Chinese patients with unselected colorectal cancer, and whether the polymorphism had any 
clinicopathological significance.

Paper II
The aim of this study was to investigate whether the polymorphism (-708ins/del8) in the 
promoter region of the NFKBIA gene had any impact on colorectal cancer risk in a Swedish 
and in a Chinese population. We also wanted to investigate whether this polymorphism had any 
correlation to clinicopathological variables.

Paper III
The aim of this study was to investigate whether expression of NF-�B p65 phosphorylated at 
Serine-536 had any impact on prognosis in a population of Swedish colorectal cancer patients, 
and to investigate whether the expression correlated to clinicopathological variables.

Paper IV
In this study the aim was to investigate the expression of NF-�B p65 phosphorylated at 
Serine-536 in rectal cancer patients randomised to a Swedish clinical trial of preoperative 
radiotherapy. We wanted to see whether the NF-�B p65 phosphorylated at Serine-536 was 
related to response to radiotherapy and whether the NF-�B p65 phosphorylated at Serine-536 
was related to clinicopathological variables and expression of other proteins.
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Material and Methods

Samples

The patients included in this thesis gave their informed consent for the material to be used in 
scientific research. The use of the material has been approved by the local Human Research 
Ethics Committees.

Genomic material (Papers I and II)

Paper I included four groups of Swedish colorectal cancer patients and one group of Chinese 
colorectal cancer patients. The first group of Swedish patients, diagnosed at the Departments of 
Pathology at Linköping University Hospital and Vrinnevi Hospital, Norrköping, were 
unselected patients without identification of sporadic, familial or hereditary colorectal cancer. 
The second Swedish group included hereditary colorectal cancer (HCRC) patients with three or 
more affected first-degree relatives. These patients experienced an apparently inherited 
increased risk of colorectal cancer similar to the known syndromes – familial adenomatous 
polyposis and hereditary non-polyposis colorectal cancer – but with hitherto unknown high-
risk segregating genes. The third Swedish group of patients were patients with two affected 
first-degree relatives, here called TCR. The fourth Swedish group were sporadic colorectal 
cancer patients who did not have first- or second-degree relatives with colorectal cancer. The 
HCRC, TCR and sporadic colorectal cancer patients were unrelated and were selected from a 
large cohort of consecutive patients who underwent oncogenetic counselling at the Cancer 
Family Clinic at the Karolinska Hospital, Stockholm, Sweden. The Chinese patients in this 
study were recruited at Tangshan Gongren Hospital and the Fourth Teaching Hospital of Hebei 
Medical University. These patients were diagnosed with colorectal cancer between 2001 and 
2002, and there were no identification of sporadic, familial or hereditary colorectal cancer.

Paper II included one Swedish and one Chinese group of unselected colorectal cancer 
patients. In both papers, one Swedish and one Chinese group of controls were used, who were 
recruited from the same residential areas as their corresponding patients.

Formalin-fixated paraffin-embedded tissue (Papers III and IV)

Material for Paper III was obtained from patients who underwent surgical resection at 
Linköping Hospital or Vrinnevi Hospital between 1972 and 2004. The patients had primary 
colorectal adenocarcinoma. The patients’ gender, age, tumour location and stage were obtained 
from surgical and/or pathological records at Linköping or Vrinnevi hospital. The differentiation 
was graded as better (well and moderate differentiation) and poorer (poorly or mucinous and 
signet-ring cell). Paper IV included the patients with rectal adenocarcinoma from the Southeast 
Swedish Health Care region who participated in a Swedish clinical trial of preoperative 
radiotherapy between 1973 and 1990. The patients were randomised to preoperative 
radiotherapy, receiving 25 Gray in five fractions before surgery, or surgery alone. Expression 
analysis with immunohistochemistry on this material for the proteins TEM1, FXYD-3, PRL, 
p73 and MAC30 has previously been conducted at our laboratory.
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Polymorphism genotyping

In the first two projects we investigated two different polymorphisms, both located in the 
promoter region of the gene of interest, the NFKB1 gene in Paper I and the NFKBIA gene in 
Paper II. For that we used two different methods: restriction fragment length polymorphism to 
investigate NFKB1 gene promoter polymorphism; and single-stranded conformation 
polymorphism to investigate NFKBIA gene promoter polymorphism. For both these methods, 
we used polymerase chain reaction to amplify the gene section of interest.

DNA extraction
Genomic DNA from Swedish unselected patients and Chinese patients from Tangshan Gongren 
Hospital was extracted from frozen normal colorectal mucosa. The genomic DNA from HCRC, 
TCR and sporadic patients used in Paper I was extracted using a standard phenol/chloroform 
protocol. Genomic DNA was extracted from peripheral blood from the Swedish and Chinese 
controls, and from the Chinese patients from the Fourth Teaching Hospital of Hebei Medical 
University.

Polymerase Chain Reaction

This method is used to amplify a chosen segment of the DNA. Within only one to two hours, it 
is possible to make millions of identical copies of the gene segment of interest. This method 
uses polymerase to create copies of the DNA. Primers specific to the segment of interest bind 
to the DNA, enabling the polymerase to extend the primers to make a copy of the DNA. In 
each cycle of the PCR reaction, new primers are allowed to bind to the DNA or to the copies of 
the DNA created in the previous cycles. This process almost doubles the number of copies in 
each cycle. After 30 to 40 cycles, this reaction creates millions of copies.

As the primers cannot bind to double-stranded DNA, the first step in a PCR reaction is an 
initial denaturing of the double-stranded DNA. This was done by heating the sample to 95°C 
for five minutes. After the initial denaturation, a PCR cycle is followed and repeated until the 
desired amount of copies has been gained. The first step of this cycle is a denaturation step 
with same temperature as the initial denaturation. Then the temperature is lowered, which 
allows the primers to bind to the denatured DNA. The temperature depends on the primer. In 
our two projects, the temperature was 58°C in the first and 64°C in the second. The third step 
was to increase the temperature to optimal working temperature for the polymerase, in our case 
72°C, which allowed the polymerase to extend the primers bound to the DNA (or copies of the 
DNA created in the previous cycles). After extension the temperature was again increased to 
denature the DNA, and another cycle was initiated. The last step in a PCR reaction is one five-
minute extension step at optimal working temperature for the polymerase to allow the 
extension of all products that had not yet been extended to their full length.

Restriction Fragment Length Polymorphism

Restriction enzymes are proteins that cleave DNA at very specific sites. There are a number of 
different restriction enzymes, each of which cleave DNA on different sites. The sites at which 
these enzymes cut the DNA are called restriction sites. The specificity of these enzymes to cut 
only very specific sites can be used to distinguish normal DNA from DNA that has been 
altered, for an example by an inherited alteration in the DNA sequence. This technique can be 
very useful for studying polymorphisms, which are common, inherited changes in the DNA of 
a population.
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In our fist project, we used the restriction fragment length polymorphism method to 
investigate a polymorphism in the promoter region of NFKB1 gene. At the site of this 
polymorphism, there is a restriction site for the restriction enzyme PflM I. Close to this site is 
another restriction site for this enzyme. We used PCR to amplify a segment around this 
polymorphism that included the two other restriction sites for PflM I. Then the PCR product 
with wild-type DNA sequence was cut into fragments by the enzyme. From the original PCR 
product of 289 basepairs, three smaller fragments were generated, with the respective sizes of 
206, 48 and 35 basepairs. The polymorphism of interest altered one of the restriction sites, 
which could therefore not be recognised by the enzyme. Thus only two fragments were 
generated, one with 254 and one with 35 basepairs. DNA normally has a slight negative total 
charge. In an electric field, DNA molecules in solution will migrate towards the positive anode. 
Agarose gels form a matrix that, with correct concentration, prevent the PCR product from 
migrating freely but cause small fragments of the DNA to migrate faster though the gel than 
larger fragments. This is an easy way to separate PCR products of different sizes. The digested 
PCR products from our samples were separated in an agarose gel, and the  206-basepair 
segment from a wild-type allele could easily be distinguished from the 254-basepair fragment 
in a sample with the altered DNA sequence.

Single-Stranded Conformation Polymorphism (SSCP)

In SSCP, a single-stranded PCR product is separated in a matrix gel. Single-stranded PCR 
products have a three-dimensional structure depending on the sequence of the basepairs of the 
DNA sequence. PCR products with different three-dimensional structures migrate at different 
speeds in a matrix gel in an electric field. This can be used to distinguish between DNA 
sequences with different nucleotide sequences.

In our second project we used this method to identify patients with a polymorphism in 
the promoter region of NFKBIA gene. The PCR product was first labelled with radioactive 
[�-33P]dATP instead of normal dATP by re-amplifying the PCR product for 12 cycles. The 
samples were heat-denatured, rapidly cooled and then loaded into a non-denaturing acrylamide 
gel. After separation, the product was transferred to a filter paper and exposed to X-ray film.

DNA sequencing

Short DNA fragments produced in a PCR production can be sequenced using labelled modified 
dNTP, which prevents further elongation of the PCR product together with normal unlabelled 
dNTP. The dNTP is labelled with different colours.  By measuring which nucleotide (label) 
each PCR product has, it is possible to determine which dNTP has bound and ended the 
elongation during the PCR run. The PCR product can be separated according to size to an 
accuracy of only one nucleotide. This makes it possible to determine the sequence of a PCR 
product. In the second project, we sequenced the PCR product from the samples that gave a 
shift band on from the SSCP gels. The first step was to remove excess nucleotides that might 
otherwise disturb the sequencing analysis. The second step was re-amplification of the PCR 
product with only forward primer to get DNA with a labelled modified dNTP at the end of each 
string. This was done with a commercially available kit according to the manufacturer’s 
instructions.
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Immunohistochemistry

Immunohistochemistry is used to detect expression of a specific protein in intact tissue. Tissue 
is preserved by snap freezing or by formalin-fixation and paraffin-embedding. Then 5-μm 
sections are sectioned from tissue or paraffin-embedded blocks and placed on slides. To be able 
to detect protein expression in each cell, it is important that the slides are thin enough to have 
only one layer of cells. To detect a protein in the tissue, a primary antibody specific to epitopes 
on the protein is used. To enhance the detection level, a secondary antibody specific to the 
primary antibody is used. This allows multiple secondary antibodies to bind to each primary 
antibody, causing an increase in staining.

In our study we used formalin-fixated paraffin-embedded tissue. The sections were 
deparaffinised with xylene and rehydrated in graded ethanol. Antigen retrieval is often 
necessary before staining, and we used high-pressure cooking in buffer. The labelling method 
used was a peroxidase reaction of 3,3’-diaminobenzidine tetrahydrochloride, which is 
colourless before reaction and produces a brown staining  after reaction. A higher expression of 
the protein causes a more intense staining. This can be used to estimate the degree of protein 
expressed in the tissue. Counterstaining with haematoxylin was also performed to determine 
the localisation of the expressed protein. One major drawback of this technique is that the 
staining intensity is graded manually  under a light microscope, which to some extent is 
subjective. We used two methods to mitigate this drawback; first, we used blinded samples, 
and second, we used two investigators to grade the staining intensity independently. Where the 
investigators disagreed, the slides were re-examined until consensus was reached.

Tissue microarray

In the fourth project we used immunohistochemistry on tissue microarray slides. The tissue 
microarrays were made by taking core needle biopsies from paraffin-embedded blocks and re-
embedding the samples in new paraffin blocks. The sections were cut from the tissue 
microarray blocks and placed on slides. We used three biopsies from each sample to avoid 
misgrading due to intratumoural variation of protein expression. With this method we stained 
all samples at the same time and thereby avoided inter-batch variation of staining.

Statistical analysis

The chi-square method was used to test genotype distribution in colorectal cancer patients with 
the controls or clinicopathological variables. The chi-square method was also used to test 
relationships between protein expression and clinicopathological variables. We tested the 
differences in allele frequency between the patients and controls using the Armitage Trend 
Test. For risk calculations, logistic regression was used to calculate odds ratio and 95% 
confidence intervals. Differences in expression of NF-�B phosphorylated at Serine-536 
between normal mucosa, primary tumours and metastases were tested using Chi-square or 
McNemar Methods. Cox’s Proportional Hazard Model was used to test the relationship with 
polymorphism or protein expression and survival of the patients. The Kaplan-Meier Method 
was used to calculate survival curves. Two-sided p values of less than 5% were considered 
statistically significant.
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Results and Discussion

Paper I

In the Swedish population, unselected colorectal cancer patients had an increased risk of 
colorectal cancer for both heterozygote and homozygote deletion genotypes compared with 
homozygote wild-type genotype. A similar result was found in the group of Swedish sporadic 
colorectal cancer patients. Even after age-adjusted analysis, there were still significant 
differences among the Swedish unselected colorectal cancer patients and among the Swedish 
sporadic colorectal cancer patients. When the samples were divided into subgroups, <70 and 
�70 years or proximal and distal colorectal cancer for unselected colorectal cancer patients, 
and <70 and �70 years old for the sporadic colorectal cancer patients, there was still a similar 
difference between the genotypes. It is possible that the increase in risk seen in unselected 
colorectal cancer patients is due to the increased risk of sporadic colorectal cancer, but not 
hereditary/familial colorectal cancers. 

There was a significant difference in genotype distribution between the Swedish 
unselected patients and HCRC, TCR and Chinese patients. This difference in genotype 
distribution was also seen when comparing Swedish sporadic patients with HCRC, TCR or 
Chinese unselected patients. There was no significant difference in genotype distribution 
between Swedish unselected and sporadic patients, or between Chinese patients and HCRC or 
TCR patients. The frequency of alleles with the deletion was significantly higher among the 
Swedish unselected patients than among the controls; this was also true for the sporadic cancer 
patients compared with the controls. There was no significant difference in allele frequency 
between the cases and the controls in the HCRC, TCR and Chinese patients.

The analysis shows no gender-polymorphism association in either population. Nor did 
we find any correlation between genotype and survival among the Swedish unselected 
colorectal cancer patients. In our analysis the polymorphism did not correlate to gender, age, 
tumour location, Dukes stage, growth pattern, grade of differentiation, inflammatory 
infiltration or necrosis in the Swedish unselected colorectal cancer patients. In the group of 
Chinese unselected colorectal cancer patients, there was no correlation between the 
polymorphism and gender, age, tumour location, size, Dukes stage, invasive depth, grade of 
differentiation or gross status.

We found that the deletion, either in heterozygote or in homozygote deletion, of the 
-94ins/delATTG polymorphism in the promoter region of the NFKB1 gene was related to risk 
of colorectal cancer both in Swedish unselected and sporadic colorectal cancer patients. This 
increase in risk was not found in the Chinese population of unselected colorectal cancer 
patients. The genotype frequencies of the Swedish and the Chinese controls were similar – 
26%, 58%, 15% versus 24%, 58%, 17% – for the homozygote wild-type, heterozygote and 
homozygote deletion, respectively. This supports the evidence that individuals with same 
genotype but exposed to different environmental factors may have different risks of developing 
cancer. It is possible that the deletion of this polymorphism did not directly promote 
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carcinogenesis, but instead increased the susceptibility to carcinogenetic exposure that differed 
between the two populations.

When analysing the other groups of Swedish patients, the genotype did not increase the 
risk in HCRC or TCR patients, but did so in patients with sporadic colorectal cancer. These 
patients were recruited from the same residential area, which lowered the impact of the 
differences in lifestyle and environmental exposure on the results. The differences we find for 
these groups of patients could result from differences in molecular mechanisms in the 
development between sporadic and hereditary/familial cancers.  Furthermore, sporadic 
colorectal cancer development may be more dependent on the NF-�B pathways than the 
development of hereditary/familial colorectal cancers. There is increasing evidence to show 
that there are certain differences in epidemiology, clinicopathology and molecular biology 
between sporadic and hereditary/familial cancers (Craanen et al. 1996. Lagerstedt et al. 2007).

Our results show that the Chinese unselected cancer patients developed cancer at a 
similar age as that of the HCRC and TCR patients. We also found that the Chinese patients had 
genotype distribution similar to those of the Swedish HCRC and TCR patients. These findings 
highlight the importance of further investigation of the similarities between the Chinese 
unselected patients and the Swedish patients with a family history of colorectal cancer.

The polymorphism did not correlate to the clinicopathological variables included in the 
Swedish and Chinese unselected patients. These results are in line with those of a study that 
found that this polymorphism was related to risk of oral squamous cell carcinoma but not to 
any clinicopathological factors such as tumour stage and lymph node metastasis (Lin, et al. 
2006). They also concur with the results of a study that found that the polymorphism may 
correlate to risk but not to clinicopathological factors including survival in aged patients with 
gastric cancer. On the other hand, Riemann et al (2006) found an association with both risk and 
disease progression in B-cell chronic lymphocytic leukaemia. The inability to replicate genetic 
associations is not uncommon and could be due to a variety of reasons, such as different 
populations and exposure to environmental factors, the number of, and criteria for, the cases 
and controls selected, the clinicopathological features of the cases included, and the methods 
used in these studies.
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Paper II

The -708del8 allele occurred with low frequency in the Swedish population; two of 92 patients 
and eight of 174 controls had at least one allele with the -708del8 polymorphism. The -708del8 
allele was absent in the Chinese population; none of the 93 patients or 159 controls had the 
-708del8 allele.

In the Chinese population, however, there were four other shifts in the SSCP analysis. 
Two of these could be identified by DNA sequencing. One mutation in the group of patients – a 
T to A substitution – was found in a patient, and another mutation – a G to T substitution – in a 
control.
The clinicopathological data for the two Swedish patients with a -708del8 allele shows that 
both were males, diagnosed at 72 and 87 years of age. They were heterozygous for the deletion 
of the -94ins/delATTG polymorphism in the promoter region of the NFKB1 gene and 
heterozygous with a G to A variation in the 3’ untranslated region of the NFKBIA gene (Gao et 
al. 2007).

The three Chinese patients with a small shift on the SSCP gel were all females diagnosed at 52, 
57 and 69 years of age, respectively. Two of these patients were homozygous wild-type for the 
-94ins/delATTG polymorphism in the promoter region of the NFKB1 gene and one was 
heterozygous. Two patients were homozygous for the A to G variation in the 3’ untranslated 
region of the NFKBIA gene and one had an unknown genotype for this polymorphism. All 
tumours from the two Swedish and the three Chinese patients were located in the rectum, had 
moderately differentiated cells, and were in Dukes stage B or C.

The screening of a Swedish and a Chinese population of colorectal cancer patients with 
the corresponding controls with SSCP revealed that the -708ins/del8 polymorphism in the 
promoter region of NFKBIA gene is very rare. Only 2.2% (2/92) of the Swedish patients and 
4.6% (8/174) of the Swedish controls had the deletion in one or more alleles. The numbers 
were too low to carry out statistical analysis, so no conclusions can be drawn as to whether the 
polymorphism increases the risk of colorectal cancer, or whether it is related to any 
clinicopathological factors in the Swedish population. The only conclusion we can draw is that 
the polymorphism most likely does not have a potential effect on the incidence of colorectal 
cancer due to its rare occurrence. In addition, it seems that there were other mutations in the 
Chinese population only but not in the Swedish. The two populations may have different 
genetic profiles concerning the polymorphism and mutations examined. In our analysis, the 
-708ins/del8 polymorphism was totally absent in the Chinese population; it was not discovered 
in either patients or controls. We cannot exclude that it was totally absent because of the low 
number of cases analysed. Osborne et al (2005) screened a population of Hodgkin’s lymphoma 
patients and controls from Scotland and northern England and found the 8-basepair deletion in 
1.1%, and the 8- basepair insertion in 2.9% of the patients; they found the deletion in 3.6%, 
and the insertion in 2.1% of the controls. They found no significant differences by case control 
status, and cases with the deletion or insertion did not show any consistent clinical features.
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Paper III

In the present thesis we investigated the expression of NF-�B p65 phosphorylated at 
Serine-536 in samples from Swedish colorectal cancer patients. We graded the staining in 
normal mucosa, primary tumour, invasive margin of the primary tumour and in metastases in 
the lymph nodes.

We found that the staining intensity of NF-�B p65 phosphorylated at Serine-536 
increased from normal mucosa to primary tumour. Fifty-six samples had weak staining in 
normal mucosa but strong staining in primary tumour, whereas only five samples had strong 
staining in normal mucosa but weak staining in primary tumour. In sixty-seven samples there 
was no difference in staining between normal mucosa and primary tumour. An increase in 
expression from normal mucosa to primary tumour has also been found in a previous study 
using electrophoretic mobility shift assay. Yu et al. (2003) used monoclonal antibodies against 
NF-�B p65 and found that the expression was significantly increased from normal mucosa to 
adenoma and to adenocarcinoma. A similar significant difference was found when comparing 
staining intensity in normal mucosa with staining intensity on the invasive border of the 
primary tumour. There was a higher frequency of strong staining in the invasive border than in 
normal mucosa. There was no significant difference in staining intensity of the cytoplasm in 
primary tumour compared with metastases. The increased expression of NF-�B p65 
phosphorylated at Serine-536 in primary tumour compared with normal mucosa and the fact 
that the expression did not further increase from primary tumour to metastases indicate that 
NF-�B activation may play a role in the earlier development of colorectal cancer.

The staining intensity in the cytoplasm of primary tumour did not correlate to gender, 
age, tumour location, stage, or differentiation.

We found that the NF�B p65 phosphorylated at Serine-536 is an independent prognostic 
factor in colorectal cancer patients. Strong expression in the cytoplasm correlated to worse 
survival of the patients. The prognostic significance remained even after adjustment for gender, 
age, tumour location, stage and differentiation.

The staining intensity in the cytoplasm had a strong positive correlation to the staining in 
the nucleus. There was no significant difference in staining of the nucleus between normal 
mucosa and primary tumour, or between primary tumour and metastases. The nuclear 
expression was not related to clinicopathological variables, including survival.
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Paper IV

This study included rectal cancer patients from the south-eastern Sweden. The patients had 
previously been included in the Swedish Rectal Cancer Trial (1997) in which they were 
randomised into two groups, one that received and one that did not receive preoperative 
radiotherapy.

When we compared the staining intensity of NF-�B p65 phosphorylated at Serine-536 
expression in the cytoplasm, we found significantly more samples with strong staining in 
primary tumour than in normal mucosa in both the radiotherapy and non-radiotherapy groups. 
This difference was found either in the matched cases or in the whole group of patients. We 
found no significant difference between primary tumour and metastasis in either the 
radiotherapy or non-radiotherapy groups.

In chi-square analysis of the differences in expression between the biopsies from the 
primary tumours and the surgical primary tumours we found significantly more strongly 
stained samples in the surgical primary tumours than in biopsies. However, when we compared 
paired samples by using the McNemar test, the difference between biopsies and the surgical 
primary tumours was still present in the non-radiotherapy group, but there was no difference in 
the radiotherapy group.

There was no difference in NF-�B p65 phosphorylated at Serine-536 expression before 
or after preoperative radiotherapy in normal mucosa, primary tumour or in metastases.

Cytoplasmic expression of NF-�B p65 phosphorylated at Serine-536 in primary tumour 
was positively related to the expression of TEM1, FXYD-3, PRL, and p73, and was positively 
related to the expression of MAC30 in the radiotherapy group. In the non-radiotherapy group, 
there was no such relationship.

The expression of NF-�B p65 phosphorylated at Serine-536 in the cytoplasm did not 
correlate to gender, age or survival, or differentiation or stage of the cancer, or local/distant 
recurrence in either the radiotherapy group or non-radiotherapy group, or in the whole group of 
patients.

Our previous studies of TEM1 showed that, in the radiotherapy group, the expression 
significantly increased from Dukes A to Dukes B-D. We have also found that strong expression 
of FXYD-3 alone or combined with PRL was related to unfavourable prognosis independent of 
both TNM stage and differentiation. With strong expression of FXYD-3, the tumour showed 
less necrosis and a trend toward an increased incidence of distant metastases after radiotherapy. 
None of these effects was seen in the non-radiotherapy group (Loftås, 2009). In the 
radiotherapy group, strong PRL expression was related to distant recurrence and poor survival 
independent of both stage and differentiation; this was not found in non-radiotherapy group 
(Wallin, 2006). Patients with p73-overexpression tumours had a higher local recurrence after 
radiotherapy than had the non-radiotherapy cases (Pfeifer, 2006). Taken together, after 
radiotherapy, the expression of NF-�B p65 phosphorylated at Serine-536 was positively related 
to biological factors associated with more malignant features of tumours. However, we did not 
find that the expression was directly related to clinical response to radiotherapy.
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Conclusions

Deletion of the polymorphism in the promoter region of the NFKB1 gene is related to 
increased risk of sporadic colorectal cancer in a Swedish population but not in Swedish 
patients with a family history of colorectal cancer or in Chinese patients.

An 8-basepair deletion in the promoter region of NFKBIA gene is very rare in a Swedish 
and a Chinese population and has, because of this rarity, no major impact on colorectal cancer 
incidence in the two populations.

The expression of a nuclear factor kappaB p65 subunit phosphorylated at Serine-536 
increases from normal mucosa to primary tumour but does not further increase from primary 
tumour to metastases. The nuclear factor kappaB p65 subunit phosphorylated at Serine-536 is 
an independent prognostic factor in colorectal cancer patients.

After preoperative radiotherapy in rectal cancer, the expression of nuclear factor kappaB 
p65 subunit phosphorylated at Serine-536 appears to be positively correlated to biological 
factors associated with more malignant features of the tumours. However, the expression is not 
directly related to the clinical response to preoperative radiotherapy.
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