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MOLEKYLÄRA SKILLNADER MELLAN TJOCK- OCH 
ÄNDTARMSTUMÖRER MED OLIKA TILLVÄXTSÄTT 
 
Tjock- och ändtarmscancer (colorektal cancer, CRC) är en av de vanligaste 
cancerformerna i världen. Patienters prognos beror framför allt på i vilket stadium 
sjukdomen upptäcks, men på senare år har man försökt använda nya variabler för att 
förutsäga prognos. En av dessa tilltänkta variabler är tumörens tillväxtsätt. CRC kan 
växa på två olika sätt, där tumören antingen infiltrerar in i normal vävnad, eller så 
trycker den sig fram. De patienter med tumörer som har ett infiltrerande tillväxtsätt 
har oftast sämre prognos och detta tros bero på att dessa tumörer har en ökad 
förmåga att sprida sig till andra organ (metastasering). 
 
Det är i dagsläget inte helt klart vad skillnaderna mellan tillväxtsätten beror på. Vi 
ville därför undersöka molekylära skillnader mellan tumörer med olika tillväxtsätt. 
Cell junctions är strukturer mellan celler, som består av olika proteiner med uppgift 
att organisera celler samt att möjliggöra kontakt mellan celler och med strukturer 
mellan celler, vilket ger cellen förmåga att röra sig i olika riktningar (migrera). Vi 
undersökte uttrycket av 84 olika celljunctionproteiner dels  i en tumör med ett 
infiltrativt tillväxtsätt och dels i en tumör med ett tryckande tillväxtsätt. 
Nivåskillnader av dessa celljunctionproteiner mellan de två olika tumörerna 
jämfördes, och verifierades i fler tumörer. GJB3, Gap Junction Protein beta 3 (också 
känd som Connexin 31), visade sig vara den gen vars uttryck skiljde sig tydligast åt 
mellan de två tillväxtsätten. Gap-junctionproteiner är involverade i strukturer som 
kan liknas vid små tunnlar mellan celler. Dessa tunnlar (s.k. gap junctions) möjliggör 
kommunikation mellan intilliggande celler. Vi fann att tumörer har lägre nivå av 
GJB3 jämfört med normal tjocktarmsvävnad. Dessutom observerade vi att det var 
lägre uttryck av GJB3 i tumörer med ett infiltrerande tillväxtsätt. 
 
För att undersöka hur GJB3 påverkar olika cellulära processer nedreglerade vi 
uttrycket av genen i CRC celler. Vi fann ingen påverkan, varken på celltillväxt eller på 
cellers förmåga att migrera, mellan celler som uttrycker GJB3 och de som inte gör 
det. GJB3 påverkar därför inte självmant CRC cellers migration. Det är dock 
fortfarande möjligt att GJB3 spelar roll för tumörens förmåga till metastasering, men 
då krävs ytterligare förändringar som inte framkommer här. Vidare studier är 
nödvändiga för att klarlägga hur GJB3 och andra gap-junctionproteiner, reglerar 
tumörens tillväxtsätt och spridning, vilket i sin tur skulle kunna leda till utvecklingen 
av nya läkemedel som motverkar metastasering och förbättrar prognosen hos 
patienter med CRC. 
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ABSTRACT 
 

Colorectal cancer (CRC) has either an infiltrative or pushing growth pattern, and 
patients in the former group have a worse prognosis. Infiltrative tumours are linked 
to epithelial-mesenchymal transition, which in turn is associated with increased 
cellular migration. As there is no molecular model that entirely describes the 
difference between infiltrative and pushing configurations we investigated if 
differences found in cell junctions between tumour cells (in the core of the tumour) 
could explain the different growth patterns. A PCR array targeting cell junction genes 
was performed on one infiltrative and one pushing tumour. Thirteen genes were 
selected for verification by real-time qRT-PCR in additional tumours and normal 
tissue from the colorectum of patients. GJB3, Gap Junction Protein beta 3 (also 
known as Connexin 31) was the best candidate for separating tumours of different 
growth patterns. GJB3 was down-regulated in tumours compared to normal tissue, 
suggesting that it may act as a tumour suppressor, and it was further decreased in 
tumours with a pushing growth pattern. Silencing the expression of GJB3 in the 
colon carcinoma cell line SW480 did not affect the proliferation or the migration of 
the cells, suggesting that GJB3 by itself cannot regulate proliferation or metastatic 
spread. 
 
 
INTRODUCTION 
 
Colorectal cancer (CRC) is the third most 
frequent cancer worldwide (Jacobson, 
2013). The prognosis of CRC patients is 
mostly affected by the TNM-stage, with 
patients in the lower stages having 
higher five-year survival rates (Zlobec 
and Lugli, 2009). However, patients 
within the same TNM-stage may have 
very different outcomes and responses to 
therapy, which is why various additional 
molecular biomarkers and 
histomorphological parameters are 
considered for improved prognostic 
evaluation (none that are widely 
standardised) (Zlobec and Lugli, 2009; 
Lugli et al., 2012). One of these factors to 
consider is the tumour growth pattern. 
CRC grows in one of two ways at the 
tumour border, with a pushing or 
infiltrative growth pattern. Tumours 
with borders that are of a pushing 
pattern tend to have well-defined 
barriers, often with high inflammatory 
infiltration in the lamina propria. 
Infiltrative tumours however, have no 
clear margin and the tumour cells are 
readily intruded within normal tissue 
(Zlobec and Lugli, 2009). Infiltrative 

tumours result in a substantially and 
significantly poorer prognosis in 
patients, even within the same TNM-
stage (Zlobec and Lugli, 2009; Zlobec et 
al., 2008; Zlobec et al., 2009). 
Infiltrating tumours are furthermore 
closely linked to tumour budding 
(although it may also occur in pushing 
tumours) (Turner et al., 2007; Zlobec 
and Lugli, 2009). Tumour budding is 
defined as clusters of tumour cells 
separated from the rest of the tumour 
mass (Lugli et al., 2012; Prall, 2007). 
Tumour budding has, as an individual 
factor, been correlated to poor survival 
rates (Ueno, 2004; Wang et al., 2009). 
The mechanism behind tumour budding 
is associated with epithelial-
mesenchymal transition (EMT), where 
polarised epithelial cells undergo 
changes that result in a more 
mesenchymal phenotype, with 
accompanying characteristics of e.g. lost 
polarity, increased migration and 
invasion, and reduced intercellular and 
cell-matrix contacts (Kalluri, 2009; 
Zlobec and Lugli, 2010; Mitrovic et al., 
2012). EMT enables migration and 
invasion, possibly acting as an initiative 
event in formation of metastases (Zlobec 
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and Lugli, 2009). Budding thus appears 
to be directly associated with the 
spreading of tumour cells. To date there 
is no molecular model that truly defines 
and explains the differences between a 
pushing and infiltrative growth pattern. 
However some of the changes achieved 
during EMT (which is more closely 
linked to the infiltrative growth pattern) 
are known to affect the cell-cell or cell-
matrix connections (Zlobec and Lugli, 
2010), also known as cell junctions.  
 
Cell junctions are specialised structures, 
usually consisting of multiprotein 
complexes, which maintain tissue 
homeostasis by providing support, 
organising cell polarity, participating in 
signalling cascades and enabling 
connections between cells and their 
environment. When the cell junctions 
are disrupted the normal function of the 
tissue is perturbed and this may in time 
lead to tumour development (Dbouk et 
al., 2009; Scott and Kelsell, 2011). Cell 
junctions are classified into major 
groups according to functions. Cell 
junctions that seal cells together to 
prevent any leakage of molecules from 
one side of e.g. an epithelium to the 
other are called occluding junctions. 
Anchoring junctions on the other hand 
attaches cells to adjacent cells or to the 
extracellular matrix. The final group of 
cell junctions, known as communication 
junctions act as channels between cells, 
enabling communication (Alberts et al., 
2007).  
 
Gap junctions are a type of 
communicating junctions that allow for 
molecular or electrical signals to pass 
through cells. There are 21 human gap 
junction genes, each encoding for a gap 
junction protein, also known as a 
connexin. Gap junction proteins are 
transmembranal proteins that can 
assemble within the cell membrane, in 
groups of six and create a so called 
connexon, or hemichannel. Connexons 
on two adjacent cells can come together 

and dock to one another, thus creating a 
channel, a gap junction (Scott and 
Kelsell, 2011; Kar et al., 2012). Gap 
junctions allow for certain metabolites, 
oligonucleotides, siRNA, peptides, 
second messengers, molecules and 
electric signals to pass (Kar et al., 2012). 
Gap junctions can be composed of 
different gap junction proteins and 
connexons, and different conformations 
have varying permeabilities (Scott and 
Kelsell, 2011). The structure of gap 
junction proteins is highly conserved, 
with variability seen in the cytoplasmic 
domains, allowing for different functions 
and interactions (Dbouk et al., 2009). 
Gap junction proteins have recently been 
discovered to interact with a wide variety 
of proteins, expanding their role within 
the cell to more than just gap junction-
dependent functions, including cell-
signalling (Dbouk et al., 2009). Gap 
junction proteins are often decreased in 
tumours, and are considered tumour 
suppressors through several functions 
(one function being the normal gap 
junctional-function). However, gap 
junction proteins have also been found 
to be increased in certain carcinomas 
and sarcomas (Han et al., 2011). 
Mutations in gap junction proteins have 
also been found in diseases and 
neoplasms (Dbouk et al., 2009). 
 
The aim of this study was to determine if 
differences in cell junctions between 
tumour cells, in the tumour core, can 
describe the differences in growth 
pattern and prognosis between tumours 
of an infiltrative or pushing growth 
pattern. CRC patients have a worse 
prognosis in later stages and most deaths 
are caused by tumour metastases 
(Stafford et al., 2008). Understanding 
the mechanisms of cell-cell and cell-
matrix connections in tumours will lead 
to increased knowledge of how tumour 
cells migrate, invade and subsequently 
metastasise to distant organs. Our study 
may aid in identifying potential targets 
for treatment that could decrease the 
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metastatic potential of the tumour and 
thereby improve patient prognosis. 
 
 
RESULTS 
 
A PCR Array identified differences 
in expression of cell junction genes 
between tumours with different 
growth patterns 
In order to find differences in cell 
junctions between tumours with an 
infiltrative or pushing growth pattern a 
PCR array targeting 84 human cell 
junction genes was used to study the 
gene expression in one infiltrative and 

one pushing tumour. Fold-regulation 
values higher than +2 and less than -2 
from the PCR were selected. Thirteen 
genes were selected for further analyses 
(Table 1). The genes included three focal 
adhesion proteins, the integrins ITGA5, 
ITGA9, ITGAV; three tight junction 
proteins, the claudins CLDN12 and 
CLDN15, as well as the intercellular 
adhesion molecule, ICAM2; four gap 
junctions, GJA1, GJB1, GJB2 and GJB3; 
two adherens junctions, the cadherin 
CDH1, and the nectin PVRL3; and finally 
one desmosomal protein, DSG3. Based 
on the fold up- or down-regulation it 
could be concluded that CDH1, CLDN12,

 
Table 1. The Ct-values for the infiltrative and the pushing tumour that were used in 
the PCR array targeting human cell junction genes for the thirteen selected genes. In 
the column furthest to the right fold up- or down-regulation of the genes can be seen. 
All the values are normalised to a housekeeping gene. 

 
* Fold up- or down-regulation is based on fold-change (2^(-ΔΔCt)) and represents fold change in a 
biologically meaningful way. Positive fold-change values indicate an up-regulation, and fold-
regulation is then equal to fold-change. Negative fold-regulation values are however the negative 
inverse of fold-change values <1. Negative fold-regulation values indicate fold down-regulation. 

Gene Ct infiltrative Ct pushing Fold up- or down- 
regulation* 

CDH1 26,98 22,94 -2,97 

CLDN12 29,60 25,65 -2,77 

CLDN15 36,40 28,64 -14,72 

DSG3 31,61 25,53 -12,16 

GJA1 36,88 29,11 -10,68 

GJB1 30,71 25,75 -5,58 

GJB2 33,75 27,25 -16,28 

GJB3 26,82 27,36 8,12 

ICAM2 30,40 25,86 -4,18 

ITGA5 32,73 27,77 -5,60 

ITGA9 28,80 28,69 5,12 

ITGAV 28,02 26,74 2,28 

PVRL3 27,39 27,17 4,78 
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CLDN15, DSG3, GJA1, GJB1, GJB2, 
ICAM2 and ITGA5 had a higher 
expression in the tumour with 
infiltrative growth pattern, it was 
however impossible to state if the 
infiltrative tumour had an up-regulation, 
or if the pushing tumour had a down-
regulation, only the difference was clear. 
The expression of the genes, GJB3, 
ITGA9, ITGAV and PVRL3 were all 
lower in the infiltrative tumour 
compared to the tumour with a pushing 
growth pattern. 
 
Verification of selected cell 
junction genes and proteins 
For a more comprehensive validation of 
the selected genes, considering variation 
within biological samples, real-time 
qRT-PCR was used to verify gene 
expression of the cell junction genes in a 
larger number of tumours. RNA 
extracted from a total of ten tumours, 
five of each growth pattern type, and 
three samples of tumour-adjacent 
normal mucosa was used for the 
verification. 
 
The verification suggests that there is a 
substantial heterogeneity of gene 
expression levels amongst the ten 
tumours and three normal samples 
(results not shown). No obvious cell 
junction profile was detected dependent 
on growth pattern. The difference noted 
in gene expression was instead 
attributed to the individual tumours, 
regardless of their growth pattern. 
 
Comparison of GJB3 expression in 
tumours of different growth 
pattern 
Out of the thirteen genes that were 
verified, GJB3 appeared to be the most 
promising candidate to separate tumours 
of an infiltrative and pushing growth 
pattern. Four out of five tumours with an 
infiltrative growth pattern had a 
relatively high expression, whereas three 
out of five tumours with a pushing 
growth pattern had a lower expression 

(Figure 1A). This suggested a trend 
within the groups based on growth 
pattern, with tumours of a pushing 
growth pattern having a lower 
expression level of GJB3. Also the mean 
values of the fold gene expression of the 
tumours suggested that tumours with an 
infiltrative growth pattern had a higher 
mean expression compared to tumours 
with a pushing growth pattern (0,60 
compared to 0,45) (Figure 1B), this 
difference was however not significant. 
There was also a difference in expression 
levels between normal tissues and 
tumour of either of the different growth 
patterns, and both differences were 
significant (p-value for the difference 
between normal tissue and infiltrative 
tumours was 0,038; and for normal 
tissue and pushing tumours was 0,029). 
The expression level of GJB3 was indeed 
significantly higher (p-value 0,002) in 
normal tissue compared to tumours (all 
tumours independent of growth pattern), 
corresponding to the fact that several 
gap junctions can function as tumour 
suppressors (Dbouk et al., 2009; Mesnil 
et al., 2005). In our material it was thus 
possible to conclude that GJB3 was 
significantly down-regulated in tumours 
(compared to normal tissue), and a trend 
towards a further down-regulation in 
tumours with a pushing growth pattern. 
 
The protein levels of GJB3 were 
examined with immunohistochemistry 
in paraffin-embedded tumours. 
However, stainings with an antibody 
targeting GJB3 gave inconclusive results, 
suggesting unspecificity of the antibody 
(Figure 1C). Leukocytes in the lamina 
propria were noticeably stained, and 
within the glandular staining it appeared 
not to be specific to any one location, 
with some cells having a nuclear stain, 
while others were cytoplasmically 
stained. A few epithelial cells had what 
appeared to be granular staining, which 
led to the observation that there was no 
real consistency of the antibody. 
Thereby, unfortunately it was impossible 
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to compare the protein expression of 
GJB3 between tumours of an infiltrative 
and pushing growth pattern. 
 
Comparison of GJB3 expression in 
colon carcinoma cell lines 
The expression of GJB3 was determined 
by qRT-PCR of RNA extracted from 
seven colon carcinoma cell lines, 
including SW480, Caco-2 (wildtype as 

well as KRAS-mutated), HCT116, HKe3, 
HT29 and RKO. The highest expression 
of GJB3 was seen in HT29 (with a fold 
gene expression of 36,0). The cell lines 
HCT116, HKe3 and SW480 also had a 
high expression of GJB3 (Figure 2). 
However, the two Caco-2 cell lines, and 
RKO had a low expression of GJB3. The 
GJB3 levels varied in all the cell lines, 
though it was down-regulated in some.

 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 
 
Figure 1. The expression of GJB3 in tumours of an infiltrative and a 
pushing growth pattern. A) The gene expression of GJB3 in five infiltrative and 
five pushing tumours, as well as three samples of normal colon mucosa was analysed 
with qRT-PCR. The levels are expressed as fold gene expression and all values are 
normalised to a housekeeping gene. B) The mean values of fold gene expression for 
each group, infiltrative tumours, pushing tumours and normal tissue. C) The protein 
expression of GJB3 analysed with immunohistochemistry. Results from three 
independent experiments are shown. Error bars represent standard deviation. Non-
significant p-values are indicated with ns, p-values < 0,05 are indicated with *. 
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Consequently, knowledge was gained on 
which cell lines that had a high 
expression for further use in in vitro 
studies. 
 
Silencing of GJB3 by RNA 
interference  
In order to study the potential roles of 
GJB3 in colon carcinoma cells the gene 
was silenced by RNA interference. The 
cell line SW480 was transiently 
transfected with siRNA targeting the 
GJB3-gene. The expression level of GJB3 
was decreased using three different 
siRNAs all targeting GJB3 (results not 
shown). In transfected SW480 cells the 
expression level of GJB3 was reduced to 
less than 20% of the initial expression 
level after 24 hours with the most 
effective siRNA (Figure 3A). The effect 
was maintained also after 48 hours. 
  
SW480 cells transfected with short 
pieces of random RNA not targeting the 
GJB3-gene, known as scrambled RNA, 
also had a slightly reduced expression 
level of GJB3 compared to untransfected 
cells, however much less than that for 
the siRNA directed against GJB3 (Figure 
3A). Furthermore, the expression level of 
GJB3 in the cells subjected to scrambled 
RNA decreased with time, suggesting 
that the decrease in GJB3 was at least 
partly independent of siRNA 

transfection. Since the cell density 
increased with time, it is possible that 
GJB3 may be regulated by contact 
inhibition, however this need to be 
further clarified.  
 
The gene expression level of GJB3 was 
decreased by the silencing with siRNA, 
and we further investigated the protein 
expression by immunofluorescence 
staining and Western blot. SW480 cells 
that had been transfected (with siRNA 
and with scrambled RNA) as well as 
untransfected cells (reduced expression 
of GJB3 was verified by qRT-PCR, 
results not shown) were examined with 
immunofluorescence using an antibody 
targeting GJB3 (results not shown). 
However, the antibody was unspecific for 
GJB3, leading to very inconclusive and 
ambiguous results. It was even clearer 
how unspecific the antibody was when 
the same antibody was used in a Western 
blot on whole cell extract from 
transfected and untransfected SW480 
cells (Figure 3B). The multiple bands in 
the Western blot unmistakably 
demonstrated that the antibody bound 
unspecifically. It was thus impossible to 
draw any conclusions about the protein 
expression of GJB3, also leading to there 
being no evidence on how gene 
expression and protein expression 
correlate to each other for GJB3.

Figure 2. The expression of 
GJB3 in colon carcinoma 
cell lines. The level of GJB3 
was determined in seven colon 
carcinoma cell lines, as 
indicated in the figure, with 
qRT-PCR. The levels are 
expressed as fold gene 
expression and all values are 
normalised to a housekeeping 
gene. Results from three 
independent experiments are 
shown. Error bars represent 
standard deviation. 
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Silencing of GJB3 does not affect 
proliferation 
One of GJB3’s potential functions that 
was investigated was its role in 
regulation of cellular proliferation. GJB3 
was down-regulated in SW480 cells by 
transfection with siRNA targeting GJB3. 
Twenty-four hours after transfection, the 
cells were counted to determine the 
proliferative ability (Figure 4A). Cells 
were only examined after 24 hours 
because following that time cell density 
became high and gene expression was 
seen to be regulated by a mechanism 
independent of transfection, suspected 
to be contact inhibition. Cells that had 
been transfected with siRNA directed 
against GJB3 (verified by qRT-PCR, 
results not shown) did not have a 
significant effect on proliferation, 

however a tendency towards a decrease 
was observed, compared to control cells 
transfected with scrambled RNA and 
untransfected control cells. However, 
also cells transfected with scrambled 
RNA had a tendency to a decreased 
proliferation compared to untransfected 
cells. Further studies are required to 
determine GJB3’s role in regulation of 
cellular proliferation.  
 
Silencing of GJB3 does not affect 
migration 
Information on cell migratory abilities 
can mediate knowledge on possible 
metastatic potential dependant on the 
GJB3 gene. To evaluate the role of GJB3 
in cellular migration, the migratory 
abilities of SW480 cells were 
investigated, both when GJB3 was  

 

 
 
Figure 3. RNA interference of GJB3 by siRNA transfection in SW480 
cells. A) Transient transfection of siRNA directed against GJB3 in SW480 cells was 
used to reduce the expression level of GJB3. The gene expression level of GJB3 was 
determined with qRT-PCR 24 and 48 hours after transfection. Fold gene expression 
is presented with all values normalised to a housekeeping gene. Results from three 
independent experiments are shown. Error bars represent standard deviation. B) 
Cells were transiently transfected with siRNA targeting GJB3. Whole cell extract was 
then isolated 24 hours after transfection and expression of GJB3 was analysed by 
Western blot. Scramble indicates cells that have been transfected with scrambled 
RNA not targeting any gene and ctrl indicates control cells that were not transfected. 
The molecular weight standard is seen furthest to the left, with 25 and 37 kDa-bands 
indicated in the figure, and an arrow indicating the approximate weight of GJB3.  
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silenced and in untreated cells. The 
Electric Cell-substrate Impedance 
Sensing (ECIS), an automated cell 
migration assay, was used to wound cells 
and subsequently measure their 
migration (Figure 4B). The impedance 
was decreased as the cells were wounded 
and how quickly the impedance 
increases again is a measure of the 
ability of cells to migrate. 
 
SW480 cells that were not transfected 
with siRNA had a slightly decreased 
ability to migrate compared to 
transfected cells. However, SW480 cells 
that were transfected with siRNA 
targeting GJB3 (verified by qRT-PCR, 
results not shown), as well as scrambled 
RNA, were found to have the same 
migratory potential. This suggests that 
perhaps the transfection by itself 
affected migration. Since the cells 
transfected with scrambled RNA was a 
more comparable control it could be 
concluded that the silencing of GJB3 is 
not likely increasing the migration of 
cells, indeed it was not found to affect 
the migratory ability in any way at all. 
Further studies are however required to 
rule out a possible role of GJB3 in cell 
migration. 
 
 
DISCUSSION 
 
We sought to find the differences in cell 
junctions between CRC tumours with 
different growth patterns. We 
hypothesised that the differences in cell 
junctions could describe tumours with 
an infiltrative or pushing growth pattern. 
Out of the 84 cell junction genes that 
were analysed in a PCR array, one gene, 
GJB3, was chosen after verification, as 
the most promising candidate to 
separate tumours with different growth 
pattern. 
 
GJB3 encodes for Gap Junction Protein 
beta 3, also known as Connexin 31, and 
is part of the gap junction family that 

encode for gap junction proteins. Gap 
junctions have been found to be crucial 
in regulation of proper growth, 
differentiation, signalling, 
communication, processes such as 
inflammation and tissue repair, as well 
as cell death. Gap junctions are involved 
in such varied processes because many 
cell types, including epithelial cells, 
communicate through gap junctions 
(Dbouk et al., 2009). Gap junction 
proteins interact with many proteins, the 
main ones being other cell junction 
proteins (including claudins, tight 
junctions, cadherins and catenins). 
However as of recently more proteins 
(including enzymes, e.g. phosphatases 
and kinases) have been associated with 
gap junction proteins, and they have 
been implicated with more roles in cells 
(Dbouk et al., 2009). Connexons 
(hemichannels) and individual gap 
junction proteins have also been 
discovered to have separate functions, 
increasing the roles that gap junction 
proteins were thought to have (Dbouk et 
al., 2009; Mesnil et al., 2005). Even if 
the role of gap junctions and individual 
gap junction proteins are not entirely 
clear they are obviously of great 
importance. Reduced expression, loss or 
mutations of gap junction proteins have 
been found in several diseases, including 
cancers (Dbouk et al., 2009; Mesnil et 
al., 2005). 
 
In our study GJB3 was compared in 
tumours of infiltrative and pushing 
growth patterns as well as tumour-
adjacent normal tissue, and we could 
conclude that GJB3 was significantly 
down-regulated in tumours compared to 
normal mucosa. When comparing the 
expression level between tumours (as 
one group or separated by their growth 
pattern) and normal mucosa the 
student’s t-test was used. We could not 
assume normal distribution in our 
material; however a non-parametric test 
would have given a very low statistical 



11 

 

power because of our small sample size, 
justifying our use of the student’s t-test.  
 
In connection to human diseases GJB3 is 
associated with skin disease 

(erythrokeratoderma variabilis), hearing 
disorders and neuropathy (Richard et al., 
2003; Tattersall et al., 2009). GJB3 has 
never been investigated in relation to 
cancer, however many other gap

 
 

 
 
Figure 4. Cells with silenced GJB3 were examined for proliferation and 
migration. A) Proliferation was determined at 24 hours by cell counting of SW480 
cells that had been transfected with siRNA targeting GJB3 (indicated as siRNA), or 
scrambled RNA (indicated as scramble), and control cells that had not been 
transfected (indicated as ctrl). Results from three independent experiments are 
shown. Error bars represent standard deviation. B) Electric Cell-substrate 
Impedance Sensing (ECIS) measurement of cell migration of SW480 cells 
transfected with siRNA targeting GJB3 (red curve), scrambled RNA (green curve), or 
untransfected control cells (purple curve). The blue curve represents medium 
without cells. 
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junction proteins are known to act as 
tumour suppressors (Dbouk et al., 2009, 
Mesnil et al., 2005). The connection 
between cancer and gap junctions, albeit 
not very widely recognised, was made 
nearly 50 years ago (Mesnil et al., 2005). 
Various gap junction proteins have been 
studied in relation to cancer, and a range 
of gap junction proteins, including GJB2, 
GJB1 and GJA1 have been discovered as 
tumour suppressors in various cancers 
(including melanoma, renal cell 
carcinoma, breast carcinoma) (Lee et al., 
1991; Moorby and Patel, 2001; Kalra et 
al., 2006; Sato et al., 2007). The loss of 
GJA1 has even been suggested as a 
biomarker for breast tumours (Laird et 
al., 1999).  
 
Interestingly, in contrast to the general 
lack of gap junction proteins in primary 
tumours, there is sometimes an increase 
(of specific gap junction proteins) 
throughout the process of metastasis 
(Mesnil et al., 2005). Gap junction 
connections can in fact be created 
heterocellularly between tumour cells 
and lymphoid endothelial cells (when 
cells migrate into vessels). Also within 
lymph nodes or the secondary tumour 
site, tumour cells can form heterocellular 
gap junctions with other cell types. For 
example, an increase in GJB2 correlates 
with high metastatic potential in human 
melanoma (Ito et al., 2000). This 
correlated well with our results, as GJB3 
was further down-regulated in tumours 
with a pushing growth pattern. Tumours 
with a pushing growth pattern are not as 
clearly associated with EMT and 
migration, thus also suggesting less 
metastatic potential (Zlobec and Lugli, 
2010). In our study, tumours with an 
infiltrative growth pattern, which 
correlate more closely to metastasis, also 
had a higher expression of GJB3. This 
may suggest that GJB3 might play a role 
in migration/metastasis.  
 
However, when GJB3 was silenced by 
RNA interference in a human colon 

carcinoma cell line, the migratory 
abilities were not affected to any 
measurable level compared to a 
scrambled RNA control. The migratory 
abilities were examined using the 
Electric Cell-substrate Impedance 
Sensing (ECIS), which is a relatively new 
method. ECIS is a quantitative method 
in real-time, which is capable of 
detecting changes in the micrometre 
range, making it a particularly sensitive. 
However, ECIS is not widely used and 
each cell line has to be optimised, which 
makes the result difficult to relate to 
reality. With the results of our migration 
experiments it is not possible to claim 
that GJB3 affects the migratory abilities 
of colon cells. This does not however 
have to be a consequence of the lack of a 
significant role in the metastatic process 
for GJB3. The expression level of GJB3 
in the cell line compared to that 
observed in in vivo tissue is difficult to 
compare. Cell lines often act differently 
from in vivo tumours, and gap junction 
protein expression can vary in the two. 
GJB2, that has been found to be up-
regulated in breast carcinoma (in vivo), 
is instead a tumour suppressor in a 
human breast carcinoma cell line 
(Jamieson et al., 1998). Consequently, 
the cell line and in vivo tumours do not 
necessarily have to correlate to each 
other. Another explanation for the lack 
of difference in migration between cells 
that had a decrease in GJB3 compared to 
the cells with full expression could be 
that another gap junction protein has 
taken over the role of GJB3. It is possible 
that GJB3 does affect the migratory 
abilities but that this is masked by an 
increase in another gap junction protein 
that results in no phenotypic change. 
Gap junction proteins have previously 
been found to be able to compensate for 
the loss of other major gap junction 
proteins (in astrocytes) and create fully 
functional gap junctions, without any 
phenotypically obvious change in mice 
(Dermietzel et al., 2000). 
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The proliferation of cells was also 
examined in regards to GJB3. The 
cellular proliferation was not 
significantly affected when the 
expression level of GJB3 was decreased 
by transfection. However cells with a 
decreased GJB3 had a tendency to 
proliferate worse compared both to cells 
transfected with scrambled RNA and 
untransfected cells. However, cells 
transfected with scrambled RNA also 
had a tendency to a worse proliferation 
compared to untransfected cells, which 
might suggests that the transfection 
itself may affect the proliferation. GJB3’s 
role in regulation of proliferation needs 
to be further investigated. 
 
Additionally, we conclude that the two 
growth patterns had a heterogeneous cell 
junction profile and that no growth 
pattern correlated to a particular cell 
junction profile. This may be the 
consequence of one of the limitations of 
our study. The PCR array used to 
identify cell junction gene differences 
between the two growth patterns was 
performed on one tumour with a 
pushing growth pattern and one with an 
infiltrative growth pattern. Even though 
the tumours were histologically typical 
for their respective growth patterns, it is 
quite possible that there would have 
been other genes that would have stood 
out as being differently expressed 
between the two growth patterns if more 
and/or other tumours had been 
investigated. Tumours in general and 
CRC in particular tend to be very 
heterogeneous. Tumours may have 
similar clinical characteristics, even 
though they have obtained their 
phenotypes by changes/mutations in 
very different genes. For a more accurate 
and reliable result from the array it 
would have been ideal to include more 
tumours from both growth patterns. The 
same type of discussion applies for the 
verification, which was done on ten 
tumours (five in each group) and three 
samples of normal tissue. It is difficult to 

draw a clear conclusion on a material of 
such a small size, but we were under the 
restriction of time and laser capture 
microdissection is a very time-
consuming and labour-intensive 
method. Laser capture microdissection, 
for all its adverse qualities, was still the 
ultimate method for RNA isolation 
because we were able to specifically 
target the core of the tumour, which 
enabled investigations explicitly on 
tumour cells and without contamination 
of other stromal components. The cores 
of tumours were targeted because they 
consist of the originally transformed 
tumour cells, reflecting the originating 
genetic differences. These tumour cells 
are not affected by the tumour 
microenvironment that may alter and 
affect the gene expression. Thus, the 
differences in cell junction genes were 
entirely attributed to the tumour cells, 
and no other cells or interactions. It 
might be that the part of the differences 
in growth patterns is accounted for by 
tumour microenvironmental 
interactions. It would be interesting to 
further study how the cell junction 
profile is changing at the tumour front, 
when the tumour meets cells of 
surrounding tissue. 
 
Another limitation of our study was the 
control samples that were used in the 
verification of genes. The controls, called 
the “normal” samples of tissue were 
tumour-adjacent parts of visually-
inspected normal mucosa from patients 
that had malignant tumours. It is not 
known whether this may have interfered 
with the results. However, normal tissue 
from a healthy person would not be 
possible to obtain. In fact, several gap 
junction proteins have been found to be 
differently expressed in normal tissue 
compared to tumours, and what is 
considered to be the normal profile of 
gap junction proteins shifts with each 
tissue and the stage of it. For example, 
GJB2 is not found in normal breast 
tissue, while it is up-regulated (and 
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cytoplasmic) in invasive breast 
carcinomas (Jamieson et al., 1998; Laird 
et al., 1999). Various gap junction 
proteins may have an aberrant 
expression in different cancers 
depending on invasiveness (Habermann 
et al., 2002). GJA1, which normally is 
not found in hepatocytes, are observed 
only in the invasive parts of tumours 
(Mesnil et al., 2005), and in human 
colon sporadic adenocarcinomas 
mutations of GJA1 have been found in 
only the invasive parts of the tumours 
(Dubina et al., 2002). This may also be 
true for CRC and GJB3 and it further 
suggests that GJB3 needs to be 
examined in the tumour front in order to 
shed light on the whole picture. In 
hindsight it may have been interesting to 
include more different types of tumours 
as well as the invasive parts of the 
tumours, as gap junction proteins appear 
to be affected by so many different 
variables. The localisation of GJA1 has 
also been investigated in colon cancer 
and it was observed that cytoplasmic 
GJA1 was more frequent, rather than 
membranal, and GJA1 was exclusively 
located in the membrane of normal 
colon; in colon carcinoma GJA1 was 
limited to the cytoplasm (Han et al., 
2011). In our study GJB3 was also found 
to be localised mostly in the cytoplasm. 
However the antibody that was used was 
not specific, as suggested by both the 
IHC and IF, not to mention the Western 
blot. The lack of results on protein level 
was another limitation of our study and 
it would have been very interesting to be 
able to compare gene expression to 
protein expression. 
 
In summary, we found that GJB3 was 
down-regulated in all our tumours, 
independent of growth patterns. The 
difference in expression level between 
normal colon tissue and colon cancer 
was significant. In addition, tumours 
with a pushing growth pattern showed a 
tendency towards down-regulation of 
GJB3 compared to the tumours with an 

infiltrative growth pattern. For many of 
the other gap junction proteins a 
deregulation of expression are affecting 
the metastatic capacity of tumour cells, 
however, we were not able to see a 
difference in migratory abilities in GJB3-
decreased colon cells, suggesting that 
migration is a cooperation between 
changes in different proteins. Our results 
illustrated what a substantial need there 
is for individualised cancer therapy. No 
two patients have the same disease, and 
that was very obvious in our verification 
of the genes from the array. Cancer 
diagnostics and treatment need to be 
adapted individually for patients, 
because tumours from different patients 
have different mutations/changes to 
accomplish the same thing (e.g. 
metastasis). Further studies of cellular 
junction proteins might identify useful 
therapeutic targets for patients with 
tumours with a high metastatic 
potential, e.g. CRC patients with 
tumours with an infiltrative growth 
pattern. 
 
 
MATERIALS AND METHODS 
 
Tissue and patients 
Clinical specimens from patients 
surgically resected for colorectal cancer 
were collected between 1995 and 2003 at 
Umeå University Hospital, Sweden. 
Fresh frozen as well as formalin-fixed 
paraffin embedded tissue was sampled 
and pathological variables (including 
stage, grade, growth pattern, budding 
etc.) were characterised by one 
pathologist (R.P) by reviewing routinely 
stained sections. Tissue samples selected 
from five tumours characterised with an 
infiltrative growth pattern, five tumours 
with a pushing growth pattern and three 
tumour-adjacent normal mucosa 
samples were used in the study. 
 
Microdissection 
Fresh frozen tissue was sliced (6μm) 
with the help of a cryostat (Leica CM 
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3050S), and mounted onto membrane-
covered slides (Zeiss Membrane Slide 1.0 
PEN-membrane from Carl Zeiss AG, 
Oberkochen, Germany) that had 
previously been crosslinked. The tissue 
slices were fixed and stained with 
Mayer’s haematoxylin (Hematoxylin 
Solution according to Mayer, by Fluka 
Sigma-Aldrich, St. Gallen, Switzerland). 
The tissue was viewed in an optical 
microscope, and then the tissue was 
dissected and captured with a laser 
capture microdissection-system (PALM 
MicroBeam, Zeiss, Oberkochen, 
Germany). The tissue was collected in 
tubes with adhesive caps (Zeiss 
AdhesiveCap 500 opaque, Carl Zeiss AG, 
Oberkochen, Germany). 
 
Cell lines 
The colon cancer cell lines SW480, Caco-
2, HCT 116, RKO, HT-29 (all from ATCC, 
Manassas, Virginia, USA) and HKe3 (a 
kind gift from Kevin Haigis, 
Massachusetts General Hospital, Boston, 
USA) were grown in Dulbecco’s Modified 
Eagle Medium (Invitrogen, Carlsbad, 
California, USA) with 10% foetal bovine 
serum (Gibco, Invitrogen, Carlsbad, 
California, USA), in 37°C and 5% CO2. 
 
RNA isolation, purification and 
cDNA production 
RNA was isolated and purified from 
microdissected fresh, frozen tissue with 
the Arcturus PicoPure® RNA Isolation 
Kit (Applied Biosystems, Foster City, 
California, USA), according to the 
manufacturer’s protocol. The RNA 
concentration was measured with 
NanoDrop (Thermo Scientific, Waltham, 
Massachusetts, USA). Production of 
cDNA was performed with the 
SuperScript VILO cDNA Synthesis Kit 
(Invitrogen, Carlsbad, California, USA), 
according to the manufacturer’s 
protocol. 
 
For RNA isolation and purification from 
cell lines, cells were spun down and 
washed with PBSA before the use of the 

NucleoSpin® RNA II kit (Macherey-
Nagel, Düren, Germany), according to 
the manufacturer’s protocol. The RNA 
concentration was measured with 
NanoDrop (Thermo Scientific, Waltham, 
Massachusetts, USA). The SuperScript II 
Reverse Transcriptase (Invitrogen, 
Carlsbad, California,USA) was used for 
synthesis of cDNA. 
 
Cell Junction PCR Array 
The quality of RNA extracted from one 
pushing and one infiltrative tumour was 
assessed with the use of Human RT2 
RNA QC PCR Array (SABiosciences, 
Qiagen, Hilden, Germany). Prior to the 
use of the array, cDNA was synthesised 
with the RT2 PCR Array First Strand Kit 
(SABiosciences, Qiagen, Hilden, 
Germany). The PCR was performed with 
ABI Prism 7900 Sequence Detection 
System (Applied Biosystems, Foster City, 
California, USA). Following this, the 
Human Cell Junction PathwayFinder 
RT2 Profiler PCR Array was performed 
with ABI Prism 7900 Sequence 
Detection System (Applied Biosystems, 
Foster City, California, USA). The 
incorporated web-based software 
package was used for data analysis, 
where the threshold cycle data was 
calculated to ΔΔCt fold-change and up- 
or down-regulation, enabling for 
comparison between tumours of 
different growth patterns. Additionally, 
all selected genes had a low threshold 
cycle (<30) in either one or both of the 
tumours with different growth patterns. 
Finally, out of the narrowed data, the 
genes with the lowest threshold cycles 
were chosen. 
 
RT-PCR 
Real-time RT-PCR was performed with 
the primers of CLDN12 (QT01012186), 
CLDN15 (QT00202048), DSG3 
(QT00001232), GJA1 (QT00012684), 
GJB1 (QT00213255), GJB2 
(QT00244531), GJB3 (QT00241108), 
ICAM2 (QT00053025), ITGA5 
(QT00080871), ITGA9 (QT00018921), 
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ITGAV (QT00051891), and PVRL3 
(QT00036071) from QuantiTect Primer 
Assays (Qiagen, Hilden, Germany). The 
forward primer of CDH1 was: 5’-
GTCGTCACCACAAATCCAG-3’, and the 
reverse primer was: 5’-
GTAGAATGTACTGCTGCTTGG-3’. The 
RT-PCR reactions were performed using 
the QuantiTect SYBR Green PCR Kits 
(Qiagen, Hilden, Germany), according to 
the manufacturer’s protocol for two-step 
RT-PCR, the Bio-Rad IQ5, and was 
analysed with the iQ5 Optical System 
Software (Bio-Rad, Hercules, California, 
USA). All quantifications were 
normalised with the housekeeping gene, 
GAPDH, using the forward primer: 5’-
TGCACCACCAACTGCTTAGC-3’, and the 
reverse primer: 5’-
GGCATGGACTGTGGTCATGAG-3’.  
 
Immunohistochemistry 
Specimens were fixed in 4% 
formaldehyde and embedded in paraffin, 
according to routine procedures at the 
Department of Clinical Pathology, Umeå 
University Hospital. Four micrometre 
sections were deparaffinised and 
rehydrated. Slides were subjected to 
heat-mediated antigen retrieval using 
CC1+Amp (Ventana Medical Systems 
Inc., Tuscon, Arizona, USA). Anti-GJB3 
rabbit polyclonal antibody (PAB3548) 
from Abnova (Taipei, Taiwan) was used 
at a concentration of 1:50 in a Ventana 
BenchMark ULTRA (Ventana Medical 
Systems Inc., Tuscon, Arizona, USA).  
 
Immunofluorescence 
Cells were seeded onto coverslips in 
wells (24-well plates) and grown to 80-
90% confluence. Following the various 
treatments, the cells were washed with 
PBSA and treated with 10% PFA for 10 
minutes at room temperature. The cells 
were then blocked with 10% FBS and 
0.2% Triton X-100 for 20 minutes at 
room temperature. Afterwards cells were 
washed with 0.1% Triton X-100. The 
primary antibody (Anti-GJB3 rabbit 
polyclonal antibody, PAB3548, Abnova, 

Taipei, Taiwan) was added at a 
concentration of 1:50, for one hour, with 
0.1% Triton X-100 and 0.5% FBS, at 
room temperature. Following the 
incubation the cells were washed again, 
before an hour-long incubation with the 
secondary antibody, Alexa Fluor 488 
Goat Anti-Rabbit IgG Antibody 
(Invitrogen, Carlsbad, California,USA), 
at a concentration of 1:400, in a solution 
of 0.1% Triton X-100. The cells were 
washed once more, and then incubated 
with DAPI for 5 minutes, at a 
concentration of 1:1000. Lastly the cells 
were washed three times in PBSA and 
assembled with mounting media on 
slides. 
 
Cell extraction and Western blot 
analysis 
A whole cell extract was created for use 
in the Western blot. Briefly, cells were 
harvested, spun down (at 1500 rpm for 5 
minutes) and washed with PBSA, before 
lysis. Cells were lysed for 30 minutes on 
ice in whole cell extract lysis buffer, and 
then spun down at 14000 rpm for 5 
minutes. The protein concentration was 
determined with Bio-Rad Protein Assay 
(Bio-Rad, Hercules, California, USA). 
The absorbance at 550 nm was measured 
with the Milenia Kinetic Analyzer 
(Diagnostic Product Corporation, Los 
Angeles, CA, USA). 
 
The lysates were boiled in sample-
loading buffer and then run on 12% SDS-
PAGE. The proteins were transferred to 
PVDF transfer membrane (Amersham 
Hybond-P, GE Healthcare, Little 
Chalfont, UK) using semi-dry equipment 
(Hoefer TE70 semi-dry transfer unit, 
Amersham Biosciences, GE Healthcare, 
Little Chalfont, UK). The membranes 
were blocked in 5% milk before 
incubation with the primary antibody 
(Anti-GJB3 rabbit polyclonal antibody, 
PAB3548, Abnova, Taipei, Taiwan), 
overnight at 4°C. The standards 
Precision Plus ProteinTM WesternC 
Standards and Precision Plus ProteinTM 
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All Blue Standards (Bio-Rad, Hercules, 
California, USA) were also used. The 
membranes were washed and incubated 
with the secondary antibody (ECLTM 
Anti-rabbit IgG, Horseradish Peroxidase 
linked whole antibody (from donkey), 
GE Healthcare, Little Chalfont, UK; and 
Precision ProteinTM StreoTactin-HRP 
Conjugate, Bio-Rad, Hercules, 
California, USA), for one hour in room 
temperature. Proteins were detected 
with AmershamTM, ECL SelectTM 
Western Blotting Detection Reagent (GE 
Healthcare, Little Chalfont, UK), 
following the manufacturer’s protocol. 
 
Transfection 
Cells were transfected using the 
transfection reagent, siTran 1.0, and 
Trilencer-27 siRNA from OriGene 
(Rockville, Maryland, USA). The 
transfection was performed according to 
the manufacturer’s protocol. Briefly, 
cells were seeded a day prior to the 
transfection. At a cell density of 50-70 % 
confluence the transfections were carried 
out. The cells were then incubated in 
37°C and 5% CO2. Cells were harvested 
24, 48 and 72 hours after the 
transfection. 
 
Proliferation Assay 
Cells (transfected or otherwise) were 
counted and measured for viability using 
the Countess Automated Cell Counter 
(Invitrogen, Carlsbad, California,USA) 
with the Countess Cell Counting 
Chamber slides and Trypan blue stain 
0.4%  according to the manufacturer’s 
protocol. 
 
Migration Assay 
Cells subjected to selected treatment 
(some were transfected, see above) were 
washed with PBSA and trypsinised. Cells 
were then seeded in ECIS cultureware 
disposable electrode arrays (Applied 
BioPhysics, Troy, New York, USA). The 
standard 8 well arrays, 8W10E PCB, 
with ten electrodes per well were used. 
Prior to cultivation, the wells were 

treated with cysteine for stabilising the 
impedance measurements. Cystein 
(10mM) was added to each well and 
incubated at room temperature for 15 
minutes. The wells were washed with 
sterile distilled water before use. 
 
In each ECIS well 150 000 cells were 
seeded in 400 μl DMEM. Control wells 
with DMEM were included in every 
experiment. The cells were allowed to 
grow until a plateau was reached, and 
then they were subjected to a wounding. 
The settings for the wounding, that in 
total had a duration of 30 seconds, were: 
a current at 6000 μA, voltage at 4 V, 
frequency at 40 kHz, while the 
impedance of the cells and medium was 
about 650 Ω and 350 Ω, respectively. 
Changes in impedance were monitored 
following the wounding. 
  
Statistical analysis 
The software utilised for statistical 
analysis was Microsoft Excel 2010 
version 14 for Microsoft Windows. The 
two-sample Student’s t-test, assuming 
equal variance, was performed to analyse 
the difference of expression levels 
between different tumour growth 
patterns and normal tissue. Differences 
with a p-value <0,05 were considered 
statistically significant.  
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