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   Abstract
Background . Cyclin E, a key regulator in the cell cycle, is often over-expressed in malignant disease. It can present as 
full length (FL) and low-molecular-weight (LMW) isoforms. The purpose of this study was to characterize the expres-
sion pattern of cyclin E in colon cancer, both in tumor and in macroscopically normal adjacent mucosa. A secondary 
aim was to study the possible correlation to clinical factors and patient outcome.  Material and method . Tumor and mucosa 
tissue from 114 patients with radically operated, non-metastatic colon tumors were analyzed. The cyclin E expression 
was measured by Western Blot in the tumor and adjacent mucosa using the antibody targeting C-terminal. The cyclin 
E expression was correlated to both pathology factors as differentiation grade and to the patient outcome.  Results . Cyc-
lin E was detected in both tumor and adjacent mucosa and in both FL and LMW-forms. FL was present in 29 (25.4%) 
tumors and only in three (2.6%) mucosa samples, the corresponding figures for the LMW-isoforms were 80 (70.2%) 
and 67 (58.8%). There was no correlation between the cyclin E expression and gender, age, tumor location or tumor 
pathology. Patients with a high expression of LMW isoforms (p � 0.03) or a high total expression (FL � LMW) (p � 0.006) 
had higher risks of recurrence and thus a worse survival.  Conclusion . Cyclin E is expressed in FL- and LMW-forms in 
both colon tumors and the macroscopically normal adjacent mucosa. A high expression of cyclin E in tumor was asso-
ciated with an increased risk of tumor recurrence and a worse outcome. It could be a possible prognostic marker in 
non-metastatic colon cancer.     

 Colon cancer is one of the most common cancer 
forms in Western Europe. The main curative treat-
ment is surgical removal of the tumor. Important 
prognostic factors include the presence of lymph 
node involvement or distant metastases [ 1 ]. In the 
early stages of disease, without evidence of spread, 
the patient should be cured and the prognosis good. 
Still, up to 15–20% suffers a tumor recurrence. Find-
ing markers to identify the high risk individuals 
would be of both prognostic and therapeutic interest. 
Recently, cyclin E and its low molecular weight 
(LMW) forms has been reported to be the one of the 
most prominent prognostic factors in breast 
cancer [ 2 ]. It has been shown that small and node-
negative breast tumors with high expression of 
LMW-isoforms of cyclin E carry a poor prognosis 
despite the tumor grade. It has also been shown that 

estrogen-receptor positive breast tumors with over-
expression of LMW-isoforms has a worse response 
to antiestrogen treatment [ 3 ]. 

 Cyclin E is an activator of cyclin dependent 
kinase and regulates the transition from the G1 to 
the S phase in the mammalian cell division cycle 
( Figure 1 ). Thus, it is critical for the initiation of 
DNA replication and other S-phase functions. The 
E-type cyclin functions together with the D-types 
by integrating the positive growth stimuli of mito-
genic signals to promote cellular proliferation. 
High levels of cyclin E can accelerate the transition 
through the G1 phase and decrease cell size [ 4 ]. In 
tumor cells, cyclin E can be deregulated by a num-
ber of mechanisms such as: gene amplification [ 5 ], 
down-regulation of the associated p27-system [ 6 ] 
and downregulation of its specific F-box protein 
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had given their written informed consent. The 
preoperative staging was performed with chest x-ray 
and liver exam (CT or ultra-sound). All the patients 
were treated along the same guidelines including 
the regular postoperative clinical and radiological 
surveillance. Basic clinical parameters as gender, 
age, diagnosis, cancer location and performed sur-
gery as well as pathology data such as lymph nodes 
and differentiation grade was retrieved from jour-
nals and charts. Follow-up data was obtained on 
cancer status, survival and possible recurrences 
including their location was retrieved from a con-
tinuously updated outcome registry. Biological 
samples had been prospectively gathered and were 
available for all patients. The cyclin E expression 
was assessed with Western Blot in both tumor and 
in the macroscopically normal adjacent mucosa, 
5–10 cm from the tumor, for both FL and LMW-
isoforms.   

 Western blot assays 

 Levels of FL cyclin E and LMW-isoforms were 
evaluated by Western blot analysis of lysates prepared 
from the frozen tumor tissues and adjacent mucosa. 
Cell pellets were homogenized by sonication in one 
volume of sonication buffer (50 mM Tris-HCl ph 
7.4, 0.25 M NaCl, 1 mM dithiothreitol) at 4°C with 
a following centrifugation at 15 000 g for 20 min 
at 4°C. Then 50 µg of proteins from each sample 
were electrophoresed in a 10% SDS-polyacrylamide 
gel (SDS-PAGE) and transferred to Nitrocellulose 
membrane (Biorad). The blots were blocked over-
night at 4°C in Blotto (5% non-fat dry milk in 
20 mM Tris, 137 mM NaCl, and 0.25% Tween). 
After six 10 min washes in TBS-T (20 mM Tris, 
137 mM NaCl, and 0.05% Tween), the blots were 
incubated in primary antibodies for one hour. The 
primary antibodies used were: monoclonal antibody 
HE12 to cyclin E (1:500; Santa Cruz Biotechnology, 
CA), actin monoclonal antibody (1:500; Santa Cruz 
Biotechnology, CA. All antibody dilutions were made 
in Blotto. After primary antibody incubation, the 
blots were washed and incubated with the appropri-
ate goat anti-mouse horseradish peroxidase conju-
gate (1:5 000) in Blotto for one hour, then washed 
and developed with the ECL chemiluminesence 
reagent (Amersham) as directed by the manufac-
turer. Equivalent amount of protein from the control 
cell line HT29 was included on the gel as by internal 
laboratory standard. Actin staining was also used to 
normalize for protein loading. For each gel, the equal 
amount of cell line HT29 extracts were included to 
serve   as positive control. The positive   control was 
used to allow accurate comparison of cyclin   E 
and its LMW-isoforms across all the different gels. 

Fbw7 (hCDC4) which tags phosphorylated cyclin 
E for proteosomal degradation [ 7 ]. Mutations in 
hCDC4 regulation genes have been found in breast, 
ovarian, endometrial and colorectal cancers and 
were also associated with elevated levels of cyclin E 
protein [ 8 ].   

 The cyclin E protein can be expressed in a full 
length (FL-50 kD) form and also as a LMW-
isoform. The isoforms are created by the proteolytic 
cleavage of the FL protein and ranges in size from 
45 to 33 kD. The LMW-isoforms can be bio-
chemically hyperactive, compared to the FL protein, 
in phosphorylating substrates and in inducing pro-
gression in the cell cycle [ 9 ]. These results suggest 
that an over-expression of the LMW forms of cyclin 
E stimulates the cells to progress through the cell 
cycle much more efficiently than the full length cyclin 
E [ 10 ]. The cyclin E and its isoforms have been char-
acterized in ovarian cancer [ 11 ], gastric cancer [ 12 ] 
and also colon cancer [ 13 ]. There are reports show-
ing bio-molecular abnormalities in the mucosa adja-
cent to a tumor. Therefore, an analysis of the 
expression of cyclin E in the macroscopically normal 
mucosa was included. 

 The aim of the study was to explore the expres-
sion of cyclin E and its LMW-isoforms in colon 
tumors and adjacent mucosa. A secondary aim was 
to investigate the possible correlation of the cyclin E 
expression to the prognosis and outcome in patients 
with early colon cancer.   

 Material and methods  

 Patients and material 

 For the study 114 patients with surgically treated 
for non-metastasized colon tumors was selected. 
They were randomly selected out of the 288 patients 
radically operated for stage I or II colon cancer dur-
ing the period 2003–2007. The study was approved 
by the local Ethics committee and all the patients 

Figure 1. The place and role of Cyclin E in the cell cycle.
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 Results  

 Patients and demography 

 The patient demography data are presented in  
Table I . The median age of the patients was 71 years. 
There was an even gender distribution. The preop-
erative staging was completed in 99% of elective 
patients. Tumor location in right colon was slightly 
more frequent in this group and right hemicolec-
tomy was the most common surgical procedure. 
All had radical removal of the tumor. A total of 
seven patients received adjuvant chemotherapy but 
none in the high expression group. One patient was 
treated by emergency surgery but did not differ in 
any other aspects. For this patient the staging was 
completed postoperative and then with normal 
results. The analyzed 114 patients, as a group, did 
not significantly differ from the entire stage I and II 
cohort during this period. The median follow-up 
time was 42 months.     

 Cyclin E expression in the adjacent mucosa 

 The expression of cyclin E was as presented in  
Table II . It was mainly the LMW-isoforms of cyclin 
E that was expressed in the mucosa samples. Sixty 
seven patients (58.8%) had an expression of cyclin 

Multiple different   image exposures were taken for 
each gel. To be able to compare these different expo-
sures, the gels were selected in such a way that den-
sity   expression for the positive controls on each gel 
was as close to each other as possible.   

 Scoring and analysis 

 The level of Cyclin expression for each variant was 
classified on an ordinal scale from 0 (none) through 
1 (weak) to 2 (strong). The scoring was done opti-
cally in a blinded manner by two persons without 
knowledge of clinical or pathology data. In case of a 
discrepancy, it was resolved by an independent third 
part. Examples of the scoring levels for the expres-
sion are shown in  Figure 2 . The total cyclin expres-
sion was computed by adding the FL and LMW 
figures, acquiring a total score ranging from zero to 
four. The data, also grouped by the total cyclin E 
expression, was then compared and analyzed against 
both demography and pathology parameters. The 
outcome was assessed by cancer specific survival 
(CSS) related to the FL and LMW forms and the 
total cyclin E expression. Also, in order to validate 
the findings of the LMW isoforms and show that it 
was not a matter of tissue degradation, an additional 
10 samples of biological material was also tested after 
an intentional mistreating in the preparation.     

 Statistical method 

 The JMP 4/SAS software was used for statistical 
analysis (SAS institute). The basic patient demo-
graphic data was set by distribution statistics with 
ANOVA or contingency tables for the non-parametric 
data with χ 2  (Pearson) analysis. The Kaplan-Meier 
regression method with Log-rank test was used to 
assess survival. Due to the low number of events in 
the material a multivariate analysis was not included. 
The confidence level was set at 95%.    

 Table I. Patient demography and pathology data. 

Age (median(range)) years 71 (50–80)

Gender (male/female) 57/57
Acute/Elective resection 1/113
Location in colon (right/left) 60/54
Hospital stay (median(range)) days 6 (3–44)
Adenocarcinoma 114/114
Cancer stage (UICC/AJCC) stage I 23

stage II 91
Assessed lymph nodes (median(range)) 17 (6–59)
Differentiation grade (well/medium/poor/
undiff.)

7/87/16/4

Figure 2. Cyklin E expression in tumor and mucosa as both FL-form (50kDa) and LMW-isoform (35kDa). Examples of expression 
strength scoring is also shown.
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the scoring of cyclin E expression was very small. 
Discrepancies occurred for  � 10% of the samples 
and were then resolved by a third party umpire. 
The 10 samples tested for tissue degradation were 
unanimously assessed. The pattern and positions of 
bands recognized with anti-cyclin E antibody signifi-
cantly varied from the pattern of cyclin E from the 
fresh frozen tissue and were easily distinguishable in 
all 10 cases. The choice of the method of tissue 
disruption or protein isolation did not influence the 
WB image of cyclin E.   

 Pathology and outcome 

 The pathology data, grouped by the total cyclin E 
expression level, is described in  Table IV . There 
was no difference in lymph node assessment or in 
differentiation grade by the cyclin E expression 
group. Nor was there any difference in demography 
or in local T-stage. There was a significantly higher 
risk of recurrence for the patients with a high expres-
sion of both the FL and the LMW forms in the 
tumor (p � 0.01). This risk was also associated with 
an increased risk of multiple metastasis locations 
(p � 0.01). A significantly worse survival was also 
observed in that group ( Figure 3 , Log rank, 
p � 0.0061). A high expression of the LMW-isoform 
itself was associated to a worse survival (p � 0.03) 
whilst the FL-form was not (p � 0.07). There was 
no statistical association between the expression of 
cyclin E in the mucosa and the patient outcome.        

E in the colon mucosa. The association between 
the prevalence of cyclin E in tumor and mucosa is 
shown in  Table III . In 16 patients, the expression 
was absent in tumor and positive in mucosa. The 
opposite, with a positive expression in tumor and 
negative in mucosa, was more common and seen in 
31 patients.       

 Cyclin E expression in the tumor  

 Both FL and LMW-isoforms were present in the 
colon cancer tissue as presented in  Table II . The 
FL form was expressed weakly in 14 patients 
(12.3%) and strongly expressed in 15 patients 
(13.2%). The LMW forms were expressed weakly in 
56 (49.1%) and strongly in 24 (21.1%) patients. 
Thirty patients (26.3%) had no cyclin E expression 
whilst it was very heavily expressed in nine patients 
(7.9%). The expression patterns had a significant 
correlation (Pearson, p � 0.0014), with a higher 
expression of the FL form being more likely to 
also express the LMW-isoforms. The expression 
patterns of cyclin E showed a large individual varia-
tion and it can be expressed in a wide range of 
possibilities.   

 Scoring and test of tissue degradation  

 Examples of both the cyclin expressions as well as 
examples of grading of the expression strength are 
shown in  Figure 2 . The inter-observer variability with 

Table II. The expression of cyclin E in colon and the association between FL and LMW isoform expression (n(%)) in adjacent mucosa 
and tumour in stage I/II colon cancer (n � 114).

Expression of LMW isoform

    Expression of full length form

None (0) Weak (1) Strong (2) Total

Cyclin E in adjacent mucosa None (0) 47 (41.2) 0 (0) 0 (0) 47 (41.2)
Weak (1) 52 (45.6) 1 (0.9) 0 (0) 53 (46.5)

Strong (2) 12 (10.5) 1 (0.9) 1 (0.9) 14 (12.3)
Total 111 (97.3) 2 (1.8) 1 (0.9) 114 (100)

Cyclin E in tumour None (0) 30 (26.3) 2 (1.8) 2 (1.8) 34 (29.9)
Weak (1) 44 (38.6) 8 (7.0) 4 (3.5) 56 (49.1)

Strong (2) 11 (9.6) 4 (3.5) 9 (7.9) 24 (21.0)
Total 85 (74.5) 14 (12.3) 15 (13.2) 114 (100)

 Table III. The association between total expression in tumour and total expression in adjacent mucosa of Cyclin E in both full length (FL) 
form and in the LMW-isoform (n(%)) in stage I/II colon cancer (n � 114). 

Cyclin E Total (FL � LMW)

     Total expression in tumour

0 1–2 3–4 Total

Total expression in mucosa 0 15 (13.2) 28 (24.5) 3 (2.6) 46 (40.3)
1–2 15 (13.2) 38 (33.3) 13 (11.4) 66 (57.9)
3–4 1 (0.9) 1 (0.9) 0 (0) 2 (1.8)

Total 31 (27.3) 67 (58.7) 16 (14.0) n � 114
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 Colorectal cancer cells expresses not only the FL 
form but also the LMW isoforms of cyclin E, both 
 in vitro  and  in vivo  [ 13 ]. The LMW isoform was 
thought to be unique to tumor cell lines and tissues. 
However, we found cyclin E expression not only in 
colon cancer tissue but also in the surrounding 
mucosa. Interestingly, other studies have shown that 
the colorectal mucosa in patients with colorectal can-
cer is characterized by alterations in the DNA, RNA, 
and protein levels [ 17 ]. One example is by Chen 
et al., who reported that several inflammation mark-
ers were altered in mucosa of patients with colorectal 
cancer as compared with controls [ 18 ]. Thus, it is 
plausible that the colorectal mucosa in patients with 
colon cancer differs from that of healthy individuals 
on several levels. Even though we were unable to 
correlate the Cyclin E expression in the mucosa to 
the pathology, the mere finding is still of interest and 
does also challenge the enzymes tumor specificity. 

 There are currently two suggested mechanisms 
for the formation of cyclin E LMW-isoforms. First, 
as shown by Porter et al., the tumors produce extra-
cellular elastase, which can cleave FL cyclin E into 
LMW-isoforms [ 9 ]. The secreted elastase could come 
into contact with the intracellular cyclin E and induce 
the cleavage in lysed cells and thus induce the iso-
forms. This could explain the appearance of LMW-
isoforms of cyclin E in adjacent mucosa closely 
surrounding the tumuor. Second, as shown by Lib-
ertini et al., the calpain 2 has been discussed as a 
possible protease participating in cyclin E cleavage 
[ 19 ]. However, it is questionable if it can explain the 
cyclin E isoforms present at 10 cm distance from the 
tumor. Possibly, it could be a sign of inflammation 
or they could serve other functions in the mucosa. 
One hypothetical function could be in enhancing 
angiogenesis [ 20 , 21]  which then also could increase 
the metastasis potential [ 12 ]. 

 The study shows that cyclin E is expressed in 
colon cancer, in both full length and LMW isoforms 
and that it can be detected in the tumor tissue as well 
as in the adjacent mucosa. Also show is a possible 
association between the cyclin E expression and the 
clinical outcome. In contrast to Lim et al., who 

 Discussion 

 A radically operated colon cancer, without evidence 
of metastasis presence, should have a good survival 
prognosis. Still, there is a group of high risk patients 
with poor outcome despite optimal surgery and 
staging routines. Even in stage II disease there is a 
10–20% risk of dying from a cancer recurrence. 
Finding markers that can aid in the identification 
of these patients could possibly improve the treat-
ment and survival in that group. Cyclin E is inter-
esting as it participates in the regulation of the cell 
cycle by affecting the transition from the G1 to the 
S phase. Animal studies has shown that an over-
expression of cyclin E can affect and disturb the 
cell-cycle control in benign adenomas, and thereaf-
ter also participate in tumor progression [ 14 ]. 
Increased levels of cyclin E are suggested to pro-
mote the transition from adenoma to adenocarci-
noma, a key step in the colorectal carcinogenesis 
[ 15 ]. Accordingly, an aberrant expression of cyclin 
E has been found in a significant fraction of human 
colon carcinomas [ 16 ]. These findings concur with 
our results that cyclin E is expressed in the colon 
tumor tissue. 

Table IV. Demography and pathology data by the total Cyclin E expression in the tumour

Cyclin E expression 
tumour (fl  � lmw 
total) n

Diff grade (Well/
medium/poor/

undiff)
Cancer stage 

 z(I/II)
T stage 
(1–4)

Assessed lymph 
nodes (median)

Risk recurrence
(Recur/total/%)

Risk multiple 
location recurrence 

(Recur/total)

0 30 2/20/5/3 7/23 0/7/22/1 18 3/30 (10.0%) 0/30
1 46 1/39/6/0 6/40 2/4/39/1 17 0/46 (0%) 0/46
2 21 2/16/2/1 4/16 0/4/16/1 17 1/19 (5.3%) 0/19
3 8 1/6/1/0 3/5 0/3/4/1 17 0/8 (0%) 0/8
4 9 1/6/2/0 3/6 0/3/6/0 19 4/9 (44.4%) 3/9
Total 114 7/87/16/4 23/91 2/21/87/4 17 8/114 (7.0%) 3/114

 Figure 3.   Cancerspecifi c survival in stage III colon cancer, grouped 
by total cyclin E expression in the tumor (1-low expression. 4-high 
total expression). 
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reported no association [ 22 ], we believe that cyclin 
E is of importance also in colon cancer. It would then 
concur with previous findings where cyclin E over-
expression has been reported to be an indicator of 
poor outcome in several tumors like breast cancer, 
gastric cancer and ovarian cancer. The aggressive 
clinical tumor characteristics associated to high 
Cyclin E expression does also concur with experi-
mental studies and clinical data from other types of 
neoplasia. The outcome results and their interpreta-
tion are limited in the low number of follow-up 
events. However, we find it notable that half of them 
occur in the small high expression group and that 
most of them are multi-location recurrences making 
the prognosis even worse. The studied early cancer 
stages normally have a good prognosis which makes 
these findings even more interesting. 

 Another possible weakness is the difficulty in 
grading the cyclin E expression. Whilst a densitom-
etry analysis adds figures in that aspect it also brings 
the risk of arbitrarily set cut-off levels. The optically 
based three point scale was in our opinion func-
tional. Similar scoring system has also been used 
previously by other authors [ 2 ]. The homogeneity of 
the patient and pathology data does in our opinion 
also add strength to the study. The material is of a 
special nature since we have both tumor and mucosa 
material and all linked to a solid clinical record and 
follow-up. Important is also the quality of the per-
formed staging and foremost the lymph node assess-
ment. The results show that cyclin E could be a 
possible prognostic factor in early colon cancer, but 
the findings should be validated in larger series as 
well as in other cancer stages. It would also be of 
interest to study if and how cyclin E is expressed by 
immune-active cells, like macrophages, and that the 
findings thus could be linked to characteristics of 
associated pathology.   

 Conclusion 

 Cyclin E is expressed in FL- and LMW-forms in 
both colon tumors and the macroscopically normal 
adjacent mucosa. A high expression of cyclin E 
in tumor was associated with an increased risk of 
tumor recurrence and a worse outcome. It could 
be a possible prognostic marker in non-metastatic 
colon cancer.   
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