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  ABSTRACT 

  Introduction.  Metastatic disease is a major cause of death in patients with colorectal cancer (CRC). We have previ-
ously investigated expression of an orphan cytochrome P450 (CYP) enzyme, CYP2W1, and found high expression in 
about one third of colorectal tumors. CYP2W1 has proven to metabolize duocarmycin analogs into cytotoxic substances, 
compounds that in xenografts of CRC cells expressing CYP2W1 completely inhibit tumor growth. This study was 
designed to evaluate whether the enzyme is expressed in primary CRC and corresponding metastases. 
  Material and methods.  Samples from primary tumors, corresponding lymph node metastases and liver metastases 
from 96 patients were collected and analyzed by immunohistochemistry. Data regarding patient ’ s demographics, tumor 
characteristics and survival were also collected. 
  Results.  Out of 96 patients, 25 (26%) had high CYP2W1 expression in the primary tumor and 46 (48%) showed high 
levels in the liver metastasis. In total 59 patients had lymph node metastases, and 31% of them had high CYP2W1 
expression. When comparing the expression in primary tumor with that of the fi rst liver metastasis, the increase in 
expression was statistically signifi cant (p    �    0.005). 
  Conclusion.  High CYP2W1 expression is seen in 26% of primary CRC and in 48% of corresponding liver metastases. 
This opens possibilities for new targeted therapies to metastatic CRC in the future.   

 Colorectal cancer (CRC) is the third most common 
cancer in the world and a major cause of cancer-
related death in both men and women [1]. In total 
15 – 20% of CRC patients present with liver metas-
tases at the time of diagnosis and approximately 
another 20 – 40% will develop hepatic metastases 
during the course of disease [2,3]. Survival in CRC 
is highly stage dependent where stage I have a fi ve-
year survival of 90 – 100%, stage II of 75 – 85% and 
stage III 45 – 60%. Patients with stage IV CRC have 
a very poor prognosis with fi ve-year survival rates 
less than 5% [3 – 8]. Survival in metastatic CRC has 
improved, though, during the last decade, mainly 
due to more potent chemotherapy regimens and 
improved surgical techniques [9]. Hepatic resections 

improve outcome signifi cantly in patients with 
colorectal liver metastases. About 20% of metastatic 
patients are believed to be suitable for liver resec-
tion. Population-based studies have shown fi ve-year 
survival rates between 45% and 50% in liver-
resected metastatic patients [9 – 12]. Still, there is 
an urgent need to fi nd other ways of treating 
metastatic CRC, complementary to the established 
treatments. 

 We have previously studied tumor-specifi c 
expression of an orphan cytochrome P-450 enzyme, 
CYP2W1, in CRC [13,14]. This enzyme is shown 
not to be expressed in any normal adult tissue in 
humans. As far as have been investigated, expres-
sion has only been detected in fetal rat colon and 
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in various human tumors, most prominently in 
colorectal tumor specimen [15]. In our previous 
work, high expression of CYP2W1 correlated inde-
pendently to poor survival in CRC [13,14] thus 
indicating that high expression is seen in a more 
malignant tumor phenotype. The endogenous func-
tion of CYP2W1 is unknown, but some fairly recent 
studies have found a number of substrates metabo-
lized by CYP2W1 although with rather low affi nity, 
e.g. benzphetamine [16], indole derivatives [16,17], 
the drug candidate 1,4-bis([2-(dimethylamino-
N-oxide)ethyl]amino)-5,8-dihydroxyanthracene-9,
10-dione (AQ4N) [18] and arachidonic acid [15]. 
A lipidomic examination of colon tumors revealed 
that lysophospholipids were substrates for CYP2W1 
[19]. We have recently found that certain duocar-
mycin analogs act as effi cient CYP2W1 substrates 
in the range of 0.5 – 2  μ M concentrations [20]. 
Experiments in CRC cell lines (SW480) expressing 
CYP2W1 have revealed that two of these com-
pounds, ICT2705 and ICT 2706, after conversion 
by CYP2W1 will bind covalently to DNA causing 
cell death. The compounds themselves cause no 
harm to the tumor cells [20]. Xenograft studies, 
where SCID mice were grafted with CYP2W1 
expressing CRC cells and then treated with ICT 
2706, have shown promising results with complete 
inhibition of tumor growth but no apparent harm 
to the animal [20]. The perspective of fi nding a 
tumor-specifi c enzyme in primary CRC and in 
metastases with capacity to metabolize a non-toxic 
substance into a toxic metabolite is encouraging 
since this might be another plausible pathway to use 
in cancer treatment. 

 Since the primary target for a CYP2W1 depen-
dent drug treatment would be metastases originating 
from the primary tumors, we considered it of interest 
to examine the expression of CYP2W1 both in pri-
mary CRC, corresponding metastatic lymph nodes 
and liver metastases using the same methods as in 
our previous studies [13,14].  

 Material and methods  

 Patients 

 From a population-based cohort of 255 patients 
having undergone liver resection due to colorectal 
liver metastases at the Department of Hepatobil-
iary Surgery, Karolinska University Hospital, 
between 2004 and 2009, we could obtain paraffi n-
embedded blocks from primary colorectal tumors, 
corresponding lymph node metastases and liver 
metastases of 96 patients. Six of the 96 patients 
had also had a pulmonary resection due to lung 
metastases, these were also collected and analyzed. 

No pre-treatment biopsies were available for 
analysis. 

 Data from the patient ’ s records regarding gender, 
age, tumor location, TNM stage, number of lymph 
nodes sampled at primary surgery, neoadjuvant treat-
ment, synchronous or metachronous metastases, 
dates for all surgical procedures and survival data 
were collected. Details about tumor histopathology 
were derived from the original pathology reports. 
The primary tumors were operated between 1999 
and 2009, and the corresponding liver metastases 
were resected between 2004 and 2009. We defi ned 
metastases diagnosed up to six months after surgery 
of the primary tumor as synchronous metastases. The 
Board of Research Ethics at Karolinska University 
Hospital has approved of the study.   

 Immunohistochemistry 

 The examined tumor specimens were derived from 
formalin-fi xated, paraffi n-embedded tumors, sliced 
in 4- μ m thick sections. The sections were deparaf-
fi nized in xylene, rehydrated in graded ethanol and 
washed in distilled water. To quench the endogenous 
peroxidase activity, 3% hydro peroxidase in tap 
water was added. In order to reduce background 
staining, the slices were incubated in 10% normal 
goat serum for 30 minutes. A polyclonal rabbit anti-
body to CYP2W1 was added in a dilution of 1:2500 
at  �    4 ° C overnight. The samples were then rinsed 
and incubated with an amplifi cation system with a 
labeled polymer/HRP, EnVision  ™   (DakoCytoma-
tion, Denmark) for 30 minutes. Visualization of 
staining with 3,3 ′ -diaminobenzidine tetrahydrochlo-
ride (DAB, DakoCytomanion) was carried out fol-
lowed by counterstaining with Mayers hematoxylin.   

 Evaluation of immunohistochemistry 

 In most cases, two slides from each tumor manifesta-
tion were available for analysis. CYP2W1 staining 
intensity was defi ned by a visual grading scale from 
0 to 3 (grade 0    �    no staining, grade 1    �    weak, grade 
2    �    moderate, grade 3    �    intense staining). Each time 
a set of tumor samples was stained, reference slices 
were included as well as one negative control slice 
incubated with pre-immune serum. The whole tumor 
slide was graded. The grading was based on the high-
est intensity found in the tumor that covered at least 
10% of the tumor area. Two independent investiga-
tors (K.S. and M.H.) blinded to clinical data scored 
the specimens. Scoring discrepancies occurred in less 
than 5% of scorings and were resolved by consensus 
after re-examination. In the calculations, we regarded 
staining degrees 0, 1 and 2 as low, and 3 as high 
expression like in our previous studies [13,14].   
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 Statistics 

  χ  ² -test was performed to examine relationships 
between patient ’ s demographics, tumor characteris-
tics and CYP2W1 expression, and when appropriate, 
Fisher ’ s exact test was used. Survival analysis 
was performed using the Kaplan-Meier method. 
Univariate and multivariate analysis were performed 
using Cox ’ s univariate test and Cox ’ s Proportional 
Hazards model, respectively. The results were con-
sidered signifi cant if p    �    0.05. All calculations were 
performed using Statistica version 10 (StatSoft, 
Tulsa, Oklahoma, USA).    

 Results  

 Follow-up 

 All 96 patients had undergone surgery for the 
primary tumor and at least one liver resection. In 
total, 27 had a second operation due to metastases: 
20 had liver resections, six lung resections and one 
had surgery for local recurrence. We focused on 
the calculations based on the primary tumor and 
the fi rst liver operation due to the small amounts 
of patients in the other groups. Survival data was 
calculated in months after the resection of the 
primary tumor. 

 Median follow-up time after the fi rst liver 
operation was 45.5 months (range 4 – 110 months). 
Survival data for the 96 patients are shown in 
Figure 1. There was no association between survival 
and CYP2W1 expression, neither in the primary 
tumor, nor in the liver metastases.   

 CYP2W1 expression 

 High CYP2W1 expression was detected in 25 (26%) 
of the primary tumors. Of the 96 patients, 59 had 

nodal metastases, and 18 (31%) of these metastases 
expressed high levels of CYP2W1. In the liver 
metastases (n    �    96), we found high enzyme expres-
sion in 46 (48%). Expression levels did not correlate 
to site of primary tumor, age, gender, stage, differ-
entiation grade, number of nodes analyzed, 
synchronous versus metachronous liver metastasis, 
neoadjuvant treatment before primary surgery, 
adjuvant treatment after primary surgery or 
chemotherapy before liver surgery. The results are 
displayed in Table I. 

 In the 20 patients being resected a second time 
for liver metastases, 10 had high CYP2W1 expres-
sion, nine had low expression and one had no 
remaining tumor in the specimen. The lung metas-
tases (n    �    6) showed high expression of CYP2W1 
in two cases, the remaining had low expression. All 
lung metastases had the same degree of expression 
as their corresponding primary tumor and liver 
metastasis. 

 The number of liver metastases with high expres-
sion of CYP2W1 was signifi cantly higher than the 
primary tumors, 46 (48%) versus 25 (26%), 
p    �    0.005. The details about enzyme expression in 
various locations are shown in Table II and the 
dynamics of expression are displayed in Figure 2. In 
the 71 patients with low CYP2W1 expression in the 
primary tumor, 43 (61%) had low expression also in 
the metastasis and 28 (39%) had high expression in 
the liver metastasis. In the 25 patients with high 
expression in the primary tumor, 18 (72%) remained 
high in the metastasis while seven (28%) decreased 
the expression in the metastasis. Separate analysis of 
the patients with increasing or decreasing CYP2W1 
expression during the primary tumor  –  metastasis 
progression, revealed no correlation to gender, stage, 
chemotherapy or any other factor listed in Table I 
(data not shown). 

 The concordance of CYP2W1 expression 
between different slices of the primary tumor was 
good which we also have previously reported in 
another study [14]. 

 In the group of patients with metachronous 
liver metastases, the time span from diagnosis of 
the primary tumor to that of the liver metastasis 
was 7 – 62 months, median 23 months. Six of the 
35 patients with metachronous metastases had 
high CYP2W1 expression in the primary tumor 
and 29 (83%) had low expression. In the group 
with low CYP2W1 expression, 15 had their metas-
tasis detected during the time span below median 
time while 14 were detected during the time span 
above median. For the high expression group of six 
patients, fi ve of them recurred in the shorter time 
span. This difference, though, is not statistically 
signifi cant (p    �    0.21).    

CYP2W1 expression in primary tumor and survival
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  Figure 1.     Survival in months after primary surgery in the group 
with low (group 1) versus high (group 2) expression of CYP2W1. 
HR 1.3, p    �    0.38, 95% CI 0.72 – 2.38.  
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  Table I. CYP2W1 expression in primary colorectal tumors and liver metastases in relation to patient and tumor characteristics. Defi nition 
of synchronous metastasis is detection within 6 months after the detection of the primary tumor.  

Number of 
  patients

CYP2W1 expression
  Primary tumor,   low vs. high

 χ  ² 
  p-value

CYP2W1 expression
  Liver metastases,   low vs. high

 χ  ² 
  p-value

Total 96 71 (74%) vs. 25 (26%) 50 (52%) vs. 46 (48%)
Gender 0.86 0.26

Male 59 (61%) 44 (74%) vs. 15 (26%) 28 (47%) vs. 31 (53%)
Female 37 (39%) 27 (73%) vs. 10 (27%) 22 (59%) vs. 15 (41%)

Age 0.62 0.23
 �    63 42 (44%) 30 (71%) vs. 12 (29%) 19 (45%) vs. 23 (55%)
 �    63 54 (56%) 41 (76%) vs. 13 (24%) 31 (57%) vs. 23 (43%)

Stage 0.52 0.38
II 15 (16%) 12 (80%) vs. 3 (20%) 7 (47%) vs. 8 (53%)
III 25 (26%) 20 (80%) vs. 5 (20%) 15 (60%) vs. 9 (40%)
IV 56 (58%) 39 (70%) vs. 17 (30%) 27 (48%) vs. 29 (52%)

Tumor site 0.90 0.29
Colon 51 (53%) 38 (75%) vs. 13 (25%) 24 (47%) vs. 27 (53%)
Rectum 45 (47%) 33 (73%) vs. 12 (27%) 26 (58%) vs. 19 (42%)

Differentiation 0.74 0.59
Poor 18 (19%) 12 (67%) vs. 6 (33%) 10 (55%) vs. 8 (45%)
Moderate 74 (77%) 56 (76%) vs. 18 (24%) 37 (50%) vs. 37 (50%)
Well 4 (4%) 3 (75%) vs. 1 (25%) 3 (75%) vs. 1 (25%)

Nodes analyzed 0.62 0.38
 �    13 42 (44%) 30 (71%) vs. 12 (29%) 24 (57%) vs. 18 (43%)
 �    13 54 (56%) 41 (76%) vs. 13 (24%) 26 (48%) vs. 28 (52%)

Range 3 – 50
Neoadjuvant before   primary 

operation
0.91 0.31

No 47 (49%) 35 (74%) vs. 12 (26%) 22 (47%) vs. 25 (53%)
Yes 49 (51%) 36 (73%) vs. 13 (27%) 28 (57%) vs. 21 (43%)

Type of   neoadjuvant 0.11 0.08
None 47 (49%) 35 (74%) vs. 12 (26%) 22 (47%) vs. 25 (53%)
Radiation 27 (28%) 23 (85%) vs. 4 (15%) 19 (70%) vs. 8 (30%)
Radiochemo 11 (11.5%) 5 (45%) vs. 6 (54%) 3 (28%) vs. 8 (72%)
Chemo 11 (11.5%) 8 (72%) vs. 3 (28%) 6 (54%) vs. 5 (45%)

Liver metastases 0.13 0.11
Synchronous   ( �    6 months) 61 (64%) 42 (69%) vs. 19 (31%) 28 (46%) vs. 33 (54%)
Metachronous   ( �    6 months) 35 (36%) 29 (83%) vs. 6 (17%) 22 (63%) vs. 13 (37%)

Chemo before   liver operation 0.06
No 41 (43%) 26 (63%) vs. 15 (37%)
Yes 55 (57%) 24 (44%) vs. 31 (56%)

  Table II. Distribution of CYP2W1 expression in 96 colorectal 
cancer patients with liver metastasis.  

Localization of high CYP2W1 
expression

Number of patients
  Total n    �    96 %

In primary tumor only 3 3.1
In primary  �  nodal metastasis 4 4.2
In primary  �  liver metastasis 12 12.5
In primary  �  nodes  �  liver 6 6.3
In nodal metastasis only 3 3.1
In nodes  �  liver metastasis 5 5.2
In liver metastasis only 23 24.0
 Σ  In primary tumor 25 26.0
 Σ  In nodal metastasis 18/59 18.8 * 
 Σ  In liver metastasis 46 47.9
No/low expression in any location 40 41.7

     * Only 59 of the patients had nodal metastasis, i.e. 31% of nodal 
metastasis expressed high levels of CYP2W1.   
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  Figure 2.     Change in CYP2W1 expression between primary tumor 
and fi rst liver metastasis.  “ Low CYP2W1 expression ”  corresponds 
to the number of tumors with immunostaining grade 0 – 2 while 
 “ High CYP2W1 ”  means the number of tumors with grade 3 
staining. n    �    96.  
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 Discussion 

 This study shows that the expression of CYP2W1 
increases during the progression from the primary 
tumor to lymph node and liver metastasis. Thus, one 
third of the nodal metastases and almost half of the 
liver metastases have high expression. 

 The mechanisms behind our fi nding are unknown, 
but probably related to the genotype and phenotype 
changes occurring in the tumor during the invasion-
metastasis cascade. Studies of differences in the 
transcriptome between primary tumors and metas-
tases have been performed by many groups. Haber-
mann et   al. [21] analyzed the transcriptomes and 
proteomes in tissue samples from 20 primary col-
orectal tumors and 13 liver metastases. In two cases, 
the primary and the metastasis came from the same 
patient. Total RNA from each sample was analyzed 
on arrays containing 9128 cDNAs. They found 158 
genes being differently expressed between primary 
tumor and metastasis. The gene expression levels in 
their study correlated with chromosome copy num-
ber changes indicating that genomic instability is a 
major cause of the differences in gene expression. 
Expression level for 32 proteins increased when 
comparing normal tissue to metastasis [21]. How-
ever, other studies addressing the same issue have 
found other expression patterns with disturbing lack 
of overlap. Nambiar et   al. [23] have suggested this 
to be caused by either the limited number of genes 
represented in the microarrays or a true biological 
difference. It is a problematic issue, though, to 
explain the expression pattern of a single gene when 
taking into account all the complexity of cancer 
genomics, transcriptomics and proteomics. 

 Most of the genetic aberrations seen in metasta-
ses are believed to be present already in the primary 
tumor. Jones and coworkers performed DNA 
sequencing of paired primary colorectal tumors and 
liver metastases from 10 patients. They found 233 
mutations in the metastases, seven of which were not 
present in the primary tumor [22]. Ramswamy et   al. 
report a gene expression signature of metastasis with 
overexpression of, e.g. genes involved in the transla-
tion apparatus, chromatin separation processes and 
cellular motility, already present in the primary tumor 
[23]. This gene expression signature was seen both 
in epithelial cells and stroma cells in the tumor. High 
expression of these genes in the primary tumor cor-
related with worse outcome in the patients. 

 We do not know the details of regulation of the 
 CYP2W1  gene in the primary tumor. Gomez et   al. 
[17] have shown that methylation of a CpG island 
between exon one and intron one keeps the gene 
silenced. Changes in the methylome are a crucial 
event in cancer development [24]. Demethylation 

of this CpG island appears to be a prerequisite for 
CYP2W1 expression in tumors, but apparently, 
tissue-specifi c factors are also necessary since 
expression per se does not increase following 
demethylation of all types of cancer cells [17]. The 
events occurring during transformation of colonic 
epithelial cells allowing CYP2W1 expression are 
not known. One might assume that changes in 
regulatory RNA species and transcription factors 
also could be involved. 

 One possible explanation for higher prevalence of 
CYP2W1 expression in metastases would be up-
regulation of expression in tumor cells with stem cell 
like properties or in cells having undergone epitheli-
al-to-mesenchymal transition which are more likely 
to metastasize and thus would be enriched in a 
metastasis [25]. These are just speculations and not 
addressed in our study but are of course of interest 
for further examinations. 

 The lung metastases in our material (n    �    6) have 
the same CYP2W1 expression level as both their cor-
responding primary tumor and liver metastases. It 
could refl ect a true biological difference between 
tumors seeding metastases to the lungs compared 
with those that do not, or be merely a result of 
chance. A biological difference could be due to for 
instance differences in cytokine or chemokine expres-
sion in these tumors compared with those with 
increasing expression. Different chemokines and 
adhesion molecules are believed to be involved in 
different target organs during the metastatic process 
[26]. We have not addressed this issue in our study, 
and the number of patients with lung metastases is 
too small to make any conclusions. 

 Our study has some weaknesses. Immunohis-
tochemistry is a semi quantitative method largely 
dependent on the investigators. There are also meth-
odological problems where for instance heavy neo-
adjuvant treatment causes large areas of necrosis 
making staining interpretation more diffi cult. The 
need to validate our results using another quantita-
tively more accurate method, e.g. mass spectrometry, 
is imperative. 

 Furthermore, the number of patients in our 
study (n    �    96) is relatively small. Our study sample 
is derived from a population-based cohort of 255 
patients undergoing liver resection for CRC metas-
tases in our unit during 2004 – 2009. Our aim was 
to analyze all patients, but logistically it was diffi cult 
to collect all the corresponding primary tumors that 
had been operated in 12 different hospitals. Thus, 
the current study is to be regarded as a pilot study, 
but has its uniqueness in the possibility to monitor 
the CYP2W1expression during tumor progression 
in the same individuals. Survival in our group of 96 
patients was comparable with that of the entire 
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population-based cohort of 255 patients, indicating 
no severe skewness in our sample. 

 The primary tumors were resected between 1999 
and 2009, a rather long time span where improve-
ments in both diagnostic modalities, adherence to 
diagnostic protocols and surgical techniques have 
evolved. Only two of the patients were operated in 
1999, and 85 (89%) of the patients had their primary 
resection after 2002, which increases the likelihood of 
the operating centers to be adherent to regional and 
national guidelines regarding diagnostic work-up, sur-
gical techniques and principles for oncological treat-
ment. In the 42 patients with a number of resected 
nodes smaller than 13, 21 were rectal tumors exposed 
to neoadjuvant treatment which could affect the num-
ber of lymph nodes in the resected specimen. Four-
teen were tumors where lymph node metastases were 
found in spite of the lower number of nodes, and only 
in three cases there is a possibility of under staging 
because of low number of harvested lymph nodes. 

 The CYP2W1 enzyme is, as mentioned above, 
selectively expressed in transformed but not in nor-
mal cells. Analysis of the topology of the enzyme in 
colon cancer cells reveal that the enzyme is local-
ized towards the luminal side of the endoplasmatic 
reticulum, and also consequently expressed at the 
outer surface of the cells [27]. About 10% of the 
CYP2W1 expression resides in the plasma mem-
brane, making it also a plausible target for anti-
body-based treatment. 

 Since metastatic disease is the main cause of 
death in CRC, the need for complementary treat-
ment strategies is urgent. The concept of pro drug 
activation described by Travica et   al. [20] or an anti-
body-based treatment combined with our present 
fi nding that CYP2W1 is expressed in 48% of col-
orectal liver metastases, might indicate a new path-
way that has to be explored further. Use of CYP2W1 
as a drug target in the metastases might indeed be a 
possible way to improve future complementary treat-
ment of CRC.            
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