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Purpose: Colon cancer is a leading cause of mortality worldwide. It has a relatively poor 
prognosis; therefore, new therapies are needed. One of the tumour-related enzymes that has 
gained considerable interest is CYP4Z1. This enzyme has been expressed in many tumours 
and has been hypothesized as a potential biomarker or target for novel anticancer therapies.
Patients and Methods: CYP4Z1 overexpression was immunohistochemically examined in 
a large panel of colon tissue types including normal, benign, primary and metastatic ones, 
and the enzyme’s relation to histopathological features and patient survival was evaluated.
Results: A high CYP4Z1 expression was observed in benign, primary and metastatic colon 
tissues compared to a weak or lack of expression in normal tissues. Importantly, there was 
a significant differential in CYP4Z1 expression where it was stronger in metastatic, primary 
and benign, respectively (p < 0.05). A significantly high rate of CYP4Z1 expression was 
found in high histological grades and late stages of the disease, where its expression was 
more evident in patients with metastasis in the lymph nodes (p < 0.05). Interestingly, 
CYP4Z1 expression was identified an independent prognostic predictor of poor overall 
survival of colon cancer patients (p = 0.003).
Conclusion: CYP4Z1 was distinctly overexpressed in benign, primary and metastatic colon 
tissues compared to corresponding normal tissues. This differential in CYP4Z1 expression 
across different types of colon tissues strongly supports CYP4Z1 as potential biomarker and 
target for novel anticancer therapy development.
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Introduction
Colon cancer is the second leading cause of cancer mortality and third in terms 
of morbidity worldwide.1 According to the World Health Organization (WHO), 
the colon cancer burden rose to 1.8 million new cases and about 862,000 deaths 
from colon cancers globally in 2018. In the Middle East, there are no accurate 
statistics for the colon cancer burden. However, the WHO revealed that the 
mortality and morbidity of colon cancer are on the rise, especially in developing 
countries.2 This is mainly attributed to poor screening programs and ineffective 
management of risk factors and treatment regimens.3 Recently, many new 
therapies for colon cancer have been developed, including laparoscopic surgery; 
resection of metastatic disease; radiotherapy for some forms of metastatic dis-
ease; adjuvant and neo-adjuvant therapies, and, finally, palliative chemotherapy. 
However, the cure and relative survival rates for colon cancer patients drop in 
metastatic situations.4,5 Therefore, it is necessary to develop effective new 
therapies for colon cancer.
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Specific cytochrome P450 (CYP450) individual forms 
were shown to be selectively expressed in both normal and 
cancer tissues in humans.6–8 One enzyme that has attracted 
particular interest is CYP4Z1. It is an extrahepatic enzyme 
that is considered as an orphan form due to its less defined 
substrate recognition and physiological activities.9 This 
novel enzyme was selectively expressed in healthy breast 
tissues with an absence of expression in other healthy 
normal human tissues.10 Interestingly, a unique strong 
CYP4Z1 expression was identified in tumours of the 
breast, ovary, prostate, bladder and cervix compared to 
normal healthy tissues.6,7,11–15 This overexpression was 
correlated with an increasing grade of tumour and poor 
patient outcomes.11,12,15,16 Moreover, CYP4Z1 was aber-
rantly expressed at the cell membrane of breast cancer 
cells and promoted the production of anti- 
CYP4Z1autoantibodies in the patients’ sera of breast can-
cer, as opposed to none of the healthy controls.17 This 
expression has promoted tumour growth, angiogenesis 
and the spread of tumour cells.18 Furthermore, treatment 
of breast cancer cells, glucocorticoids and progesterone led 
to conditional regulation of CYP4Z1 expression in these 
cells. However, this expression was decreased upon treat-
ment with the steroid receptor blocker, mifepristone.19

In an attempt to identify the catalytic properties of 
CYP4Z1, several functional studies investigated the bio-
chemical mechanisms by which the CYP4Z1 acts. 
CYP4Z1 catalyzed the ω-hydroxylation of lauric acid 
and myristic acid, generating different monohydroxylated 
metabolites at several positions.20 Additionally, CYP4Z1 
was able to metabolize arachidonic acid to 20- 
hydroxyeicosatetraenoic acid (20-HETE), resulting in the 
promotion of tumour angiogenesis and tumour 
development.18 However, a recent study utilizing the 
CYP4Z1 recombinant enzyme system demonstrated the 
lack of 20-HETE metabolites in the arachidonic acid reac-
tion with CYP4Z1. The study further proposed that 
CYP4Z1 may enhance breast tumorigenesis without direct 
synthesis of 20-HETE.21

In a search for specific substrates for CYP4Z1, 
a limited number of studies examined the substrate- 
binding mode of this enzyme. Using recombinant 
CYP4Z1 mutants and the homology model of CYP4Z1, 
Arg487, Asn381, Ser383, Ser222, Ser113, and Asn381 
were identified as key residues for substrate binding of 
CYP4Z1.22,23 Moreover, the screening of different lumi-
nogenic substrates with CYP4Z1-containing enzyme bags 
led to the identification of luciferin benzyl ether as the best 

substrate.23 Recently, a first selective mechanism-based 
inhibitor called 8-[(1H-benzotriazol-1-yl)¬amino]¬octa-
noic acid for CYP4Z1 was developed and exhibited 
a potent inhibitory concentration for CYP4Z1 and low 
inhibition effect for other CYP enzymes.24

In a recent small-scale study,13 we identified CYP4Z1 
to be highly expressed in colon cancers. On this basis, we 
have extended our observations to characterize aberrant 
CYP4Z1 expression in a large scale of colon tissue 
types, including normal, benign, primary and metastatic, 
and to investigate its relation to baseline demographic, 
clinicopathologic and survival features.

Patients and Methods
Tissue Specimens
A panel of formalin-fixed, paraffin-embedded (FFPE) spe-
cimens were collected from the Pathology Department, 
King Hussein Medical Hospital, and King Abdullah 
University Hospital, Jordan. This panel consisted of 60 
colon adenocarcinomas, ten colon tubular adenomas, 69 
metastatic adenocarcinomas from the colon (61 lymph 
node and eight liver metastasis), and 30 normal colon 
tissues. Patients who received preoperative chemotherapy 
or radiotherapy were excluded from the study. Data 
regarding age, tumour histopathology, histological grade, 
and stage of the disease were extracted from the patients’ 
files. All patients’ data were kept confidential and anon-
ymous. The use of human tissue specimens in this study 
was approved by the Institutional Review and Ethics 
Committee, Faculty of Medicine, University of Mutah 
(3012021). Moreover, an exemption of written informed 
consent for the utilization of FFPE colon tissue samples 
was granted from the above mentioned committee. The 
study complies with regulations set by Declaration of 
Helsinki (2013).

Immunohistochemistry
In this study, a polyclonal antibody raised in rabbits against 
the internal region of the amino acid peptide (40–120) of 
the human CYP4Z1 protein was used to identify sites of 
CYP4Z1 immunoreactivity (NBP1-91817, Novus biologi-
cal, USA). Antibody specificity towards CYP4Z1 protein 
was checked by Western blotting using CYP4Z1 isogenic 
cell lysates (data not shown). Moreover, the specificity of 
primary antibody was also confirmed by pre-incubating 
CYP4Z1 antibody with CYP4Z1 blocking peptide 
(H00199974-P01, Novus biological, USA) for one hour at 
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room temperature. The mixture was then utilized in place of 
CYP4Z1 primary antibody to inhibit subsequent primary 
antibody binding to CYP4Z1 epitope in sample. The stain-
ing intensity was compared between the samples incubated 
with CYP4Z1 antibody and blocked antibody. 
Immunohistochemical detection of CYP4Z1 was performed 
using a peroxidase polymer-based detection system.

Sections of different colon tissue types were de- 
paraffinized in xylene and rehydrated to cold water 
through serial dilutions of alcohol. To block endogenous 
peroxidase activity, tissues were treated with 3% hydrogen 
peroxide at room temperature for ten minutes. Tissues then 
underwent a heat-based antigen retrieval process in a 10 
mM citrate buffer, pH 6.0, for 20 minutes. The non- 
specific antibody binding was blocked with 2.5% normal 
goat serum for 20 minutes in a humidified chamber. The 
primary antibody was applied at a concentration of 5 μg/ 
mL overnight at 4°C. Sites of CYP4Z1 immunoreactivity 
were identified using ImmPRESS (Peroxidase) Polymer 
goat Anti-Rabbit IgG Reagent for 30 minutes at room 
temperature (MP-7451, Vector Laboratories, Burlingame, 
USA). To visualize immunoreactivity, sections were incu-
bated with diaminobenzidine chromogen solution as 
a substrate (Vector Laboratories Ltd, Peterborough, UK). 
To establish the presence and absence of CYP4Z1 immu-
noreactivity and its cellular localization, a haematoxylin 
solution was used to counterstain tissue sections. Tissue 
sections of breast cancer that had previously been shown 
to express CYP4Z1 by immunohistochemistry were uti-
lized as a positive control.13 As negative control samples, 
colon tissue sections were incubated with normal goat 
serum instead of a primary antibody. The resulting slides 
were examined using a Leica DMRB microscope (Leica 
DMRB, Wetzlar, Germany) and images were digitally 
captured using AcQuis Biosystem (Synoptics, 
Cambridge, UK).

Scoring
Stained sections were semi-quantitatively and indepen-
dently examined by two pathologists. Cells showing yel-
low or brown membranous or cytoplasmic 
immunostaining were considered positive. Tissue speci-
mens were scored for the density and extent of CYP4Z1 
expression on the following scale: negative (0), weak (1), 
intermediate (2) and high (3). The score “negative” indi-
cated a lack of expression or if less than 5% of tumour 
cells showed positive immunostaining. A score of “weak” 
indicated cells having an expression lower than 33%. If 

cells showed an expression of 34–66%, a score of “inter-
mediate” was used. When the cells had an expression 
higher than 67%, a score of “high” was applied.

Statistical Analysis
SPSS software version 19 (Statistical Packages for Social 
Sciences) was used to analyse the statistical data. All 
values were expressed in simple measures of frequency 
and percentage. Pearson’s chi-square test, with the appli-
cation of an ANOVA test, was used to assess the differ-
ence between the discrete variables. Kaplan–Meier method 
was used to calculate the overall survival of patients and 
statistical significance was assessed by Log rank test. Cox 
regression was used to calculate the hazard ratio (HR) and 
95% confidence limits (Cl). A P value of less than 0.05 
was considered statistically significant.

Results
Baseline Demographic and 
Clinicopathologic Features for Colon 
Cancer Patients
The baseline demographic and clinicopathologic features 
of the 169 patients are listed in Table 1. The current study 
consisted of 110 males and 59 females. The mean age for 
patients was estimated at 54.1 ± 14.3 years. Most of the 
normal samples were normal colon tissue adjacent to 
tumours (11.8%, 20 cases) and the remaining were normal 
healthy tissues (5.9%, ten cases). Moreover, all the benign 
colorectal tumours were tubular adenomas (5.9%, ten 
cases). The primary colorectal tumours consisted of 60 
(35.5%) adenocarcinomas, where 8.3% (five cases) of 
them were mucinous adenocarcinomas. Of the 69 meta-
static tumours, most were lymph node metastasis compris-
ing 36.1% (61 cases) of all patients and only 4.7% (eight 
cases) of metastatic tumours were from liver metastasis. 
The majority of colorectal cancer patients were grade II 
(31.4%, 53 cases) and III (34.3%, 58 cases), while grade 
I constituted only 10.7% (18 cases). Of 60 patients with 
primary colorectal cancer, most were stage II (55%, 33 
cases) and III (30%, 18 cases), while other stages were 
I (10%, six cases) and IV (5%, three cases). Moreover, the 
majority of the cases involved had tumour depth of inva-
sion of T4 (36, 60%), whilst other cases had tumour depth 
of invasion of T1 (1.7%, one case), T2 (8.3%, five case) 
and T3 (30%, 18 cases). Additionally, 60% (36 cases) of 
the primary tumours had no lymph node metastasis (N0), 
whereas 25% (15 cases) had metastasis to three regional 
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lymph nodes and 15% (nine cases) had metastases to six 
regional lymph nodes. Furthermore, distant metastasis 
only occurred in 6.7% of patients (four cases), while the 
majority of patients had no distant metastasis (93.3%, 56 
cases).

Prevalence of CYP4Z1 Expression in 
Normal Colon and Benign Colorectal 
Cancers
The scoring criteria for CYP4Z1 expression and immu-
nostaining pattern are shown in Figure 1. CYP4Z1 immu-
noreactivity was predominantly localized to the membrane 
or cytoplasm of cells without any considerable staining in 

nuclei. Of the 50% positive normal cases (15 out of 30), 
expression was low in 11 cases (73.3%) where it was 
heterogeneous and varied in intensity from one case to 
another and even from one area to another in the same 
tissue (Figure 2) (Table 1). Most positive cases were 
normal colon tissues adjacent to tumours (70%) and the 
remaining were normal healthy tissues (30%). Importantly, 
CYP4Z1 expression was confirmed by using appropriate 
positive and negative controls and by inhibition of immu-
nostaining using CYP4Z1protein as a blocking step. The 
positive control breast cancer tissue exhibited high 
CYP4Z1 expression, while negative control displayed no 
expression at all. There was weak to no CYP4Z1 

Table 1 Baseline Demographic and Clinicopathologic Features

Cytochrome 4Z1 Expression

Characteristics Negative Weak Intermediate High P value

Gender
Male (n=110, 65.1%) 40 (36.4%) 26 (23.6%) 13 (11.8%) 31 (28.2%) 0.373
Female (n=59, 34.9%) 23 (39%) 9 (15.3%) 8 (13.6%) 19 (32.2%)

Age:
<60 (n=53, 31.4%) 48 (41.4%) 26 (22.4%) 14 (12.1%) 28 (24.1%) 0.011
≥60 (n=53, 31.4%) 15 (28.3%) 9 (17%) 7 (13.2%) 22 (41.5%)

Histological type
Normal (n=30, 17.8%) 15 (50.0%) 11 (36.7%) 2 (6.7%) 2 (6.7%) 0.028
Benign (n=10, 5.9%) 3 (30%) 3 (30%) 1 (10%) 3 (30%)

Primary (n=60, 35.5%) 19 (31.7%) 12 (20%) 11 (18.3%) 18 (30%)
Metastasis (n=69, 40.8%) 26 (37.7%) 9 (13%) 7 (10.1%) 27 (39.1%)

Histological grade
I (n=18, 10.7%) 3 (16.7%) 4 (22.2%) 2 (11.1%) 9 (50%) 0.029
II (n=53, 31.4%) 13 (24.5%) 10 (18.9%) 9 (17%) 21 (39.6%)

III (n=58, 34.3%) 29 (50%) 7 (12.1%) 7 (12.1%) 15 (25.9%)

Histological stage
I (n=6, 10.0%) 2 (33.3%) 1 (16.7%) 1 (16.7%) 2 (33.3%) 0.035
II (n=33, 55.0%) 9 (27.3%) 7 (21.2%) 6 (18.2%) 11 (33.3%)

III (n=18, 30.0%) 7 (38.9%) 4 (22.2%) 4 (22.2%) 3 (16.7%)
IV (n=3, 5.0%) 1 (33.3%) 0 (0.0%) 0 (0.0%) 2 (66.7%)

Tumour invasion
T1+T2 (n=6, 10%) 2 (33.3%) 1 (16.7%) 1 (16.7%) 2 (33.3%) 0.545
T3+T4 (n=54, 90%) 17 (31.5%) 11 (20.4%) 10 (18.5%) 16 (29.6%)

Lymph node metastasis
N0 (n=36, 60%) 8 (22.2%) 8 (22.2%) 7 (19.4%) 13 (36.1%) 0.030
N1 (n=15, 25%) 8 (53.3%) 2 (13.3%) 3 (20%) 2 (13.3%)

N2 (n=9, 15%) 3 (33.3%) 2 (22.2%) 1 (11.1%) 3 (33.3%)

Distant metastasis
M0 (n=56, 93.3%) 18 (32.1%) 12 (21.4%) 10 (17.9%) 16 (28.6%) 0.373

M1 (n=4, 6.7%) 1 (25%) 0 (0.0%) 1 (25%) 2 (50%)
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expression displayed in colon and breast cancer tissues 
incubated with mixture of primary antibody and blocking 
peptide (Figure 3).

Most benign tumours (seven cases, 70%) showed more 
intense CYP4Z1 immunoreactivity than those seen in the 
normal tissues. Of seven positive cases, three cases (30%) 
showed high expression, whereas others demonstrated low 
expression in three cases (30%) and intermediate expres-
sion in one case (10%). Staining was characterized as 
heterogonous and some areas showed completely negative 
expression. The comparison between the expression of 
CYP4Z1 in normal tissues and benign colorectal tumour 
tissues showed a borderline significant association (P = 
0.075) (Figure 4).

Prevalence of CYP4Z1 Expression in 
Primary Colorectal Cancers
CYP4Z1 immunoreactivity was recognized in the majority 
of primary colorectal tumours (41 cases, 68.3%). In a high 
percentage of the colorectal cancers, staining was high in 
18 cases (30.0%), whereas others exhibited intermediate 
expression in 11 cases (18.3%) and low expression in 12 

cases (20.0%). Moreover, no apparent intratumour hetero-
geneity was observed across all tissue sections examined 
(Figure 2).

The relationships between the expression of CYP4Z1 
and different demographic and clinicopathologic features 
were investigated. There was no significant relation 
between the expression of CYP4Z1 and patients’ gender, 
the tumour depth of invasion, and distant metastasis. 
CYP4Z1 was expressed in 63.6% (70 cases) of males 
and 61.1% (36 cases) of females. Moreover, a high fre-
quency of CYP4Z1 expression was found in tumours with 
a tumour depth of invasion, particularly in T3 and T4 
tumours, but not in T1 and T2 tumours, although this 
finding did not reach statistical significance. The same 
tendency of CYP4Z1 expression was seen in distant 
metastasis. However, CYP4Z1 expression was strongly 
associated with tumour histological grade, histological 
stage, lymph node metastasis, and the pathology type of 
the tumour (p value < 0.05). The different grades of color-
ectal cancers all exhibited an elevated level of CYP4Z1 
expression: grade 1 (50%, nine cases), grade 2 (39.6%, 21 
cases) and grade 3 (25.9%, 15 cases). In addition, 
a significantly higher rate of CYP4Z1 expression was 

A B

C D

Figure 1 Different scores and immunostaining pattern of CYP4Z1 expression in colon cancers. CYP4Z1 immunoreactivity was predominantly localized to the membrane or 
cytoplasm of cells without any considerable staining in nuclei. (A) Score “negative” showing no expression in the tissue at all. (B) Score “low” showing expression less than 
33% of cells, (C) score “moderate” showing expression in 34–66% of the cells, (D) score “strong” showing expression in more than 67% of the cells. Magnification (X400).
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observed in the advanced stage of the disease compared 
with the early stages of the disease. Moreover, lymph node 
metastases were more frequently found in colon cancer 
with CYP4Z1 expression as opposed to normal samples. 
Importantly, CYP4Z1 was differentially expressed 
between normal tissues and primary colorectal tumours 
(P = 0.014). Moreover, there was a differential in 
CYP4Z1 expression between benign and primary tumours, 
although this finding showed a borderline significant cor-
relation (P = 0.065) (Figure 4).

Prevalence of CYP4Z1 Expression in 
Metastatic Colorectal Cancers
CYP4Z1 expression was identified in the majority 62.3% 
(43 cases) of metastatic samples (Figure 2). Of 43 positive 

metastatic cases, CYP4Z1 expression was high in 39.1% 
(27) cases, while others showed intermediate expression in 
10.1% (seven cases) and low expression in 13% (nine) 
cases. The comparison between CYP4Z1 expression in 
metastatic deposits and normal and benign tissues showed 
a significant association (P = 0.005 and P = 0.024, respec-
tively). However, there was no significant difference in 
CYP4Z1 expression between primary colorectal cancers 
and metastatic deposits (P = 0.725) (Figure 4).

Correlation of CYP4Z1 Expression with 
Colon Cancer Patients’ Survival
The survival of 60 colon cancer patients was followed for 
130 months. To aid statistical comparison, CYP4Z1 
expression scores were grouped as negative expression 

A

E

DC

B

F

Figure 2 CYP4Z1 expression in different types of colon tissues. Tumours were classified on the basis of histological type. (A) Normal colon tissue, (B) colon tubular 
adenoma, (C) colon adenocarcinoma, (D) metastatic adenocarcinoma from colon, (E) Metastatic mucinous adenocarcinoma and (F) metastatic signet-ring cell carcinoma. 
Magnification (X400).
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(negative, 19 patients) and positive expression (weak, 
intermediate and high, 41 patients). Kaplan–Meier curve 
and log rank test were used to evaluate patient survival 
data with respect to CYP4Z1 expression groups. Survival 
analysis revealed that patients characterized with CYP4Z1 
expression had poor overall survival (43.9%) compared to 
those with negative CYP4Z1 expression (63.2%) (p = 
0.041) (Figure 5). The median overall survival for patients 
characterized with CYP4Z1 expression was 96±5 months 
compared to 116±4 months for patients with negative 
CYP4Z1 expression. By using univariate Cox regression 
analysis, only CYP4Z1 expression was significantly corre-
lated with survival of colon cancer patients with relative 

hazard ratio of 1.025 (P = 0.001, 95% CI: 1.013–1.073). 
Furthermore, the multivariate Cox regression analysis 
revealed similar results to that obtained by univariate 
Cox regression analysis and identified CYP4Z1 expression 
as an independent prognostic factor of poor overall survi-
val of colon cancer patients (P = 0.003; HR 1.038, 95% 
CI: 1.013–1.154) (Table 2).

Discussion
The present study has investigated the presence of 
CYP4Z1 expression in relation to colon tissue types 
including normal, benign, primary and metastatic. In 
a study utilizing a small number of samples, we have 

A B

C D

E

Figure 3 CYP4Z1 expression in different types of experimental controls. (A) No CYP4Z1 expression in colon cancer tissue incubated with normal goat serum instead of 
CYP4Z1primary antibody (negative control), (B) high CYP4Z1 expression was displayed in colon cancer tissue incubated with CYP4Z1 primary antibody, (C) weak to no 
expression of CYP4Z1 was exhibited in colon cancer tissue incubated with mixture of primary antibody and blocking peptide, (D) high CYP4Z1 expression was displayed in 
breast cancer tissue incubated with CYP4Z1 primary antibody (positive control) and (E) very weak expression of CYP4Z1 was observed in breast cancer tissue incubated 
with mixture of primary antibody and blocking peptide. Magnification (x400).
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shown the overexpression of CYP4Z1 in primary colon 
tumours and the lack of expression in corresponding nor-
mal tissues.13 The existing data support and broaden our 
observations in which CYP4Z1 expression was elevated in 
primary colon adenocarcinomas compared to low or unde-
tectable expression in corresponding colon normal tissues. 
This subtype of colon cancer is the major pathological 
subtype found in patients suffering from this cancer.25 

Moreover, benign colon tumours also showed a similar 
pattern of expression to primary tumours but the expres-
sion was weak and heterogeneous. However, this contrasts 
with previous studies investigating the expression profile 
of individual forms of CYP450, including CYP4Z1 in 
colon cancers. These studies indicated weak or absent 
CYP4Z1 expression in colon cancers.26,27

Several reports demonstrated the expression of CYP4Z1 in 
a wide variety of primary tumours such as breast, ovary, 
prostate, bladder and cervix and a lack of expression in normal 
tissues.6,10–13,15,16,18,28 However, there is no information on the 
presence of CYP4Z1 in metastatic disease. Several studies 

reported a lack of CYP4Z1 expression in metastatic colon 
cancers.26,27 Conversely, one of the key findings of the current 
study is the high frequency of CYP4Z1 expression at a greater 
intensity in the majority of metastatic deposits. Indeed, this 
study is the first describing CYP4Z1 overexpression in meta-
static colon cancers. A similar prototype of CYP4Z1 expres-
sion was detected in metastatic ovarian cancer, although it was 
at a somewhat lower frequency.11

The present investigation has also focused on the differen-
tial expression of CYP4Z1 concerning colon tissue types, 
including normal, benign, primary and metastatic. This study 
is the first indicating that CYP4Z1 expression was higher in 
metastatic tissue compared to normal and benign tissues, as 
well as in primary tissue versus normal and benign tissues. 
Moreover, a higher CYP4Z1 expression in metastatic tissue 
compared to primary tissues was apparent, although this find-
ing did not show a significant correlation. This differential in 
CYP4Z1 expression between colon tissue subtypes may indi-
cate that CYP4Z1 can be associated with colon cancer 
progression.

Figure 4 CYP4Z1 expression in normal, benign, primary and metastatic colon samples.
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CYP4Z1 expression has been reported to be associated 
with aggressive features in many cancers and is linked 
with poor survival, particularly in ovarian, prostate, cervi-
cal and triple negative breast cancers.11,12,15,16 In this 
study, CYP4Z1 expression was associated with low 

survival rate of colon cancer patients and connoted poor 
prognosis, which is a novel finding. Moreover, there was 
a significant association between CYP4Z1 expression and 
tumour histological grade, the status of lymph node metas-
tasis, and histological stage of colon cancers. CYP4Z1 
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Figure 5 Kaplan–Meier curve showing overall survival of colon cancer patients.

Table 2 Univariate and Multivariate Analyses of Prognostic Variables Correlated with Colon Cancer Patient Survival

Prognostic Variable Univariate Multivariate

HR 95%Cl P-value HR 95%Cl P-value

Age 1.003 0.979–1.027 0.818 0.978 0.950–1.005 0.111

Gender 0.986 0.910–1.135 0.334 1.465 0.988–1.845 0.543
Histological grade 0.840 0.529–1.334 0.460 1.520 0.908–2.546 0.112

Histological stage 1.399 0.868–2.254 0.168 2.555 0.668–9.780 0.171

Tumour invasion 1.073 0.670–1.718 0.768 0.802 0.394–1.635 0.544
Lymph node metastasis 1.192 0.720–1.975 0.494 0.875 0.290–2.642 0.813

Distant metastasis 1.246 0.294–5.273 0.765 0.306 0.046–2.048 0.222

CYP4Z1 expression 1.025 1.013–1.073 0.001 1.038 1.013–1.154 0.003
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expression was gradually elevated with rising tumour his-
tological grade. This pattern of association has been 
reported before where the CYP4Z1 was significantly 
expressed in high grades of tumours.6,10,13 Similarly, 
CYP4Z1 expression was positively correlated with the 
histological stage, where its expression was significantly 
more elevated in advanced stages than in the early stages 
of the disease. Interestingly, CYP4Z1 expression was 
strongly elevated in colon cancer in patients with metas-
tasis in the lymph nodes. This tendency of CYP4Z1 
expression was also observed in lymph node metastasis 
of breast and cervical cancer patients.13,15,16 Our findings 
are suggestive of the function of CYP4Z1 in colon cancer 
progression and metastasis.

Although this is the first study correlating CYP4Z1 
with colon tissue types, there have been several reports 
that recognize the mechanistic function of CYP4Z1. By 
using cell-line models, CYP4Z1 was conditionally 
expressed in the cells of breast cancer upon treatment 
with corticosteroids.18,19 Its expression was displayed 
on the membrane of breast cancer cells as opposed to 
normal cells.17 This led to the generation of CYP4Z1 
autoantibodies in breast cancer patients’ sera and has 
been proposed as a biomarker for breast cancer 
malignancy.29 Moreover, CYP4Z1 expression in breast 
cancer has encouraged both in vitro and in vivo studies 
to interrogate the effect of CYP4Z1 on cell and tumour 
development. CYP4Z1 expression was found to promote 
tumour angiogenesis, proliferation and spread of tumour 
cells. All of these effects came with high levels of vas-
cular endothelial growth factor-A and a reduction in the 
levels of the tissue inhibitor of metalloproteinase-2 
through the activation of PI3K/Akt and ERK1/2.18,30 

Moreover, a reduction in levels of myristic and lauric 
acids and an increase in the production of 20-HETE 
were observed.18 These alterations in levels of fatty 
acids were proposed before by Zollner et al, where 
CYP4Z1 metabolized myristic and lauric acids into dif-
ferent monohydroxylated metabolites and converted ara-
chidonic acid to 20-HETE.18,20 However, the production 
of 20-HETE metabolites appears to contradict a recent 
study that indicates the absence of these metabolites in 
the arachidonic acid reaction with CYP4Z1 and genera-
tion of 14, 15-epoxyeicosatrienoic acid (14, 15-EET), 
a ligand confirmed to enhance tumour angiogenesis and 
growth.31 Additionally, CYP4Z1 was found to contribute 
to promoting the stemness and resistance of breast cancer 
cells to tamoxifen.30 All of these observations strongly 

support the hypothesis that CYP4Z1 may be associated 
with tumour metastasis.

Recent clinical studies indicating the potential roles of 
CYP4Z1 in tumour malignancy have stimulated interest in 
the biochemical properties of CYP4Z1. In this regard, 
a combined in vitro and silico framework has identified 
Arg487 as an important residue for substrate binding of 
CYP4Z1.22 The latest screening for substrate identification 
for CYP4Z1, expressed in permeabilized cells of fission 
yeast, revealed luciferin benzyl ether as the best lumino-
genic substrate.23 Recently, a selective mechanism-based 
inhibitor, 8-[(1 H-benzotriazol-1-yl)amino]octanoic acid, 
was developed, showing a potent inhibition of 14, 15- 
EET production in breast cancer cells expressing 
CYP4Z1 as opposed to a low inhibitory profile against 
other CYPs.24 These recent efforts may open new path-
ways to the rational design of selective CYP4Z1 inhibitors 
and prodrugs.

Conclusions
The current study is the first reporting CYP4Z1 expression 
in relation to colon tissue types, including normal, benign, 
primary, and metastatic colon tissues. CYP4Z1 expression 
was increased in tumour tissues compared to normal tis-
sues, as well as in metastatic tissues compared to benign 
and primary colon tumours. This unique expression was 
observed at a high rate in tumours of lymph node metas-
tasis, high tumour histological grades, and late stages of 
the disease. Importantly, the differential in the expression 
of CYP4Z1 between colon tissue types may provide the 
basis for a risk stratification tool in colon cancers. 
Moreover, CYP4Z1 enzyme may be utilized as 
a biomarker or an actionable target for novel therapy 
development in colon cancer.

Abbreviations
CYP, cytochrome P450; CYP4Z1, cytochrome 4Z1;14,15- 
EE,14, 15-epoxyeicosatrienoic acid; FFPE, formalin-fixed 
and paraffin-embedded; 20-HETE, 20- 
hydroxyeicosatetraenoic acid.
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