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Abstract: Background and Objective: Ovarian cancer is a leading cause of death in females. Since its
treatment is challenging and causes severe side effects, novel therapies are urgently needed. One
of the potential enzymes implicated in the progression of cancers is Cytochrome 471 (CYP4Z1). Its
expression in ovarian cancer remains unknown. Therefore, the current study aims to assess CYP4Z1
expression in different subtypes of ovarian cancers. Materials and Methods: Immunohistochemistry
was used to characterize CYP4Z1 expression in 192 cases of ovarian cancers along with eight nor-
mal ovarian tissues. The enzyme’s association with various clinicopathological characteristics and
survival was determined. Results: CYP4Z1 was strongly expressed in 79% of ovarian cancers, com-
pared to negative expression in normal ovarian samples. Importantly, significantly high CYP4Z1
expres-sion was determined in patients with advanced-stage cancer and a high depth of invasion
(p < 0.05). Surprisingly, CYP4Z1 expression was significantly associated with a low patient survival
rate. Univariate analysis revealed that patient survival was strongly associated with CYP4Z1 expres-
sion, tumor stage, depth of invasion, and lymph node metastasis (p < 0.05). Multivariate analysis
showed that only CYP4Z1 expression was significantly associated with patient survival (p < 0.05).
Conclusions: CYP4Z1 expression is correlated with shorter patient survival and has been identified as
an independent indicator of a poor prognosis for ovarian cancer patients.

Keywords: cancer; Cytochrome P450; Cytochrome 4Z1; Immunohistochemistry; Ovarian cancer

1. Introduction

Ovarian cancers are a heterogeneous group of neoplasms that originate in the ovaries
or other related areas of the fallopian tube and peritoneum [1]. According to the GLOBO-
CAN estimates of cancer incidence and mortality worldwide, ovarian cancer is a leading
type of cancer in females and is ranked as the third most common gynecological cancer [2].
The epidemiology of ovarian cancer shows that it is also associated with poor prognosis and
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a high mortality rate. In other words, almost half of females with ovarian cancer die within
five years after diagnosis. This low relative survival is mainly attributed to inadequate
screening programs and late patient presentation at diagnosis [3]. Ovarian cancers can
be divided into two main types: epithelial and non-epithelial, with epithelial being more
dominant [4]. Under these two classifications are many types of histological subtypes
that differ in various aspects, including pathology and clinical features [5]. Regarding the
etiology behind ovarian cancer, specific causes are relatively unknown. Nonetheless, some
risk factors have been found to contribute to its development. Among these factors are
family history, the prevalence of BRCA1 and BRCA2 mutations, HNPCC syndrome (Lynch
II syndrome), a prophylactic oophorectomy, nulliparity and infertility, and environmental,
dietary, and, finally, host factors [6]. Ovarian cancer patients are commonly diagnosed
by using a combination of a serum cancer antigen-125 (CA-125) test and transvaginal
ultrasound. However, the positive predictive value for detection of invasive ovarian cancer
with this combination is nearly low. Although other biochemical markers for screening or
detection of ovarian cancer have been developed, none of these have shown potential for
clinical use so far [7]. Despite modern advances in cancer therapy, clinical management
of this disease is challenging and remains difficult. Therefore, there is an urgent need to
search for novel biomarkers and drug targets for the development of new therapies for
ovarian cancers.

Several studies have highlighted the importance of the selective expression of orphan
cytochrome P450s (CYPs) in cancers for therapeutic purposes [8-10]. For instance, the
development of CYP19 inhibitors for breast cancer therapy represented the first successful
approach targeting CYP enzymes in cancer treatment. For ovarian cancer, many CYPs
were found to be overexpressed compared to normal ovarian tissues. These include but
are not limited to CYP2J2, CYP251, CYP1B1, CYP2U1, and CYP3A. Despite some of these
enzymes not being as specific for ovarian cancer, the presence of these enzymes may
pave the way for the discovery of novel CYP-targeted therapies [10,11]. The aberrant
expression of these enzymes in cancers has attracted researchers’ interest, particularly
CYP4Z1. This unique enzyme was selectively found in mammary tissues, with an absence
of expression in other normal tissues [12]. Interestingly, CYP4ZI was strongly overexpressed
in breast cancer [12,13] and, more recently, was also determined in many cancers of the
colon, prostate, bladder, ovary, and cervix [14-18]. Importantly, CYP4ZI expression was
more frequently found in patients with advanced stages of the disease and connoted a
worse prognosis [13,14,16,17]. CYP4Z1 was abnormally translocated at breast cancer cell
membranes and stimulated the formation of anti-CYP4Z1 autoantibodies in breast cancer
patient sera in comparison with none in the control group [19,20]. Such translocation was
conditionally regulated by treatment with glucocorticoids and progesterone and inhibited
by treatment with mifepristone (steroid receptor blocker) [21].

As CYP4Z1 is considered an orphan enzyme, a limited number of studies have investi-
gated its substrate spectrum and catalytic features [22-26]. Using the CYP4Z1 homology
model and different mutants of recombinant CYP4Z1, different key residues for sub-
strate recognition were determined, including Arg487, Ser113, Asn381, Asn381, Ser383, and
Ser222 [22,23]. By screening several luminogenic substrates by utilizing CYP4Z1-containing
enzyme bags, luciferin benzyl ether was determined as the best substrate [23]. These recent
advances led to the identification of 1-benzylimidazole as the first selective mechanism-
based inhibitor for CYP4Z1, showing a potent inhibitory effect against CYP4Z1 with a
minimal inhibitory profile against other CYPs [25]. Additionally, using systematic virtual
screening, another selective potent CYP4Z1 inhibitor (Compound 9) was also developed,
showing high selectivity and nanomolar affinity to the CYP4Z1 enzyme [26]. All of these
recent developments may encourage the discovery of novel anti-cancer targeted therapies.

Since existing ovarian cancer treatment strategies are limited and challenging, novel
treatment approaches, especially for metastatic diseases, are urgently needed. Due to
the latest success with CYP inhibitors as anti-cancer therapy, such as aromatase (CYP19)
inhibitors [27], the potential to develop novel therapies may be offered by selective CYP4Z1
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expression in certain cancers. In a preliminary study utilizing a small number of samples,
CYP4Z1 expression was successfully characterized in certain cancers, including ovarian
cancer [28]. However, there are no data on CYP4Z1 expression in a large cohort of different
pathological subtypes of ovarian cancers. Therefore, the current study aims to investigate
the frequency of CYP4Z1 in various pathological subtypes of ovarian cancers and its
association with histopathological features, as well as prognosis.

2. Materials and Methods
2.1. Tissue Specimens

Prior to the start of the study, the necessity for informed consent was waived because
informed consent for the use of archived paraffin ovarian cancer samples is exempted by the
Institutional Review and Ethics Committee of the Faculty of Medicine, University of Mutah
(Reference No. 6012021 date: 20 January 2021). The study was designed and performed
according to the guidelines of the Declaration of Helsinki. The current study included
subjects from King Abdullah University Hospital and King Hussein Medical Hospital,
Jordan from 2013 to 2020. Ovarian cancer tissue samples and normal ovarian tissue samples
were fixed in formalin and embedded in paraffin. After that, they were cut into 5-pum-thick
tissue sections and then stained with hematoxylin and eosin for routine diagnostic eval-
uation. The inclusion criteria for this study were being a female diagnosed with ovarian
cancer and aged 18-80 years (192 cases). The study also included eight cases of healthy
normal ovarian samples as a control group. Any case that had radiotherapy or chemother-
apy before the surgery was excluded from the study. The panel of ovarian tumors con-
sisted of 86 cases of serous adenocarcinoma, 48 cases of serous papillary adenocarcinoma,
22 cases of mucinous adenocarcinoma, 14 cases of mucinous papillary adenocarcinoma,
eight cases of endometrioid adenocarcinoma, and 14 cases of Krukenberg tumor.
Patients” data on histological grade, clinical stage, TNM (Tumor, Nodes, and Metastases)
classification, age, and tumor histology were obtained from medical records. In this study,
survival data were only available for 100 cases, which ranged from 15 to 60 months (median
58 months). Overall survival was measured from the date of surgical intervention to the
date of the last follow-up or death. All patient-related data and information were kept
anonymous and confidential.

2.2. Immunohistochemistry

Tissue slides were firstly dewaxed in xylene and then rehydrated in a series of decreas-
ing gradients of alcohol and, finally in distilled water. Quenching endogenous peroxidase
activity was achieved by placing the slides in 3% hydrogen peroxide for ten minutes. Then,
the slides were washed in PBS, and antigen retrieval was carried out by microwaving at
650 W in 0.01 M citrate buffer for 20 minutes. After antigen retrieval, non-specific binding
sites were blocked using 2.5% normal goat serum. For primary antibodies, the slides
were incubated overnight at 4 °C in 5 pg/mL with a CYP4Z1 polyclonal rabbit antibody
(NBP1-91817, Novus Biologicals, Centennial, CO, USA). The specificity of the aforemen-
tioned antibody towards CYP4Z1 was confirmed by Western blotting using whole lysates
of engineered CYP4Z1 cells. To further confirm the antibody’s specificity, the CYP4Z1
antibody was incubated with CYP4Z1 blocking protein (H00199974-P01, Novus Biologicals,
Centennial, CO, USA) for 60 minutes at room temperature. The resulting mixture was then
applied to the tissues in place of the primary antibody. The staining density was compared
between the slides treated with blocked antibody and the slides incubated with only the
primary antibody. The following day, tissue sections were incubated with ImmPRESS
(peroxidase) goat anti-rabbit IgG polymer for 30 minutes at room temperature. Immunore-
activity was developed using 3,39-diaminobenzidine chromogen substrate (DAB), and
Harris” hematoxylin was chosen for counterstaining. After dehydration with an increasing
gradient of alcohol and xylene, the slides were mounted with coverslips using DPX. A
breast cancer tissue sample was used as a positive control. For the negative control, the
tissue slide was incubated with normal goat serum instead of the primary antibody under
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the same conditions. Immunoreactivity was evaluated using a Leica DMRB microscope.
Images were taken using a JVC video camera and then digitally processed.

2.3. Scoring

The evaluation of the slides was carried out by two independent pathologists using
the Allred scoring system [29,30]. This system uses a combination of the percentage and the
intensity of the staining. To assess the percentage of membranous- or cytoplasmic-stained
cells, a score of 0-5 was used. Negative expression in the tissue section corresponded to
a score of 0. Tissue sections showing expression levels of less than 1% had a score of 1.
Tissue sections were given a score of 2 if they showed expression levels between 1-10%.
A score of 3 was given to tissue sections showing expression levels between 11 and 33%.
Tissue sections showing expression levels between 34 and 66% were given a score of 4.
Lastly, a score of 5 was given to tissue sections showing expression levels of more than 67%.
As for staining intensity, it was scored from 0-3; negative staining was given a score of 0,
weak staining was given a score of 1, moderate staining was given a score of 2, and strong
staining was given a score of 3 (Figure S1). The final score was equal to the summation
of both the staining intensity score and the frequency of the staining score. Thus, the
generated score had eight possible numbers of the score. A score of less than or equal to
2 was labeled as negative for CYP4Z1 expression, and a score from 3-8 was labeled as
positive for CYP4Z1 expression.

2.4. Statistical Analysis

Data were analyzed using SPSS version 25.(IBM, Armonk, NY, USA) Categorical
variables were expressed in frequencies, and differences between variables were measured
using the multinomial goodness-of-fit test. A Kaplan—-Meier curve was used to measure
patients” overall survival, and a log rank test was used to measure statistical significance.
In addition, the CYP4Z1 prognostic value was evaluated by using univariate and multi-
variate Cox regression at confidence limits (Cl) of 95%. A p-value of less than 0.05 was
deemed significant.

3. Results
3.1. Baseline Demographics and Clinicopathological Characteristics

Table 1 shows the baseline demographics and the clinicopathological characteristics
of the 200 female participants. The study consisted of 192 tissue cases of different ovarian
cancer subtypes, and eight cases were adjacent to normal ovarian tissues. The estimated
average age of the participants was 48.2 &= 10.6 years. Of the participants, 61.5% (123 cases)
were under the age of 50, while 38.5% (77 cases) were aged more than 50 years. The majority
of the patients were at tumor grade III (65.3%, 115 cases), while 20.5% (36 cases) and 14.2%
(25 cases) were at tumor grade II and tumor grade I, respectively. Regarding the tumor
histological stage, most of the patients were at tumor stage I (84.7%, 149 cases), while
tumor stage Il and tumor stage III comprised 8% (14 cases) and 7.4% (13 cases), respectively.
Moreover, about 84.1% of patients (148 cases) had a tumor limited to one or both ovaries
(T1), while 11.9% (21 cases) had a tumor in the ovaries with pelvic implants (T2), and
only 4% (seven cases) had a tumor in the ovaries with confirmed peritoneal metastasis
outside the pelvis (T3). Additionally, only 7.4% (13 cases) of patients presented with lymph
node metastasis, and the rest of the patients (92.6%, 163 cases) were free from lymph
node metastasis.

3.2. Prevalence of CYP4Z1 Expression and Its Relation to Clinicopathological Features

Figure 1 shows the scoring criteria for CYP4Z1 expression. CYP4Z1 expression was
detected in 79% of patients (158 cases), where it was displayed in the cytoplasm or mem-
branes of cells. Only 12.5% of normal ovarian tissues showed positive CYP4Z1 expression,
while others showed negative expression (Figure 2). Importantly, CYP4Z1 expression was
validated by using appropriate negative and positive controls and inhibition of immunos-
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taining with the CYP4Z1-blocking antibody. There was no observable immunostaining
in negative controls, while strong immunoreactivity was exhibited in positive controls
(breast cancer tissues). In addition, immunostaining was not identified in ovarian cancer
specimens treated with a mixture of blocked CYP4Z1 antibodies (Figure S2).

Table 1. Baseline demographic and clinicopathological features of ovarian cancer patients.

CYP4Z1 Expression

Characteristic Negative n = 42 (21%) Positive n = 158 (79%) p Value
<50 (n =123, 61.5%) 23 (18.7%) 100 (81.3%)
>50 (n =77, 38.5%) 19 (24.7%) 58 (75.3%) 0373
Pathology subtype:
Serous adenocarcinoma (1 = 86,43%) 20 (23.3%) 66 (76.7%)
Serous papillary adenocarcinoma (1 = 48, 24%) 4 (8.3%) 44 (91.7%)
Mucinous adenocarcinoma (1 = 22, 11%) 5 (22.7%) 17 (77.3%)
Mucinous papillary adenocarcinoma (n = 14, 7%) 0 (0%) 14 (100%) 0.005
Endometrioid adenocarcinoma (1 = 8, 4%) 3 (37.5%) 5 (62.5%)
Krukenberg tumor (n = 14, 7%) 3 (21.4%) 11 (78.6%)
Normal (n = 8, 4%) 7 (87.5%) 1 (12.5%)
Histological grade:
I (n=25,14.2%) 4 (16%) 21 (84%)
II (n = 36, 20.5%) 2 (5.6%) 34 (94.4%) 0.082
I (n = 115, 65.3%) 25 (21.7%) 90 (78.3%)
Histological stage:
I (n =149, 84.7%) 31 (20.8%) 118 (79.2%)
II (n = 14, 8%) 0 (0%) 14 (100%) 0.033
I (n =13, 7.4%) 0 (0%) 13 (100%)
Tumor depth of invasion:
T1 (n = 148, 84.1%) 31 (20.9%) 117 (79.1%)
T2 (n =21, 11.9%) 0 (0%) 21 (100%) 0.028
T3 (n=7,4%) 0 (0%) 7 (100%)
Lymph node metastasis:
Negative (n = 163, 92.6%) 31 (19%) 132 (81%)
Positive (n = 13, 7.4%) 0 (0%) 13 (100%) 0073

Data analysis revealed a significant association between CYP4Z1 expression and patho-
logical subtype, histological stage, and tumor depth of invasion (p < 0.05; Table 1). There
was a marked difference in the CYP4Z1 expression between normal tissue samples and dif-
ferent histopathological subtypes of ovarian cancer. Furthermore, CYP4Z1 expression was
prevalent in all ovarian cancer pathological subtypes. However, papillary adenocarcinoma
tumors of either serous or mucinous subtypes showed discriminable expression of CYP4Z1
from other histopathological subtypes (91.7%, 44 cases and 100%, 14 cases, respectively).
Moreover, there were high levels of CYP4Z1 expression in patients with stage III (100%,
13 cases) and stage II tumors (100%, 14 cases) compared to those with stage I tumors (79.2%,
118 cases). Of the positive patients, a high frequency of CYP4Z1 expression was found in
patients with confirmed peritoneal metastasis outside the pelvis (T3, 100%, seven cases)
and confirmed metastasis in the pelvis (T2, 100%, 21 cases) compared to that in patients
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with tumors confined only to the ovaries (T1, 79.1%, 117 cases). However, no significant
correlations were detected between CYP4Z1 expression and age, histological grade, and
lymph node metastasis.

Figure 1. Immunostaining and scoring guide of CYP4Z1 expression in ovarian cancer. The expression
was observed as either membranous or cytoplasmic staining. (A) Score “0” reveals totally negative
expression, (B) score “1” shows expression of less than 1% of cells, (C) score “2” shows expression
levels between 1 and 10% of cells, (D) score “3” shows expression between 11 and 33% of cells,
(E) score “4” illustrates expression between 34 and 66% of cells, and (F) score “5” shows expression
levels of more than 67% of cells. Magnification: x400.
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Figure 2. CYP4Z1 expression in different subtypes of ovarian cancer. Tumors were classified accord-
ing to histopathological subtypes: (A) normal ovarian tissue, (B) serous papillary adenocarcinoma,
(C) serous adenocarcinoma, (D) mucinous papillary adenocarcinoma, (E) mucinous adenocarcinoma,
(F) Krukenberg tumor, and (G) endometrioid adenocarcinoma. Magnification: x400.
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3.3. The Correlation between CYP4Z1 Expression and Prognosis in Ovarian Cancer

Survival data were only available for 100 cases of ovarian cancers. Patients were
classified according to their CYP4Z1 expression into two groups: positive expression (69%,
69 cases) and negative expression (31%, 31 cases). The patients’ survival rate was analyzed
with the Kaplan—-Meier curve, and significance was calculated in a log rank test. The analysis
revealed that there was a significant association between CYP4Z1 expression and ovarian
cancer patients’ survival rate (p = 0.002). Positive CYP4Z1 patients had a poor survival
rate (62.3%, mean = 42.9 £+ 1.5 months) compared to negative CYP4Z1 patients (71.0%,
mean = 55.6 &= 1.5 months) (Figure 3). In a univariate Cox regression analysis, CYP4Z1
expression, histological stage, tumor depth of invasion, and lymph node metastasis had
a significant influence on the overall survival rate (p < 0.05; Table 2). To confirm these
results and eliminate any bias that might have been caused by the univariate analysis, a
multivariate Cox regression was conducted. The results showed that CYP4Z1 expression
was the only independent predictor of poor prognosis of ovarian cancer patients (p = 0.01;
HR=1.177, 95% CI = 1.040-1.332) (Table 2).

1.0
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Figure 3. Kaplan—-Meier survival curve of ovarian cancer patients based on CYP4Z1 expression.

Table 2. Univariate and multivariate analyses of prognostic variables associated with ovarian cancer
patients” survival.

Univariate Multivariate

Prognostic Variable HR 95%Cl1 p-Value HR 95%Cl p-Value
Age 0.756 0.383-1.494 0.421 0.631 0.297-1.340 0.231
Pathology subtype 1.081 0.824-1.417 0.575 1.153 0.851-1.561 0.358
Histological grade 1.255 0.770-2.045 0.361 1.288 0.766-2.168 0.340
Histological stage 2.461 1.577-3.840 0.001 3.061 0.652-14.371 0.156
Tumor depth of invasion 2.088 1.227-3.555 0.007 0.487 0.125-1.902 0.301
Lymph node metastasis 7.599 2.928-19.719 0.001 2.803 0.360-21.839 0.325
CYP4Z1 expression 1.155 1.034-1.299 0.010 1.177 1.040-1.332 0.010
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4. Discussion

The global increase in ovarian cancer mortality and morbidity has made it a significant
health problem. This type of cancer is considered very aggressive and has a relatively
poor prognosis compared with other types of cancers [2]. The current treatment regimens
for this disease are not effective and cause severe toxicity. Almost all ovarian cancer
patients suffer from at least a single episode of chemotherapy-related toxicity after receiving
multiple cycles of combinatory chemotherapeutic regimens [31]. Consequently, finding
new biomarkers and therapeutic targets that are useful in the therapy of ovarian cancer
is necessary. This is an exciting field of study, as there are new and ongoing prospects for
research that could reveal novel features of CYP4Z1 in the development and treatment of
cancer. In an initial screening that used a limited number of tumor samples, we identified
selective expression of CYP4Z1 in various types of cancers, including ovarian cancer [28].
This observation has encouraged further research in order to deeply investigate CYP4Z1
expression in a larger panel of different types of ovarian cancers.

As only one study has explored CYP4Z1 expression in a small cohort of ovarian
cancers [16], the current study has identified CYP4Z1 expression in a wide range of different
histopathological types of ovarian cancers. The results showed that 79% of the ovarian
cancers investigated had CYP4Z1 expression, and the expression was confined to tumor
cells. Normal ovarian tissues showed almost negative expression for CYP4Z1. These
results are in agreement with our initial screening [28] and a previous study showing a
similar fashion of expression [16]. Furthermore, our findings are in line with the Human
Protein Atlas data on CYP4Z1 transcription profiling in ovarian cancer. When compared to
normal ovarian tissues, ovarian cancers have high CYP4Z1 mRNA levels [32]. Importantly,
this trend in the differential expression of CYP4Z1 was identified in many cancer types,
including ovarian cancer [13,14,16-18,28]. This differential in CYP4Z1 expression was able
to allow discrimination between benign, primary, and metastatic breast, colon, and ovarian
cancers [14,16,28].

In the current study, the CYP4Z1 enzyme’s role as a clinicopathological marker in ovar-
ian cancer was assessed. There were significant associations between CYP4Z1 expression
and pathological subtype, tumor stage, and tumor depth of invasion. A high frequency of
CYP4Z1 expression was exhibited in papillary adenocarcinomas (serous and mucinous)
compared to that in other pathological subtypes. Moreover, CYP4Z1 was more frequently
expressed in patient tumors at an advanced stage of disease compared to patient tumors in
the early stages of the disease. This trend was identified by other studies showing elevated
CYP4Z1 expression in advanced stages as opposed to early stages of disease [12,13,17,28].
Additionally, CYP4Z1 expression was found to be greater in tumors with confirmed metas-
tasis in the pelvis (T2) and confirmed peritoneal metastasis outside the pelvis (T3) than in
tumors confined only to the ovaries (T1). Interestingly, CYP4Z1 expression was associated
with a poor survival rate of ovarian cancer patients and identified as an independent factor
for overall survival. Such a significant association has been reported in many studies linking
CYP4Z1 expression with poor patient survival and connecting it to aggressive characteristics
of cancers such as breast, colon, prostate, cervical, and ovarian cancers [13-17]. Our results
imply that CYP4Z1 has a possible role in ovarian cancer progression and metastasis.

As there are no functional studies assessing the mechanistic role of CYP4Z1 in the
progression of ovarian cancer, several studies have linked CYP4Z1 with cancer develop-
ment in general [21,24,33-36]. By using in vitro and in vivo models, CYP4Z1 expression
was found to significantly enhance tumor proliferation, tumor angiogenesis, and tumor
metastasis. Furthermore, CYP4Z1 overexpression promoted the expression of the vascular
endothelial growth factor A (VEGF-A) and decreased the expression of the tissue inhibitor
of metalloproteinases 2 (TIMP-2) in cancer cells compared to control cells [33]. All of these
were also accompanied by the production of high levels of 20-hydroxyeicosatetraenoic
acid (20-HETE) and reduced levels of lauric and myristic acids [24,33]. Such changes in
levels of fatty acids were reported by an earlier study where CYP4Z1 converted lauric and
myristic acids into various monohydroxylated products and metabolized archidonic acid
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into 20-HETE [24,33]. However, in the latest report, it was revealed that CYP4Z1 has an
epoxygenase activity that transforms arachidonate into 14, 15-epoxyeicosatrienoate (14,
15-EET) [34]. Importantly, this ligand was found to enhance tumor growth and angio-
genesis [37]. Further investigation into the mechanisms by which CYP4Z1 contributes to
tumorigenesis revealed that expression of the pseudogenes CYP4Z1-3'UTRs and CYP4Z2P
synergistically increased tumor angiogenesis in breast cancer partly via the activation of
the PI3K/ Akt and ERK1/2 pathways [36]. Furthermore, it was revealed that expression
of CYP4Z1 promoted breast cancer cells” stemness and resistance to tamoxifen [35]. Alto-
gether, these findings provide significant evidence that CYP4Z1 may contribute to tumor
progression and metastasis.

5. Conclusions

A distinct expression of CYP4Z1 was characterized in all pathological subtypes of
ovarian cancers in comparison with the lack of expression in normal ovarian tissues.
Significantly high CYP4Z1 expression was found in patients with advanced stages of
disease and tumor depth of invasion. Significantly, CYP4Z1 expression was correlated with
shorter survival and connoted a poor prognosis for ovarian cancer patients. Overall, the
CYP4Z1 enzyme could be used as a biomarker and potential target for the discovery and
development of novel therapies for ovarian cancer.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390 / medicina58091263/s1, Figure S1. CYP4Z1 antibody staining in-
tensity. Negative staining, score 0 (blue arrow); weak staining, score 1 (red arrow); moderate staining,
score 2 (yellow arrow) and strong staining, score 3 (green arrow). Magnification (x400). Figure S2:
CYP4Z1 expression in different types of experimental controls. (A) No CYP4Z1 immunoreactivity was
determined in ovarian cancer tissue incubated with normal goat serum instead of CYP4Z1primary
antibody (negative control), (B) High CYP4Z1expression was displayed in ovarian cancer tissue
incubated with CYP4Z1 primary antibody, (C) Weak to no CYP4Z1 expression was seen in ovarian
cancer tissue incubated with mixture of primary antibody and blocking peptide, (D) High CYP4Z1
expression was exhibited in breast cancer tissue incubated with CYP4Z1 primary antibody (positive
control) and (E) weak CYP4Z1 expression was detected in breast cancer tissue incubated with mixture
of primary antibody and blocking peptide. Magnification (x400).

Author Contributions: Conceptualization, YM.A.-s. and FO.FO.A_; Data curation, F.A.-T.; Formal
analysis, ]. M.A.S.; Funding acquisition, S.A.A.-S.; Investigation, A.O.S. and Y.S.A.-m.; Methodology,
Y.M.A -s.; Project administration, YM.A.-s.; Resources, O.H.A.-a., AN.U., SM.A. and AM.A.-K;;
Supervision, S.M.A.-d.; Validation, A.A.-Q.; Visualization, G.H.A.; Writing—original draft, YM.A.-
s.; Writing—review and editing, YM.A.-s. and S.A.A.-S. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by Institutional Review and Ethics Committee of the Faculty
of Medicine, University of Mutah (Reference No. 9012021 date: 20 January 2021).

Informed Consent Statement: Patient consent was waived due to an exemption for the use of
archived wax ovarian tissue samples issued by the Institutional Review and Ethics Committee of the
Faculty of Medicine, University of Mutah (Reference N0.9012021 date: 20 January 2021).

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical concerns.

Acknowledgments: The authors are very thankful to all the associated personnel in any reference
who contributed towards the purpose of this research. Moreover, a special thanks goes to the
Deanship of Scientific Research at Mutah University. Our sincere thanks are due to Sadeen K. Zein
Eddin for her kind support and work.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/medicina58091263/s1
https://www.mdpi.com/article/10.3390/medicina58091263/s1

Medicina 2022, 58, 1263 11 0f12

References

1. Berek, ].S.; Renz, M.; Kehoe, S.; Kumar, L.; Friedlander, M. Cancer of the ovary, fallopian tube, and peritoneum: 2021 update. Int.
J. Gynaecol. Obstet. Off. Organ Int. Fed. Gynaecol. Obstet. 2021, 155 (Suppl. S1), 61-85. [CrossRef] [PubMed]

2. Bray, F; Ferlay, ].; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer |. Clin. 2018, 68, 394-424. [CrossRef] [PubMed]

3. Doubeni, C.A.; Doubeni, A.R.; Myers, A.E. Diagnosis and Management of Ovarian Cancer. Am. Fam. Physician 2016, 93, 937-944.

4. Grabska, K,; Pilarska, I.; Fudalej, M.M.; Deptata, A.; Badowska-Kozakiewicz, A. What is new about ovarian malignancies?
Contemp. Oncol. Pozn. Pol. 2021, 25, 225-231. [CrossRef] [PubMed]

5. Matulonis, U.A.; Sood, A.K,; Fallowfield, L.; Howitt, B.E.; Sehouli, J.; Karlan, B.Y. Ovarian cancer. Nat. Rev. Dis. Primers 2016, 2, 16061.
[CrossRef] [PubMed]

6. Al Bakir, M.; Gabra, H. The molecular genetics of hereditary and sporadic ovarian cancer: Implications for the future. Br. Med.
Bull. 2014, 112, 57-69. [CrossRef]

7. Carter, J.S.; Downs, L.S., Jr. Ovarian Cancer Tests and Treatment. Female Patient 2011, 36, 30-35.

8.  Guengerich, F.P; Cheng, Q. Orphans in the human cytochrome P450 superfamily: Approaches to discovering functions and
relevance in pharmacology. Pharmacol. Rev. 2011, 63, 684-699. [CrossRef]

9.  Licznerska, B.; Baer-Dubowska, W. What might the presence of ‘orphan’ CYP450 isoforms in breast epithelial cells mean for the
future of targeted therapeutics? Expert Opin. Drug Metab. Toxicol. 2021, 17, 135-137. [CrossRef]

10. Bruno, R.D.; Njar, V.C.O. Targeting cytochrome P450 enzymes: A new approach in anti-cancer drug development. Bioorg. Med.
Chem. 2007, 15, 5047-5060. [CrossRef]

11. Evangelista, E.A.; Cho, C.W.; Aliwarga, T.; Totah, R.A. Expression and Function of Eicosanoid-Producing Cytochrome P450
Enzymes in Solid Tumors. Front. Pharmacol. 2020, 11, 828. [CrossRef]

12.  Rieger, M.A.; Ebner, R; Bell, D.R; Kiessling, A.; Rohayem, J.; Schmitz, M.; Temme, A.; Rieber, E.P.; Weigle, B. Identification of a
novel mammary-restricted cytochrome P450, CYP4Z1, with overexpression in breast carcinoma. Cancer Res. 2004, 64, 2357-2364.
[CrossRef]

13. Al-Saraireh, YM.; Alshammari, F; Youssef, AM.M.; Al-Tarawneh, F; Al-Sarayreh, S.; Almuhaisen, G.H.; Satari, A.O.; Al-
Shuneigat, J.; Alrawashdeh, H.M. Cytochrome 4Z1 Expression is Associated with Unfavorable Survival in Triple-Negative Breast
Cancers. Breast Cancer Dove Med. Press 2021, 13, 565-574. [CrossRef]

14. Al-Saraireh, YM.; Alshammari, F.; Youssef, AAM.M.; Al-Sarayreh, S.; Almuhaisen, G.H.; Alnawaiseh, N.; Al-Shuneigat, ].M.;
Alrawashdeh, H.M. Cytochrome 471 Expression is Associated with Poor Prognosis in Colon Cancer Patients. OncoTargets Ther.
2021, 14, 5249-5260. [CrossRef]

15. Tradonsky, A.; Rubin, T.; Beck, R.; Ring, B.; Seitz, R.; Mair, S. A search for reliable molecular markers of prognosis in prostate
cancer: A study of 240 cases. Am. J. Clin. Pathol. 2012, 137, 918-930. [CrossRef]

16. Downie, D.; McFadyen, M.C.; Rooney, PH.; Cruickshank, M.E.; Parkin, D.E.; Miller, 1.D.; Telfer, C.; Melvin, W.T.; Murray, G.L
Profiling cytochrome P450 expression in ovarian cancer: Identification of prognostic markers. Clin. Cancer Res. 2005, 11, 7369-7375.
[CrossRef]

17.  Al-Saraireh, YM.; Alshammari, F.; Youssef, AM.M.; Al-Sarayra, Y.M.; Al-Saraireh, R.A.; Al-Muhaisen, G.H.; Al-Mahdy, Y.S.;
Al-Kharabsheh, A.M.; Abufraijeh, S.M.; Alrawashdeh, H.M. Cytochrome 471 Expression Is Correlated with Poor Prognosis in
Patients with Cervical Cancer. Curr. Oncol. 2021, 28, 3573-3584. [CrossRef] [PubMed]

18. Al-Saraireh, Y.M.; Alshammari, F; Youssef, A.M.M.; Al-Sarayreh, S.; Almuhaisen, G.H.; Alnawaiseh, N.; Al Shuneigat, ].M.;
Alrawashdeh, H.M. Profiling of CYP4Z1 and CYP1B1 expression in bladder cancers. Sci. Rep. 2021, 11, 5581. [CrossRef]

19. Khayeka-Wandabwa, C.; Ma, X,; Jia, Y.; Bureik, M. Monitoring of autoantibodies against CYP4Z1 in patients with colon, ovarian,
or prostate cancer. Immunobiology 2022, 227, 152174. [CrossRef]

20. Nunna, V,; Jalal, N.; Bureik, M. Anti-CYP4Z1 autoantibodies detected in breast cancer patients. Cell. Mol. Immunol. 2017, 14,
572-574. [CrossRef]

21. Savas, U.; Hsu, M.H,; Griffin, K.J.; Bell, D.R.; Johnson, E.F. Conditional regulation of the human CYP4X1 and CYP4Z1 genes. Arch.
Biochem. Biophys. 2005, 436, 377-385. [CrossRef] [PubMed]

22. Du, W.; Machalz, D.; Yan, Q.; Sorensen, E.J.; Wolber, G.; Bureik, M. Importance of asparagine-381 and arginine-487 for substrate
recognition in CYP4Z1. Biochem. Pharmacol. 2020, 174, 113850. [CrossRef] [PubMed]

23.  Yan, Q.; Machalz, D.; Zollner, A ; Sorensen, E.J.; Wolber, G.; Bureik, M. Efficient substrate screening and inhibitor testing of human
CYP4Z1 using permeabilized recombinant fission yeast. Biocherm. Pharmacol. 2017, 146, 174-187. [CrossRef] [PubMed]

24. Zollner, A.; Dragan, C.A,; Pistorius, D.; Muller, R.; Bode, H.B.; Peters, E.T.; Maurer, H.H.; Bureik, M. Human CYP4Z1 catalyzes the
in-chain hydroxylation of lauric acid and myristic acid. Biol. Chem. 2009, 390, 313-317. [CrossRef] [PubMed]

25. Kowalski, ].P.; McDonald, M.G.; Pelletier, R.D.; Hanenberg, H.; Wiek, C.; Rettie, A.E. Design and Characterization of the First
Selective and Potent Mechanism-Based Inhibitor of Cytochrome P450 4Z1. ]. Med. Chem. 2020, 63, 4824—4836. [CrossRef]

26. Machalz, D.; Li, H,; Du, W,; Sharma, S.; Liu, S.; Bureik, M.; Wolber, G. Discovery of a novel potent cytochrome P450 CYP4Z1
inhibitor. Eur. . Med. Chem. 2021, 215, 113255. [CrossRef]

27. Daldorff, S.; Mathiesen, RM.R; Yri, O.E.; Odegard, H.P; Geisler, ]. Cotargeting of CYP-19 (aromatase) and emerging, pivotal

signalling pathways in metastatic breast cancer. Br. |. Cancer 2017, 116, 10-20. [CrossRef]


http://doi.org/10.1002/ijgo.13878
http://www.ncbi.nlm.nih.gov/pubmed/34669199
http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://doi.org/10.5114/wo.2021.112037
http://www.ncbi.nlm.nih.gov/pubmed/35079229
http://doi.org/10.1038/nrdp.2016.61
http://www.ncbi.nlm.nih.gov/pubmed/27558151
http://doi.org/10.1093/bmb/ldu034
http://doi.org/10.1124/pr.110.003525
http://doi.org/10.1080/17425255.2021.1844182
http://doi.org/10.1016/j.bmc.2007.05.046
http://doi.org/10.3389/fphar.2020.00828
http://doi.org/10.1158/0008-5472.CAN-03-0849
http://doi.org/10.2147/BCTT.S329770
http://doi.org/10.2147/OTT.S332037
http://doi.org/10.1309/AJCPF3QWIG8FWXIH
http://doi.org/10.1158/1078-0432.CCR-05-0466
http://doi.org/10.3390/curroncol28050306
http://www.ncbi.nlm.nih.gov/pubmed/34590601
http://doi.org/10.1038/s41598-021-85188-4
http://doi.org/10.1016/j.imbio.2021.152174
http://doi.org/10.1038/cmi.2017.21
http://doi.org/10.1016/j.abb.2005.02.022
http://www.ncbi.nlm.nih.gov/pubmed/15797250
http://doi.org/10.1016/j.bcp.2020.113850
http://www.ncbi.nlm.nih.gov/pubmed/32044355
http://doi.org/10.1016/j.bcp.2017.09.011
http://www.ncbi.nlm.nih.gov/pubmed/28951277
http://doi.org/10.1515/BC.2009.030
http://www.ncbi.nlm.nih.gov/pubmed/19090726
http://doi.org/10.1021/acs.jmedchem.0c00101
http://doi.org/10.1016/j.ejmech.2021.113255
http://doi.org/10.1038/bjc.2016.405

Medicina 2022, 58, 1263 12 0of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Al-Saraireh, YM.; Alboaisa, N.S.; Alrawashdeh, H.M.; Hamdan, O.; Al-Sarayreh, S.; Al-Shuneigat, ]. M.; Nofal, M.N. Screening of
cytochrome 471 expression in human non-neoplastic, pre-neoplastic and neoplastic tissues. Ecancermedicalscience 2020, 14, 1114.
[CrossRef]

Allred, D.C. Problems and solutions in the evaluation of hormone receptors in breast cancer. J. Clin. Oncol. Off. ]. Am. Soc. Clin.
Oncol. 2008, 26, 2433-2435. [CrossRef]

Daltoé, R.D.; Madeira, K.P.; de Carvalho, A.A.; de Rezende, L.C.D,; Silva, 1.V.; Rangel, L.B.A. Evaluation of the progesterone
receptor status in breast cancer using three different antibodies: A comparison by Allred score system. Int. J. Clin. Exp. Pathol.
2013, 7, 331-339.

Carter, J.; Penson, R.; Barakat, R.; Wenzel, L. Contemporary quality of life issues affecting gynecologic cancer survivors.
Hematol./Oncol. Clin. N. Am. 2012, 26, 169-194. [CrossRef] [PubMed]

Uhlen, M.; Zhang, C.; Lee, S.; Sjostedt, E.; Fagerberg, L.; Bidkhori, G.; Benfeitas, R.; Arif, M.; Liu, Z.; Edfors, F; et al. A pathology
atlas of the human cancer transcriptome. Science 2017, 357, eaan2507. [CrossRef]

Yu, W,; Chai, H.; Li, Y,; Zhao, H.; Xie, X.; Zheng, H.; Wang, C.; Wang, X.; Yang, G.; Cai, X,; et al. Increased expression of CYP4Z1
promotes tumor angiogenesis and growth in human breast cancer. Toxicol. Appl. Pharmacol. 2012, 264, 73-83. [CrossRef]
McDonald, M.G.; Ray, S.; Amorosi, C.J.; Sitko, K.A.; Kowalski, ].P.; Paco, L.; Nath, A.; Gallis, B.; Totah, R.A.; Dunham, M.].; et al.
Expression and Functional Characterization of Breast Cancer-Associated Cytochrome P450 471 in Saccharomyces cerevisiae.
Drug Metab. Dispos. 2017, 45, 1364-1371. [CrossRef]

Zheng, L.; Guo, Q.; Xiang, C.; Liu, S.; Jiang, Y.; Gao, L.; Ni, H.; Wang, T.; Zhao, Q.; Liu, H.; et al. Transcriptional factor six2
promotes the competitive endogenous RNA network between CYP4Z1 and pseudogene CYP4Z2P responsible for maintaining
the stemness of breast cancer cells. J. Hematol. Oncol. 2019, 12, 23. [CrossRef]

Zheng, L.; Li, X.; Gu, Y.; Lv, X;; Xi, T. The 3'UTR of the pseudogene CYP4Z2P promotes tumor angiogenesis in breast cancer by
acting as a ceRNA for CYP4Z1. Breast Cancer Res. Treat. 2015, 150, 105-118. [CrossRef]

Sausville, L.N.; Williams, S.M.; Pozzi, A. Cytochrome P450 epoxygenases and cancer: A genetic and a molecular perspective.
Pharmacol. Ther. 2019, 196, 183-194. [CrossRef]


http://doi.org/10.3332/ecancer.2020.1114
http://doi.org/10.1200/JCO.2007.15.7800
http://doi.org/10.1016/j.hoc.2011.11.001
http://www.ncbi.nlm.nih.gov/pubmed/22244668
http://doi.org/10.1126/science.aan2507
http://doi.org/10.1016/j.taap.2012.07.019
http://doi.org/10.1124/dmd.117.078188
http://doi.org/10.1186/s13045-019-0697-6
http://doi.org/10.1007/s10549-015-3298-2
http://doi.org/10.1016/j.pharmthera.2018.11.009

	Introduction 
	Materials and Methods 
	Tissue Specimens 
	Immunohistochemistry 
	Scoring 
	Statistical Analysis 

	Results 
	Baseline Demographics and Clinicopathological Characteristics 
	Prevalence of CYP4Z1 Expression and Its Relation to Clinicopathological Features 
	The Correlation between CYP4Z1 Expression and Prognosis in Ovarian Cancer 

	Discussion 
	Conclusions 
	References

