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                                          Abstract 

FABP5 and the androgen receptor (AR) are two important promoting factors for the 

malignant progression of prostate cancer cells. To study the molecular mechanisms 

underlying their tumor-promoting function, we first knocked out FABP5 or AR in the 

moderately malignant 22RV1 cells and in the highly malignant DU145 and PC3M cells, 

respectively. Then we investigated the effect of FABP5- or AR- knock out (KO) on the 

malignant characteristics of the cancer cells and detected the changes in expression status 

of the main factors involved the FABP5 or AR-PPARγ-VEGF signal pathway.  To 

investigate the complexed signal network regulated by FABP5 and AR, we compared the 

expression profiles between the parental cells and the FABP5- or AR- KO cells. Our 

results showed that FABP5- or AR- KO significantly suppressed the cell proliferation rate, 

invasive ability, motility rate, and anchorage-independent growth through disrupting the 

FABP5 or AR-p-PPARγ-VEGF axis. It was found that FABP5 and AR interacted with 

each other in regulation of FABP5 or AR - p-PPARγ-VEGF axis, with FABP5 controlling 

the ARV7 splice variant and AR regulating the expression of FABP5. RNA profile 

comparison led to the identification of a large number of differentially expressed genes 

(DEG) between the parental and FABP5- or AR- KO cells. Six most pronouns DEGs were 

shown to be involved in the transition of the cells from androgen-responsive to androgen-

unresponsive prostate cancer or CRPC cells. Gene ontology enrichment analysis revealed 

that the top enriched biological processes of DEGs included those response to fatty acids, 

cholesterol, and sterol biosynthesis, as well as lipid and fatty acid transport. These 

pathways regulated by FABP5 or AR were crucial in transducing signals for cancer cell 

progression. Our results suggested that the interactions between FABP5 and AR 

contributed to the transition of prostate cancer cells to the androgen-independent state. 
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These findings provided novel insights into the complicated molecular pathogenesis of 

CRPC cells.  
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1.1  Epidemiology of prostate cancer 

1.1.1  Incidence 

Prostate cancer (PCa) ranks as the second most prevalent form of cancer worldwide, with 

1.1 million first-time diagnoses in 2012 (1). PCa has the highest prevalence of any cancer 

among the male population of the UK. From 2014 to 2016, an estimated 47,700 new cases 

of PCa were diagnosed annually. PCa accounted for 26% of all new instances of male 

cancer in the UK in 2016. Over the preceding 20 years, the case numbers have 

consistently risen. As indicated in figure1, among the 20 most prevalent cancer forms, 

PCa ranked second in terms of the number of new cases diagnosed annually in the UK 

(2). 

 

 

Figure1. Prevalence of prostate cancer (PCa) among the 20 most common cancer types 

in the UK. (2).  
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While in the past, it was widely considered that PCa was an illness affecting older males, 

of the mean age at diagnosis has decreased in recent years. According to an American 

study, the probability of developing PCa increases with age. Thus, males aged 39 had 

only a 0.005 percent chance of developing PCa, but the risk climbed to 2.2 percent and 

13.7 percent, respectively, for men aged 40 to 59 and 60 to 79 (3). 

As seen in Figure 2, the incidence of PCa was highest among males aged 75 to 79 years 

old. The incidence of PCa grows with the age of patients until they reach 79 years old, at 

which point it begins to decline until they reach 90 years of age (2). 

 

 

Figure 2. Age-specific incidence of prostate cancer (PCa) among males. This age-specific 

pattern demonstrates the age-dependent nature of PCa incidence, with a higher likelihood 

of diagnosis in older individuals followed by a gradual decrease in incidence in the later 

years(2). 
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The majority of PCa cases are diagnosed in industrialized nations, such as North 

American and Western European countries. As demonstrated in figure 3, North America, 

Oceania, West and North Europe had the greatest incidence of prostate cancer (4). 

 

 

 

 

 

 

 

 

 

 

Figure 3. Incidence of PCa globally in 2018 (1). ASR: Age-standardized Rate/100,000. 

 

 

1.1.2 Mortality 

PCa leads to the second-highest mortality rate in British males of any cancer. There are 

around 11,700 fatalities annually, which equates to 32 deaths per day (2).Between 2014 

and 2016, approximately 74% of prostate cancer deaths in the United Kingdom occurred 

in men aged 75 or older. The age-specific mortality rate began to rise as early as 55-59 

and peaked among those aged 90 or older(Figure 4).There is a clear correlation between 

age and PCa mortality, with deaths being greatest among the elderly(2,4). 
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Figure 4. The average number of deaths related to prostate cancer and the mortality rates 

based on specific age groups in the United Kingdom between 2014 and 2016(2,4). 
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1.1.3 Survival 

The anticipated ten-year survival rate for PCa in 2010 was 84 percent. As shown in figure 

5, this rate has risen since 1970, increasing by 59% over a span of four decades, from 

1971 to 2010. Currently, over eight out of ten men with an initial PCa diagnosis in 

England are anticipated to live for at least ten years. This may be a result of the public 

prostate-specific antigen (PSA) screen, as well as transurethral resection of the prostate 

(TURP) examinations (2,5).  

     

 

Figure 5. Trends in ten-year survival rate for prostate cancer (PCa) from 1971 to 2010. 

The graph demonstrates a significant increase in the survival rate since 1970, with a 

remarkable 59% improvement observed over this period. Presently, in England, over 

eight out of ten men diagnosed with PCa are expected to survive for at least ten years 

(2,5). 
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1.1.4 Risk factors 

1.1.4.1 Age 

Numerous studies have linked ageing to higher PCa risk. males between 75 and 79 have 

the highest PCa risk (2), while just 1 percent of people under the age of 50 were diagnosed 

with PCa, 20 percent of those of 50 and over were affected (6,7). Carter et al. found that 

the probability of malignant histological abnormalities in the prostate rose for older age 

groups, with 20% for the 50-to-60 category, and 50% for the 70-to-80 age group (8). It 

has been observed that men's chance of developing histologically undiagnosed PCa, 

clinical PCa, or fatal PCa is increased by percentages of 42, 9.5, and 2.9% respectively, 

when they reach age 50 (3). 

1.1.4.2 Ethnicity 

Different ethnic groups have varying PCa incidence rates. African-American males have 

been found to have the highest PCa risk, followed by white men. PCa risk is the lowest 

among Asian males. Numerous epidemiological studies examine the causes of risk 

variation amongst various ethnic groups, and it is currently unclear if socioeconomic, 

genetic, or environmental influences have a role in this phenomenon (9) (2). At least one 

study has suggested that  PCa incidence levels among males migrating from Japan to  

North America more than 50 years ago was 43% greater than for those who had always 

resided in Japan. This study concluded that a westernized lifestyle, rather than hereditary 

factors, had greater impact on the risk of PCa (10). Dietary differences also contributed 

to the reduced PCa occurrence within the Asian population in comparison with the 

American one. It was hypothesized that Japanese men's use of isoflavonoid-containing 

foods such as soya beans may prevent them from acquiring PCa (3). Numerous studies 

suggest that African-American males have greater PCa prevalence and death rates than 

men of other ethnicities. Family history of PCa may contribute to the higher prevalence 

rate among this group, according to these studies. However, Makinen and colleagues 
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found no significant correlation between this factor and the greater incidence rate among 

African-American men (11,12). Genetic involvement was one of the explanations for the 

elevated incidence of PCa in particular ethnic groups. The genomic locus 8q24 was 

reported as a risk factor in PCa, being linked to a rise in risk of 8%  in white Caucasian 

males, whereas African-American men had a 16% increased risk (13). More study is 

needed to assess ethnicity’s role in PCa. 

1.1.4.3 Family history 

Compared with the baseline level, men for whom other family members have had cancer 

are at greater risk of developing PCa. If the PCa risk for a normal man is set as 1,  the 

probability for individuals whose father, brother, or second-degree relatives have been 

diagnosed with PCa are 2.40, 3.30, and 1.80, respectively (2). Those who have PCa in 

their family histories have 6-7 years greater chance of getting the disease than males 

where this is not the case. However, research has postulated that, in addition to the 

possibility of genetic influence, there is a possibility that family members have been 

exposed to the same environmental unidentified conditions (14). 

Smith et al. (1996) conducted research that revealed the presence of the HPC1 (hereditary 

prostate cancer 1) site, (located within chromosome 1, on its long arm) in Swedish and 

22 American high-risk families characterized by the development of PCa at a younger 

age and the presence of five or more PCa-affected family members. However, a 

systematic meta-analysis comprising 772 hereditary PCa families indicated that HPC1 

was only linked to 6% of families (10,14). 
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1.1.4.4 Diet 

Numerous studies have sought to explain the relationship between fat consumption and 

PCa. High-fat foods were linked PCa occurrence, as was red meat consumption. An 

association has been found to link PCa to dietary fat levels in animals. According to a 

previous study, males who took linoleic acid were five times more likely to acquire PCa. 

An explanation put forward for increased PCa with high fat consumption was that fatty 

acids exert their influence on serum sex hormone levels, hence influencing the incidence 

of PCa (15,16). It was believed that using those men maintained a low PCa risk as control, 

Studies on Japanese immigrants to the US have been used to generate insights on 

influence from factors in the environment and in the diet. It was found that the men shifted 

to a high PCa risk group in line with the length of their stay in the USA. Another study 

examining the relationship between overall fat intake and PCa risk in African American 

and Asian American groups indicated a 15 percent greater prostate cancer incidence 

across African Americans (17-21). Although further research is necessary, there may be 

a link between red meat and PCa. Through activating insulin-like growth factor-1 (IGF-

1), whose release from the liver is boosted when high levels of fats are consumed, fatty 

diets can also influence the development of PCa. IGF-1 can promote proliferation and 

inhibit apoptosis, as demonstrated by cohort studies in which males with greater IGF-1 

levels showed 4.3 times the risk of PCa development (14,22). 
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1.2 Pathology in prostate cancer 

1.2.1 Anatomical structure of the prostate  

The prostate is part of the reproductive system in men, and forms a fibro-muscular gland 

surrounding the urethra and encapsulated by a thin covering forming a capsule.   The 

gland is also covered from the front, back, and sides by three layers of a pseudo capsule. 

As illustrated in Figure 6, areas from above the gland extend around the neck of the 

bladder. Within the gland are duct structures, stroma and basement membrane. The 

prostate has columnar channelling with secretory cells forming a lining. The prostate 

functions primarily to provide an electrolyte and protein supply to fuel  prostatic fluid 

production. This fluid assists with the transport of sperm (23,24).  

 

Figure 6. Anatomical representation of the three prostate gland regions in relation to the 

bladder (23). 

There are three zones within the prostate: the transitional zone, central and peripheral 

zones. Seventy percent of this gland is composed of glandular tissue, while the remaining 

thirty percent consists of fibromuscular stroma tissue. Benign prostatic hyperplasia (BPH) 

predominantly occurs in the transitional zone (TZ) of the prostate, which constitutes 5% 
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of its overall volume. Ejaculatory ducts are in the central region, while 25% of this area 

consists of glandular tissues. Around 1-5% of PCa occurs in this zone. In contrast, the 

peripheral zone is seventy percent glandular tissue, and forms the prostate’s  sides and 

back, and a majority of prostate adenocarcinomas (70 percent) develop from this zone. 

This is the region that a digital rectal examination (DRE) test can detect. The central 

region of the prostate has a triangular form, the bottom of which is in continuity with the 

seminal vesicles, while the point of the triangle is the verumontanum (25-27) 

1.2.2   Epithelial cells of the prostate 

Three different cell types are found in the prostatic epithelium, each with a unique 

structure, function, and relationship to tumour progression. The most common form, as 

seen in figure 7, is the secretory luminal cell, which secretes prostatic proteins and is 

androgen dependent. As a result, secretory luminal cells express androgen receptor (AR) 

(28). 
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Figure 7. Prostate duct cell types (28).The basal cells are the second kind of cell, and 

they form a continual layer separating the luminal cells from the basement membrane. 

Neuroendocrine cells form a less common type. Neuroendocrine cells, due to their 

uncertain embryology origin, may aid in luminal cell proliferation via signaling. They are 

androgen-independent, frequently present in the basal layer, and express neuropeptides 

like serotonin. Regardless of their rarity, neuroendocrine cells are a distinguishing 

hallmark of aggressive PCa when they aggregate or acquire their traits (28). 

1.2.3 Benign prostatic hyperplasia 

Benign prostatic hyperplasia (BPH) is described as an enlargement of prostate cells which 

is not malignant. This condition occurs where prostatic epithelial cells located 

surrounding the urethra multiply, leading to excessive growth. In benign prostatic 

hyperplasia, enlargement of the prostate occurs, with growth of non-cancerous stroma 

and glandular tissues. Occurrence of BPH increases in older populations, and its source 

is not known, but  the condition was originally thought to be stimulated through growth 

factor or hormones. Urine abnormalities such as high frequency, urgency, and so on are 

common in BPH patients. DRE or PSA is frequently used to diagnose BPH. BPH is 

thought to start within the submucosal layer of the transitional region. Compression of 

that area, which produces pain in the lower urinary tract due to surrounding the urethra 

(23,29,30). 

1.2.4 Prostatic Intra-epithelial Neoplasia 

The precancerous disease prostatic intra-epithelial neoplasia (PIN)  is marked by the 

epithelial cell growth in the ducts without causing damage (23). These cells are different 

in their cytoplasm, architecture, nuclei, and nucleoli. These changes are only found in 

ducts and acini. PIN has both low grades and high grades, but the high grades are more 

common in males who have PCa. When it is found on a biopsy, the risk of discovering 

prostate cancer on a later biopsy  goes up. However, occurrence of PCa in a later biopsy 
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does not go up with the low grade. High grade PIN might have patterns like tufting, 

micropapillary, cribriform, and flat forms (7). 

 

 

 

 

Figure 8. Showing how PIN and metastasis develop in prostate epithelium (28). 

High-grade PIN has been identified as a pre-malignant lesion in studies for numerous 

reasons, including the fact that it is seen with deadly cancer in the peripheral zone, and 

that it predates carcinomas by a decade. HGPIN is structurally similar to cancer in that it 

damages the basal layer. In contrast, there are two distinguishing aspects that aid in the 

diagnosis of PIN, which are represented by the impossibility of PIN to pass through 

stroma due to its integrated membrane. Furthermore, because PIN has no effect on PSA, 

it is only found in tissue samples (28). 

1.3 Gleason scale     

For the last 50 years, the approach proposed by Gleason has been widely utilized across 

the globe for histological assessment of prostate cancer. This categorization was 

developed based on structural characteristics and increased mitosis. Carcinomas are 

classified from 1 to 5, indicating the degree of malignancy of the tumour. As seen in 

figure 9, Gleason grade 1 indicates the lowest level of malignant carcinoma, whereas 

Gleason grade 5 represents the greatest (31). 
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Figure 9. Gleason grading ranges from 1 to 5, with 1 being the least malignant and 5 

being the most malignant alterations (32). 

Multiple lesions are frequently identified in the same individual, owing to the variability 

of PCa. Also, because the Gleason grading method cannot fully capture the heterogenic 

character, the Gleason scale system was developed. A prostate carcinoma's combined 

Gleason scale comes from the Gleason grade for the major lesion in addition to the 

Gleason grade of the second biggest lesion in the same instance. As a result, the lowest 

combined Gleason scale is 2. Rising combined scores indicate a rise in disease 

malignancy, and the highest combined Gleason scale, at 10, reflect the most malignant 

cases, which often have a very poor prognosis (28). The most frequent lesion in a PCa 

case is the 'primary lesion,' while the next most frequently-occurring lesion is referred to 

as the ‘secondary lesion.' PCa is classified or diagnosed based on the histological 

appearance of cancer cells as well as clinical behaviour (6). 

1.4 Prostate cells line   

In this research, six prostate epithelial cell lines were employed. PNT2 is a benign 

prostatic cell line, LNCaP is a line with weak malignancy, 22RV1 exhibits moderate 

malignancy, and DU145, PC3 and PC3M are extremely malignant lineages. A benign 
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line, PNT2, comes from normal prostatic tissue from a 33-year-old male with no history 

of prostatic disease. Transfection of simian virus 40 plasmid was used to create a stable 

cell line in order to immortalize the cells. These cells retain typical epithelial tissue 

characteristics, as evidenced by the expression of cytokeratins 8, 18, and 19, members of 

the Keratin family (33-35).The LNCaP weak-malignancy line was produced from a 

metastasis within the left supraclavicular lymph node occurring in a Caucasian male, fifty 

years old, who had primary PCa, in 1980. The cells were first extracted from the 

metastasis using a needle aspiration biopsy. Because AR and PSA expression is found in 

LNCaP: the cell line is classified as androgen-responsive (36). Because of this androgen 

responsiveness these cells can be used as a model for androgen research when cultured in 

culture media with testosterone-containing foetal bovine serum. However, it has been 

observed that in an androgen-free environment (for example, when charcoal-striped foetal 

bovine serum was used instead of serum albumin), these cells proliferate independently 

of androgen (37-39). A 1999 xenograft taken from a male who had bone cancer 

metastasized from the initial prostate cancer, and this was used to produce the moderately 

malignant PCa cell line 22RV1. PSA and AR were both expressed by these cells 

(35,39,40). DU145, a highly malignant prostate cancer cell line, came from a brain 

metastasis taken in 1975 from a 69-year-old Caucasian male with an extensively 

distributed PCa. There is no PSA or AR expression in this cell line. When nude mice were 

subcutaneously injected with cells from this line, the resulting tumour retained both 

genotypic and phenotypic characteristics of prostate (25,41,42), 196). The highly 

aggressive PC3 PCa cell line was created in 1979 from the rib metastases from a 62-year-

old Caucasian man with PCa. These cells, like DU145, do not generate AR or PSA. 

Furthermore, several studies reveal that these cells resemble small cell carcinomas or 

neuroendocrine tumours (16,39,43,44). The most malignant subset of PC3 cells was used 

to create the highly malignant cell line PC3M. When PC3 xenografts of athymic mice 
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were created using PC3 cell injection, a portion of the xenografts were excised and 

cultured in primary tissue. This procedure was done several times, and PC3M cells were 

created from the mouse xenografts, implying that the PC3M cell line is more malignant 

than its mother cell line, PC3 (39,45). 

1.5 PCa with and without androgen dependence    

1.5.1  Androgen-dependent prostate cancer  

Androgen exerts a major effect on how the prostate gland develops, grows, stays healthy, 

and works. The most common androgen in men is testosterone, which is made almost 

entirely in the testes. The last 5% of testosterone is provided by the adrenal glands (46), 

while androgen creation and release is controlled by the hypothalamus, sending out 

luteinising hormone-releasing hormone (LHRH) pulses when testosterone level in the 

blood drops. When the LHRH receptors of the pituitary gland are stimulated, more 

luteinising hormone (LH) is made and released into the blood. This leads Leydig cells to 

make more steroid hormones. In the prostate gland, 5-alpha-reductase enzymes change 

testosterone into an active form called dihydrotestosterone (DHT). This helps prostate 

cells grow and stay alive (46,47). Through binding to the AR, DHT moves it away from 

heat shock proteins. Next, the receptor makes two copies of itself and is phosphorylated 

(48). Within the nuclear region of the cell, activated receptor is bound to androgen 

response elements (AREs) within several target genes’ promoter regions,  including 

prostate-specific antigen (PSA), as well as regulating transcription (49,50). 

For PCa, radical prostatectomy and radiation therapies have the highest rate of success 

when the tumour is in the localised stage (51). Standard therapies to treat locally advanced 

and metastasising PCa are androgen deprivation therapy (ADT), which can be 

accomplished through anti-androgen therapy, surgical/medical castration, or combined 

androgen blockade. This treatment can ultimately suppress androgen signalling (52). 
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While ADT is a successful therapy which is capable of inducing clinical response in 80–

90 percent of patients, the cancer can nevertheless progress to androgen-independent PCa 

after two to three years as a median (53). In the vast majority of instances, AR expression 

is retained in androgen-independent tumour cells. 

1.5.2  Androgen-independent PCa 

Androgen-independent prostate cancer, commonly termed castration-resistant prostate 

cancer (CRPC), refers to a stage of illness which is not sensitive to castration, and with 

poorer prognoses as well as shorter survival duration from recurrence (54,55). 

Discovering molecular pathways important in the transformation in status from the 

androgen dependent to androgen-independent prostate cancer cell forms the foundation 

for development of novel therapies in CRPC. These pathways are as yet unknown. 

Nonetheless, various processes may lead to CRPC formation. 

1.5.3 Molecular mechanisms in CRPC 

CRPC results from the adaptation of PCa cells to surroundings deprived of testosterone. 

Most laboratories that have investigated the progression of CRPC from diverse 

perspectives have focused on the molecular pathways underlying its progression. Since 

the 1941 discovery of Huggins and Hodgkins that the disease is androgen-dependent, 

standard therapy for PCa in men has been ADT (55). Initially, a majority of males who 

have PCa respond positively to ADT. However, due to the development of CRPC cells, 

almost every patient will have a recurrence. Most of these cells go on expressing 

androgen-responsive genes, e.g. PSA, commonly expressing AR. The CRPC cell is 

aggressive and can survive and grow in a low-androgen environment or in the absence of 

any androgen. At this point, ADT has been rendered ineffective, metastases have spread, 

and curative treatment is no longer practicable. In recent years, multiple molecular 

mechanisms linked with ADT have been identified, and it has become apparent that 

different pathways which are AR-dependent or -independent are responsible for CRPC 
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cell migration. Progression of CRPC results from adaptation of prostate cancer cells to 

no-testosterone environments.  

1.5.4 AR-dependent signalling pathways and CRPC 

Androgen receptor is a ligand-dependent transcription factor within the steroid hormone 

receptor group. It comprises many functional domains, including ligand-binding and 

DNA-binding domains, a large N-terminal domain (NTD) and a hinge region (56). PSA 

expression is regulated by androgen response components in AR for the great proportion 

of CRPC patients (57). Furthermore, the continual androgen receptor activation in CRPC 

is found to be one of the more important cellular processes in CRPC proliferation (58). 

Irrespective of castration and the resulting decrease in blood androgen levels, CRPC 

patients’ tissue testosterone or dihydrotestosterone levels are comparable with those of 

individuals prior to ADT (59). Multiple alterations at the cell and molecular level are 

associated with developing CRPC, such as amplification and mutation of AR, AR-ligand 

signalling, AR splice variants,  and abnormal AR co-regulation factors (60). 

1.5.5 Androgen receptor overexpression/amplification in CRPC 

AR gene amplification forms a significant mechanism for sensitising CRPC cells to low 

levels androgen circulation, promoting CRPC development. The rate of AR gene 

amplification rose by between 20 and 30% for CRPC patients following ADT, although 

relatively low numbers of occurrences were identified for original PCa with no treatment 

(61). ADT might cause AR to be amplified within the CRPC cell cytoplasm, allowing 

tumour cells to respond to lower androgen levels, allowing these cells to maintain 

androgen-dependent growth despite castration (62). AR gene amplification has been 

found to be related to significant increases in proteins and mRNA level within CRPC 

tissue (63). Furthermore, amplified AR sensitivity is demonstrated to arise more 

frequently in cases where the patient originally reacted favourably to ADT, less frequently 

being  observed for ADT-unresponsive individuals (61). Reduced retinoblastoma protein 
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(RB) and enhancement in E2F activity have also been linked to the overexpression of AR 

(64). AR amplification was observed in just a subset of people with CRPC, indicating 

that this does not form the sole mechanism involved in CRPC pathogenesis.  

1.5.6 Mutation of AR in CRPC 

The Androgen Receptor Gene Mutations Database reveals that AR contains the highest 

number of variants of any hormone receptor, having over 1110 distinct mutations, and 

168 of those are linked to prostate cancer (65). Mutation in AR is extremely uncommon 

during early-stage PCa, yet was found in roughly 10-30% of individuals undergoing ADT 

treatment (66). Researchers have hypothesized a role for ADT in exerting selection 

pressure leading to a rise in AR mutations (67). The LBD (94 percent) or the NTD (40 

percent) are most commonly affected by mutations, whereas the DBD (7 percent) and 

hinge area are affected less frequently (2 percent ). AR gene mutation can boost the 

development and survival of CRPC cells at extremely low levels of androgens (68). The 

T877A mutation was identified in LBD and is present for approximately 33% of CRPC 

patients (69). LBD mutation lowered specificity in permitting prostate cells to grow 

independently of androgen, as well as letting binding of AR and its triggering by various 

usually-present ligands, such as oestrogens, corticosteroids, progesterone, and flutamide, 

which is an androgen antagonist (61,70). A number of additional LBD mutations, 

including L701H, H874Y, V730M, and W742C, made AR more sensitive to normal 

amounts of different hormones: e.g. glucocorticoids (71). Although the majority of 

mutations were detected within the LBD, NTD and DBD mutations occurred as well (8). 

1.5.7 AR-associated  co-regulators and collaborating factors in 

CRPC 

AR-coregulator interactions form an additional essential mechanism for CRPC 

progression. Approximately fifty AR-associated coregulators have been discovered as 

being abnormally expressed in CRPC throughout the past decade. Deregulated expression 
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of co-regulator proteins can change AR’s transcriptional activity via direct interactions 

with AR/AR transcriptional complex components. Co-regulators can be separated into 2 

kinds: co-enhancers (like p160/steroid receptor coactivators (SRCs) and CBP/p300); and 

repressors (like NCoR and SMRT) (72). Different strategies are utilised by co-regulators 

to modulate AR transcriptional output. These processes include alterations in chromatin 

structure, facilitating RNA polymerase transcriptional machinery interactions, enzyme-

mediated control of histone activity, and enzyme-mediated modulation of AR-bound 

chaperone function (73). The family of p160/SRCs is responsible for mediating 

transcriptional actions in transcription factors and nuclear receptor structures. SRC-1, 

SRC-2, and SRC-3 are SRC members, a group linked with PCa development (74). SRC1 

has been identified as a crucial factor for induction of AR activation through IL-6 in 

CRPC (75).There is a direct relation between overexpressed SRC-3 and poor 

differentiation and advancement of PCa (76). In addition, CBP/p300 is demonstrated as 

essential to ligand-independent AR transactivation within the CRPC cell (77). In contrast, 

lower amounts of co-repressors have been identified in CRPC (78). Analysis of androgen-

binding sites across the PCa cell’s genome has led to evolution of components that 

contribute to AR transcriptional activity. Bioinformatics investigations of androgen-

binding sites found enriched DNA sequencing with motifs for many cooperating 

components, such as FoxA1, GATA2, and OCT-1 (79). Cooperating factors’ roles are 

linked with both their capacity to interact directly with AR, and also to their ability to 

operate as pioneering factors for androgen receptors at transcriptional regulatory locations 

(80). FOX proteins, particularly subgroup FOXA1 and GATA2, are demonstrated to have 

a significant function within CRPC by modulating AR expression (81,82). 

1.5.8 CRPC AR splice variants 

Multiple AR splice variants (AR-Vs) are found within cell, xenograft, and tissue samples 

in CRPC (83,84). AR-Vs with missing LBD, as targeted by androgen treatment, are 
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demonstrated to result in ligand-independent constitutive AR activation, causing CRPC 

to develop (85). The processes responsible for enhanced AR-V7 expression within the 

CRPC cell remain unclear. Genetic reorganisation at the AR gene locus, as well as/or  

intragenic deletion are potential causes for splicing (86). AR-V7 and ARV567ES are the 

most prevalent variations discovered, and when they are strongly expressed, this is linked 

to poor prognoses for the CRPC patient (87). AR-V7 is highly expressed within CRPC 

cell lines, as well as in patient tissue samples (87,88). ARV-7 levels cannot be decreased 

in mice, although ADT with abiraterone acetate and enzalutamide may improve them 

(89). AR-V7 has been identified for potential targeting in CRPC treatment (90). 

1.5.9 Post-translational changes to AR in CRPC 

Post-translational changes are typically responsible for ligand-independent AR 

activation, which is associated with prolonged AR activity. AR is known to undergo 

several post-translational changes, such as phosphorylation, acetylation, ubiquitination, 

simulation and methylation. Phosphorylation is more extensively researched among these 

processes. Most post-translational changes occur within AR’s activation function-1 (AF1) 

region, containing transcriptional activation unit 1 (TAU1) and 5 (TAU5) (91). When no 

androgen is present, growth hormones, such as IGF-1, keratinocyte growth factor (KGF), 

epidermal growth factor (EGF), and IGF-I are responsible for direct activation and 

phosphorylation of AR in CRPC (92,93). Moreover, CRPC cells are found to exhibit an 

exceptionally large quantity of RTK HER-2/neu receptor tyrosine kinase, as potentially 

triggered by several growth factors. Overexpressed RTK HER-2/neu stimulated the 

androgen receptor pathway where androgen was missing or present at low concentrations 

(94). Additionally, protein kinase A (PKA) has been shown to be capable of 

phosphorylation and activation of the receptor for androgens (95). Numerous 

serine/threonine  and tyrosine kinases have roles in phosphorylating androgen receptor, 
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but tyrosine kinase (Ack1) is remarkable in that it increased castration-resistant 

proliferation in the LNCaP cell line (96). 

1.5.10  Androgen receptor transcriptional activity in CRPC 

Androgen and other proteins are expressed under the control of many processes 

(transcriptional and translational processes, and post-translational modifications). 

Moreover, transcription is believed be crucially involved in expressing genes. During 

CRPC progression, the transcriptional activity of the AR is altered, and many genes 

promoting cell proliferation/survival are found to be abnormally regulated. Many of the 

targeted AR genes increased by ADT had been absent prior to therapy, suggesting that 

the androgen signalling pathway was reactivated in conditions of low or no androgen 

(97). In addition,  it is postulated that various other carcinogenic pathways could have 

crucial functions in generating androgen receptor signalling, hence enhancing androgen 

receptor response in a low-androgen environment  (98). Overexpressed E2F 

transcriptional factor and reduction in retinoblastoma protein (tumour suppressor) jointly 

enhanced LNCaP cell androgen receptor transcription, potentially resulting in androgen-

independent activation for numerous genes stimulated by androgen receptor (64). 

Dependent upon the degree to which it is expressed, androgen may function to enhance 

or repress transcription  in downstream regulatory target genes in AR signaling. Lysine-

specific demethylase 1 (LSD1) recruitment in androgen-dependent cells suppressed 

expression of the AR gene when the androgen-binding ARBS2 enhancer inside the AR 

gene’s intron 2 was elevated. On the other hand, lowered amounts of androgen within 

CRPC cells can result in increase in the androgen enhancer component stimulation as 

well as increases in transcriptional activity of the AR gene, while not stimulating 

suppressor components. Thus, decreased androgen levels could promote the androgen 

expression as well as androgen-repressed genes assisting with CRPC cell androgen 

production, proliferative activity and DNA synthesis (99).  
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1.6 Possible markers for prostate cancer prognosis and diagnosis   

Digital rectal examination (DRE) and prostate-specific antigen (PSA), as well as 

additional histological staging biopsies are used for prostate cancer diagnosis and are 

important factors to be considered when generating treatment options (100). In practice, 

each of these approaches has limitations that can cause overtreatment of low-risk 

individuals (101), needless biopsy, and unnecessary radical prostatectomy (102,103). 

Major biomarkers can be utilized to aid in individually produced treatment plan design 

for earlier detection of advanced illness and prediction of  metastasis and recurrence after 

prostatectomy. Biomarkers are described by the National Cancer Institute as "biological 

molecules detected in blood, other bodily fluids, or tissues that indicates a normal or 

aberrant process or illness" (104). Therefore, the optimal biomarkers are required for 

screening for the illness and its course, for identification of high-risk patients, forecasting 

relapse and assessing therapy responses. Moreover, biomarkers must be cost-effective, 

not require invasive procedures, reliable, readily available, and simply quantified (105). 

1.6.1 Prostatic Acid Phosphatase and Prostatic Specific Antigen 

The dimer glycoprotein known as prostatic acid phosphatase (PAP) is generated primarily 

through the prostate, and was formerly employed as a blood biomarker for diagnosing 

metastatic PCa (106): however, it has been substituted for prostatic specific antigen (PSA) 

because it has limited sensitivity in detecting localised illness (107). 

Release of this 33 kDa serine protease (human kallikrein-3) occurs in prostate epithelial 

cells. The PSA gene, which is 6 kb in size and situated on chromosome 19, encodes for a 

single chain 33 kDa glycoprotein (108). This is released into secretory ducts by the 

prostatic epithelium as a component of seminal fluid, liquefying seminal coagulum 

through cleavage of semenogelin proteins to form tiny peptides, making sperm more 

motile (109). On the other hand, rupture of the basal-cell layer in PCa permits the escape 

of PSA into circulation, which leads to higher serum PSA. Non-cancerous BPH, 
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prostatitis, dietary changes, certain drugs, and some surrounding conditions can all raise 

PSA levels in the blood, although other human cancers seldom do (110,111). PSA levels 

cannot be used to discriminate malignancies from benign illnesses, and they cannot 

differentiate by disease stage. Hence, PSA testing does not give good sensitivity or 

specificity for making appropriate treatment decisions (112). Using the standard PSA cut-

off value for screening trials (4 ng/mL) as a prostate biopsy indication, PSA was assessed 

as around 40-50 percent sensitive and 60-70 percent specific (113-115). Further research 

has found that employing a 10 ng/ml cut-off increased the sensitivity to 72% and 

specificity to 95% in detecting prostate cancer (115). While the PSA biomarker is now 

utilized in diagnosis and prediction of PCa across the world, certain major clinical trials 

threw doubt on the efficacy of  population-wide for PSA in identifying cancer cases 

(116,117). The PSA was modified to improve diagnostic accuracy by assessing multiple 

molecular PSA types and the PSA rise rate as total PSA (tPSA). tPSA is total unbound 

PSA as well as bound PSA (mostly complexed to -1-antichymotrypsin) (118). Despite 

the fact that tPSA level is heavily impacted by unbound PSA levels, this nevertheless 

caused a significant number of false negatives or positives (119). Because PSA screening 

efficacy remains debated, there is critical need to identify biomarkers with greater 

specificity and sensitivity.  

1.7 Biomarker candidates 

Biomaterials which might be utilized to discover PCa biomarkers include blood, urine, 

sperm, and prostate tissue. Serum proteomics analysis provides a valuable tool in 

identifying biomarkers, limited  by the vast quantity of proteins present. A further 

challenge with the technique is identifying proteins which are not abundant, owing to 

their being masked by more abundant protein types. There are also different issues with 

serum proteomics, such as interference caused through excessive quantities of salt or 

other substances, severe variability across people, and a lack of repeatability (120). Semen 
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forms a very non-invasive source for analysing prostate biomarkers, as prostate-derived 

proteins may be readily accessible; nonetheless, this differs between persons. Because of 

its non-invasive nature, urine is also a prominent source for finding proteome biomarkers. 

The issue with utilizing urine is that it often has low concentrations of biomolecules, 

however (105). Genomic analysis is commonly utilized to investigate biomarkers. A 

genome-wide study is able to identify patients at high risk of cancer. Germline genetic 

markers are often utilized since they are present in unchanging levels across time and may 

be tested irrespective of age (121). Identification of biomarkers and comprehension of 

fundamental pathways functioning in cancer are critical in developing novel, enhanced 

diagnostic and prognostic approaches. Various possible biomarkers for prostate cancer 

were found, and investigated for predictive power. As well as PSA, numerous additional 

biomarkers have been identified and explored for their diagnostic and prognostic value in 

prostate cancer (122). These identified biomarkers include Cell-free DNA (cfDNA) or 

circulating tumor DNA (ctDNA)(123) , breast cancer mutant gene BRCA1/BRCA2 

(tumour suppressor) (124,125), prostate cancer antigen 3 or PCA3 (non-coding RNA) 

(126,127), TMPRSS2- ERG fusion gene Transcription factor (128,129), early prostate 

cancer antigen 2 or EPCA2 (nuclear matrix protein), the cytokine Interleukin-6 (IL-6) 

(130-132) transforming growth factor 1 (TGF 1) (133,134), proteins in the S100 

(Calcium-binding protein family) (135,136), PSCA (glycoprotein) (137,138), PPARs 

(139), and the Fatty acid binding proteins (FABPs)(140). 

1.7.1 Cell-free DNA (cfDNA) or circulating tumor DNA (ctDNA) 

Circulating tumor DNA (ctDNA) in prostate cancer refers to fragments of tumor-

derived DNA that are present in the bloodstream of individuals with prostate cancer. 

Prostate cancer cells release ctDNA into the blood as a result of tumor cell death, 

apoptosis, or active secretion. ctDNA in prostate cancer can serve as a valuable 

biomarker for various aspects of disease management. Its detection and analysis can 
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provide insights into the genetic alterations, genomic profile, and clonal evolution of 

prostate tumors. This information can be used for several purposes, including early 

detection, monitoring treatment response, assessing disease progression, detecting 

minimal residual disease, and identifying the emergence of resistance to therapy. 

The use of ctDNA as a biomarker in prostate cancer holds promise for personalized 

treatment approaches, allowing for more precise monitoring and targeted therapies. 

However, further research is needed to optimize the sensitivity and specificity of ctDNA 

analysis in prostate cancer and to determine its clinical utility in routine 

practice(141,142). 

 

1.7.2 BRCA1/2 gene mutations 

The BRCA1 and BRCA2 genes inhibit tumour growth. Mutations in germ-line 

BRCA2/BRCA1 cause an inherited breast/ovarian cancer syndrome, and this is further 

linked to an 8.6 times and 3.4 times increased respective risk of prostate cancer for males 

younger than 65 (143,144). According to studies, a broad range of pathogenic BRCA2/1 

mutations gave phenotypes of PCa with heightened aggressiveness, leading to an 

increased likelihood of local progression in metastasis. In addition, a BRCA2 mutation 

has been identified to form a prognostic marker related to a lower prognosis for survival 

(125). Among PCa patients, 1.2% and 0.4% were found to have mutations in germ-line 

BRCA2 and BRCA1, respectively (143,144). 

1.7.3 Prostate cancer antigen 3 

 Prostate cancer antigen 3 (PCA3) is in commercial production as a biomarker for 

diagnosis of prostate cancer. It is noncoding RNA which can be  found solely within the 

prostate, being  found within prostatic fluid and urine. PCA3 testing presents a more 

intrusive compared to blood testing since the prostate must be digitally stimulated before 

collecting the urine sample. PCA3 is overexpressed among 95% of the biopsy tissues of 
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individuals with prostate cancer against BPH or healthy cohorts (126). In comparison 

with serum PSA (47% specificity with 65% sensitivity), urinary PCA3 levels of more 

than 35 units is documented at 66% sensitivity and 76% specificity on average in 

diagnosing  PCa  (127). The test’s reliability depends upon a complete DRE prostate 

massage immediately prior to obtaining a urine specimen, which is unpleasant and 

variable depending on the examining professional. 

1.7.4 TMPRSS2-ERG gene fusion 

TMPRSS2-ERG forms the most common PCa gene fusion, with a specificity of more 

than 90% and a positively predictive value of 94% (128). Sadly, there are no diagnostic 

tests available clinically for this marker, and existing research does not find predictive 

importance for TMPRSS2-ERG analysis, and results are unclear  in terms of outcome 

(128). TMPRSS2-ERG gene fusion was discovered in individuals who had a favourable 

outlook , but there is no link with incidence of prostate cancer and Gleason scores in 

patients with a positive diagnosis (129,145). 

1.7.5 Early prostate cancer antigen 2 

early prostate cancer antigen 2 (EPCA2) is a nuclear structure protein and has an 

association with adenocarcinomas of the prostate. Detection of Serum EPCA2 is possible, 

and higher blood concentrations are connected to tumour growth and poorer prognoses 

(131). According to certain research, EPCA2 expression may arise early in the 

development of cancer, making it a possible biomarker for predicting the beginning of 

incidental prostate cancer: yet, in patients with PCa, EPCA2 tissue stain and plasma 

EPCA absorbance did not show association with stages of tumours or Gleason score 

(130). 

1.7.6 Interleukin-6  

In some cancers, Interleukin-6 (IL-6) shows involvement with the host immune defence 

system to mediate B cell differentiation and control differentiation and growth (146). 
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Through blocking cancer cells from apoptosis, activation of angiogenic activity, and 

development of treatment resistance, overexpression of IL-6 is demonstrated to 

contribute to tumour growth. Patients who have advanced-stage tumours in many 

malignancies: for example, multiple myeloma, Pca, non-small cell lung cancer, 

colorectal cancer, renal cell carcinoma, and breast and ovarian cancers, a shorter 

survival time is associated with elevated blood IL-6 concentrations. In individuals with 

high IL-6 levels, responsiveness to hormone therapies and chemotherapeutic approaches 

was less pronounced than in patients who had a lower level (147). Therefore, inhibiting 

IL-6 signaling may be explored as a viable treatment method (i.e. anti-IL-6 therapy) for 

individuals with pathologically elevated IL-6 levels. To establish the therapeutic 

effectiveness of anti-IL-6 treatment in human cancer, more studies in xenograft tumor 

models are required (132). 

1.7.7  Transforming growth factor β1  

Transforming growth factor β1 (TGF β1) regulates cell proliferation, chemotaxis, 

immunological responses, angiogenesis and differentiation. TGF β1 expression was 

identified as associated with high-grade tumours, invasive activity and the cancer 

metastasising to regional lymph nodes and bone, as well as biochemical recurrence in 

prostate cancer (133). More study is needed before a decision is made on whether TGF 

β1 is a suitable marker for Pca (148). 

1.7.8 S100 Proteins 

The multigene calcium-binding protein group, or S100 protein family, is essential in the 

cell for phosphorylating protein, enzymatic function, and calcium homeostasis. In 

addition, this group regulate transcriptional factors, macrophage activators, and cell 

proliferation modulators (149). Recent studies showed their implications in several intra- 

and extra-cellular processes, such as cell growth, cell-to-cell communications, energy 

consumption, and intracell signal transduction (150). In addition, differential expression 



43 
 

across malignant and normal tissue was evaluated, and their role in the metastatic process 

was identified (136). S100 genes have been identified so far on human chromosome 1q21, 

which is often altered in various cancers . Several members of the group, notably S100A2, 

S100A4, S100A8, S100A9, and S100A11, have been linked to Pca recurrence and the 

disease progressing to a more advanced stage (135,151,152). Despite the fact that 

overexpressed S100A4 has been discovered within tissue and cell-line prostate cancer 

material, it is not substantially linked to lowered survival (153). 

1.7.9 Prostate Stem Cell Antigen  

The glycosylphosphatidyl-inositol prostate stem cell antigen (PSCA), which is part of the 

Thy-1yLy-6 family, contributes to control of proliferation. Its expression has been 

identified as increased for prostate cancer xenografts irrespective of androgen dependence 

or independence, and it is linked to PCa Gleason score, advanced stages of disease and 

metastasis distribution (154,155). PSCA’s precise biological role is unclear: however, it 

is positioned on the cellular surface, offering a potential diagnostic and treatment target 

(105). The way PSCA is expressed in prostate cancer gives support to the idea of 

malignancies as caused by basal cell transition (156). However, in order to use PSCA as 

a serum marker, improved detection and measurement procedures must be developed 

(155).  

1.7.10 Peroxisome proliferator-activated receptors  

Peroxisome proliferator-activated receptors (PPARs) are a type of nuclear receptor, 

ligand-activated transcription factor that was discovered in the Xenopus frog in the early 

1990s as receptors that activate peroxisome proliferation in cells (139). PPARs have a 

role in control of catabolising fatty acids, storing lipids, and metabolising glucose. PPARs 

can be classified into 3 isoforms: PPARα, PPARβ, and PPARγ. PPARs arise in a variety 

of tissue types, and exhibit a variety of functions that are related to cancer progression 

(139). 
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1.7.11 Fatty acid binding protein family  

Several studies revealed a relationship between strong prevalence of clinical prostate 

cancer and high dietary fat consumption in Western industrialized countries. Fatty acids, 

in addition to supplying energy, are cell signalling molecules, controlling the way genes 

are expressed, as well as proliferation and cell death (153). Fatty acids have high 

solubility after they are released from fat cells into aqueous cytoplasm. These free fatty 

acids may be passively diffused or transported, and flow across the plasma membrane. 

When they enter cytoplasm, the fatty acids can join metabolic pathways or become bound 

to intracellular FABPs, to be transported to other organelles. FABPs in the cytoplasm 

bind lipophilic components including long chain fatty acids, retinoids and eicosanoids, 

and have strong affinity (157). FABPs have 12 members, as shown in Table 1. 

Table 1. Chromosomal location and distribution of human FABP genes. 
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FABPs are small proteins that are produced within cells. Their molecular weights are all 

around 15kDa. all FABP members are distinct in their pattern of expressed tissue. Despite 

the fact that FABPs were named after the tissue in which they were discovered, none of 

them are located in only one tissue or kind of cell. In fact, some tissues have several 

FABPs, implying that they serve diverse roles. Some FABPs are exclusively present in 

several tissues, whilst others are prevalent in a variety of cell types. Liver FABP (FABP1), 

for example, has extensive expression in the liver, as well as being detected in the gut, 

kidneys, pancreas, and lungs. E-FABP (FABP5), on the other hand, is one of the most 

abundant FABPs. Skin tissues, the tongue, adipocytes, macrophages, dendritic cells, 

mammary glands, brain, gut, kidneys, liver, lungs, heart, skeletal muscle, spleen, testes, 

retinas and lens are all home to it (158). FABPs are abundant in hepatocytes, adipocytes, 

and myocytes compared to other organs (159). This is due to the fact that fatty acids are 

essential substrates for lipid production, storage, and degradation in these cells. When the 

quantity of fatty acids increased, FABP was more strongly expressed for the majority of 

kinds of cell (160). The findings reveal  FABP responsiveness to a higher level of fatty 

acids by initiating signalling pathways that affect how cells behave. 

1.8 Structures of fatty acid binding proteins 

Nuclear magnetic resonance, X-ray crystallography and other methods are employed to 

examine FABP structural features. The sequence diversity of FABP members varies 

widely, ranging from 17 to 67 percent (161). As shown in figure 10, despite the sequence 

changes amongst different FABPs, their three-dimensional architectures are quite similar. 
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Figure 10. Three-dimensional structure of FABP 1-9 (158).  The figures were created 

using PyMOL. This figure depicts the structural characteristics of FABPs, including their 

barrel-shaped structure with two orthogonal strands, each comprising five antiparallel 

sheets. A conserved fingerprint pattern has been identified across all FABPs, serving as a 

distinctive hallmark for this protein family. This conserved fingerprint provides a 
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characteristic feature that is shared among all FABPs and aids in their identification and 

classification 

All FABPs exhibit a barrel shape with 2 orthogonal strands, each with 5 antiparallel 

sheets.This barrel formation contains the fatty acid binding site and has a helix-loop-helix 

motif cap that joins each strand (162,163). The barrel structure also houses a sizeable 

cavity which has a polar and hydrophobic amino acid lining (157). A majority of FABPs 

bind one, inwardly directed fatty acid, fixed within the cavity by tyrosine and two arginine 

residues (164). As demonstrated in figure 11, the conserved fingerprint discovered in 

each FABP serves as a hallmark for all FABPs in this family.  

 

Figure 11. FABP fingerprint (158). Prints pattern FATTYACIDBP; PR00178.The ribbon 

diagram shows three motifs that are very stable. The blue ribbon, FATTYACIDBP1, is 

included in the first t β strands (βA). Additionally, it has a hormone-sensitive lipase 
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binding site and a nuclear localization signal (NLS). There is a nuclear export signal 

(NES) domain within FATTYACIDBP2 (green ribbon), and this has β sheets 4 and 5 

(βE). Β sheets 9 (βI) and 10 (βJ) are encoded by FATTYACIDBP3 (red ribbon). Blue, 

green, and red are also used to mark the important amino acids. 

1.9 Functional roles of FABPs  

Many functional roles are performed by FABPs, which are capable of active binding and 

transportation of lipids to particular cellular sites or organelles, as lipid chaperones. They 

comprise lipid droplets to store lipids, and an endoplasmic reticulum used in signal 

transduction, transportation, and membrane formation (165). Fatty acid delivery is 

possible to several cellular locations, including mitochondria and peroxisomes to allow 

oxidation, the cytosol or different enzymes involved in modulation of enzyme research, 

and the nuclear region for lipid-mediated transcription regulation (165). Fatty acids are 

able to deliver extracellular signalling by autocrine or paracrine mechanisms (166) 

(Figure 12). FABP may also reach the nucleus, transferring fatty acids to transcriptional 

regulators, to permit PPARs members to carry out their biological activities (167-169). 

Evidence shows FABP controlled movement of fatty acids between the cytoplasm and 

the nuclear receptor PPAR (165). Additionally, it has been shown FABP is expressed in 

a localised manner within cytoplasmic and nuclear regions of cancer tissue  (168,170). 

Research has shown that FABPs are involved in nucleus-specific signalling networks that 

regulate gene expression. Figure 12 depicts the mechanism for fatty acid transit and 

metabolic pathway within the cell. 

 

  



49 
 

 

Figure 12. Functional roles and mechanisms of Fatty Acid Binding Proteins (FABPs) in 

lipid transportation and signaling. This figure illustrates the diverse functional roles of 

FABPs in lipid metabolism and signaling within cells. FABPs serve as active lipid 

chaperones, binding and transporting lipids to specific cellular sites or organelles. They 

are involved in various processes, including lipid storage within lipid droplets, signal 

transduction in the endoplasmic reticulum, lipid transportation, and membrane 

formation.FABPs facilitate fatty acid delivery to different cellular locations, such as 

mitochondria and peroxisomes for oxidation, the cytosol where they modulate enzyme 

activity, and the nucleus for lipid-mediated transcriptional regulation.Fatty acids can 

also act as extracellular signaling molecules through autocrine or paracrine 

mechanisms(165) (167-169). 
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1.10 Role of FABPs in cancer  

1.10.1 FABP1 and cancer 

FABP1 is expressed in the liver, gut, and kidney, as previously reported. Research 

investigated potential associations between FABP1 and cancer in various organ types. At 

least one investigation identified a link associating FABP1 with colon cancer; FABP1 

was observed to be substantially downregulated within circulating colon cancer cells in 

circulation (171). Lowered FABP1 has been recognized to be a key contributor in 

microsatellite unstable colorectal cancers (140,172) in  two investigations which suggest 

that FABP1 could be a tumour suppressant. In contrast, a different investigation 

investigating FABP1’s  effects in hepatocellular carcinomas (HCC) has indicated that 

FABP1 could promote tumour growth. FABP1 stimulated the production of vascular 

endothelial growth factor (VEGF) via interacting with VEGF receptors, resulting in 

angiogenesis. This study showed that FABP1 enhanced migratory capabilities in cancer 

cells via the VEGFR2 pathway, indicating that FABP1 promotes metastasis in HCC 

(173). FABP1 has been identified as significantly elevated in the HCC cell. This elevated 

status is associated with lymph node metastases and cancer progression (140,174). 

1.10.2  FABP2 and cancer 

Fatty acid binding protein 2, alternatively named intestinal fatty acid binding protein, is 

associated with development of certain disorders that may lead to cancer. Diabetes, 

myocardial infarction, stroke, and gallbladder disease are among these conditions (158). 

Little research has been conducted to determine FABP2 involvement in the development 

of cancer. Nonetheless, a study in 2021 investigated the connection between expression 

of FABP2, diet and intake of lipids in colorectal cancer. The research highlighted a 

negative relationship linking FABP2 with fat absorption. This means that FABP2 is not 

likely to reliably predict colorectal cancer risk (175). 
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1.10.3 FABP3 and cancer 

It is debatable whether FABP3 promotes or inhibits cancer, as its involvement in cancer 

is still not fully investigated. FABP3 is overexpressed in four forms of cancer, according 

to previous research: non-small cell lung cancer (176), gastric cancer (177), 

leiomyosarcoma (178) and melanoma (179). On the other hand, it has been discovered to 

aid in suppressing breast cancer (180,181), lung adenocarcinoma (182), lymphoma (183), 

and embryonic malignancies (176). 

1.10.4 FABP4 and Cancer 

FABP4 was implicated with the aggressiveness of a variety of malignancies, including 

prostate (184) and breast cancers (185), cholangiocarcinoma (186), glioblastoma(187), 

and leukaemia(186). FABP4 is a unique molecular marker assisting in studying, 

predicting and monitoring cancer of the bladder, and could be targeted to develop new 

therapies, according to recent data (188). FABP4 has been implicated in cancer cell 

epithelial-mesenchymal transition (EMT). Overexpressed FABP4 is associated with 

EMT in cholangiocarcinoma (186) and cervical cancer (189). 

1.10.5  FABP5 and cancer 

Strong expression of FABP5 occurs in cancerous cells and contributes to aggressiveness 

in phenotypes of cancer through enhancing proliferative and invasive characteristics of 

the cell, metastasis and tumorigenicity. Highly expressed  FABP5 has also been linked to 

therapy-resistant disease and lower prognoses across a number of cancers, such as gastric 

cancer (177,190), melanomas (191), cervical (192), breast (193), and prostate cancers 

(194-196), cholangiocarcinoma (197) and oral cancers (198). Compared to other cancer 

types, more studies have been conducted on FABP5’s involvement in promotion in PCa. 

Various work in vivo and in vitro has demonstrated FABP5 enhanced tumour invasion 

(199). 
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1.10.6 FABP6 and cancer 

Numerous attempts were made to investigate the involvement of FABP6 in colorectal 

cancer. FABP6 is strongly expressed in colorectal carcinomas in comparison to benign 

tissues. Although research found that it was broadly expressed in the ileum, metastatic 

tissue levels of FABP6 were low (140). Thus, further research is necessary to understand 

FABP6’s precise function in colorectal cancer and different cancers.  

1.10.7 FABP7 and cancer 

FABP7 is essential to the Notch1 signalling pathway. Its role was studied in breast cancer 

when an FABP7-positive patient group was linked to triple-negative breast cancer. It was 

associated with a poor prognosis for patient survival, a high tumour grade, and an 

enhanced proliferation (200). Slipicevic et al.’s 2008 report on melanoma revealed that 

highly expressed FABP7 present in primary tissue and metastases was associated with an 

increased tumour dimensions as well as reduced survival time without relapse (140,201), 

but the function of FABP7 remains unclear. 

1.10.8 FABP8 and cancer 

Until recently, there was no proof of FABP8’s participation in any form of carcinoma, 

and additional research is required to determine FABP8’s function in cancer cells. 

1.10.9 FABP9 and cancer  

Overexpression of FABP9 occurs within PCa tissue and cells, , as observed, and is 

associated with more malignant disease and a poorer prognosis for survival. When cells 

with FABP9 knockdown were assessed in comparison with parental PCa lines, reduction 

of FABP9 expression resulted in a substantial reduction in proliferative activity. 

However, invasive activity and anchorage-independent growth, which are indicators of 

metastasis, were not significantly altered (202). To determine if FABP9 could be involved 

with cancer, further studies are required. 
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1.11 Therapeutically targeting FABP5  

FABP5 is a 15kDa cytosolic protein belonging to the FABP group and binding to long 

and medium chain fatty acids with high affinity (203). FABP5 show extensive expression 

by endothelial cells within the heart, the placenta, skeletal muscle, renal medulla, small 

intestine, renal medulla, and in the lung’s goblet cells (204). Earlier research 

demonstrated highly elevated FABP5 levels in PCa cells (195,205). Additionally, strong 

FABP5 expression can promote the VEGF production to promote metastasis (206-208). 

FABP5 was demonstrated to be promising prognostic marker for predicting patient 

outcomes and a treatment target (205,209). Knocking down FABP5 by siRNA can 

significantly limit growth and expansion of PCa in nude mice (206). It is proven that the 

tumour promotion action of FABP5 in PCa cells are due to its abilities to bind and 

transport fatty acids.  These fatty acids function as signalling molecules for activation of 

the  nuclear receptor PPAR in the CRPC cell (210). Furthermore, highly expressed 

FABP5 in the cytoplasm has been established to be substantially connected to rising 

nuclear PPAR, with elevated levels of PPAR and FABP5 associated with worse patient 

survival (170). Previous studies showed fatty acid activation of PPAR to induce the 

FABP5-PPAR-VEGF signal pathway, pointing to potential therapeutic targeting (211). 

The FABP5-PPAR-VEGF- signalling transduction axis and its operation in PCa cells are 

shown in figure 13. 
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Figure 13. FABP5-PPAR-VEGF signaling axis and its role in prostate cancer (PCa) 

cells.(211).This figure explain the tumour-promoting action of FABP5 in PCa cells stems 

from its ability to bind and transport fatty acids, which function as signaling molecules 

activating the nuclear receptor PPAR in castration-resistant PCa cells. Moreover, highly 

expressed cytoplasmic FABP5 has been correlated with increased nuclear PPAR levels, 

and elevated levels of PPAR and FABP5 are associated with worse patient survival. 

Previous studies have demonstrated that fatty acid activation of PPAR induces the 

FABP5-PPAR-VEGF signaling pathway, highlighting potential therapeutic targets(206-

208) (170). 

To study the potential to target FABP5 therapeutically  in PCa treatment, knockdown of 

the gene coding for FABP5 occurred in high-malignancy PC3M cells through RNA 

interference, resulting in drastically reduced FABP5 levels being produced in a subline 
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(Si-clone-2) (205). Si-clone-2 generated a 63 times lower average tumour size, seven 

times lower incidence of tumours, and reduced metastases by 100% when orthotopically 

transplanted into nude mice prostate glands and compared to the control (205). The 

findings show that short FABP5 siRNA created inside the cancer cell is particularly 

efficient in lowering malignant evolution of the cancer in a murine model. On the other 

hand, siRNA molecules are unstable and short-lived  at body temperature, and therefore 

will degrade quickly after being administered as external reagents. This means that siRNA 

is unsuitable for direct utilisation as a therapy in PCa. On dissolving siRNA targeting 

FABP5 in stabilising agent (Atolecollagen, derived extract of bovine skin) for direct 

application to established tumours in a nude murine model, the siRNA molecules were 

capable of slowing and stabilising the growth of tumours, , but not of decreasing tumour 

size or reversing malignant progression (209). Thus, the identification of highly potent, 

selective, and reasonably stable and  advanced technique like Crispr cas9 (Gene 

knockout) to cause a total loss of FABP5 function is critical in developing optimal 

prostate cancer treatment, screening and discovering other molecular pathways and genes 

from candidates that exhibit different expression levels when the expression profiles are 

compared with the control. 

1.12  Clustered regularly interspaced short palindromic repeats 

(CRISPR)  

Clustered regularly interspaced short palindromic repeats (CRISPR), in addition to the 

related Cas9 protein have formed an innovative approach to gene editing, which has been 

the core of modern studies in biology since the discovery of its fundamental components. 

This mechanism protects micro-organisms from invading viruses and plasmids as an 

adaptive immunological route (212). The invading viral DNA is broken into smaller 

segments (spacers) by the Cas complex, and these are then incorporated within the 

CRISPR site of the bacterial genome. When an invading virus is recognised and targeted 
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by Cas proteins, they are transcribed and converted to form short, distinct crRNA, 

complementary sequences (213,214). Because of its applicability, CRISPR/Cas9 is now 

considered the best technique to target DNA in a site-specific manner.  

CRISPR/Cas systems are classified as: Class 1 (containing about 90% of Cas sites) and 

Class 2. Cas systems in Class 1 (types I, III, and IV) require numerous Cas proteins for 

the creation of  effector complexes targeting RNA or DNA. Class 2 (which includes types 

II, V, and VI) needs just a single Cas protein, which means they are effective in  gene 

editing (215,216). The Cas enzyme discovered in Streptococcus pyogenes (SpCas9) is 

categorised as  Class 2, type II, is the most extensively utilized in genome editing. Cas9 

endonuclease has 2 nuclease domains, RuvC and HNH, which respectively cleave non-

complimentary and complementary strands (217). CRISPR RNA (crRNA) and trans-

activating crRNA (tracrRNA), the other two components necessary for this system, 

enable DNA recognition (218). crRNA is sometimes called the protospacer, has guide 

sequence of  between 18 and 20 nucleotides, recognising targeted   genomic locations, 

and tracrRNAcan  hybridise with crRNA to provide scaffolding to bind Cas9 (219). The 

Cas9-tracRNA (trans-activating crRNAs) complex is directed toward the complementary 

crRNA sequence in the DNA. A brief synthetic linker can join the tracrRNA and crRNA 

to form single guide RNA (sgRNA), as extensively employed in systems which deliver 

ribonucleoprotein (RNP) (220). 

Cas9 DNA binding requires a protospacer adjacent motif (PAM), and SpCas9 requires a 

target upstream from a 5'-NGG-3' site. Cas9 binding partially unwinds before cleaving 

DNA 3 base pairs downstream from the PAM location, assuming the crRNA sequence is 

complementary to the DNA sequence before the PAM site (218, 219). As previously 

stated, once a DSB occurs, cells repair the damage via one of two repair pathways, NHEJ 

or HDR (220). One gRNA is usually used in knockout  of genes  leading to non-

homologous end joining (NHEJ) double-strand break (DSB) repairs. NHEJ involves the 
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nucleotides being randomly inserted or deleted, frequently leading to frameshift 

mutations that might render the gene being studied inactive. Such alterations, however, 

may stay in frame, contributing to their inefficiency (221). An overview of CRISPR-Cas9 

gene editing is shown in figure 14. 

 

 

 

Figure 14. Diagram showing CRISPR-Cas9 gene editing - A) Cas9 binds to DNA 

upstream from an NGG PAM site that is complementary with sgRNA (blue). Triangles 

show the site of a broken double strand. B) Cas9-induced double strand breaks may be 

repaired by the NHEJ pathway, leading to randomly-generated minor deletions or 

insertions or through HDR where an appropriate repair template is present, enabling 

A 

B 
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precision mutations. Permission granted to adapt from Springer Nature: Nature Protocols 

(221). 

1.13  Therapeutic Applications of CRISPR-Cas9 gene editing 

Although the CRISPR/Cas system is yet to be deployed in vivo, a great advancement 

toward understanding the system has offered new discoveries in cancer gene research 

within human cellular and mice models during the last decade. Recently, the CRISPR-

Cas9 technology was used to achieve disruption of as many as 8 alleles of murine 

embryonic stem cells (ESCs) through one, resulting in animals with numerous gene 

mutations (222). A hepatic cancer model was successfully developed through delivering 

a CRISPR/Cas9 plasmid in vivo, in which single guide RNAs targeted p53 and PTEN 

tumour suppressor genes (223). The CRISPR-Cas9 system has almost no limit in its uses 

as a strong genome-editing tool, and it may be applied for blocking, repression, activation, 

translocation, flipping or duplication of  whatever gene is targeted. The development 

opens up a plethora of interesting possibilities for better understanding of cancers  biology 

through models of disease and perhaps allowing treatment with the most effective tailored 

therapy (224). 

1.14 Hypothesis 

A key issue in prostate cancer molecular pathology is how the cancer cells were 

progressed from androgen-dependent to androgen-independent state to become a 

castration-resistant prostate cancer (CRPC). Past evidence suggested that the formation 

of CRPC was related to the interactions between FABP5 and the androgen receptor (AR). 

Based on the past observation, we hypothesized that the interaction between FABP5 and 

AR may play a crucial role in the process of the malignant transformation of androgen-

dependent prostate cancer cells to CRPC cells. To test this hypothesis and to investigate 

the complicated molecular pathogenesis of CRPC cells, we proposed and planned to test 

the following working hypothesis: 
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• FABP5- or AR- knocked out in prostate cancer cells (22RV1, DU145, and PC3M) 

can disrupt the FABP5 or AR-p-PPARγ-VEGF signalling axis. 

• FABP5- or AR- knocked can suppress cell proliferation, invasive ability, motility 

rate, and anchorage-independent growth of the cancer cells as consequence of 

disruption of the FABP5 or AR-p-PPARγ-VEGF signalling axis. 

• FABP5 and AR or its splicing variant AR-V7, which involved to drug resistance, 

may interactively coordinate the FABP5 or AR-p-PPARγ-VEGF axis.  

• Identification of differentially expressed genes (DEGs) between FABP5- or AR- 

knock out cells and their parent prostate cancer cells can provide clues to 

understand the transition from androgen-dependent to CRPC cells.  

• The DEGs is very likely to relate to pathways responsible to fatty acids, 

cholesterol and sterol biosynthesis, lipid and fatty acid transport, which are critical 

for transducing signals involved in cancer cell progression. 

Overall aim 

 

• To measure the expression levels of key factors of the FABP5-related pathway, to 

compare the expression status of these factors between benign, weakly, 

moderately and highly malignant prostate cells to prove the existence of this high 

active signal transduction axis in prostate cancer cells, and to study the 

relationship between its strength and the degree of malignancy.  

• To knock out FABP5 in AR-positive 22RV1 cells and in AR-negative DU145 and 

PC3M CRPC cells and to establish FABP5-KO sublines. 

• Knockout of AR in 22RV1 cells to establish a AR-KO subline.   

• To assess the effect of FABP5- knock out on the malignant properties of the cancer 

cells by conducting 4 bio-assays.  

• To assess the effect of AR knock out on the malignant properties of the cancer 

cells by conducting 4 bioassays.  
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• To assess the effects of FABP5 knockout on the expression levels of the key 

factors of the FABP5-related signal transduction axis. 

• To assess the effect of AR knockout on the expression levels of the key factors of 

the FABP5-related signal transduction axis. 

• To identify the DEGs between FABP5- or AR- knockout sublines and their parent 

lines to assess the genes altered by FABP5 or AR and to identify their relevant 

signalling pathways to investigate further molecular mechanisms underlying 

FABP5’s tumour promoting function.  
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2.1 . Material and methods 

2.1.1 Cells and Culture 

This work used the benign prostatic epithelial cell line PNT2 and 3 malignant prostate 

cell lineages: 22RV1,DU145 and PC3M, derived from prostate carcinomas, for the 

laboratory-based investigation as mentioned in Section 1.2.4.The cells were purchased 

from (ATTC UK). 

2.1.2 Cell culture 

Cells were cultured in a tissue culture hood (LabGard, USA) within the departmental 

tissue culture laboratory, in accordance with the safety criteria established by the 

institution. The medium used for all cell cultures comprised RPMI 1640, to which was 

added 10% (vol/vol) foetal calf serum, penicillin (100 U/ml) (Bioser, East Sussex, UK), 

streptomycin (100ug/ml), and L glutamine (20mM) (Invitrogen). In addition to the 

supplements listed above, LNCaP cells were given sodium pyruvate at a concentration of 

100 ug/ml (provided by Sigma, Grillingham, UK). The cells were grown and kept in 

monolayer cultures at a temperature of 370C and with 5% CO2 in a humidifier incubator 

(Boro, Labs UK). 

2.1.3 Cell thawing 

Following the removal of the cell vials from various racks inside a tank of liquid nitrogen 

where they had been housed, they were put into a water bath maintained at 370C so that 

the vials could gradually thaw. After that, the impact of the DMSO was neutralized by 

diluting the cells with 20 ml of new media. This was followed by centrifuging them at 91 

g for three minutes before removing and discarding the supernatant, and resuspending the 

cell pellets in a flask with new media. A haemocytometer was used to determine the cell 

numbers, and the culture medium in the flask was adjusted to 25 cm3. The cells were 

checked and the medium changed at 3-day intervals to replenish the nutrients. 
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2.1.4 Cell Subculture 

Cells held in culture flasks were checked and monitored using microscopy. After they 

were 70–80% confluent, cell sub-culture was performed under a tissue culture hood under 

sterile conditions. After aspirating the flask medium cells were washed using phosphate 

buffer saline (PBS), before being subjected to a treatment of trypsin in versine (2.5%: 

97.5%, v/v) for three minutes inside a 370C incubator. Then, the microscopy was used to 

examine cells to ensure that rounding up and separation had occurred properly. After 

adding new medium with 10% FBS at 2-fold the previous volume, the mixture was placed 

in the centrifuge at 91g for 90 seconds. Supernatant containing inactivated trypsin was 

aspirated and the pellet in each flask resuspended in fresh medium, dividing this between 

3 new flasks. The fresh flasks were placed into the culture incubator to continue culturing. 

2.1.5 Cryopreserving cells 

Cryopreservation was used to preserve cells in a cold environment while they were stored. 

To store the growing and dividing cells, after discarding the medium and washing cells 

in PBS, they were trypsinized and resuspended in new medium. The cells were moved 

into Universal tubes, and a haemocytometer was used to count the cell number. After 

centrifuging the cells for three minutes at 91 g, they were resuspended in freezing media 

consisting of 7.5% DMSO in RPMI. After adding one millilitre of cells to each cryovial 

(specifically made for storage in liquid nitrogen), the vials were stored in a Mr. FrostyTM 

freezer for one night at a temperature of -800C , then transferred to liquid nitrogen. 
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2.2 Assessing cell line protein expression levels through western 

blot 

2.2.1 Cell pellet collection 

Cells were harvested when the culture was at about 80% confluence, and the pellets of 

the grown cells were collected. The previous medium was discarded, and the pellets 

rinsed in PBS, trypsinizing and then centrifuging them as set out in the section on cell 

subculture. Each collected pellet was lysed in a universal tube using a CelLytic reagent 

combined with a protease inhibitor. This reaction mixture was placed in the tube and put 

on a roller mixture shaker, shaking for 15 min. Tubes were centrifuged at 11,200 x g for 

10 min. before the supernatant was collected and analysed using Western blotting. 

2.2.2 Bradford assay 

To ensure the loading of identical amounts of total protein across the samples for Western 

blot analysis,  protein weight was measured via Bradford assay. If proteins attach to 

Coomassie Blue G-250 dye, it can alter the colour of the dye from brown to blue in a 

manner proportionally related to their weight. Thus, the amount of proteins can be 

detected with a spectrometer (Biotech, UK) to measure light absorbance, which changes 

along with the changing colour. Bovine serum albumin (BSA) is a widely available 

protein which may be used to generate standard curves which can quantify protein 

concentrations in loading samples. Thus, the protein concentration of an unknown sample 

can be obtained by comparing its light absorbance to the standard albumin curve (225). 

After filtering the Bradford dye through a Whatman paper filter, a 1 ml addition was made 

for every albumin protein tube for the serial dilutions.  Serial dilutions were divided in 

triplicates, and then absorbance at 595 nm was read using  a microplate reader (Biotech, 

UK). A typical linear curve of protein concentration vs matching absorbance values was 

produced, and this standard curve can be used to calculate the protein concentrations of 

an unknown sample. 
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2.2.3 Western blot 

2.2.3.1  Sodium dodecyl sulphate-polyacrylamide protein gel 

electrophoresis (SDSPAGE) 

In an electrical field, the moving speed of proteins depends on their molecular weights: 

the smaller protein molecules move faster than larger protein molecules. Thus,  proteins 

can be separated based on molecular weight using a method called sodium dodecyl 

sulphate-polyacrylamide protein gel electrophoresis (SDS-PAGE): a widely-applied 

procedure used in different laboratories. This approach is based on the fact that various 

proteins migrate through a gel at different speeds when subjected to the influence of an 

external electrical field. PAGE is used as a medium, and SDS is used to denaturing the 

proteins and coating them with SDS, a detergent that imparts a negative charge to the 

proteins. This ensures that the protein samples are uniformly charged and migrate towards 

the anode during electrophoresis. After performing plate sandwiching using BioRad 

ready gel, each protein sample was placed in  2x SDS-PAGE sample loading buffer before 

boiling for ten minutes at 95°C. Samples were then placed for 120 seconds on ice. Finally, 

after loading each sample, the gel containing them was run at 150V for between 40 

minutes and 1 hour. 

2.2.3.2 Transferring protein to the nitrocellulose membrane 

Following SDS-PAGE, protein separation occurred based on molecular weight. BioRad 

small trans-blot technology was used to transfer proteins from SDS gel onto nitrocellulose 

membrane. For 5 minutes, this was immersed along with 2 Bio-Rad thick filter paper 

sheets in cold in transfer buffer. Then, a cassette was built as follows, starting at the black 

surface and working downwards:: one pre-wetted fibre pad, one leaf thick filter paper, 

equilibrated SDS gel, one nitrocellulose membrane, and a second thick filter paper, 

followed by a pre-wetted fibre pad, with the black side down. There must be no air 
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bubbles. The transfer was carried out in 1x transfer buffer run for 60 minutes at 100V in 

conditions of 4°C. 

2.2.3.3 Target protein visualization and identification via 

immunoblotting 

After protein transfer to  a nitrocellulose membrane, incubation occurred in 5% blocking 

solution (20ml, made from 5g skimmed milk to 100ml TBST) for 60 minutes at ambient 

temperature. This was followed by further incubation in the correct concentration of 

antibodies in a milk-TBS-T combination (Table 2) with moderate shaking at 4°C 

overnight. To eliminate unbound primary antibody, Three 10-minute membrane washes 

were conducted, each using 1 T-TBS, before incubating the cleaned membrane in ambient 

conditions for 60 minutes with a secondary antibody at the appropriate concentration 

(Table 2). Another three washes were then performed, as before. Then,  after 5 minutes 

at room temperature, visualisation of bound antibodies was achieved using the ECL 

reagents kit (combined with 1ml each of Reagent A and solution B). Using image analysis 

equipment, intensity was then quantified for the visible protein banding (ChemiDoc MP 

Imaging System, (Bio-Rad, UK). 

2.2.3.4  Correcting potential loading discrepancy 

To standardize the potential sample loading discrepancies, blot hybridisation was 

performed with anti-β-actin antibody. The primary antibody is stripped from the 

membrane in a Western blot by washing the membrane with an antibody stripping 

buffer(Restore™ Western Blot Stripping Buffe Thermofisher UK)incubating it in the 

buffer to dissociate the antibody-antigen complex, and thoroughly washing it.Then, the 

blot was rinsed in 1x TBS for 24 h with gentle shaking. The blot was then immersed in 5 

percent blocking solution (20 ml) for 30 minutes, before incubation with anti- β-actin 

antibody at a dilution of 1:20,000 in ambient temperature for 0.5 h. The blot was washed 

3 times in  1x TBS, for five min. per wash. After washing, an addition of secondary 
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antibody in a dilution of 1:20,000 was made and the blot was then  incubated at ambient 

temperature for 0.5 h. while being gently shaken. After washing the blots for 5 minutes 

with 1x -TBS, which was done 3 times,  the β-actin band was visualized with an ECL 

detection and image analysis system (Bio-Rad, UK). The antibodies for the experimental 

work in the project are listed in Table 2. 

Table 2. Antibodies used in Western blot analysis 
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2.3 Gene editing 

2.3.1 CRISPR ribonucleoprotein 

Ribonucleoprotein (RNP), which consists of Cas9 nuclease associated with crRNA, 

tracrRNA duplex or sgRNA, was used for the editing of the genome of the cells. The RNP 

materials were commercially provided by  Integrated DNA Technologies (Coralville, IA, 

USA). 

2.3.2 Ribonucleoprotein Transfection 

FABP5 Knockout was generated in cell lines PC3M, DU145, and 22RV1 

using CRISPR/Cas9 mediated technique for gene editing. The crRN sequences (shown 

in Table 3) targeting FABP5 or AR genes were designed with 

the AltR® CRISPR/Cas9 guide RNA designing tools. The ATTO-550-labeled tracrRNA 

was supplied by Integrated DNA Technologies (Coralville, IA, USA). Cell seeding was 

done into six-well plates, using 400,000 cells per well, 24 hours before transfection. 

Equimolar (1 µM) crRNA and tracrRNA-ATTO-550 concentrations were mixed to form 

a duplex, which was then heated at 950C for 5 minutes before cooling gradually to reach 

ambient temperature. An RNP complex was produced by assembling Cas9 protein (1 µM)  

and crRNA:tracrRNA-ATTO-550 duplex with Opti-MEM buffer (Thermo Fisher 

Scientific, UK) and leaving in ambient conditions for 10 min. Incubation of the RNP 

complex was done  at ambient temperature using 9µL Lipofectamine CRISPRMAX 

(Thermo Fisher Scientific, UK) for between 10 and 15 minutes. Finally, the reverse 

transfection approach was used to obtain a high transfection percentage by adding the cell 

medium over the RNP (226), as shown in figure 15. 
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Table 3. Guide oligonucleotide sequences targeted FABP5 and AR 

Guide RNA and PAM seq Cell Line KO Gene Exons Locus REGION 

AAGTATCAACTTCAT

CATAG   CAA 

22RV1 FABP5 1 NG_028154 5079..5138 

GATGAATACATGAA

GGAGCT   AGG 

DU145 FABP5 1 HQ384161 5130..5189 

AAGTATCAACTTCAT

CATAG   CAA 

PC3M FABP5 3 NM_000044 8156..8209 

CAACGCCAAGGAGT

TGTGTA AGG 

22RV1 AR 1 NM_001348

06 

1828..1847 

GGTTACACCAAAGG

GCTAGA AGG 

22RV1 AR 1 NM_001348

06 

1467..1486 

GCAGAAATGATTGC

ACTATT CAA 

22RV1 AR 2 NM_001348

06 

2234..2253 
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Figure 15. the production and transfection of CrRNA and ATTO-550-labeled tracrRNA 

(RNP) complex into cells are illustrated. The process begins with the synthesis of crRNA 

and ATTO550-labeled transactivating RNA (ATTO-tracerRNA), which subsequently 

combine to form fluorescent gRNA. The fluorescent gRNA then associates with the cas9 

enzyme, resulting in the formation of the RNP complex. Following RNP complex 

formation, the complex is transfected into the target cells. To separate the ATTO550-

positive cells from the population, fluorescence-activated cell sorting (FACS) is 

employed. This technique allows for the identification and isolation of cells that have 

successfully incorporated the RNP complex, as indicated by the presence of ATTO550 

fluorescence. (226). 

2.3.3 Flow cytometry / Cell-sorting 

In order to verify that the transfection was successful and to isolate the single colony 

harbouring a fluorescent ATTO550 Ribonucleoprotein Crispr cas9 (RNP) complex, the 

transfected cells were separated at 24 hours post-transfection with fluorescence activated 

cell sorting (FACS), and then split in two parts: one part was subjected to cell sorting to 

isolate the fluorescent cells, and the second part was subjected to protein analysis to verify 

that the expected alterations in targeted gene expression were achieved. Flow cytometry 

analyses were conducted at the Faculty of Health and Life Sciences at Liverpool 

University, UK, using a FACSAria  machine (BD Biosciences, Liverpool, UK), with the 

assistance of Cell Quest software (BD Biosciences, Liverpool, UK). 

2.3.4 PCR amplification of DNA and Sanger sequencing 

After the single cells were sorted using the fluorescence-activated cell sorting (FACS) 

technique and transferred into separate wells of a multi-well plate, FABP5 knockout 

single cell clones were cultured individually. Genomic DNA was then isolated from 

each clone for further analysis.To confirm the successful knockout, Sanger sequencing 

analysis was performed on the isolated genomic DNA. Primers were designed to target 

a specific segment of approximately 500 base pairs (bp) surrounding the guide RNA 

targets of interest. The forward primer sequence was5'GGCAAGAGGAGCTGGTTAG-
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3' , and the reverse primer sequence was 5'-GAGGGTCACGGTAGTTATTTCA-3'. 

These primers were used to amplify the DNA sequence and analyze the region 

downstream of each guide RNA. 

The Sanger sequencing analysis of the amplified DNA fragments allowed for the 

identification of any insertions, deletions, or other mutations within the targeted gene, 

confirming the knockout of FABP5 in the selected single cell clones.. Thus, the sequence 

of the DNA segment revealed ranged from 100 bp upstream to 400 bp downstream of 

each gRNA. (the Sanger sequencing service was provided by Azenta Inc. (South 

Plainfield, NJ). PCR was performed and refined in accordance with the standard operating 

procedures (SOP)  of our laboratory. An enzymatic clean-up procedure was used to make 

the PCR amplicons more presentable with a 3730xl DNA Analyzer (Applied Biosystems, 

USA) and a reagent kit BigDye (version 3.1, Applied Biosystems, USA), used in line 

with the manufacturers’ instructions. 

 

2.4 RNA Extraction, RNA Library Preparation and NovaSeq 

Sequencing 

Extraction of total RNA from frozen cell pellets was done using a Qiagen RNeasy Mini 

kit, following the guidelines of the manufacturer (Qiagen, Hilden, Germany). The 

QIAGEN FastSelect rRNA HMR Kit was used in the process of preparing the rRNA 

depletion sequencing library, as shown in figure 16 (227) (Qiagen, Hilden, Germany). A 

NEBNext Ultra II RNA Library Production Kit for Illumina was used for preparation of 

the RNA sequencing library, used as specified by the manufacturer (NEB, Ipswich, 

Massachusetts, United States). In short, 15 minutes’ fragmentation of enriched RNAs was 

conducted at a temperature of 94oC. After that, both strands of cDNA were produced. End 

repairs and adenylations were performed on cDNA fragments at the 3' ends, before 

ligating them to universal adapters. The next step was inclusion of an index, and library 
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enrichment is performed using limited cycle PCR. Verification of the sequencing libraries 

used an Agilent Tapestation 4200 kit (Agilent Technologies, Palo Alto, California, USA), 

before they were quantified with a Qubit 2.0 Fluorometer (ThermoFisher Scientific, 

Waltham, Massachusetts, USA), and validated with quantitative PCR (quantitative PCR, 

ThermoFisher Scientific, Waltham, Massachusetts, USA) (KAPA Biosystems, 

Wilmington, MA, USA). Based on manufacturer recommendations, sequencing libraries 

were multiplexed before being placed onto the flow cell of the Illumina NovaSeq 6000 

equipment. A 2x150 Pair-End Configuration version 1.5 was used to sequence the 

samples. Images were analysed and base calling performed on the NovaSeq instrument 

using NovaSeq Control Software version 1.7. Using the Illumina bcl2fastq application 

version 2.20, the raw sequence data that was produced by the Illumina NovaSeq and saved 

as .bcl files underwent conversion to fastq files, before being de-multiplexed. Index 

sequence identification permitted one mismatch. 

 

2.4.1 RNA Sequencing Data Analysis  

Following an analysis of raw data quality, trimming of sequence reads was performed by 

Trimmomatic version 0.36 in order to get rid of any potential adapter sequences and 

nucleotides that had low quality. STAR aligner version 2.5.2b was used to map trimmed 

reads onto the human reference genome, which is accessible on the ENSEMBL database. 

This splice alignment software recognizes splice junctions, integrating them into the 

alignment process so that the complete read sequence can be properly aligned. This 

resulted in the production of BAM files. Using the feature counts that came with the 

subread package version 1.5.2, designers were able to compute the number of unique gene 

hits. Only one-of-a-kind readings that occurred inside exon regions were included for the 

analysis. Following the gene hit count extraction, a table containing those counts allowed 

subsequent analyses of differential gene expression. gene expression levels of the 



73 
 

different sample groups were compared using DESeq2. Both the p-values and the Log2 

fold changes were calculated via the Wald test. When comparing groups, genes with 

differential expression were determined to be those genes whose adjusted p-values were 

below 0.05, with  absolute log2 fold changes of over 1. The programme GeneSCF was 

used to conduct a gene ontology study, which was then applied to the collection of genes 

whose significance was determined statistically. Clustering the collection of genes 

according to the biological process that they participate in and determining the statistical 

significance of those clusters was accomplished with the help of the goa human GO list. 

A scatter plot comparing the average expression of DEG, a hierarchical clustering 

heatmap, enriched tree of DEG, enriched network analysis of DEG, the KEGG pathway 

and protein-protein interactions were generated by the IDEP.96 Web Application for 

RNA-Seq Data Analysis (228). Figure17 shows the Bioinformatics Analysis Workflow 

as developed by GENEWIZ (227). 
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Figure 16. Whole transcriptome sequencing via the rRNA depletion method. Adapted 

with permission from GENEWIZ (227).   The figure illustrates the RNA depletion method 

used for transcriptome analysis. The workflow involves several key steps: 

1. RNA Extraction: Total RNA is extracted from the biological sample using a 

suitable extraction method, such as TRIzol or a commercial RNA extraction kit. 

 

2. rRNA Removal: The extracted RNA undergoes a selective depletion process 

targeting ribosomal RNA (rRNA), which constitutes a significant portion of the 

total RNA. This step is crucial to enhance the detection of rare or low-abundance 

transcripts of interest. 
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3. Depletion Method: Different methods can be employed for rRNA removal, such 

as enzymatic digestion, oligonucleotide-based capture, or hybridization-based 

approaches. These methods specifically target and remove the rRNA molecules 

from the RNA sample, leaving behind a diverse population of non-rRNA 

transcripts. 

 

4. RNA Quality Assessment: The quality and integrity of the depleted RNA are 

assessed using techniques like agarose gel electrophoresis, capillary 

electrophoresis, or automated RNA analysis systems. This ensures that the 

depleted RNA is suitable for downstream applications. 

 

5. Library Preparation: The depleted RNA is then subjected to library preparation, 

which involves the conversion of RNA into cDNA followed by the addition of 

sequencing adapters. This step prepares the RNA fragments for next-generation 

sequencing. 

 

6. Transcriptome Analysis: The prepared libraries are sequenced using high-

throughput sequencing platforms, generating millions of short reads that 

represent the transcriptome of the sample. These reads can be aligned to a 

reference genome or transcriptome to quantify gene expression levels or identify 

novel transcripts. 
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The RNA depletion method depicted in the figure enables the enrichment of non-rRNA 

transcripts, providing a more comprehensive view of the transcriptome. By removing 

highly abundant rRNA molecules, this method enhances the sensitivity and accuracy of 

transcriptome analysis, facilitating the identification and quantification of rare or specific 

transcripts of interest. 
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Figure 17. Bioinformatics analysis workflow: Differential Gene Expression and Gene 

Ontology Analysis (227). The figure illustrates a bioinformatics analysis workflow for 

studying differential gene expression and conducting gene ontology analysis. The 

workflow involves data preprocessing, differential gene expression analysis, data 

visualization, gene ontology analysis, pathway analysis, interpretation, and validation. 
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2.5  In vitro investigation of malignant features 

2.5.1 Proliferation assay 

In order to ensure the reliability and reproducibility of the results, this experiment was 

performed in triplicate at different times. Both the control cells and the FABP5 or AR 

knockout cells were seeded at a density of 5000 cells per well in a 96-well plate. The 

aim was to investigate the impact of gene knockout on the growth of prostate cancer 

(PCa) cells.To assess cell proliferation, a Resazurin assay kit (Thermofisher, UK) was 

utilized, which is specifically designed for detecting cell viability and cell death. The 

Resazurin dye is initially blue and non-fluorescent, but upon entering living cells, it 

undergoes a chemical reduction to resorufin, emitting red fluorescence. The reduction 

process is maintained by metabolically active cells, making the color change directly 

proportional to the number of living cells. The quantification of this color change was 

achieved using a plate reader that measured the fluorescence or absorbance of the dye. 

For a period of six days, the cells with specific gene knockout and the control cells were 

allowed to grow separately in the 96-well plate. Each day, the PrestoBlue reagent was 

added to the wells, and the plates were then placed in a cell culture incubator for a 

duration of two hours to allow the dye to react with the cells. Subsequently, the 

absorbance was measured at 570 nm using a spectrophotometer (Labtech, UK), with the 

absorbance at 600 nm serving as the baseline wavelength.To establish a reliable 

baseline, two control types were employed: parental cells that were grown in wells, and 

growth medium without the presence of cells. By comparing the absorbance values 

between the control and knockout cells, the impact of FABP5 or AR gene knockout on 

cell growth and viability could be determined.It is worth noting that triplicate 

experiments help to reduce experimental variations and enhance the statistical 

significance of the results. Additionally, the PrestoBlue Cell Viability Reagent provided 
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a time-saving advantage, as it yielded accurate viability measurements just 10 minutes 

after the addition of the reagent, allowing for efficient data acquisition and analysis. 

2.5.2 Motility assay 

Upon reaching 100% confluency in both the parental cells and FABP5 or AR knockout 

cells, the motility of the cells was assessed using a cell motility assay. This assay 

utilized an Ibidi culture-Insert (Ibidi TM, Germany) to analyze the behavior of motile 

cells. This experiment was performed in triplicate at different times.The Ibidi culture-

Insert consisted of two cell culture reservoirs separated by a wall. Cell suspensions were 

added to the reservoirs and allowed to attach and grow. Once the cells were firmly 

attached, the insert was carefully withdrawn, creating a defined space of 500 µm width. 

Following the removal of the insert, 100 µl of the cell suspension was added to each cell 

culture well.To assess the motility of the cells, the culture dishes were placed in a 

humidified culture incubator at 37 °C and 5% CO2 for a minimum of 24 hours. During 

this incubation period, the cells exhibited motility and attempted to close the gaps 

created by the withdrawn insert, demonstrating their ability to move and migrate.To 

evaluate the motility activity, microscopy was performed, and images were captured at 

specified time intervals. The images were analyzed using software such as Image J to 

quantify the motility response. The diameter of the gradually narrowing gaps was 

measured to determine the extent of motility by the cells.It is important to note that 

sterile tweezers were used to delicately remove the insert from the culture dish to avoid 

disturbing the intact monolayer of cells that had formed. Image J was used to perform 

quantitative analysis on the pictures taken under a microscope. The cell motility assay 

provided valuable insights into how the knockout of the FABP5 or AR gene affected the 

motility of the cells, offering information about their ability to move and close the gap 

in comparison to the control parental cells. 
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2.5.3 Invasion assay 

The capacity for invading surrounding tissue forms a malignant characteristic of cancer 

cells which may differentiate benign from malignant lesions. The invasion assay is a tried-

and-true technique for determining the probable degree of cancer cell spread. The basic 

idea is that those cells move down the chemoattractant gradient to a lower compartment 

after passing through a porous membrane. A BD BioCoatTM Growth Factor Reduced 

(GFR) MatrigelTM Invasion Chamber with an 8µm pore size and a Matrigel basement 

membrane matrix (BD Biosciences, USA) was used for evaluating cell invasion (229). 

Growth factor, laminin, collagen type IV, heparin sulphate proteoglycan and entactin are 

the components that may be found in BD Matrigel Matrix, which is a solubilised 

preparation of tissue basement membrane. Parental cells and FABP5 or AR knockout 

cells that were actively growing and had a confluency of <80% were kept for 24h in 

serum-free RPMI 1640 medium before testing for invasion. After starving for twenty-

four hours, the cells were collected, counted using a haemocytometer, and added to a 

serum-free medium to form a suspension of 50000 cells per ml within serum-free 

medium. Meanwhile, each chamber was removed from the  -20°C freezer before warming 

them to ambient temperature. Following that, 0.5 ml medium at 37oC was administered 

into inserts, and they were left for two hours’ rehydration inside a humidified tissue 

culture incubator in conditions of  37oC and 5% CO2. Once rehydrated, removal of 

medium was performed very carefully to avoid disrupting the GFR MatrigelTM Matrix 

layer that was on the membrane. Lastly, 25,000 cells in 0.5 ml of medium were put into 

each upper compartment of the chambers, and 1 ml of regular medium containing 10% 

(v/v) FBS was poured into each well of the bottom compartments. The experiment was 

carried out within a humidified tissue culture chamber in conditions of 37oC with 5% CO2 

for 24 h. Each cell line was tested in triplicates. The cells that were still there on the filter’s 

upper side after incubating for 24 h were carefully removed with a cotton swab, then 
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rinsed in PBS. This was followed by cell fixing and staining with crystal violet for ten 

minutes(Figure18). Following a number of washes in water, the chambers were allowed 

to dry at 37oC and the number of the invading cells migrating to the lower filter area were 

counted using a microscope (EVOS, Thermo Scientific, UK) at  20 x magnification. 

 

 

 

Figure 18.The workflow of the invasion experiment, which was carried out in chambers 

with a pore size of 8 µm and a Matrigel matrix coating. 

2.5.4 Soft agar assay 

Cell transformation and carcinogenesis are characterized by a number of hallmarks, one 

of which is anchorage-independent growth. The soft agar colony formation assay is a 

frequently used in vitro assay in monitoring anchorage-independent growth and 

measuring proliferative activity within a semisolid matrix. The technique is used to test 
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for malignant transformation in cells. The assay was designed to investigate the 

tumorigenic potential of cells in an environment that was independent of anchorage.  

To carry out the test, six-well plates were initially covered with 2 ml of regular/selective 

culture medium containing 10% FCS as well as 2% (w/v) low melt agarose gel.After 

cooling at 4oC for 20 minutes, the mixture was placed in the refrigerator for solidification.  

Routine growth was conducted with parental cells, and FABP5 or AR knockout cells until 

they reached 70–80% confluency, before detaching collecting, and adjusting them using 

routine medium to 5,000 cells per well. After that, 1 ml cell suspension from each cell 

line (containing 5000 cells/ml) and 1% low melt point agarose gel were combined. The 

resulting mixture was poured onto the top of wells in six-well plates that had previously 

been coated. For the purpose of consolidation, the complexes were chilled at 4oC for ten 

minutes. Each plate was then incubated at 37oC with 5% CO2 for 28 days. During this 

period, cell cultures were maintained using standard culture medium applied at 200 

ul/well weekly. Finally, the colony staining was performed using 0.5 ml 2% MTT 

(5mg/ml) (3-(4, 5-dimethylthiazl-2-yl)-2, 5-diphenylterazolium bromide) and incubating 

at 37oC with 5% CO2 for 240 minutes. A Colony Counter (Oxford Optronix, UK) was 

used to count colonies that were bigger than 150um in diameter. 

2.6  Statistical analysis  

Prism 9 and ImageJ  tools were used to conduct analysis on the data presented here. T-

tests, comparing the means between two groups, were performed in this study to analyse 

any identified difference in the experimental group and controls for Western blotting, 

proliferation and invasion assays, and soft agar assay. The results are considered to have 

statistical significance at p ≤ 0.05 
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Chapter 3 .  Result-1 : Investigation of the expression status of 

FABP5-related proteins in PCa cell lines and establishment of 

FABP5- or AR- KO sublines 
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3.1 Introduction 

Within the scope of this chapter, a comprehensive investigation was conducted to 

ascertain the expression status of FABP5 and its functionally related factors in prostate 

cells. The examination encompassed benign PNT2 cells, as well as prostate cancer cell 

lines including 22RV1, DU145, and PC3M. By scrutinizing these diverse cellular models, 

our objective was to acquire a thorough understanding of the intricate expression patterns 

and potential implications of FABP5 and its associated factors in prostate biology and the 

progression of cancer. our study also aimed to generate  the FABP5 or AR knockout single 

clones using the RNP CRISPR-Cas9 system in both androgen-responsive and androgen-

unresponsive cancer cell lines. These single clones provided us with valuable tools to 

further investigate the specific roles of FABP5 and AR in prostate cell behavior 

3.2 Expression of FABP5 and its functionally related factors in 

prostate cell lines 

3.2.1  Expression of FABP5 

Western blot analysis was performed to detect the expression of FABP5 in benign and 

prostate epithelial cells(Figure 19). As shown in figure 19, A  FABP5 expression was not 

detected in benign PNT2 cells. But a 15kDa FABP5 band was detected in moderately 

malignant cell line 22RV1 and strong band was detected in the highly malignant cell lines 

DU145, PC3M. Quantitative analysis with densitometric scanning showed that levels of 

FABP5 expressed in these cells are very different. When the level of FABP5 in 22RV1 

was set at 1, relative levels in the malignant DU145 and PC3M cells were increased to 

1.58 ± 0.075 and 2.9 ± 0.15, respectively. In contrast, no detectable level of FABP5 was 

found in the benign PNT2 cells (Figure 19, B)  
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Figure 19. FABP5 expression in prostate epithelial cell lines. (A) FABP5 immunoblot 

analysis in benign and cancerous prostate cell lines. (B) Quantitative measurement of the 

peak area intensities of bands on the blot using densitometry scanning. Three separate  

independent experiments yielded the data (Mean ± SD). The image was used to measure 

the band intensities to determine the relative amounts of FABP5. 

 

3.2.2 Expression of PPARγ1 & 2  

Western blot analysis (Figure 20) showed that both PPARγ1 and PPARγ2 were expressed 

in PNT2 with strong bands. In 22RV1 cells, the PPARγ1 band was much stronger than 

that of PPARγ2. But in the DU145 cells the PPARγ1 band was very weaker than that of 

PPARγ2. In PC3M cells,  PPARγ2 was weak, whereas PPARγ1 was moderately 

prevalent(Figure 20, A). When the level of PPARγ1or PPARγ2 in PNT2 was set to 1 

respectively,  the levels of PPARγ1 was 1.2 ± 0.026 in 22RV1 cells,  0.21 ±0.032 in 

DU145 cells, and 0.42 ± 0.02 in PC3M cells, respectively. PPARγ2 levels were 1.5 ± 0.1  

in PNT-2 cells,  0.47 ± 0.04 in 22RV1 cells, 0.47 ±0.02 in DU145 cells, and 0.05 ± 0.08 

in PC3M cells, respectively(Figure 20, B).   
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Figure 20.  PPAR1 and PPAR2 expression in prostate cancer cell lines. (A). Western blot 

identification of PPAR1 and PPAR2 expression in several prostate cell lines. (B). 

Quantitative examination of band intensities using densitometry scanning of peak areas 

on the blot. Each result (Mean ± SD) was derived from three separate independent 

experiments. Image J was used to evaluate the band intensities photographs.. 

 

3.2.3 Expression of (Phosphorylated) p-PPARγ1 & 2 protein 

The results of Western blot analysis of p-PPARγ1 and p-PPARγ2 expression were shown 

in figure 21. As shown in figure 21, A  levels of p-PPARγ1 and p-PPARγ2 expression in 

the benign PNT2 cells were not detectable by Western blots. The p-PPARγ1 and p-
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PPARγ2 bands in the moderately malignant 22RV1 cells were much weaker than those 

detected in the highly malignant DU145 and PC3M cells. Further quantitative analysis 

showed that the level of p-PPARγ1 was much higher than that of p-PPARγ2 in both 

DU145 and PC3M cells (figure 21, B). When the level of p-PPARγ1 in 22RV1 was set at 

1, the relative levels of p-PPARγ1 were 2.3 ± 0,06 and 2.2 ± 0.08 in DU145 and PC3M, 

respectively.  When the level of p-PPARγ2 was set at 1,  relative levels of p-PPARγ2 in 

DU145 and PC3M were 1.02 ±0.04 and 1.3 ± 0.03, respectively. 

 

 

 

 

 

 

Figure 21.  The expression of p-PPAR1 and p-PPAR2 in prostate cancer cell lines. (A) 

p-PPAR1 and p-PPAR2 Western blot analyses in benign and cancerous prostate cells. 

The B-Actin antibody was utilized to address any sample loading problems. (B) Relative 

levels of p-PPAR1 and p-PPAR2 expression in various prostate epithelial cells. 
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Densitometric scanning of the intensities of peak area of the bands on the blot yielded the 

results. The statistics reported here were the mean standard deviation (Mean ± SD) of 

three separate  independent experiments. Image J program was used to evaluate the band 

intensity images. 

3.2.4  Expression of AR and ARV7 

Western blot analysis (Figure 22) showed that AR FL and ARV7 were expressed only in 

the androgen responsive 22RV1 cells. The expression of either AR FL or V7 were 

detected neither in the benign PNT2 cells, nor in the highly malignant cells DU145 and 

PC3M.  

 

 

Figure 22.  Western blot analysis of AR FL and ARV7 expression in benign and 

malignant prostate epithelial cells. An antibody against β-Actin was used to hybridize the 

blot to correct possible sample loading discrepancies.  

3.2.5  Expression of VEGF  

The results of Western bot analysis of VEGF expression in different prostate epithelial 

cells were shown in figure 23. Expression of VEGF was detected in all cell lines used in 

this study. The VEGF expression in PNT2 cells appeared to be lower than in any of the 

other cell lines. A strong VEGF band was detected in all three malignant cell lines(Figure 

23, A).  Relative levels of VEGF expression in all 4 cell lines were shown figure 23, B.  
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When the VEGF level is set at 1 in PNT2, its relative expression levels were 1.4 ± 0.05, 

2.1±0.11, and 1.9 ± 0.05 in 22RV1, DU145, and PC3M, respectively. 

 

 

 

 

 

Figure 23.  VEGF expression in normal and cancerous prostate epithelial cells. (A) VEGF 

Western blot investigation in various prostate epithelial cell lines. To hybridize the blot 

and address any sample loading problems, an anti-actin antibody was utilized. (B) 

Relative levels of VEGF expression in various prostate epithelial cells. Densitometric 

scanning of the intensities of peak area of the bands on the blot yielded the results. The 

statistics reported here were the mean standard deviation (Mean ± SD) of three different  

independent experiments. Image J program was used to evaluate the band intensity 

images. 
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Establishment of new cell lines derived from different prostate epithelial cell lines  

with either FABP5 or AR gene knocked out 

The FABP5 gene KO in 22RV1, DU145 and PC3M and the AR gene KO in 22RV1 cells 

were accomplished with the cutting-edge gene editing approach, CRISPR-Cas9. The 

gRNA sequences for FABP5 22RV1,DU145 and PC3M were 5’- 

AAGTATCAACTTCATCATAG -3, 5’- GATGAATACATGAAGGAGCT -3 and 5’- 

AAGTATCAACTTCATCATAG -3 respectively. The gRNA for AR 22RV1 was 5’-

CAACGCCAAGGAGTTGTGTA-3’, 5’ GGTTACACCAAAGGGCTAGA -3’ and 5’ 

GCAGAAATGATTGCACTATT -3’. The gRNA sequences listed in table 1.3 section 

2.3.2 were designed using Integrated DNA Technology's Alt-R® CRISPR-Cas9 guide 

RNA designing tools to target the FABP5 gene and the AR gene in different exons. 

3.3  Generation of the FABP5 KO sub-line from 22RV1 cells 

3.3.1 Lipofection transfection efficiency of the Cas9 protein along with the 

crRNA:tracrRNA(sgRNA)-ATTO-550-RNP and FACS sorting of the 

fluorescently labelled cells.   

Ribonucleoprotein (RNP), which consists of Cas9 nuclease associated with crRNA: 

tracrRNA duplex or sgRNA, was used to edit the genome of 22RV1 cells. The result of 

transfecting 22RV1 cells with the crRNA: tracrRNA or (sgRNA)-ATTO-550-RNP 

mixture were recorded in figure 24 One hour after the Cas9 protein and the sgRNA-

ATTO-550-RNP mixture was transfected, cell images taken under fluorescence 

microscope confirmed that the transfected cells (Figure 24, B) were successfully labelled 

with RFP (red), whereas the control (black and white) was not (Figure 24, A). After 24 

hours the control cells and the transfected cells were subjected to FACS with the setup 

gating system to select the successfully transfected, or RFP- labeled cells. The control 

cells were shifted to the left side as shown in figure 24, C and the RFP- labelled 
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transfected cells shifted to the right side as shown in figure 25, D. As pointed by the black 

arrowhead in Figure 25, D 97.2% of the cells were effectively transfected. 

 

 

Figure 24. Transfection of 22RV1 with the sgRNA-ATTO-550-RNP mixture. A) Image 

of control 22RV1 cells with no RFP labels under florescent microscope.  B) Image of the 

transfected 22RV1 cells labelled with RFP under florescent microscope. C) The control 

22RV1 cells and the transfected, RFP-labelled cells were sorted by FACS and were 
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divided between the right and the left quadrant. D) 22RV1-FABP5-KO transfected or 

RFP-labelled cells sorted by FACS. 

3.3.2  Confirmation of the successful FABP5 KO in 22RV1 cells 

with Western blot 

FABP5 expression was tested with Western blot in 22RV1 parental cells and the 5 KO 

colonies developed from 5 single transfect, respectively (Figure 25). As shown in figure 

25, A the control 22RV1 (untreated parental cells) expressed the highest level of  FABP5. 

No FABP5 was detected C5. For other 4 sub-lines, FABP5 was expressed  at varies levels, 

although these levels were significantly lower than that expressed in the control cells. The 

relative levels of FABP5 in the control and in different sub-lines were obtained by further 

quantitative analysis of the intensities of the peak regions of the bands on the blot showed 

(Figure 25, B).   When the FABP5 level in control cells was set at 1, the relative FABP5 

levels of C1, C2, C3, C4, and C5 were 0.36 ±02, 0.52 ±07, 0.21 ±001, and 0.30 ±01, 

respectively. For C5, the expression of FABP5 was not detected. Thus C5 was identified 

as successful FABP5 KO cells which did not express FABP5 anymore. 
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Figure 25. FABP5 expression levels were determined in parental 22RV1 cells and 5 KO 

transfect sub-lines. Individual colonies-developed sub-lines were labelled C1, C2, C3, 

C4, and C5, and each was created from a single transfect clone. (A). FABP5 levels were 

measured using a Western blot in control 22RV1 cells and 5 sub-lines. To hybridize the 

blot and address any sample loading errors, an antibody against -Actin was utilized. (B). 

FABP5 relative values were expressed in the control and five sub-lines. The outcome 

(mean ± SD) was derived from three separate  independent experiments. Ns stands for 

not significant (p>0.05). When p0.05 was utilized, the result was considered significant, 

and the rising number of stars indicated the greater degree of significance.. *p<0.05, 

**p<0.001, ***p<0.0002 and ****p<0.00001. 
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3.3.3 The morphology of C5-derived KO cells.  

After several passages of the 22RV1 C5 subline, Western blot analysis was performed to 

detect the expression of FABP5 once more to further confirm the KO effect, and light 

microscopy images were taken to check the morphological changes (Figure 26). As 

shown in figure 26, A, no FABP5 was detected in C5 cells, although it was expressed in 

the parental 22RV1 cells, further confirming that the FABP5 gene was indeed knocked 

out in the C5 cells. The light microscopy images showed that C5 cell grew much slower 

than their parental cells, and the cell body was more elongated  spindle form, a much less 

malignant morphological appearance (Figure 26, B).  

 

 

  

Figure 26. The expression of FABP5 in C5 cells was examined through Western blot 

analysis following multiple passages and their morphological changes. (A). Western blot 

analysis of FABP5 expression in C5 cells.  An antibody against β-Actin was used to 

hybridize the blot and to standardize the hybridization. (B) Microscopic images on the 

left showcases the typical morphology of the 22RV1 parental cells, while the image on 

the right displays the distinctive morphology of the C5 knockout cells. These images 

serve to illustrate the impact of the knockout on the cellular phenotype, highlighting the 
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morphological alterations resulting from the absence of the FABP5 gene. Magnification: 

22RV1,20x  C5, x20. 

3.3.4 Nucleotide sequence analysis 

Genomic DNA extracted from C5 cells was subjected to nucleotide sequence analysis to 

confirm the FABP5 gene was knocked out successfully. A segment of DNA in FABP5 

region was amplified by PCR with a positive primer 5-’GGCAAGAGGAGCTGGTTAG-

3’and negative primer 5’GAGGGTCACGGTAGTTATTTCA-3’. The DNA fragment 

amplified by PCR was then subjected to Sanger sequencing. The result of the nucleotide 

sequence analysis was shown in figure 27. Sequence alignment analysis of the 22RV1 

parental cells and the C5 cells (Figure 27, A) showed that the single mutation occurred in 

BP number 61 of targeted region of the FABP5 gene: a “G” in the parental cells was 

mutated into a “C” in the C5 cells (pointed by the black arrow head). This was a frameshift 

mutation which led a complete inactivation of the FABP5 gene. This mutation was also 

confirmed by the sequence analysis recording chart (Figure 27, B), pointed by the black 

arrow head). 
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Figure 27.  Nucleotide sequence analysis of the FABP5 gene in the parental control and 

the C5 cells.  (A). Nucleotide sequence alignment on the targeted region of the FABP5 

gene of the 22RV1 cells and the C5 cells. The gRNA targeted region was highlighted 

with an orange color. (B). Nucleotide sequence analysis recording chart. The black arrow 

head pointed to the mutated base. 

3.4  Generation of FABP5 KO sub-lines from DU145 cell lines 

3.4.1 Lipofection transfection efficiency of the Cas9 protein along 

with the crRNA:tracrRNA(sgRNA)-ATTO-550-RNP and 

FACS sorting of the fluorescently labelled cells.   

The result of transfecting DU145 cells with the crRNA: tracrRNA or (sgRNA)-ATTO-

550-RNP mixture were recorded in Figure 28 One hour after the Cas9 protein and the 

sgRNA-ATTO-550-RNP mixture was transfected, cell images taken under fluorescence 

microscope confirmed that the transfected cells (Figure 28, B) were successfully labelled 

with RFP (red), whereas the control (black and white) was not (Figure 28, A). After 24 

hours the control cells and the transfected cells were subjected to FACS with the setup 

gating system to select the successfully transfected, or RFP- labeled cells. The control 

cells were shifted to the left side as shown in figure 28, C and the RFP- labelled 

transfected cells shifted to the right side as shown in figure 28, D. As pointed by the black 

arrowhead in Figure 29, D 98.3% of the cells were effectively transfected. 
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Figure 28. Transfection of DU145 with the sgRNA-ATTO-550-RNP mixture. A) Image 

of control DU145 cells with no RFP labels under florescent microscope.  B) Image of the 

transfected DU145 cells labelled with RFP under florescent microscope. C) The control 

DU145 cells and the transfected, RFP-labelled cells were sorted by FACS and were 
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divided between the right and the left quadrant. D) DU145-FABP5-KO transfected or 

RFP-labelled cells sorted by FACS. 

3.4.2  Confirmation of the successful FABP5 KO in DU145 cells 

with Western blot 

The results of the Western blot analysis on the expression of FABP5 in DU145 parental 

control cells and two FABP5-KO sublines, C1 and C2, were shown in figure 29.  The 

level of FABP5 expression was the highest in the parental control cells, as shown in 

Figure 29 ,A. The levels in both sublines C1 and C2 were much lower than that expressed 

in their parental control cells. The quantitative analysis of the relative levels of FABP5 

expression was shown in figure 29 ,B. When FABP5 level in the control cells was set at 

1, the relative levels of FABP5 in C1 and C2 were 0.1 ± 0.04 and 0.05 ±0.024; reducing 

10 and 20 times, respectively, comparing to their parental control cells.  
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Figure 29. FABP5 expression levels in the parental DU145 cells and in sublines C1 and 

C2. (A). Western blot analysis of the expression of FABP5 in 3 different cell lines. An 

antibody against β-Actin was used to hybridize the blot to standardize the hybridization. 

(B). Quantitative analysis of the relative levels of FABP5 in the parental control cells and 

in C1 and C2 cells. The result (mean ± SD) was obtained from 3 separate densitometrical 

experiments  of  the intensities of peak areas of the bands on the blot. FABP5 levels 

between the control and the sublines were compared and the result was subjected to 

Student t-test. The difference is regarded as statistically significant when p<0.05 which 

was marked with a star. Then the number of stars was increased as the increasing  degree 

of significance until 4 stars. *P<0.05, **P<0.001, ***P<0.0002 and ****p <0.00001. 

3.4.3 The morphology of C2-derived KO cells 

The above Western blot analysis indicated that most of C2 cells were successful KO 

transfectants. After several passages, a single cell clone selected from C2 was cultured 

continuedly to form a subline which was still named C2.   A further Western blot analysis 

was performed to detect the FABP5 expression and the results were shown in figure 30. 

As shown in figure 30, A although a high level of FABP5 was expressed in the parental 

control cells, no FABP5 was detected in C2 cells, indicating the FABP5 was completely 

knocked out. Microscopy images taken from the cultured cells (Figure 30, B) showed C2 

cells grew much slower, and looked short with a spindle form. In contrast, the parental 

DU145 cells grew much faster, and look longer and exhibited a typical highly malignant 

morphology.   
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Figure 30.  Morphological changes of C2 cells and their FABP5 expression. A). Western 

blot analysis of FABP5 expression in parental DU145 cells and in the C2 subline. An 

antibody against β-Actin was used to hybridize the blot and standardize the hybridization.  

B).Microscopic images of DU145 (left) and the C2 subline cells (right) .The image on the 

left showcases the typical morphology of the DU145 parental cells, while the image on 

the right displays the distinctive morphology of the C2 knockout cells. These images 

serve to illustrate the impact of the knockout on the cellular phenotype, highlighting the 

morphological alterations resulting from the absence of the FABP5 gene.  Magnifications: 

DU145: x20; C2: x20. 

3.4.4  Nucleotide sequence analysis of the targeted region in 

FABP5 gene 

The genomic DNA was prepared from both DU145 cells and the subline C2 cells. The 

targeted region of FABP5 gene was amplified by PCR with positive primer 5-

’GGCAAGAGGAGCTGGTTAG-3’and negative primer 

5’GAGGGTCACGGTAGTTATTTCA-3’. Nucleotide sequence analysis was performed 

and the sequences of this region  of genomes of DU145 and C2 cells were shown in figure 

31. DNA sequence alignment analysis revealed that several base pairs from bp 117 to bp 

130 of the FABP5 gene were deleted by KO, as shown in figure 31, A (the deleted 

segment was pointed by the arrow head). The sequencing analysis recording chart shown 

B 
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in Figure 31, B further confirmed the loss of a 14bp DNA segment  from the targeted 

region of the FABP5 gene Pointed by the arrow head).  

 

 

 

 

Figure 31. Nucleotide sequence analysis of the FABP5 gene in the parental DU145 cells 

and in the C2 cells.  (A). Nucleotide sequence alignment on the targeted region of the 

FABP5 gene of the DU145 cells and the C2 cells. The gRNA targeted region was 

highlighted with an orange color. (B). Nucleotide sequence analysis recording chart. The 

black arrow head pointed to the location of the deleted 14bp DNA segment in the targeted 

region of the FABP5 gene. 
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3.5 Generation of FABP5 knockout in PC3M cell lines 

3.5.1  Lipofection transfection efficiency of the Cas9 protein along 

with the crRNA:tracrRNA(sgRNA)-ATTO-550-RNP and 

FACS sorting of the fluorescently labelled cells 

The result of transfecting PC3M cells with the crRNA: tracrRNA or (sgRNA)-ATTO-

550-RNP mixture were recorded in Figure 32.One hour after the Cas9 protein and the 

sgRNA-ATTO-550-RNP mixture was transfected, cell images taken under fluorescence 

microscope confirmed that the transfected cells (Figure 32, B) were successfully labelled 

with RFP (red), whereas the control (black and white) was not (Figure 32, A). After 24 

hours the control cells and the transfected cells were subjected to FACS with the setup 

gating system to select the successfully transfected, or RFP- labeled cells. The control 

cells were shifted to the left side as shown in figure 32, C, and the RFP- labelled 

transfected cells shifted to the right side as shown in figure 32, D. As pointed by the black 

arrowhead in Figure 32, D, 100 % of the cells were effectively transfected. 
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Figure 32. Transfection of PC3M with the sgRNA-ATTO-550-RNP mixture. A) Image 

of control PC3M cells with no RFP labels under florescent microscope.  B) Image of the 

transfected PC3M cells labelled with RFP under florescent microscope. C) The control 

PC3M cells and the transfected, RFP-labelled cells were sorted by FACS and were 

divided between the right and the left quadrant. D) PC3M-FABP5-KO transfected or 

RFP-labelled cells sorted by FACS 

3.5.2 Selection of the FABP5-KO clones from PC3M cells 

Six colonies derived from the FABP5-KO transfectants were cultured to establish 6 

separate sublines. These sublines were designated C1, C2, C3, C4, C5, and C6 

respectively. All these 6 sublines and their parental PC3M cells were subjected to Western 

blot analysis to check the expression status of FABP5 expression.  As shown in figure 

33, the highest level of FABP5 expression was found in PC3M parental control cells. No 

FABP5 expression was detected in C6 cells. FABP5 was expressed in much lower levels 

than the control cells in other sublines (figure 33, A). The relative FABP5 levels in these 

cells were shown in figure 33, B. When the level of FABP5 expression in PC3M cells 

was set at 1, the relative FABP5 levels of C1, C2, C3,C4, and C5 were 0.06 ± 0.01 

,0.02±0.08, 0.22±0.09,0.05±0.01 and 0.08±0.04, respectively.   The FABP5 level in C6 

cells was not detectable, indicating a complete success in knocking out  the FABP5 gene. 
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Figure 33.  FABP5 levels in the parental control PC3M cells and in 6 sublines. (A). 

Western blot analysis of the expression of FABP5 in the parental PC3M cells and 6 

sublines. (B). Relative levels of FABP5 in the control and 6 sublines measured by 

Quantitative analysis with  a densitometrical  scans of the peak regions of the bands on 

the blot. The result (mean ±S D) was obtained from 3 separate experiments. Student t-test 

was used to compare the means and the results were regarded as significant when p<0.05. 

the degree of significance was represented by the number of stars as following:  *p 0.05, 

**p 0.001, ***p 0.0002, and ****p 0.0001. 
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3.5.3 Further detection of FABP5 in C6 and its morphological 

appearance 

To further confirm the successful KO of FABP5 gene in C6 cells, we performed a second 

western blot analysis of FABP5 gene after a few more passages of the C6 cells (Figure 

34).  As shown in figure 34, A, although FABP5 level in the parental PC3M cells was 

very high, no FABP5 was detected in C6 cells, further confirming that the FABP5 gene 

was completely inactivated.  The light microscopy images taken from the cultured cells 

shown (Figure 34, B) the morphological appearance of the C6 cells (right) to be more 

shortened and spindle look when compared with their parental PC3M cells (left).  

 

 

 

 

 

 

 

 

Figure 34.  FABP5 expression in C6 cells after several passages and their morphological 

appearance. (A). Western blot analysis of FABP5 (top panel) expression in the control 

PC3M cells and the subline C6 cells. An antibody against β-Actin was used to standardize 

the hybridization. (B) Microscopic images of PC3M (left) and the C6 subline cells 

(right).The image on the left showcases the typical morphology of the PC3M parental 

cells, while the image on the right displays the distinctive morphology of the C6 knockout 

cells. These images serve to illustrate the impact of the knockout on the cellular 

FABP5 

β-Actin 

PC3M C6 

15 KDa 

42 KDa 

A 

B 



108 
 

phenotype, highlighting the morphological alterations resulting from the absence of the 

FABP5 gene. Magnifications: PC3M: x20; C6: x20. 

3.5.4  Nucleotide sequence analysis  

The genomic DNA was prepared from both PC3M cells and the subline C6 cells. The 

targeted region of FABP5 gene was amplified by PCR with a positive primer 5-

’GGCAAGAGGAGCTGGTTAG-3’and negative primer 

5’GAGGGTCACGGTAGTTATTTCA-3’. Nucleotide sequence analysis was performed 

and the sequences of this region  of genomes of PC3M and C6 cells were shown in figure 

35. DNA sequence alignment analysis revealed that a single base “T” in the FABP5 gene 

was deleted by KO, as shown in figure 35, A (the deleted base was pointed by the arrow 

head). The sequencing analysis recording chart shown in figure 35, B further confirmed 

the deleted “T” was base 286  in the targeted region of the FABP5 gene (Pointed by the 

arrow head). The frameshift single base deletion completely inactivated the FABP5 gene 

in PC3M cells.   
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Figure 35. Nucleotide sequence analysis of the FABP5 gene in the parental PC3M cells 

and in the C6 cells.  (A). Nucleotide sequence alignment on the targeted region of the 

FABP5 gene of the PC3M cells and the C6 cells. The gRNA targeted region was 

highlighted with an orange color. (B). Nucleotide sequence analysis recording chart. The 

black arrow head pointed to the location of the deleted “T” base in the targeted region of 

the FABP5 gene. 

3.6 Generation of AR knockout in 22RV1 cell lines  

3.6.1 Lipofection transfection efficiency of the Cas9 protein along 

with the crRNA:tracrRNA(sgRNA)-ATTO-550-RNP and 

FACS sorting of the fluorescently labelled cells.  

The result of transfecting 22RV1 cells with the crRNA: tracrRNA or (sgRNA)-ATTO-

550-RNP mixture were recorded in figure 36. One hour after the Cas9 protein and the 

sgRNA-ATTO-550-RNP mixture was transfected, cell images taken under fluorescence 

microscope confirmed that the transfected cells (Figure 36, B) were successfully labelled 

with RFP (red), whereas the control (black and white) was not (Figure 36, A). After 24 

hours the control cells and the transfected cells were subjected to FACS with the setup 

gating system to select the successfully transfected, or RFP- labeled cells. The control 

cells were shifted to the left side as shown in figure 36, C, and the RFP- labelled 

transfected cells shifted to the right side as shown in figure 36, D. As pointed by the black 

arrowhead in Figure 36, D, 71.4 % of the cells were effectively transfected. 
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Figure 36. Transfection of 22RV1 with the sgRNA-ATTO-550-RNP mixture. A) Image 

of control 22RV1 cells with no RFP labels under florescent microscope.  B) Image of the 

transfected 22RV1 cells labelled with RFP under florescent microscope. C) The control 

22RV1 cells and the transfected, RFP-labelled cells were sorted by FACS and were 

divided between the right and the left quadrant. D) 22RV1-AR-KO transfected or RFP-

labelled cells sorted by FACS.. 

3.6.2 Selection of successful AR-knocked out colonies derived from 

22RV1 cells 

In order to identify the colonies, in which the AR gene was successfully knocked out, the 

parental 22RV1 cells and their 8 derivative sub-lines, which was designated C1, C2, C3, 

C4, C5, C6, C7 and C8, respectively, were subjected to Western blot analysis to detect 

their AR expression (Figure 37). As shown in figure 37, A, the highest levels of AR (AR-

FL, AR-V7) were seen in 22RV1 parental control cells and the C2 cells. The AR levels 

in all other sublines were lower than that of the control. Particularly in C1, C3 and C4 

cells, levels of AR were greatly reduced.  Relative levels of AR expressed in different cell 

lines were shown in figure 37, B.  When the level of  22RV1 cells was set at 1, the relative 

levels of AR in C1, C2, C3, C4, C5, C6, C7, and C8 were 0.076 ± 0.04, 1± 0,  0.09 ± 0.04, 

0.09 ± 0.01, 0.45 ± 0.05, 0.5 ± 0.05, 0.74 ± 0.56, and 0.69± 0.07, respectively.  
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Figure 37. Levels of AR expression levels in the parental 22RV1 cells and 8 sub-lines. 

(A). Western blot analysis of AR expression of AR in several cell lines. (AR-FL was 

detected at 110 KDa) (AR-V7 was detected at 75KDa ). An antibody against β-Actin was 

used to standardize the hybridization.  (B). Relative levels of AR expressed in the parental 

22RV1 cells and 8 sublines. The result (mean ± SD) was obtained by 3 separate 

densitometrical scanning experiments of the peak regions of the bands on the blot. Student 

t-test was used to compare the means between the control and each of the sublines. results. 

The result was regarded as statistically significant when p<0.05. The degree of 

significance was represented by the number of stars as following:  p<0.05 *P 0.05, **p 

0.001, ***p 0.0002, and ****p 0.0001 are all statistically significant. 
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3.6.3  Single clone confirmation  

After several passages of the 22RV1 C1,C3 and C4 subline, a single colony was removed 

from each culture and a new subline was established from the new colonies which were 

still named C1, C3 and C4 respectively. The results of Western blot analysis of the AR 

levels expressed in the parental 22RV1 control cells and 3 new sublines were shown in 

figure 38.  As shown in figure 38, A the AR gene was completely inactivated and no 

expression was detected.  The results of further quantitative analysis of the relative levels 

of AR expression in the control and the sublines were shown in figure 38, B. When the 

level of expression in 22RV1 cells was set at 1, relative levels of AR in C1 and C3  were  

0.07 ± 0.05, 0.04 ± 0.03, respectively. The level of AR in C4 was not detectable. Light 

microscopy images of the parental 22RV1 cells and the C4 cells were displayed in figure 

38, C. The morphological appearance of C4 (right) was different from that of the parental 

22RV1 cells (left), exhibiting a less malignant morphological appearance.  
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Figure 38. Further Western blot analysis of AR levels in different cells  and their 

morphological appearance. (A). Western blot analysis of AR levels in the parental 22RV1 

cells and in sublines C1,C3 and C4. An antibody against β-Actin was used to hybridize 

the blot to standardize the hybridization. (B). Relative levels of AR in parental 22RV1, 

C1, C3, and C4 Cells. (C). Microscopical images of the parental 22RV1 cells and the 

subline C4 cells. The levels of AR in the control and the sublines were compared and 

tested with Student t-test, the results were regarded as statistically significant when. The 

degree of significant was represented by the number of stars as following:  p<0.05. 

*p0.05, **p 0.001, ***p 0.0002, and ****p 0.0001.  
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3.6.4 Discussion 

This study examined the expression of FABP5 and its related factors in prostate cells, 

including benign PNT2 cells and prostate cancer cell lines (22RV1, DU145, and 

PC3M). FABP5 showed increased expression with malignancy, being absent in PNT2 

cells, moderate in 22RV1 cells, and high in DU145 and PC3M cells. PPARγ1 and 

PPARγ2 exhibited moderate expression in 22RV1 cells and slightly reduced levels in 

DU145 and PC3M cells, while p-PPARγ1 and p-PPARγ2 showed opposite patterns. AR 

and ARV7 expression was limited to 22RV1 cells, while VEGF expression was present 

in all cell lines, suggesting their roles in prostate cancer development and progression. 

Also In this study RNP technology successfully silenced FABP5 or AR expression by 

inducing various frameshift mutations in 22RV1, DU145, and PC3M cells. Western blot 

analysis confirmed the absence of FABP5 or AR in the mutant cells, demonstrating the 

effectiveness of RNP transfection for gene editing. The derived sublines with FABP5 or 

AR knockout were stable and served as valuable tools for subsequent investigations in 

the later stages of the study. 

Table 4.The Expression Status of FABP5 and Related Factors in Prostate Cells 

 

Cell 

Type 

FABP5 

Expression 

PPARγ1 

Expression 

PPARγ2 

Expression 

p-PPARγ1 

Expression 

p-PPARγ2 

Expression 

AR 

Expression 

ARV7 

Expression 

VEGF 

Expression 

PNT2 Not 

detected 

Strong Strong Not 

detected 

Not 

detected 

Not 

detected 

Not 

detected 

Lower 

22RV1 Moderate Moderate Moderate Moderate Moderate Present Present Higher 

DU145 Very high Slightly 

reduced 

Slightly 

reduced 

Very high Very high Not 

detected 

Not 

detected 

Higher 

PC3M Very high Slightly 

reduced 

Slightly 

reduced 

Very high Very high Not 

detected 

Not 

detected 

Higher 
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Footnote: The table summarizes the expression levels of FABP5, its related factors 

(PPARγ1, PPARγ2, p-PPARγ1, p-PPARγ2), AR, ARV7, and VEGF in different cell 

types. 
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4.1 Introduction  

Understanding the factors that contribute to the malignant characteristics of prostate 

cancer cells is crucial for developing effective treatment strategies. In this chapter, we 

focused on investigating the impact of two specific factors, FABP5 or AR, by knocking 

them out in prostate cancer 22RV1,DU145 and PC3M cells. Our aim was to explore the 

influence of FABP5 or AR knockout on various malignant characteristics of prostate 

cancer cells. To achieve this, we conducted four bio-assays to compare the proliferation 

rate, invasiveness, anchorage-independent growth, and motility between the parental 

cells and the knockout sublines that were established from single cell colonies.  

4.2 Effect of FABP5 knockout on proliferation of 22RV1 cells 

In order to establish the standard growth curves for 22RV1 cells and their FABP5 

knockout derived, 22RV1-FABP5-KO cells, a linear regression analysis was performed 

on the relationship between the number of cells (X-axis) and the value of light absorbance 

at a wavelength of 570nm (Y-axis). The resulting plot is depicted in figure 39. 

 

 

 

Figure 39 .Standard curves of the parental 22RV1 and 22RV1-FABP5-KO cells.   
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In figure 40, the growth rates of 22RV1 and 22RV1-FABP5-KO cells were compared. 

Although both cell lines were initially seeded with 5000 cells, variations between the two 

began to increase on day 2 and persisted until the end of the experiment on day 6. The 

average cell count for 22RV1-FABP5-KO cells was notably lower than that of the original 

22RV1 cells (Student t-test, P=0.0001). 

 

 

 

Figure 40. Proliferation rates of 22RV1 and 22RV1-FABP5-KO cells. 5000 cells from 

each cell line were cultured in triplicate in six 96 well plates, and one plate was removed 

each day to count cell numbers. The result (mean ± SD) was obtained from triplicate 

separate experiments. The means between the two groups was compared and tested by 

Student t-test.  

The actual number of cells from both parental 22RV1 and 22RV1-FABP5-KO cells at 

different experimental time points (days) were shown in table 5. The significant 

difference in the number of cells appeared at day 2, at which, the number of cells of 

22RV2-FABP5- KO cells was 5596± 163.09, about 18% lower than the control (Student 

test, P=0.0191). This difference was increased at day 3 and other time points until day 6. 
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Then the cell number from 22RV1-FABP5-KO was reduced to only 62% of the control. 

Thus, knocking out FABP5 gene from 22RV1 cells significantly suppressed their 

proliferation rate by 38%.  

 

Table 4. Numbers 22RV1 and 22RV1-FABP5-Ko cells at different time points of the 

proliferation assay 

 

Footnote: The result (mean ± SD) was obtained from three independent experiments. 

Student t-test was used to assess the difference of the means and p<0.05 was regarded as 

statistically significant. The degree of significance was expressed by the number of stars 

as following: *p<0.05, **p<0.001, ***p<0.0002, and ****p<0.0001, NS: not 

significant p>0.9999. 

4.2.1  Effect of FABP5 knockout on invasiveness of 22RV1 cells 

The invasion assay was conducted to compare the invasiveness between 22RV1 cells, and 

their derivative 22RV1-FABP5-KO cells and the results were shown in figure 41. As 

illustrated in figure 41,A there were much more invaded cells from the parental 22RV1 

Time 22RV1 

Mean ± SD 

22RV1-FABP5-Ko 

Mean ±  SD 

Significancy P value 

Day 1 5050±50 5037.33±152.844 Ns  

>0.9999 

Day 2 6822.33± 243.734 5596± 163.009 * 0.0191 

Day 3 8952±146.079 6439± 151.562 *** 0.0002 

Day 4 10929±111.853 7344.67± 240.884 ** 0.0015 

Day 5 12698.7±325.707 8381± 104.79 ** 0.0047 

Day 6 14820 ±113.027 9196.67±165.198 **** <0.0001 
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than from 22RV1-FABP5-KO.The number of invading cells was 489 ± 10 from the 

control 22RV1, that from 22RV1-FABP5-Ko cells was reduced to only 5 ± 2 (figure 41, 

B). Thus, FABP5 gene knockout in 22RV1 cells significantly (Student’s t-test, p < 0.0001) 

suppressed their invasiveness by nearly 99%.  

 

      

 

 

 

 

 

 

 

 

Figure 41.The effect of FABP5 knockout on invasiveness of 22RV1 and 22RV1-FABP5-

KO cells. A). Microscopical images of the invaded cells from 22RV1 and 22RV1-

FABP5-KO Cells. (20X)  B). Numbers of the invaded cells from control and testing cells. 

The result (mean ± SD) was obtained from 3 sperate experiments . The student’s t-test 
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was used to compare the means. P<0.05 was regarded as significant. The degree of 

significance was represented by the number of stars as following: ****p<0.0001. 

 

4.2.2  Effect of FABP5 knockout on anchorage-independent 

growth of  22RV1 cells 

Soft agar assay was conducted to test the anchorage-independent growth of 22RV1 and 

22RV1-FABP5-KO cells and the result were shown in figure 42. Whereas formation of 

a large number of colonies was seen by 22RV1 cells, only a very small number of colonies 

was form by 22RV1-FABP5-KO cells (Figure 42, A). The average number of 

colonies/per plate formed by parental 22RV1 cells and 22RV1-FABP5-KO cells was 60 

± 2. This number was substantially reduced  to 4± 3  /per plate (Figure 42, B) by 93% 

(Student’s t-test, p<0.0001). Thus, FABP5 gene knockout in 22RV1 significantly 

suppressed the anchorage-independent growth of the cells.  
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Figure 42. The effect of FABP5 knockout on anchorage-independent growth of 22RV1 

cells. A). Cell colony formation in soft agar plates.  B). Numbers of cell colonies formed 

from 22RV1 and 22RV1-FABP5-KO cells, respectively.  The result (means ± SD) was 

obtained from three separate  experiments.  Student's t-test was used to compare the means 

and p<0.05 was regarded as significant.  The degree of significance was represented by 

the number of stars as following: ***p<0.0002. 

4.2.3  Effect of FABP5  gene knockout  on motility of 22RV1 cells  

Cell migration assay was conducted to test the motility of 22RV1 and 22RV1-FABP5-

KO cells and the results were shown in figure 43.  As shown by the images in figure 43, 

A no noticeable change at 24h after the incubation.  However, remarkable differences 

were seen at 48h and 72h after incubation.  Ninety-six percent of the wound gap was 

closed in control at 48h, whereas in the 22RV1-FABP5-KO cells, only 60% of the wound 

space was closed. This difference was even bigger when cells were incubated for 72 h, at 

which point the wound space gap in 22RV1 cells was closed by 98%, but only 67% of 
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the wound space gap in the 22RV1-FABP5-KO cells was closed. Thus FABP5-KO 

significantly reduced the wound  healing ability (or motility) of the cells (Student t-test, 

p=0.0002) (Figure 43, B).  
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Figure 43. The effect of FABP5 knockout on migration rate of 22RV1 cells. A). Images 

of wound healing space gaps of 22RV1 and 22RV1-FABP5-KO cells. B). The average 

sizes of wound healing space gaps at different experimental time points. The result (mean 

± SD) was obtained from 3 sperate experiments . The degree of significance was 

represented by the number of stars as following:  p<0.05. *p0.05, **p 0.001, ***p 0.0002, 

and ****p 0.0001.  

4.3  Effect of FABP5 knockout on proliferation of DU145 cells 

In order to establish the standard growth curves for DU145 cells and their FABP5 

knockout derived, DU145-FABP5-KO cells, a linear regression analysis was performed 

on the relationship between the number of cells (X-axis) and the value of light absorbance 

at a wavelength of 570nm (Y-axis). The resulting plot is depicted in figure 44. 
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Figure 44. Standard curves of the parental DU145 and DU145-FABP5-KO cells.   

 

In figure 45, the growth rates of DU145 and DU145-FABP5-KO cells were compared. 

Although both cell lines were initially seeded with 5000 cells, variations between the two 

began to increase on day 2 and persisted until the end of the experiment on day 6. The 

average cell count for DU145-FABP5-KO cells was notably lower than that of the 

original DU145 cells (Student t-test, P=0.0001).  
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Figure 45. Proliferation rates of DU145 and DU145-FABP5-KO cells. 5000 cells from 

each cell line were cultured in triplicates in six 96 well plates, and one plate was removed 

each day to count cell numbers. The result (mean ± SD) was obtained from triplicate 

cultures. The means between the two groups was compared and tested by Student t-test.  

The actual number of cells from both parental DU145 and DU145-FABP5-KO cells at 

different experimental time points (days) were shown in table 6. The significant 

difference in the number of cells appeared at day 2, at which, the number of cells of 

DU145-FABP5- KO cells was    6210.33 ± 101.58, about 38 % lower than that of the 

control (Student t-test, P=0.0184). This difference was increased at day 3 and other time 

points until day 6. Then the cell number from DU145-FABP5-KO was reduced to 61% 

of the control. Thus, knocking out FABP5 gene from DU145 cells significantly 

suppressed their proliferation rate by 39%.  

Table 5. Numbers of DU145 and DU145-FABP5-KO cells at different time points of the 

proliferation assay 

 

 

Time DU145 Mean± 

SD 

DU145-FABP5- 

KO Mean± SD 

Significancy P value 

Day 1 5050±50 5037.33±152.84 NS  

>0.9999 
 

Day 2 9884.67±430.54 6210.33±101.58 * 0.0184 

Day 3 15142.7±184.07 7332.67±419.66 *** 0.0002 

Day 4 18507 ±471.341 9455.67±417.23 *** 0.0002 

Day 5 21478.7±440.886 11570.7±320.22 **** <0.0001 

Day6 24158.3±440.886 14754.7±312.97 **** <0.0001 
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Footnote: The result (mean ± SD) was obtained from three separate experiments. Student 

t-test was used to assess the difference of the means and p<0.05 was regarded as 

statistically significant. The degree of significance was expressed by the number of stars 

as following: *p<0.05, **p<0.001, ***p<0.0002, and ****p<0.0001, NS: not 

significant p>0.9999. 

4.3.1  Effect of FABP5 knockout on the invasiveness of DU145 cells 

The invasion assay was conducted to compare the invasiveness between DU145 cells and 

their derivative DU145-FABP5-KO cells and the results were shown in figure 46. As 

illustrated in figure 46, A, there were much more invaded cells from the parental DU145 

than those from DU145-FABP5-KO.   The number of invading cells was 510 ± 10 from 

the control DU145, that from DU145-FABP5-KO cells was reduced to only 181.33 ± 

7.09 (Figure 46, B). Thus, FABP5 gene knockout in DU145 cells significantly (Student’s 

t-test, p<0.0002) suppressed their invasiveness by nearly 65%.  
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Figure 46. The effect of FABP5 knockout on invasiveness of DU145 cells. A). 

Microscopical images of the invaded cells from DU145 and DU145-FABP5-KO Cells. 

(20X)  B). Numbers of the invaded cells from the control and the testing cells. The result 

(mean ± SD) was obtained from three separate experiments. The student’s t-test was used 

to compare the means. P<0.05 was regarded as significant. The degree of significance 

was represented by the number of stars as following: ***p<0.0002. 
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4.3.2 Effect of FABP5 knockout on anchorage-independent 

growth of DU145 cells 

Soft agar assay was conducted to test the anchorage-independent growth of DU145 and 

DU145-FABP5-KO cells and the results were shown in figure 47. Whereas formation of 

a large number of colonies was seen by DU145 cells, only a very small number of colonies 

was formed by DU145-FABP5-Ko cells (Figure 47, A). The average number of 

colonies/per plate formed by the parental DU145 cells were 113.33 ± 7.6. This number 

formed by DU145-FABP5-KO cells was substantially reduced by 88% to 14 ± 3.6/per 

plate (Figure 47, B) (Student’s t-test, p<0.0001). Thus FABP5 gene knockout in DU145 

significantly suppressed the anchorage-independent growth of the cells. 
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Figure 47. The effect of FABP5 knockout on anchorage-independent growth of DU145 

cells. A). Cell colony formation in soft agar plates.  B). Numbers of cell colonies formed 

from DU145 and DU145-FABP5-KO cells, respectively.  The result (means ± SD) was 

obtained from three separate  experiments. The degree of significance was represented by 

the number of stars as following: ****p<0.0001. 

4.3.3 Effect of FABP5  gene knockout  on motility of DU145 cells  

Cell migration assay was conducted to test the motility of DU145 and DU145-FABP5-

KO cells and the results were shown in figure 48. As shown by the images in figure 48, 

A, no noticeable change 6h after the incubation.  However, remarkable differences were 

seen at 12h.Ninety percent of the wound gap was closed in control at 12h, whereas for 

the DU145-FABP5-KO cells, only 76% of the wound space was closed. This difference 

was even bigger when cells were incubated for 24 h, at which point the wound space gap 

in DU145 cells was only 96%, but only  80% of wound space gap in the DU145-FABP5-

KO cells was closed. Thus FABP5-KO significantly reduced the wound  healing ability 

(or motility) of the cells  (Student t-test, p=0.0002)(Figure 48, B).  
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Figure 48. The effect of FABP5 knockout on migration rate of DU145 cells. A). Images 

of wound healing space gaps of DU145 and DU145-FABP5-KO cells. B). The average 

sizes of wound healing space gaps at different experimental time points. The result (mean 

± SD) was obtained from 3 sperate experiments . The degree of significance was 

represented by the number of stars as following:  p<0.05. *p0.05, **p 0.001, ***p 0.0002, 

and ****p 0.0001. 

4.4 Effect of FABP5 knockout on proliferation of PC3M cells 

In order to establish the standard growth curves for PC3M cells and their FABP5 

knockout derived, PC3M-FABP5-KO cells, a linear regression analysis was performed 

on the relationship between the number of cells (X-axis) and the value of light absorbance 

at a wavelength of 570nm (Y-axis). The resulting plot is depicted in figure 49.  

 

Figure 49. Standard curves of the parental PC3M and PC3M-FABP5-KO cells. 

   

In figure 50, the growth rates of PC3M and PC3M-FABP5-KO cells were compared. 

Although both cell lines were initially seeded with 5000 cells, variations between the two 

began to increase on day 2 and persisted until the end of the experiment on day 6. The 
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average cell count for PC3M-FABP5-KO cells was notably lower than that of the original 

PC3M cells (Student t-test, P=0.0001). 

 

 

 

Figure 50. Proliferation rates of PC3M and PC3M-FABP5-KO cells. 5000 cells from 

each cell line were cultured in triplicate in six 96 well plates, and one plate was removed 

each day to count cell numbers. The result (mean ± SD) was obtained from triplicate 

cultures. The means between the two groups was compared and tested by Student t-test.  

The actual number of cells from both parental PC3M and PC3M-FABP5-KO cells at 

different experimental time points (days) were shown in table 6. The significant 

difference in the number of cells appeared at day 3, at which, the number of cells of 

PC3M-FABP5- KO cells was 10220.33 ± 564.7, about 26 % lower than the control  

 (Student test, P=0.0001). This difference was increased at day 4 and other time points 

until day 6. Then the cell number from PC3M-FABP5-KO was reduced to 54% of the 

control. Thus, knocking out FABP5 gene from PC3M cells significantly suppressed their 

proliferation rate by 46%.  
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Table 6. Numbers PC3M and PC3M-FABP5-KO cells at different time points of the 

proliferation assay 

 

Footnote: The result (mean ± SD) was obtained from three independent experiments. 

Student t-test was used to assess the difference of the means and p<0.05 was regarded as 

statistically significant. The degree of significance was expressed by the number of stars 

as following: *p<0.05, **p<0.001, ***p<0.0002, and ****p<0.0001, NS: not 

significant p>0.9999 

 

 

4.4.1 Effect of FABP5 knockout on invasiveness of PC3M cells 

Time  PC3M  Mean± SD PC3M-FABP5- 

KO Mean ± SD 

Significance  P Value 

Day1 5337.33±498.55 5306.66±513.93 Ns               

>0.9999 

 
Day2 7846.66±392.12 6214.33±492.96 Ns               

>0.9999 

 
Day3 13724±803.95 10220.33±564.7 **** <0.0001 

Day4 18590±781.5184 14051±331.25 **** <0.0001 

Day5 25307.33±1673.03 18229.33±790.10 **** <0.0001 

Day6 39590±758.28 21598.67±709.18 **** <0.0001 
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The invasion assay was conducted to compare the invasiveness between PC3M cells and 

their derivative PC3M-FABP5-KO cells and the results were shown in figure 51. As 

illustrated in figure 51, A, there were much more invaded cells from the parental PC3M 

than from PC3M-FABP5-KO.   The number of invading cells was 266.66 ± 20.81from 

the control PC3M, that from PC3M-FABP5-KO cells was reduced to only 52.66±5.50 

(Figure 51, B). Thus FABP5 gene knockout in PC3M cells significantly (Student’s t-test, 

p < 0.0001) suppressed their invasiveness by nearly 81%.  

 

 

 

      

 

 

 

 

 

 

 

 

 

 

A 

PC3M PC3M-FABP5-KO 



136 
 

 

 

Figure 51. The effect of FABP5 knockout on invasiveness of PC3M and PC3M-FABP5-

KO cells. A). Microscopical images of the invaded cells from PC3M and PC3M-FABP5-

KO Cells. (20X)  B). Numbers of the invaded cells from control and testing cells. The 

result (mean ± SD) was obtained from 3 sperate experiments . The student’s t-test was 

used to compare the means. P<0.05 was regarded as significant. The degree of 

significance was represented by the number of stars as following: ****p<0.0001. 

4.4.2 Effect of FABP5 knockout on anchorage-independent 

growth of PC3M cells 

Soft agar assay was conducted to test the anchorage-independent growth of PC3M and 

PC3M-FABP5-KO cells and the result were shown in figure 52. Whereas formation of a 

large number of colonies was seen by PC3M cells, only a very small number of colonies 

was form by PC3M-FABP5-KO cells (Figure 52, A). The average number of colonies/per 

plate formed by parental PC3M cells and PC3M-FABP5-knockout cells was 61.33±3.21. 

This number was substantially reduced to 2.±2.6/per plate (Figure 52, B) by 96.73% 
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((Student’s t-test, p<0.0001). Thus FABP5 gene knockout in PC3M significantly 

suppressed the anchorage-independent growth of the cells.  

 

 

 

 

 

  

Figure 52. The effect of FABP5 knockout on anchorage-independent growth of PC3M 

cells. A). Cell colony formation in soft agar plates.  B). Numbers of cell colonies formed 
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from PC3M and PC3M-FABP5-KO cells, respectively.  The result (means ± SD) was 

obtained from three separate  experiments.  Student's t-test was used to compare the means 

and p<0.05 was regarded as significant.  The degree of significance was represented by 

the number of stars as following: ****p<0.0001. 

4.4.3 Effect of FABP5  gene knockout  on motility of PC3M cells  

Cell migration assay was conducted to test the motility of PC3M and PC3M-FABP5-KO 

cells and the results were shown in figure 53.As shown by the images in figure 53, A, no 

noticeable change at 6h after the incubation.  However, remarkable differences were seen 

at 12h . Ninety percent of the wound gap was close in control, whereas for the PC3M-

FABP5-KO cells, only 68% of the wound space was closed. This difference was even 

bigger when cells were incubated for 24 h, at which point the wound space gap in PC3M 

cells was closed by 98%, but only 80% of the wound space gap  in the PC3M-FABP5-

KO cells was closed. Thus FABP5-KO significantly reduced the wound  healing ability 

(or motility) of the cells  (Student t-test, p=0.0002)(Figure 53, B).  

 

 

 

 

 

 

 

 

A 

0 H 6 H 12 H 24 H 

PC3M 

PC3M-

FABP5-KO 



139 
 

 

 

 

Figure 53.The effect of FABP5 knockout on migration rate of PC3M cells. A). Images 

of wound healing space gaps of PC3M and PC3M-FABP5-KO cells. B). The average 

sizes of wound healing space gaps at different experimental time point. The result (mean 

± SD) was obtained from 3 sperate experiments . The degree of significance was 

represented by the number of stars as following:  p<0.05. *p0.05, **p 0.001, ***p 0.0002, 

and ****p 0.0001. 
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4.5  Effect of AR knockout on proliferation of 22RV1 cells 

 In order to establish the standard growth curves for 22RV1 cells and their FABP5 

knockout derived, 22RV1-AR-KO cells, a linear regression analysis was performed on 

the relationship between the number of cells (X-axis) and the value of light absorbance at 

a wavelength of 570nm (Y-axis). The resulting plot is depicted in Figure 54.  

 

 

Figure 54. Standard curves of the parental 22RV1 and 22RV1-AR-KO cells.   

 

In figure 55, the growth rates of 22RV1 and 22RV1-AR-KO cells were compared. 

Although both cell lines were initially seeded with 5000 cells, variations between the two 

began to increase on day 2 and persisted until the end of the experiment on day 6. The 

average cell count for 22RV1-AR-KO cells was notably lower than that of the original 

22RV1 cells (Student t-test, P=0.0007). 
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Figure 55. Proliferation rates of 22RV1 and 22RV1-AR-KO cells. 5000 cells from each 

cell line were cultured in triplicate in six 96 well plates, and one plate was removed each 

day to count cell numbers. The result (mean ± SD) was obtained from triplicate cultures. 

The means between the two groups was compared and tested by Student t-test.  

The actual number of cells from both parental 22RV1 and 22RV1-AR-KO cells at 

different experimental time points (days) were shown in table 7. The significant 

difference in the number of cells appeared at day 3, at which, the number of cells of 

22RV1-AR- KO cells was 7465.33± 341.21, about 24% lower than the control (Student 

test, P=0.0065). This difference was increased at day 4 and other time points until day 6. 

Then the cell number from 22RV1-AR-KO was reduced to 64% of the control. Thus, 

knocking out AR gene from 22RV1 cells significantly suppressed their proliferation rate 

by 36%.  
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Table 7. Numbers 22RV1 and 22RV1-AR-KO cells at different time points of the 

proliferation assay 

 

 

Footnote: The result (mean ± SD) was obtained from three independent experiments. 

Student t-test was used to assess the difference of the means and p<0.05 was regarded as 

statistically significant. The degree of significance was expressed by the number of stars 

as following*p<0.05, **p<0.001, ***p<0.0002, and ****p<0.0001, NS: not significant 

p>0.9999. 

 

 

 

 

Time 22RV1 Mean± SD 22RV1-AR-KO 

Mean± SD 

Significancy P value 

Day 1 5050±50 5037.33±152.84 Ns >0.9999 

Day 2 6257.67±291.33 5578.67±386.36 Ns >0.9999 

Day 3 9707±283.88 7465.33±341.21 ** 0.0065 

Day 4 11791±160.477 8735.67±200.10 *** 0.0003 

Day 5 13785.7±207.51 9623±140.01 *** 0.0002 

Day6 15986.7±130.31 10293.67±118.03 *** 0.0007 
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4.5.1  Effect of AR knockout on invasiveness of 22RV1 cells       

The invasion assay was conducted to compare the invasiveness between 22RV1 cells and 

their derivative 22RV1-AR-KO cells and the results were shown in figure 56. As 

illustrated in figure 56, A, there were much more invaded cells from the parental 22RV1 

than from 22RV1-AR-KO. The number of invading cells was 566 ± 25.16 from the 

control 22RV1, that from 22RV1-AR-KO cells was reduced to only 45 ± 10.26 (figure 

56, B). Thus AR gene knockout in 22RV1 cells significantly (Student’s t-test, p < 0.0001) 

suppressed their invasiveness by nearly 92%.  

 

      

 

 

 

 

 

 

 

 

A 

B 

22RV1 22RV1-AR-KO 

22RV1 

22RV1-A
R-K

O

0

200

400

600

N
um

be
r 

of
 In

va
de

d 
C

el
ls

✱✱✱✱



144 
 

Figure 56.The effect of AR knockout on invasiveness of 22RV1 and 22RV1-AR-KO 

cells. A). Microscopical images of the invaded cells from 22RV1 and 22RV1-AR-KO 

Cells. (20X)  B). Numbers of the invaded cells from control and testing cells. The result 

(mean ± SD) was obtained from 3 sperate experiments . The student’s t-test was used to 

compare the means. P<0.05 was regarded as significant. The degree of significance was 

represented by the number of stars as following: ****p<0.0001. 

4.5.2  Effect of AR knockout on anchorage-independent growth of  

22RV1 cells 

Soft agar assay was conducted to test the anchorage-independent growth of 22RV1 and 

22RV1-AR-KO cells and the result were shown in figure 57. Whereas formation of a 

large number of colonies was seen by 22RV1 cells, only a very small number of colonies 

 was form by 22RV1-AR-KO cells (Figure 57, A). The average number of colonies/per 

plate formed by parental 22RV1 cells and 22RV1-AR-KO cells was 72 ± 3 This number 

was substantially reduced  to 3 ± 2.5/per plate (Figure 57, B) by 97.2% (Student’s t-test, 

p<0.0001). Thus, AR gene knockout in 22RV1 significantly suppressed the anchorage-

independent growth of the cells.  
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Figure 57. The effect of AR knockout on anchorage-independent growth of 22RV1 cells. 

A). Cell colony formation in soft agar plates.  B). Numbers of cell colonies formed from 

22RV1 and 22RV1-AR-KO cells, respectively.  The result (means ± SD) was obtained 

from three separate  experiments.  Student's t-test was used to compare the means and 

p<0.05 was regarded as significant. The degree of significance was represented by the 

number of stars as following: ***p<0.0002. 
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4.5.3  Effect of AR gene knockout  on motility of 22RV1 cells  

Cell migration assay was conducted to test the motility of 22RV1 and 22RV1-AR-KO 

cells and the results were shown in figure 58.  As shown by the images in figure 58, A, 

no noticeable change at 24h after the incubation.  However, remarkable differences were 

seen at 24h,48h and 72h.  Thirty percent of the wound gap was close in control, whereas 

for the 22RV1-AR-KO cells, only 18% of the wound space was closed. This difference 

was even bigger when cells were incubated for 42h and 72 h, at which point the wound 

space gap in 22RV1 cells was closed by 94% and 99%  but this wound space gap were 

closed by 75% and 80% in the 22RV1-AR-KO cells. Thus AR-KO significantly reduced 

the wound  healing ability (or motility) of the cells  (Student t-test, p=0.0001)(Figure 58, 

B).  
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Figure 58.The effect of AR knockout on migration rate of 22RV1 cells. A). Images of 

wound healing space gaps of 22RV1and 22RV1-AR-KO cells. B). The average sizes of 

wound healing space gaps at different experimental time points. The result (mean ± SD) 

was obtained from 3 sperate experiments . The degree of significance was represented by 

the number of stars as following:  p<0.05. *p0.05, **p 0.001, ***p 0.0002, and ****p 

0.0001.  

4.5.4 Discussion 

In this study, the impact of FABP5 and AR knockouts on prostate cancer cell behavior 

was investigated, focusing on proliferation, invasiveness, anchorage-independent growth, 

and cell motility. Experiments were conducted using the androgen-dependent cell line 

22RV1 and androgen-independent cell lines DU145 and PC3M. The results showed that 

knocking out FABP5 led to significant suppression of cell proliferation, invasiveness, 

anchorage-independent growth and cell motility  in all cell lines, while knocking out AR 

reduced these aspects specifically in AR-positive cells. FABP5 was found to be the 

primary promoter of cancer in negative prostate cancer cells, this study highlighted the 
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crucial roles of FABP5 and AR in regulating various aspects of prostate cancer cell 

behavior. 

 

 

 

 

 

 

 

 

 

 

 

                                     

Chapter 5 , Result-3: investigation of the molecular mechanisms 

involved in the suppression effect of the FABP5- or AR- KO in 

PCa cells 
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5.1 Introduction  

This chapter delves into the contribution of FABP5 and AR to the promotion of prostate 

cancer cell behavior. To investigate their roles, Western blot analyses conducted to 

measure changes in the expression of critical signal transduction pathway factors after 

FABP5 or AR knockouts. The study focused on specific genes and examined their 

expression in different cell lines. In the androgen-dependent cell line 22RV1, the genes 

ARFL, ARV7, PPARγ-1, PPARγ-2, p-PPARγ1, p-PPARγ2, and VEGF were analyzed 

following FABP5 or AR knockouts. Additionally, in the highly malignant and androgen 

receptor (AR)-negative castration-resistant prostate cancer (CRPC) cell lines DU145 

and PC3M, the expressions of PPARγ-1, PPARγ-2, p-PPARγ1, p-PPARγ2, and VEGF 

were examined upon FABP5 knockout. Through these investigations, the chapter aims 

to provide insights into the intricate interplay between FABP5 and AR in regulating the 

expression of key genes associated with prostate cancer behavior. 

The effect of FABP5 KO on expression levels of PPARγ1, PPARγ2, p-

PPARγ1, p-PPARγ2, VEGF, ARFL and ARV7 

5.1.1 The effect of FABP5 KO on expression of PPARγ1 and 

PPARγ2 in 22RV1 cells  

To study the effect of FABP5- KO on expression of PPARγ in 22RV1, Western blot was 

used to detect the expression of both PPARγ1 and PPARγ2 in 22RV1 and its FABP5-KO 

derivative cells. The results were shown figure 59.Both PPARγ1 and PPARγ2 were 

expressed in the parental 22RV1 cells, whereas 22RV1-FABP5-KO cells exhibited a 

strong PPARγ1 band but PPARγ2 band was not detectable or barely visible, as shown in 

figure 59, A. When the levels of PPARγ1 and PPARγ2 in 22RV1 was set at 1, 

respectively;  the relative levels of PPARγ1 and PPARγ2 in 22RV1-FABP5-KO  were 

1.75 ± 0.05 and 0.1 ± 0.03,  respectively, as shown in figure 59, B. Comparing with those 

expressed in the parental control cells, level of PPARγ1 significantly increased by 75% 
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in 22RV1-FABP5-KO cells (Student's t test, p < 0.0001), but that of PPARγ2 significantly 

decreased by 99% (Student's t test, p < 0.0001) .  

 

   

 

Figure 59. The effect of FABP5 knockout on PPARγ1 and PPARγ2 expression in 22RV1 

lines. A) PPARγ1 and PPARγ2 Western blot analyses in 22RV1 prostate cancer cell lines. 

B) Quantitative measurement of the peak area intensities of bands on the blot using 

densitometry scanning. Three separate measurements yielded the data (Mean ± SD). The 

band intensities were measured with the image J program to determine the relative 

amounts of PPARγ1 and PPARγ2. The blot was hybridized with anti-actin to normalize 

any loading inconsistencies. The 22RV1 and 22RV1-FABP5-KO cells were compared 

using a two-tailed paired Student's t test. P<0.05 was considered significant. Four stars 

(****) meant P<0.0001.  
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5.1.2 The effect of FABP5 KO on expression of p-PPARγ1 and p-

PPARγ2 in 22RV1 cells 

The expression of p-PPARγ1 and p-PPARγ2 in 22RV1 and 22RV1-AR-KO cells was 

detected with Western blot analysis and the results were shown in figure 60. Both p-

PPARγ1 and p-PPARγ2 were expressed in the parental 22RV1 cells at moderately 

abundant levels. But the expression of p-PPARγ2 was significantly reduced and that of 

p-PPARγ1 was noticeably decreased in 22RV1-FABP5-KO cells, as shown in figure 60, 

A. When p-PPARγ1and p-PPARγ2 levels in 22RV1 cells were respectively set at 1, their 

relative levels in 22RV1-FABP5-KO were significantly reduced to 0.36 ± 0.07 and 0.12 

± 0.03, respectively (Figure 60, B). While p-PPARγ1 level was decreased significantly by 

64 % (Student's t test, p < 0.0001), p-PPARγ2 level was reduced significantly by 88 % in 

22RV1- FABP5-KO  cells (Student's t test, p < 0.0001) in comparison to the control 

22RV1.  

  

 

 

p-PPARγ1 

p-PPARγ2 

β-Actin 

A 

62 KDa 

60 KDa 

42 KDa 

22RV1 22RV1-FABP5-KO 



152 
 

 

Figure 60. The effect of FABP5 knockout on p-PPARγ1 and p-PPARγ2 expression in 

22RV1 cells. A) Western blot assessment of the expression of p-PPAR1 and p-PPAR2 in 

22RV1 and 22RV1-FABP5-KO cells. B) p-PPARγ1 and p-PPARγ2 expression levels in 

22Rv1 and its derivative cell line 22RV1-FABP5-KO cells. Three separate measurements 

yielded the data (Mean ± SD). The relative levels of p-PPARγ1 and p-PPARγ2 were 

calculated by measuring the intensity of the bands on the blot and analyzing the data with 

image J. To normalize any loading inconsistencies, anti-actin was employed to hybridize 

the blot. The 2-tailed paired Student's t test was used to compare 22RV1 cells to 22RV1-

FABP5-KO cells. P<0.05 was considered significant. Four stars (****) meant P 0.0001.  
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5.1.3 The effect of FABP5 KO on VEGF expression in 22RV1 cells 

The expression status in 22RV1 cells and in 22RV1-FABP5-KO cells was detected and 

the results were shown in figure 61.A relatively strong VEGF band was detected in 

22RV1 by Western blot and a much weaker VEGF band was detected in 22RV1-FABP5-

KO cells, as shown in figure61, A. When the VEGF level in 22RV1 cells was set at 1, the 

relative level of VEGF in 22RV1- FABP5- KO cells was 0.1 ± 0.04 (Figure 61, B), 

significantly reduced by 90% (Student's t test, p < 0.0001).  
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Figure 61. VEGF expression in 22RV1 and 22RV1-FABP5 cells after FABP5 knockout. 

A) VEGF expression assessment by Western blot in 22RV1 and 22RV1-FABP5-KO 

cells. B) VEGF expression levels in 22RV1 and 22RV1-FABP5-KO cells. Three separate 

measurements yielded the data (Mean ± SD). The relative amounts of VEGF were 

determined using densitometric measurements of the brightness of bands on the blot and 

image J software. To normalise any loading inconsistencies, anti-actin was utilised to 

hybridise the blot. The 2-tailed paired Student's t test was used to compare the 22RV1 

and 22RV1-FABP5-KO cells. P<0.05 was considered significant.Four stars (****) meant 

P 0.0001.  

5.1.4 The effect of FABP5 KO on ARFL and ARV7 expression in 

22RV1 cells 

ARFL and ARV7 expression in 22RV1 cells before and after FABP5 KO was detected 

by western blot and the results were shown in figure 62.  ARFL and ARV7 were both 

expressed in 22RV1 cells (control), whereas only ARFL was expressed and no ARV7 

band was detected in 22RV1-FABP5-KO cells, shown figure 62, A. When the level of 

ARFL and ARV7 in 22RV1 were respectively set at 1, the relative levels of ARFL and 

ARV7 in 22RV1- FABP5-KO were 1 and 0, respectively (Figure 62, B). Thus the level 

of ARFL in 22RV1-FABP5- KO cells wasn’t changed when compared with that in 

22RV1 cells; but the expression of ARV7 was totally abolished (by 100%) when 

compared with that in 22RV1 (Student's t test, p < 0.0001). 
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Figure 62.The effect of FABP5 knockout on ARFL and ARV7 expression in 22RV1 

cells. A) Western blot examination of the expression of ARFL and ARV7 in 22RV1 and 

its FABP5-KO derivative cells. B) ARFL and ARV7 levels in 22RV1 and 22RV1-

FABP5-KO cells. Three separate measurements yielded the data (Mean ± SD). ARFL 

and ARV7 relative levels were determined by densitometrical measuring the intensity of 

the bands on the blot and analyzing the data with image J software. To normalize any 

loading inconsistencies, anti-actin was utilized to hybridize the blot. The 2-tailed paired 
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Student's t test was used to compare the parental 22RV1 cells to the 22RV1-FABP5-KO 

cells. P<0.05 was considered significant.. Four stars (****) meant P < 0.0001.  

Assessing the effect of AR KO on expression levels of PPARγ1, 

PPARγ2, p-PPARγ1, p-PPARγ2, VEGF and FABP5 in 22RV1 cells 

5.1.5 The effect of AR KO on expression of PPARγ1 and PPARγ2 

in 22RV1 cells 

To study the effect of AR- KO on expression of  PPARγ in 22RV1, Western blot was used 

to detect the expression of both PPARγ1 and PPARγ2 in 22RV1 and its AR-KO derivative 

cells, and the results were shown Figure 63.  Both PPARγ1 and PPARγ2 were expressed 

in the parental 22RV1 cells, their expression was greatly reduced in 22RV1-AR-KO cells.  

While a weak PPARγ1 band was detected in 22RV1-AR-KO cells, the expression of 

PPARγ2 was not detectable (Figure 63, A). When levels of PPARγ1 and PPARγ2 in 

22RV1 were respectively set to 1, levels of PPARγ1 and PPARγ2 in 22RV1-AR-KO were 

greatly reduced by 86% and 100% to 0.140 ± 0.05  and 0 respectively (Figure 63, B). 

Thus the Level of PPARγ1 was significantly suppressed in 22RV1-AR-KO cells 

(Student's t test, p < 0.0001), level of PPARγ2 totally suppressed by AR-KO in 22RV1-

AR-KO cells (Student's t test, p < 0.0001) .  
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Figure 63. The effect of AR knockout on PPARγ1 and PPARγ2 expression in 22RV1 

lines. A) PPARγ1 and PPARγ2 Western blot research in 22RV1 prostate cancer cell lines. 

B) Quantitative measurement of the peak area intensities of bands on the blot using 

densitometry scanning. Three separate measurements yielded the data (Mean ± SD). The 

band intensities were measured with the image J program to determine the relative 

amounts of PPARγ1 and PPARγ2. The blot was hybridised with anti-actin to normalise 

any loading inconsistencies. The 22RV1 and 22RV1-AR-KO cells were compared using 

a two-tailed paired Student's t test. P<0.05 was considered significant. Four stars (****) 

meant P<0.0001. 
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5.1.6 The effect of AR KO on expression of p-PPARγ1 and p-

PPARγ2 in 22RV1 cells 

The expression of p-PPARγ1 and p-PPARγ2 in 22RV1 and 22RV1-AR-KO cells was 

detected with Western blot analysis and the results were shown in figure 64. Both p-

PPARγ1 and p-PPARγ2 were expressed in the parental 22RV1 cells, their expressions 

were either greatly reduced (p-PPARγ2) or completely undetectable ( p-PPARγ1) in 

22RV1-AR-KO cells, as shown in figure 64, A. When levels of p-PPARγ1and p-PPARγ2 

in 22RV1 were respectively set at 1, those in 22RV1-AR-KO were significantly reduced 

to 0 and 0.07 ± 0.015, respectively (Figure 64, B) in comparison to the levels expressed 

in 22RV1 cells  (Student's t test, p < 0.0001). 

 

 

 

Figure 64. The effect of AR knockout on p-PPARγ1 and p-PPARγ2 expression in 22RV1 

and its -KO- derivative cells. A) Western blot assessment of the expression of p-PPARγ1 

and p-PPARγ2 in 22RV1 and 22RV1-AR-KO cells. B) Quantitative measurement of the 
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peak area intensities of bands on the blot using densitometry scanning. Three separate 

measurements yielded the data (Mean ± SD). The band intensities were measured with 

the image J program to determine the relative amounts of p-PPARγ1 and p-PPARγ2. To 

normalize any loading inconsistencies, anti-actin was employed to hybridize the blot. The 

2-tailed paired Student's t test was used to compare 22RV1 cells to 22RV1-AR-KO cells. 

P<0.05was considered significant. Four stars (****) meant P 0.0001. 

5.1.7   The effect of AR KO on VEGF expression in 22RV1 cells 

Western blot was used to study the AR KO on VEGF expression and the results were 

shown in figure 65.  A moderately strong VEGF band was detected in 22RV1 cells, but 

the VEGF expression was barely detectable in 22RV1-AR-KO cells (Figure 65, A). When 

the level of VEGF in 22RV1 was set at 1, the level in 22RV1-AR- KO (Figure 65, B) was 

high significantly reduced to 0.05 ± 0.010 in 22RV1-AR-KO cells (Student's t test, p < 

0.0001)  

 

 

 

Figure 65. AR knockout affects VEGF expression in 22RV1 and 22RV1-AR-KO cells. 

A) VEGF expression investigation by Western blot in 22RV1 and 22RV1-AR-KO cells. 

B) Quantitative measurement of the peak area intensities of bands on the blot using 
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densitometry scanning. Three separate measurements yielded the data (Mean ± SD). The 

relative amounts of VEGF were determined by measuring band intensities with image J. 

To normalise any loading inconsistencies, anti-actin was utilized to hybridize the blot. A 

2-tailed paired Student's t test was used to compare the 22RV1 and 22RV1-AR- KO cells. 

P<0.05was considered significant.Four stars (****) meant P 0.0001. 

5.1.8 The effect of AR KO on FABP5 expression in 22RV1 cells 

Western blot was used to study the AR-KO on FABP5 expression and the results were 

shown in figure 66.  A moderate FABP5 expression was detected in 22RV1, but the level 

of FABP5 expressed in 22RV1-AR- KO cells was not detectable (Figure 66, A). When 

the level of FABP5 in 22RV1 was set at 1, the level in 22RV1-AR-KO significantly 

reduced to 0 (Student's t test, p < 0.0001).  

 

 

 

 

Figure 66. AR-KO affects FABP5 expression in 22RV1 and 22RV1-AR-KO cells. A) 

FABP5 Western blot analysis in 22RV1 and 22RV1-AR-KO cells. B) Quantitative 

measurement of the peak area intensities of bands on the blot using densitometry 

scanning. Three separate measurements yielded the data (Mean ± SD). FABP5 relative 

levels were determined by measuring band intensities with image J software. To 

normalize any loading inconsistencies, anti-actin was utilized to hybridize the blot. A 2-

tailed paired Student's t test was used to compare the 22RV1 and 22RV1-AR- KO cells. 

P<0.05was considered significant.. Four stars (****) meant P 0.0001 
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The effect of FABP5 KO on expression levels of PPARγ1, PPARγ2, p-

PPARγ1, p-PPARγ2, VEGF, ARFL and ARV7 in DU145 cells 

5.2 The effect of FABP5 KO on PPARγ1 and PPARγ2 expression 

in DU145 cells 

The expression of PPARγ1 and PPARγ2 in DU145 and DU145-FABP5-KO cells was 

detected with Western blot analysis and the results were shown in figure 67. Both 

PPARγ1 and PPARγ2 were expressed in the parental DU145 cells, their expressions were 

either greatly reduced (PPARγ1) or completely undetectable (PPARγ2) in DU145-

FABP5-KO cells, as shown in figure 67, A. When levels of PPARγ1and PPARγ2 in 

DU145 were respectively set at 1, the levels of those in DU145-FABP5-KO were 

significantly reduced to 0 respectively (Figure 67, B) in comparison to the levels 

expressed in DU145 cells. (Student's t test, p < 0.0001).Thus, in DU145-FABP5-KO 

cells, the expression of PPARγ1 or PPARγ2 was totally abolished (by 100%). 
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Figure 67. The effect of FABP5 knockout on PPARγ1 and PPARγ2 expression in DU145 

and DU145-FABP5-KO cells. A) PPARγ1 and PPARγ2 Western blot analysis in DU145 

and DU145-FABP5-KO cells. B) PPARγ1 and PPARγ2 relative levels determined by 

densitometric analysis of band intensities on the blot and evaluated with Image J software. 

Three separate measurements yielded the data (Mean ± SD). The blot was hybridized 

with anti-actin to normalize any loading inconsistencies. The 2-tail paired Student's t test 

was used to compare the DU145 and DU145-FABP5-KO cells. P<0.05 was considered 

significant. Four stars (****) meant P<0.0001.  
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5.2.1 The effect of FABP5 KO on expression of p-PPARγ1 and p-

PPARγ2 in DU145 cells  

The expression of p-PPARγ1 and p-PPARγ2 in DU145 and DU145-FABP5-KO cells was 

detected with Western blot and the results were shown in figure 68. Both p-PPARγ1 and 

p-PPARγ2 were expressed in the parental DU145 cells. However, the level of p-PPARγ1 

was much higher than that of p-PPARγ2. Comparing to the DU145 control cells, the 

expression of p-PPARγ1 was significantly reduced and the level of p-PPARγ2 was 

undetectable in DU145-FABP5-KO cells, as shown in figure 68A. When p-PPARγ1and 

p-PPARγ2 levels in DU145 cells were respectively set at 1, their relative levels in DU145-

FABP5-KO were significantly reduced to 0.15 ± 0.02 and 0, respectively (Figure 68B). 

While p-PPARγ1 level was decreased significantly by 85 % (Student's t test, p < 0.0001), 

p-PPARγ2 level was completely inhibited by 100 % in DU145- FABP5-KO cells 

(Student's t test, p < 0.0001).  
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Figure 68. The effect of FABP5 knockout on p-PPARγ1 and p-PPARγ2 expression in 

DU145 and DU145-FABP5-KO cells. A) p-PPARγ1 and p-PPARγ2 Western blot 

analysis in DU145 and DU145-FABP5-KO cells. B) PPARγ1 and PPARγ2 relative levels 

determined by densitometric analysis of band intensities on the blot and evaluated with 

Image J software. Three separate measurements yielded the data (Mean ± SD). The blot 

was hybridized with anti-actin to normalize any loading inconsistencies. The 2-tail paired 

Student's t test was used to compare the DU145 and DU145-FABP5-KO cells. P<0.05 

was considered significant. Four stars (****) meant P<0.0001.  

5.2.2 The effect of FABP5 KO on VEGF expression in DU145 cells 

The expression status of VEGF in DU145 and DU145-FABP5-KO cells was detected and 

the results were shown in figure 69. A relatively strong VEGF band was detected in 

DU145 by Western blot and a barely detectable VEGF band was seen in DU145-FABP5-

KO cells, as shown in figure 69, A. When the VEGF level in DU145 cells was set at 1, 

the relative level of VEGF in DU145- FABP5-KO cells was 0.1 ± 0. 05 (Figure 69, B), 

significantly reduced by 90% (Student's t test, p < 0.0001).  
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.  

 

 

Figure 69. FABP5 knockout affects VEGF expression in DU145 and DU145-FABP5 

knockout cells. A) VEGF expression study in DU145 and DU145-FABP5-KO cells using 

Western blot. B) VEGF expression levels in DU145 and DU145-FABP5-KO cells. Three 

separate measurements yielded the data (Mean ± SD). The relative amounts of VEGF 

were determined using densitometric measurements of the brightness of bands on the blot 

and image J software. To normalize any loading inconsistencies, anti-actin was utilized 

to hybridize the blot. The 2-tail paired Student's t test was used to compare the DU145 

and DU145-FABP5-KO cells. P<0.05 was considered significant.. Four stars (****) 

meant P 0.0001.  
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5.2.3  The effect of FABP5 KO on AR expression in DU145 cell 

AR expression was detected neither in DU145, nor in DU145-FABP5-Ko cells, as shown 

in figure 70.  

 

 

 

 

 

 

Figure 70. The effect of FABP5 KO on expression of AR in DU145 cells. Western blot 

detection of AR expression in DU145 and Du145-FABP5-KO cells. 

 

The effect of FABP5 KO on expression levels of PPARγ 1&2, p-

PPARγ1 & 2, VEGF, ARFL and ARV7  in PC3M cells 

5.2.4 The effect of FABP5 KO on PPARγ1 and PPARγ2 expression 

in PC3M cells 

The expression of PPARγ1 and PPARγ2 in PC3M and PC3M-FABP5-KO cells was 

detected with Western blot analysis and the results were shown in figure 71. A strong 

PPARγ1 band and a weak PPARγ2 band were detected in PC3M parental cells (control), 

whereas in PC3M-FABP5 knockout cells, a very weak PPARγ1 band and no PPARγ2 

band were detected, as seen in figure 71, A. When the level of PPARγ1and PPARγ2 in 

PC3M were set at 1, relative levels of PPARγ1 and PPARγ2 in PC3M- FABP5-KO were 

0.022 ± 0.003 and 0 respectively, as depicted in figure 71, B. Level of PPARγ1 

significantly reduced by 97.8% (Student's t test, p < 0.0001), and the expression of 

PPARγ2 was totally abolished (by 100%) (Student's t test, p < 0.0001) in PC3M-FABP5- 

KO cells. 
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Figure 71. The effect of FABP5 knockout on PPARγ1 and PPARγ2 expression in PC3M 

and PC3M-FABP5-KO cells. A) PPARγ1 and PPARγ2 Western blot analysis in PC3M 

and PC3M-FABP5-KO cells. B) Relative levels of PPARγ1 and PPARγ2 in PC3M and 

PC3M-FABP5-KO cells determined by quantitative measurement of peak area intensities 

on the blot using densitometry scanning and Image J software program. Three separate 

measurements yielded the data (Mean ± SD). The blot was hybridized with anti-actin to 

normalize any loading inconsistencies. The 2-tail paired Student's t test was used to 
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compare the PC3M and PC3M-FABP5-KO cells. P<0.05was considered significant.. 

Four stars (****) meant P<0.0001. 

5.2.5 The effect of PC3M FABP5 knockout on p-PPARγ1 and p-

PPARγ2 

The expression of p-PPARγ1 and p-PPARγ2 in PC3M and PC3M-FABP5-KO cells 

was detected with Western blot and the results were shown in figure 72. Both p-

PPARγ1 and p-PPARγ2 were expressed in the parental PC3M cells. However, the 

level of p-PPARγ1 was much higher than that of p-PPARγ2 (Figure 72, A). Comparing 

to the PC3M control cells, the expression of p-PPARγ1 was reduced by 50% and the 

level of p-PPARγ2 was reduced by 43% in PC3M-FABP5-KO cells, as shown in figure 

72, B. When the level of p- PPARγ1and p-PPARγ2 in PC3M were respectively set at 

1, the relative levels of p-PPARγ1 and p-PPARγ2 in PC3M FABP5 KO were 0.45 ± 

0.05 and 0.57 ± 0.04, respectively. Level of p-PPARγ1 and p-PPARγ2 significantly 

suppressed in PC3M-FABP5-KO cells (Student's t test, p < 0.001), comparing to the 

control.  
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Figure 72. The effect of FABP5 knockout on p-PPARγ1 and p-PPARγ2 expression in 

PC3M and PC3M-FABP5-KO cells. A) p-PPARγ1 and p-PPARγ2 Western blot analysis 

in PC3M and PC3M-FABP5-KO cells. B) Relative p-PPARγ1 and p-PPARγ2 levels 

determined by densitometric measurement of band intensities and evaluated using Image 

J software. Three separate measurements yielded the data (Mean ± SD). The blot was 

hybridized with anti-actin to normalize any loading inconsistencies. The 2-tail paired 

Student's t test was used to compare the PC3M and PC3M-FABP5-KO cells. P<0.05was 

considered significant. Four stars (****) meant P<0.0001.  

5.2.6  The effect of FABP5 KO on VEGF expression in PC3M cells 

The expression status of VEGF in PC3M and PC3M-FABP5-KO cells was detected and 

the results were shown in figure 73. A strong VEGF band was detected in PC3M by 

Western blot and a much smaller VEGF band was seen in PC3M-FABP5-KO cells, as 

shown in figure 73, A. When the VEGF level in PC3M cells was set at 1, the relative level 

of VEGF in PC3M-FABP5-KO cells was 0.42 ± 0.03 (Figure 73, B), significantly reduced 

by 58 % (Student's t test, p < 0,001).  
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Figure 73. FABP5 knockout affects VEGF expression in PC3M and PC3M-FABP5 

knockout cells. A) VEGF expression study in PC3M and PC3M-FABP5-KO cells using 

Western blot. B) VEGF expression levels in PC3M and PC3M-FABP5-KO cells. Three 

separate measurements yielded the data (Mean ±  SD). The relative amounts of VEGF 

were determined using densitometric measurements of the brightness of bands on the blot 

and image J software. To normalize any loading inconsistencies, anti-actin was utilized 

to hybridize the blot. The 2-tail paired Student's t test was used to compare the PC3M and 

PC3M-FABP5-KO cells. P<0.05 was considered significant. Two star meant **P 0.001 
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5.2.7  The effect of FABP5 KO on AR expression in PC3M cells 

AR expression was detected neither in PC3M, nor in PC3M-FABP5-KO cells, as shown 

in figure 74.  

 

 

 

 

Figure 74. The effect of FABP5 KO on expression of AR in PC3M cells. Western blot 

analysis of AR expression in PC3M and PC3M-FABP5-KO. 

5.2.8 Discussion  

In this chapter, the contribution of FABP5 and AR to the promotion of prostate cancer 

cell behavior was explored through Western blot analyses measuring changes in the 

expression of important signal transduction pathway factors upon FABP5 or AR 

knockouts. Specific proteins were investigated in different cell lines, including 

androgen-dependent 22RV1 cells and highly malignant and androgen receptor (AR)-

negative castration-resistant prostate cancer (CRPC) cells DU145 and PC3M. The 

results showed that FABP5 expression depended on ARFL, while ARFL expression 

remained unaffected by the absence of FABP5. Additionally, FABP5 influenced the 

expression of ARV7, which plays a crucial role in ADT resistance. Significant 

reductions in malignant characteristics were observed in 22RV1-FABP5-KO cells, with 

altered expression of proteins involved in cell proliferation and survival. In 22RV1-AR-

KO cells, AR knockout led to notable changes in regulating these processes. 

Furthermore, in highly malignant AR-negative CRPC cells, FABP5 played a major 

regulatory role, completely replacing AR in promoting malignant progression through 

the FABP5-PPARγ-VEGF axis. 
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Table 8. Summary  of Protein Effects in Prostate Cancer Cell Lines after FABP5 or AR 

knockout 

Cell Line Protein Effect 

22RV1-FABP5-KO 

Cells 

ARFL No change 

 
ARV7 Not detectable 

 
PPARγ-1 Increased by 75% 

 
PPARγ-2 Decreased by 68% 

 
p-PPARγ1 Decreased by 64% 

 
p-PPARγ2 Decreased by 88% 

 
VEGF Reduced by 90% 

22RV1-AR-KO Cells FABP5 Not detectable 

 
PPARγ-1 Reduced by 86% 

 
PPARγ-2 Reduced by 100% 

 
p-PPARγ1 Decreased by 100% 

 
p-PPARγ2 Decreased by 93% 

 
VEGF Reduced by 95% 

DU145-FABP5-KO 

Cells 

PPARγ-1 Completely inhibited 

 
PPARγ-2 Completely inhibited 

 
p-PPARγ1 Reduced by 85% 
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p-PPARγ2 Reduced by 100% 

 
VEGF Reduced by 90% 

PC3M-FABP5-KO Cells PPARγ-1 Reduced by 97.8% 

 
PPARγ-2 Reduced by 100% 

 
p-PPARγ1 Decreased by 50% 

 
p-PPARγ2 Decreased by 43% 

 
VEGF Reduced by 58% 

 

Footnote: The table summarizes the effect of FABP5 or AR knockout , its related factors 

(PPARγ1, PPARγ2, p-PPARγ1, p-PPARγ2), AR, ARV7, and VEGF in different cell 

types. 

These results indicated that FABP5 and AR played distinct roles in regulating the 

expression of various proteins associated with prostate cancer behavior. Knocking out 

FABP5 or AR resulted in specific changes in proteins expression compared to the 

expression in parental cells. Notably, ARV7 and FABP5 were not detectable in knockout 

cells, indicating a loss of these proteins. Knockout cells also displayed altered expression 

levels of PPARγ-1, PPARγ-2, p-PPARγ1, p-PPARγ2, and VEGF, with some proteins 

completely inhibited or significantly reduced in their expression. This suggests the 

essential roles of FABP5 and AR in regulating these proteins' expression and influencing 

prostate cancer cell behavior, potentially providing valuable insights into the underlying 

mechanisms of prostate cancer development and progression, suggesting its crucial role 

in promoting malignant progression. 
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Chapter 6 -Result-4:Identification of the differentially expressed 

genes and the relevant pathways between the parental control 

cells and the FABP5- or AR- KO cells 
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6.1 Introduction 

This chapter delves deeper into understanding the genes regulated by FABP5 and AR in 

prostate cancer cells. By comparing the expression profiles of FABP5- or AR-knockout 

(KO) cells with the control parental cells 22RV1 and DU145, and identify differentially 

expressed genes (DEGs) to elucidate the specific genes influenced by FABP5 and AR in 

prostate cancer cells. Additionally, the chapter aims to validate the expression of the six 

most pronounced DEGs which were commonly upregulated or downregulated in both 

22RV1-FABP5-KO and 22RV1-AR-KO cell lines, as well as in the highly malignant 

and androgen receptor (AR)-negative castration-resistant prostate cancer (CRPC) cell 

line DU145-FABP5-KO, to gain insights into their potential roles in prostate cancer 

development and progression. Also, Gene ontology (GO) pathway analysis will be 

conducted to uncover the functional significance of the identified DEGs and their 

potential implications in the transition of prostate cancer cells from androgen-

responsive (22RV1) to androgen-unresponsive states (DU145). 
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6.2 Identification of the FABP5-regulated genes by comparing the 

expression profiles between 22RV1 and 22RV1-FABP5-KO 

cells 

Gene expression profile comparison was performed to identify the DEGs between the 

parental 22RV1 cells and its derivative 22RV1-FABP5-KO cells to assess the FABP5 

regulated genes.  DEGs were those genes whose expression levels between the two cell 

lines were significantly different by at least one fold (Student t-test, p< 0.05).  Altogether, 

250 upregulated and 250 downregulated genes were identified (Supplementary file). As 

shown in figure 75, a volcano plot (A) and two heat maps (B, C), reflected all 500 DEGs 

and the top 40 genes which exhibited the most pronounced differences between the two 

RNA sources. The volcano plot showed that 22RV1-FABP5-KO cells exhibited a large 

transcriptomic change compared to its parental 22RV1 cells. The heat map revealed that 

the expression levels of many genes in 22RV1-FABP5-KO were significantly different 

from those in 22RV1 (B). The top 20 up- and down- regulated genes ranked by their 

levels of differences (C) were listed in table 9. with details of gene ID and names.  
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Figure 75. Investigation of FABP5-regulated genes by comparing expression profiles 

between the FABP5-positive and FABP5-knockout 22RV1 cells. A) Volcano plot 

showing the differentially expressed genes between 22RV1 and 22RV1-FABP5-KO 

cells.  Each scattered dot represents a gene with a significant change of at least one log2 

fold (Student's t test, p < 0.05). Genes that are up-regulated are indicated by red dots, 

while down-regulated genes are indicated by blue dots. B) Heat map visualizing the top 

500 DEGs between 22RV1 and 22RV1-FABP5-KO cells. Red indicates upregulation and 

green indicates downregulation. Levels of changes were reflected by color intensities as 

showed in the color key. C) Heat map visualizing the top 40 most pronounced DEGs 

between 22RV1 and 22RV1-FABP5-KO cells.  

Table 9. The ID, name, fold and significance of the changes of the top 40 most 

pronounced DEGs tween 22RV1 and 22RV1-FABP5-KO cells 

Gene ID Gene Name log2FoldChange p value 

ENSG00000171345 KRT19 -4.76503 1.95E-09 

ENSG00000164647 STEAP1 -4.58614 9.77E-11 

ENSG00000004776 HSPB6 -4.52465 8.59E-11 

ENSG00000130164 LDLR -4.05123 6.01E-12 

ENSG00000196189 SEMA4A -5.77535 3.73E-17 

ENSG00000115648 MLPH -6.85049 2.48E-36 

ENSG00000166888 STAT6 -7.03778 4.68E-26 

ENSG00000166840 GLYATL1 -9.07851 4.27E-09 

ENSG00000127324 TSPAN8 -5.19101 1.83E-10 
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ENSG00000019991 HGF -6.59939 1.83E-08 

ENSG00000162458 FBLIM1 -5.75828 5.97E-08 

ENSG00000196620 UGT2B15 -8.72938 2.40E-08 

ENSG00000079112 CDH17 -7.72931 1.88E-06 

ENSG00000196139 AKR1C3 -7.91328 6.99E-07 

ENSG00000173702 MUC13 -7.62374 2.46E-06 

ENSG00000007038 PRSS21 -7.43399 5.13E-06 

ENSG00000163631 ALB -4.91839 2.25E-06 

ENSG00000006210 CX3CL1 -7.3886 6.02E-06 

ENSG00000137648 TMPRSS4 -6.58036 0.00013 

ENSG00000012504 NR1H4 -6.21572 0.000518 

ENSG00000104332 SFRP1 7.918877 1.48E-06 

ENSG00000090932 DLL3 7.051427 5.35E-10 

ENSG00000119715 ESRRB 8.843079 1.52E-07 

ENSG00000135074 ADAM19 8.656002 3.69E-07 

ENSG00000113430 IRX4 9.309391 1.13E-08 

ENSG00000187498 COL4A1 9.357618 8.34E-09 

ENSG00000119698 PPP4R4 9.965597 4.78E-10 

ENSG00000043039 BARX2 9.926337 4.91E-10 
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6.2.1  The Impact of FABP5 Knockout on Gene Ontology (GO) of 

Biological Processes Enriched in DEGs between 22RV1 and 

22RV1-FABP5-KO cells  

 In this study, 250 upregulated genes and 250 downregulated genes were analyzed with 

the GO Biological Process- enrichment terms and the top 30 pathways were selected as 

shown in figure 76 and table 10. Many of the pathways identified in this Enrichment bar 

chart could affect the biological processes potentially related FABP5 gene. The DEGs 

were associated with processes such as cellular response to fatty acids, cellular response 

to prostaglandin D stimulus, progesterone metabolism and the response to corticosteroid. 

The majority of the DEGs were involved in the fatty acid responsive pathway. The results 

ENSG00000131620 ANO1 6.833901 1.86E-10 

ENSG00000277586 NEFL 7.651159 1.82E-16 

ENSG00000181031 RPH3AL 7.112501 9.85E-12 

ENSG00000082397 EPB41L3 6.417703 2.01E-14 

ENSG00000173320 STOX2 9.442916 6.22E-10 

ENSG00000272636 DOC2B 9.415629 5.40E-10 

ENSG00000101680 LAMA1 8.007561 6.76E-21 

ENSG00000120833 SOCS2 7.073519 4.57E-22 

ENSG00000079112 CDH17 -7.72931 1.88E-06 

ENSG00000111249 CUX2 8.552648 2.88E-38 

ENSG00000142173 COL6A2 6.638127 1.48E-31 

ENSG00000130707 ASS1 8.848459 2.58E-78 
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of this analysis suggested that FABP5 KO could block numerous pathways, including the 

steroid metabolic process and hormone responsive pathways, both of which are key 

processes involved in the transformation of the cancer cells from androgen-dependent to 

androgen-independent state. 

 

 

Figure 76. Gene Ontology Biological Process Enrichment bar chart of the Top 30 

Pathways connected to DEGs between 22RV1 and 22RV1-FABP5-KO cells. Folds of 

pathway enrichment were proportional to the length of the bar charts. Levels of pathway 

changes were indicated by –log10(FDR).  
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Table 10. The top 30 GO Enriched pathways connected with the DEGs between 22RV1 

and 22RV1-FABP5-KO cells 

Enrichment     

FDR 

Fold 

Enrichment 

Pathway 

3.95E-10 20.85289 Response to fatty acid 

4.10E-08 25.27623 Cellular response to fatty acid 

4.05E-05 92.41622 Response to jasmonic acid 

4.05E-05 92.41622 Cellular response to jasmonic acid 

stimulus 

4.05E-05 92.41622 Response to prostaglandin D 

4.05E-05 92.41622 Cellular response to prostaglandin D 

stimulus 

1.68E-07 13.39365 Odontogenesis of dentin-containing tooth 

2.64E-05 25.67117 Ammonium ion metabolic proc. 

5.65E-07 14.03791 Pancreas development 

2.18E-07 12.9707 Pos. reg. of neuron differentiation 

0.000152 61.61081 Convergent extension involved in axis 

elongation 

2.98E-05 16.80295 Exocrine system development 

1.86E-06 12.05429 Artery development 

2.13E-12 8.143958 Urogenital system development 
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3.75E-08 9.949572 Eye morphogenesis 

5.17E-09 9.382357 Reg. of neuron differentiation 

1.63E-11 8.293763 Renal system development 

3.90E-07 10.34685 Camera-type eye morphogenesis 

6.22E-09 9.241622 Multicellular organismal signaling 

4.18E-07 10.26847 Odontogenesis 

7.71E-11 8.13344 Kidney development 

0.000167 27.38258 Progesterone metabolic proc. 

0.000167 27.38258 Paraxial mesoderm development 

0.000347 46.20811 Paraxial mesoderm formation 

5.81E-05 14.78659 Pos. reg. of epithelial to mesenchymal 

transition 

2.30E-05 13.06896 Artery morphogenesis 

9.56E-10 8.065415 Heart contraction 

9.16E-08 9.153606 Response to corticosteroid 

7.58E-09 8.249146 Reg. of heart contraction 

1.57E-09 7.782418 Heart proc. 
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6.3 Identification of the AR- regulated genes by comparing the 

expression profiles between 22RV1 and 22RV1-AR-KO cells 

Gene expression profile comparison was performed to identify the DEGs between the 

parental 22RV1 cells and its derivative 22RV1-AR-KO cells to assess the AR regulated 

genes.  DEGs were those genes whose expression levels between the two cell lines were 

significantly different by at least one fold (Student t-test, p< 0.05).  Altogether, 250 

upregulated and 250 downregulated genes were identified (Supplementary file). As 

shown in figure 77, a volcano plot (A) and two heat maps (B, C), reflected all 500 

DEGs and the top 40 genes which exhibited the most pronounced differences between 

the two RNA sources. The volcano plot showed that 22RV1-AR-KO cells exhibited a 

large transcriptomic change compared to its parental 22RV1 cells. The heat map 

revealed that the expression levels of many genes in 22RV1-AR-KO were significantly 

different from those in 22RV1 (B). The top 20 up- and down- regulated genes ranked by 

their levels of differences (C) were listed in table 11 with details of gene ID and names. 
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Figure 77. Investigation of AR-regulated genes by comparing expression profiles 

between the AR-positive and AR-knockout 22RV1 cells. A) Volcano plot showing the 

differentially expressed genes between 22RV1 and 22RV1-AR-KO cells.  Each scattered 

dot represents a gene with a significant change of at least one log2 fold (P<0.05). Genes 

that are up-regulated are indicated by red dots, while down-regulated genes are indicated 

by blue dots. B) Heat map visualizing the top 500 DEGs between 22RV1 and 22RV1-

AR-KO cells. Red indicates upregulation and green indicates downregulation. Levels of 

changes were reflected by color intensities as showed in the color key. C) Heat map 

visualizing the top 40 most pronounced DEGs between 22RV1 and 22RV1-AR-KO cells.  

Table 11. The ID, name, fold and significance of the changes of the top 40 most 

pronounced DEGs between 22RV1 and 22RV1-AR-KO cells 

Gene ID Gene Name log2FoldChange p value 

ENSG00000198804 MT-CO1 -2.83267 2.10E-06 

ENSG00000198763 MT-ND2 -2.72373 1.07E-07 

ENSG00000130164 LDLR -4.52892 5.40E-14 

ENSG00000228253 MT-ATP8 -2.54158 1.35E-07 

ENSG00000198840 MT-ND3 -2.7471 4.75E-08 
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ENSG00000079459 FDFT1 -2.36796 2.18E-06 

ENSG00000099194 SCD -2.95305 5.43E-06 

ENSG00000112972 HMGCS1 -3.05897 1.14E-07 

ENSG00000169136 ATF5 -2.9933 2.13E-07 

ENSG00000210191 MT-TL2 -2.82356 6.33E-06 

ENSG00000196620 UGT2B15 -4.47231 2.16E-10 

ENSG00000123201 GUCY1B2 -3.11183 1.93E-07 

ENSG00000165816 VWA2 -3.47047 7.10E-05 

ENSG00000185499 MUC1 -2.37316 0.000577 

ENSG00000169857 AVEN -3.17426 7.45E-06 

ENSG00000163631 ALB -3.66914 1.29E-05 

ENSG00000102048 ASB9 -3.09574 0.0017 
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ENSG00000012504 NR1H4 -5.83903 0.000323 

ENSG00000138115 CYP2C8 -5.71716 0.000638 

ENSG00000066336 SPI1 -4.24645 0.001002 

ENSG00000224825 RORB-AS1 4.911157 0.00167 

ENSG00000109956 B3GAT1 7.906402 7.39E-06 

ENSG00000169856 ONECUT1 4.772941 7.69E-05 

ENSG00000109819 PPARGC1A 3.53184 0.00054 

ENSG00000185483 ROR1 3.163251 1.35E-05 

ENSG00000164741 DLC1 4.441879 5.59E-05 

ENSG00000058335 ITPR1 4.817764 1.23E-10 

ENSG00000111344 RASAL1 2.512553 0.000921 

ENSG00000132692 BCAN 4.632247 4.54E-07 
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ENSG00000145040 UCN2 3.26252 5.12E-06 

ENSG00000130707 ASS1 2.624126 0.000342 

ENSG00000206503 HLA-A 4.722258 3.18E-09 

ENSG00000186526 CYP4F8 4.63578 6.29E-10 

ENSG00000180447 GAS1 10.8462 2.58E-12 

ENSG00000105696 TMEM59L 4.920548 1.18E-13 

ENSG00000198963 RORB 3.151807 1.03E-05 

ENSG00000087258 GNAO1 3.95591 7.50E-10 

ENSG00000074211 PPP2R2C 2.778014 9.65E-05 

ENSG00000100292 HMOX1 7.007461 6.12E-05 

ENSG00000100346 CACNA1I 4.142474 8.39E-10 



190 
 

6.3.1 The Impact of AR Knockout on Gene Ontology (GO) of 

Biological Processes Enriched-DEGs between 22RV1 and 

22RV1-AR-KO cells  

In this study, 250 upregulated genes and 250 downregulated genes caused by AR- 

knockout were analyzed with the GO Biological Process- enrichment terms and the top 

30 pathways were selected as shown in figure 78 and table 12 . Many of the pathways 

identified in this Enrichment bar chart could affect the biological processes potentially 

related to the activity of AR. These DEGs were associated with processes, such as 

cholesterol biosynthesis, and sterol hormone synthesis and metabolism. These results 

suggested that AR- KO could block numerous pathways, particularly the cholesterol 

biosynthesis, and steroid hormone synthesis and metabolisms, both of which are likely to 

play key roles in the transition of the cancer cells from androgen-dependent to castration-

resistant state.  
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Figure 78.Gene Ontology Biological Process Enrichment bar chart of the Top 30 

Pathways connected to DEGs between 22RV1 and 22RV1-AR-KO cells. Folds of 

pathway enrichment were proportional to the length of the bar charts. Levels of pathway 

changes were indicated by –log10(FDR).   
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Table 12. The top 30 GO Enriched pathways connected with the DEGs between 22RV1 

and 22RV1-AR-KO cells 

Enrichment 

FDR 

Fold 

Enrichment 

Pathway 

1.95E-05 7.070876 Cholesterol biosynthetic proc. 

1.95E-05 7.070876 Secondary alcohol 

biosynthetic proc. 

6.08E-05 6.320935 Sterol biosynthetic proc. 

0.002098 23.83895 Energy coupled proton 

transmembrane transport, 

against electrochemical 

gradient 

0.002098 23.83895 Electron transport coupled 

proton transport 

0.000384 3.877912 Cholesterol metabolic proc. 

0.000833 3.629328 Secondary alcohol metabolic 

proc. 

0.004529 19.8658 Reg. of DNA topoisomerase 

(ATP-hydrolyzing) activity 

0.002037 3.350149 Sterol metabolic proc. 
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0.002037 3.310966 Homophilic cell adhesion via 

plasma membrane adhesion 

molecules 

0.000114 2.330347 Chromatin organization 

0.006759 7.192788 Placenta blood vessel 

development 

0.00386 2.74148 Organic hydroxy compound 

biosynthetic proc. 

0.000193 1.910173 Chromosome organization 

0.017932 13.24386 Reg. of isomerase activity 

0.017932 13.24386 Pos. reg. of isomerase activity 

0.000292 1.815268 Pos. reg. of transcription by 

RNA polymerase II 

0.017702 5.182381 Pos. reg. of pri-miRNA 

transcription by RNA 

polymerase II 

0.000632 1.799259 Reg. of cell cycle 

0.003985 2.158457 Histone modification 

0.028007 8.277415 Labyrinthine layer blood 

vessel development 

0.016746 3.082623 Alcohol biosynthetic proc. 
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0.027098 5.489233 Reg. of stem cell proliferation 

0.008525 2.802847 Steroid biosynthetic proc. 

0.017213 3.06151 Placenta development 

0.002037 1.631789 Neg. reg. of nucleobase-

containing compound 

metabolic proc. 

0.016942 2.943081 Histone acetylation 

0.026789 3.373437 Aerobic electron transport 

chain 

0.037973 5.959739 Isoprenoid biosynthetic proc. 

0.002037 1.597599 Pos. reg. of transcription, 

DNA-templated 
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6.4 Identification of the FABP5-regulated genes by comparing the 

expression profiles between DU145 and DU145-FABP5-KO 

cells 

Gene expression profile comparison was performed to identify the DEGs between the 

parental DU145 cells and its derivative DU145-FABP5-KO cells to assess the FABP5 

regulated genes.  DEGs were those genes whose expression levels between the two cell 

lines were significantly different by at least one fold (Student t-test, p< 0.05).  Altogether, 

300 upregulated and 200 downregulated genes were identified (Supplementary file). As 

shown in figure 79, a volcano plot (A) and two heat maps (B, C), reflected all 500 DEGs 

and the top 40 genes which exhibited the most pronounced differences between the two 

RNA sources. The volcano plot showed that DU145-FABP5-KO cells exhibited a large 

transcriptomic change compared to its parental DU145 cells. The heat map revealed that 

the expression levels of many genes in DU145-FABP5-KO were significantly different 

from those in DU145 (B). The top 20 up- and down- regulated genes ranked by their 

levels of differences (C) were listed in table 13 with details of gene ID and names. 
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Figure 79. Investigation of FABP5-regulated genes by comparing expression profiles 

between the FABP5-positive and FABP5-knockout DU145 cells. A) Volcano plot 

showing the differentially expressed genes between DU145 and DU145-FABP5-KO 

cells.  Each scattered dot represents a gene with a significant change of at least one log2 

fold (P<0.05). Genes that are up-regulated are indicated by red dots, while down-

regulated genes are indicated by blue dots. B) Heat map visualizing the top 500 DEGs 

between DU145 and DU145-FABP5-KO cells. Red indicates upregulation and green 

indicates downregulation. Levels of changes were reflected by color intensities as showed 

in the color key. C) Heat map visualizing the top 40 most pronounced DEGs between 

DU145 and DU145-FABP5-KO cells.  

Table 13. The ID, name, fold and significance of the changes of the top 40 most 

pronounced DEGs between DU145 and DU145-FABP5-KO cells 

Gene ID Gene 

Name 

log2FoldChange p value 

ENSG0000011308

3 

LOX 2.568477 3.80E-43 

ENSG0000020536

4 

MT1M 1.836739 0.011298 

ENSG0000024424

2 

IFITM10 2.114165 0.015518 

ENSG0000017653

3 

GNG7 2.065239 0.019687 

ENSG0000012574

0 

FOSB 3.057334 0.020109 
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ENSG0000012073

8 

EGR1 1.313533 0.05133 

ENSG0000016313

2 

MSX1 2.474824 0.001865 

ENSG0000013253

0 

XAF1 5.107902 0.147392 

ENSG0000013070

7 

ASS1 1.740535 1.72E-05 

ENSG0000012335

8 

NR4A1 2.089559 0.008646 

ENSG0000013562

5 

EGR4 1.764551 0.02066 

ENSG0000018280

9 

CRIP2 1.553935 0.051683 

ENSG0000010408

1 

BMF 2.235654 2.82E-05 

ENSG0000017938

8 

EGR3 4.607518 0.007603 

ENSG0000013410

7 

BHLHE40 2.504767 3.84E-48 

ENSG0000007418

1 

NOTCH3 2.462673 1.79E-37 

ENSG0000016502

5 

SYK 2.018064 1.72E-07 
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ENSG0000012287

7 

EGR2 2.442622 0.065936 

ENSG0000015309

3 

ACOXL 2.698124 0.006185 

ENSG0000016249

6 

DHRS3 2.41196 1.56E-25 

ENSG0000010597

4 

CAV1 -2.73978 0.010563 

ENSG0000023219

2 

KIF26B-

AS1 

-1.78448 0.02797 

ENSG0000012601

0 

GRPR -4.20944 0.013582 

ENSG0000011560

2 

IL1RL1 -2.33115 0.001441 

ENSG0000016849

7 

CAVIN2 -2.37219 1.29E-07 

ENSG0000016512

4 

SVEP1 -1.78449 0.041951 

ENSG0000018548

3 

ROR1 -1.56502 4.73E-05 

ENSG0000011536

5 

LANCL1 -1.56907 0.04581 

ENSG0000018569

7 

MYBL1 -1.8815 2.71E-05 
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ENSG0000016567

2 

PRDX3 -1.51662 0.045619 

ENSG0000016289

4 

FCMR -2.18935 7.20E-05 

ENSG0000014433

9 

TMEFF2 -1.78211 0.031605 

ENSG0000027512

6 

HIST1H4

L 

-2.55737 0.090252 

ENSG0000015165

5 

ITIH2 -2.33497 0.017281 

ENSG0000014533

7 

PYURF -2.11067 0.03719 

ENSG0000003030

4 

MUSK -1.7563 0.026985 

ENSG0000001329

7 

CLDN11 -1.79274 0.000161 

ENSG0000016933

0 

KIAA1024 -3.04372 0.001224 
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6.4.1  The Impact of FABP5 Knockout on GO of Biological 

Processes Enriched in DEGs between DU145 and DU145-

FABP5-KO cells  

 In this study, 300 upregulated genes and 200 downregulated genes were analyzed with 

the GO Biological Process- enrichment terms and the top 30 pathways were selected as 

shown in Figure 80 and table 14. Many of the pathways and biological processes related 

FABP5 KO were identified through this Enrichment bar chart. The DEGs were associated 

with processes such as positive regulation of lipid transport and localization, positive 

regulation of fatty acid transport and cholesterol efflux, as well as the response to 

progesterone. The majority of the DEGs were involved in the lipid and fatty acid transport 

and metabolic pathway. These results suggested that FABP5 KO could block such 

pathways, as those for fatty acid and lipid transport and for regulation of cholesterol 

hormone responsive, both of which involved in key processes during the transformation 

of the cancer cells from androgen-dependent to androgen-independent state. 
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Figure 80. Gene Ontology Biological Process Enrichment bar chart of the Top 30 

Pathways connected to DEGs between 22RV1 and 22RV1-AR-KO cells. Folds of 

pathway enrichment were proportional to the length of the bar charts. Levels of pathway 

changes were indicated by –log10(FDR).   
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Table 14. The top 30 GO Enriched pathways connected with the DEGs between DU145 

and DU145-FABP5-KO cells 

Enrichment 

FDR 

Fold Enrichment Pathway 

1.15E-06 11.44033 Pos. reg. of lipid transport 

3.12E-06 12.06138 Antibacterial humoral response 

1.18E-06 9.735073 Pos. reg. of lipid localization 

0.00053 22.07311 Interleukin-27-mediated signaling pathway 

4.16E-06 8.389575 Type I interferon signaling pathway 

4.42E-06 8.321917 Cellular response to type I interferon 

0.000763 19.74962 Pos. reg. of icosanoid secretion 

0.00021 12.23618 Pos. reg. of anion transport 

5.46E-05 9.62161 Cellular response to virus 

0.000109 10.59153 Neg. reg. of viral genome replication 

8.22E-05 9.041995 Peripheral nervous system development 

0.001184 17.05649 Thyroid hormone generation 

0.000769 12.67712 Pos. reg. of insulin secretion involved in cellular 

response to glucose stimulus 

0.001346 16.3149 Reg. of icosanoid secretion 

0.001346 16.3149 Pos. reg. of fatty acid transport 
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8.44E-06 6.864198 Interferon-gamma-mediated signaling pathway 

1.20E-05 6.621932 Reg. of lipid localization 

0.001512 15.63512 Pos. reg. of cholesterol efflux 

0.001512 15.63512 Immunological memory proc. 

5.07E-05 7.053436 Reg. of lipid transport 

7.18E-07 5.69565 Pos. reg. of T cell activation 

0.002166 25.58474 Synaptic vesicle budding 

5.06E-07 5.500302 Pos. reg. of leukocyte cell-cell adhesion 

0.001199 11.16794 Pos. reg. of organic acid transport 

0.002655 23.45267 MDA-5 signaling pathway 

9.51E-07 5.211706 Adaptive immune response based on somatic 

recombination of immune receptors buil 

0.000911 8.934352 Reg. of vasoconstriction 

0.001412 10.66031 Response to progesterone 

0.000735 7.547987 Pos. reg. of chemokine production 

1.18E-06 5.116947 Defense response to bacterium 
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6.5  Identification the six most pronounced carcinogenesis-related 

DEGs between FABP5- or AR-KO cells and their parental 

cells 

Further analysis identified the following 6 most pronounced DEGs: CRIP2, ERG3, 

FOSB, GRPR, CAV1, and NR1H4. The first 3 were upregulated and the later 3 were 

down-regulated when either FABP5 or AR was knocked out in 22RV1 cells. Except 

NR1H4, the same up- or down- regulation for the rest 5 genes were seen between the 

FABP5-KO and the parental DU145 cells. Careful analyzing the pathway bar chart shown 

in (Figure 76,78,80), it was found that CRIP2 ,ERG3 and FOSB were involved in 

regulation of cellular response to type I interferon pathway, response to progesterone 

signaling pathway and peripheral nervous system development that played an important 

suppressive role in initiation and expansion of prostate cancer.All 3 down-regulated genes 

GRPR, CAV1, and NR1H4 played roles in fatty acid and lipid transport related pathways, 

including steroid and cholesterol metabolic processes(Figure 76,78,80).  The heat maps 

reflecting the expression profiles of these top 6 DEGs were displayed in figure 81. The 

differential expression between 22RV1 and 22RV1-FABP5-KO or 22RV1-AR-KO cells 

was shown in A; the differential expression between DU145 and DU145-FABP5-KO 

cells  was shown in B. 
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Figure 81. Expression changes of the six top DEGs produced by FABP5- or AR- knockout 

and dmrFABP5 treatment in CRPC cells. A) The heat map showing the effect of FABP5 

or AR knockout on the expression of upregulated genes CRIP2, ERG3 and FOSB and the 

downregulated genes GRPR, CAV1 and NR1H4 in the androgen-responsive 22RV1 cells. 

The red represents upregulation and the green represents downregulation. B) The heat 

map showing the effect of FABP5 knockout or dmrFABP5 treatment on the expression 

status of upregulated genes CRIP2, ERG3 and FOSB, and the downregulated genes 
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GRPR, CAV1 and NR1H4 in the AR-negative DU145 cells. The red represents 

upregulation and the green represents downregulation or no-expression. 

6.5.1  The effect of FABP5 KO on expression of CRIP2, ERG3, 

FOSB, GRPR, CAV1 and NR1H4 in 22RV1 cells 

The 3 upregulated and 3 downregulated DEGs (CRIP2,ERG3 and FOSB and 

GRPR,CAV1 and NR1H4) detected by comparing the RNA profiles between 22RV1 and 

22RV1-FABP5-KO cells were verified  with Western blot and the results were shown in 

figure 82. In the parental 22RV1 cells, ERG3 and FOSB were expressed, but the 

expression of CRIP2 was not detectable, whereas all these 3 genes were highly expressed 

in 22RV1-FABP5-KO cells (A).  While CRIP was not expressed in the parental 22RV1 

cells, a moderately high level of this protein was detected in 22RV1-FABP5-KO cells. 

When levels of ERG3 and FOSB in 22RV1 were set at 1 and 1, respectively, their relative 

levels in 22RV1-FABP5-KO were significantly increased to 2.87 ± 0.09 and 2.1 ± 0.09, 

respectively (C). Thus, comparing to the expressions in the parental cells, the levels of 

ERG and FOSB increased by 187% and 110%, respectively (Student's t test, p < 0.0001) 

in the cells with FABP5 knocked out.  Contrary to the 3 upregulated- gene products, 

expression of GRPR, CAV1 and NR1H4 were either greatly reduced or completely 

abrogated in 22RV1-FABP5-KO cells, as showed in B.  While the expression of NR1H4 

was not detectable, levels of GRPR, CAV1 were significantly reduced respectively to 

0.04 ± 0.02, 0.20 ± 0.03 in 22RV1-FABP5-KO cells when those in 22RV1-parental cells 

were set at 1, respectively (C). Levels of GRPR and CAV1 decreased by 96% (Student's 

t test, p < 0.0001), 80% (Student's t test, p < 0.0002) respectively in comparison to those 

in the control. 
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Figure 82. Verification of the six top DEGs by assessing the different expression at the 

protein levels with Western blot. A) Western blot analysis of the expression status of 

upregulated DEGs CRIP2, ERG3 and FOSB expressed in 22RV1 and 22RV1-FABP5-

KO cells. B) Western blot analysis of the expression status of the downregulated DEGs 

GRPR, CAV1 and NR1H4 in 22RV1 and 22RV1-FABP5-KO cells. C) Quantitative 

assessments of expression levels of 6 DEGs in parental 22RV1 and 22RV1-FABP5-KO 

cells. Except NR1H4, which was not expressed in 22RV1-FABP5-KO cells, the levels 

for all 5 other DEGs in 22RV1 cells were set at 1, the levels in 22RV1-FABP5-KO cells 

were calculated by relating to those expressed in 22RV1 cells. The results (Mean ± SD) 
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were obtained from 3 separate measurements, the intensities of the bands on the blot were 

subjected to densitometry scanning and the data was analyzed with the image J software. 

Anti-β-actin was used to hybridize the blot to normalize possible loading discrepancies. 

The differences between the 22RV1 and 22RV1-FABP5-KO cells were assessed with 

Student t-test, the results were regarded as statistically significant when p<0.05. The 

degree of significance was represented by the number of stars as following:  *p<0.05, 

**p<0.001, ***p<0.0002, and ****p<0.0001 

6.5.2  The effect of AR KO on expression of CRIP2, ERG3, FOSB, 

GRPR, CAV1 and NR1H4 in 22RV1 cells 

The 3 upregulated and 3 downregulated DEGs (CRIP2,ERG3 and FOSB and 

GRPR,CAV1 and NR1H4) detected by comparing the RNA profiles between 22RV1 and 

22RV1-AR-KO cells were verified  with Western blot and the results were shown in 

figure 83 In the parental 22RV1 cells, ERG3 and FOSB were expressed, but the 

expression of CRIP2 was not detectable, whereas all these 3 genes were highly expressed 

in 22RV1-AR-KO cells (A).  While CRIP was not expressed in the parental 22RV1 cells, 

a moderately high level of this protein was detected in 22RV1-AR-KO cells. When levels 

of ERG3 and FOSB in 22RV1 were set at 1 and 1, respectively, their relative levels in 

22RV1-AR-KO were significantly increased to 2.5 ± 0.04 and 2. ± 0.06 respectively, (C). 

Thus, comparing to the expressions in the parental cells, the levels of ERG and FOSB 

increased by 150% and 100%, respectively (Student's t test, p < 0.0001) in the cells with 

AR knocked out.  Contrary to the 3 upregulated- gene products, expression of GRPR, 

CAV1 and NR1H4 were either greatly reduced or completely abrogated in 22RV1-AR-

KO cells, as showed in B.  While the expression of NR1H4 was not detectable, levels of 

GRPR, CAV1 were significantly reduced respectively to 0.02 ± 0.02, 0.15 ± 0.05 in 

22RV1-AR-KO cells when those in 22RV1-parental cells were set at 1, respectively (C). 



210 
 

Levels of GRPR and CAV1 decreased by 98%  and 85% (Student's t test, p < 0.0001), 

respectively in comparison to those in the control. 

 

Figure 83. Verification of the six top DEGs by assessing the different expression at the 

protein levels with Western blot. A) Western blot analysis of the expression status of 

upregulated DEGs CRIP2, ERG3 and FOSB expressed in 22RV1 and 22RV1-AR-KO 

cells. B) Western blot analysis of the expression status of the downregulated DEGs 

GRPR, CAV1 and NR1H4 in 22RV1 and 22RV1-AR-KO cells. C) Quantitative 

assessments of expression levels of 6 DEGs in parental 22RV1 and 22RV1-AR-KO cells. 

Except NR1H4, which was not expressed in 22RV1-AR-KO cells, the levels for all 5 

other DEGs in 22RV1 cells were set at 1, the levels in 22RV1-AR-KO cells were 

calculated by relating to those expressed in 22RV1 cells. The results (Mean ± SD) were 
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obtained from 3 separate measurements, the intensities of the bands on the blot were 

subjected to densitometry scanning and the data was analyzed with the image J software. 

Anti-β-actin was used to hybridize the blot to normalize possible loading discrepancies. 

The differences between the 22RV1 and 22RV1-AR-KO cells were assessed with Student 

t-test, the results were regarded as statistically significant when p<0.05. The degree of 

significance was represented by the number of stars as following:  *p<0.05, **p<0.001, 

***p<0.0002, and ****p<0.0001 

6.5.3 The effect of FABP5 KO on expression of CRIP2, ERG3, 

FOSB, GRPR,CAV1 and NR1H4 in DU145 cells 

The 3 upregulated and 3 downregulated DEGs (CRIP2,ERG3 and FOSB and 

GRPR,CAV1 and NR1H4) detected by comparing the RNA profiles between DU145 

and DU145-FABP5-KO cells were verified  with Western blot and the results were 

shown in figure 84 In the parental DU145 cells, CRIP, ERG3 and FOSB were 

expressed, whereas all these 3 genes were highly expressed in DU145-FABP5-KO cells 

(A). When CRIP2, ERG3 and FOSB level in DU145 set at 1 their relative levels in 

DU145-FABP5-KO were significantly increased to 2.7± 0.08, 2.16 ± 0.028 and 2.5 ± 

0.03 respectively (C).Thus, comparing to the expressions in the parental cells, the levels 

of CRIP, ERG and FOSB increased by 170%,116% and 150% respectively (Student's t 

test, p < 0.0001) in the cells with FABP5 knocked out. The GRPR and CAV1 were 

expressed in the parental DU145 whereas NR1H4 only expressed in androgen 

dependent cell lines 22RV1 and not expressed in androgen independent CRPC DU145 

cell lines(B). The DU145-FABP5-KO cells shows significantly reduced level of GRPR 

and CAV1 and not detectable level of NR1H4 (B). When GRPR and CAV1 in DU145 

cells were set at 1, their relative levels in DU145-FABP5-KO were significantly 

reduced to 0.04 ± 0.03 and 0.15 ± 0.08   respectively (C).The level of GRPR and CAV1 
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decreased by 96% (Student's t test, p < 0.0001) and 85% (Student's t test, p < 0.0002) 

respectively in comparison to the control DU145. 

 

 

 

 

 

   

Figure 84. Verification of the six top DEGs by assessing the different expression at the 

protein levels with Western blot. A) Western blot analysis of the expression status of 

upregulated DEGs CRIP2, ERG3 and FOSB expressed in DU145 and DU145-FABP5-

KO cells. B) Western blot analysis of the expression status of the downregulated DEGs 
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GRPR, CAV1 and NR1H4 in DU145 and DU145-FABP5-KO cells. C) Quantitative 

assessments of expression levels of 6 DEGs in parental DU145 and DU145-FABP5-KO 

cells. Except NR1H4, which was not expressed in DU145 or DU145-FABP5-KO cells, 

the levels for all 5 other DEGs in DU145 cells were set at 1, the levels in DU145-FABP5-

KO cells were calculated by relating to those expressed in DU145 cells. The results (Mean 

± SD) were obtained from 3 separate measurements, the intensities of the bands on the 

blot were subjected to densitometry scanning and the data was analyzed with the image J 

software. Anti-β-actin was used to hybridize the blot to normalize possible loading 

discrepancies. The differences between the DU145 and DU145-FABP5-KO cells were 

assessed with Student t-test, the results were regarded as statistically significant when  

 p<0.05. The degree of significance was represented by the number of stars as following:  

*p<0.05, **p<0.001, ***p<0.0002, and ****p<0.0001 

Table 15. Summary of Differentially Expressed Genes (DEGs) and Biological Effects in 

FABP5 and AR Knockout Prostate Cancer Cells 

DEGs 

Identified 

in 

FABP5- 

or AR-

KO Cells 

Expression 

Changes in 

FABP5-KO 

Cells 

Expression 

Changes in 

AR-KO Cells 

Expression 

Changes in 

DU145-

FABP5-KO 

Cells 

Biological 

Effects 

Pathways 

CRIP2 Upregulated 

by 170% 

Upregulated 

by 116% 

Upregulated Suppression 

of prostate 

cancer 

initiation 

Regulation 

of cellular 

response to 

type I 
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and 

progression 

interferon 

pathway 

ERG3 Upregulated 

by 187% 

Upregulated 

by 150% 

Upregulated 

by 150% 

Suppression 

of prostate 

cancer 

initiation 

and 

progression 

Response to 

progesterone 

signaling 

pathway 

FOSB Upregulated 

by 110% 

Upregulated 

by 100% 

Upregulated 

by 100% 

Suppression 

of prostate 

cancer 

initiation 

and 

progression 

Peripheral 

nervous 

system 

development 

GRPR Downregulate

d by 96% 

Downregulate

d by 98% 

Downregulate

d by 96% 

Suppression 

of prostate 

cancer 

initiation 

and 

progression 

Fatty acid 

and lipid 

transport 

related 

pathways 

CAV1 Downregulate

d by 80% 

Downregulate

d by 85% 

Downregulate

d by 85% 

Suppression 

of prostate 

cancer 

initiation 

and 

progression 

Steroid and 

cholesterol 

metabolic 

processes 
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NR1H4 Not expressed 

in KO cells 

Not expressed 

in KO cells 

Not expressed Suppression 

of prostate 

cancer 

initiation 

and 

progression 

Steroid and 

cholesterol 

metabolic 

processes 

 

Footnote: The table summarizes the effect of FABP5 or AR knockout  on the 

Differentially Expressed Genes (DEGs) and Biological Effects in Prostate Cancer Cells 

 

6.5.4 Discussion 

Exploring the interactions between FABP5, AR, and other genes in 

prostate cancer: insights from the gene expression profile analysis 

In this study, we conducted a gene-expression profile analysis to investigate the molecular 

mechanisms underlying the functional roles of FABP5 and AR in prostate cancer. Using 

differential expression analysis, we identified several genes that exhibited highly 

significant changes in levels of expression following FABP5- and AR- knockout in 

22RV1 and DU145 cells. Our results showed that Knocking out FABP5 in 22RV1 cells 

led to the downregulation of NR1H4 and ARV7 might lead to the downregulation of GRPR 

and CAV1 through their nuclear receptor p-PPARγ and the upregulated genes CRIP, 

FOSB, ERG3 caused by FABP5-KO can reduce the expression level of VEGF (Figure 

85A). Knocking out AR in 22RV1 cells led to the downregulation of FABP5, which may 

in turn led to the downregulation of NR1H4, CAV1, and GRPR through their nuclear 

receptors p-PPARγ, resulting in the upregulation of CRIP, FOSB and ERG3 and the 

downregulation of VEGF (Figure 85B). These findings demonstrated the cross talks and 

communications occurred between FABP5 and AR in the development and progression 
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of prostate cancer. When FABP5 was knocked out in androgen-independent cell line 

DU145, which, do not express androgen, led to the direct downregulation of CAV1 and 

GRPR through p-PPARγ, since NR1H4 was not expressed in this cell line. This resulted 

in the upregulation of CRIP, FOSB and ERG3 and the downregulation of VEGF (Figure 

84C). These gene expression changes appeared to have a number of biological effects, 

including reducing proliferation, invasion, wound healing, and anchorage-independent 

growth in 22RV1 and DU145 cells (Chapter 4). Analysis of the RNA profile and gene 

ontology revealed that these changes in gene expression following the FABP5 and AR 

KO were mediated through the response to fatty acids, cholesterol and  sterol 

biosynthesis, and lipid and fatty acid transport which are all part of hormone responsive 

pathways. These findings revealed the functional role and the underlying mechanism of 

FABP5 in the transition of prostate cancer cells from androgen-dependent to androgen-

independent state (CRPC). The complicated interactions of these important factors 

involved in the malignant progression of the cancer cells were illustrated schematically 

in figure 85. 
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Figure 85. Interactions between FABP5, AR, and other genes in prostate cancer: insights 

from gene expression analysis 

A) Potential molecular mechanism of FABP5 KO in 22RV1 cells. The results 

showed that FABP5 KO led to the downregulation of NR1H4 and ARV7, 

which in turn resulted in the downregulation of GRPR and CAV1 through 

their nuclear receptor p-PPARγ. This process then led to the upregulation of 

CRIP, FOSB and ERG3 and the downregulation of VEGF, which finally led 

to a reduced proliferation, invasion, wound healing, and anchorage-

independent growth in 22RV1 cells. These changes in gene expression were 

mediated through the steroid metabolic process, response to fatty acid, and 

androgen receptor signaling pathway. Red represents upregulation and green 

represents downregulation. 

B 

C 
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B) Potential Molecular Mechanism of AR KO in 22RV1 Prostate Cells. The 

results showed that  AR KO led to the downregulation of FABP5 and NR1H4, 

which in turn resulted in the downregulation of GRPR and CAV1 through 

their nuclear receptor p-PPARγ. This process then leds to the upregulation of 

CRIP ,FOSB and ERG3 and the downregulation of VEGF, which Finally led 

to a reduced proliferation, invasion, wound healing, and anchorage-

independent growth in the 22RV1 cells. These changes in gene expression 

are mediated through the steroid metabolic process, response to fatty acid, 

and androgen receptor signaling pathway. Red represents upregulation and 

green represents downregulation. 

 

C) Potential Molecular Mechanism of FABP5 KO in DU145 Prostate  Cells. The 

FABP5 KO led to the downregulation of CAV1 and GRPR through their 

nuclear receptor p-PPARγ, This process then led to the upregulation of CRIP 

,FOSB and ERG3 and the downregulation of VEGF, which Finally led to a 

reduced proliferation, invasion, wound healing, and anchorage-independent 

growth in DU145.These effects are similar to those observed in the 22RV1 

cell lines following FABP5 knockout, suggesting that FABP5 plays a similar  

role in the development and progression of prostate cancer in both cell lines. 

Red indicates upregulation and green indicates downregulation genes 
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Chapter 7 :General  Discussion 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



220 
 

7.1 An Overview and Technical Aspects 

Prostate cancer is the most frequent male cancer and the second greatest cause of cancer-

related death in men in developed countries (2). Since Higgins and colleagues found that 

prostate cancer growth and expansion are dependent on stimulations of male hormones 

given by peripheral blood circulation (55), androgen deprivation via physical and 

pharmacological castration or decreasing the biological activity of AR has been the major 

treatment for patients with prostate cancer for the past 50 years (230). Despite the initial 

efficacy, prostate cancer frequently returns in approximately two years with a more 

aggressive hormone independent phenotype, or CRPC. CRPC no longer responds to ADT 

because the growth and advancement of CRPC cells is no longer dependent on circulating 

hormones (231). The transformation of androgen-dependent cancer cells to androgen-

independent CRPC cells is a major alteration, and the molecular mechanism underlying 

this transformation is not fully explored. (232). Previous study suggested that AR might 

not be directly responsible for the transitions of the cancer cells to castration-resistant 

status. Studies also suggested that FABP5 might gradually replace AR to promote the 

malignant progression in CRPC cells (233). But the molecular mechanism on how 

FABP5 played its tumor-promoting role was not fully understood. To develop new 

therapeutic strategies based on targeting FABP5 gene, it is necessary to conduct further 

investigations on molecular mechanisms involved in FABP5-functional role in the 

malignant progression of prostate cancer. In this work, we investigated whether there was 

a cross-talk between FABP5 and AR via the FABP5-PPARy-VEGF (170,211) axis and 

the AR-PPARy-VEGF pathway. We also investigated those genes that were involved in 

this network. Fatty acids play important roles in the formation of the cellular structure of 

cancer. Fatty acids are signal molecules and can initiate cell signal transduction pathways 

to promote the tumorigenicity and metastatic ability of the cancer cells (234,235). FABP5 

was implicated as a stimulator of cell proliferation and metastasis in prostate cancer(236). 
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In prostate cancer cells, it was demonstrated that FABP5 transported fatty acids from 

intracellular and extracellular sources into the cells and delivered them to their nuclear 

receptor PPARγ and to triggered a chain of molecular events that lead to facilitated 

malignant progression (170,211). Apart from the fatty acid- transportation function, the 

detailed molecular mechanisms underlying the promoting role of FABP5 and its possible 

relationship with AR in CRPC were not previously investigated. It is not clear whether 

therapeutic alteration of FABP5 gene expression can be employed as a strategy for CRPC 

treatment.  

In the post genomic era, one of the most important issues in molecular biology  is to find 

an efficient and reliable technique to manipulate genes for therapeutic purpose. The most 

straightforward way to determine whether FABP5 can be used as a therapeutic target is 

to find out whether abrogated or reduced FABP5 expression can result in decreased 

tumorigenicity of cancer cells. There are two alternative approaches that can be used to 

disrupt with FABP5 expression: RNA interference (RNAi) (237) or the recently 

developed gene editing tool Clustered Regularly Interspaced Short Palindromic Repeats, 

or CRISPR/Cas9 (238). The inability to produce a complete suppression is a drawback 

for the RNAi approach, despite the fact that it was well established in our lab and 

frequently used previously. In most cases, once RNAi is used to examine the functional 

role of a gene, it is simple to notice a reduction in functional activity when the expression 

level of the gene is drastically reduced. With the exception of the often noticed off-target 

effect, RNAi technique can be the best option for these types of investigations since a full 

reduction of the gene's activity is not required. In some special cases for some genes, short 

interference RNA molecules may have the exact opposite effect to that of expected: 

Causing the target genes' expression levels to rise rather than fall. This is known as RNA 

activation, or RNAa (239). Another limitation of RNAi is that some suppressed genes 

were eventually reactivated in vivo(205). Comparing with the RNAi technique,  the gene-
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editing technique CRISPR-Cas9 can effectively delete a gene from the genome and 

generate a permanent and stable elimination of the targeted genes.  Thus in this study, the 

CRISPR/Cas9 genome editing technology was chosen to completely knock out FABP5 

or AR from the prostate cancer cells. CRISPR/cas9 is a well-established technique that 

was used frequently in our laboratory's Its reliability, reproducibility, irreversibility, and 

verifiability were proved previously (240). Using CRISPR-Cas9 to knock out FABP5 or 

AR, combined with RNA profile analysis to identify the DEGs between the parental and 

the KO cells will not only enable the therapeutic potential of these genes to be tested, but 

also provided valuable insights into the underlying molecular mechanisms of prostate 

cancer, particularly the malignant transition to CRPC. 

7.1.1 The expression of FABP5 and its functionally- related factors 

in prostate cells 

When the expression status of FABP5 and its functionally related factors in prostate cells 

were detected in the benign PNT2 cells and in prostate cancer cell lines  22RV1, DU145, 

and PC3M,  it was found that while the level of FABP5 was not detected in PNT2, it was 

expressed at a moderate level in the moderately malignant 22RV1 cells and  very high 

levels in the highly malignant DU145 and PC3M cells (Figure 19 ). This results suggested 

that the level of FABP5 was increased as the increasing malignancy of the cancer cells, 

indicating its increasingly important role in the malignant progression. Western blot 

analysis showed a moderate expression of PPARγ1 and PPARγ2 in the cancer cell lines 

22RV1, and a slightly reduced expression the highly malignant DU145 and PC3M cells.  

But the their levels in benign PNT2 cells was even stronger than that in the 22RV1 cells.  

(Figure 20). When p-PPARγ1 and p-PPARγ2 (presumably the biologically active form) 

were detected, an opposite expression pattern was observed: while the levels of p-

PPARγ1 and p-PPARγ2 expression were not detectable in benign PNT2 cells,  moderate 

levels in 22RV1 cells and very high levels in DU145 and PC3M cells were measured 
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(Figure 21). These results suggested that it was the increase of biologically active form 

of p-PPARγ that was corrected to the elevated degree of malignancy of the cells, indicated 

a role of p-PPARγ on the malignant progression of the cancer cells. The observed 

decreasing levels of the PPARγ and the increasing p-PPARγ with the increasing 

malignancy of the cells suggested that the increased p-PPARγ in cancer cells was likely 

to be obtained by phosphorylating the wtPPARγ, rather than by synthesizing more 

proteins.   

When the expression of AR and ARV7 were analyzed,  they were expressed only in the 

androgen-responsive 22RV1 cells. Neither AR-FL nor V7 were detected in the benign 

PNT2 cells, nor in the highly malignant DU145 and PC3M cells (Figure 22). 

Additionally, we detected the presence of VEGF in all cell lines, with PNT2 cells 

exhibiting lower expression level compared to those expressed in the malignant cell lines 

(Figure 23). These results suggested that the increased levels of AR-FL or ARV7 were 

important in development and expansion of prostate cancer, they might not needed any 

more in the highly malignant, metastasized cancer cells. VEGF, like FABP5, may play 

an important promoting role in the malignant progression of the cancer cells. 
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7.1.2 Gene knockout using Crispr Cas9 technique  

Plasmid transfection was a common method for delivering the CRISPR/Cas9 system into 

cells, but it has several limitations, including the possibility of the plasmid integration 

into the host genome, and the unintended off-target effects resulting from transcription 

and translation of the Cas9 protein inside the nucleus. These limitations made plasmid 

transfection less desirable for gene editing, and as a result, alternative approaches, such 

as RNP transfection, had been developed. As it minimizes off-target effects and avoids 

the transcription and translation of Cas9 within the nucleus, it reduces the likelihood of 

undesired off-target consequences(241,242).Thus, RNP transfection is  a more precise 

and effective method for gene editing, making it an attractive choice for this study which 

was aimed to examine the knockout effects of FABP5 or AR in androgen-responsive and 

androgen-unresponsive cancer cell lines. In this work, RNP was used to modify the 

genomes of 22RV1, DU145, and PC3M cells, resulting in a total silencing of FABP5 or 

AR. Different sorts of mutations were detected after RNP transfection in the FABP5 gene 

in various cell lines (Figure 27,31,35). These frameshift mutations rendered FABP5 gene 

expression nonexistent in 22RV1, DU145, and PC3M cells. Western blot analysis 

demonstrated a complete absence of FABP5 or AR expression in 22RV1, DU145 and 

PC3M mutant cells (Figure 26,30,34). These results proved RNP transfection method is 

an effective method for gene editing. The sublines derived from 22RV1, DU145, and 

PC3M cells with FABP5 or AR KO are stable and valuable cell lines which provided a 

tools for the studies in the late stage of this work.  
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7.1.3 Proliferation assay  

In this study, we used a proliferation assay to investigate the effect of knocking out the 

FABP5 and AR on the proliferation of androgen-dependent cell line 22RV1 and androgen-

independent cell lines DU145 and PC3M. Our results showed that knocking out the 

FABP5 in 22RV1 cells resulted in a significant suppression of cell proliferation rate by 

38% (Student t-test, P<0.0001) as compared to the control (Figure 40). Similarly, 

knocking out the FABP5 gene in the DU145 cells resulted in a significant suppression of 

proliferation rate by 39% (Student t-test, P<0.0001) (Figure 45). Knocking out FABP5 in 

PC3M cells resulted in a significant suppression of cell proliferation by 46% (Student t-

test, P<0.0001) (Figure 50). In addition,  knocking out AR  in the 22RV1 cells resulted in 

a significant suppression of cell proliferation by 36% (Student t-test, P<0.0007) (Figure 

55). These findings suggested that both FABP5 and AR played almost equally important 

roles in regulating proliferation of the AR-positive 22RV1 cells. While both FABP5 and 

AR were expressed in 22RV1 cells, only FABP5 was present in the highly malignant AR-

negative cancer cells DU145 and PC3M, indicating the promotion function on cell 

proliferation performed by both molecules in AR-positive cells, was performed by 

FABP5 alone in the AR-negative cancer cells. Both FABP5 and AR were suggested to 

be key factors in development and progression of prostate cancer cells (62,196). The 

present study suggested that part of the promoting effect of FABP5 or AR in prostate 

cancer were due to their promotion actions on cell proliferation.  
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7.1.4 Invasion assay 

When the cell invasiveness were tested, it was revealed that the suppression of FABP5 

expression in both the androgen-dependent cell line 22RV1 and the androgen-

independent cell lines DU145 and PC3M resulted in a significant reduction of 

invasiveness. Specifically, knocking out FABP5 in the 22RV1 cells resulted in a 99% 

reduction of invasiveness as compared to the control (Student's t-test, P<0.0001) (Figure 

41). Similarly, knocking out the FABP5 gene in the DU145 and PC3M cells resulted 

respectively in a 65% and a 81% reduction of invasiveness (Student's t-test, P<0.0002, 

P<0.0001) (Figure 46,51). In addition,  knocking out AR in the 22RV1 cells resulted in a 

92% reduction of invasiveness (Student's t-test, P<0.0001) (Figure56). 

These findings suggested that FABP5 and AR play a crucial role in regulating the 

invasiveness of prostate cancer cell lines. These results are consistent with previous 

studies that have shown that FABP5 is involved in cancer cell invasion and that AR 

played a key role in prostate cancer development and progression(50,233). 

7.1.5 Anchorage-independent growth 

When soft agar assay was performed to study the effect of knocking out FABP5 and AR 

on cell anchorage-independent growth, it was found that knocking out FABP5 in 22RV1, 

DU145 and PC3M cells resulted in significant suppressions by 93%, 88% and 96.73% 

respectively (Student's t-test, P<0.0001) (Figure 42,47,52). Knocking out AR in 22RV1 

cells resulted in a 97.2% suppression of anchorage-independent growth as compared to 

the parental control cells (Student's t-test, P<0.0001) (Figure57). 

These findings suggest that FABP5 and AR play a crucial role in regulating the 

anchorage-independent growth of prostate cancer cells. These results are consistent with 

previous studies that showed that FABP5 was involved in cancer cell invasion and that 

AR play a key role in prostate cancer development and progression(59,205). 
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7.1.6 Motility assay 

When cell motility was tested, we found that knocking out FABP5 produced a significant 

inhibition of cell motility in the androgen-dependent cell line 22RV1 and androgen-

independent cell lines DU145 and PC3M. Our results showed that the effect of wound 

closure in the 22RV1-FABP5-KO cell line was reduced to 67% compared to 98% in the 

control, resulting in a significant reduction in wound closure by 1.4 fold (Student's t-test, 

P<0.0002) (Figure 43). Similarly, in DU145-FABP5-KO and PC3M-FABP5-KO cells, 

knocking out FABP5 produced significant reductions in wound closure by 1.2 fold 

(Student's t-test, P=0.0002) (Figure 48) and 1.22 fold (Student's t-test, P=0.0002) (Figure 

53) respectively. Knocking out AR in the 22RV1 cells resulted in a significant inhibition 

of cell motility by 1.23 fold (Student's t-test, P<0.0001) (Figure 58). These findings 

suggested that FABP5 and AR play important roles in regulating the motility of AR-

positive prostate cancer cells, and this role was played by FABP5 alone in the AR-

negative cancer cells.  These results are consistent with previous findings that FABP5 

was involved in promoting cancer cell invasion and that AR play a key role in 

carcinogenesis of prostate cancer(59,205). 

7.2 Molecular mechanism involved in the tumor-promoting roles 

of FABP5 and AR 

To study how FABP5 and AR played their promotion roles in prostate cancer cells, the 

changes in expression status of several important signal transduction pathway factors 

caused by FABP5 or AR knocking out were measured with western blot. In 22RV1-

FABP5-KO cells, the ARFL level was not changed compared with the parental cells 

(Figure 62). In 22RV1-AR-KO cells, the level of FABP5 was not detectable (Figure 66). 

These results suggested that the expression of FABP5 depended on ARFL, whereas the 

expression of ARFL did not depend on the presence of FABP5. This result, combined 

with our previous observations suggested that the increased FABP5 level was a result of 
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the increased AR expression, and FABP5 gradually replaced AR until it was completely 

dominance in playing the promotion role for the malignant progression during the 

transition of the AR-positive cells to AR-negative CRPC cells(195). Our result also 

showed that ARV7 was expressed in 22RV1 cells, but not detectable in 22RV1-FABP5-

KO cells(Figure 62), indicating that the expression of ARV7 depended on the presence 

of FABP5. Since ARV7 played a key role in ADT resistance(90),FABP5 may be involved 

in the development of ADT resistance of the prostate cancer cells. Further study is needed 

to investigate how FABP5 induced ARV7 expression.  

Significant decrease in malignant characteristics of 22RV1-FABP5-KO cells was 

observed upon FABP5 knocked out (Chapter 4), implying a crucial role played by FABP5 

in the regulation of the malignant characteristics at the absence of AR. It was observed 

that reductions in expression levels of several genes, including PPARγ1, PPARγ, p-

PPARγ1, p-PPARγ2 and VEGF which were involved in the regulation of cell 

proliferation and survival(Chapter 5). This result suggested that these genes may be 

regulated by FABP5 through ARV7, as ARV7 was completely disappeared when FABP5 

was knocked out (Figure 62).  Similarly, in 22RV1-AR-KO cells, AR knocked out 

resulted in a significant decrease in the malignant characteristics (chapter 4), highlighting 

the key role played by AR in the regulation of these processes in the absence of FABP5. 

It was observed that reductions in expression levels of several genes, including PPARγ1, 

PPARγ2, p-PPARγ1, p-PPARγ2 and VEGF, which were involved in cell proliferation 

and survival (Chapter 5), indicating that these genes may be regulated by FABP5 through 

AR, as FABP5 expression was abolished completely in 22RV1- AR- KO cells (Figure 

66). 

In 22RV1-FABP5-KO cells, the expression of PPARγ-1 was increased by75% and 

PPARγ-2 was decreased by68%. The expression of p-PPARγ1 and p-PPARγ2 was 

decreased by 64% and 88%, respectively. The result also showed that the of VEGF 
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expression was reduced by 90%(Figure 59,60,61). In 22RV1-AR-KO cells, the levels of 

PPARγ1 and PPARγ2  were reduced by 86% and 100%, respectively, while the levels of 

p-PPARγ1 and p-PPARγ2 decreased by 100% and 93%, respectively. The expression of 

VEGF was reduced by 95% (Figure 63,64,65) . These results suggested that either 

FABP5- or AR- knocking out can lead to significant changes to the FABP5-PPARγ-VEGF 

signal transduction axis in 22RV1 cells,  and particularly that either AR or FABP5 can 

initiate this pathway when either one of them is absent. 

In DU145-FABP5-KO cells, the expression of PPARγ1 and PPARγ2 was inhibited 

completely, the expression of p-PPARγ1 and p-PPARγ2 were reduced by 85% and 100% 

respectively. The expression of VEGF was reduced by 90%(Figure 67,68,69). In PC3M-

FABP5-KO cells, the expression of PPARγ1 and PPARγ2 were reduced by 97.8% and 

100%, respectively,  while the expression of p-PPARγ1 and p-PPARγ2 was decreased by 

50% and 43%, respectively. The expression of VEGF was reduced by 58%(Figure 

71,72,73). These results indicated that in the highly malignant AR-negative CRPC 

cells(Figure 70,74), the major factors of the malignant signal transduction  PPARγ and 

VEGF were fully regulated by FABP5 and FABP5 completely replaced the AR in 

promoting the malignant progression of the cancer cells through the FABP5-PPARγ-

VEGF axis (Figure 67,68,69,71,72,73). 

7.2.1 Identification of FABP5- or AR- regulated genes by RNA 

expression profile analysis  

To further study the genes regulated by FABP5 or AR, the expression profiles of the 

FABP5- or AR- KO cells were compared with those of the control parental cells and the 

DEGs were identified. From the selected top 20 DEGs, six most pronounced DEGs were 

identified as CRIP2, ERG3, FOSB, GRPR, CAV1 and NR1H4, which were commonly 

upregulated or downregulated in both 22RV1-FABP5-KO and 22RV1-AR-KO cell lines, 

with the exception of NR1H4 which was only expressed in 22RV1 and not in DU145 
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(Figure 81). The expression of these six genes was verified through protein expression 

analysis. The study found that CRIP2 was only expressed in 22RV1-FABP5-KO and 

22RV1-AR-KO, but not in the 22RV1 parental cells, and increased by 170% in DU145-

FABP5-KO compared to its parental cell line. ERG3 and FOSB were upregulated by 

187% and 110% in 22RV1-FABP5-KO and 150% and 100% in 22RV1-AR-KO, 

respectively, while they were upregulated by 116% and 150% in DU145-FABP5-

KO(Figure 82,83,84). On the other hand, the downregulated genes GRPR, CAV1 and 

NR1H4 showed different patterns of expression. NR1H4 was only expressed in 22RV1 

and not in the KO cell lines, while GRPR and CAV1 were expressed in all the cell lines, 

but were downregulated by 96% and 80% in 22RV1-FABP5-KO, 98% and 85% in 

22RV1-AR-KO and 96% and 85% in DU145-FABP5-KO, respectively, compared to 

their parental cells (Figure 82,83,84). The gene ontology (GO) enriched pathway analysis 

of the three most upregulated DEGs (CRIP2, ERG3, and FOSB) revealed that they were 

involved in the regulation of cellular response to type I interferon pathway, response to 

progesterone signaling pathway and peripheral nervous system development, all of which 

play an important role in the suppression of prostate cancer initiation and progression 

(Figure 76,78,80)(243-247). On the other hand, the analysis of the three most 

downregulated DEGs (GRPR, CAV1 and NR1H4) revealed that they were involved in 

fatty acid and lipid transport related pathways and steroid and cholesterol metabolic 

processes (Figure 76,78,80)(248-253). This study highlights the key role of the top six 

DEGs in the transition of prostate cancer cells from androgen responsive to androgen 

unresponsive, and sheds light on the intricate relationship between FABP5, AR, PPARγ, 

p-PPARγ and VEGF in the regulation of prostate cancer development(Figure 85). 
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7.3 Roles of the top 6 DEGs in cancer 

Previous work combined with this study showed that the top 6 DEGs, namely CRIP2, 

ERG3, FOSB, GRPR, CAV1, and NR1H4, respectively played critical roles in the 

development and progression of prostate and other cancer. 

7.3.1 CRIP2 

Cysteine-rich intestinal protein 2 (CRIP2) is a potential tumor suppressor gene located at 

the commonly deleted chromosomal region 14q32.3. Despite its association with 

development, previous research did not yet confirm its functional role in tumor formation. 

However, a recent study found that CRIP2 was significantly under-expressed in 

nasopharyngeal carcinoma cell lines and tumors. Re-expression of CRIP2 was able to 

suppress tumorigenesis and angiogenesis in vivo through its transcriptional repression 

capability. It was also demonstrated that CRIP2 interacted with NF-κB/p65 to inhibit its 

DNA-binding ability in the promoter regions of pro-angiogenesis cytokines, such as IL6, 

IL8, and VEGF. This provided evidence that CRIP2 functioned as a transcriptional 

repressor of NF-κB-mediated pro-angiogenic cytokine expression and inhibited tumor 

formation and angiogenesis(245,254). These results highlighted the potential of CRIP2 

as a therapeutic target for cancer treatment and aligned well with the current findings in 

this study, which showed that the depletion of FABP5 or AR in both androgen-responsive 

22RV1 cells and androgen-unresponsive DU145 cells led to the upregulation of 

CRIP2(82,83,84) resulting in decreased cell proliferation, invasion, wound healing, and 

anchorage-independent growth (Chapter 5). Additionally, the Interleukin-27-mediated 

signaling pathway and the cellular response to type I interferon signaling pathway were 

enriched in FABP5 knockout cells, providing further evidence of CRIP2's potential role 

in inducing cell death and reducing VEGF expression(Figure 80,85). 
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7.3.2 ERG 

ERG (a ETS related gene) codes  a protein that plays a crucial role in the regulation of 

gene expression in cells. Its involvement was observed in various biological processes 

such as cell differentiation, development, and tumorigenesis. A study conducted on 

prostate cancer explored the interaction between ERG and the androgen receptor (AR). 

The study employed the use of Chromatin Immunoprecipitation followed by Massively 

Parallel Sequencing (ChIP-Seq) to comprehend the relationship between AR and ERG. 

The results revealed that ERG interferes with differentiation by directly binding to AR 

and its regulated genes. It works in conjunction with other proteins to control AR's ability 

to regulate gene expression. The study found that a reduction of ERG resulted in the 

induction of AR, and the reversal of ERG's capability to control gene expression (255). 

The current work further demonstrated that the depletion of FABP5 or AR in both 

androgen-responsive 22RV1 cells and androgen-unresponsive DU145 cells resulted in 

the upregulation of ERGs, leading to a decrease in ARV7 in 22RV1-FABP5-KO cells 

and a decrease in ARFL and ARV7 in 22RV1-AR-KO cells (Figure 62,66,82,83,84). The 

result in the current  study combined with that of the previous work indicated a tumor-

suppressing role of ERG and revealed a complicated relationship between FABP5, AR 

and ERG in process of the malignant progression of prostate cancer cells.  

7.3.3 FOSB 

FOSB, or FBJ Murine Osteosarcoma Viral Oncogene Homolog B, is a key player in 

regulation of cellular proliferation and differentiation. Multiple studies demonstrated 

FOSB's ability to inhibit cell growth and tumorigenesis. In one study, as a consequence 

of the inactivation of the p53 pathway,  depletion of FOSB in triple-negative breast cancer 

cells resulted in increased cell proliferation and enhanced tumor growth. Conversely, 

upregulation of FOSB in colorectal cancer cells was found to suppress cell proliferation 

and induce cell cycle arrest(256,257) . In this work, we showed that the deletion of FABP5 
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or AR in both androgen-responsive and unresponsive cancer cells 22RV1 and DU145 led 

to the upregulation of FOSB (Figure 82,83,84), resulting in decreased cell proliferation, 

invasion, wound healing, and anchorage-independent growth. Furthermore, type I 

interferons played a crucial role in the regulation of the immune response and can activate 

apoptotic signaling pathways were enriched in FABP5- or AR-  KO cells(Figure78,80), 

an evidence of FOSB's potential role in inducing cell death(258). These results obtained 

from this study, combined with those of the previous work, suggested that FOSB is tumor-

suppressor which may be used as a therapeutic target for treatment of prostate cancer and 

some other cancers. 

7.3.4 GRPR 

GRPR expression was investigated in a previous study of 51 cases of human prostate 

cancer. The clinicopathological parameters were analyzed in correlation with GRPR 

expression and it was found to be present in carcinoma cells with a significantly positive 

relationship to the combined Gleason scores and the immunoreactivity of estrogen 

receptor βcx (ERβcx (259)). In another study, the development of CRPC was explored in 

relation to the role of Gastrin-Releasing Peptide (GRP) and its receptor (GRPR).The 

effect of ADT on GRP and GRPR expression was found to activate ARVs expression and 

contributed to the progression of CRPC. The selective GRPR antagonist RC-3095 was 

tested for its efficacy in blocking GRP/GRPR signaling, and it was found to inhibit NF-

κB activity and the expression AR variants in CRPC and therapy-induced NEPC cells.In 

preclinical animal studies, the combination of the GRPR antagonist with anti-androgen 

treatment was demonstrated to inhibit CRPC and tNEPC tumor growth 

efficiently(260,261). 

In this study, we found that following FABP5- or AR- KO in AR responsive cells 22RV1, 

GRPR expression decreased by 96% in 22RV1-FABP5-KO and 98% in 22RV1-AR KO, 

while it decreased by 96% in AR unresponsive DU145 cells(Figure 82,82,84). FABP5- 
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KO in 22RV1 resulted in a reduction of GRPR and a complete inhibition  ARV7 

expression(Figure 62). An enrichment analysis of FABP5- or AR- KO showed that fatty 

acid and lipid transport-related pathways and steroid and cholesterol metabolic processes, 

which involve GRPR, were all significantly enriched(Figure 76,78,80)(248,249). Our 

results combined with those of the previous studies suggested that GRPR may played a 

promotion roles in development and expansion of CRPC in an coordinated manner with 

FABP5 or AR. This provided theoretical basis for  development of a GRPR-suppression 

therapy.  

7.3.5 CAV1 

CAV1 involved in various biological processes, including the formation of lipid rafts, and 

it was implicated in various diseases, including cancer. A study was conducted to 

understand the interactions between CAV1 and AR in prostate cancer and their roles in 

cell growth and development of the male reproductive tract. The results showed that the 

presence of androgen increased the activity of the AR and that CAV1 potentiated the AR 

even when androgen levels were low. High levels of CAV1 were found in prostate cancer, 

emphasizing the complexity of protein interactions in cancer development(262,263).The 

RNA expression profiles and protein expression analysis of FABP5- or AR- KO in 22RV1 

and DU145 cells revealed that CAV1 expression was controlled by AR and FABP5 in 

androgen-responsive 22RV1 cells and only by FABP5 in androgen-unresponsive DU145 

cells. The downregulation of AR or FABP5 also resulted in a decrease in CAV1 

expression (Figure 82,83,84). An enrichment analysis of FABP5 or AR knockout showed 

that fatty acid and lipid transport-related pathways and steroid and cholesterol metabolic 

processes, which involves CAV1, were significantly enriched (Figure 

76,78,80)(250,251). The results obtained from this current study, combined with those 

from previous investigations, suggested that CAV1 is tumor-promoter which coordinated 

with FABP5 or AR and played a facilitator role in malignant progression of CRPC cells.  
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7.3.6 NR1H4 

NR1H4, also known as the farnesoid X receptor, plays a significant role in gene 

expression regulation in liver and other tissues.This protein was linked to the 

development of various types of cancer, including colon, breast, gastric, pancreatic, and 

ovarian tumors. The involvement of NR1H4 in promoting cancer cell growth and 

migration, as well as its regulation of metabolism, stem cell maintenance, and 

steroidogenesis, were well documented. A recent study indicated that NR1H4 may 

contribute to the progression of CRPC by promoting androgen synthesis in prostate 

cancer cells. Overexpression of NR1H4 was found to lead to androgen-independent 

growth or castration-resistant growth in prostate cancer cells . Another study explored the 

role of NR1H4 in colon cancer development and found that colon cancer cells with 

NR1H4- KO showed impaired cell proliferation, reduced colony formation, and increased 

apoptotic cell death compared to control cells. MYC was identified as a key mediator of 

the signaling pathway alterations induced by NR1H4- KO, with the study showing that 

NR1H4 silence reduced MYC protein levels and activation increased MYC 

levels(264,265). The result of this current study found that FABP5- or AR- KO completely 

inhibited the expression of NR1H4, which might lead to the initiation of the apoptotic 

pathway(Figure 82,83). NR1H4 was expressed in androgen responsive 22RV1 cells, but 

it was not expressed in androgen unresponsive DU145 cells (Figure84). The enrichment 

analysis of FABP5- or AR- KO showed that fatty acid and lipid transport-related 

pathways, as well as steroid and cholesterol metabolic processes, which involved NR1H4, 

were significantly enriched (Figure 76,78)(253). Our findings in this work, combined 

with those in in previous study NR1H4 is an important gene which may co-operated with 

AR  in promoting malignant transition of prostate cancer cells into the castration-resistant 

state. Once FABP5 is increased to the level high enough to completely replaced AR, the 
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expression of both AR and NR1H4 was completely abrogated and their function in highly 

malignant CRPC cells was played by FABP5 (Figure 82,83,84).   
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8.1 Summary or Conclusion 

This study investigated the impact of FABP5- and AR- KO on the malignant 

characteristics of androgen responsive cell line 22RV1 and androgen unresponsive cell 

lines DU145 and PC3M, and further investigated the molecular mechanisms involved in 

the reduced malignancy caused by the gene KO. Results showed that the knockouts of 

both genes in these cancer cells led to significant reductions in proliferation rate, invasive 

ability, motility rate, and the colony- formation ability in soft agar. The study found that 

FABP5 and AR interact with each other in the regulation of the FABP5 or AR -PPARγ -

VEGF axis, with FABP5 controlling the ARV7 splice variant and AR regulating the 

expression of FABP5. When gene expression profiles between the parental cells and the 

FABP5- or AR- KO cells was compared,  a large number of DEGs were identified. From 

40 top DEGs, six most pronounced DEGs were found and they were CRIP2, ERG3, 

FOSB, GRPR, CAV1 and NR1H4. Gene ontology analysis of the DEGs revealed their 

involvements in various pathways including the pathway regulating cellular response to 

type I interferon, the pathway responding to progesterone signaling, and the pathway 

responding to peripheral nervous system development (for the upregulated DEGs), the 

pathways related to fatty acid and lipid transport,  and the pathway related to steroid and 

cholesterol metabolic processes (for the downregulated DEGs). These pathways are all 

involved in promoting or suppressing of the malignant progression of the cancer cells. 

FABP5 or AR acted together with the identified 6 tumor-promoting or tumor-suppressing 

factors in a coordinated manner to  modulate the transition of the cancer cells from AR-

dependent state to castration-resistant state.  

The results of this study provided a valuable insight into the biological functions and 

molecular mechanisms of FABP5 and AR in prostate cancer and it formed a theoretical 

basis for the development of new strategies for CRPC treatment. 
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8.2 Future work 

Mechanisms of FABP5 regulation: The underlying mechanisms by which FABP5 

regulates the expression of the 6 DEGs could be further explored. This could involve 

identifying the signaling pathways, transcription factors, and epigenetic modifications 

that are related to this regulation. 

Functional studies: Functional studies can be performed to determine how the regulation 

of the 6 DEGs by FABP5 affects the cancer cell malignant characteristics. This could 

involve using in vitro and in vivo models to investigate the effects of FABP5 knockout 

on these processes, as well as the effects of overexpressing the 6 DEGs in FABP5 

knockout cells. 

Therapeutic implications: The potential therapeutic implications of FABP5 regulation of 

the 6 DEGs could be investigated further. This could involve testing the efficacy of 

targeting FABP5 or the 6 DEGs in cancer cell lines and animal models, as well as 

exploring the potential for combination therapies that target both FABP5 and the 6 DEGs 

using the bio-inhibitor dmrFFABP5. 

Clinical studies: Clinical studies can be performed to validate the our findings and to 

determine the clinical relevance of FABP5 regulation of the 6 DEGs in patients with 

cancer. This could involve analyzing the expression of FABP5 and the 6 DEGs in patient 

tumor samples, as well as exploring the relationship between FABP5 and the 6 DEGs 

with clinical outcomes such as patient prognosis values and response to therapy. 

Conducting large-scale human studies to validate the results obtained from in vitro and 

animal studies, and to determine the clinical relevance of the DEGs in human diseases. 

These are just a starting point, and there can be many other avenues of exploration in 

future work related to the FABP5 and these DEGs in prostate cancer research and in the 

studies of other cancers. 
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11. Mäkinen T, Tammela TL, Stenman U-Hk, Määttänen L, Rannikko S, Aro J, et 
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A 1. Cell culture re 

DMSO        Sigma-Aldrich, 

GermanyFoetal bovine serum    Gibco, Invitrogen, UK 

L-Glutamine      Lonza, Belgium 

Penicillin/Streptomycin     Lonza, Belgium 

Phosphate buffered saline     Gibco, Invitrogen, UK 

Phosphate buffered salibe (tablets)   Gibco, Invitrogen, UK 

RPMI 1640      Gibco, Invitrogen, UK 

Sodium pyruvate      Sigma, USA 

TrypleE       Gibco, Invitrogen, UK 

A 2. Routine cell culture medium  

500ml of 1640 RPMI medium+ 50ml of Foetal bovine serum (10%)+ 5ml of 

Penicillin-Streptomycin (5000U/ml)+ 5ml  L-Glutamine 20mM+ 5ml Sodium 

pyruvate 100mM 

  A 3.  Freezing medium  

Routine cell culture medium 95%(v/v)+ 5% of DMSO (v/v) 

A 4.  Reagents for molecular biology 
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Absolute ethanol                 BDH, England, UK 

Ampicillin       Invitrogen, CA, USA 

BL21 E.coli bacteria      Invitrogen, CA, USA 

Glycerol        Sigma, USA 

Isopropylthiogalactoside (IPTG)    Sigma, USA 

LB agar       Sigma, USA 

LB broth       Sigma, USA 

QIAGEN Ni-NTA Fast Start Kit    QIAGEN, UK 

SDS       Sigma, UK 

Magnesium chloride      Sigma, USA 

Magnesium sulphate     Sigma, USA 

A 5.  Reagents for western blot 

β-mercaptroethanol      Sigma, USA 

Ammonium persulfate (APS)    Sigma, USA 

Bradford reagent      Sigma, USA 

Bromophenole blue     Sigma, USA 

CelLytic-M      Sigam, USA 

Coomassie blue      Bio-Rad GmbH, UK 

ECL detection kit      GE Healthcare, UK 

Glycine        Melford, UK 

Methanol       Fisher scientific, UK 
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PVDF membrane      Millipore, USA 

Quick Start Bradford Protein assay   Bio-Rad, UK 

Tris Base salt      Melford, UK 

Tween-20       Sigma, UK 

dH2O 

A 6.  Reagents for CRISPR CAS9 

     ATTO550 sgRNA                                                    Integrate DNA Technologies (USA). 

     CAS9                                                                                 Thermofisher, UK 

A 7. Reagents for cell viability detection 

PrestoBlue HS      Thermofisher, UK 

 

A 8.  Reagents for invasion assay  

Crystal violet       Sigma, USA 

 

A 9.  Reagent for soft agar assay 

Low melting point agarose     Thermofisher, UK 

MTT       Sigma, USA 

 

B . Buffers 

B 3.  100Mm of IPTG 
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238mg of IPTG 

10ml of sterile distilled water 

Sterilized filter 

 

Routine cell culture  

RPMI medium 1640 (500ml) 

Foetal bovine serum 10%(v/v) 

Pen/Strep (5000U/ML) 5ml 

LGlutamine (20Mm) 5ml 

Sodium pyruvate (100mM) 5ml 

TrypleE 5ML 

MTT (5mg/ml) 

PBS (10ml) 

Autoclaved 

Western blot        

3.1 1M Tris pH 6.8 = (12.1g of Tris base + 100ml of dH2HO). Ph adjusted with 

HCL 

10% of SDS solution = ( 10g of Sodium Dodecyl Sulfate + 100ml of dH2O) 

10% of APS solution = (100g of Ammonium persulfate + 1ml of dH2O) 
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Sample loading buffer = (2.5 ml of 1M of Tris-HCL, Ph 6.8 +4ml  of Glycerol, 

40%+ 0.8ml of Bromophenol blue, 0.5%+ 2ml of SDS, 10%+ 0.5ml of β-

mercaptroethanol+ 4.7ml of dH2O) 

 

Transfer buffer (pH 8.3) = (14.4g of Glycine, 192mM + 20% of Methanol, 

(v/v)+3.03g of Tris base, 25mM +up to 1 Lit of dH2O), HCL for pH adjustment  

 

10x TBS buffer (pH 7.6)= (87.66g of Sodium chloride, 1500mM+ 60.58g of Tris 

base, 500mM+ up to 1Lit of dH2O) AUTOCLAVED 

 

1x TBS-TWEEN 1%=(100ml of 10x TBS buffer+1ml of Tween20+ up to 1 Lit) 

 

(Washing buffer) TBS-T milk 5% = ( 5g of Skimmed dried milk+ 100ml of 1x 

TBS-T buffer) 

             D. Equipment  

           Corning™ BioCoat™ Matrigel™ Invasion Chamber: With GFR Matrigel Matrix 

           FisherScintific, UK 

    ------------------------- 

 CO2 incubator  

 Borolabs, Basingstoke, UK 

    ------------------------- 
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Cell culture filter cap flasks 

Cell culture plates Cryogenic vial Nunc, Denmark 

   ------------------------- 

Carbon steel surgical blades 

Swann-Morton, Sheffeild, UK 

    ------------------------- 

 Falcon tubes 

 Becton, Dickinson, USA  

 Gel electrophoresis  

 Bio-Rad, UK 

    ------------------------- 

 GelCount 

 OXFORD OPTRONIX, Oxford, UK 

    ------------------------- 

 Haemocytometer slide 

 Weber Scientific International, NJ, USA 

    ------------------------- 

Hot plate 

Thermofisher, UK 
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    ------------------------- 

Haemocytometer 

SLS LTD, Nottingham, UK 

    ------------------------- 

Immobilon, Transfer membrane  

Milipore, UK  

 

 Microtubes 

 Starlab, Milton Keynes, UK 

    ------------------------- 

 Multiskan MS plate reader 

 Labsystem, Finland 

    ------------------------- 

 Needle 

 BD Microlance, Ireland 

    ------------------------- 

 NanoDrop spectrophotometer 

 Labtech I nternational, Ringmer, UK 

    ------------------------- 
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 Pipetter tips 

 QIAGEN, UK 

    ------------------------- 

 Syringes and filters 

 Fisherscintific, UK 

 

 Spectrophotometer 

 BioTec, UK 

    ------------------------- 

 Pipettes for cell culture  

 Eppendorf, UK 

    ------------------------- 

 Universal tube 

 Greiner Bio-One, UK 

    ------------------------- 

 Water bath 

 Grant Instruments, UK 

    ------------------------- 

Whatman filter paper 
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Whatman, England, UK 

    ------------------------- 

Tips for pipettes  

Eppendorf, UK 

 

E. DNA authentications for PCa cell lines 
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