
1 
 

 

 

The efficacy of dmrFABP5 on suppressing the 

malignant progression of prostate cancer cells 

either singly or in combination with drugs in use 

and relevant molecular mechanisms 

 

 

 

THESIS SUBMITTED IN ACCORDANCE WITH THE REQUIREMENTS OF 

THE UNIVERSITY OF LIVERPOOL 

FOR THE DEGREE OF DOCTOR IN PHILOSOPHY 

 

 

By: 

Saud Abdulsamad Mohammad Abdulsamad 

 

February 2023 

Department of Molecular and Clinical Cancer Medicine  

(Molecular Cancer Biology) 



2 
 

Dedication 

 

To my father, the great man who support me during my journey  

My great mother, for her endless love, and support. 

My great wife, son and daughter for making my life so happy and 

easy. 

My brothers and sister, for the endless support. 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Acknowledgement 

First of all, thanks and praise are due to God 

I would like to express my deep appreciation to my primary supervisor, Professor 

Youqiang Ke, for providing me with the valuable opportunity to pursue my PhD studies 

in the Department of Molecular and Clinical Cancer Medicine and for his unwavering 

support, guidance, encouragement, and insightful critiques.  

Furthermore, I would like to thank my secondary supervisor, Professor Philip Rudland, 

for his support and encouragement. I am also grateful to Doctor Gang He for his valuable 

information, insightful discussions, and advice on the experimental skills required for this 

research. 

I am eternally grateful to my parents for their love and support, which enabled me to 

overcome the difficulties and obstacles that I faced during my PhD journey. I would like 

to express my sincere gratitude to my wife Nouf, son Abdulaziz, and daughter Sarah for 

their unwavering support, kindness, and understanding. I would also like to deeply 

appreciate my brothers Sultan, Mohammad, Ahmed, Khalid, and sister Al Anoud for their 

constant love and support. Special thanks to my colleagues in my research team, Dr 

Asmaa Al-Bayati, Dr Bander Alenezi, and Mr Abdulghani Naeem for their support, 

encouragement, and friendship.  

I would also like to thank the Head of the Department and all the staff members in the 

Department of Molecular and Clinical Cancer Medicine, University of Liverpool, for 

their support in providing and maintaining laboratory space and facilities. 

Finally, I would like to express my deep and sincere gratitude to my sponsor, King Saud 

bin Abdulaziz University for Health Sciences, College of Science and Health Professions, 

for providing me a scholarship. 

 



4 
 

Declaration 

I completed this thesis during my PhD program in the Department of Molecular and 

Clinical Cancer Medicine, University of Liverpool. All of the experiments included in the 

result sections were conducted by me, under the guidance and supervision of Professor 

Youqiang Ke. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

Publications 

 

1. Saud A. Abdulsamad, Abdulghani A.A. Naeem, Philip S. Rudland Mohammed 

I. Malki and Youqiang Ke. FABP5-related signal transduction pathway in 

castration-resistant prostate cancer: A possible therapeutic target. Precision 

Clinical Medicine 2019, 2:192-196.  

 

2. Saud A. Abdulsamad, Abdulghani A. Naeem, Gang He, Xi Jin, Jiachen Zhang, 

Qiang Wei, and Youqiang Ke. Epidemiology of Prostate Cancer in Saudi Arabia 

(2021). A systematic review in e-Book: New Frontiers in Medicine and Medical 

Research (Chapter 3), Vol 14: published by BP International Publisher on August 

23, 2021; Pages18-36. https://doi.org/10.9734/bpi/nfmmr/v14/12894D 

 

3. Saud A Abdulsamad, Abdulghani A Naeem, Asmaa Al-Bayati, Jiacheng Zhang, 

Mohammed I Malki, Hongwen Ma, and Youqiang Ke. Prostate Cell Lines. Open 

Acc J Oncol Med 2021. 05- 000208. Published online on February 25, 2022. DOI: 

10.32474/OAJOM.2021.05.000208. 

 

4. Zhang, Jiacheng, Gang He, Xi Jin, Bandar T. Alenezi, Abdulghani A. Naeem, 

Saud A. Abdulsamad, and Youqiang Ke. "Molecular mechanisms on how 

FABP5 inhibitors promote apoptosis‐induction sensitivity of prostate cancer 

cells." Cell Biology International (2023). 

 

 

 

 

 

 

 



6 
 

Abstract 

Standard prostate cancer (PCa) treatment options, including chemotherapy and androgen 

deprivation therapy (ADT) with drugs like docetaxel and enzalutamide, eventually become 

ineffective, necessitating the exploration of new therapeutic strategies, such as the recently 

proposed Anti-FABP5 therapy with its bio-inhibitor dmrFABP5.  This study is aimed to assess 

the synergistic effects of combining dmrFABP5 with either docetaxel or enzalutamide in 

experimental PCa treatment. We found that the treatment of dmrFABP5 combined with docetaxel 

in androgen-independent Du145 and androgen-responsive 22RV1 cells exhibited a synergistic 

effect as determined by the Combination Index (CI) assessed with CompuSyn software and 

resulted in a significant reduction in the malignant characteristics of the cells. The treatment of 

22RV1 cells with dmrFABP5 combined with enzalutamide produced a synergistic suppression 

effect on the malignant characteristics of the cells. To study the molecular mechanisms behind 

the synergistic interactions, we investigated the changes in expression levels of a number 

of proteins related to FABP5-initiated signal transduction pathways and those related to 

tumorigenicity, apoptosis, and angiogenesis in DU145 and 22RV1 cells. The results 

showed that the combination treatment of dmrFABP5 with docetaxel promoted apoptosis 

with disrupted some apoptosis factors, decreased angiogenesis factor, suppressed fatty 

acid receptor and reduced the level of Sp1. In 22RV1 cells, apart from similar 

aforementioned enhancement effect, a synergistic suppression on the expression of AR 

and AR-V7 was also observed. Furthermore, the combination of dmrFABP5 with 

enzalutamide significantly suppressed not only the same pathways, except apoptosis, as 

those in 22RV1 cells, but also the expression of AR and AR-V7. RNA profiling of DU145 

treated with dmrFABP5 revealed the most enriched pathways and differential gene expression, 

providing insight into the underlying mechanisms of dmrFABP5 action. These findings 

provided a theoretical basis for a therapy to combine dmrFABP5 with either docetaxel or 

enzalutamide as a treatment strategy for prostate cancer.  
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1.1Prostate Cancer Epidemiology 

1.1.1 Cancer Epidemiology       

Worldwide, cancers are a major causal factor in mortality, forming a significant 

impediment to extending life expectancy (1). Of these, prostate cancer in males is the 

second most commonly-diagnosed disease, and there are estimated to be 1.4 million new 

diagnoses globally (1) (Figure 1.1).  

 

Figure 1.1 Prostate cancer incidence rates worldwide (GLOBOCAN 2020) 

It is concerning that if the current numbers of cases continue to grow, diagnosed new 

cases each year are expected to reach 29.5 million, equal to 62% more cases by 2040 (1, 
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2). In the UK, these cancers accounted for approximately 53% of all new cancer cases in 

2017. The cancer incidence in the UK is ranked higher than two-thirds of Europe’s 

countries, and higher by 90% than world case rates (2). Prostate cancer (PCa) incidence 

in the UK is expected to rise between 2014 and 2035 by 12%, to reach around 233 cases 

per 100,000 males (3). 

As shown in Fig 1.2, in 2017, breast cancer in the female and prostate cancer in the male 

were the two most common cancers in England (4). 

 

   

Figure 1.2. Illustration in 2017 showing that breast and prostate cancers are the 

two most common cancers in England in the male and female population 

respectively (4).  
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1.1.2 Prostate cancer mortality  
 

In the UK, each year, over 11,900 men die due to prostate cancer: approximately 32 each 

day (2016-2018) (3). Statistics show that the age-related incidence of prostate cancer grew 

from age 50 to 54 and peaked at 75-79, then somewhat decreased from 80-84, before 

increasing again after that (5) (Figure 1.3).  

     

   

Figure 1.3. Mean annual new cases of prostate cancer with incidence by age per 100,000 

in males in the United Kingdom between 2015 and 2017 (5). 
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Further, statistical analysis showed that people aged 90 and above had the highest prostate 

cancer mortality rate, as seen in Figure1.4 (5,6).  

Figure 1.4. Males in the UK dying from prostate cancer each year (average) by age. The 

age-related death rate was highest between 2015 and 2017 (5). 

1.1.3 Prostate cancer survival 
 

It was reported in 2010 that the ten-year survival rate for patients with PCa was 84 

percent. Since 1970, the ten-year survival percentage for this illness has grown, as seen 

in Figure1.5. The rate of survival at 10 years rose by 59 percent over a 40-year span, from 

1971 to 2010. In England, more than 80% of males are expected to survive for at least ten 

years after being diagnosed with PCa. Early diagnostic tests, including transurethral 

resection of prostate (TURP), as well as measuring the level of prostate-specific antigen 

(PSA), may have contributed to this (3,7-9). 
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Figure 1.5. Ten-year prostate cancer patient survival (9). The bar graphs showed the 

15–99-year survival rate for men with prostate cancer in Britain. This data provides 

valuable insights into the long-term prognosis and overall survival of individuals 

affected by this prevalent form of cancer. The x-axis of the graph represents age groups 

ranging from 15 to 99 years, allowing for a comprehensive analysis across various 

stages of life. Meanwhile, the y-axis depicts the survival rate, which indicates the 

percentage of patients who successfully survived ten years after their prostate cancer 

diagnosis. 
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1.1.4 Prostate cancer risk factors 
 

1.1.4.1 Age risk  

 

PCa is infrequently diagnosed in males younger than 40, according to research. However, 

as people get older, they are more likely to get prostate cancer: 60-79 year olds accounted 

for 13.7 percent of cases, 40-59 year olds 2.2 percent, and those less than 39 years old 

accounted for less than 0.005 percent of prostate cancer cases (10). 

 

1.1.4.2 Ethnicity and prostate cancer 

Black men have a larger risk of PCa than white men, according to research around the 

world. Prostate cancer is the most common disease among African Americans (275.3 per 

100,000 males) (11), and this represents a risk factor that is almost 60% higher than 

Caucasians or Asian/Pacific Islanders. Furthermore, African Americans have a mortality 

rate that is around twice that of Caucasians. Despite this, it is uncertain whether race or 

ethnicity has an impact on either incidence or mortality for this disease. Variations in the 

level of socioeconomic factors, diagnosis stages, genetic influences, and environmental 

factors or their interactions explain the difference in incidence and mortality (12-14).  

   

1.1.4.2 Family history risk and prostate cancer 

PCa diagnosis of a first-degree relative raises cancer risks 120-150 percent (15-17). A 

man's risk increases by 120-140 percent if his father is affected, and by 187-230 percent 

if his brother is affected. When many first-degree relatives are affected, the risk increases. 

A 90-150 percent increase in risk was also documented in men with a second-degree 
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afflicted relative (15-17). Men with breast cancer-affected mothers are at an increased 

risk of 19-24%: however, men with breast cancer-affected sisters are not at an increased 

risk. Men with a germ line mutation within the breast cancer gene (BRCA2) have a five-

fold greater PCa risk, whereas males under 65 have a seven-fold potential higher risk. 

Prostate cancer cases are thought to be linked to genes and family history in roughly 5-9 

percent of cases (18-20). 

 

1.1.4.3 Diet/ lifestyle and prostate cancer 

A significant number of epidemiological studies have suggested that correct dietary 

supplements and a healthy lifestyle are important in lowering the risk of prostate cancer 

(21,22). Red meat and fat consumption at high levels shows links to an elevated risk factor 

in PCa. Consumption of fatty fish, on the other hand, is linked to  a low risk factor for 

heart disease (21-23). The exact mechanism through which obesity raises the chances of 

prostate cancer is unknown at this time. Nonetheless, high insulin-like growth factor 1 

(IGF-1) levels circulating are associated with prostate cancer induction (21,24). The most 

significant types of fatty acid are polyunsaturated fatty acids (PUFAs), such as omega-3, 

and ALA (alpha-linoleic acid) such as omega 6 which can only be obtained through 

dietary sources. An elevated omega-6 (polyunsaturated fatty acid) level has been shown 

to contribute  to an elevation of prostate cancer. High levels of omega 3 (eicosapentaenoic 

acid) (EPA), a PUFA, are linked with lower PCa risk (25,26). Cruciferous, Vegetables, 

tomatoes, green tea, and phytoestrogens from soya are all considered to  reduce prostate 

cancer risk (27). PCa may also linked to alcohol intake, tobacco, vasectomies, sexually 

transmitted infectious disease (e.g. chlamydia), and an inflamed prostate gland (28). 
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1.2 Prostate cancer pathology  
 

1.2.1Prostate gland anatomy  
 

The prostate gland is considered the largest accessory gland in the reproductive system 

of the male, and it surrounds the urethra's proximal section. Unstriped muscle, minor 

amounts of striped muscle and fibrous, connective and elastic tissues, as well as glandular, 

nerve, vascular, and lymphatic tissues make up this structure (29), which  is located within 

the sub-peritoneal compartment, separating the pelvic diaphragm from the peritoneal 

cavity positioned posteriorly to the lower symphysis pubis, anteriorly to the rectal, and 

inferiorly to the bladder. The prostate gland of a healthy male adult is around the size of 

a walnut. The average weight of an adult man's typical prostate gland is roughly 11 grams 

(30). The gland’s blood supply comes from the internal iliac artery, and lymphatic 

drainage is mostly provided by the internal iliac nodes, while the supply of nerves is 

provided by the prostatic plexus (29,30) (Figure 1.7). 

 

Figure 1.6.  The prostate gland’s location (31). 
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The prostate gland contains three areas, according to zonal anatomy. The periphery zone 

(PZ) is the biggest zone, accounting for seven tenths of the gland’s overall volume. The 

distal urethra near the apex of the prostate is surrounded by the peripheral zone, and is 

felt as part of  digital rectal examinations. Prostate cancer starts in the peripheral zone in 

more than 64% of cases. The central zone (CZ) covers the ejaculatory channels and takes 

up around twenty five percent of the total prostate gland. Only around 2.5 percent of 

prostate tumours occur in this zone: however these tumours show high aggressiveness 

(32). The prostate’s middle region is termed the transition zone (TZ), accounting for about 

five percent of the gland’s total area. This zone is modest in younger males. The 

enlargement of the transition zone in the prostate gland is known as benign prostatic 

hyperplasia (BPH) and occurs in older males (33-35) (Figure 1.7). 

 

Figure 1.7. The prostate gland and the urethra from the front, obliquely (36). 

The prostate gland functions as one of the accessory sex organs, and contributes to the 

overall semen ejaculated during orgasm. The prostate gland naturally tends to grow 

during adolescence and produces the fluid portion of sperm volume under the influence 

of the testosterone hormone. The secretions of the prostate are milky white,, slightly 
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alkaline and in simple sugars (glucose and fructose) that serve to feed the sperm while 

entering the female and traveling to fertilise the ovum. Also, they contain enzymes and 

prostate-specific antigen (PSA), and these cause protein breakdown, freeing sperm  

viscous fluids. In addition, prostatic fluids contain alkaline chemical and mineral 

components (including zinc and citrate) which help in maintaining t and neutralise acids 

secreted in the vagina in order to promote sperms’ chance of surviving (37). 

 

1.2.2 Prostate gland epithelial cells 
 

In the prostatic epithelium, three different cell entities have been identified, each with its 

unique structure, function, and relationship to cancer development. The predominant type 

is secretory luminal cells, which release prostatic proteins and are androgen dependent, 

as seen in Fig. 1.8. Therefore, androgen receptors are produced by secretory luminal cells 

(38).  

 

Figure 1.8. Classification of cell types in prostate duct (38). 

Another prostate cell type is basal cell, which form a continuous sheet between luminal 

cells and the basement membrane. Neuroendocrine cells are a less common form of cell, 
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and may help luminal cell proliferation via signalling due to their uncertain embryology 

origin. They are androgen-independent, generally present in small clusters in the basal 

layer, and produce neuropeptides like serotonin. Regardless of their small numbers, 

neuroendocrine cells are a unique trait of aggressive forms of cancer when they 

congregate or acquire their characteristics (38). 

 

1.2.3 Prostate cancer pathogenesis 
 

1.2.3.1 Benign prostatic hyperplasia 

Benign prostatic hyperplasia is a non-cancerous increase in the size of the prostate gland 

that affects many older men. BPH develops as smooth muscle and gland epithelium, 

particularly in the transition zone (39). It is known as a condition that affects nearly all 

males as they become older. For males in their 30s, the histologic incidence of BPH is 

around 10%, 20% in their 40s, 50-60%  in their 60s, and 80-90% in their 80s, according 

to various studies conducted in different regions (40,41). Clear correlation is found 

linking BPH and PCa, with each  sharing striking characteristics in terms of ageing and 

androgen needs: therefore they are frequently encountered together. Despite this, no 

causal connection between the two issues has been identified (42).  Researchers have 

proposed that androgen/androgen receptor (AR) signalling plays a critical role in benign 

prostatic hyperplasia: moreover suggesting that blocking of AR signalling may present 

an important treatment option. However, the exact mechanisms, and particularly the 

pathogenic effects of AR in BPH, remain unknown. Men with BPH are treated with 

androgen deprivation therapy (ADT) with 5-reductase inhibitors (5ARIs): these impede 

testosterone from being converted to form dihydrotestosterone (DHT) (43,44). 
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1.2.3.2 Prostatic Intraepithelial Neoplasia 

Prostatic intraepithelial neoplasia (PIN) forms a subphase or pre-cancer phase of change 

at cell level in which the prostatic epithelium, previously healthy, becomes malignant 

prostatic epithelium, as the epithelial cells proliferate abnormally but with no  invasion 

of the surrounding stroma (45). It is distinguished from cancer through various traits in 

its cytology and architecture, which result in modest alterations: meaning that it is not 

always distinguishable from cancer (46). Two categories are identified in PIN, which are 

low and high grades of the condition. Low-grade PIN shows clear differentiation as an, 

early-stage invasive tumour which has primarily a basal cell makeup (47). In contrast, 

tumours which show poor differentiation and have  secretory luminal cells are referred to 

as high grade PIN (48,49). At this grade, PIN occurs in 4 main classes, which are tufting 

(which is the most known type), cribriform, micropapillary, and flat (50). High-grade PIN 

is demonstrated to be a key marker, forming the only identified precursor to PCa (51).  

1.2.3.3 Grading system and Gleason scale 

The development by Gleason in 1966 of a histology-based grading system (the Gleason 

scale, or GS) aimed to allow assessment of the aggressiveness of prostate cancer. The 

Gleason scale goes from 1 to 5, with 1 being the lowest and 5 being the highest. This PCa 

assessment It is a prostate cancer assessment system functions by measuring subjectively 

how far the architectural features of healthy gland tissue have been lost when viewed with 

a microscope. For example, the pattern with lowest aggressiveness is grade 1 while the 

highest aggressiveness is grade 5 (52) (Figure 1.9). 
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Figure 1.9. Gleason grading system Illustration summarizing the Gleason grading system 

for prostate cancer. The Gleason grading system, depicted here, provides a standardized 

method for assessing the histological patterns of prostate cancer. The system categorizes 

cancerous tissue based on architectural patterns, with grades ranging from 1 to 5. Low-

grade cancers (Gleason scores 2-4) display well-formed glandular structures, while 

higher-grade cancers (Gleason scores 4-5) exhibit disorganized and infiltrative growth 

patterns. The combined Gleason score, determined by adding the primary and secondary 

grades, helps predict the aggressiveness of the tumor and guides treatment decisions. This 

figure serves as a visual aid to understand the Gleason grading system and its implications 

in prostate cancer diagnosis and management. (53). 

 

Each case is given two grades (primary and secondary) based on diversity in histology in 

distinct lesions within tumours. Overall grades can range from 2 to 10, depending on how 
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each grade pattern is combined to produce the combined GS (54). This score is the sum 

of primary (>50% of total observed pattern, which indicates >50% of the tumour) and 

secondary grades (with 5-50%  of the overall observed pattern, which indicates less than 

half of the tumour). Scoring is divided across 3 classes by this system: well-differentiated 

(GS 6), moderately differentiated (GS 6-7), and poorly differentiated (GS 7-8) (GS 8-10) 

(55-57).  The primary lesion and secondary lesion scores are added to create the combined 

Gleason score. The highest combined Gleason scores are 10 and the lowest are 2, as each 

lesion is evaluated using five different scores. By grouping the scores into three 

categories, with good differentiation (GS 6), moderate differentiation (GS 6-7), and poor 

differentiation (GS 8-10), meaning that the Gleason grading system has been made 

simpler.   In prostate carcinomas, the combined Gleason score has been frequently utilised 

for prognostic purposes and are correlated with significant pathologic parameters and 

clinical outcomes (58). 

 

1.2.4 Prostate cancer cell lines 
 

Researchers exploring molecular aetiology, proliferative activity, tumorigenicity, 

apoptosis and metastasis of prostate cancer have established various cell models. 

Frequently used PCa lines for laboratory work include PNT2, LNCaP, 22RV1, DU145, 

PC3 and PC3-M.   

 

1.2.4.1 PNT2 

PNT2 is a human cell lineage originally taken from prostate gland tissue in a deceased 

male aged 33 years. To establish an immortalised epithelial cell line, a plasmid harbouring 

the genome of Simian virus 40 with defective replicative origin (SV40 ori-) was 
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transfected  into these cells (59). They express high T-protein levels as well as 

cytokeratins 8, 18, and 19, with these being indicators of luminal prostate cell 

differentiation. They are also slightly positive for PSA and negative for an epithelial basal 

cell marker (cytokeratin 14). Moreover, in nude mice, these cells do not cause tumours 

(60,61).  

 

1.2.4.2 LNCaP 

Researchers were limited in developing novel therapies treatments due to lacking cell 

lineages to explore pre-clinical prostate cancer. There were previously no lines which 

accurately represented human PCa’s clinical progression (59). LNCaP is considered a 

weakly malignant cell line, and originated in a metastasis in the left supraclavicular lymph 

node which started from primary PCa in a 50-year-old Caucasian male in 1980. The cells 

were removed from the metastasis first using a needle aspiration biopsy. Because this cell 

line expresses AR and PSA, it can be classified as an androgen-responsive cell line (62). 

The LNCaP cell line can be used as a model for androgen research when cultured in 

culture media supplemented with foetal bovine serum which contains testosterone. 

However, it has been found that in the absence of androgen (for example, when charcoal-

striped foetal bovine serum was utilised instead of serum albumin), these cells will 

proliferate (63-65). 

 

1.2.4.3 22RV1 

In 1999, a xenograft taken from a patient with a bone cancer metastasized from the 

original prostate cancer was used to create the moderately malignant PCa cell line 22RV1. 

PSA and AR are both expressed in these cells (65,66). The line is derived from a CWR22 
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xenograft castrated and relapsed in mice and then subject to serial replication, again using 

mice (59). 

 

1.2.4.4 DU145 

A brain lesion from a white man of 69 years who had metastatic prostate malignancy 

yielded the DU145 cell line. These cells are androgen-independent and lack the 

expression of PSA or AR as prostate-specific markers (67). The DU145 line shows 

moderate ability to spread and morphologically, cells are epithelial (68). Subcutaneous 

implantation of this cell line into nude mice gave a resulting tumour which retained both 

genotypic and phenotypic characteristics of prostate cancer (67,69). 

 

1.2.4.5 PC3 and PC3-M 

PC3 cells, a lineage with poor differentiation, were isolated from human prostate cancer 

rib bone metastases of a Caucasian aged 62 years (59,70). These cells are androgen-

independent and grow properly in androgen-free medium. Furthermore, PC3 xenograft 

tumours grow rapidly in nude mice, with a greater incidence of tumorigenicity and 

metastasis (71). The PC3-M metastatic subline of PC3 was isolated from nude mice 

with a liver cancer by intrasplenic injection of PC3 cells. The line shows similarities to 

PC3: however, it is more malignant, with greater aggression (69,72). 

1.3 Prostate cancer androgens and treatments  
 

1.3.1 Androgen role in prostate cancer 
 

 The prostate gland's development, growth, maintenance, and function are all influenced 

by androgen. Testosterone circulates more abundantly in males than any other androgen, 
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with more than 95 percent synthesised in the testes. The adrenal glands are responsible 

for the remaining 5% of testosterone (73). In men, androgen secretions are regulated in 

the hypothalamus.  When blood androgen levels (mostly comprising testosterone) fall, a 

pulse of luteinizing hormone-releasing hormone (LHRH) is released by the  

hypothalamus and binds to a target receptor within the pituitary gland and causes 

luteinizing hormone (LH) to be produced (73). Progression of steroidogenesis in Leydig 

cells is aided by the release of LH in the peripheral circulation (74). When the 5 α -

reductase enzyme within the prostate gland is stimulated, this converts into a more potent 

metabolite, dihydrotestosterone (DHT). DHT binds AR, which is a ligand-controlling 

transcription factor belonging to the nuclear hormone superfamily. DHT-AR binds and 

activates androgen response elements (AREs) within downstream genes’ promoter 

regions within the cell’s nucleus, and this may regulate prostate cells’ differentiation, 

proliferation and survival (73-80).   

1.3.2 AR mutations, overexpression and amplifications in CRPC and 
GCPR  
 

With more than 1110 distinct mutations, AR has the most mutations among hormone 

receptors, and 168 of these have been linked to prostate cancer, according to a report from 

the Androgen Receptor Gene Mutations Database (81). In the early stages of prostate 

cancer, AR mutations are extremely uncommon, but they were present in 10–30% of 

CRPC patients who received ADT. Some arguments propose a selective pressure role of 

ADT increasing mutation rate for the androgen-receptor gene. (82-84). A majority of 

mutations occurred  in LBD (94%) or NTD (40%), DBD  (7%) and less common in the 

hinge area, occurring at 2%. Even with very low levels of androgen, CRPC cell growth 

and survival may be supported due to AR gene mutations (85). Due to various mutations 

in the LBD, AR is capable of binding to activation ligands usually found in the body, 
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such as oestrogens, corticosteroids, progesterone, and also in flutamide, and 

antiandrogen. This enables prostate cells to proliferate without the need for androgen 

(86,87).  

Another  potent mechanism that makes CRPC cells more responsive to a decrease in 

circulating androgen and promotes CRPC progression is AR gene amplification. ADT 

was shown to enhance the chances of AR gene amplification in CRPC patients by 20–

30%: however, only a small number of cases of untreated primary prostate cancer were 

observed. ADT may cause an increase in AR in the CRPC cells' cytoplasm, allowing 

tumour cells response to occur at low androgen levels and allowing continued growth of 

PCa in an androgen-dependent manner despite castration (88,89). In CRPC tissues, 

amplification of the AR gene was linked to a significantly increased level of both protein 

and mRNA. Additionally, studies have shown that patients who originally responded well 

to ADT were more likely to experience AR sensitivity amplification, while patients who 

did not respond to ADT were far less likely to experience it (88,90). Moreover, certain 

AR mutations can lead to conformational changes in the receptor protein, affecting its 

interaction with co-regulatory proteins or its binding to DNA, thereby altering gene 

transcription and downstream signalling pathways. These changes can promote cell 

proliferation, survival, and the development of resistance to therapy (90). 

Understanding the specific AR mutations present in prostate cancer and their downstream 

impact is crucial for personalized treatment approaches. Targeting the altered AR 

signalling pathways, such as using next-generation anti-androgens or other novel 

therapeutic strategies, can help overcome resistance and improve patient outcomes in the 

management of prostate cancer. 
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The regulatory role of G protein-coupled receptors (GPCRs) in various physiological 

processes is well established. In the context of prostate cancer, the influence of androgen 

and androgen receptor (AR) signalling has been extensively investigated. Androgens and 

the activation of AR signalling pathways play a significant role in the regulation of 

prostate cancer development and progression. Consequently, there has been considerable 

research focused on blocking AR signalling using AR antagonists and steroidogenic 

enzyme inhibitors as potential therapeutic strategies. The comprehensive studies 

conducted on the regulation of prostate cancer by androgens and AR signalling, as well 

as the exploration of AR-targeted interventions, have contributed to our understanding of 

the underlying mechanisms and potential treatment approaches for this disease (91). 

 

1.3.3 Prostate cancer treatments 
 

In the early stages of PCa, frequent treatment approaches include radical prostatectomy 

and external radiation therapy(92). Androgen deprivation therapy has been used to treat 

PCa since the 1940s, when Charles Huggins demonstrated that the changes generated by 

surgical testes removal had a significant impact on the disease. According to this research, 

PCa growth and expansion are influenced by the availability of androgen in the peripheral 

blood circulation. Following this finding, androgen deprivation became a routine 

treatment for PCa, either through surgical castration or medication. These treatments 

improved the prognosis and survival of PCa patients (93). Suppressing androgen 
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signalling forms a significant strategy in treating advanced or metastasised PCa, and ADT 

using medication, surgical castration, anti-androgen therapies and combination androgen 

blockade have become frequent approaches (94). ADT, being the most effective therapy, 

can provide a primary response in 80 percent to 90 percent of patients.  Nonetheless, ADT 

response expires fourteen to twenty months subsequently, and androgen-independent PCa 

then develops and is unresponsive to androgen deprivation (95). Enzalutamide (ENZ) is 

a second generation anti-androgen treatment which can treat prostate cancer in its early 

stages, and is one of the ADT options (96,97). Chemotherapy such as docetaxel (DOC) 

is also one of the standard treatment strategies for prostate cancer (98,99). It was designed 

to disrupt cell cycle division and trigger apoptosis by targeting microtubules (100).  

1.3.4 Androgen- independent prostate cancer  
 

CRPC is another name for androgen-independent prostate cancer disease. In comparison 

to other stages of PCa, CRPC is linked with poorer prognoses, reduced length of survival, 

and is resistant to castration (74). There is a significant drive within PCa research to 

identify  pathways contributing to transformation of prostate cancer cells from androgen-

dependence to androgen-independence and this presents  a critical challenge or 

prerequisite to developing new CRPC therapy strategies (82,97,101). 

 

1.3.5 Molecular mechanism involved in CRPC progression  
 

Molecular mechanisms by which progression of androgen-dependent PCa to CRPC 

occurs is a significant topic that has been studied by numerous laboratories. Currently, 

androgen deprivation therapy is the main approach to treating PCa (102). Despite this, in 

most cases, individuals undergoing ADT later relapse, progressing to CRPC. AR is 

expressed by some CRPC cells. The AR-negative CRPC cell is unresponsive to ADT 
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treatment, whereas AR-positive CRPC cells respond to androgen, expressing. Despite 

this, these cells do not subsequently depend upon androgen to develop and grow, meaning 

that ADT in CRPC cells then becomes ineffective (101-103). It is unclear how the PCa 

cell progresses from androgen-dependence to CRPC cell status (101-103). Several 

theories have been proposed regarding a mechanism for this critical change (104). 

However, these theories each address merely a portion of the problem, with no unified 

hypothesis currently which satisfactorily explains the process. 

 

1.3.6  CRPC AR-dependent signalling pathway 
 

The transcription factor androgen receptor is ligand-dependent and belongs within the 

family of steroid hormone receptors. AR has several functional domains, namely, a 

ligand-binding domain (LBD), a DNA-binding domain (DBD), a hinge region and a large 

N-terminal domain (NTD) (105). Continual AR activation is suggested as a significant 

mechanism in CRPC growth (106). While ADT reduces androgen levels within peripheral 

blood, effects on DHT levels are not seen. As a result, DHT can continue to stimulate AR 

(107). It has been proposed that several molecular and cellular changes, such as AR 

amplification, mutation and ligand signalling, as well as abnormal co-regulating factors 

and splice- biomarkers for AR, are significant in PCa (108,109). The androgen receptor 

(AR) function plays a vital role in various physiological processes, particularly in the 

development and maintenance of male reproductive organs and secondary sexual 

characteristics. The AR is a protein that binds to androgens, such as testosterone and 

dihydrotestosterone, and upon activation, translocate to the cell nucleus where it regulates 

gene expression. 
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In target tissues, the binding of androgens to the AR triggers a series of intracellular 

events, leading to the modulation of gene transcription and subsequent protein synthesis. 

This signalling pathway is essential for normal sexual development, sperm production, 

muscle growth, bone density maintenance, and other androgen-dependent functions. 

Furthermore, the AR is crucial in the context of prostate cancer. In normal prostate tissue, 

the AR plays a role in regulating cellular growth, differentiation, and apoptosis. However, 

in prostate cancer, aberrant AR signalling can contribute to tumor initiation and 

progression. Understanding the intricate mechanisms of AR function is critical for 

developing targeted therapies and interventions for prostate cancer management. 

Overall, normal AR function is vital for the proper functioning of male reproductive 

tissues and is involved in various physiological processes. Its role in prostate cancer 

highlights the significance of studying and modulating AR signalling for both normal 

development and disease management (81). 

1.3.7 CRPC and drug resistance 
 

In CRPC cells, xenografts, and tissues, various AR splice variants (AR-Vs) are 

recognised (110,111). Studies have demonstrated that truncation of AR-Vs to lack LBD, 

which is targeted in androgen therapies, constitutively activates AR in a ligand-

independent manner and leads CRPC to develop (112). Mechanisms that cause these AR-

Vs to express more frequently in CRPC cells are currently unknown. Splicing may be 

caused by genomic rearrangements or/as well as intragenic deletions in the AR gene locus 

(113). The most common variants found is AR-V7, and high expression of 

this variant has been linked to a poor outcome in CRPC patients (114). AR-V7 expression 

was shown to be high in CRPC cells and tissues sampled from individuals with CRPC 

(114,115). AR-V7 levels in mice cannot be inhibited, although ADT, such as abiraterone 
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acetate and enzalutamide, may give some improvement in treatment effect (116). 

Androgen receptor splice variants such as AR-V7 were recently related to enzalutamide 

resistance (84,113,115,117). Enzalutamide is unable to bind to AR-V7 due to the fact that 

AR-V7 lacked LBD, resulting in cell resistance (84,117-120). Researchers have proposed 

that AR-V7 could be targeted by CRPC therapies (121). The androgen responsive 22RV1 

cell line is a well-established model of enzalutamide resistance prostate cancer cell, due 

to the expression of AR splice variants including AR-V7 (84,122-124). In terms of 

chemotherapy options, docetaxel is a first line therapy used to treat CRPC. Despite 

docetaxel's initial positive response, drug resistance is inevitable, however. The 

mechanisms of docetaxel resistance are not well understood (125).  

1.3.8 Other CRPC related pathways 

  
CRPC progression has been linked to several pathways. Specific protein 1 (Sp1), also 

known as transcription factor, contributes significantly to promoting PCa and in the 

disease progressing (126). It promotes angiogenesis through VEGF through upregulating 

AR via Sp1 binding site in prostate cancer cells (127). Another pathway is that the Bcl-2 

gene which act as Anti-apoptotic that inhibits apoptosis and may result in androgen 

independence (128,129). Various new hypotheses have been brought up in recent years 

in addition to the core hypothesis supporting an AR sensitivity-amplification perspective. 

The FABP5-related signalling pathway (FABP5- PPARγ- VEGF) hypothesis for 

example, proposes that it this and not AR-related pathway was crucial to increasing 

malignant growth in CRPC cells (130). Other markers that play a significant role in  

CRPC such as GFs, such as NGF, IGF, and EGF, play significant roles in prostate cancer. 

NGF, typically low in normal prostate tissue, is increased in prostate cancer and promotes 

tumor growth and nerve fiber formation. IGF-1 and IGF-2 are elevated in prostate cancer 

and stimulate cell proliferation, inhibit apoptosis, and enhance metastatic potential. EGF, 
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along with its receptor EGFR, is overexpressed in prostate cancer and promotes cell 

growth, invasion, and metastasis. Targeting these GFs and their associated pathways 

holds promise for developing effective therapeutic approaches against prostate 

cancer(131,132). 

1.4Fatty acid binding proteins 
 

1.4.1 FABP family members 
 

Fatty acids provide energy and can be used as cell fuel. Ester bonds contained inside fat 

or oil are hydrolysed to create fatty acids (133). According to research, fatty acids 

function as signalling molecules that are important for a number of metabolic processes 

in cells, including cell growth, gene regulation, and death (134-136). Fatty acids produced 

by adipocytes have the ability to flow from the cellular membrane, entering the 

cytoplasm. They may  also be helped to travel to an adjacent cell through transporters or 

being passively diffused. Once fatty acids enter the cytoplasm, there are two possibilities 

for them: joining the metabolic pathway to be used as a fuel source; or binding to FABPs 

to be transported to different organelles (136). FABPs, or intracellular lipid chaperones, 

belong to the super lipid-binding protein (LBP) group (137). FABPs have been identified 

in twelve different species since 1972, but two of them are only found in fish (138,139). 

FABPs have been discovered or are frequently found within various organs, and their 

names reflect where they were discovered (Table 1.1). Yet FABPs’ expression is not 

restricted to their respective organ- or cell-related names. Thus, FABP1 (liver FABP) 

expression occurs primarily in the liver, but is additionally found in pancreatic, intestinal, 

lung, stomach, and kidney tissues. Moreover, FABP5 (epidermal FABP) shows high 

expression in the brain, skin, lungs, tongue, adipocyte, intestinal tissue, macrophages, 

liver,  kidneys, mammary glands, heart, skeletal muscle, testis, retina, lens, and spleen 
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(134,139). Fatty acids serve as common building blocks for the synthesis and storage of 

lipids wherever they are expressed. Generally, when higher levels of FABP are produced, 

this is accompanied by increased fatty acid levels entering the cell (140). 
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Protein (FABPs) Name Alternate name Tissue/cell 

expressed in 

FABP1 Liver FABP L- FABP Intestine, 
liver, stomach, 
lung, 
pancreas, 
kidney 

FABP2 Intestinal FABP I-FABP Liver, 

intestine 

FABP3 Muscle, heart FABP H-FABP skeletal, 
muscle, brain, 
kidney, lung, 
stomach, 
testis, aorta, 
adrenal gland, 
mammary 
gland, 
placenta, 
ovary, brown 
adipose tissue 

FABP4 Adipocyte FABP A-FABP Macrophage, 
dendritic cell, 
adipocyte  

FABP5 Epidermal FABP E-FABP Tongue, skin, 
adipocyte, 
skeletal 
macrophage, 
mammary 
gland, brain, 
liver, intestine, 
kidney, lunge 
testis, retina 
prostate, 
spleen 

FABP6 Ileal FABP II-FABP Ileum, adrenal 
gland, ovary, 
stomach 

FABP7 Brain FABP B-FABP Glia cells, 
brain, retina, 
mammary 
gland 

FABP8 Myelin FABP M-FABP Peripheral 
nervous 
system 
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Table 1.1 Multigene family of fatty acid- binding proteins (141) 

 

1.4.2 FABPs' general functions 

Fatty acid binding proteins are capable of active binding and transportation of lipids to 

particular cell organelles or sites in their capacity as lipid chaperones. Lipid droplets, 

which store lipids, are among these places or organelles, as is the endoplasmic reticulum, 

which is a signal transducer and functions in transportation as well as membrane 

formation (142).  Fatty acids are transported to various sites in cells, including 

mitochondria or peroxisomes to be oxidised, the cytosol or various enzymes to regulate 

enzyme activities, and to cell nuclei for lipid-mediated transcription regulation.  Also, 

fatty acid transport to extracellular signals can occur through  the paracrine or autocrine 

pathway (142,143).  Peroxisome proliferator-activated receptors (PPARs), for instance, 

are a family which can carry out their functions due to the ability of FABP to reach the 

FABP9 Testis FABP T-FABP Salivary 
gland, testis, 
mammary 
gland 

FABP10 Liver FABP L-FABP Teleost fish 

liver 

FABP11 - - Intestine, 
liver, brain, 
heart, muscle, 
kidney, testis 
and ovary of 
teleost fish, 
skin, eye, 
swim bladder  

FABP12 - - Testis, 
retinoblastoma 
cells from 
human retina, 
kidney, germ 
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cell nucleus, transferring fatty acids to transcriptional regulators (144-146). It has been 

reported that FABPs may perform fatty acid transport from the cytoplasm to the PPAR 

nuclear receptor (142). Additionally, it has been found that the cytoplasm and nucleus of 

cancerous tumours express FABP (145,147). These studies have provided evidence of 

FABP involvement with particular signalling pathways within the nucleus responsible for 

regulation of gene expression. Figure 1.10 illustrates the method for fatty acid transport 

and the metabolic pathway within the cell. 

  

Figure 1.10. Different Fatty Acid Binding Proteins (FABPs) play distinct roles in cellular 

processes related to fatty acid metabolism and transport (134) 
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1.4.3 FABP structure 
 

Nuclear magnetic resonance, X-ray crystallography, and various biological approaches 

were used to investigate FABP structure. FABPs presented with between 15% and 70% 

amino acid sequence homology (137), and were also shown to have tertiary structures 

that were quite comparable (148). FABP typically has an antiparallel 10-strand structure, 

with a binding pocket found within the -barrel which has an N-terminal helix-loop-helix 

motif on one side. This motif is hypothesised as the primary site for binding to fatty acids 

(137). All FABPs have been found to exhibit three-element fingerprints (Figure 1.11). 

Due to minor structural variations across isoforms, all FABPs have ligand selectivity and 

bind long-chain fatty acids (148). Unsaturated fatty acids are an exception, and the 

ligands' binding affinity increases with increasing hydrophobicity (149). Affinity and 

selectivity for the main isotype forms at various sites may also be influenced by the 

necessity for target cells (137). For instance, the very long-chain fatty acid FABP7 is 

highly selective for docosahexaenoic acid. However, FABP1 is able to bind many ligands, 

including lysophospholipids and haemoglobin (149,150).   
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Figure 1.11The fingerprint of Fatty Acid Binding Proteins (FABPs) encompasses key 

structural and functional characteristics shared among these intracellular proteins. FABPs 

have a beta-barrel structure with a hydrophobic cavity that binds fatty acids. Conserved 

amino acid residues within the ligand-binding pocket determine fatty acid selectivity. 

Flexible loop regions enable conformational changes for ligand binding and release. 

FABPs are primarily located in the cytoplasm but can be found in other cellular 

compartments. Understanding the fingerprint of FABPs aids in their identification, 

characterization, and comprehension of their role in cellular lipid metabolism and 

transport. (134). 
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The ribbon diagram is provided together with an illustration of three largely conserved 

motifs. The blue ribbon FATTYACIDBP1 shows part of the first β strands (βA). 

Additionally, it has a hormone-sensitive lipase (HSL) and nuclear localization signal 

(NLS) binding sites. The green ribbon FATTYACIDBP2 contains the nuclear export 

signal (NES) domain that includes β sheet 4 and 5 (βE). Bata sheet 9 (βI) and 10 (βJ) are 

encoded by the red ribbon FATTYACIDBP3. Blue, red and green are used to identify the 

key amino acids. 

1.5FABP5 role in prostate cancer 

The 15 kDa cytosolic protein FABP5 is among the proteins that bind fatty acids and has 

a strong binding affinity for medium-chain and long-chain fatty acids (151,152). FABP5 

is identified as having a crucial part in advancement in prostate and breast cancer disease. 

Studies showed that it could cause metastasis in vivo through upregulation of vascular 

endothelial growth factor (VEGF) production (153-155). Moreover, FABP5 is shown as 

a reliable indicator for prognosis and outcome prediction. It is also a target for therapeutic 

action. Inhibiting FABP5 with siRNA successfully suppressed prostate cancer in nude 

mice (153,156-158). FABP5 expression level is high for androgen-independent cells 

(DU145, PC3 and PC3-M) and modest in androgen-responsive lines (22RV1), while it is 

very low (hardly detectable) in androgen-dependent cell lines (LNCaP) and benign PNT-

2 cells (153,159). High levels of intracellular fatty acids are carried to CRPC cell nuclei 

(DU145, PC3 and PC3-M), and there function as molecular signallers, activating nuclear 

receptor PPARγ. After activation, PPARγ modifies related downstream target regulatory 

gene expression, and ultimately leading to tumour development and aggression through 

upregulating cancer-promoting genes downstream, including VEGF, as well as 

downregulating tumour suppressor genes. It is also partially due to the disturbance of the 

balance in cell numbers regulated cell growth and apoptosis (130,158) (Figure.1.12).  
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Figure 1.12. The role of fatty acids with FABP5 in PPARγ activation and downstream 

regulations (160). 
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1.6 Specificity Protein (Sp1) in FABP5  

FABP5 is significantly linked to poor overall survival in breast and prostate cancers. The 

transcription factor Sp1 is determined to be critical to the expression of FABP5. A CpG 

island was found around the promoter region of FABP5, and elevated levels of Sp1 and 

c-Myc were identified. Altogether, these processes lead to the transcriptional stimulation 

of FABP5 expression throughout the development of human prostate cancer (161). 

1.7 Apoptosis and FABP5 in prostate cancer 

FABP5 are shown to have an influence on the apoptotic process in prostate cancer. An 

increase in FABP5 was shown to boost tumorigenic abilities and metastasis in prostate 

cancer cells. This effect may be partially mediated by a frequency decrease in apoptotic 

cells or a decrease in the sensitivity of the cells to apoptotic induction signals (130). 

Additionally, other investigations have demonstrated that FABP5 significantly influenced 

the suppression of apoptosis in the high-malignancy PC3-M and DU145 cell lines, as 

likely accomplished through upregulation of specific pro-apoptotic proteins (162,163). 

Strong data also demonstrated that prostate cancer cells were less likely to undergo 

apoptosis when the PPAR pathway was activated (164-170). Double mutant recombinant 

fatty acid binding protein 5 (dmrFABP5) was associated with inducing apoptosis. 

DmrFABP5 as a FABP5 inhibitor downregulated the Bcl-2 and upregulated the pro-

apoptotic gene Bax in prostate cancer cells (171). 

1.8 Prostate cancer and targeting FABP5 

On the basis of the extensive research available, FABP5 (as well as the fatty acids 

transported by it) can be reasonably considered to form a significant therapeutic target. 

Previously, knockdown of FABP5 gene encoding was performed through RNA 

interference in the high-malignancy PC3-M cell line and subline (Si-clone-2) was created 

which showed significant reductions in FABP5 expression, in order to evaluate whether 
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it was practical to target FABP5 in developing PCa treatment.  The cells with FABP5 

knockdown were orthotopically injected into the mouse prostate gland, which reduced 

mean tumour size by a factor of 63, with 7 times fewer occurrences of tumour, while 

metastasis was reduced by 100%. (156). These results show the particular effectiveness 

of  the short FABP5 siRNA generated inside the cancerous cell in halting malignant 

development of the cancer in mice. On the other hand, siRNA molecules will quickly 

break down after being administered as external reagents because of their instability and 

limited life at body temperature. Therefore, siRNA is unsuitable as a standalone PCa 

therapy. Even on dissolving siRNA against FABP5 with a stabilising liquid (called 

Atolecollagen, a cow-skin extract) and the direct application of this within advanced PCa 

tumours in nude mice, the effect was merely slowing and stabilising the rate at which the 

tumour grew, without shrinking tumours or stopping malignant progression (157). 

Therefore, the primary challenge is to identify novel FABP5 inhibitors that are highly 

efficient, focused, and relatively stable so as to establish optimum PCa treatment through 

inhibiting FABP5’s biological activities. FABP5 is responsible for binding and 

transporting fatty acids into cells from a variety of external and intracellular sources as 

part of its regular biological function. It has a fatty acid-binding motif comprising the 

three important amino acids  Arg109, Arg129, and Tyr131, allowing FABP5 to bind to 

fatty acids through the carboxylate group (172). An earlier study found that fatty acid 

binding motifs’ structurally stable characteristics totally controlled FABP5's ability to 

promote tumour growth in the PCa cell. 

An earlier group investigated prospects for creating an inhibiting agent for wild-type 

FABP5 through altering its fatty acid-binding motif structure, as motivated by 

discovering the ability of tumour suppressor p53 to enhance tumorigenic characteristics 

(173). The production of cDNA coding to produce double-mutated FABP5 was 
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undertaken by using site-directed mutagenesis to modify 2 out of 3 fatty-acid binding 

motif amino acids, from Arginine109 to Alanine109 and Arg129 to Alanine129. This 

recombinant product was given the designation dmrFABP5 (130,174). While dmrFABP5 

are incapable of binding fatty acids or boosting tumorigenic capacity, wild-type 

recombinant FABP5 (wtFABP5) shows complete capacity for fatty acid binding and 

dramatically promotes PCa cell tumorigenicity, with a 13-fold increase. The 

group’s earlier findings demonstrated that altering two of the three essential amino acids 

in FABP5's fatty acid-binding motif nearly totally eliminated the protein's capacity to 

bind fatty acids (130). DmrFABP5, which has nearly lost the capacity for attaching to 

fatty acids, does not have its tumour-promoting and biological activities, making it a novel 

FABP5 inhibitor. It also now has the capacity to block wtrFABP5’s biological activities. 

Surprisingly, dmrFABP5 exhibited a decrease of over 14 times in the mass of original 

tumours, as well as inhibiting metastasis completely when administered as a treatment for 

PCa grown in nude mice (175). The results of the therapy test using dmrFABP5 in a nude 

mouse model in vitro and in vivo are extremely significant. Therefore, dmrFABP5 is a 

promising candidate molecule for the curing of prostate cancer disease. 

1.9 Drug combination roles 

Drug combinations are considered the most common strategy to improve treatment 

results, and this strategy has been used in the treatment of severe diseases such as cancer 

and AIDS. Through combined applications of different drugs, clinicians aim to find 

synergistic treatment effects, possible reduction of toxicity, and suppression or 

postponement of the possible development of drug resistance (176). Drug combination 

treatment includes at least two or more drugs given in a single dosage form at a fixed 

dose. The treatment plan must take into account different physiological variations, 

pharmacokinetic profiles, and drug dosage regimens (177). In cancer treatment, even the 
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same tumour from different patients or the various cells within the same tumours exhibit 

intrinsic heterogeneity. The primary cause of rapid cancer relapse or incurability is 

frequently intrinsic or acquired resistance to a single chemotherapeutic agent due to 

multiple-drug resistance, apoptotic suppression, or enhanced DNA repair (178). 

Therefore, the application of combinational therapy within a therapeutic drug  treatment 

regime has advantages because various medications can target various pathways or gene 

targets, significantly reducing the number of cancer cells that survive the treatment and 

significantly delaying or even eliminating cancer recurrence (179). 

 

1.10 Hypothesis  

In this work, I hypothesise that dmrFABP5, in combination with the currently used 

prostate cancer drugs docetaxel or enzalutamide, may enhance the treatment efficiency 

through a synergic effect. I plan to produce and purify a large quantity of dmrFABP5 to 

use it alone or in combination with the chemotherapeutic agent docetaxel and the anti-

androgen drug enzalutamide. Then, I will evaluate the impact of the combination on the 

tumorigenicity and metastatic abilities of prostate cancer cells DU145, 22RV1 and 

LNCaP by assaying their malignant characteristics in comparison to the treatment with 

each single agent alone. Next, I plan to evaluate the molecular mechanisms involved in 

the possible synergistic interactions by measuring the changes in expression levels of a 

number of the relevant signal transduction factors. To further study the molecular 

mechanism underlying the tumour suppressing activity of dmrFABP5, I intend to 

compare and to analyse the gene expression profiles between the dmrFABP5- treated 

DU145 cells and the untreated control to systematically assess the relevant signal 

transduction pathways induced by dmrFABP5 treatment.  
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1.11 Aim 

This research endeavour is dedicated to addressing the pressing challenge of finding an 

effective treatment for castration-resistant prostate cancer (CRPC). Specifically, our 

main objective is to explore the potential of combination therapy involving dmrFABP5, 

docetaxel, or enzalutamide as a novel treatment strategy for CRPC. 

 

1.12The specific Aims in different phases of the work 

 Producing and purifying sufficient quantity of dmrFABP5 and wtFABP5 with 

the E. coli system. 

 Evaluation and determine the IC50 of dmrFABP5, docetaxel and enzalutamide 

on DU145, 22RV1 and LNCaP cell lines. 

 Conducting experiments to test the suppression effect of dmrFABP5 alone, or 

in combination with docetaxel and enzalutamide respectively on DU145, 

22RV1 and LNCaP cell lines.  

 Evaluating whether the combined treatments of different reagents of DU145, 

22RV1 and LNCaP cells have synergistic effects in suppressing 

tumorigenicity.  

 Studying the molecular mechanism involved in the possible synergic 

interaction by combined treatments. 

 Evaluation of relevant signal transduction pathways induced by dmrFABP5 

stimulation in DU145 cells using RNA profiling.  
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2.1Cell culture 

2.1.1Routine cell culture 

Cell lines were grown in flasks and incubated at 37°C in a humid environment with 5% 

(v/v) CO2. The culture medium was RPMI-1640 supplemented with 10% (v/v) foetal 

bovine serum (FBS), L-glutamine, and 100IU penicillin/streptomycin (PEN-STREP). In 

this work, 4 cell lines, LNCaP, 22RV1, DU145 and PC3-M were grown and used for the 

experimental work. All regular culture media were replaced every other day to ensure 

enough nutrient supply for the cells. Each cell line's authenticity was verified using DNA 

short tandem repeat (STR) profile analysis (both of which are shown in the Appendix). 

The cell culture was routinely checked for mycoplasma contamination by a department 

technician. The Northgene Company verified STR test, the validity of the cells, and the 

certificate for each cell line were supplied in the appendix. 

2.1.2Sub-culture 

Sub-culture of cells was carried out to split the culture into more other flasks when the 

cell density reached 60–80 percent confluence, allowing the cells to continue to grow and 

multiply. After the old medium was aspirated, the flask was washed twice with PBS 

before the sub-culture. A sufficient amount of TrypLE reagent was added to the culture 

flask, incubated for 3-5 minutes in the incubator. The effect of the TrypLE reagent was 

neutralised by the addition of complete medium containing double amount of FBC. After 

3 minutes of centrifugation at 1000 rpm, the cell pellet was collected and re-suspended in 

fresh medium, distributed into 3 fresh flasks, and incubated at 37°C with 5 percent (v/v) 

CO2 in an incubator. 
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2.1.3 Thawing of the cells  

Cells were collected from a storage tank of liquid nitrogen and defrosted in a 37°C water 

bath. The cells were then transferred to a universal tube containing 10 ml of fresh medium 

and centrifuged at 1000 rpm for 3 minutes. After the supernatant was discarded, the cell 

pellet was re-suspended in fresh medium in a cell culture flask, incubated in an incubator 

at 37°C with 5% (v/v) CO2. 

2.1.4 Counting of the cells   

An improved Neuberger double counting chamber haemocytometer was used to count 

the number of cells. Using the procedure outlined in the earlier description, cells were 

removed from the culture flask. After a good mixture, 10μl of cell suspension was added 

to a haemocytometer. Then, under a microscope, cells were counted in squares with four 

corners. The hemocytometer comprises a gridded area with nine 1 x 1 mm (1 mm2) 

squares. Each square is further divided into smaller sections in three directions: 0.25 x 

0.25 mm (0.0625 mm2), 0.25 x 0.20 mm (0.05 mm2), and 0.20 x 0.20 mm (0.04 mm2). 

Additionally, the central square is divided into even smaller 0.05 x 0.05 mm (0.0025 

mm2) squares. The raised edges of the hemocytometer keep the coverslip 0.1 mm above 

the marked grid, ensuring that each square has a precisely defined volume. The following 

equation was used to get the total number of cells in suspension:  

Total number of cells = Average cell count per square × Dilution factor × 104 × Total    

volume (ml). 

2.1.5Freezing of the cells  

When the culture reached 65-85% confluence, cells were washed and detached as 

described in section 2.1.3. The freezing medium, which is complete medium with 0.75 

percent (v/v) DMSO, was used to resuspension the cell pellets. 1 ml of cell suspension 
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was added to each cryogenic vial before it was placed in a Nalgene cryo-preserver box 

with 250 ml of isopropyl alcohol. After spending the night in a -80°C freezer, the box was 

transferred to a liquid nitrogen tank for long-term storage.  

 

2.2Expression and purification of dmrFABP5 and wtFABP5 

2.2.1E. coli cell growth and protein induction 
 

The transfection steps were previously described by Waseem et al (175). A single colony 

of E. coli cells harbouring the expression constructs pQE-32-wtrFABP5 or pQE-32-

dmrFABP5 (InvivoGen, USA) was picked from a selective antibiotic LB agar plate and 

incubated at 37°C overnight in a 50ml flask with 10ml LB medium and 100g/ml 

ampicillin. On the following day, the overnight bacterial culture (10ml) was transferred 

into a 1-liter flask with 250ml of warmed LB broth containing100g/ml ampicillin, and 

inoculated in an obiter incubator shaking at 200 rounds /hour at 37°C until OD600 

reached 0.6 (usually 90-120 minutes). Isopropylthiogalactoside (IPTG) (Sigma, USA) 

was added at a concentration of 1 mM to induce a high level of protein expression. 

Centrifugation at 5000 g for 30 minutes was used to collect the cells, and the pellet was 

stored at -20 °C for the recombinant protein purification. 

2.2.2Recombinant protein purification  
 

The BL21 E. coli cells harbouring the expression plasmid (InvivoGen, USA) were 

purchased with the expression construct. The establishment of the expression construct 

was performed with the procedures described previously by Waseem et al (175). The 

Qiagen Ni-NTA Fast Start Kit was used to purify the recombinant FABP5s produced in 

E. coli cells. With a 6 His-tag antibody conjugated to Ni-NTA agarose in a column, 
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wtrFABP5 and dmrFABP5 (both fused with a 6 His-tag) were isolated from bacterial 

proteins by affinity chromatography. The clean cell lysate supernatant was collected 

following centrifugation at 14,000 g for 30 minutes at 4°C and native lysis buffer in 10 

ml was added to the cell pellet for approximately an hour. In order to confirm the 

existence of relevant His-tag (conjugated with recombinant FABP5) bands, 5 of 

supernatant were collected for SDS-PAGE examination. After that, a Ni-NTA column 

was used to separate the supernatant, and 5 μl of the flow-through fraction were collected 

for additional SDS-PAGE analysis. After that, the column was washed three times with 

4ml native wash buffer. Five μl was taken for each fraction for SDS-PAGE analysis. In 

the column, FABP5 proteins (either dmrFABP5 or wtrFABP5) conjugated to 6His-tagged 

antibody were eluted twice with 1ml native elution buffer. Finally, the presence of the 

band detected on the blot with antiFABP5 antibody confirmed the presence of the 

recombinant protein (dmrFABP5 or wtrFABP5) as shown in Figure 2.1 A and B 
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B 

 

 

 

Figure 2.1 The production and purification of recombinant protein. A) SDS-PAGE 

analysis of the recombinant protein in E. coli cells. The protein marker (M), the whole 

bacterial protein flow throw (FL), the protein wash steps 1 and 3 (W1 and W3), and the 

confirmation of recombinant FABP5 (6 His-taq bound protein) at the final protein 

purification stage as shown in elution section (E). B) Western blot analysis of purified 

recombinant FABP5 detected by monoclonal anti-human FABP5 antibody (HycultR 

Biotech, UK). As shown, E, represented the elution of the recombinant protein.  

2.2.3Dialysis for recombinant protein cleaning 
 

Purified recombinant protein was dialyzed to remove the buffer using a D-Tube dialyzer 

(Merck). Deionized water was used to treat the D-Tube for five minutes. Protein in the 

elusion buffer was then added to the tube after the water had been removed. Tube was 

inserted into pre cold PBS when it was floating on a beaker. The dialysis was carried out 

with gentle stirring in 4°C for 4 hours. Then, the proteins were collected from D- Tube 

and aliquot in Eppendorf. 5 µL of the purified proteins were taken and stored in -20 

freezer for Bradford assay to measure the protein concentration. After that, the proteins 

were flashed with liquid nitrogen and stored immediately in -80 freezer. 

2.2.4Bradford assay for protein measurement 
 

Protein concentration in each sample loaded for Western blot analysis was determined 

using the Bradford assay. Since Coomassie Blue G 250 dye can turn from brown to blue 

  

wtFABP5-E1 wtFABP5-E2  dmrFABP5-E1 

Anti-human FABP5 

    dmrFABP5-E2 
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when protein binds to it, the protein concentration is quantitatively related to the dye 

colour change which can be measured by the changes in light absorbance.   Thus, 

a spectrometer (Biotech, UK) was used to measure the absorbance at 595 nm. Protein 

concentration was calculated by comparing absorbance to a standard curve of serial 

dilutions of a common protein known as bovine serum albumin (BSA) (180). Each protein 

(Figure 2.2) tube of the serial dilutions received 1 ml of Bradford dye after it had been 

filtered through a Whatman paper. Then, transfer the serial dilutions and triplicate 

samples of the cell proteins into a microplate reader. In order to determine unknown 

sample concentrations, a standard linear curve of protein concentration vs. corresponding 

absorbance values was plotted. 

 

Figure 2.2 Standard curves and different transfected cell lines. 

Using linear regression analysis, Standard curves were established for protein. 

plotting absorbance (OD at 570 nm) (Y-axis) against the concentration (X-axis). 
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2.2.5Sodium dodecyl sulphate- polyacrylamide protein gel 

electrophoresis 

 

Proteins are typically separated based on their molecular weight using sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS- PAGE). This method is based on the 

various rates at which proteins migrate across a gel when an electrical field is applied. 

SDS is used to denature the proteins. Protein samples were added to sample loading buffer 

(Laemmli buffer), containing β-mercaptoethanol to prevent the formation of disulphide 

bonds and hence prevent protein aggregation. The sample was heated at 95°C for 10 

minutes, and then treated on ice for 2 minutes before being loaded onto a plate sandwich 

of ready gel supplied by Bio-Rad. The samples in the gel run at 150V for 40 to 60 minutes. 

 

2.2.6Transferring protein from SDS gel into PVDF membrane  
 

Following SDS-PAGE, proteins were transferred from gel to PolyVinylidene DiFluoride 

(PVDF) membrane (Immobilon –P, Millipore USA) using Bio- Rad Mini- Protein gel 

system (Bio-Rad, UK). The transfer of the polyacrylamide gel onto the PVDF membrane 

for immune detection, the polyacrylamide gel and PVDF membrane were placed together 

to form a sandwich and then wrapped by a cassette. Using the following order to create a 

cassette: sponge, filter paper, polyacrylamide gel, PVDF membrane, filter paper and 

sponge. The Bio- Rad filter papers were placed in in1x transfer buffer in cold for five 

minutes. Air bubbles were removed using a roller. The PVDF membrane was placed in 

methanol for two minutes to be activated. After that, it was rinsed in the cold transfer 

buffer before applied into the cassette with the sponge and filter papers.  The transfer was 
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carried out in a 1x cold transfer buffer at 100V, for an hour and ice was used to avoid 

overheating or gel break.  

 

2.2.7Protein detection by immunoblotting 
 

The transferred proteins on membrane was incubated for an hour at room temperature 

with gentle shaking in 20 ml of 5% blocking solution (5 g skimmed milk in 100 ml 

TBST). The membrane then incubated with targeted primary anti-body in a milk-TBS-T 

mixture overnight at 4°C with gentle shaking (Table 2.1). To eliminate the unbound 

primary antibody, wash the membrane 10 minutes for 3 times 1x T-TBS. A secondary 

antibody conjugated with HRP in a milk- TBS-T mixture was applied to the washed 

membrane in the proper concentration (Table 2.1) and incubated at room temperature for 

one to two hours. Following the secondary anti-body incubation, the membrane was 

washed 10 minutes for 3 times with 1x T-TBS. An Immobilon ECL Ultra Western HRP 

Substrate (1ml of Reagent A combined with 1ml of solution B) was applied to the 

membrane to detect and to visualise the bound antibodies for five minutes at room 

temperature. Protein band intensities were measured by densitometry scanning using an 

image analysis device (ChemiDoc MP Imaging System, Bio-Rad, UK). 

To correct any sample loading discrepancies, the PVDF membrane was incubated with 

anti-β-actin. After being blocked by TBS-T milk for 1 hour, the membrane was incubated 

with the anti-β-actin primary antibody in 20 ml milk for 45 minutes. The membrane then 

washed 10 minutes for 3 times with 1x TBS-T each, then incubated with the secondary 

antibody for another 45 minutes (Table 2.1). The membrane was washed three times with 

1x TBS-T then visualised by ECL system as described above. 
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Table 2.1 Antibodies used in detection of recombinant FABP5 

 

 

2.2.8Western blot for molecular mechanism  
 

Western blot technique and ECL reagent were used to detect different proteins in prostate 

cancer cells after the treatments of dmrFABP5, docetaxel and enzalutamide whether 

singly or in combination between dmrFABP5 and docetaxel or enzalutamide at the IC50 

values. WtrFABP5, Sp1 inhibitor (Plicamycin) (MedChemExpress, UK) were used to 

study some molecular mechanism related to the experiments. Also, 22RV1- FABP5 KO 

and DU145- FABP5 KO cells were obtained from Abdulghani Naeem (Ph.D. candidate 

at the same group) for further molecular mechanism investigations.  

Western blot was run as explained previously, primary antibody against AR (Santa Cruz 

Biotechnology) was diluted at 1: 400 and incubated overnight at 4 °C in a cold room with 

the blot with gentle shaking. Next day, the blot was incubated with the secondary Rabbit 

Anti- mouse antibody that was diluted at 1: 10,000 for 2 hours and Imaging analysis 
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system machine (ChemiDoc MP Imaging System Bio-Rad, UK) was used to scan the 

proteins bands. Primary antibodies against Bcl-2, BAX and PPARγ (Santa Cruz 

Biotechnology), Sp1, AR-V7 and BMF (Cell Signalling, UK), p-PPARγ (Ser 112) 

(Thermo Fisher Scientific, UK), VEGF, CAV1, GRPR, EGR1, CRIP2 (Abcam, UK), 

were diluted at different ranges from 1: 200 -1000 and incubated overnight. The primary 

antibody anti β-actin was used to correct possible loading discrepancies. The primary and 

second antibodies used against different proteins and their dilutions were shown in Table 

2.2. 

 

 

 

    Table 2. Antibodies and dilutions 

Protein Primary Antibody Secondary Antibody 

AR Mouse monoclonal 
(1: 400) (Santa Cruz) 

Rabbit Anti-Mouse 
polyclonal HRP 

(1:10,000) 
(DAKO) 

AR-V7 Rabbit polyclonal  
(1: 1000) (Cell 
Signalling)  

Swine Anti- Rabbit 
Polyclonal HRP 

(1:10,000) 
(DAKO) 

Sp1 Rabbit polyclonal  
(1: 1000) (Cell 
Signalling) 

Swine Anti- Rabbit 
Polyclonal HRP 

(1:10,000) 
(DAKO) 

Bcl-2 Mouse monoclonal 
(1: 250) (Santa Cruz) 

Rabbit Anti-Mouse 
polyclonal HRP 

(1:10,000) 
(DAKO) 
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BAX Mouse monoclonal 
(1: 500) (Santa Cruz) 

Rabbit Anti-Mouse 
polyclonal HRP 

(1:10,000) 
(DAKO) 

PPARγ Mouse monoclonal 
(1: 500) (Santa Cruz) 

Rabbit Anti-Mouse 
polyclonal HRP 

(1:10,000) 
(DAKO) 

p-PPARγ (Ser 112) Rabbit polyclonal 

phospho- PPARγ 

(Ser112) (1: 250) 

(Thermo Fisher) 

 
 

Swine Anti- Rabbit 
Polyclonal HRP 

(1:10,000) 
(DAKO) 

VEGFA Rabbit polyclonal  
(1: 1000) (Abcam) 

Swine Anti- Rabbit 
Polyclonal HRP 

(1:10,000) 
(DAKO) 

CAV1 Rabbit polyclonal 
(1:1000) (Abcam) 

Swine Anti-Rabbit 
Polyclonal HRP 

(1:20,000) (DAKO) 
GRPR Rabbit polyclonal 

(1:1000) (Abcam) 
Swine Anti-Rabbit 

Polyclonal HRP 
(1:20,000) (DAKO) 

EGR1 Rabbit monoclonal 
(1:1000) (Abcam) 

Swine Anti-Rabbit 
Polyclonal HRP 

(1:10,000) (DAKO) 
CRIP2 Rabbit polyclonal 

(1:1000) (Abcam) 
Swine Anti-Rabbit 

Polyclonal HRP 
(1:20,000) (DAKO) 

BMF Rabbit monoclonal 
(1:1000) (Cell 
Signalling) 

Swine Anti-Rabbit 
Polyclonal HRP 

(1:20,000) (DAKO) 
β-actin Mouse Monoclonal 

Anti-β-Actin 
(1: 20,000) (Abcam) 

 

Rabbit Anti-Mouse 
(Polyclonal) HRP 

(1: 20,000) (Abcam) 
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2.3Drug preparations and IC50 determinations  

2.3.1Docetaxel preparation and storing   

Ten mg of docetaxel was purchased from (MedChemExpress, UK) in a powder form. 

DMSO was used as solvent. Stock solution was prepared by dissolving 10 mg of 

docetaxel in 1.2 mL of DMSO to obtain 10 mM of docetaxel according to the 

manufacturer’s instructions. To avoid the repeated freezing cycle, the stock solution was 

aliquoted into an 1 ml Eppendorf which was wrapped with foil to protect the docetaxel 

from light and stored in -80oC freezer. At each experiment, one Eppendorf from -80oC 

freezer was thawed and was serially diluted in RPMI 1640 medium contained FBS and 

penicillin/streptomycin, to preparer a working solution with different concentrations. The 

DMSO concentration was considered to be 0.1% or less to minimise the side effect of 

DMSO. 

2.3.2Enzalutamide preparation and storing  

Enzalutamide was purchased from (MedChemExpress, UK) as 10 mg lot. It was dissolved 

in 2.1 mL of DMSO to get 10 mM stock solution. Working solution preparation and 

storing process same as that for docetaxel. 

2.3.3Half maximum inhibitory concentration (IC50) of dmrFABP5, 

docetaxel and enzalutamide 

Docetaxel, enzalutamide and dmrFABP5 were prepared in the way described above and 

were used at different concentrations to determine the IC50 the viability of the cells. 

Docetaxel concentration was ranged from (0.001 nM to 200 nM); enzalutamide (0.001 

µM to 100 µM); dmrFABP5 (0.05 µM to 20 µM). DU145, 22RV1 and LNCaP were 

plated in 96- well plate and cell numbers from each cell lines were accounted. The cell 
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lines were treated by each compound for 72h. IC50 was calculated by Graphpad Prism 

software. All control groups were treated with 0.1% of DMSO.  

2.3.4The combination treatment of dmrFABP5 with docetaxel or 

enzalutamide 

To test the possible synergistic effect produced by dmrFABP5 to docetaxel or 

enzalutamide, all compounds were prepared as working solutions. DmrFABP5 was 

combined with docetaxel or enzalutamide with different non- constant concentration 

ratios as a fixed concentration of dmrFABP5 at the IC50 value combined with different 

concentrations of docetaxel or enzalutamide. Fixed concentrations of docetaxel or 

enzalutamide at their IC50 values of cell viability combined with different concentrations 

of dmrFABP5. Different concentrations of dmrFABP5, docetaxel and enzalutamide alone 

were prepared more or less than the IC50 values. The combination index (CI) is a 

quantitative measure used to assess the interaction between two or more drugs in 

combination therapy. It provides insights into the synergistic, additive, or antagonistic 

effects of the drug combination. The CI value is calculated based on the dose-response 

relationship, combining different concentrations of the drugs, and comparing the 

observed effect with the expected effect based on individual drug responses. A CI value 

less than 1 indicates synergism, suggesting that the combined effect is greater than the 

sum of individual effects. A value of 1 indicates additivity, while values greater than 1 

suggest antagonism, where the combined effect is less than expected. The synergistic 

interaction was assessed according to Chou- Talalay with CompuSyn software to 

calculate combination index (CI). Values of <1 were considered to be synergistic and >1 

were antagonism (181).   
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2.4In vitro assays for testing malignant characteristics cells 

2.4.1Assay to test cell viability 

The viability test was performed to examine the effect of dmrFABP5 singly or in 

combination with docetaxel or enzalutamide on PCa cell viability. A cell viability reagent 

kit PrestoBlue® (Thermofisher, UK) was used to perform this assay.  Presto Blue worked 

by measuring the cell metabolic activity to provide accurate data on cell viability in a 

short period of time. It contains Resazurin which is a blue, non-fluorescent molecule that 

chemically converted to red resorufin once this substance penetrates live cells. The 

changing colour indicated the live cells viability.  This can be measured with fluorescence 

or absorbance plate readers to quantify cell viability.  

DU145 was plated in 96 well plate, 5000 cells/ well; 10,000 cells/ well for 22RV1 and 

LNCaP. Cells were treated with dmrFABP5 alone or in combination with docetaxel or 

enzalutamide. The combination treatments were prepared according to each agent IC50 

values to examine whether the IC50 combinations produced stronger effect compared to 

each single agent IC50 alone. The control groups were treated with 0.1% DMSO. Medium 

only wells, were considered as the background level. After 72h, the absorbance was taken 

at 570 nm and 600 nm for background using spectrophotometer (Labtech, UK). The cell 

viability tests were performed in triplicate.  

 

2.4.2Cell motility assay 

This test is performed to determine the effect of the combination compared each single 

agent alone on the migration ability of the cells. Culture- insert 2 well µ- Dish (ibidi, 

Germany) was used to assess the migration ability of the cells. The insert consists of two 

wells and there is a wall separated the wells. Cell suspensions were seeded in each well 
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at 8 ×105 cells. After cells attached (24h), the insert was removed, leaving a space of 500 

μM in between.  

Cell culture suspensions were prepared as described previously in the cell culture 

section.  Seventy µl suspension was carefully added to each well. After that, the cells 

were incubated in a cell culture incubator under humidified conditions at 37°C and 5 % 

CO2. After allowing the cells to form a complete monolayer and reach full confluence, 

the insert was carefully removed with sterile tweezers. DmrFABP5, docetaxel and 

enzalutamide were prepared at their IC50 concentrations singly or in combination with 

each of the other reagents which were also prepared at the IC50 concentrations. DMSO 

was used to treat the control group at the concentration of 0.1%.  The plate was examined 

under a microscope (EVOS, Thermo Scientific, UK), and pictures were taken at different 

time points according to each cell aggressiveness to evaluate the gap closure. The photos 

were captured using a microscope, and Image J software was used to quantitatively 

analyse wound gaps. The motility assay was performed in triplicate. The duration of the 

assay was dependent on the cells. The closure of DU145 cells were achieved after 24h of 

the starting point of the experiment whereas 22RV1 and LNCaP cells were achieved after 

72h.  

2.4.3Cell invasion assay 

The cell invasion assay was performed to test the ability of the cells to invade the 

extracellular matrix.  The assay was conducted with an invasion assay reagent kit 

(Invasion Chamber with Corning Matrigel Matrix, Fisher Scientific, UK). The cell 

invasion kit inserts are pre- coated by extracellular matrix. DU145, 22RV1 and LNCaP 

cells were plated in the upper chamber. Matrigel pores (8 μM) enabled invasive cells to 

invade through the pores. Whereas the non- invaded cells were not able to invade through 

the pores. To start the experiment, warm medium was placed on the chambers and 
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incubated at 37°C for two hours. The medium was then removed carefully. RPMI1640 

medium containing FBS and penicillin/streptomycin was added into the lower chamber. 

FBS acts as a chemoattractant for the cancer cells. Cells from DU145, 22RV1 and LNCaP 

were seeded and the 2.5×104/ 500 µL cells were used for each treatment group in serum- 

free medium prepared for the control group and all treatment groups. The cells were 

placed on the upper chamber. The control groups were treated with DMSO at the 

concentration of 0.1%. DmrFABP5, docetaxel and enzalutamide were prepared at the IC50 

concentrations singly. The combination groups were prepared by combining the IC50 

concentration of dmrFABP5 with that of docetaxel or that of enzalutamide, respectively. 

The next day, cells that did not pass through the membrane were gently scrubbed out of 

the top chamber using a cotton swab, and the invaded cells that had passed through the 

membrane were stained with crystal violet and counted under a microscope (EVOS, 

Thermo Scientific, UK). The invaded cells were counted from 9 magnified areas selected 

randomly. All cells were treated for 24h.  

2.4.4Anchorage independent cell growth (soft agar assay) 

The soft agar assay experiment was performed to test the synergic effect of the 

dmrFABP5 to docetaxel or enzalutamide on the colony formation ability (as a sign of 

tumorigenicity). The experiment was conducted in 6-well plates that had been pre-coated 

with 2 ml of 1% (w/v) low melting agarose in regular culture media. The mixture was 

then refrigerated for 25 minutes to solidify before use. As described previously, cells 

from DU145, 22RV1 and LNCaP were grown in a culture flask to 60–80% confluence, 

and suspended in RPMI complete cell culture medium. Low melting agarose (0.5%) was 

prepared in regular culture medium and was used to seed and mixed with the treatment 

mixtures.  The cells at 5x 104 for DU145, 22RV1 and LNCaP were mixed with a different 

treatment contents and mix it with the semi solid 0.5% agarose in complete medium. 
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The control groups treated with 0.1% of DMSO, each single agent alone at the IC50 

concentration and the combination groups.  The plates were then placed in the refrigerator 

for 20 minutes until hardened. The plates were then incubated for 3 weeks at 37°C and 

5% CO2. To prevent drying out and to make sure the cells had enough nutrients, 250 μl 

of the medium containing 0.1% of DMSO for the control groups or medium containing 

all treatment required were used. At the end of the experiment, the plates were stained 

and treated with MTT at a concentration of 0.5 mg/ml and incubated for 4 hours at 37°C 

with 5 percent CO2. DU145 and 22RV1 colonies larger than 250μm and colonies larger 

than 150 μM in LNCaP were counted using a GelCount (Oxford Optronix, UK). DU145 

, 22RV1 and LNCaP cells were incubated for 21 days.  

2.5RNA- profile analysis 

2.5.1Cell preparation  

To study the molecular mechanisms on how dmrFABP5 works inside the cancer cells, 

RNA expression profiles were analysed and compared between the dmrFABP5 treated 

DU145 cells and the untreated control cells.  The control cells and the dmrFABP5 treated 

cells at the IC50 concentration were cultured in an incubator for 24h. Next day, the cells 

were collected in different Eppendorf vials, flashed in liquid nitrogen and stored 

immediately in dry ice. The cells were packaged and sent to Genewiz, Germany company 

for the RNA sequence analysis. When it is needed, quantification of the expression 

profiling and transcript quantification were performed with Poly(A)-seq-based technique.  

2.5.2RNA extraction 

Total RNA was isolated from frozen cell pellets using the Qiagen RNeasy Mini kit 

(Qiagen, Hilden, Germany), following the manufacturer’s instruction.  
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2.5.3RNA library preparation  

Total RNA was isolated from frozen cell pellets using the Qiagen RNeasy Mini kit 

(Qiagen, Hilden, Germany), following the manufacturer’s instruction.  

Qubit 2.0 Fluorometer (ThermoFisher Scientific, Waltham, MA, USA) was used to 

measure the quantity of RNA in cell samples, and a 4200 TapeStation (Agilent 

Technologies. Palo Alto, CA, USA) was used to check the RNA integrity. The Qiagen 

FastSelect rRNA HMR kit (Qiagen, Hilden, Germany) was used to prepare the rRNA 

depletion sequencing library. The NEBNext Ultra II RNA library preparation kit (NEB, 

Ipswich, MA, USA) for Illumina was used for the RNA sequencing library preparation, 

following the manufacturer’s instructions. In brief, enriched RNAs are fragmented at 94 

°C for 15 minutes and then the first and the second strands of the cDNA were synthesized. 

At the 3'-end, end repairs and adenylation were carried out on cDNA fragments, followed 

by universal adapters   ligated to fragments. Then, index addition and library enrichment 

were performed with limited PCR cycle figure 2.1. Agilent Tapestation 4200 (Agilent 

Technologies, Palo Alto, CA, USA) was used to validate sequencing of libraries, and 

Qubit 2.0 Fluorometer (ThermoFisher Scientific, Waltham, MA, USA) and quantitative 

PCR (KAPA Biosystem, Wilmington, MA, USA) were used for quantification. Following 

the Illumina NovaSeq 6000 instrument manufactures instructions, the flowcell was used 

for the sequencing libraries multiplexed and loaded, and 2x150 Pair-End (PE) 

configuration v1.5 was used to sequence all samples. Base calling and image analysis 

were performed using NovaSeq Control Software v1.7). The raw sequence data files 

generated by Illumina NovaSeq as bcl file then converted into fastq files and after that 

de-multiplexed by the 2.20 version of bcl2fasq program. Index sequence identification 

was only allowed one mismatch. 
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2.5.4RNA sequence data analysis 

After confirming the raw data quality, Trimmomatic v.36 was used to trim the sequence 

reads to eliminate possible adapter sequences as well as nucleotides with poor quality, 

then the trimmed reads were mapped to the Homo sapiens reference genome which is 

available on ENSEMBL by STAR aligner v.2.5.2b. The STAR aligner considers as a 

splice aligner which can detect splices junctions that can facilitate align whole reads 

sequences. As a result, BAM files produced. Feature Counts that in Subread package 

v.1.5.2 used to count the gene hits and the unique reads that take place within the exon 

were only counted.   The downstream differential gene expression was analyzed using the 

gene hit counts table. DESeq2 was used to compare the different gene expression between 

all sample groups. P- Value and Log2 fold changes were performed by the Wald test. For 

each comparison, P-value <0.05 and log2 fold changes >1 were regarded as differentially 

expressed genes. GeneSCF software was used to analyze the statistically significance of 

gene ontology. Genes cluster based on their biological process and statistical significance 

were used for the go human GO list. PlotPCA function within DESeq2R package was 

used to perform PCA analysis. In a 2D plane that is spanned by their first two principal 

components, the plot displayed the samples. The plot was produced using the top 500 

genes, ordered by highest row variance. STAR Fusion v.1.1.0 was used to analyze gene 

fusions and to find potential fusion transcripts. The procedures of RNA sequencing via 

rRNA depletion was illustrated in Figure 2.2 and Figure 2.3. 
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Figure 2.2. Illustration of the RNA sequencing via rRNA depletion (182) 
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Figure 2.3. The steps of sequencing analysis, gene expression and gene ontology.  
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2.6 Data analysis 

In this research project, several software tools were utilized to analyze the collected data. 

These included CompuSyn, Microsoft Excel, Image J, and GraphPad Prism 9, which 

played crucial roles in processing and interpreting the experimental findings. 

To assess and compare the results obtained from various experiments, such as cell 

viability, motility, invasion, soft agar, and western blot assays, a Student t-test and one 

way ANOVA were employed. This statistical analysis method enabled the researchers to 

evaluate the significance of observed differences between experimental groups. 

For the comparison of RNA profiles, visually informative representations such as volcano 

plots and heatmap plots were employed. These visualization techniques allowed for a 

comprehensive examination of gene expression patterns and facilitated the identification 

of differentially expressed genes. 

It is important to note that all experiments were conducted in triplicates, ensuring the 

reliability and reproducibility of the findings. This approach involved performing each 

experiment three times (n=3), which helped to minimize the impact of random variations 

and improve the statistical robustness of the results. 

Overall, the utilization of appropriate software tools, statistical analyses, and visualization 

techniques, combined with rigorous experimental design, strengthened the validity and 

accuracy of the research outcomes. 
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Chapter 3  

Result-1: Treatment with dmrFABP5 in combination with docetaxel or 

enzalutamide produced synergistic suppressive effect in prostate cancer cells 
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3.1Introduction 

Previous study in our lab established that FABP5 had a tumour-promoting effect on 

prostate cancer cells. This effect was dependent on FABP5's ability to bind to and to 

transfer fatty acids into cells from intracellular and extracellular sources in order to 

activate their nuclear receptor PPARγ (130,156). Through a binding motif made up of the 

amino acids Arg109, Arg129, and Tyr131, FABP5 binds to medium- and long-chain fatty 

acids with a high affinity. Previous research in our group showed that mutating 2 of the 3 

key amino acids (Arg109 to Ala109 and Arg129 to Ala129) almost completely deprived 

of the FABP5’s capability of binding to fatty acids. In fact, this 2 amino-acid-mutated 

recombinant protein dmrFABP5 is able to inhibit the biological activity of wtFABP5 

(130,152,174,175). The bio-inhibitor dmrFABP5 which work as anti- FABP5, had a 

potent effect in vitro and in vivo. It has been shown that dmrFABP5 work by suppressing 

the singling transduction pathway of FABP5- PPARγ- VEGF in the highly malignant 

prostate cancer cell PC3-M (160,175).  

Docetaxel is a chemotherapeutic agent, extracted from a species of plant called Taxus 

brevifolia (183). The Food and Drug Administration of USA approved docetaxel as a 

drug for cancer treatment in 1996 (184). As an anti-cancer agent, it works by causing 

intracellular damage. Through preventing either the depolymerization or polymerization 

of tubulin dimers  of already created dimmers, they disrupt the balance between 

the  depolymerization or the polymerization of tubulin dimmers (185,186). Docetaxel is 

a clinically available drug, however prostate cancer usually develops resistance to it (99). 

The anti-androgen agent enzalutamide on the other hand, is a second-generation anti-

androgen use to treat PCa (96,97). It can bind to AR in LNCaP prostate cancer cells with 

around five fold more affinity compared to another anti- androgen treatment bicalutamide 

(187). Enzalutamide blocks the binding of androgens to the AR , nuclear translocation of 
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the AR, and interaction of the AR with DNA (188). Although they are frequently used in 

clinical treatment, resistance is inevitable (116,189). 

3.2 Aim of the study 

The aim of this chapter is to explore the potential of dmrFABP5 to enhance the 

effectiveness of two commonly used drugs, docetaxel and enzalutamide, in prostate 

cancer treatment. To achieve this, we will employ the COMPUSYN software, utilizing 

the Combination Index (CI) approach, to evaluate and confirm the synergistic effect 

generated by the combination of dmrFABP5 with the aforementioned drugs. 

The investigation will involve conducting experiments on prostate cancer cell lines to 

assess the combined effects of dmrFABP5, docetaxel, and enzalutamide. By employing 

the CI method, we will determine the interaction between dmrFABP5 and each drug 

individually, as well as the interaction between dmrFABP5 and the drug combinations. 

The COMPUSYN software will analyse the experimental data and generate CI values for 

each drug combination. The CI values provide a quantitative measure of the synergistic, 

additive, or antagonistic effect of the drug combinations. A CI value less than 1 indicates 

synergy, suggesting that the combined treatment produces a more potent effect than the 

sum of the individual treatments. 

By evaluating the CI values, we will determine whether the addition of dmrFABP5 

enhances the efficacy of docetaxel or enzalutamide in prostate cancer cell lines. The 

results will shed light on the potential synergistic interactions between dmrFABP5 and 

these drugs, providing valuable insights into the development of combination therapies 

for prostate cancer treatment. 
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This chapter will contribute to our understanding of how dmrFABP5 can augment the 

therapeutic outcomes of docetaxel or enzalutamide in prostate cancer, potentially 

leading to the identification of novel treatment strategies that improve patient outcomes. 

 

3.3 IC50 of dmrFABP5, docetaxel or enzalutamide in cell viability 

assays with prostate cancer cells 

The half maximal inhibitory concentration (IC50) is a parameter used to assess how 

effective a substance is at blocking a particular biological or metabolic process (190). To 

measure the cell viabilities, the androgen independent prostate cancer cell line DU145, 

androgen responsive cell line 22RV1 and androgen dependent cell line LNCaP were 

cultured to a confluence of 90% and sub-cultured in triplicate in 96 well plate. DU145 

was plated and cultured at 5000 cells/ well; 22RV1 and LNCaP were plated 10,000 cells/ 

well and incubated for 24h in a cell culture incubator. Next day, the stock solution of 

dmrFABP5, docetaxel and enzalutamide were taken from -80 freezer and serially diluted 

at different concentrations in the freshly prepared culture medium. DMSO was prepared 

at a concentration of 0.1% and used for treatment in the control group and for dissolving 

solutions of reagents docetaxel and enzalutamide. Since dmrFABP5 was dissolved in 

PBS, PBS was used to treat its control group. DmrFABP5 concentrations were ranged 

from 0.05 µM to 20 µM for DU145, 22RV1 and ranged from 0.05 µM to 40 µM for 

LNCaP; docetaxel concentrations ranged from 0.001 nM to 200 nM; enzalutamide 

concentrations used for the treatment of DU145 and 22RV1 were ranged from 1 µM to 

100 µM, but for LNCaP the concentrations were ranged from 0.001 µM to 100 µM. After 

all substances were ready to use, the old medium was aspirated from 96 well plates. The 

cells then were treated with each single agent alone with the different concentrations 
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prepared and incubated for 72h. The cell viabilities were evaluated by Presto Blue HS 

(Invitrogen). Presto Blue reagent was added to each well and incubated in cell culture for 

1h, the absorbance reading was measured with a spectrophotometer as described in 2.4.1. 

3.3.1The suppressive effect of dmrFABP5 on the cell viability of 

prostate cancer cells 

The FABP5 inhibitor dmrFABP5 had a potent suppression effect in DU145 and 22RV1 

cells and did not produce any inhibition effect in FABP5 negative cell LNCaP. The IC50 

assessed by GraphPad Prism 9 software. The results were analysed as log concentrations 

µM against the cell viability of control %. The potent inhibitory effect of the bio inhibitor 

dmrFABP5 in FABP5 positive cells, DU145 and 22RV1 produced an IC50 values of 5, 

12 µM respectively as shown in Figure 3.1.  

 

 

 

 

 

 

Figure 3.1.  Determination of the IC50 values of dmrFABP5 in prostate cancer cells. (A) 

DU145 was treated with different concentrations of dmrFABP5 and the IC50 was 5 µM, 

as pointed by the arrow head and blue scattered line. (B) 22RV1 was treated with 

dmrFABP5 at the same concentration range and the IC50 value was 12 µM, as pointed by 

the arrow head. (C) The viabilities of LNCaP cells treated with different concentrations 

of DmrFABP5. No significant effect was observed with any concentrations used. Each 

A B D 
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figure (Y axis ) control %, represented the cell viabilities of the treated control with 

DMOS against the log concentrations. Each experiments were performed in triplicate 

n=3. 

3.3.2The effect of docetaxel on prostate cancer cells growth 

The chemotherapeutic agent docetaxel significantly suppressed the growth of DU145, 

22RV1 and LNCaP. The results showed that the IC50 values were 3, 4, 2.2 nM 

respectively in these cell lines. The IC50 values were calculated by GraphPad Prism 9 

software and analysed as log concentrations nM against the viability of control %. Figure 

3.2 

 

Figure 3.2. The cell viabilities and IC50 of docetaxel treatment on the prostate cancer 

cells. (A) docetaxel inhibited DU145 growth with IC50 value of 4 nM. (B) docetaxel 

inhibited 22RV1 growth with an IC50 value of 3 nM. (C) docetaxel inhibited the growth 

of LNCaP with an IC50 value of 2.2 nM. The arrow heads pointed to the IC50 value. Each 

figure (Y axis ) control %, represented the cell viabilities of the treated control with 

DMOS against the log concentrations. Each experiments were performed in triplicate 

n=3. 

A B C 
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3.3.3The effect of enzalutamide on DU145, 22RV1 and LNCaP growth 

As shown in Figure 3.3, the inhibitory effect of the anti- androgen agent enzalutamide 

was shown on the androgen sensitive prostate cancer cell line LNCaP with the IC50 value 

of 97 nM. Enzalutamide did not inhibit the growth of the androgen-independent prostate 

cancer cell DU145 and the androgen-responsive cell 22RV1. The IC50 result and 

inhibition were calculated by GraphPad Prism 9 software.  

 

Figure 3.3. The effect of enzalutamide on prostate cancer cells. (A) The effect of 

enzalutamide on DU145 cells (B) The activity of enzalutamide on 22RV1 cells. (C) The 

effect of enzalutamide on LNCaP, with IC50 value of 97 nM, as pointed by the arrow head. 

Each figure (Y axis ) control %, represented the cell viabilities of the treated control with 

DMOS against the log concentrations. Each experiment were performed in triplicate n=3. 

 

 

A B C 
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3.4 The assessment of the synergistic effect produced by dmrFABP5 on 

docetaxel  

3.4.1DmrFABP5 enhanced the suppressive effect of docetaxel on DU145  

The cells were treated with 1 of the 2 reagents either alone, in a fixed IC50 concentration, 

or in combination with different concentrations of another reagent for 72h incubated in 

cell culture incubator, as shown in Table 3.1A and 1B. After 72h, the cells were treated 

with Presto Blue HS and the suppressive effect was assess by calculating the Combination 

Index (CI) with the COMPUSYN software (191). As shown in figure 3.4, dmrFABP5 at 

5 µM combined with docetaxel at different concentrations of 3, 0.3, 0.03, 0.003 nM 

respectively, produced synergistic effect (Figure 3. 4A). When fixed concentration of 

dmrFABP5 at 5 µM combined with 3, 0.3, 0.03 nM of docetaxel, the percentage of viable 

cells were 14%, 33%, 52% respectively, while 49%, 54%, 71% respectively for docetaxel 

alone. When docetaxel was used to treat the cells, a fixed docetaxel concentration at its 

IC50 (3 nM), combined with different concentrations of dmrFABP5 at 5, 1, 0.5 µM 

respectively, produced a similar synergistic effect as that produced by dmrFABP5 (Figure 

3 4B). As data analysis showed that the percentage of cell viabilities for fixed 

concentration of docetaxel at 3 nM combined with 5, 1,  0.1 µM of  dmrFABP5 were 19 

%, 40%, 52% respectively while 48%, 62%, 70% respectively for dmrFABP5 alone. The 

maximum suppression significant effect was found when 5µM combined with docetaxel 

at 3 nM, with CI= 0.004. No synergistic effect was found in the combination of 

dmrFABP5 at 5 µM and 0.003 nM of docetaxel, as shown in Table 3.1A. Same negative 

effect was found when combined dmrFABP5 at 0.1 µM and 3 nM of docetaxel with no 

synergistic effect. 
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A    B                                                              

                                                                               

Figure 3.4 Synergistic effects of dmrFABP5 and docetaxel in in suppression of DU145 cells. A). 

Fixed concentration of dmrFABP5 at 5µM combined with different concentrations of docetaxel. 

B). Fixed concentration of docetaxel at 3nM combined with different concentrations of 

dmrFABP5. Each experiment were performed in triplicate n=3. 
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Table 3.1 Results of the synergistic tests on effect of suppressing DU145 cells by 

dmrFABP5 or by docetaxel*. 

(A) Fixed concentarion of dmrFABP5 combined with different concentarions of 

docetaxel 

Cell line Dmr, µM Docetaxel, 

nM 

CI value Relationship  

DU145 5 3 0.007 Synergic 

DU145 5 0.3 0.389 Synergic 

DU145 5 0.03 0.658 Synergic 

DU145 5 0.003 12.17 Antagonism 

 

(B) Fixed concentaion of docetaxel combined with different concenations of 

dmrFABP5 

Cell line Dmr, µM Docetaxel, 

nM 

CI value Relationship 

DU145 0.1 3 2.483 Antagonism 

DU145 0.5 3 0.228 Synergistic 

DU145 1 3 0.163 Synergistic 

DU145 5 3 0.004 Synergistic 
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*The synergistic interaction was assessed according to Chou- Talalay with CompuSyn 

software to calculate combination index (CI). Values of <1 were considered to be 

synergistic and >1 were antagonism (181).  

 

3.4.2DmrFABP5 enhanced the suppressive effect of docetaxel on 22RV1 

The cells were treated with 1 of the 2 reagents either alone, in a fixed IC50 concentration, 

or in combination with different concentrations of another reagent for 72h incubated in 

cell culture incubator, as shown in Table 3.2A and B. After 72h, the cells were treated 

with Presto Blue HS and the suppressive effect was assess by calculating the Combination 

Index (CI) with the COMPUSYN software (191). As shown in figure 3.5, dmrFABP5 at 

10 µM combined with docetaxel at different concentrations of 4, 0.4, 0.04, 0.004 nM 

respectively, produced synergistic effect (Figure 3. 5A). When fixed concentration of 

dmrFABP5 at 10 µM combined with 4, 0.4, 0.04, 0.004 nM of docetaxel, the percentage 

of viable cells were 12%, 28%, 47%, 48% respectively, while 53%, 49%, 64%, 88% 

respectively for docetaxel alone. When docetaxel was used to treat the cells, a fixed 

docetaxel concentration at its IC50 (4 nM), combined with different concentrations of 

dmrFABP5 at 10, 5, 1, 0.5 µM respectively, produced a similar synergistic effect (Figure 

3.5B). As data analysis showed that the percentage of cell viabilities for fixed 

concentration of docetaxel at 4 nM combined with 10, 5, 1,  µM of  dmrFABP5 were 11 

%, 34%, 41% respectively while 50%, 58%, 84% respectively for dmrFABP5 alone. The 

significant maximum suppression effect was found when 10 µM combined with docetaxel 

at 4 nM, with CI= 0.068. No synergistic effect was found in the combination of 

dmrFABP5 at  0.5 µM and 4 nM of docetaxel, as shown in Table 3.2B.   
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Figure 3.5 Reciprocal synergistic suppression effects of dmrFABP5 and docetaxel in 

22RV1 cell. A). Fixed concentration of dmrFABP5 at 10µM combined with different 

concentrations of docetaxel. B). Fixed concentration of docetaxel at 4nM combined with 

different concentrations of dmrFABP5. Each experiment was performed in triplicate n=3. 

The synergistic effect was determined by CI values.  
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Table 3.2 Recipical synergistic effects of  dmrFABP5 and docetaxel  on 22RV1 cells*.  

(A)Fixed concentarion of dmrFABP5 combined with different concentarions of 

docetaxel 

Cell line Dmr , µM Docetaxel, 

nM 

CI value Relationship  

22RV1 10 4 0.068 Synergic 

22RV1 10 0.4 0.618 Synergic 

22RV1 10 0.04 0.812 Synergic 

22RV1 10 0.004 0.719 Synergic 

 

(B) Fixed concentaion of docetaxel combined with different concenations of 

dmrFABP5 

Cell line Dmr, µM Docetaxel, 

nM 

CI value Relationship 

22RV1 0.5 4 7.434 Antagonism 

22RV1 1 4 0.388 Synergic 

22RV1 5 4 0.535 Synergic 

22RV1 10 4 0.072 Synergic 

*The synergistic interaction was assessed according to Chou- Talalay with CompuSyn 

software to calculate combination index (CI). Values of <1 were considered to be 

synergistic and >1 were antagonism (181).  
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3.4.3 The combination effect of dmrFABP5 with docetaxel on LNCaP 

The cells were treated with 1 of the 2 reagents either alone, in a fixed concentration, or in 

combination with different concentrations of another reagent for 72h incubated in cell 

culture incubator, as shown in Table 3.3 A and B. After 72h, the cells were treated with 

Presto Blue HS and the suppressive effect was assess by calculating the Combination 

Index (CI) with the COMPUSYN software (191). As shown in figure 3.6, high 

concentration of dmrFABP5 at 20 µM combined with docetaxel at different 

concentrations of 20, 2, 0.2, 0.02 nM respectively, did not produced synergistic effect 

(Figure 3. 6A). When fixed concentration of dmrFABP5 at 20 µM combined with 20, 2, 

0.2, 0.02 nM of docetaxel, the percentage of viable cells were 39%, 53%, 68%, 85% 

respectively, while  37%, 49%, 67%, 86% respectively for docetaxel alone. When 

docetaxel was used to treat the cells, a fixed docetaxel concentration at its IC50 (2 nM), 

combined with different concentrations of dmrFABP5 at 20, 10, 5, 1 µM respectively, 

did not produced synergistic effect (Figure 3.6B). As data analysis showed that the 

percentage of cell viabilities for fixed concentration of docetaxel at 2 nM combined with 

20, 10, 5, 1 µM of  dmrFABP5 were 55 %, 52%, 56%, 53% respectively while 94%, 95%, 

97%, 95 respectively for dmrFABP5 alone. Docetaxel alone suppressed LNCaP growth 

while dmrFABP5 did not produce any suppression effect of LNCaP. All CI values were 

shown >1 which indicated no synergistic interaction as shown in Table 3.3 A and B.  
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Figure 3.6. Combination treatment between dmrFABP5 and enzalutamide on LNCaP. A. 

Fixed concentration of dmrFABP5 at 20µM combined with different concentrations of 

enzalutamide. B. Fixed concentration of enzalutamide at 100nM combined with different 

concentrations of dmrFABP5. Each experiment were performed in triplicate n=3 
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Table 3.3 Recipical effect of dmrFABP5 and enzalutamide on the gowth of LNCaP 
cells*. 

(A)Fixed concentarion of dmrFABP5 combined with different concentarions of 

docetaxel  

Cell line Dmr, µM Docetaxel, nM CI value Relationship 

LNCaP 20 20 1.855 Antagonism 

LNCaP 20 2 1.126 Antagonism 

LNCaP 20 0.2 1.981 Antagonism 

LNCaP 20 0.02 6.614 Antagonism 

  

(B)Fixed concentaion of docetaxel combined with different concenations of dmrFABP5 

Cell line Dmr, µM Docetaxel, nM CI value Relationship 

LNCaP 20 2 1.126 Antagonism 

LNCaP 10 2 1.129 Antagonism 

LNCaP 5 2 1.281 Antagonism 

LNCaP 1 2 1.002 Antagonism 

 

*The synergistic interaction was assessed according to Chou- Talalay with CompuSyn 

software to calculate combination index (CI). Values of <1 were considered to be 

synergistic and >1 were antagonism (181).  
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3.5 The assessment of the synergistic effect produced by dmrFABP5 on 

enzalutamide 

3.5.1 The effect of dmrFABP5 with enzalutamide on DU145  

The cells were treated with dmrFABP5 or enzalutamide  alone, in a fixed concentration, 

or in combination with different concentrations of another reagent for 72h incubated in 

cell culture incubator, as shown in Table 3.4 A and B. After 72h, the cells were treated 

with Presto Blue HS and the suppressive effect was assess by calculating the Combination 

Index (CI) with the COMPUSYN software (191). As shown in figure 3.7, dmrFABP5 at 

5 µM combined with enzalutamide at different concentrations of 100, 50, 10, 1 µM 

respectively, did not produced synergistic effect (Figure 3.7A). The cell viabilities 

percentage for fixed concentration of dmrFABP5 at 5 µM combined with 100, 50, 10, 1 

µM of enzalutamide were 49%, 57%, 55%, 53% respectively, while 96%, 94%, 95%, 

99% respectively for enzalutamide alone. When enzalutamide was used to treat the cells, 

a fixed enzalutamide  at 100 µM, combined with different concentrations of dmrFABP5 

at 5, 1, 0.5, 0.1 µM respectively, did not produced synergistic effect  (Figure 3.7B). As 

data analysis showed that the percentage of cell viabilities for fixed concentration of 

enzalutamide at 100 µM combined with 5, 1, 0.5, 0.1 µM of  dmrFABP5 were 53 %, 

66%, 71%, 92% respectively while 49%, 63%, 69%, 91% respectively for dmrFABP5 

alone. DmrFABP5 alone suppressed DU145 growth while enzalutamide did not produce 

any suppression effect of DU145. All CI values were shown >1 which indicated no 

synergistic interaction as shown in Table 3.4 A and B.  

 

 



96 
 

                                                                           

                                                                                    

  

Figure 3.7 The effect of dmrFABP5 and enzalutamide in suppression of DU145 cells. A). Fixed 

concentration of dmrFABP5 at 5 µM combined with different concentrations of enzalutamide. 

B). Fixed concentration of enzalutamide at 100 µM combined with different concentrations of 

dmrFABP5. Each experiment were performed in triplicate n=3 

 

 

 

 

 

 

 

 

 

 

 

 

 

A   B 



97 
 

Table 3.4 Recipical effect of dmrFABP5 and enzalutamide on the gowth of DU145 

cells*. 

(A) Fixed concentarion of dmrFABP5 combined with different concentarions of 

enzalutamide. 

Cell line Dmr, µM Enzalutamide, 
µM 

CI value Relationship 

DU145 5 100 1.499 Antagonism 
DU145 5 50 1.693 Antagonism 
DU145 5 10 2.503 Antagonism 
DU145 5 1 1.989 Antagonism 

 

(B) Fixed concentarion of enzalutamide combined with different concentarions of 

dmrFABP5. 

Cell line Dmr, µM Enzalutamide, 
µM 

CI value Relationship 

DU145 5 100 1.369 Antagonism 
DU145 1 100 1.767 Antagonism 
DU145 0.5 100 1.903 Antagonism 
DU145 0.1 100 1.454 Antagonism 
 

*The synergistic interaction was assessed according to Chou- Talalay with CompuSyn 

software to calculate combination index (CI). Values of <1 were considered to be 

synergistic and >1 were antagonism (181).  
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3.5.2 The synergistic effect of DmrFABP5 with enzalutamide on 22RV1 

The cells were treated with either dmrFABP5 or enzalutamide alone, in a fixed  

concentration, or in combination with different concentrations of another reagent for 72h 

incubated in cell culture incubator, as shown in Table 3.5A and B. After 72h, the cells 

were treated with Presto Blue HS and the suppressive effect was assess by calculating the 

Combination Index (CI) with the COMPUSYN software (191). As shown in figure 3.8, 

dmrFABP5 at 10 µM combined with enzalutamide at different concentrations of 50, 10, 

and 5 µM respectively, produced synergistic effect (Figure 3.8A). The percentage of cell 

viabilities of the combination were 16%, 23%, 55%respectively, while  83%, 89%, 93% 

respectively for enzalutamide alone. No synergistic effect when fixed dmrFABP5 at 10 

µM combined with 1 µM of enzalutamide CI= 1.21405. When enzalutamide was used to 

treat the cells, a fixed enzalutamide concentration (10 µM), combined with different 

concentrations of dmrFABP5 at 10, 5 and 1µM respectively, produced a similar 

synergistic effect as that produced by dmrFABP5 (Figure 3.8B). As data analysis showed 

that the percentage of cell viabilities for fixed concentration of enzalutamide at 10 µM 

combined with 10, 5, 1,  µM of  dmrFABP5 were 20 %, 38%, 66% respectively while 

42%, 54%, 74% respectively for dmrFABP5 alone. The maximum suppression effect was 

found when 10 µM combined with enzalutamide at 10 µM, with CI= 0.10383. No 

synergistic effect was found in the combination of dmrFABP5 at 0.5 µM and 10 µM of 

enzalutamide CI= 1.496, although dmrFABP5 alone slightly suppressed the viable cells, 

as shown in Table 3.5B.  
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Figure 3.8 Synergistic effects of dmrFABP5 and enzalutamide in suppression of 22RV1 cells. 

A). Fixed concentration of dmrFABP5 at 10 µM combined with different concentrations of 

enzalutamide. B). Fixed concentration of enzalutamide at 10 µM combined with different 

concentrations of dmrFABP5. Each experiment were performed in triplicate n=3 
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Table 3.5 Results of the synergistic tests on effect of suppressing 22RV1 cells by 

dmrFABP5 or by enzalutamide*. 

(A) Fixed concentarion of dmrFABP5 combined with different concentarions of 

enzalutamide. 

Cell line Dmr, µM Enzalutamide, 
µM 

CI value Relationship  

22RV1 10 50 0.144 Synergistic 

22RV1 10 10 0.108 Synergistic 

22RV1 10 5 0.888 Synergistic 

22RV1 10 1 1.214 Antagonism 

 

 

(B) Fixed concentarion of enzalutamide combined with different concentarions of 

dmrFABP5. 

Cell line Dmr, µM Enzalutamide, 
µM 

CI value Relationship 

22RV1  0.5 10 1.496 Antagonism 

22RV1 1 10 0.861 Synergistic 

22RV1 5 10 0.232 Synergistic 

22RV1 10 10 0.113 Synergistic 

 

 

*The synergistic interaction was assessed according to Chou- Talalay with CompuSyn 

software to calculate combination index (CI). Values of <1 were considered to be 

synergistic and >1 were antagonism (181).  
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3.5.3 The effect of dmrFABP5 with enzalutamide on LNCaP 

LNCaP cells were treated with 1 of the 2 reagents either alone, in a fixed concentration, 

or in combination with different concentrations of another reagent for 72h incubated in 

cell culture incubator, as shown in Table 3.6 A and B. After 72h, the cells were treated 

with Presto Blue HS and the suppressive effect was assess by calculating the Combination 

Index (CI) with the COMPUSYN software. As shown in figure 3.9, high concentration 

of dmrFABP5 at 20 µM combined with enzalutamide at different concentrations of 1000, 

100, 10, 1 nM respectively, did not produced synergistic effect (Figure 3. 9A). The 

percentage of viable cells for this combination were 20%, 51%, 68%, 94% respectively,  

while  21%, 52%, 66%, 93% respectively for enzalutamide alone. When enzalutamide 

was used to treat the cells, a fixed enzalutamide concentration at its IC50 (100 nM), 

combined with different concentrations of dmrFABP5 at 20, 10, 5, 1 µM respectively, 

did not produced synergistic effect  (Figure 3.9B). As data analysis showed that the 

percentage of cell viabilities for fixed concentration of docetaxel at 2 nM combined with 

20, 10, 5, 1 µM of dmrFABP5 were 55 %, 52%, 56%, 53% respectively while 94%, 95%, 

97%, 95 respectively for dmrFABP5 alone. Docetaxel alone suppressed LNCaP growth 

while dmrFABP5 did not produce any suppression effect of LNCaP. All CI values were 

shown >1 which indicated no synergistic interaction as shown in Table 3.6 A and B.  
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Figure 3.9 Combination treatment between dmrFABP5 and enzalutamide on LNCaP. 

Fixed concentration of dmrFABP5 at 20µM combined with different concentrations of 

enzalutamide (A) Fixed concentration of enzalutamide at 100nM combined with different 

concentrations of dmrFABP5 (B). Each experiment were performed in triplicate n=3. 
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Table 3.6 Results of the  tests on effect of suppressing LNCaP cells by dmrFABP5 

or by enzalutamide. 

(A) Fixed concentarion of dmrFABP5 combined with different concentarions of 

enzalutamide. 

 

(B) Fixed concentaion of enzalutamide combined with different concenations of 

dmrFABP5 

Cell line Dmr, µM Enzalutamide, 
nM 

CI value Relationship 

LNCaP 20 100 1.036 Antagonism 
LNCaP 10 100 1.992 Antagonism 
LNCaP 5 100 1.664 Antagonism 
LNCaP 1 100 1.984 Antagonism 

 

 

 

 

 

 

 

 

 

 

 

Cell line Dmr, µM Enzalutamide CI value Relationship 
LNCaP 20 1µM 1.744 Antagonism 
LNCaP 20 100nM 1.026 Antagonism 
LNCaP 20 10nM 3.982 Antagonism 
LNCaP 20 1nM 1.644 Antagonism 
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3.6 Discussion 

The study aimed to determine the half inhibitory concentration (IC50) of different 

compounds, including dmrFABP5, docetaxel, and enzalutamide, in prostate cancer (PCa) 

cell lines (DU145, 22RV1, and LNCaP). IC50 represents the concentration of a drug that 

inhibits 50% of the target biological process. The results revealed that dmrFABP5 had 

IC50 values of 5µM in DU145 cells and 12µM in 22RV1 cells, but it had no significant 

effect on LNCaP cells. Docetaxel exhibited IC50 values of 3nM in DU145 cells, 4nM in 

22RV1 cells, and 2.2nM in LNCaP cells. Enzalutamide did not achieve an IC50 in DU145 

and 22RV1 cells, indicating no significant inhibition, while its IC50 value in LNCaP cells 

was 97nM. 

To evaluate the treatment effect of combining dmrFABP5 with docetaxel to enhance 

suppression activity in different prostate cancer cell lines. In DU145 cells, the 

combination of dmrFABP5 (5 µM) and docetaxel (3 nM) resulted in a maximum 

suppression of 89% with a very strong synergistic effect (CI = 0.00445). Similarly, in 

22RV1 cells, a maximum suppression of 92% was achieved with a significant synergistic 

effect (CI = 0.06834) when suitable concentrations of dmrFABP5 and docetaxel were 

used. However, in LNCaP cells, the combination did not exhibit synergistic interactions 

(CI > 1), despite the significant suppression activity of docetaxel alone. This lack of 

synergy was expected as LNCaP cells do not express FABP5. 

Then dmrFABP5 was used in combination with enzalutamide in different prostate cancer 

cell lines. In DU145 cells, no synergistic effect was observed with the combination, likely 

because DU145 cells were androgen-independent and did not express the androgen 

receptor (AR), which is the target of enzalutamide. Although dmrFABP5 significantly 

suppressed DU145 cell growth, enzalutamide had no significant effect. 
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In 22RV1 cells, a significant enhancement was observed when dmrFABP5 was combined 

with enzalutamide. The combination achieved a maximum suppression of 87% with a 

highly synergistic effect (CI = 0.14490). This suggests that the combination of 

dmrFABP5 and enzalutamide effectively suppressed cell growth in 22RV1 cells. 

In LNCaP cells, no synergistic interaction was observed between dmrFABP5 and 

enzalutamide. While dmrFABP5 did not suppress LNCaP cell growth, enzalutamide 

exhibited significant suppression. This lack of dmrFABP5's action may be attributed to 

the FABP5-negative nature of LNCaP cells, but enzalutamide was able to suppress 

LNCaP cells independently due to their AR-positive status(62). 

These findings suggest that dmrFABP5 specifically targets FABP5-positive cells and has 

no impact on FABP5-negative LNCaP cells. Docetaxel, a potent chemotherapy drug, 

effectively suppressed the growth of all PCa cells. In contrast, enzalutamide, an anti-

androgen drug, failed to inhibit androgen-independent DU145 cells and androgen-

responsive 22RV1 cells, even though the latter expressed androgen receptor (AR). The 

resistance of 22RV1 cells to enzalutamide might be due to the expression of AR-V7, 

lacking the ligand-binding domain (LBD). However, enzalutamide successfully 

suppressed the growth of LNCaP cells, which only expressed AR-FL and lacked AR-V7 

(95,120,123). 
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Chapter 4  

Result-2: The effect of combination treatments on malignant characteristics of 

the prostate cancer cells 
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4.1Introduction 

Previously in our research group, it was confirmed that elavated FABP5 level can be 

associated with a tumour- promoting effect and malignancy of prostate cancer cells by 

the ability to deliver fatty acids wether from intracellular or extracellular to it,s nucler 

receptor (130,156). The chemotheraputic agent docetaxel is a second- generation which 

originate from taxan family (192). The primary fucnction of docetaxel is to bind to beta-

tubuline and increases its proliferation and causes stabilisation of the cell cycle during 

G2/M. It prevents the normal assembly of microtubules into mitotic spinle causing cell 

cycle arrest. Additionally, docetaxel lowers the expression of the BCL2 gene, an anti-

apoptotic gene that cancer cells frequently overexpress in order to increase survival 

(192,193). Enzalutamide on the other hand is a second genetarion androgen receptor 

inhibitor used to treat CRPC (either metastatic and non-metastatic prostate cancer) . 

Despite the fact that, remission of prostate cancer can be achived by using (ADT), 

treatemnt resistance and becoming CRPC is inevitable (194,195).  
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4.2 Aim of the study 

The aim of this chapter is to evaluate the effect of dmrFABP5 in combination with 

docetaxel or enzalutamide treatments on the malignant characteristics of prostate cancer 

cells. Specifically, the chapter focuses on examining the influence of the combination 

treatment on motility, invasion, and colony formation abilities of prostate cancer cells. 

This chapter aims to address the importance of targeting dmrFABP5 in prostate cancer 

treatment, as well as explore the potential synergistic effects when combined with 

docetaxel or enzalutamide. By investigating the impact of these combination therapies on 

the malignant traits of prostate cancer cells, we can gain insights into their efficacy and 

potential therapeutic benefits. 

The chapter will provide a comprehensive evaluation of the effects of the combination 

treatment on various cellular behaviours, including motility, invasion, and colony 

formation. Experimental methods involving cell culture, drug treatments, and functional 

assays will be employed to assess these parameters. The results obtained from this study 

will contribute to a better understanding of the molecular mechanisms underlying prostate 

cancer progression and may uncover novel strategies for combating the disease. 
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4.3 Synergistic action of dmrFABP5 to the treatment drug effect on 

motility of prostate cancer cells 

In order to evaluate the possible enhancement effect produced by dmrFABP5 to current 

treatment drugs on the tumorigenicity of prostate cancer cells, dmrFABP5 was used alone 

or in combination with either docetaxel or enzalutamide to assess its action to the effect 

of these agents on suppressing cancer cell migration. The high ability to migrate is a 

reliable indicator of the metastatic charateristic of cancer cells (196). In this ection of the 

study, motility assay, also known as scratching or wound healing assay, was conducted 

to assess the effect of dmrFABP5 and other agents on the migration behaviour of the 

cancer cells.  The assay was performed with a special culture insert (Ibidi™, Germany). 

DmrFABP5, docetaxel and enzalutamide were used as either a single agent or in 

combination. 

4.3.1 Synergistic action of dmrFABP5 to the effect of docetaxel on motility of DU145 

cells 

DU145 cells growing to 60-80% confulence and harvested, seeded and in Ibidi inserts in 

triplicate for each treatment group, and incubated for 24h. Next day, old medium was 

removed, DMSO was used to treat the control group. The docetaxel concentration that 

used to treat DU145 was 3 nM. For dmrFABP5 treatment group, 5µM was added to cells. 

The dmrFABP5 (5 µM) combined with docetaxel (3 nM) were used to treat the 

combination group. The wound areas were mesured and normalised to measure the effect 

of the combination treatment grorup and each of other groups. Images were taken at three 

different experimental time points (0h, 12h, 24h) to assess the wound closure spaces. 

Results were shown in Figure 4.1. After the treatment with  dmrFABP5 combined with 

docetaxel for 24h, the wound closure space remaind to be the largest among the different 

treatment groups (Figure 4.1A). While the wound in the control group was almost 
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completely healed, docetaxel produced a larger wound clouser healing than dmrFABP5. 

Quantitative analysis of the wound closure spaces (Figure 4.1B) showed that after 12 h, 

63%% of the wound space was closed in the control, whereas 70% and 82% were still not 

closed in the groups treated with docetaxel and dmrFABP5 respectively. But in the 

combined treatment group more than 96%of the wound space was not closed. After 24 h 

treatment, while the wound space was completely healed in the control,  37%, 51% 

(Student’s t-test P<0.01**) and 93% (P<0.0001****) of the wound spaces were not 

closed in docetaxel-, dmrFABP5- and both jointly-treated groups respectively. Thus, 

dmrFABP5 exhibited a greater suppression than docetaxel on wound healing. When cells 

were treated with docetaxel and dmrFABP5 separately, they produced 88% suppression 

in wound healing, wherea when they were combined used to treat the cells, the wound 

healing suppresion effect on cells was increased to 93%, that is 5% higher than the sum 

of the effect produced by the 2 treatments with docetaxel and dmrFABP5 separately.   
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Figure 4.1 The synergistic action of dmrFABP5 to the effect of docetaxel on the 

migartion of DU145 cells. A), the effect on migration of DU145 cells produced by treatments 

of dmrFABP5 and docetaxel either singly or in combination at different experimental time points. 

B), The quantitave assessment as a normalized gap length against time (hours) of different 

treatments. The results (Mean ± SE) was obtained from the measurements of triplicates 

independent data (n=3). The means were compared with Student t-test. P<0.05 was 

regarded as significant.  

4.3.2Synergistic action of dmrFABP5 to the effect of docetaxel on motility of 

22RV1 cells 

The control group was treated with DMSO. Docetaxel at a dose of 4 nM and dmrFABP5 

at the dose of 10μM were utilized to treat 22RV1 cells, either respectively, or in 

combination. The wound space gaps were measured and normalised to assess the 

effectiveness of the different treatments. Images of the wound space gaps obtained at four 

separate experimental time periods (0h, 24h, 48h and 72h) were displayed in Figure 4.2A. 

The results of quantitative assessments of the wound space gaps were shown in Figure 4. 

2B. After 24h, 66% of the wound in control group remained not closed wherase 77%, 
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79%, 96% of wounds were not healed for docetaxel-, dmrFABP5- and the combination 

treatments, respecteivley. After 48h, the unclosed wound space gaps in the control cells, 

and in cells treated with docetaxel, dmrFABP5 and the combination of both were 49%, 

70%, 69% and 92%, respectively. The wound gap in cells treated with dmrFABP5 

combined with docetaxel (Figure 4.2A) remainded to be larger than that in either cells 

treated with a single agent.  After 72h (Figure 4.2B), the control gap was 20%, wherease 

either docetaxel or dmrFABP5 treatment produced very similar inhibitions in wound 

closure by 37% and 40%  (P<0.01**) respectively. The synergistic effect produced by 

the combined treatment inhibited the wound closure space by 89% (P<0.0001****). 

Thus, the synergistic activity of dmrFABP5 to docetaxel induced 12% more suppressive 

effect on the migration ability of 22RV1 cells than the sum of the effect produced by each 

single agent treatment alone. 
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Figure 4.2 The synergistic action of dmrFABP5 to the effect of docetaxel on the 

migartion of 22RV1 cells. A), the effect on migration of 22RV1 cells produced by treatments 
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of dmrFABP5 and docetaxel either singly or in combination at different experimental time points. 

B), Quantitave assessment of normalized gap length against time (hours) of different treatments. 

The result (Mean ± SE) was obtained from the measurements of triplicates indepenedt 

expermints data( n=3). The means were compared with Student t-test. P<0.05 was 

regarded as significant.  

 

4.3.3 The effect of dmrFABP5 combined with docetaxel in motility on 

LNCaP 

The results of the wound healing assay on the effect of dmrFABP5 along or combined 

with docetaxel on motility of LNCaP cells were shown in Figure 4.3. Images of the he 

wound space gaps taken at four separate experimental time periods (0h, 24h, 48h and 72h) 

were shown in Figure 4.3A.  The concentarion of docetaxel that was used to treat LNCaP  

was 2nM, wherease 20μM dmrFABP5 was used to treat the cells. The combination group 

was treated with dmrFABP5 (20μM) combined with docetaxel (2 nM). Quantitative 

analysis of wound closure spaces (Figure 4.3B) showed that after 24h, 72% of control 

wound space was not closed while the unclosed spaces for docetaxel, dmrFABP5 and 

combination were 91% ,69% and 87% resepectevily. The wound space gaps in control 

and in dmrFABP5 treated cells were almost the same after 48h at 53% and 50% 

respectively, while those remianed 81% and 79% for docetaxel treated cells and both 

jointlt-treated cells, respectinely. At the end of expermint (after 72h), the wound was 

almost completely healed in the control cells and dmrFABP5 treated cells with space gaps 

of only 3% and 4% (P>0.05) respectively. The wound space gap in docetxel treated cells  

was 69%, and that in the cells treated by the combintion of docetaxel and dmrFABP5 was 

65%, very similar to that in docetaxel treated cells (P<0.0001****). Thus, dmrFABP5 

did not enhance the effect of docetaxel since the wound space gap in combinedly treated 
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cells  was not significantly  (student t-test, P>0.05) different from that in cells treated with 

docetaxel alone. 

 

 

B 

Figure 4.3 The activity of dmrFABP5 to the effect of docetaxel on the migartion of 

LNCaP cells. A). Images of the wound healing space gaps in LNCaP cells produced by 
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treatments of dmrFABP5 and docetaxel either singly or in combination at different 

experimental time points. B). The quantitave assessment as a normalized gap length 

against time (hours) of the different treatments. The result (Mean ± SE) was obtained 

from the three independent measurements of triplicates data (n=3).. The means were 

compared with Student t-test. P<0.05 was regarded as significant.  

 

4.3.4 The action of dmrFABP5 to the effect of enzalutamide on motility of DU145 

cells 

The results of the wound healing assay on DU145 cells were shown in Figure 4.4.  DMSO 

was used to treat the control cells. The concentration of the anti-androgen drug 

enzalutamide used  to treat DU145 cells was 100 μM. The concerntration of dmrFABP5 

used to treat the DU145 cells was  5µM. The cells were also treated by dmrFABP5 (5 

µM) combined with enzalutamide (100 μM). Images of the wound space gaps taken at 

three different experimental time points (0h, 12h, 24h) were shown in Figure 4.4A. 

Quantitative analysis of the wound closure spaces (Figure 4.4B) showed that after 12 h, 

the space gaps in control cells and cells treated with enzalutamide were 46% and 47% 

respectivley; those in cells treated with dmrFABP5 and with the combination of both 

agents were 89% and 90% respectively. After 24h, the space gaps in the control cells and 

cells treated with enzalutamide were completely closed (P>0.05),  those in cells treated 

with dmrFABP5 and in cells treated with a combination of both agents were 78% and 

76% (P<0.0001****), respectivley. Thus enzalutamide did not have suppression on the 

size of the wound gaps and dmrFABP5 did not exhibite any additional effect on the 

activity of enzalutamide (P>0.05). 
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B 

Figure 4.4 The effect of dmrFABP5 alone or combined with enzalutamide on the 

migartion of DU145 cells. A). Images of the wound healing space gaps in DU145 cells with 

different treatments at different experimental time points. B). Quantitave assessment as a 
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normalized gap length against time (hours). The result (Mean ± SE) was obtained from the 

measurements of triplicates independent expermints data (n=3). The means were 

compared with Student t-test. P<0.5 was regarded as significant.  

4.3.5 Synergistic action of dmrFABP5 to the effect of enzalutamide on 

motility of 22RV1 cells 

The results of the wound healing assay of testing the synergistic action of dmrFABP5 to 

the effect of enzalutamide on motility of 22RV1 cells were shown in Figure 4.5. The cells 

in the control was treated with DMSO. The concerntrations of Enzalutamide and 

dmrFABP5 used to treat the cells were 10 μM and 10μM, respectively. The wound 

healing gap images (figure 4.5A) from cells treated with Ezalutamide, dmrFABP5 or a 

combination of both were taken at four separate experimental time periods (0h, 24h, 48h 

and 72h). Quantitave analysis (Figure 4.5B) showed that after 24h of the treatment, the 

wound gaps in control cells and the cells treated with enzalutamide were 74% and 76% 

respecteviley. Those in cells treated with dmrFABP5 and with a combination of both 

agents were 88% and 97%, respectively.  At the end of the expermint (after 72h), the sizes 

of wound gaps in control cells and in enzalutamide- treated cells remained to be very 

similar, at 33% and 37%, respectively. Those in cells treated with  dmrFABP5 and with 

a combination of both agents were 69% (P<0.01**) and 91%, respectively. Thus, 

enzalutamide did not produce significantly more suppresion comapred with the control 

(P>0.05). But dmrFABP5 combined with enzalutamide produced the highest suppression 

by 91% (P<0.001***). 
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B 

 

Figure 4.5 The action of dmrFABP5 to the effect of enzalutamide on the migartion of 

22RV1 cells. A). The images of the wound space gaps in 22RV1 cells with different treatments 

at different experimental time points. B). Quantitave assessment as a normalized gap length 

Control Enzalutamid dmrFABP5     Combination 

0 h 

24 h 

48 h 

72 h 
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against time (hours) of different treatments. The result (mean ± SE) was obtained from the 

measurements of three independent expermints data (n=3). The means were compared 

with Student t-test. P<0.5 was regarded as significant.  

 

4.3.6 The effect of dmrFABP5 combined with enzalutamide in motility 

on LNCaP 

The results of the wound healing assay in LNCaP cells were shown in Figure 4.6. The 

control cells were treated with DSMO. The concentrations of enzalutamide and 

dmrFABP5 used to treat the cells were 100 nM  and 20 μM , respectively. The images of 

the wound healing gaps (figure 4.6A) were taken at 4 different experimental time points 

(0h, 24h, 48h and 72h) after the different treatments of the cells. Quantitative analysis of 

wound space gaps (Figure 4.6B) showed that after after 24h, the space gaps in control 

cells and in cells treated with dmrFABP5 were 74% and 71%, resepectively. The cells 

treated with enzalutamide, or enzalutamide combined with dmrFABP5 produced 

significant suppressions on migarion of the LNCaP cells with gaps of 91% and 86%, 

respectively. At the end of experiment (after 72h), the gaps in control and dmrFABP5- 

treated cells were 7% and 9% (P>0.05), respectively, nearly closed. The gaps in cells 

treated enzalutamide with a combination of both agents were 65% and 63% 

(P<0.0001***), resepectively. Thus, dmrFABP5 did not suppress the migartion ability of 

LNCaP cells. The effect in cells jointly treated with the 2 agents was due to the 

suppression activity of enzalutamide.  
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B  

 

Figure 4.6 The effect of dmrFABP5 alone or combined with enzalutamide on the 

migartion of LNCaP cells. A). The wound space gap images taken at different experimental 

time points after the LNCaP cells were subjected to different treatments. B). The quantitave 

assessment as a normalized gap length against time (hours) of different treatments. The result 
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(Mean ± SE) was obtained from the measurements of triplicates different expermints data 

(n=3). The means were compared with Student t-test. P<0.5 was regarded as significant.  

 

4.4 Invasion assay 

To evaluate the possible enhancement effect produced by dmrFABP5 to current treatment 

drugs on tumorigenicity of prostate cancer cells, dmrFABP5 was used alone or in 

combination with either docetaxel or enzalutamide to assess its action to the effect of 

these agents on suppressing the invasion of the cancer cells. 

4.4.1 The enhancement effect of dmrFABP5 to docetaxel on DU145 

invasion   

Different treatments were given to DU145 cells to study the effect on cellular invasive 

ability.  The control cells were treated with DMSO. The concentrations of docetaxel and 

dmrFABP5 used to treat DU145 cells were 3 nM and  5 µM, respectively.  The results of 

the invasion assay were shown in Figure 4.7. The microscopic images of the invaded cells 

from control cells treated with DMSO and from testing cells treated with docetaxel, 

dmrFABP5 and docetaxel plus dmrFABP5, respectively, were shown in Figure 4.7A.  

Quantitative analysis (Figure 4.7B) showed that the average number of invaded cells from 

the control was 449 ±14. The average numbers of invaded cells treated with Docetaxel-, 

dmrFABP5-, and Docetaxel plus dmrFABP5, respectively, were 89 ± 3.2, 68 ± 2.64, and 

9 ± 1.2, respectively, therefore the average invaded cells of the combination were less 

than the difference between docetaxel and dmrFABP5 together table 4.1. Thus, in 

comparison with the control, treatments docetaxel, dmrFABP5 and their combination 

significantly suppressed the invasiveness of DU145 cells (results of statistical analysis 

were shown in table 4.2) by 77%, 79%, and 98%, respectively. Thus, the combination 
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induced greater suppression effect than each compound alone. These data showed that 

the action of dmrFABP5 combined with docetaxel had an enhancment suppression effect 

on suppressing the invasiveness of the DU145 cells (student t-test P<0.0001 ****). 

Table 4.1 Number of invaded cells from different treatment on DU145 invasion 

Treatment groups (DU145) Average number of invaded cells 

(Mean ± SE) 

Control 449 ± 14 

Docetaxel 89 ± 3.2 

dmrFABP5 68 ± 2.6 

Combination 9 ±1.2 

The avergae cell numbers were taken randomly from nine different locations. The 

combination invaded cells were less than the difference of docetaxel and dmrFABP5. 

Table 4.2 Student t-test used to compare the means of the invaded cell numbers 

obtained from different treatments to DU145 cells+ 

Treatment comparison  P value  

C to DOC P=0.0002 *** 

C to dmr P=0.0001 *** 

C to Comb P<0.0001 **** 

DOC to dmr P>0.05 

DOC to Comb P=0.0091 ** 

Dmr to Comb P=0.0008 *** 

 

+ Each experiment was performed in triplicates and the data were presented as Mean ±SE; 

a Student t-test was used to compare the means.  
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 The number of invaded cells for each treatment (control, docetaxel, dmrFABP5 and 

combination) was 449 ± 14), 89 ± 3.28, 68 ± 2.64 and 9 ± 1.2,  respectively. C= Control, 

Docetaxel= DOC, dmrFABP5= dmr and Combination= Comb.  

 

A

 

B 

 

 

Figure 4.7 The enhansment interaction of dmrFABP5 to docetaxel on cell invasion ability 

in DU145. A), the effect on invasion of DU145 cells produced by control and different treatments 
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with dmrFABP5 and docetaxel either singly or in combination. B), The quantitative assessments 

of the invaded cell numbers. The results (Mean ± SE) were obtained from the measurements 

of triplicates independent expermints data (n=3). The means were compared with the 

Student t-test. P<0.05 was regarded as significant.  

 

4.4.2  The enhancement effect of dmrFABP5 to docetaxel on invasion of 

22RV1 

22RV1 cells were treated with DMSO as control and treated with Docetaxel (4 nM), 

dmrFABP5 (10 µM) and a combination of docetaxel and dmrFABP5 to study the effect 

of dmrFABP5 on the suppressing activity of docetaxel. The results were shown in Figure 

4.8. Microscopic images of the invaded cells were shown in Figure 4.8A. Quantitative 

analysis  (Figure 4.8B) showed that the average invaded cell number of the control was 

306 ± 6.88. Both docetaxel and dmrFABP5 significantly inhibited the cell invasion with 

average numbers of invaded cells of 88 ± 3.2, 110 ± 2.6, and with suppression rates of 

71% and 64%, respectively. The  combination treatment induced a greater effect than 

each treatment singly with only 14 ± 1.7 invaded cells and a 93% suppression rate. Thus, 

the combination avergae invaded cell numbers were lower than the difference of both 

docetaxel and dmrFABP5 table 4.3.The Student t-test comparison of means from 

different treatments was shown in table 4.4. The enhancment suppression effect student 

t-test P<0.0001**** 
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Table 4.3 Number of invaded cells from different treatment on 22RV1* 

Treatment groups (22RV1) Average number of invaded cells 

(Mean ±SE) 

Control 306 ± 6.8 

Docetaxel 88 ±3.2 

dmrFABP5 110 ± 2.6 

Combination 14 ± 1.7 

 

*The avergae invaded cell numbers were taken randomly from nine different locations. 

The effect of combination treatment on invaded cells were less than the difference of 

docetaxel and dmrFABP5. 

Table 4.4 Different treatment groups comparisons by Student-test on 22RV1 cells+ 

Treatment comparison  P value  

C to DOC P=0.0001 *** 

C to dmr P=0.0003 *** 

C to Comb P<0.0001 **** 

DOC to dmr P>0.05 

DOC to Comb P=0.0011 ** 

Dmr to Comb P=0.0045 ** 

 

+The average numbers of invaded cells from each treatment (control, docetaxel, 

dmrFABP5 and combination) were (306.66 ± 6.88, 94 ± 3.21, 89.66 ± 2.6 and 22 ± 1.73, 

respectively) from triplicate data presented as mean ±SE; Student t-test was used to 

compare the means. C= Control, Docetaxel= DOC, dmrFABP5= dmr and Combination= 

Comb.  
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B 

 

Figure 4.8 The suppressive effect of dmrFABP5 to docetaxel on the invasion ability of 

22RV1 cells. A), The microscopic images of the invaded cells of control 22RV1 cells and cells 

treated with dmrFABP5, docetaxel, or in a combination of both. B), The quantitative assessment 

of the average numbers of the invaded cells obtained from control cells and cells with different 

treatments. The results (Mean ± SE) were obtained from the measurements of triplicates 
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independent expermints data (n=3).  The means were compared with the Student t-test. 

P<0.05 was regarded as significant.  

4.4.3 The activity of dmrFABP5 to the effect of docetaxel on the 

invasion of LNCaP 

The effect of dmrFABP5 on the suppression activity of docetaxel to LNCaP cells was 

tested with a cell invasion assay. The results of the test were shown in figure 4.9.  DMSO 

was used to treat the control. Docetaxel (2 nM) and dmrFABP5 (20 µM) were used to 

treat the cells either individually or in combination. The microscopic images of the 

invaded cells (shown in figure 4.9A) were taken at the end of the assay (24h). Quantitative 

analysis (Figure 4.9B) showed that the average number (294± 8.55) of the invaded cells 

after dmrFABP5 treatment was similar to that of the control (292 ± 4.2), with no 

significant difference (Student t-test, P > 0.05). Docetaxel treatment significantly 

suppressed the invasion ability of LNCaP by 87% with an average number of (29 ± 4) 

cells invaded. A similar average number (37 ± 5) of invaded cells was found from the 

combination treatment which suppressed the invasion ability of the LNCaP cells by 85% 

Table 4.5. The average number of invaded cells by docetaxel treatment was not 

significantly different from that by the combination treatment (Student t-test, p > 0.05). 

Thus, dmrFABP5 did not suppress the invasion of LNCaP cells and did not enhance the 

suppression effect of docetaxel. The treatment effect was assessed and shown in table 4.6.  
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Table 4.5 Number of invaded cells from different treatment on LNCaP* 

Treatment groups (LNCaP) Average number of invaded cells 

(Mean ±SE) 

Control 292 ± 4.2 

Docetaxel 29 ± 4 

dmrFABP5 294 ±8.5 

Combination 37 ± 5 

 

*Invaded cell numbers were calculated by taking the averaged of random nine different 

locations. 

Table 4.6 The Student-test comparison of different treatment groups on LNCaP cells+ 

Treatment comparison  P value  

C to DOC P<0.0001 **** 

C to dmr P>0.05 

C to Comb P<0.0001**** 

DOC to dmr P<0.0001**** 

DOC to Comb P>0.05 

Dmr to Comb P<0.0001*** 

 

+The table showed average numbers (292± 11, 29 ± 4, 294 ± 21 and 37 ± 5)  of invaded 

cells by different treatments (control, docetaxel, dmrFABP5 and combination), 

respectively. Each experiment was performed in triplicates and the data were presented 

as Mean ±SE; a Student t-test was used to compare the means. *P < 0.05, **P < 0.01, 
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***P < 0.001, ****P<0.0001. C= Control, Docetaxel= DOC, dmrFABP5= dmr and 

Combination= Comb. 

A 

 

B 

 

Figure 4.9. The action of dmrFABP5 to the effect of docetaxel on LNCaP cell invasion 

ability. A), the microscopic images of the invaded LNCaP cells 24 h after the different 

treatments. B), the quantitative assessment of invaded cell numbers. Each result (Mean ± 
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SE) was obtained from the measurements of triplicates independent expermints data 

(n=3). The means were compared with the Student t-test. P<0.05 was regarded as 

significant.  

 

4.5 The effect of dmrFABP5 on the suppressive activity of 

enzalutamide to DU145 invasion 

The androgen-independent DU145 cells was treated with DMSO for control. 

Enzalutamide and dmrFABP5 were used at a concentraion of 100 μM and 5 µM 

respectively either alone or in combination.The results of invasion assay were shown in 

Figure 4.10. The microscpic images of invaded cells from control cells treated with 

DMSO and from treated cells with Enzalutamide, dmrFABP5 and combination of both 

respectively, were shown in Figure 4.10A. Quantitative analysis (Figure 4.10B) showed 

that the average number (425 ± 25.8) of the invaded cells after Enzalutamide treatment 

was  almost similar to that of control (413 ±  20.9) with no significant difference (Student 

t-test P> 0.05). Nearly similar suppression of dmrFABP5 and combination of both agents 

by 80%  and 82% respectivly, with avergae invaded cell numbers ( 27 ± 2.4) and (43 ±  

9.8) respectively table 4.7, with no significant difference (Student t-test P>0.05).  The 

treatment effect assessments were shown in Table 4.8 
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Table 4.7 Numbers of cells different treatments in DU145* 

Treatment groups (Du145) Average number of invaded cells 

(Mean±SEM) 

Control 413 ± 20.9 

Enzalutamide 425 ± 25.8 

dmrFABP5 27 ± 2.4 

Combination 43 ± 9.8 

 

*The table showed the average invaded cell numbers of DU145 after each treatemnt. They 

were calculated by taking the avergae of nine randome loctions of each expermint.  

Table 4.8The Student t-test on the means of the invaded cell numbers after different 

treatments on DU145 cells+ 

Treatment comparison  P value  

C to ENZ P>0.05 

C to dmr P=0.0001*** 

C to Comb P=0.0001*** 

ENZ to dmr P=0.0005*** 

ENZ to Comb P=0.0006*** 

Dmr to Comb P>0.05 

 

+Each experiment was performed in triplicates and the data were presented as Mean 

±SEM; Student t-test was used to compare the means. P<0.05 was reagrded as significant. 
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Degree of significance was presented as number of stars as following: *P < 0.05, **P < 

0.01, ***P < 0.001, ****P<0.0001. The number of invaded cells from each treatment 

(control or C, Enzalutamide or ENZ, dmrFABP5 or dmr,  and combination or Com) was 

413 ± 20.9, 425 ± 25.8, 27 ± 2.4 and 43 ± 9.8, respectively.  

A 

 

B 
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Figure 4.10 The action of dmrFABP5 to enzalutamide on the invasion ability of DU145 

A) The microscopic images of invaded DU145 cells after treatments of dmrFABP5 and 

enzalutamide either singly or in combination. B) Quantitative assessment of the number of cells 

invaded. The results (Mean ± SEM) was obtained from caculations of triplicates 

independent expermints  data (n=3). The means were compared with the Student t-test. 

P<0.05 was regarded as significant.  

 

4.5.1 The enhancement activity of dmrFABP5 to the effect of 

enzalutamide on the invasiveness of 22RV1 cells 

The control 22RV1 cells were treated with DMSO. Concentrations of both Enzalutamide 

and dmrFABP5 used to treat the cells were at 10 µM, respectively, either singly or in 

combination. The result of the invasion assay were shown in Figure 4.11. Microscopic 

images exhibiting different treatment effects on the numbers of invaded cells were shown 

in Figure 4.11A. A quantitative assessment of the invaded cell numbers was shown in 

Figure 4.11B. The number of invaded cells from the control was 292 ±33.  The number 

of invaded cells from Enzalutamide treatment (321 ±10) was not significantly different 

from the control (Student t-test P>0.05), indicating that Enzalutamide did not have an 

effect on cell invasiveness. The number of invaded cells from DmrFABP5 treatment was 

80 ±11 cells, a significant reduction from that from the control by 72% (Student t-test 

P<0.01**). The number of cells from the combination treatment was 8 ± 1.3, a highly 

significant reduction from that of the control by more than 97% (Student t-test 

P<0.0001****) (Table 4.9).  Table 4.10 showed the number of invaded cells for each 

different treatment. 
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Table 4.9 The average numbers of invaded cells from different treatment* 

Treatment groups (22RV1) Average number of invaded cells (mean 

± SE) 

Control 292 ± 33 

Enzaluamide 321 ± 10 

dmrFABP5 80 ± 11 

Combination 14 ± 1.3 

 

 

Table 4.10 The Student t-test on the means of the colonies formation numbers after 

different treatments on 22RV1 cells* 

Treatment comparison  P value  

C to ENZ P>0.05 

C to dmr P=0.0037 ** 

C to Comb P<0.0001 **** 

ENZ to dmr P<0.0001 **** 

ENZ to Comb P<0.0001 **** 

Dmr to Comb P=0.0028 ** 

 

*Each experiment was performed in triplicates and the data were presented as mean ±SE; 

Student t-test was used to compare the means. P<0.05 was reagrded as significant. Degree 
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of significance was presented as number of stars as following: *P < 0.05, **P < 0.01, 

***P < 0.001, ****P<0.0001. The number of invaded cells from each treatment (control 

or C, Enzalutamide or ENZ, dmrFABP5 or Dmr,  and combination or Com) was 292 ± 

33, 321 ± 10, 80± 11 and  8 ± 1.3, respectively.  
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B 

Figure 4.11 The enhansive activity of dmrFABP5 to the effect of enzalutamide on the 

invasive ability of 22RV1 cells.  A), the effect on invasion of 22RV1 cells by treatments of 

dmrFABP5 and enzalutamide either singly or in combination. B), the quantitative assessment of 

invaded cell numbers by the treatments. The results (Mean ± SE) were obtained from the 

assessments of triplicates independent expermints data. The means were compared with 

the Student t-test. P<0.05 was regarded as significant.  

 

4.5.2 The treatment effect of dmrFABP5 to enzalutamide on the 

invasion of LNCaP 

The androgen-dependent LNCAP cells were treated with DMSO and used as a control. 

Enzalutamide (100 nM) and dmrFABP5 (20 µM) were used to treat the cells either singly 

or in combination and the results on cell invasion were shown in Figure 4.12. The 

microscopic images of invaded cells from different treatments were taken at the end of 

✱✱

✱✱✱✱

✱✱✱✱

✱✱

✱✱✱✱



138 
 

the experiment and were shown in Figure 4.12A. Quantitative analysis results (Figure 

4.12B) showed that the average number of invaded cells from the control was 315 ±22 

cells. The average number of the invaded cells from enzalutamide treatment was 60 ± 3, 

a significant reduction (Studen t-test ***P<0.001) from that of the control by 81%. No 

significant suppression was found in dmrFABP5 treated group and invaded cell number 

was 310 ± 42 (Student t-test P>0.05). The combination treatment ended up with 73 ± 9 

invaded cells, a highly significant reduction from that of the control by 77%  (Table 4.11). 

Statistical analysis of mean numbers of the invaded cells from different treatments was 

shown in Table 4.12. 

 

 

Table 4.11 Average invaded cell numbers of different treatment on LNCaP* 

Treatment groups (LNCaP) Average number of invaded cells 

(Mean± SE) 

Control 315 ± 22 

Enzalutamide 60 ±3 

dmrFABP5 310 ± 42 

Combination 73 ±9 
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Table 4.12 The Student t-test on mean numbers of invaded LNCaP cells after different 

treatments* 

Treatment comparison  P value  

C to ENZ P=0.0010 *** 

C to dmr P>0.05 

C to Comb P=0.0010 *** 

ENZ to dmr P=0.0008*** 

ENZ to Comb P>0.05 

Dmr to Comb P=0.0008*** 

 

*Each experiment was performed in triplicates and the data were presented as mean ±SE; 

a Student t-test was used to compare the means. P<0.05 was reagrded as significant. 

Degree of significance was presented as number of stars as following: *P < 0.05, **P < 

0.01, ***P < 0.001, ****P<0.0001. The number of invaded cells from each treatment 

(control or C, Enzalutamide or ENZ, dmrFABP5 or Dmr,  and combination or Com) was 

315± 22, 60 ± 3, 310 ± 42 and  73 ± 9, respectively.  

A 
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B 

 

Figure 4.11 The activity of dmrFABP5 to the effect of enzalutamide on the invasive 

ability of LNCAP cells. A), the effect on invasion of LNCaP cells by respective treatments of 

dmrFABP5 and enzalutamide either singly or in combination. B), The quantitative assessment of 

average invaded cell numbers and the result (Mean ± SE) was obtained from the accounts of 

triplicates independent expermints data (n=3). The means were compared with the 

Student t-test. P<0.05 was regarded as significant.  
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4.6Anchorage independent cell growth (soft agar assay) 

Soft agar assay was emplyed to assess the effect of dmrFABP5 singly or in combination with 

either docetaxel or enzalutamide on prostste cancer cell colony formation abilities which is an 

indication of tumorigenicity.  

4.6.1 The effect of dmrFABP5 combined with docetaxel on the colony 

formation of DU145 

The soft agar assay experiment was performed to test the enhancement effect of the 

dmrFABP5 to docetaxel on the colony formation ability and the results were shown in 

Figure 4.12. The control DU145 were treated with DMSO. Doses of docetaxel and 

dmrFABP5 used in this assay were 3 nM and 5 μM, respectively. For the combined 

treatment, 5 μM of dmrFABP5 combined with 3 nM of docetaxel were jointly used.  

Images of soft agar plates were shown in Figure 4.12A. Quantitative analysis in (Figure 

4.12B) showed that the average number of colonies form in the control were 880 ± 44. 

Average colony numbers in the plates treated with Docetaxel and dmrFABP5 were 

significantly to 144 ± 37, 217 ± 33, respectively (Student t-test P<0.001***). The number 

of colonies form by the cells treated by the combination of docetaxel and dmrFABP5 was 

high significantly reduced to 16 ± 4, as shown in Table 4.13. Thus, dmrFABP5 

significantly enhanced the suppressive effect of docetaxel on DU145 colonies formation 

(Student t-test P<0.0001****) (Table 4.14). 
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Table 4.13 The average numbers of colony formed by Du145 cells after different 

treatments* 

Treatment groups  Average number of colonies (Mean ± 

SE) 

Control 880 ± 44 

Docetaxel 144 ± 37 

dmrFABP5 217 ± 33 

Combination 16 ± 4 

 

Table 4.14 Student t-test on mean numbers of colonies formed by DU145 after different 

treatments* 

Treatment comparison  P value  

C to DOC P=0.0002*** 

C to dmr P=0.0003*** 

C to Comb P<0.0001**** 

DOC to dmr P>0.05 

DOC to Comb P=0.0278* 

Dmr to Comb P=0.0041** 

 

*Each experiment was performed in triplicates and the data were presented as mean ±SE; 

P<0.05 was reagrded as significant. Degree of significance was presented as number of 

stars as following: *P < 0.05, **P < 0.01, ***P < 0.001, ****P<0.0001. C = control, 

DOC = docetaxel, dmr = dmrFABP5 and Comb = combination.  The conoly numbers for 

C, DOC, dmr and Comb were 880.66±44.3, 144.66±37.7, 217±33.6, 16.33±4.37, 

respectively.  
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Figure 4.12 The effect of treatments with dmrFABP5 and docetaxel either singly or 

incombination on number of colonies formed by DU145 cells. A), representative soft agar 

plates showing images of the colonies form by DU145 cells after treatments of dmrFABP5 and 

docetaxel either alone or in combination. B), The quantitative assessment of numbers of colonies 

formed by DU145 cells after different treatments. Results from each treatment were obtained by 

calculating triplicate independent expermints (n=3) data and presented as Mean ± SE. 

4.6.2 The activity of dmrFABP5 to the effect of docetaxel on the colony 

formation by 22RV1 

DMSO was used to treat the control. Doses of docetaxel and dmrFABP5 used to treat the 

22RV1 cells were 4 nM and 10 μM, respectively. The doses were doses were used in 

dmrFABP5 and docetaxel combination treatment. The results of the sift agar assay were 

shown in Figure 4.13. Images of the cell colonies formed in representative agar plates 

after different treatments were shown in Figure 4.13A. Quantitative analysis (Figure 

4.13B) showed that 621± 30 colones were formed in the control. Docetaxel treatment 

produced a significantly greater suppression (Student t-test ***P<0.001) on colony 

formation than dmrFABP5 with 119 ± 11 and 354 ± 28 colones, respectively. DmrFABP5 

combined with docetaxel produced significantly more  suppression (Student t-test 

P<0.0001****) on colony formation with colony number of 18 ± 5 (Table 4.15). 

Therefore, dmrFABP5 enhanced the suppressive effect of docetaxel significantly (Table 

4.16).  
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Table 4.15 The average number of colonies formed by 22RV1 cells after different 

treatments*  

Treatment groups  Average number of colonies (Mean ± 

SE) 

Control 621 ± 30 

Docetaxel 119 ± 11 

dmrFABP5 354 ± 28 

Combination 18 ± 5 

 

Table 4.16 The Student t-test on the mean colony numbers after different treatments+ 

 

+Each experiment was performed in triplicates and the data were presented as mean ±SE; 

P<0.05 was reagrded as significant. Degree of significance was presented as number of 

stars as following: *P < 0.05, **P < 0.01, ***P < 0.001, ****P<0.0001. C = control, 

DOC = docetaxel, dmr = dmrFABP5 and Comb = combination.  The conoly numbers for 

C, DOC, dmr and Comb were, 621.66±30.75, 119.66± 10.75, 354±28, 18±5, respectively.  

 

 

Treatment comparison  P value  

C to DOC P = 0.0001*** 

C to dmr P=0.0030** 

C to Comb P<0.0001**** 

DOC to dmr P=0.0015** 

DOC to Comb P=0.0010** 

Dmr to Comb P =0.0003*** 
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Figure 4.13 The suppressive activity of dmrFABP5 to effect of docetaxel on 22RV1 cell 

colony formation. A), Images of the colonies formed in each representative plate after different 

treatment. B), Quantitative assessments of the number of colonies formed by 22RV1 cells after 
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different treatments. All results were obtained by calculating triplicate independent expermints 

(n=3) assays and presented as mean ± SE. 

4.6.3 The effect of dmrFABP5 alone, or combined with docetaxel on the 

colony formation of LNCaP cell 

The androgen-dependent growth assay was conducted to test effect of different treatments 

and the results were shown in Figure 4.14. DMSO was used to treat the control LNCaP 

cells, 2 nM docetaxel and 20 μM dmrFABP5 and a combination of both at  these 

concentrations were used to traet the cells respectively. Images of cell conoies from a 

representative plate of each treatment were shown in Figure 4.14A. Quantification results 

(Figure 4.14B) showed that dmrFABP5 had no significant suppression effect (Student t-

test P>0.05), and the average colonies number obtained after dmrFABP5 treatment was 

similar to the control as 290 ± 12  and 299  ± 45 respectively. Both docetaxel and 

combination induced the same suppression effect with 62 ± 9 and 69 ± 10 colonies 

respectively, as shown in Table 4.17.  Thus, as shown in Table 4.18, dmrFABP5 did not 

significantly enhance the suppressive effect of docetaxel (student t-test P> 0.05).  

Table 4.17 The average number of colonies formed by LNCaP cells after each 

treatment* 

Treatment groups  Average number of colonies (Mean ± 

SE) 

Control 290 ± 12 

Docetaxel 62 ± 9 

dmrFABP5 299 ± 12 

Combination 69 ± 10 

 



148 
 

 

Table 4.18 The Student t-test on the mean numbers of colonies formed by LNCaP cells 

after different treatments* 

Treatment comparison  P value  

C to DOC P=0.0001*** 

C to dmr P>0.05 

C to Comb P=0.0002*** 

DOC to dmr P=0.0006*** 

DOC to Comb P>0.05 

Dmr to Comb P=0.0008*** 

 

*Each experiment was performed in triplicates and the data were presented as mean ±SE; 

P<0.05 was reagrded as significant. Degree of significance was presented as number of 

stars as following: *P < 0.05, **P < 0.01, ***P < 0.001, ****P<0.0001. C = control, 

DOC = docetaxel, dmr = dmrFABP5 and Comb = combination.  The conoly numbers for 

C, DOC, dmr and Comb were, 290 ±12, 62 ± 9, 299 ± 45, and 69 ± 10, respectively.  
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A  

 

 

B 

Figure 4.14 The combined effect of dmrFABP5 with docetaxel on LNCaP cell colony 

formation. A), images of cell colonies form in the representative plates after treatemnts 

C DOC 

dmr Comb 
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with dmrFABP5, docetaxel, or  a combination of both. B), the quantitative assessment of 

the colony numbers fromed by LNCaP cells after each different treatment. All results 

were obtained from calculating triplicate independent expermints data (n=3) and 

presented as (Mean ± SE). 

 

4.6.4 The activity of dmrFABP5 combined with enzalutamide on the 

colony formation of DU145 

DU145 (control) was treated with DMSO. High dose of enzalutamide at 100 μM was 

used to treat androgen-independent DU145. DmrFABP5 at a concentration of 5 μM was 

utilised for this group. For the combination group, 5 μM of dmrFABP5 combined with 

100 μM of enzalutamide were used. Plates were visulized and shown in Figure 4.15A. 

Quantitative analysis Figure 4.15B showed that, colonies in both control and 

enzalutamide were 743 ± 81 and 778 ± 66 respectively as enzalutamide did not suppress 

the DU145 colony formation (Student t-test P>0.05) Table 20. DmrFABP5 significantly 

inhibited the colony formation of DU145 with 113 ± 9 colones (Student t-test 

P<0.001***). Slight higher colones were found in the combination with 159 ± 12 Table 

4.19. Thus, dmrFABP5 did not poteniate enzalutamide.  
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Table 4.19 DU145 average colonies number after received different treatemnt+ 

Treatment groups  Average number of colonies 

(Mean±SE) 

Control 743 ± 81 

Enzalutamide 778 ±66 

dmrFABP5 113 ± 9 

Combination 159 ± 12 

 

Table 4.20 Student t-test analysis of the means of colons numer of DU145 after 

different treatments* 

Treatment comparison  P value  

C to ENZ P>0.05 

C to dmr P=0.0005*** 

C to Comb P=0.0003*** 

ENZ to dmr P=0.0002*** 

ENZ to Comb P=0.0008*** 

Dmr to Comb P>0.05 

 

*Each experiment was performed in triplicates and the data were presented as Mean ±SE; 

a Student t-test was used to compare the means. P<0.05 was reagrded as significant. 

Degree of significance was presented as number of stars as following: *P < 0.05, **P < 

0.01, ***P < 0.001, ****P<0.0001. Data was assessed as (control, enzalutamide, 

dmrFABP5 and combination) and evaluated as (743.66±80.68), (778.66±66.11), 

(113.66±9.14) and (159±12.49) respectevily. Treatment comparisons appointed as C= 

Control, Enzalutamide= ENZ, dmrFABP5= dmr and Combination= C 
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Figure 4.15 The treatment action of dmrFABP5 plus enzalutamide on colony formation 

in DU145. A), Coloney formation of DU145 produced by either dmrFABP5 or 

enzalutamide alone or in combintion. B), The quantitave assessment illustarated the colonies 
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numbers of each treatment group. All results were performed in triplicate independent 

expermints (n=3) and presented as (Mean ± SE). 

4.6.5 The treatment action of dmrFABP5 to enzalutamide on the colony 

formation abilities of 22RV1 

DMSO was used to treat the control. Enzalutamide was used to treat the cells with 10 μM, 

and dmrFABP5 was utilised at a dose of 10 μM. DmrFABP5 at 10 μM combined with 10 

μM of enzalutamide were utilized for the combination. Colonies shown in (Figure 4.16A). 

Quantitative analysis (Figure 4.16B) showed that the average colonies of control was 614 

± 54 wherase enzalutamide did not significantly effect the tuomur growth with 599 ± 6.75 

(Student t-test P>0.05). DmrFABP5 induced potenial suppression on average colonies 

formation number with 219 ± 19 colones (Student t- test P<0.01**). DmrFABP5 

significantly enhanced  and induced more potent suppression on the growth and the 

average colones number was 23 ± 6 colones (Student t-test P<0.0001****) Table 4.21. 

Student t-test comparisons of the means shown in Table 4.22. Each experiment was 

performed in triplicates and the data was presented as mean ±SE;  Student t-test was used 

to compare the means. *P < 0.05, **P < 0.01, ***P < 0.001, ****P<0.0001. Table 4.8 

showed an illustration of a comparion for all treatemnt groups.  
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Table 4.21 Average coloney formation numbers of 22RV1 after different treatment+ 

Treatment groups  Average number of colonies (mean ± 

SE) 

Control 614 ± 54 

Enzalutamide 599 ± 6 

dmrFABP5 219 ± 19 

Combination 23 ± 6 

Table 4.22Student t-test of the mean of different treatments on the coloney formation 

(22RV1)+ 

Treatment comparison  P value  

C to ENZ P>0.05 

C to dmr P=0.0041** 

C to Comb P<0.0001**** 

ENZ to dmr P=0.0032** 

ENZ to Comb P<0.0001**** 

Dmr to Comb P=0.0018** 

 

+Each experiment was performed in triplicates and the data were presented as mean ±SE; 

a Student t-test was used to compare the means. P<0.05 was reagrded as significant. 

Degree of significance was presented as number of stars as following: *P < 0.05, **P < 

0.01, ***P < 0.001, ****P<0.0001. Data was assessed as (control, enzalutamide, 

dmrFABP5 and combination) and evaluated as (614.33±54.13), (599 ± 6.75), (219± 19) 

and (23.66±5.8) respectevily. Treatment comparisons appointed as C=Control, 

enzalutamide=ENZ, dmrFABP5= dmr and Combination= Comb. 
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Figure 4.16 The enhancment effect of dmrFABP5 to enzalutamide on colony formation 

in 22RV1. A), The effect on coloney formation of 22RV1 either dmrFABP5 or enzalutamide 

alone or in combination. B), The quantitave assessment illustarated the colonies numbers of each 

treatment group. All results were performed in triplicate independent expermints (n=3) and 

presented as (Mean ± SE). 
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4.6.6 The effect of dmrFABP5 to the suppressive effect of enzalutamide 

on the colony formation of LNCaP 

LNCAP was treated with DMSO for control, 100 nM for enzalutamide, 20 μM for 

dmrFABP5 and combining of both with same concentraions mentioned. Different plates 

contained different treatments were shown in Figure 4.17A. Quantifictaion results (Figure 

4.17B) showed that both control and dmrFABP5 colines number were similar 380 ± 21 

and 394 ± 26 respectively and no significant suppression was found from dmrFABP5. 

Both enzalutamide and combination induced same suppression effect with 67 ± 6 and 68 

± 7 colonies respectively (P<0.001***) Table 4.23. Thus, dmrFABP5 did not enhance 

the suppressive effect of enzalutamide student t-test P> 0.05 Table 4.24 

 

Table 4.23 The average colons number of LNCaP* 

Treatment groups  Average number of colonies (Mean ± 

SE) 

Control 380 ± 21 

Enzalutamide 67 ±6 

dmrFABP5 394 ± 26 

Combination 68 ±7 
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Table 4.24 Illustration of Student t-test of the means different treatment on LNCaP in 

soft agar assay* 

Treatment comparison  P value  

C to ENZ P=0.0001*** 

C to dmr P>0.05 

C to Comb P=0.0002*** 

ENZ to dmr P=0.0003*** 

ENZ to Comb P>0.05 

Dmr to Comb P=0.0003*** 

 

*Each experiment was performed in triplicates and the data were presented as mean ±SE; 

a Student t-test was used to compare the means. P<0.05 was reagrded as significant. 

Degree of significance was presented as number of stars as following: *P < 0.05, **P < 

0.01, ***P < 0.001, ****P<0.0001. Data was assessed as (control, enzalutamide, 

dmrFABP5 and combination) and evaluated as (380±21.16), (67±6.6), (394±26.96) and 

(68±7.211) respectevily. Treatment comparisons appointed as C= Control, 

Enzalutamide=ENZ, dmrFABP5= dmr and Combination= Comb. 
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Figure 4.17 The effect of dmrFABP5 combined with enzalutamide on colony formation 

in LNCaP. A), The effect on colony formation of LNCaP either dmrFABP5 or enzalutamide 

alone or in combinatio. B), The quantitave assessment illustarated the colonies numbers of each 

Comb 
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treatment group. All results were performed in triplicate independent expermints (n=3) and 

presented as (Mean ± SE).  

 

4.7 Discussion 

The study conducted by Wassem et al. demonstrated that dmrFABP5 effectively inhibited 

the biological characteristics associated with prostate cancer PCa (175). The study 

investigated the effects of dmrFABP5, docetaxel, and enzalutamide on various prostate 

cancer cell lines. In DU145 cells, the combination of dmrFABP5 and docetaxel 

significantly suppressed cell motility by 93%, which was greater than the sum of the 

effects of each compound alone. However, combining dmrFABP5 with enzalutamide did 

not produce a significant additional reduction in cell motility compared to dmrFABP5 

treatment alone. This suggests that enzalutamide did not affect the migration of AR-

negative DU145 cells. In 22RV1 cells, combining dmrFABP5 with docetaxel resulted in 

a significant suppression of cell migration, while combining it with enzalutamide showed 

an even greater inhibitory effect. In LNCaP cells, neither the combination of dmrFABP5 

with docetaxel nor with enzalutamide enhanced their suppressive effects on cell 

migration. 

Regarding cell invasion, dmrFABP5 enhanced the suppressive effect of docetaxel on 

DU145 cells but did not show additional suppression when combined with enzalutamide. 

In 22RV1 cells, the combination of dmrFABP5 and enzalutamide resulted in a greater 

inhibition of cell invasion compared to either compound alone. However, in LNCaP cells, 

dmrFABP5 did not enhance the suppressive effects of either docetaxel or enzalutamide 

on cell invasion. 
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The anchorage-independent growth, dmrFABP5 enhanced the inhibitory effect of 

docetaxel on DU145 colony formation, but there was no significant enhancement when 

combined with enzalutamide. In 22RV1 cells, combining dmrFABP5 with either 

docetaxel or enzalutamide showed synergistic effects and greater suppression of colony 

formation. However, in LNCaP cells, dmrFABP5 did not significantly enhance the 

suppressive effects of docetaxel or enzalutamide on colony formation. 

Overall, dmrFABP5 showed variable effects when combined with docetaxel or 

enzalutamide in different prostate cancer cell lines, suggesting its effectiveness may 

depend on the specific cellular context and AR expression. 
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Chapter 5  
 

Result-3: The molecular mechanism involved in the  interactions of the 

compounds in prostate cancer cells 
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5.1Introduction 

The elevated expression of FABP5 has been linked to higher proliferation in prostate 

cancer as well as a poor prognosis in patients with the disease due to the dysregulation of 

lipid signalling (161,197). It was recently demonstrated that increased expression of 

oncogenic cytoplasmic FABP5 and nuclear PPARγ in CRPC cells is significantly 

associated. The elevated levels of both proteins were related to an increase in GS and 

were correlated with decreased patient survival (143). It has been established that fatty 

acids transported by FABP5 stimulate PPARγ, resulting in the activation of the FABP5-

PPARγ-VEGF signaling transduction axis, which is a major signaling transduction axis 

pathway in promoting the malignant progression of CRPC cells (156). Previous research  

also demonstrated that inhibition of FABP5 or PPARγ expression by RNA interference 

in CRPC cells decreased in vitro invasiveness and suppressed mouse model 

tumorigenicity (157,159,160). Additionally, our previous group showed that dmrFABP5 

significantly suppressed the protein levels of PPARγ, p-PPARγ and VEGF (160,175). 

The anti-neoplastic agent docetaxel play a significant role in treating prostate cancer by 

blocking the growth of the tumor and help to suppress the cancer prolefration. This drug 

used as a chemotherapy for hormone-refractory metastatic prostate cancer. It,s main 

molecular mehcnism role is hyperstabilasation of microtubules by binding to beta-

tubuline subunit of microtubulie which lead to cell cycle arrest and eventually apoptosis 

(198-200). The anti-androgen drug enzalutamide on the other hand works by blocking the 

androgen supply leading to treating prostate cancer. It is a hormone therapy that treat the 

cancer in advance level when the cancer spread to other parts of the body(188,201). It can 

be givin for CRPC patients  as a part of ADT to treat metastasis CRPC and for patients 

who recently received docetaxel (202). Androgen splice variant 7 has been linked to 

enzalutamide resistance (203). However, over the course of time, it is inevitable that every 
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patient will acquire resistance to the therapy, and their illness will continue to worsen 

(204). 

5.2 Aim of the study 

The primary objective of this chapter is to investigate the molecular mechanisms involved 

in the potent synergistic interaction observed when dmrFABP5 is combined with 

docetaxel or enzalutamide in prostate cancer cells. Prostate cancer is a prevalent 

malignancy, and despite recent advancements in treatment strategies, there is a critical 

need to develop innovative therapeutic approaches to enhance patient outcomes. The 

findings from this study will provide valuable insights into the specific molecular 

pathways modulated by dmrFABP5 in conjunction with docetaxel or enzalutamide, 

leading to a better understanding of their combined therapeutic effects. Ultimately, our 

research aims to pave the way for the development of more effective and personalized 

treatment strategies for prostate cancer patients, with the potential to improve clinical 

outcomes and quality of life. 

 

 

 

 

 

 

 

 



164 
 

5.3 Investigating the molecular mechanism involved in the biological 

activity of dmrFABP5 on the effect of docetaxel on DU145 

5.3.1 The effect of dmrFABP5 alone, or combined with docetaxel on 

PPARγ and p-PPARγ levels on DU145 

The potential effect of dmrFABP5 and docetaxel on PPARγ or phosphorylated PPARγ 

(p- PPARγ) levels in DU145 cells were shown in Figure 5.1.Western blot analyses of the 

expressions of PPARᵧ and p-PPARᵧ in the cells treated with docetaxel, dmrFABP5, and 

the combination of both were  shown in Figure 5.1A and 1C. The results of quantitative 

analysis were shown in Figure 5.1B and D. When the levels in the control were set at 1, 

respectively, the level of PPARγ (0.96 ± 0.02) was not significantly changed by docetaxel 

treatment (P>0.05), but docetaxel treatment significantly (P<0.01**) decreased the level 

(0.75 ± 0.005) of p- PPARγ by 25%. As expected, dmrFABP5 significantly (Student t-

test P<0.001***) decreased the levels of both PPARγ and p- PPARγ by 56% and 35% to 

0.44 ± 0.01 and 0.65 ± 0.01, respectively. The combination treatment induced greater 

suppressions on levels of both PPARγ and p- PPARγ by 78% and 74%, with reduced 

expression levels 0.22 ± 0.007 and 0.26 ± 0.01 respectively. Thus, dmrFABP5 plus 

docetaxel produced higher downregulation effect on both PPARᵧ and p-PPARᵧ than those 

produced by each of the agents used separately (P<0.0001****).  
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Figure 5.1 The effect of dmrFABP5 and docetaxel on expression levels of PPARᵧ and p-

PPARᵧ in DU145 cells.  A) PPARᵧ expression in DU145 cells after each of the different 

treatments. B) Relative PPARγ levels in DU145 cells after each of the different 

treatments. C) p-PPARᵧ expression in DU145 cells after each of the different treatments. 

D) Relative p-PPARγ levels in DU145 cells after each of the different treatments. To 

normalize possible loading errors, anti- β -actin was used to hybridize the blot. The 

intensities of the bands on the blot were subjected to densitometrical scanning and 

analysed with the Image-J software. Each experiment (Mean ± SE) was performed in 

triplicate, the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 
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5.3.2 The enhancement effect of dmrFABP5 to docetaxel on suppressing 

VEGFA expression in DU145 

The bioactivity of dmrFABP5 on the effect of docetaxel on the expression of VEGFA in 

DU145 was measured by Western blot and the results were shown in Figure 5.2.  Western 

blot analysis showed (Figure 5.2A) that in comparison with the control (treated with 

DSMO), treatments of the cells with either docetaxel (3nM), dmrFABP5 (5 μM) 

separately or in combination of both reduced the VEGFA expression. As shown in Figure 

5.2B, when the level of VEGF was set at 1, docetaxel treatment significantly reduced 

(Student t-test P<0.01**), VEGF level by 34% to 0.64 ± 0.025, while dmrFABP5 

produced similar suppressive effect with a relative VEGFA level of 0.6 ± 0.06 which was 

significantly reduced by 40% from that of the control (Student t-test P<0.01**). The 

combination treatment produced a highly significant suppression on VEGFA level by 

65% to 0.35 ± 0.01  (P<0.001***).  

 

 

 

 

VEGFA 
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Figure 5.2 The activity of dmrFABP5 to the effect docetaxel on VEGFA.  A) Western 

blot analysis of VEGFA expression in DU145 cells after different treatments. B) Relevant 

levels of VEGFA after different treatments. To normalize possible loading errors, anti- β 

-actin was used to hybridize the blot. The intensities of the bands on the blot were 

subjected to densitometrical scanning and analysed with the Image-J software. Each 

experiment (Mean ± SE) was performed in triplicate, the error of the mean values were 

calculated and data was obtained from three independent experiments (n=3). 
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5.3.3 The effect of dmrFABP5 combined with docetaxel on Sp1 

expression in DU145 

The control (DU145) was treated with DMSO. Doses of docetaxel and dmrFABP5 used 

to treat the cells were 3 nM and 5 μM, respectively. The effect of treating the cells with 

docetaxel, dmrFABP5, or the combination of both on Sp1 expression was shown in 

Figure 5.3. Western blot analysis of Sp1 expression in DU145 cells after each different 

treatment was shown in Figure 5.3A. When the level of Sp1 in the control cells was set 

at 1 (Figure 5.3B), docetaxel inhibited the expression of Sp1 significantly by 54% to a 

relative level of 0.46 ± 0.07 (Student t-test P<0.001***), whereas the dmrFABP5 

treatment reduced Sp1 level slightly more by 43% to 0.57 ± 0.02 (P<0.01**). The 

combination treatment with both agents high significantly reduced the level of Sp1 by 

88%% to 0.12 ± 0.03 (P<0.0001****). This scale of suppression was more than sum of 

the those obtained by 2 separate treatments, each with one agent.  
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Figure 5.3 The suppressive effect of dmrFABP5 and docetaxel on Sp1 expression in 

DU145 cells.  A) Western blot detection of Sp1 expression in DU145 cells after different 

treatments. B) Relative levels of Sp1 expression in DU145 cells after different treatments. 

Anti-β-actin was used to hybridise the blot to normalize for possible loading errors. The 

intensities of the bands on the blot were subjected to densitometry scanning and analysed 

by Image-J software. Each experiment (Mean ± SE) was performed in triplicate, the error 

of the mean values were calculated and data was obtained from three independent 

experiments (n=3). 
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5.3.4 The effect of dmrFABP5 alone, or combined with docetaxel on Bcl-

2 expression in DU145 cells 

DU145 was treated with DMSO as control. The effect on Bcl-2 expression produced by 

treatment with docetaxel at 3nM, dmrFABP5 at 5 μM, or combination of both, was tested 

and the results were shown in Figure 5.4. Western blot detection of Bcl-2 expression in 

DU145 cells after different treatments was shown in Figure 5.4A. When the level of Bcl-

2 expression in the control was set at 1(Figure 5.4B), the relative level of Bcl-2 after 

docetaxel treatment significantly reduced by 63% to a relative level of 0.37 ± 0.02 

(P<0.001***); while dmrFABP5 treatment produced a significant reduction in Bcl-2 

level by 51% to 0.49 ± 0.04 (P<0.01**). The joint treatment of both compounds reduced 

the Bcl-2 level high significantly (P<0.0001****) by 87% to 0.13 ± 0.3, which was 

similar to the sum of each agent alone.  
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Figure 5.4 The effect of dmrFABP5 and docetaxel on Bcl-2 expression in DU145 cells.  

A) Western blot detection of Bcl-2 expression in DU145 cells after treatment with 

dmrFABP5, docetaxel and combination of both. B) Relative levels of Bcl-2 expression in 

DU145 cells after different treatments. To normalize possible loading errors, anti- β -actin 

was used to hybridize the blot. The intensities of the bands on the blot were subjected to 

densitometrical scanning and were analysed by Image-J software. Each experiment 

(Mean ± SE) was performed in triplicate, the error of the mean values were calculated 

and data was obtained from three independent experiments (n=3). 

 

 

5.3.5 The effect of dmrFABP5 and docetaxel on BAX expression in 

DU145 cells 

DU145 was treated with DMSO as control. The effect of treating DU145 with docetaxel 

(3nM), dmrFABP5 (5 μM), or the combination of both on BAX expression was tested 

and the results were shown in Figure 5.5B. Western blot detection of BAX expression in 
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DU145 cells after different treatments was shown in Figure 5.5A. When the level of BAX 

expressed in the control was set at 1 (Figure 5.5B), the BAX level after the docetaxel 

treatment was significantly increased (P<0.01**) by 183% to 1.83 ± 0.0595; while 

dmrFABP5 treatment produced even a greater increase (P<0.001***) in BAX level by 

263% to 2.63 ± 0.047. The combination  treatment increased significantly 

(P<0.0001****) the level of BAX more than the sum of each agent alone by 330% to a 

relative level of 3.3 ± 0.09.  

 

 

 

B 

Figure 5.5 The effect of dmrFABP5 and docetaxel on BAX expression in DU145 cells. 

A) Western blot detection of BAX expression in DU145 cells after the treatment with 

dmrFABP5 and docetaxel either individually or in combination. B) The relative levels of 
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BAX expressed in DU145 cells after each of the different treatments.  Anti-β-actin was 

used to hybridise the blot to normalize possible loading errors. The intensities of the bands 

on the blot were subjected to densitometry scanning and were analysed by Image-J 

software. Each experiment (Mean ± SE) was performed in triplicate, the error of the mean 

values were calculated and data was obtained from three independent experiments (n=3). 

 

 

5.4 Investigating the molecular mechanism involved in the biological 

activity of dmrFABP5 to the effect of docetaxel on 22RV1 cells 

5.5 The effect of dmrFABP5 alone, or in combination with docetaxel on 

AR or AR-V7 expression in 22RV1 cells 

  The androgen-responsive 22RV1 cells were treated with DMSO as a control. Docetaxel 

and dmrFABP5 were used respectively at 4nM and 10μM either singly or in combination 

to treat the 22RV1 cells to assess the effect on AR or AR-V7 expression. The results were 

shown in Figure 5.6.  The effect of different treatments was detected by Western blot as 

shown in Figure 5.6A. The relative levels of the AR or AR-V7 expression were shown in 

Figure 5.6B. When the level of AR and AR-V7 in the control was respectively set at 1,  

both docetaxel (DOC) (P<0.05*) and dmrFABP5 (dmr) (P<0.05*) significantly reduced 

the level of AR expression by 32% and 22% to 0.68±0.027 and 0.78±0.018 respectively. 

Whereas docetaxel (P<0.001***) and dmrFABP5 (P<0.01**) downregulated the levels 

of AR-V7 by 66%% and 43% to 0.34±0.017 and 0.57±0.030 respectively. The 

combination (Comb) treatment of both compounds promoted a greater suppressive effect 

on both AR and AR-V7 levels by 75% and 92% to 0.25± 0.039 and 0.089±0.006 

respectively (P<0.0001****). 
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Figure 5.6 The effect of dmrFABP5 alone, or in combination with docetaxel on 

expression levels of AR and AR-V7. A) Western blot detection of AR and AR-V7 

expression in 22RV1 cells after different treatments. B) Relevant levels of AR and AR-

V7 after different treatments. To normalize possible loading errors, anti- β -actin was used 

to hybridize the blot. The bands on the blot were subjected to densitometry scanning and 
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analysed by Image-J software. Each experiment (Mean ± SE) was performed in triplicate, 

the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 

. 

 

5.5.1 The effect of treatments with dmrFABP5 alone, or in combination 

with docetaxel on levels of PPARγ and p-PPARγ expressed in 22RV1 

cells 

22RV1 (control) was treated with DMSO, either docetaxel at 4 nM, or dmrFABP5 at 

10μM and a combination of both, and their effect on levels PPARᵧ and p-PPARᵧ was 

detected with Western blot and the results were shown in Figure 5.7. Images of the blot 

after different treatments were shown in Figures 5.7A and C. The results of western blot 

(Figure 5.7B and D) showed that, when the relative levels of PPARγ and p-PPARγ in the 

control were set at 1, docetaxel (DOC) significantly reduced the level of PPARγ by 23% 

to 0.774±0.024  student t-test (P>0.05*) and slightly downregulated p- PPARγ by 19% 

to 0.75±0.045 (P<0.05*), whereas dmrFABP5 (dmr) reduced the expression levels of 

both protein regulators PPARγ (P<0.05*) and p- PPARγ (P<0.001***) by 16% and 61% 

to 0.84±0.010 and 0.38±0.055 respectively. The combination (Comb) treatment produced 

greater reductions (P<0.0001****) both on PPARγ and p- PPARγ levels, which are 

greater than the total reduction produced by the sum of each agent by 37%% and 82% to 

0.62± 0.015 and 0.18±0.037 respectively. 
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Figure 5.7 The suppressive effect of dmrFABP5 and docetaxel on expression levels of 

PPARγ and p-PPARγ in 22RV1 cells.  A) Western blot detection of PPARγ expressed in 

22RV1 cells after different treatments. B) Relative levels of PPARγ in 22RV1 cells after 

different treatments. C) Western blot analysis of p-PPARγ expressed in 22RV1 cells after 

different treatments. D) Relative levels of p-PPARγ in 22RV1 cells after different 

treatments. To normalize possible loading errors, anti- β -actin was used to hybridize the 

blot. The intensities of the bands on the blot were subjected to densitometrical scanning 

and analysed by Image-J software Each experiment (Mean ± SE) was performed in 
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triplicate, the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 

 

5.5.2 The effect of dmrFABP5 alone, or combined with docetaxel on 

VEGFA expression in 22RV1 cells 

The bioactivity of dmrFABP5 to the effect of docetaxel on VEGFA expression in 22RV1 

cells was measured by Western blot and the results were shown in Figure 5.8. Western 

blot analysis showed (Figure 5.8A) that in comparison with the control (treated with 

DMSO), treatments of 22RV1 cells with either 3nM of docetaxel (DOC), 10 μM of 

dmrFABP5 (dmr) separately or in combination reduced the VEGFA expression. 

Quantitative analysis (Figure 5.8B) showed that both docetaxel and dmrFABP5 singly 

had a potent suppressive effect on VEGFA level by 51% and 59% to 0.49±0.077 and 

0.41±0.028, respectively (Student’s t-test P<0.01**). The combination treatment 

produced an almost complete suppression on VEGFA expression by 99.9 % to 0.035± 

0.015 (P<0.0001****).  Thus, dmrFABP5 promoted the suppressive effect of docetaxel.  

 

VEGFA 
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Figure 5.8 The action of dmrFABP5 to the effect docetaxel on VEGFA expression in 

22RV1 cells.  A) Western blot detection of VEGFA expression in 22RV1 cells after 

different treatments. B) Relevant levels of VEGFA in 22RV1 cells after different 

treatments. To normalize possible loading errors, anti- β -actin was used to hybridize the 

blot. The intensities of the bands on the blot were subjected to densitometry scanning and 

the data was analysed with the Image-J software. Each result (Mean ± SD) was obtained 

by 3 separate measurements. Each experiment was performed in triplicate and data was 

calculated from three independent experiments (n=3). 

 

5.5.3 The action of dmrFABP5 alone, or in combination with docetaxel 

on Sp1 expression in 22RV1 cells 

The suppressive effect of the treatments with dmrFABP5 and docetaxel, either singly or 

in combination, on Sp1 expression was shown in Figure 5.9. DMSO was used to treat 

22RV1 cells as control. Docetaxel (DOC) at 3 nM and dmrFABP5 (dmr) at 10 μM were 

used either individually or in combination and the effect was detected by western blot as 
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shown in Figure 5.9A. Quantitative assessments (Figure 5.9B) showed that, when the 

level of Sp1 in the control cells was set at 1, the level of Sp1 in 22RV1 cells after the 

docetaxel treatment was reduced by 82% to 0.35±0.035 (****P<0.0001). The level of 

Sp1 in 22RV1 cells treated with dmrFABP5 was reduced by 37% to 0.6311±0.046 (**P 

< 0.01). The combination of both agents potently reduced Sp1 expression by 89% to 

0.109± 0.009. 
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Figure 5.9 The effect of dmrFABP5 combined with docetaxel on expression levels of 

protein regulators.  A) Western blot of Sp1 expression level in 22RV1 after different 
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treatments. B) Relative levels of Sp1 in 22RV1 cells after different treatments. Anti-β-

actin was used to hybridise the blot to normalize the possible loading errors. The 

intensities of the bands on the blot was densitometrical scanned and the data was analysed 

with Image-J and Prism 9 software. Each experiment (Mean ± SE) was performed in 

triplicate, the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 

 

 

5.5.4 The action of dmrFABP5 singly or in combined with docetaxel on 

Bcl-2 expression in 22RV1 cells 

22RV1 as control (C) was treated with DMSO. The effect on Bcl-2 expression in 22RV1 

cells treated with 4 nM of docetaxel (DOC), 10 μM of dmrFABP5 (dmr), and a 

combination of both agents was assessed and the results were shown in Figure 5.10. 

Images of Western blot detection of Bcl-2 expression in 22RV1 cells after different 

treatments were shown in Figure 5.10A. When the 22RV1 control level was set at 1 

(Figure 5.10B), the relative level of Bcl-2 after docetaxel treatment significantly (**P < 

0.01) reduced by 55% to 0.45±0.049. Whereas treatment with dmrFABP5 reduced Bcl-2 

(*P < 0.05) by 39% to 0.612±0.044. Both compounds in combination (dmrFABP5 with 

docetaxel) reduced the Bcl-2 expression by 86% to 0.138± 0.005 (****P<0.0001) which 

was a higher suppression than any of those obtained by treatment with each agent 

separately. 
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Figure 5.10 The effect of dmrFABP5 combined with docetaxel on expression level of  

anti-apoptotic Bcl-2 in 22RV1 cells.  A) Western blot of Bcl-2 expression in 22RV1 after 

different treatments. B) The quantitative assessment (relative levels of Bcl-2). To 

normalize possible loading errors, anti- β -actin was used to hybridize the blot. The 

intensities of the bands on the blot were subjected to densitometry scanning and analysed 

by Image-J software. Each experiment (Mean ± SE) was performed in triplicate, the error 

of the mean values were calculated and data was obtained from three independent 

experiments (n=3). 
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5.5.5 The effect of dmrFABP5 alone, or combined with docetaxel on 

BAX expression in 22RV1 

22RV1 was treated with DMSO as control. The effect of treating 22RV1 with docetaxel 

(DOC) at 3nM, dmrFABP5 (dmr) at 10 μM, or the combination of both of them on Bax 

expression was investigated and the results were shown in Figure 5.11. The detection of 

Bax in 22RV1 by Western blot after different treatments was shown in Figure 5.11A. The 

level of BAX in 22RV1 as control was set at 1 (Figure 5.11B), the BAX level after 

docetaxel treatment was significantly increased (**P < 0.01) by 184% to 1.84±0.051, 

while dmrFABP5 treatment increased (*P < 0.05) the level of BAX by 140% to 

1.4±0.051. The treatment with a combination of both compounds produced even increase 

on the level of BAX expression (***P < 0.001) by 314% to 3.146± 0.254. 
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Figure 5.11 The effect of dmrFABP5 combined with docetaxel on expression levels of 

protein regulator. A) Western blot detection of Bax expression in 22RV1 cells after 

different treatments. B) Relative levels of Bax in 22Rv1 cells after different treatments. 

Anti-β-actin was used to hybridise the blot to normalize the possible loading errors. The 

intensities of the bands on the blot were subjected to densitometry scanning and the data 

was analysed by Image-J software. Each experiment (Mean ± SE) was performed in 

triplicate, the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 
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5.6 Investigating the molecular mechanism of the biological activity of 

dmrFABP5 to the effect of enzalutamide on 22RV1 cells 

5.6.1 The effect of dmrFABP5 alone, or combined with enzalutamide on 

AR or AR-V7 expression in 22RV1 cells 

The enhancement effect of dmrFABP5 singly or in combined with enzalutamide on AR 

or AR-V7 expression and results were investigated as shown in Figure 5.12. The androgen 

responsive 22RV1 cell was treated with DMSO as control (C), 10 μM of enzalutamide 

(ENZ), 10μM of dmrFABP5 (dmr), or in combination of both treatments. The detection 

of AR and AR-V7 expression by Western blot was shown in Figure 5.12A. The level of 

AR and AR-V7 in 22RV1 cells as a control was set at 1 (Figure 5.12B), the treatment of 

enzalutamide did not significantly suppress AR nor AR-V7 (Student t-test P > 0.05). 

DmrFABP5 significantly downregulated the expression of both AR (*P < 0.05 ) and AR-

V7 (**P < 0.01) proteins by 26% and 59% to 0.743±0.013 and  0.41±0.063 respectively. 

The combination treatment with both compounds produced more downregulation effect 

of both AR and AR-V7 (****P<0.0001) and more than each agent alone by 72% and 

99.5% to 0.28±0.017 and 0.0057±0.0009 respectively. Thus, dmrFABP5 significantly 

enhanced enzalutamide suppressive effect. 
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Figure 5.12 The effect of dmrFABP5 either alone, or combined with enzalutamide on 

expression levels of AR and AR-V7. A) Western blot detection of AR and AR-V7 

expression level in 22RV1 cells after different treatments. B) The relevant levels of AR 

and AR-V7 after utilized of different treatments. To normalize possible loading errors, 

anti- β -actin was used to hybridize the blot. The bands on the blot were subjected to 

densitometry scanning and analysed by Image-J software. Each experiment (Mean ± SE) 

was performed in triplicate, the error of the mean values were calculated and data was 

obtained from three independent experiments (n=3). 
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5.6.2 The effect of treatments with dmrFABP5 alone, combined with 

enzalutamide on levels of PPARγ and p-PPARγ in 22RV1 cells 

22RV1 (control) was treated with DMSO, dmrFABP5 (dmr) at 10 μM, or enzalutamide 

(ENZ) at 10 μM, and a combination (Comb) of both.  PPARγ and p-PPARγ expression 

after different treatments were assessed by using Western blot (Figure 5.13). The images 

of Western blot were shown in Figure 5.13A and C. The relative levels of PPARγ and p-

PPARγ were shown in Figure 5.13B and D.  When relative levels of PPARγ and p-PPARγ 

in the 22RV1 control cells set at 1, enzalutamide produced some changes of the 

expression levels of PPARγ and p-PPARγ to 1.049±0.051 and 0.910±0.018 respectively, 

but these changes were not statistically significant (p>0.05).  DmrFABP5 significantly 

downregulated PPARγ (*P < 0.05) by 23% to 0.77±0.006, and significantly (**P < 0.01) 

downregulated the level of p-PPARγ by 42% to 0.58±0.017. DmrFABP5 combined with 

enzalutamide produced a more significant (***P < 0.001) suppression effect on PPARγ 

and p-PPARγ expression levels by 72% and 73% to 0.284±0.040 and 0.293±0.055 

respectively.    
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Figure 5.13 The effect of dmrFABP5 singly or in combination with enzalutamide on 

expression levels of protein regulators.  A) Western blot of PPARγ expression level in 
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22RV1cells after different treatments. B) Relative quantitative levels of PPARγ. C) 

Western blot of p-PPARγ expression level in 22RV1 cells detected after different 

treatments. D) Relative quantitative levels of p-PPARγ expression. Anti-β-actin was used 

to normalize for possible loading errors. Data analysis for western blot bands were 

analysed by Image-J and quantitative assessments were obtained by using Prism 9 

software Each experiment (Mean ± SE) was performed in triplicate, the error of the mean 

values were calculated and data was obtained from three independent experiments (n=3). 

 

5.6.3 The action of dmrFABP5 singly or combined with enzalutamide 

on VEGFA expression in  22RV1 cells 

DMSO was used to treat 22RV1 cells as control (C), dmrFABP5 (dmr) at 10 μM or 

enzalutamide (ENZ) at 10 μM were used alone or in combination (Comb) of both 

compounds, and results were shown in Figure 5.14. The images of western blot of 

VEGFA expression was shown in Figure 5.14A. When the androgen-responsive 22RV1 

(control) was set at 1 (Figure 5.14B), the relative level of VEGFA after enzalutamide 

treatment was slightly (p>0.05) reduced to 0.95±0.10. But the dmrFABP5 treatment 

significantly (**P < 0.01) suppressed the expression level of VEGFA by 41% to 

0.59±0.063. Both compounds in combination (***P < 0.001) produced a greater 

reduction in VEGFA expression level by 77% to 0.230± 0.032. Thus, dmrFABP5 

promoted the enzalutamide activity.   

 

 

VEGFA 
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Figure 5.14 The action of dmrFABP5 to the effect of enzalutamide on VEGFA 

expression in 22RV1 cells. A) Western blot of VEGFA expression level in 22RV1 cells 

after different treatments. B) Relevant levels of VEGFA in 22RV1. To normalize possible 

loading errors, anti- β -actin was used to hybridize the blot. The intensities of the bands 

on the blot were subjected to densitometrical scanning and the data was analysed with the 

Image-J software. Each experiment (Mean ± SE) was performed in triplicate, the error of 

the mean values were calculated and data was obtained from three independent 

experiments (n=3). 
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5.6.4 The effect of the treatment of dmrFABP5 combined with 

enzalutamide on Sp1 level in 22RV1 cells 

The androgen-responsive 22RV1 cells were treated with DMSO as control (C), 

enzalutamide (ENZ) at 10 μM, dmrFABP5 (dmr) at 10 μM, both compounds in 

combination (Comb), and the results were shown in Figure 5.15. The effect of different 

treatments was detected by western blot as shown in Figure 5.15A. Quantitative results 

(Figure 5.15B) showed that when control was set at 1, the relative level of Sp1 in 22RV1 

after enzalutamide treatment reduced (but was not significantly) (Student t-test P > 0.05) 

to 0.943±0.024. The expression level of Sp1 was significantly (**P < 0.01) reduced after 

dmrFABP5 treatment by 45% to 0.56±0.62. The treatment with a combination of both 

compounds produced more significant (***P < 0.001) reduction by 79% to 0.2139± 

0.031.   
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Figure 5.15 The effect of dmrFABP5 alone, or in combination with enzalutamide, on the 

expression of Sp1 in 22RV1 cells. A) Western blot of Sp1 expression in 22RV1 cells after 

all different treatments. B) Relative levels of Sp1 expression in 22RV1 cells after different 

treatments. To normalize possible loading errors, anti- β -actin was used to hybridize the 

blot. The intensities of the bands on the blot were densitometry scanning and the data was 

analysed with Image-J software. Each experiment (Mean ± SE) was performed in 

triplicate, the error of the mean values were calculated and data was obtained from three 

independent experiments (n=3). 

 

5.7 Further molecular mechanism investigations 

5.7.1The effect of enzalutamide on AR and AR-V7 expression in 

22RV1-FABP5- KO cells 

Both the parental 22RV1 and 22RV1-FABP5-KO cells were treated with DMSO as 

controls. Enzalutamide (ENZ), at a concentration of 10 μM, was used to treat both cell 

lines, and the results were shown in Figure 5.16. Western blot detection of both AR and 

AR-V7 expression after enzalutamide treatment was shown in Figure 5.16A. The results 

of the quantitative analysis of the expression levels were shown in Figure 5.16B.  When 

levels of AR and AR-V7 in parental 22RV1was set at 1, the relative level of AR in 

22RV1-FABP5-KO was not significantly different from that in the parental cells.  But the 

relative level of AR-V7 was significantly (****P < 0.0001) reduced by 91% to 0.095± 

0.005. Interestingly, while enzalutamide did not significantly change the expression 

levels of AR and AR-V7 in the parental 22RV1 cells, it significantly (****P<0.0001) 

decreased both AR and AR-V7 by 89% and 100% to 0.12±0.01 and 0.0001±0.00004, 

respectively, in 22RV1-FABP5-KO cells.  
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Figure 5.16 The effect of enzalutamide on AR or AR-V7 expression in 22RV1 and  

22RV1-FABP5-KO  cells. A) Western blot detection of AR and AR-V7 expression after 

enzalutamide treatment in 22RV1 and 22RV1-FABP5-KO cells. B) Relevant levels of 

AR and AR-V7 in 22RV1 and FABP5-KO cells. To normalize possible loading errors, 

anti- β -actin was used to hybridize the blot. The intensities of the bands on the blot were 

subjected to densitometrical scanning and the data was analysed with the Image-J 
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software. Each experiment was performed in triplicate and data was calculated from three 

independent experiments (n=3). 

 

5.7.2The effect of wtFABP5 treatment on levels of AR and AR-V7 in 

22RV1 cells 

The 22RV1 cells were treated with DMSO as control. The cells were also treated with 5 

μM wtFABP5, and the results were shown in Figure 5.17. Western blot image was shown 

in Figure 5.17A. Relative levels of AR and AR-V7 were shown in Figure 5.17B. When 

levels of AR and AR-V7 in 22RV1 were respectively set at 1, the relative levels of AR 

and AR-V7 after the wtFABP5 treatment were significantly (Student t-test ***P < 0.001, 

and ***P < 0.001) increased by 80% and 84% to 1.8 ± 0.15 and 1.84 ± 0.08, respectively.  
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Figure 5.17 The effect of wtFABP5 on AR or AR-V7 expression  in 22RV1 cells. A) 

Western blot detection of AR and AR-V7 expression before and after the recombinant 

wtFABP5 treatment in 22RV1 cells. B) Relevant levels of AR and AR-V7 in 22RV1. 

Anti-β-actin was used to hybridise the blot to normalize the possible loading errors. The 

intensities of the bands on the blot were subjected to densitometrical scanning and the 

data was analysed with the Image-J software. Each experiment was performed in triplicate 

n=3 from three independent measurments. 

 

5.7.3The effect of wtFABP5 on Sp1 expression in 22RV1 cells 

The 22RV1 cells was treated with DMSO (as control), 5 μM wtFABP5, and results were 

shown in Figure 5.18. Western blot image was shown in Figure 5.18A. Quantitative 

assessments of the relative levels were shown in Figure 5.18B. When the level of Sp1 in 
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the control was set at 1, wtFABP5 treatment significantly (Student t-test **P < 0.001) 

increased the Sp1 expression level in 22RV1 cells by 58% to 1.58 ± 0.09. 
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Figure 5.18 The effect of wtFABP5 on Sp1 expressions in 22RV cells A) Western blot 

detection of Sp1 expression  after wtFABP5  treatment in 22RV1 cells. B) Relevant levels 

of Sp1 in 22RV1 cells. To normalize possible loading errors, anti- β -actin was used to 

hybridize the blot. The intensities of the bands on the blot were subjected to 

densitometrical scanning and the data was analysed with the Image-J software. Each 

result data (Mean ± SE) was obtained from 3 separate independent measurements. Each 

experiment was performed in triplicate n=3. 

5.7.4 Sp1 expression in 22RV1-FABP5-KO 

The expression of Sp1 was measured and the results were shown in Figure 5.19. Images 

of the Western blot detection of Sp1 in 22RV1 and 22RV1-FABP5-KO cells were shown 

in Figure 5.19A. When the level of Sp1 in 22RV1 (Figure 5.19B) was set at 1, the relative 
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level of Sp1  in 22RV1-FABP5-KO cells was significantly (Student t-test ***P < 0.001) 

reduced by 63% to 0.37 ± 0.04. 
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Figure 5.19 The effect of wtFABP5 on Sp1 expressions in 22RV1 and 22RV1-FABP5-

KO cells.  A) Western blot detection of Sp1 expression after the wtFABP5 treatment in 

22RV1 cells. B) Relative levels of Sp1in 22RV1 and 22RV1-FABP5-KO cells. To 

normalize possible loading errors, anti- β -actin was used to hybridize the blot. The 

intensities of the bands on the blot were subjected to densitometrical scanning and the 

data was analysed with the Image-J software. Each result data (Mean ± SE) was obtained 
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from 3 separate independent  measurements. Each experiment was performed in triplicate 

n=3. 

5.7.5The effect of Sp1 inhibitor (Plicamycin) on AR and AR-V7 

expression in 22RV1 cells 

The expression of AR and AR-V7 in the androgen- responsive 22RV1 cells treated with 

DMSO (C), and in 22RV1 cells treated with 1 μM of Plicamycin (Pli) were shown in 

Figure 5.20. Western blot images were shown in Figure 5.20A. When levels of AR and 

AR-V7 (Figure 5.20B) in 22RV1 (C) was respectively set at 1, the relative levels of AR 

and AR-V7 were significantly reduced in 22RV1-FABP5-KO cells (****P<0.0001) by 

95% and 99% to 0.052 ± 0.011 and 0.006 ± 0.002, respectively. 

 

B 

Figure 5.20 The effect of Plicamycin on AR and AR-V7 expression  in 22RV cells. A) 

Western blot detection of AR and AR-V7 expression after Sp1 inhibitor (Plicamycin) 
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treatment in 22RV1 cells. B) Relative levels AR and AR-V7 in 22RV1 cells. To normalize 

possible loading errors, anti- β -actin was used to hybridize the blot. The intensities of the bands 

on the blot were subjected to densitometrical scanning and the data was analysed with the 

Image-J software. Each result data (Mean ± SE) was obtained from 3 separate 

independent measurements. Each experiment was performed in triplicate n=3. 

5.7.6 The effect of Plicamycin on FABP5 expression in 22RV1 cells 

DMSO (Control) and 1 μM of Plicamycin were used to treat 22RV1 and the results were 

shown in Figure 5.21. Western blot images were shown in Figure 5.21A. The level of 

FABP5 in the control 22RV1 cells (Figure 5.21B) was set at 1, the relative FABP5 level 

after the Plicamycin treatment was significant (****P<0.0001) decreased by 96% to 

0.037 ± 0.016. Thus, the Sp1 inhibitor had a highly suppressive effect on FABP5 

expression. 
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Figure 5.21 The effect of Plicamycin on FABP5 expressions  in 22RV cells. A) Western 

blot detection of the expression of FABP5 afetr Plicamycin treatment in 22RV1 cells. B) 

Relevant level of FABP5 in 22RV1 cells. To normalize possible loading errors, anti- β -

actin was used to hybridize the blot. The intensities of the bands on the blot were subjected 

to densitometrical scanning and the data was analysed with the Image-J software. Each 

result data (Mean ± SE) was obtained from 3 separate independent measurements. Each 

experiment was performed in triplicate n=3. 

 

5.7.7 The effect of Plicamycin on PPARγ expression in 22RV1 cells 

The 22RV1 cells was treated with DMSO (C), or 1 μM of Plicamycin (Pli), and the effect 

of these treatments on PPARᵧ expression was shown in Figure 5.22. The western blot 

images were shown in Figure 5.22A. Relative levels of PPARᵧ were shown in Figure 

5.22B. When the level of PPARᵧ in the control was set at 1, the relative PPARᵧ level in 

22RV1 cells treated Plicamycin was significantly (**P<0.01) reduced by 41% to 0.59 ± 

0.075. 
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Figure 5.22 The effect of Plicamycin on PPARγ expressions in 22RV cells. A) The image 

of a Western blot of the expression of PPARγ after Plicamycin treatment in 22RV1 cells. 

B) Relevant level of PPARγ in 22RV1 cells. To normalize possible loading errors, anti- 

β -actin was used to hybridize the blot. The intensities of the bands on the blot were 

subjected to densitometrical scanning and the data was analysed with the Image-J 

software. Each result data (Mean ± SE) was obtained from 3 separate measurements. Each 

experiment was performed in triplicate n=3. 

 

5.7.8The effect of Plicamycin on p- PPARγ in 22RV1 cells 

The 22RV1 cells were treated with DMSO (C), 1 μM of Plicamycin (Pli), and the results 

were shown in Figure 5.23. The images of the Western blot on p-PPARᵧ were shown in 

Figure 5.23A. Relative levels of p-PPARᵧ were shown in Figure 5.23B.  When the level 

of p-PPARᵧ in 22RV1 cells was set at 1, the relative level of p-PPARᵧ after the treatment 

with Plicamycin was significantly (**P<0.01) reduced by 38% to 0.62 ± 0.035. 
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Figure 5.23 The effect of Plicamycin on p-PPARγ expression in 22RV cells. A) The 

image of Western blot of the expression of p-PPARγ after Plicamycin treatment in 22RV1 

cells. B) Relative level of p-PPARγ in 22RV1 cells. To normalize possible loading errors, 

anti- β -actin was used to hybridize the blot. The intensities of the bands on the blot were 

subjected to densitometrical scanning and the data was analysed with the Image-J 

software. p-PPARᵧ. Each experiment was performed in triplicate n=3. 

 

5.7.9The effect of Sp1 expression in DU145-FABP5-KO cells 

The Sp1 expression in DU145 (WT) and DU145-FABP5-KO were shown in Figure 5.24. 

The images of western blot were shown in Figure 5.24A. Relative results showed that 
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when Du145 (WT) level was set at 1, complete reduction of the level of Sp1 in Du145-

FABP5-KO (****P<0.0001) by 100% to 0.003±0.002. 
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Figure 5.24 The effect of DU145-FABP5-KO on Sp1 expressions A) The image of 

Western blot  of the expression level of Sp1 in DU145-FABP5-KO. B) Relevant level of 

Sp1 in DU145-FABP5-KO cells. To normalize possible loading errors, anti- β -actin was 

used to hybridize the blot. The intensities of the bands on the blot were subjected to 

densitometrical scanning and the data was analysed with the Image-J software. Each 

result data (Mean ± SE) was obtained from 3 separate measurements. 

 

5.7.10The effect of Plicamycin on FABP5 expression in DU145 cells 

DU145 cells were treated with DMSO (control), 1 μM of Plicamycin (Pli) to study the 

effect on FABP5 expression and the results were shown in Figure 5.25. Images of 

Western blot were shown in Figure 5.25A. As shown in Figure 5.25B, when the level of 
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FABP5 in DU145 control cells was set at 1, the relative FABP5 level in the DU145 cells 

treated with the Sp1 inhibitor was significantly (***P<0.001) reduced by 47% to 0.53  ± 

0.045. 
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Figure 5.25 The effect of  Plicamycin on FABP5 expression in DU145 cells.  A) Western 

blot detection of FABP5 expression in DU145 cells. B) Relative levels of FABP5 in 

DU145 cells. Anti-β-actin was used to hybridise the blot to normalize the possible loading 

errors. The intensities of the bands on the blot were subjected to densitometrical scanning 

and the data was analysed with the Image-J software. Each result data (Mean ± SE) was 

obtained from 3 separate measurements. Each experiment was performed in triplicate 

n=3. 
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5.7.11The effect of Plicamycin on PPARγ expression in DU145 cells 

The androgen-independent DU145 cells were treated with DMSO as control and 1 μM of 

Plicamycin to study the effect on PPARᵧ expression. The results were shown in Figure 

5.26. The images of Western blot detection were shown in Figure 5.26A. Relative PPARγ 

levels were shown in Figure 5.26B. When the level of PPARᵧ in the control was set at 1, 

the relative level of PPARᵧ in cells treated with Plicamycin was significantly 

(***P<0.001) reduced by 63% to 0.37 ± 0.033. 
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Figure 5.26 The Effect of  Plicamycin on PPARγ expression in Du145 cells.  A) Western 

blot images of PPARγ expression in DU145 cells. B) Relative levels of PPARγ in DU145  

cells. To normalize possible loading errors, anti- β -actin was used to hybridize the blot. 

The intensities of the bands on the blot were subjected to densitometrical scanning and 

the data was analysed with the Image-J software. Each result data (Mean ± SE) was 
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obtained from 3 separate measurements. Each experiment was performed in triplicate 

n=3. 

5.7.12The effect of Plicamycin on p-PPARγ expression in DU145 cells 

To study the effect on p-PPARᵧ expression, Plicamycin was used at 1 μM to treat DU145 

cells and DMSO was used as control. The results were shown in Figure 5.27. The images 

of the Western blots were shown in Figure 5.26A. The relative levels of p-PPARᵧ were 

shown in figure 5.27B. When the level of PPARᵧ in the control was set at 1, the relative 

level of p-PPARᵧ in the cells treated with plicamycin was significant (*P<0.05) reduced 

by 21% to 0.79 ± 0.04.  
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Figure 5.27 The effect of  Plicamycin on p-PPARγ expression in DU145 cells.  A) 

Western blot images of p-PPARγ expression in DU145 cells. B) Relative levels of p-

PPARγ in DU145  cells. Anti-β-actin was used to hybridise the blot to normalize the 

possible loading errors. The intensities of the bands on the blot were subjected to 

densitometrical scanning and the data was analysed with the Image-J software. Each 

result data (Mean ± SE) was obtained from 3 separate measurements. Each experiment 

was performed in triplicate n=3. 
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5.8 Discussion 

The molecule FABP5 is important in various cellular metabolic processes, particularly 

lipid metabolism. It has been found to play a role in promoting cancer by transporting 

fatty acids to the nucleus, where they stimulate a receptor called PPARγ, leading to the 

up- or down-regulation of genes that promote cancer progression. Inhibitors of FABP5 

have been shown to effectively suppress tumor growth and metastasis. A recent study 

compared a bio-inhibitor called dmrFABP5 with a chemical inhibitor called SB-FI-26. 

While both inhibitors targeted FABP5, dmrFABP5 did not block the uptake of fatty acids 

by cancer cells like SB-FI-26 did. Instead, dmrFABP5 promoted apoptosis (programmed 

cell death) in prostate cancer cells by disrupting the balance between pro- and anti-

apoptotic proteins. The researchers investigated the treatment effect of dmrFABP5, along 

with the drugs docetaxel and enzalutamide, in prostate cancer. They found that 

dmrFABP5 suppressed FABP5-positive cancer cells, while docetaxel inhibited all cell 

lines and enzalutamide specifically targeted AR-positive cells. When dmrFABP5 was 

combined with docetaxel, it synergistically suppressed FABP5-positive cells. Similarly, 

the combination of dmrFABP5 with enzalutamide restored sensitivity to enzalutamide in 

AR-V7-expressing cells. The researchers used western blot analysis to study the 

molecular mechanisms involved in the synergistic effects of the combination treatments. 

They observed downregulation of various factors related to the FABP5 signalling 

pathway, such as p-PPARγ, VEGF, Sp1, and Bcl-2, as well as upregulation of the pro-

apoptotic protein Bax. The combination treatment of dmrFABP5 with docetaxel also 

significantly inhibited the expression of AR and AR-V7, while dmrFABP5 treatment 

alone increased the expression of these proteins. The researchers further demonstrated a 

correlation between FABP5 and the co-regulator protein Sp1. They found that FABP5 

overexpression increased Sp1 expression, while inhibition of Sp1 reduced AR and AR-
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V7 expressions. Similarly, inhibition of Sp1 also reduced the expression of FABP5 and 

PPARγ. Overall, the study revealed that FABP5 overexpression is associated with the 

progression of prostate cancer by inhibiting apoptosis and upregulating the cancer-

promoting protein Sp1. It also showed that FABP5 regulates AR and its variant AR-V7, 

as well as related signalling pathways. Suppression of FABP5 can restore sensitivity to 

enzalutamide treatment by reducing AR-V7 levels, which is responsible for treatment 

resistance. These findings provide insights into the synergistic effects observed when 

combining dmrFABP5 with other drugs, as they involve signalling pathways related to 

AR activity, apoptosis factors, and angiogenesis factors. 
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Chapter 6  

Result -4:  Identification of the genes regulated by dmrFABP5 and the 

investigation of the molecular mechanisms involved in its tumour-suppressing 

activity in DU145 cells 
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6.1Introduction 
Prostate cancer is a prevalent malignancy that affects a significant number of men 

worldwide. Despite advancements in treatment options, there is a need for novel 

therapeutic approaches to improve patient outcomes. Understanding the molecular 

mechanisms underlying prostate cancer development and progression is crucial for 

identifying potential targets for intervention. In this chapter, we delve into the 

investigation of the direct effects of dmrFABP5, a novel molecular entity, on prostate 

cancer cells at the transcriptome level. 

To begin our exploration, we compared the gene expression profiles between parental 

DU145 cells and dmrFABP5-treated cells, aiming to identify genes that are differentially 

expressed upon dmrFABP5 treatment. Our analysis revealed a substantial number of 

differentially expressed genes (DEGs), among which the most notable were FABP5, 

GRPR, CAV1, BMF, CRIP2, and EGR1. These genes exhibited significant up- or down-

regulation in response to dmrFABP5 treatment, indicating their potential involvement in 

the molecular cascade triggered by dmrFABP5. In the subsequent sections of this chapter, 

we will delve further into the specific genes affected by dmrFABP5, their functional roles, 

and their implications for prostate cancer development and treatment. By unraveling the 

intricate molecular landscape influenced by dmrFABP5, we hope to pave the way for 

novel targeted therapies and improve patient outcomes in prostate cancer management. 
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6.2 Identification of the DEGs between DU145 cells treated and 

untreated with dmrFABP5.  

The identified DEGs were shown in Figure 6.1. The upregulated genes were represented 

by a red colour and the downregulated genes were represented by a blue colour. A volcano 

plot (A) showed DEGs represented by different dots selected by the significance of the 

differences.  Some gene responded to dmrFABP5 treatment to such an extent that their 

levels of mRNA were significantly changed, as shown in the heat map (B). Through 

analysing the heat map, 40 genes, including 20 up-regulated and 20 downregulated (Table 

6.1) were identified as the most pronounced DEGs, and from which,  six genes were 

picked up (C). These 6 genes appeared to be important factors that involved in pathways 

related to our hypothesised tumour-suppression network (C). The cut-off of p<0.05 were 

used to determine the DEGs. 
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Figure 6.1 The effect of dmrFABP5 treatment on gene expression profiles in DU145 

cells. A) Volcano plots illustrating differential gene expression profiles between untreated 

and treated DU145 cells with dmrFABP5. Each scattered dot represented a gene with at 

least log2 fold significant change (P<0.01). DEGs were shown as red (upregulated) or 

blue (downregulated) dots. B) Heat map showing high DEGs between untreated and 

treated DU145 cells with dmrFABP5. C) Heat map of six most pronounced DEGs 

obtained by dmrFABP5 treatment in DU145 cells, including the upregulated EGR1, 

CRIP2, BMF, and the downregulated FABP5, GRPR, CAV1 genes. 
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Table 6.1. The significance and the fold change of each of the DEGs. 

Gene ID Gene Name Log2FoldChange 

(FC) 

P-Value 

ENSG00000205364 MT1M 3.665 2.63e-8 

ENSG00000104081 BMF 3.396 2.69e-8 

ENSG00000204581 ACOXL-AS1 1.002261 0.063314 

ENSG00000104415 
 

WISP1 2.554496 0.00119 

ENSG00000277494 GPIHBP1 
 

2.540369 
 

2.60E-06 
 

ENSG00000182809 
 

CRIP2 1.038684 
 

1.40E-05 
 

ENSG00000120738 
 

EGR1 
 

1.026054 
 

5.20E-08 
 

ENSG00000140465 CYP1A1 2.732 1.09e-7 

ENSG00000134107 
 

BHLHE40 
 

1.658877 
 

1.49E-21 
 

ENSG00000074181 
 

NOTCH3 
 

1.868493 
 

4.28E-24 
 

ENSG00000162496 
 

DHRS3 
 

1.619311 
 

4.56E-18 
 

ENSG00000138764 CCNG2 2.696 1.75e-7 

ENSG00000244242 
 

IFITM10 
 

2.339934 
 

8.25E-11 
 

ENSG00000125740 
 

FOSB 2.521 
 

9.11E-06 
 

ENSG00000198417 
 

MT1F 
 

2.593177 
 

1.71E-09 
 

ENSG00000225937 
 

PCA3 
 

2.769972 
 

0.003697 
 

ENSG00000182732 RGS6 2.763466 2.48E-08 
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ENSG00000124116 WFDC3 2.591 3.51e-7 

ENSG00000142609 CFAP74 
 

2.740678 
 

0.0017 
 

ENSG00000165124 
 

SVEP1 
 

-1.16828 
 

0.05355 
 

ENSG00000221241 H2AC16 -1.626 1.88e-7 

ENSG00000196747 SNORD88A 
 

-1.52187 
 

0.01247 
 

ENSG00000127325 BEST3 
 

-1.63469 
 

0.00382 
 

ENSG00000206754 SNORD101 -1.52451 0.00177 
 

ENSG00000275126 HIST1H4L -1.81328 5.65E-06 
 

ENSG00000185483 
 

ROR1 
 

-1.21269 
 

0.00164 
 

ENSG00000105974 
 

CAV1 -1.02518 
 

0.00227 
 

ENSG00000142871 CYR61 -1.62259 
 

0.00054 
 

ENSG00000013297 CLDN11 
 

-1.7681 
 

0.00099 
 

ENSG00000276903 HIST1H2AL -1.62706 
 

6.71E-26 

ENSG00000168497 CAVIN2 -1.3422 9.64E-05 
 

ENSG00000164362 TERT -1.97505 0.00026 
 

ENSG00000118523 CTGF -1.99983 1.50E-23 
 

ENSG00000164687 FABP5 -1.06314 4.55E-11 

ENSG00000273802 HIST1H2BG -1.61887 1.22e-6 

ENSG00000126010 GRPR -1.96129 5.75E-09 
 

ENSG00000171388 APLN -2.04898 1.12E-09 
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ENSG00000183607 GKN2 -2.06176 0.00565 
 

ENSG00000158050 
 

DUSP2 
 

-1.74836 
 

0.03694 
 

ENSG00000229372 
 

SZT2-AS1 
 

-2.0398 
 

0.00716 
 

 

 

6.3 The effect of dmrFABP5 on Gene Ontology (GO) of biological 

processes Enriched in DEGs by comparing untreated and treated 

Du145 cells 

In order to investigate the GO of Biological Process Enrichment term,  300 upregulated 

and 200 downregulated genes were analysed and top 40 pathways were identified at their 

statistical threshold as shown in Figure 6.2 and table 6.2. DmrFABP5 significantly 

impacted many pathways and biological processes and were indicated in bar chart. Those 

effected DEGs were negatively involved in regulation of many processes such as cell 

migration involved in sprouting angiogenesis, lipid transport, fatty acids metabolic 

process, cholesterol biosynthetic process and lymphocyte apoptotic process. These results 

suggested that dmrFABP5 could interfere with these pathways.  
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Figure 6.2 Gene Ontology (GO) Biological Process Enrichment bar chart demonstrate 

the top 40 enriched pathways in DU145 cell line treated with dmrFABP5. Green 

represents the down-regulation whereas green represents up-regulation enriched pathway. 

Pathway changes were determined by log10 False Discovery Rate (FDR). 
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Table 6.2 Enriched GO terms in up/down-regulated pathways in Du145 treated cells 

Enrichment 

FDR 

Fold 

Enrichment 

Pathway 

0.000499 17.58951 Reg. of blood vessel endothelial cell proliferation 

involved in sprouting angiogenesis 

0.000433 10.10269 Reg. of cell migration involved in sprouting 

angiogenesis  

0.002329 33.77185 Isopentenyl diphosphate biosynthetic proc.  

0.000734 15.63512 Renal absorption  

0.000744 11.25728 Isoprenoid biosynthetic proc.  

0.003468 28.14321 Neg. reg. of blood vessel endothelial cell 

proliferation involved in sprouting a 

0.002474 17.3189 Motor behavior  

0.000607 7.632057 Cholesterol biosynthetic proc.  

0.000607 7.632057 Secondary alcohol biosynthetic proc.  

0.003006 16.08183 Gamma-aminobutyric acid transport  

0.003652 15.00971 Neg. reg. of cell migration involved in sprouting 

angiogenesis  

0.001154 6.822596 Sterol biosynthetic proc.  

0.000487 5.431146 Primary alcohol metabolic proc.  

0.000109 4.45833 Steroid biosynthetic proc.  

0.002615 8.442963 Acetyl-CoA metabolic proc.  

0.002615 8.442963 Neg. reg. of Notch signalling pathway  

0.005437 13.24386 Post-embryonic animal organ development  
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0.000607 5.202946 Unsaturated fatty acid metabolic proc.  

0.00016 4.288489 Response to ketone  

0.000295 4.502914 Response to corticosteroid  

0.004332 9.704555 Pos. reg. of receptor internalization  

4.50E-06 3.670853 Fatty acid metabolic proc.  

0.002356 6.003885 Reg. of phospholipase activity  

0.000705 4.658186 Alcohol biosynthetic proc.  

0.003824 7.675421 Response to progesterone  

0.000171 3.83771 Vascular proc. in circulatory system  

0.009546 18.76214 Polyketide metabolic proc.  

0.009546 18.76214 Daunorubicin metabolic proc.  

0.009546 18.76214 Doxorubicin metabolic proc.  

0.009546 18.76214 Post-embryonic animal organ morphogenesis  

0.005547 9.078455 Neg. reg. of lipid transport  

0.005547 9.078455 Neg. reg. of lymphocyte apoptotic proc.  

0.004196 7.504856 Cellular response to cadmium ion  

0.000247 3.858343 Cell-matrix adhesion  

0.000618 4.381578 Olefinic compound metabolic proc.  

0.000265 3.827477 Organic hydroxy compound biosynthetic proc.  

0.008835 11.25728 Cell proliferation in hindbrain  

0.008835 11.25728 Reg. of heat generation  

0.004595 7.341707 Reg. of vascular permeability  

0.000185 3.637558 Cellular response to extracellular stimulus  
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6.4The effect of dmrFABP5 on expression of FABP5, GRPR, CAV1, 

EGR1, CRIP2, and BMF 

The 3 downregulated (FABP5, GRPR and CAV1) and 3 upregulated (CRIP2, EGR1, 

BMF) DEGs produced by dmrFAB5 treatment in Du145 cells were subjected to western 

blot verification and the results were shown in Figure 6.3. The expression of FABP5, 

GRPR and CAV1 were higher in the untreated DU145 (A). When relative levels of these 

proteins were set at 1, the relative levels of these proteins were significantly reduced by 

dmrFABP5 treatment to 0.24 ± 0.04 (P<0.0001****), 0.528 ± 0.039 (P<0.01**), and 0.35 

±0.021 (P<0.001***), which were reduced by 76%, 47% and 65%, respectively (C). The 

treatment with dmrFABP5 upregulated the EGR1, CRIP2 and BMF expression as shown 

in B. When levels in the untreated cells were set at 1, the relative levels of these proteins 

were high significantly (Student’s t-test P<0.0001****) increased to 1.73 ± 0.085, 2.56 

± 0.090 and 3.54 ± 0.022, which were increased by 73%, 156% and 254%, respectively 

(C). 
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Figure 6.3. The effect of dmrFABP5 treatment on expression levels of FABP5, GRPR, 

CAV1, EGR1, CRIP2 and BMF in Du145 cells. A) Western blot detection  of the 

expression status of FABP5, GRPR and CAV1.  B) Western blots detection of  the 

expression status of EGR1, CRIP2 and BMF. C) Relative protein levels of 6 DEGs in 

DU145 cells with or without dmrFABP5 treatments. All results (Mean ± SD)  were 

obtained from three separate mesurments, the intesities of the bands were 
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densitometricaly scanned and the data was analysed with Image J softaware. Each 

experiment was performed in triplicate n=3. 

 

6.5 Discussion 

 

In this study, researchers investigated the effects of dmrFABP5 treatment on gene 

expression in prostate cancer cells. They found that dmrFABP5 downregulated FABP5, 

GRPR, and CAV1, while upregulating EGR1, CRIP2, and BMF. The upregulation of the 

FOSB gene by dmrFABP5 was particularly significant, as it suppressed cancer cell 

growth. The study also revealed that FABP5, GRPR, and CAV1 were involved in various 

cellular processes such as lipid metabolism, signal transduction, angiogenesis, and cell 

growth inhibition. Conversely, the upregulated genes EGR1, CRIP2, and BMF acted as 

tumor suppressors, promoting apoptosis. 

The researchers demonstrated that dmrFABP5 had similar effects to FABP5 knockout in 

prostate cancer cells, indicating its potential as a therapeutic approach. The 

downregulation of genes involved in cell growth and anti-apoptotic processes, along with 

the upregulation of tumor suppressor genes, suggests that dmrFABP5 could be a 

promising treatment option for prostate cancer. The study emphasized the significance of 

FABP5 as a therapeutic target due to its involvement in various signalling pathways 

related to angiogenesis, apoptosis, and fatty acid transport. 
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Chapter 7  

General Discussion, Conclusion and Future Work 
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7.1General discussion 

Among the developed countires, prostate cancer is the most often documented male 

cancer and the second leading cause of cancer-related mortality in men (2). Androgen 

deprivation by physical or pharmacological castration and by suppresisng the biological 

activity of AR have been the main treatment for prostate cancer patients since Higgins 

and colleagues found in 50 years ago that the development and expansion of prostate 

cancer depended on stimulations of male hormones (102,205). Generally speaking, ADT 

is a successful first-line therapy. However, the illness recurs over time in a more 

aggressive form known as CRPC, which is much less responsive to ADT due to the fact 

that  CRPC  cells no longer need circulating hormones to grow and spread. The molecular 

mechanisms underlying the transition from androgen-dependent cancer cells to CRPC 

cells were not well understood. Currently, there are several theories on the mechanisms 

of how androgen-dependent cells become androgen-independent cells. The main 

hypothesis is that after the initial round of ADT, the AR  biological sensitivity is 

enhanced to the point that even very small or micro-quantities of residual hormone in 

peripheral blood can still accelerate the malignant development of CRPC cells (206,207). 

However, a recent counterargument to this technique suggested that ADT might result in 

a therapy dead end (208). Our earlier research indicated that there maybe no link between 

AR and the progression of CRPC, but instead, the FABP5- PPARγ- VEGF axis is the 

possible underlying cause (160,209). In cancer cells, it was shown that fatty acids were 

signal molecules that could initiate signalling pathways which could have a significant 

impact on tumorigenicity and metastasis. Overexpression of FABP5 in PCa was reported 

as a cell growth and metastasis promoter (159,210,211). In prostate cancer cells, it has 

been demonstrated that FABP5 transported fatty acids from both intracellular and 

extracellular sources into the cells and delivered fatty acids to activate the nuclear receptor 
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PPARγ (159,209). Then the activated PPARγ migh initiate a chain of molecular events 

that led to a enhancec malignant progression of the cancer cells. Thus, the biological 

function of FABP5 may be the target of a novel approach to CRPC treatment and the 

inhibitor of FABP5 may enhance the effect of drugs currently in use to treat prostate 

cancer. Previous study demonstrated that targetd the FABP5 and related signaling 

transduction through a FABP5 bio-inbitor named dmrFABP5 (developed by our group) 

or a chemical inhibitor (SB-FI-26) inhibited the proliferation of the highly malignant 

PC3M cells in vitro and in vivo (175). Prostste cancer drug treatemnts such as anti-

androgen (enzalutamide) or chemptheraputic agent (docetaxel) are considered as a full 

treatemnt strategy. Despite the initial effectiveness of all these treatment regimes,  

prostate cancer eventually relapsed and eventually lost  response to these treatments due 

to the resistance (125,212). One of the main factors causing enzalutamide resistance was 

AR-V7 due to the fact that it lacked the LBD which is the esential domain for the therapy 

to be effective (112,114,115,122). It was shown that knockdown of AR-V7 in cells 

resisted enzalutamide led to resensitize cells to anti-androgen treatemnts (213).  

Treatment with docetaxel is a well-known strategy which can reduce the levels of AR and 

AR-V7 in CRPC cells, but the resistance gradually developed and the mechanisms are 

not fully understood (125,214). Thus, it is important to develop a new treatment stategy 

such as finding a new combination treatment to treat CRPC.  Combination therapy was 

used within a therapeutic drug treatment regime and benefited patients because different 

drugs can target different pathways or genes, drastically reducing the number of cancer 

cells that survive the treatment and significantly postponing or even completely 

preventing cancer recurrence (178,215). It was shown that FABP5 inhibitor, SB-IF-26 

synergically worked with docetaxel in vitro and in vivo (216), although how this was 

achived was not known.  
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This current work is aimed to investigate the possible synergistic effect of dmrFABP5 in 

combination with current drugs docetaxel or enzalutamide used for PCa treatment. The 

relavent molecular mechanisms related to the synergistic effect was also investigated. 

7.2 Half inhibitory concentration or IC50 of different compounds in PCa 

cells 

IC50 is a commonly used metric for the potency of a drug or a compound. The IC50 value 

is defined as the concentration of the drug that results in 50% inhibition of the target 

biological process (213). In the present study, the IC50 values of three compounds 

(dmrFABP5, docetaxel, and enzalutamide) were determined in three PCa cell lines 

(DU145, 22RV1, and LNCaP). The results showed that the IC50 values of dmrFABP5 in 

DU145 and 22RV1 cells were 5µM and 12µM respectively (Figures 3.1, A and B), while 

no significant inhibition was observed in LNCaP cells (Figure 3.1C). The IC50 values of 

docetaxel in DU145, 22RV1, and LNCaP cells were 3nM, 4 nM, and 2.2 nM, respectively 

(Figures 3.2A, B and C). The IC50 of enzalutamide was not achieved in Du145 and 22RV1 

cells, with no significant inhibition detected (Figures 3.3A and B). In LNCaP cells, the 

IC50 value of enzalutamide was 97 nM (Figure 3.3C). These results suggested that 

dmrFABP5 only worked in FABP5-positive cells, no effect was observed in the FABP5-

negative LNCaP cells. The results also suggested that the potent chemotherapy drug 

docetaxel suppressed all PCa cells. As showed in the results, the anti-androgen drug 

enzalutamide, did not suppress the androgen-independent DU145 cells. It did not 

suppress the androgen-responsive 22RV1 cells although these cells express AR.  The 

resistance of 22RV1 cells to enzalutamide treatment was likely due to the expression of 

AR-V7 which lacked the LBD (120,123,212). Enzalutamide suppressed the growth of 

LNCaP cells as it expressed only AR-FL, did not express AR-V7 (217,218).  
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7.3  The effect of dmrFABP5 treatment combined with docetaxel in PCa cells 

The treatment effect of dmrFABP5 combined with docetaxel was assessed for its potential 

to enhance the suppression activity in DU145 cells. The results showed (Table 3.1, A and 

B) that a maximum suppression of 89% of the cells was achieved when dmrFABP5 (5 

µM) was combined with docetaxel (3 nM), with a CI of 0.00445, indicating a very strong 

synergistic effect of dmrFABP5 on docetaxel in Du145 cells. When the synergistic 

interaction between these two compounds in 22RV1 cells was assessed (Figures 3.5, A 

and B), it was found that a maximum suppression of 92% was achieved when dmrFABP5 

and docetaxel were administered at suitable concentrations.  With a CI of 0.06834 (Table 

3.2), the synergistic effect of dmrFABP5 on the activity of docetaxel in 22RV1 cells is 

highly significant. However, the same combination did not result in a synergistic 

interactions in LNCaP, since the CI > 1 (Tables 3.3A and B), although docetaxel alone 

significantly suppressed cell growth. Treatment with dmrFABP5 alone did not exhibit 

suppression effect in LNCaP cells, which was expected since LNCaP cells did not express 

FABP5.  

7.4 The effect of dmrFABP5 treatment combined with enzalutamide in PCa cells 

When the combination of dmrFABP5 with enzalutamide was assessed for their potential 

of an enhanced suppression effect in DU145 cells (Tables 3.4, A and B), it was found that 

there was no synergistic effect produced by the combination. Although dmrFABP5 was 

found to significantly suppress the growth of DU145 cells, enzalutamide did not exhibit 

any significant effect which was likely due to the fact that, enzalutamide was specifically 

designed to target AR, whereas DU145 cells did not express AR and were considered 

androgen-independent cells. 

A significant enhancement was observed when dmrFABP5 was combined with 

enzalutamide in 22RV1 cells (Table 3.5, A and B). While the maximum suppression of 
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87% was achieved when dmrFABP5 and enzalutamide were jointly used, a CI of 0.14490 

was achieved, indicating a highly synergistic effect on cell growth suppression. When the 

effect of dmrFABP5 and enzalutamide on LNCaP cells was assessed, it was found that 

(Tables 3.6, A and B), there was no synergistic interaction between the two compounds. 

Although dmrFABP5 did not suppress LNCaP cell growth, enzalutamide did produce a 

significant suppressive effect. The lack of dmrFABP5 action may be attributed to the AR-

positive nature of LNCaP cells, as it was considered FABP5-negative, resulting in an 

enzalutamide suppression independently. 

 

7.5 The action of dmrFABP5 to the effect of docetaxel or enzalutamide 

on PCa cell motility 

DmrFABP5 in combination with docetaxel significantly suppressed the motility of 

DU145 cells by 93% which was 5% greater than the sum of treatment with each 

compound alone (Figure 4.1). But when dmrFABP5 treatment was combined with 

enzalutamide to treat DU145 cells, it did not produce significantly more reduction on cell 

motility in comparison with dmrFABP5 treatment alone, as the suppressive effect 

produced by the combination treatment was similar to that produced by dmrFABP5 

treatment alone (Figure 4.4). The result showed that enzalutamide did not suppress 

DU145 cells may due to the fact that enzalutamide was designed to target AR, it did not 

affect the migration of the AR-negative DU145 cells. Significant suppression on the 

migration of 22RV1 cells was observed when dmrFABP5 treatment was combined with 

docetaxel (Figure 4.2). This combination treatment prevented a maximum of 89% wound 

gap closure. The synergistic activity of dmrFABP5 to docetaxel induced greater 

suppressive effect on the migration ability of 22RV1 cells than each single agent 

treatment alone. When enhancement effect produced by combination treatment of 
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dmrFABP5 with enzalutamide (Figure 4.5) in 22RV1 cells, 91% cell motility inhibition 

was achieved, which was significantly more than enzalutamide or dmrFABP5 alone that 

produced 37% and 69%, respectively. When tested in LNCaP cells, dmrFABP5 treatment 

in combination with either docetaxel or enzalutamide (Figure 4.3 and 4.6) did not enhance 

docetaxel or enzalutamide, although both treatments inhibited the migration significantly 

by 69% or 65%, respectively. This result suggested again that dmrFABP5 did not 

suppress the FABP5-negative LNCaP cells.  

7.6 The action of dmrFABP5 to the suppression effect of docetaxel or 

enzalutamide on invasiveness of PCa cells 

DmrFABP5 enhanced the suppressive effect of docetaxel (Figure 4.7) by suppressing 

98% of the invaded DU145 cells.  These combination produced more inhibition than each 

compound singly. Thus dmrFABP5 had synergistic action to the treatment effect of 

docetaxel. But when dmrFABP5 was combined with enzalutamide, no greater 

suppression was seen in DU145 cell invasion (Figure 4.10), although dmrFABP5 alone 

inhibited the invasion of DU145 by 80% compared to the combination of both by 82%. 

This result suggested that although dmrFABP5 can effectively suppress DU145 invasion, 

enzalutamide, as an ADT drug designed to target AR, did not exhibit suppressive effect 

on DU145 invasion. No synergistic effect was observed whendmrFABP5 and 

enzalutamide were used together.  

When tested in AR-positive 22RV1 cells, enzalutamide alone did not significantly 

suppress the invasion while dmrFABP5 alone produced a significant 72% suppression in 

22RV1 cell invasion (Figure 4. 11). When dmrFABP5 was combined with enzalutamide 

to treat the 22RV1 cells, the cell invasion was inhibited by 97%.This result showed that 

although enzalutamide did not produced suppression effect on 22RV! Invasion, probably 
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due to the ARV7 expression, the enzalutamide enhanced the effect produced by 

dmrFABP5 by 25%. More study is needed to understand the mechanisms on how this 

enhancement effect was produced. No enhancement was found when dmrFABP5 

combined with either docetaxel or enzalutamide, on the invasion of LNCaP (Figure 4.9 

and 4.11) although docetaxel or enzalutamide used separately significantly (P<0.001) 

inhibited the invasion of LNCaP cells by 87% (Figure 4.9A and B) and 81% (Figure 4.12, 

A and B), respectively, whereas dmrFABP5 combination with each of them produced 

similar suppressions on invasion by 85% and 77% respectively. This result showed that 

both enzalutamide and docetaxel were effective on LNCaP cells, dmrFABP5 was not 

effective in FABP5-negative LNCaP cells. 

7.7The effect of dmrFABP5 in combination with docetaxel or 

enzalutamide on PCa cell anchorage-independent growth  

Prevously, it was shown that dmrFABP5 suppressed the coloney formation of PC3-M 

(175). When dmrFABP5 were jointly used with either of the compounds to treat DU145 

cells (Figure 4.12), dmrFABP5 significantly enhanced the inhibition effect of docetaxel 

on DU145 colony formation,  but the treatment of dmrFABP5 combined with 

enzalutamide did not significantly inhibit the coloney formation of DU145 compared to 

that obatined by dmrFABP5 treatment alone.  This resullt showed that enzamlutamide, 

an ADT drug in current use, did not have effect in AR-negative DU145 cells. In 22RV1 

cells, treatment of dmrFABP5 combined with either docetaxel or enzalutamide, exhibited 

synergistic effect and produced greater suppressions on colony formation than the sum of 

each compound alone (Figure 4.13 and 4.16). Thus, dmrFABP5 enhanced docetaxel and 

enzalutamide suppressive effect in 22RV1 cells. No significant suppression of the 

coloney formation in LNCaP cells was seen when the same combinations were used 

(Figure 4.14 and 4.17), as they produced same suppression effect as docetaxel or 
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enzalutamide alone. Thus, dmrFABP5 did not significantly enhance the suppressive 

effect of docetaxel or enzalutamide in LNCaP cells and it did not have suppressive effect 

on the colony formation ability of the FABP5-negative LNCaP cells. 

 

7.8The molecular mechanisms underlying the synergistic action of 

dmrFABP5 to the suppression effect of docetaxel or enzalutamide on the 

malignant characteristics of PCa cells 

FABP5 is an important molecule plays multiple roles in some cell motabolic processes, 

particularly the lipid motabolism process (134,219). Previous studies showed that cancer-

promoting activity exerted by FABP5 was through transporting exssesive amount of fatty 

acids from intracellular and extracellular sources into cytoplasma and delivered to the 

nuclear fatty acid-receptor PPARγ. The fatty acids stimulated and activated their receptor 

PPARγ and the activated PPARγ triggered a series of molecular events that lead to the 

up- or down- regulations of the cancer-promoting- or suppressing- genes and thus, 

facilitating the malignant progression of the cancer cells (130,160). Both chemically and 

biologically syhthesised FABP5 inhibitors were shown to be very effective in suppressing 

tumorigenicity and metastatic ability of the cancer cells (175). Recent study showed that 

the bio- inhibitor dmrFABP5 was more potent than the chemical inhibitor SB-FI-26 in 

cancer-supression. It was showed that SB-FI-26 competitively binded to FABP5 to inhibit 

the fatty acids uptake by the cancer cells, thus prevented the exsessive signalling moleculs 

fatty acids to stimulate PPARγ and hence stopped cancer promoting signal transduction 

through FABP5-PPARγ-VEGF axis (175).  But unlike the SB-FI-26, dmrFABP5 did not 

block the cell uptake of fatty acids. Recent studies showed that the cancer-suppression 

effect of dmrFABP5 might be achieved, at least partially, by promoting apoptosis in 
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prostate cancer cells through vairous mechanisms, including disrupting BAX-BCL-2 

balance by downregulating the anti-apoptotic Bcl-2 and upregulating the pro-apoptotic 

Bax (130,220). Despite the recent progress, molecular mechanisms on how dmrFABP5 

suppressed cancer cells were not fully known. A clear understanding on how dmrFABP5 

played its functional role and whether it can enhance the treatment effect of the drug in 

current use are imperative tasks for establishment of FABP5-targeted therapy for prostate 

cancer.  

In this work, we investigated the treatment effect of dmrFABP5, docetaxel and 

enzamlutamide in prostate cancer and studied the synergistic effect of combination 

treatment of dmrFABP5 with either enzalutamide or docetaxel. Our results showed that 

dmrFABP5 exhibited suppression activity in FABP5-positive cells 22RV1 and Du145, 

but not in FABP5-negative LNCaP cells. Whereas docetaxel worked as an inhibitor in all 

cell lines used, enzalutamide played a suppressive role in AR-positive LNCaP cells, not 

in AR-negative DU145 and 22RV1 which expressed AR-V7, a drug resistant variant that 

lacked the LBD. DmrFABP5 treatment worked synergistically with docetaxel by 

suppressing the FABP5- positive DU145 and 22RV1 cells, but did not significantly 

suppress the FABP5- negative LNCaP cells. When dmrFABP5 combined with 

enzalutamide, it produced synergetic effect in 22RV1 cells whereas same combination 

treatment did not synergistically suppressed DU145 and LNCaP cells. These results 

indicated that dmrFABP5’s inhibiting role and its synergistice effect on enznlutamide and 

docetaxel were related to AR or other factors that were related to FABP5-initiated signal 

pathway, or the FABP5-PPARγ-VEGF axis.  

To investigate the molecular mechanism involved in the synergistic interaction between 

dmrFABP5 combined with eaither docetaxel or enzalutamide, western blot were used to 

detect the changes in expression of the main factors related to FABP5-initiated siganl 
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pathways. The combination treatment of dmrFABP5 with docetaxel in Du145 cells 

significantly dowregulated the expression levels of p- PPARγ, VEGF, Sp1, Bcl-2 (Figures 

5.1-5.5),  and upregulated the expression level of Bax. In 22RV1 cells, this combination 

treatment suppressed the expression levels of AR, AR-V7, p- PPARγ, VEGF, Sp1, Bcl-2 

(Figures 5.6-5.11), increased the expression of Bax (Figure 5.12). This result showed that 

the factors (p- PPARγ, VEGF, Sp1, Bcl-2, Bax) affected by the treatment were all related 

to the FABP5 in these can cer cells. While both docetaxel and dmrFABP5 targettted 

almost the dame molecules, the enhancement could be partially caused by the double –

strike effect.  

The combination of dmrFABP5 with enzalutamide showed promising results in restoring 

sensitivity to enzalutamide in 22RV1 cells, which did not respond to enzalutamide 

treatment due to AR-V7 expression. Like the treatment effect on the malignant 

characterasitics,  the combination significantly suppressed AR and AR-V7 expressions, 

while enzalutamide alone did not (Figure 5.13). This inhibition effect could be due to the 

fact that dmrFABP5 suppressed the expression of Sp1 which act as a co-regulator of AR 

and VEGF (127,221). Moreover, same combination was shown to significantly reduced 

many protien regulators including PPARγ, p-PPARγ, VEGFA and Sp1 (Figures 5.14-

5.16), with greater suppressive effect than each agent alone. To further evaluate the 

relationship between FABP5 and AR, or AR-V7, the expression of AR was analyzed in 

22RV1-FABP5-KO cells. The results showed that the expression of AR did not decrease 

in 22RV1-FABP5-KO cells compared to the parental 22RV1 cells. However, AR-V7 

expression was significantly decreased in 22RV1-FABP5-KO cells. The treatment of 

22RV1-FABP5-KO cells with enzalutamide resulted in a significant suppression of both 

AR and AR-V7 expression (Figure 5.15). Subsequently, our results validated the 

hypothesized correlation between FABP5 and AR, revealing that the treatment with  
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wtrFABP5 to 22RV1 cells resulted in a significant increase in the expression of both AR 

and AR-V7 (Figure 5.16). We further substantiated the correlation between FABP5 

overexpression and its impact on Sp1 expression. Results indicated that treatment with 

wtFABP5 increased the expression of Sp1 significantly in 22RV1 cells (Figure 5.17). 

Further analysis was conducted to examine the relationship between FABP5 and Sp1 

expression. The results indicated that Sp1 expression was reduced significantly in 

22RV1-FABP5-KO cells, as shown in Figure 5.18. The experiment involved treating 

22RV1 cells with Plicamycine, Sp1 inhibitor. The results showed significant suppression 

of AR and AR-V7 expressions (Figure 5.19). Subsequently, the efficacy of the Sp1 

inhibitor in downregulating FABP5 expression was also verified, and it was found to be 

effective (Figure 5.20). Anti-Sp1 also reduced both PPARγ, p- PPARγ (Figure 5.21). The 

expression of Sp1 in DU145-FABP5-KO was evaluated and found to be significantly 

reduced (Figure 5.22). The effectiveness of Plicamycin was also tested in terms of its 

impact on FABP5, PPARγ, and p-PPARγ expressions. The results showed a significant 

reduction in all three expressions (Figure 5.23 and 5.24).  

These results suggested that overexpression of FABP5 was associated with the 

progression of prostate cancer (PCa) cells through the inhibition of apoptosis and 

upregulation of the cancer promoter Sp1 in DU145. Additionally, FABP5 was found to 

regulate the androgen receptor (AR) and its variant AR-V7, as well as related signalling 

pathways. Suppression of FABP5 through either knockout or dmrFABP5 resulted in 

restored sensitivity to enzalutamide treatment by reducing the level of AR-V7, which is 

responsible for treatment resistance. These findings provide insight into the synergistic 

effects observed, as the results demonstrate the involvement of signalling transduction 

pathways related to AR activity, apoptosis factors, and angiogenesis factors. 
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7.9Highlighted the possible interactions between dmrFABP5 and 

differentially expressed genes identified by comparing expression 

profile in DU145 cells. 

To investigate further on the genes directly affected by the dmrFABP5, we compared the 

gene expression profiles between the parental DU145 cells and the dmrFABP5-treated 

cells, and identified a large number of differential expressed genes (DEGs). From the top 

20 DEGs (Figure 6.1B), six most pronounced DEGs: FABP5, GRPR, CAV1, BMF, 

CRIP2, and EGR1, were found to be down- or up- regulated by dmrFABP5 treatment. To 

validate these findings, Western blot was performed, which showed that dmrFABP5 

treatment significantly downregulated FABP5, GRPR, and CAV1 by 76%, 47%, and 

65%, respectively (Figure 6.3A), and upregulated EGR1, CRIP2, and BMF by 73%, 

156%, and 254%, respectively. The dmrFABP5 treatment significantly upregulated the 

FOSB gene by 2.5 fold, as illustrated in Table 6.1. The same upregulation was seen in the 

DU145-FABP5-KO cells. The increased expression of the FOSB gene had a significant 

effect in suppressing the growth of cancer cells, acting as a tumour suppressor (222). 

These finding suggested that dmrFABP5 had a similar effect as that achieved in DU145-

FABP5-KO. Thus dmrFABP5 suppressed the tumorigenicity by  reversing the FABP5 

function. The gene ontology (GO) enriched pathway analysis revealed that FABP5, 

GRPR, and CAV1 were involved in several pathways, including lipid metabolism, signal 

transduction, angiogenesis, cell growth, and had an anti-apoptotic effect. In contrast, the 

three up-regulated genes by dmrFABP5 treatment, EGR1, CRIP2, and BMF, were tumour 

suppressors which promoted apoptosis. These results provide evidence for the complex 

molecular mechanism by which dmrFABP5 affects prostate cancer at the transcriptome 

level. While we showed that dmrFABP5 played a tumour-suppressor role by reversing 

the biological effect of wtrFABP5 in prostate cancer cells, the downregulation of genes 
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involved in cell growth and anti-apoptotic processes, combined with the upregulation of 

tumour suppressor genes, highlights the potential of dmrFABP5 as a promising 

therapeutic approach for prostate cancer.  

FABP5 is a highly significant therapeutic target due to its association with multiple 

signalling transduction pathways, such as angiogenesis and apoptosis, in addition to its 

role in fatty acid transport. The treatment with dmrFABP5 was found to produce similar 

effects on the molecular mechanism and RNA profiling as observed with FABP5-KO in 

DU145 and 22RV1 cells, as evidenced by another separate study (Abdulghani Naeem, 

Submitted PhD. Thesis, Feb, 2023). This suggested that suppressing FABP5 through 

either dmrFABP5 or KO elicits similar outcomes and highlights the potential of 

dmrFABP5 as a promising treatment. 

 

7.10 Six most pronounced DEGs between dmrFABP5- treated and untreated 

DU145 cells. 

 

7.10.1FABP5  

FABP5, a fatty acid binding protein, has been identified as playing a crucial role in the 

development and progression of prostate cancer. In particular, FABP5 was shown to 

regulate the expression of PPARγ, which was involved in the regulation of cellular 

metabolism, as well as angiogenesis and apoptosis. The regulation of PPARγ by FABP5 

was therefore of significant interest in the field of prostate cancer research, as it highlights 

the potential for targeting FABP5 as a therapeutic strategy for the treatment of this 

disease. By increasing the expression of PPARγ, FABP5 may modulate cellular 

metabolism, angiogenesis, and programmed cell death in prostate cancer cells, potentially 

leading to an enhancement in tumour growth and progression. The role of FABP5 in 
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regulating the expression of PPARγ highlighted the importance of this protein in the 

progression of prostate cancer (158,160,220). The dmrFABP5 treatment directly caused 

the suppressed in FABP5 expression was a direct evidence that dmrFABP5 suppressed 

prostate cancer by acting as an inhibitor of FABP5. 

 

7.10.2 GRPR 

In the field of prostate cancer research, it has been observed that overexpression of GRPR 

and GRPR-mediated signalling may have a significant impact on the growth and 

progression of both androgen-dependent and androgen-independent prostate cancer cells. 

The overexpression of GRPR was shown to indirectly stimulate angiogenesis and 

increase the invasive potential of prostate cancer. This highlights the importance of GRPR 

and GRPR-mediated signalling as potential therapeutic targets for the treatment of 

prostate cancer. These findings suggest that the regulation of GRPR expression levels and 

GRPR-mediated signalling pathways could play a critical role in the management of 

prostate cancer. By targeting GRPR and its downstream signalling pathways, it may be 

possible to inhibit the growth and progression of prostate cancer, reduce angiogenesis, 

and prevent the spread of cancer cells to other parts of the body. Further study is needed 

to fully understand the roles of GRPR and GRPR-mediated signalling in prostate cancer, 

to develop targeted therapeutic approaches for this disease (223,224), and to study how 

dmrFABP5 suppressed the expression of GRPR.  

7.10.3 CAV1  

CAV1 is a gene that was identified as playing a crucial role in several key cellular 

processes. These processes include lipid metabolism, signal transduction, and 

angiogenesis. The expression of CAV1 was therefore considered to be of significant 

importance in cellular biology and disease development (225). In the context of cellular 
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metabolism, CAV1 was shown to regulate lipid metabolism by controlling the transport 

of lipids into and out of cells. In addition, CAV1 was involved in signal transduction. 

Finally, CAV1 was also showed to be involved in angiogenesis, which was critical for 

tumour growth and progression (226,227). Results from these previous work highlighted 

the importance of CAV1 expression in maintaining the proper functioning of cells and 

tissues and suggested that targeting CAV1 expression may have therapeutic potential in 

the treatment of diseases related to lipid metabolism, signal transduction, and 

angiogenesis (228,229). More study is needed on the possible relationship between CAV1 

and FABP5 and how dmrFABP5 suppressed CAV1.  

7.10.4 EGR1  

EGR1, also known as Early Growth Response 1, is a transcription factor that was shown 

to have tumour suppressor properties to promote apoptosis, or programmed cell death. 

This is an important aspect of maintaining the balance of cell growth and division and 

preventing the development of cancer. Research showed that EGR1 was commonly 

downregulated in various types of cancer, including breast, lung, and prostate cancer. 

This decrease in EGR1 expression was linked to increased cell proliferation and 

decreased apoptosis, allowing for the uncontrolled growth and spread of cancer cells. 

In addition to its role in promoting apoptosis, EGR1 was also shown to have a role in 

regulating immune responses and angiogenesis, further highlighting its importance in the 

prevention and treatment of cancer. 

Overall, the findings on EGR1 as a tumour suppressor and promoter of apoptosis suggest 

that it could potentially be used as a therapeutic target for the treatment of cancer. Further 

research is needed to fully understand the mechanisms by which EGR1 regulates tumour 

growth and cell death, and to develop treatments that effectively restore EGR1 expression 
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in cancer cells (230-232). Further study is also needed to investigate its possible link to 

FABP5 and how the suppressed expression of FABP5 by dmrFABP5 increased the level 

of EGR1 expression. 

7.10.5 CRIP2  

CRIP2, also known as Cysteine-rich intestinal protein, is a protein that has been shown 

to have important roles in angiogenesis and apoptosis. These processes play critical roles 

in the development and progression of cancer, making CRIP2 a potential target for 

therapeutic intervention. CRIP2 was shown to regulate angiogenesis. For example, 

CRIP2 was shown to regulate the expression of VEGF, a growth factor that is essential 

for angiogenesis. By regulating VEGF expression, CRIP2 can either promote or suppress 

angiogenesis, depending on the context (233). More study is required to understand how 

CRIP2 was increased by dmrFABP5 treatment. 

7.10.6 BMF 

BMF, also known as Bcl-2 Modifying Factor, is a protein that has been shown to play 

important roles in apoptosis and cancer. Apoptosis, or programmed cell death, is a critical 

mechanism that helps maintain the balance between cell growth and death, preventing the 

development of cancer. BMF was shown to play a key role in the regulation of apoptosis 

by promoting the activation of the intrinsic apoptosis pathway. 

BMF is a pro-apoptotic protein that functions as a Bcl-2 homology 3 (BH3) domain-

containing protein. BH3 domain-containing proteins play critical roles in the regulation 

of apoptosis by interacting with anti-apoptotic proteins, such as Bcl-2 and Bcl-xL, and 

promoting their activation. BMF was shown to interact with anti-apoptotic proteins and 

promote their activation, leading to the initiation of apoptosis. In addition to its role in 

promoting apoptosis, BMF was also shown to play a role in cancer. BMF expression was 
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found to be downregulated in various types of cancer, including breast, lung, and prostate 

cancer. This decrease in BMF expression was linked to increased cell survival and 

decreased apoptosis, allowing for the uncontrolled growth and spread of cancer cells 

(234-236). Like the other 5 genes, how BMF was increased by dmrFABP5 treatment 

requires more investigation. 

7.11Future Perspectives and Clinical Implications 

Combination therapy targeting FABP5, docetaxel, and enzalutamide holds promise for 

prostate cancer treatment, particularly in FABP5-positive cells. 

Understanding the synergistic effects of dmrFABP5 with docetaxel or enzalutamide can 

guide the development of more effective combination treatment strategies. 

Further research is needed to elucidate the molecular mechanisms underlying the 

synergistic interactions between dmrFABP5 and the other drugs. 

The identification of specific factors related to FABP5-initiated signal pathways, such as 

p-PPARγ, VEGF, Sp1, Bcl-2, and Bax, can serve as potential therapeutic targets. 

Targeting FABP5 in combination with enzalutamide may help restore sensitivity to 

enzalutamide in AR-V7-expressing prostate cancer cells. 

The regulation of AR and AR-V7 by FABP5 suggests a potential therapeutic approach to 

overcome treatment resistance. 

Inhibition of Sp1 expression may provide an effective strategy to suppress FABP5 and 

downstream signaling pathways associated with prostate cancer progression. 

The findings highlight the importance of apoptosis factors and angiogenesis factors in 

prostate cancer development and suggest potential targets for therapeutic interventions. 
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By exploring the treatment effects, molecular mechanisms, and potential therapeutic 

implications, this study contributes to advancing our understanding of prostate cancer and 

provides valuable insights for future clinical approaches. 

 

 

7.12 Conclusion  

According on the results achieved in this research, several significant discoveries have 

been made: 

This research clearly revealed that the mutant FABP5 (dmrFABP5) suppresses prostate 

cancer cells (FABP5 positive) DU145 and 22RV1 alone and produce synergistic 

interaction when combining with current prostate cancer drugs in use such as docetaxel 

(chemotherapeutic agent) in DU145 and 22RV1 cells whereas it synergistically works 

with enzalutamide (anti-androgen agent) in 22RV1 but not DU145. DmrFABP5 did not 

produce any enhancement effect either with docetaxel or enzalutamide in FABP5-

negative cells LNCaP. 

The combination treatment can significantly suppress the malignant characteristics of 

prostate cancer cells (DU145 and 22RV1) including cell viability, migration, invasion 

and anchorage- independent colony formation of the CRPC cells, greater than the sum of 

both single agent alone on their IC50 concentrations.  

The combination treatment significantly affected several protein regulators and disrupting 

FABP5-initiated signal transduction pathway. The treatment with dmrFABP5 may 

disrupting a number of cancer-related signal transduction pathways, including those 

leading to angiogenesis and apoptosis.  
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The identification of the six most pronounced DEGs between dmrFABP5 treated cells 

and the control provided novel targets for developing novel therapeutic strategies for 

prostate cancer. DmrFABP5 was shown to reverse FABP5 biological function with 

almost similar effect produced by DU145-FABP5-KO. 

7.13 Future work 

In this study, several combination cycles were conducted to confirm the enhancement 

effect of dmrFABP5 with docetaxel or enzalutamide on the CRPC cells. As shown 

previously, the combination treatments of dmrFABP5 with docetaxel or enzalutamide 

produced greater effect than each compound alone (at IC50) when combined them at their 

IC50 values. Same combination revealed a significant reduction in pathological signs and 

important molecular mechanism involved in this work were studied. RNA-sequencing 

was also conducted for the effect of dmrFABP5 in DU145 cells.  

To completely comprehend the intricate molecular processes behind dmrFABP5's 

inhibitory effect, further preclinical study in pharmacokinetics and toxicity are needed 

before the clinical trial is conducted. Also, further study is needed on the combination 

treatment of dmrFABP5 with docetaxel or enzalutamide using other model of studying 

such as animal model (in vivo) and primary culture of human tissue.  
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 A Reagents 

       

A 1. Cell culture and treatments reagents 

DMSO        Sigma-Aldrich, Germany 

Docetaxel       MedChemExpress, UK 

Enzalutamide      MedChemExpress, UK 

Foetal 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 
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  A 3.  Freezing medium  

Routine cell culture medium 95%(v/v)+ 5% of DMSO (v/v) 

A 4.  Reagents for molecular biology 

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 
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CelLytic-M      Sigam, USA 

Coomassie blue      Bio-Rad GmbH, UK 

ECL detection kit      GE Healthcare, UK 

Glycine        Melford, UK 

Methanol       Fisher scientific, UK 

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 drug combinations 

Docetaxel        MedChemExpress, UK 

Enzalutmide      MedChemExpress, UK 

 

A 7. Reagents for cell viability detection 

PrestoBlue HS      Thermofisher, UK 

 

A 8.  Reagents for invasion assay  

Crystal violet       Sigma, USA 
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A 9.  Reagent for soft agar assay 

Low melting point agarose     Thermofisher, UK 

MTT        Sigma, USA 

 

B . Buffers 

B 1.  Bacterial culture  

LB medium 

1 Lit (dH2O) 

20g of LB broth  

Autoclaved 

 

LB agar 

1 lit (dH2O) 

35g of LB agar 

Autoclaved 

 

B 2.  Bacterial Stock medium  

5ml of Glycerol 

4ml of LB medium 

3ml of Bacterial culture 
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B 3.  100Mm of IPTG 

238mg of IPTG 

10ml of sterile distilled water 

Sterilized filter 

 

B 4.  Ampicillin stock solution 

100μg/ml  

PBS 2 tablets/ 1 Lit of dH2O 

 

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 
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C. 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) 

 

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) 

Colonies formation detection stain 5%=(0.5mg +10ml PBS) 
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Cleaning recombinant protein (Dialysis) =(2 tablets of PBS +1 Lit of dH2O) 

AUTOCLAVED 

D. Equipment  

Corning™ BioCoat™ Matrigel™ Invasion Chamber: With GFR Matrigel 

Matrix 

FisherScintific, UK 

    ------------------------- 

 CO2 incubator  

 Borolabs, Basingstoke, UK 

    ------------------------- 

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  
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 Bio-Rad, UK 

    ------------------------- 

 GelCount 

 OXFORD OPTRONIX, Oxford, UK 

    ------------------------- 

 Haemocytometer slide 

 Weber Scientific International, NJ, USA 

    ------------------------- 

Hot plate 

Thermofisher, UK 

    ------------------------- 

Haemocytometer 

SLS LTD, Nottingham, UK 

    ------------------------- 

Immobilon, Transfer membrane  

Milipore, UK  

 

 Microtubes 
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 Starlab, Milton Keynes, UK 

    ------------------------- 

 Multiskan MS plate reader 

 Labsystem, Finland 

    ------------------------- 

 Needle 

 BD Microlance, Ireland 

    ------------------------- 

 NanoDrop spectrophotometer 

 Labtech I nternational, Ringmer, UK 

    ------------------------- 

 Pipetter tips 

 QIAGEN, UK 

    ------------------------- 

 Syringes and filters 

 Fisherscintific, UK 

 

 Spectrophotometer 
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 BioTec, UK 

    ------------------------- 

 Pipettes for cell culture  

 Eppendorf, UK 

    ------------------------- 

 Universal tube 

 Greiner Bio-One, UK 

    ------------------------- 

 Water bath 

 Grant Instruments, UK 

    ------------------------- 

Whatman filter paper 

Whatman, England, UK 

    ------------------------- 

Tips for pipettes  

Eppendorf, UK 

 

E. DNA authentications for PCa cell lines and Publications 
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