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Abstract: Objective: In an earlier study, we obtained androgen-independent prostate cancer cells (LNCaP-AI) and 
flutamide tolerant- LNCaP-AI (LNCaP-AI+F cells) that could survive in an androgen-free environment without or with 
flutamide, respectively. In the present study, we investigated the molecular mechanism of the castration resistance. 
Material and Methods: qRT-PCR was applied to measure the expression levels of genes coding for enzymes in 
the lysophosphatidylcholine (LPC) metabolic pathway and responsible for cholesterol and androgen metabolism 
in these cell lines. An ExProfileTM Human PI3K-AKT Signaling Related Gene qPCR Array was also used to inves-
tigate the expression levels of genes in the intracellular metabolic pathways in an emasculated hormone envi-
ronment. Results: Compared with androgen-responsive prostate cancer (LNCaP) cells, phospholipase D1 (PLD1) 
expression was increased 259- and 410-folds in LNCaP-AI and LNCaP-AI+F cells, respectively, and the PI3K/AKT 
signaling pathway was enhanced. Additionally, the expression of cholesterol metabolic enzymes and rate-limiting 
enzymes, such as organic anion-transporting polypeptide 1B3 (OATP1B3) (LNCaP-AI cells: 19.08-fold; LNCaP-AI+F 
cells: 14.34-fold), low density lipoprotein receptor (LDL-r ) (LNCaP-AI cells: 23.34-fold; LNCaP-AI+F cells: 8.78-fold), 
squalene epoxidase (SQLE) (LNCaP-AI cells: 22.03-fold; LNCaP-AI+F cells: 10.27-fold), and scavenger receptor B1 
(SCARB1) (LNCaP-AI cells: 10.27-fold; LNCaP-AI+F cells: 5.75-fold), was significantly increased. Furthermore, the ex-
pression of androgen synthetases, such as steroid 17-alpha-monooxygenase (CYP17A1) (LNCaP-AI cells: 28.59-fold; 
LNCaP-AI+F cells: 4.32-fold), steroid 5 alpha-reductase 2 (SRD5A2) (LNCaP-AI cells: 51.50-fold; LNCaP-AI+F cells: 
12.91-fold), aldo-keto reductases (AKR1C1, AKR1C2, AKR1C3) (LNCaP-AI: 8.63-fold; LNCaP-AI+F cells: 7.10-fold), 
and androgen receptor (AR) (LNCaP-AI: 39.18-fold; LNCaP-AI+F cells: 36.56-fold), was increased significantly (P < 
0.05). Conclusions: Our results revealed that the survival of LNCaP AI cells in androgen-free medium is due to self-
synthesis of androgen, increased cholesterol intake and increased AR expression. These evidences suggest that the 
castration-resistant LNCaP cells are not androgen-independent but have developed or activated a set of AR-related 
signaling pathways to increase endogenous androgen biosynthesis and AR expression.
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Introduction

Prostate cancer (PCa) is the second leading 
cause of cancer-related death among men in 
the United States; the mortality rate is second 
only to lung cancer. Huggins and Hodges pro-
posed that prostate cancers are androgen de- 
pendent, and androgens can affect cellular pro-

liferation and differentiation and may play criti-
cal roles in prostate cancer development [1]. 
Since the publication of this study, androgen 
ablation has generally been employed as a ther-
apy for patients with prostate cancer that has 
spread so prostatectomy or irradiation is no lon-
ger suitable. However, despite the initial thera-
peutic efficacy of androgen ablation, the andro-
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gen-dependent tumors eventually become 
androgen independent and grow quickly over a 
period of 18 to 20 months with an ensuing 
median survival of 1 to 2 years. To date, the 
molecular mechanisms underlying the switch-
ing from androgen dependence to indepen-
dence in prostate tumors are unknown. Pre- 
sently, proposed mechanisms include AR gene 
amplification, gene mutation, increased AR 
expression or increased androgen in prostate 
tumor cells [2-8]. Conversely, cancer cells can 
also obtain energy by metabolic reprogram-
ming. For example, during the “Warburg effect” 
period, glycolysis is enhanced in tumor cells for 
more energy production [9-12]. Vaz et al com-
pared glucose metabolism in androgen-respon-
sive (LNCaP) and androgen-nonresponsive PCa 
cells (PC3) and found that LNCaP and PC3 cells 
consumed similar amounts of glucose, where-
as PC3 cells presented higher lactate produc-
tion, suggesting increased levels of oxidative 
stress in PC3 cells [13]. Recently, Asgari et al 
investigated 13 different cancer cells and 
found that, regardless of the significant up- and 
down-regulation of metabolic genes, the distri-
bution of the metabolic changes was similar in 
different cancer types, indicating that the 
Warburg effect is a consequence of metabolic 
adaptation in cancer cells [14].

In our previous study, we obtained androgen-
independent PCa cells (LNCaP-AI) from LNCaP 
cells by growing LNCaP cells in medium with 
gradually reduced androgen concentration as 
well as flutamide-tolerant LNCaP-AI (LNCaP-
AI+F) by culturing LNCaP-AI cells in medium 
with gradually increased reduced flutamide 
concentration [15]. The expression of a number 
of genes were profiled in the two cell lines in 
this study to investigate the molecular mecha-
nisms underlying the androgenic regulation of 
PCa. The findings would provide new insights 
on role of androgen in PCa proliferation and 
help to identify new strategies to treat the 
cancer. 

Materials and methods

Cell culture

Human prostate cancer cell line LNCaP was 
obtained from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China) and 
was maintained in DMEM/F12 medium (1:1 
mixture, Gibco, Grand Island, NY, USA) supple-

mented with 10% fetal bovine serum (FBS) 
(Gibco, Grand Island, NY, USA). Androgen-
independent LNCaP cells (LNCaP-AI) and flu-
tamide resistant LNCaP-AI (LNCaP-AI+F) were 
obtained as previously reported [15]. LNCaP-AI 
cells were maintained in DMEM/F12 medium 
(1:1 mixture, Gibco, Grand Island, NY, USA) sup-
plemented 10% charcoal stripped FBS (Gibco, 
Grand Island, NY, USA), LNCaP-AI+F cells were 
maintained in the same medium with fluta- 
mide (5.0×10-6 mol/L, Schering-Plough, Pointe-
Claire, Canada). All cells were maintained at 
37°C in a humidified incubator with 5% CO2 and 
subcultured every 4-6 days.

In this study, androgen-free FBS was used to 
mimic long-term androgen ablation therapy. In 
addition, since phenolsulfonphthalein is likely 
to be a steroid mimic. It was removed from the 
culture medium for LNCaP-AI and LNCaP-AI+F 
cell culture. LNCaP cells at the same passage 
were used as the control. 

RNA extraction and reverse transcription

Total RNA was isolated from cells using the 
RNeasy Plus Mini Kit (QIAGEN, Suzhou, China) 
according to the manufacturer’s instructions. 2 
μg total RNA was reversely transcripted into the 
first strand of cDNA using the Oligo (dT) 18 
primer/random hexamers with the RevertAid 
First Strand cDNA Synthesis Kit (Fermentas, 
Burlington, Canada) according to the manufac-
turer’s instructions.

Primers 

In our previous study, we found the levels of 23 
types of metabolites, particularly, lysophospha-
tidylcholine (LPC), were higher in LNCaP-AI cells 
than in LNCaP cells [16]. Therefore, an array of 
primers were designed for genes (Table 1) in 
LPC metabolic pathways as well as for choles-
terol and androgen metabolism. Additionally, 
ExProfileTM Human PI3K-AKT Signaling Related 
Gene qPCR Array (GeneCopoeia, Maryland, 
USA) was also used to investigate the mRNA 
levels in the intracellular metabolic pathways.  

qRT-PCR

qRT-PCR was performed in 20-µL reactions 
containing 1 µL of reverse transcription product 
according to the manufacturer’s instructions 
using ABI SYBR Green PCR mix detection kit 
and the ABI 7500 instrument (Applied Biosys- 
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Table 1. Primers and their sequences for expression profiling 
Gene Forward  Reverse
AR AGAGTGCCCTATCCCAGTCCCA TTCCCTTCAGCGGCTCTTTTG
AKR1C1, 2 GTCCATCGGGGTGTCCAACTT CATGGTTCTTCTCGGTGGGATC
AKR1C1, 2, 3 TGTGCTCAGGGGCGTTGC GGTGCCAAATCCCAGGACAGG
AKR1C3 AGCTTTGGAGGTCACAAAATTAGCA GCCAGTCCAACCTGCTCCTCAT
AKT3 GTTACCTTTCTACAACCAGGACCATG GGTCCTCCACCAAGGCGTTTA
Ataxin1 GTGGCGGAGCCGTACAGGA CATCAGGGAGCTTGGTGCTTGT
Ataxin2 GGGGCCGAAACGTGAAGAA CCAGGGCTCCAGGTCCTTCTC
Ataxin3 TTGCGAAGCTGACCAACTCCTG CCAGAGCCCTCTGCAAATCCT
Autotaxin CCACTTTTCATCTGCGAGGGC CCTTGCTTGGTGGCTGTAATCC
BLC-2 ACATCGCCCTGTGGATGACTG GGCATGTTGACTTCACTTGTGGC
Catenin GACGGAGGAAGGTCTGAGGAGC CTTGAGTAGCCATTGTCCACGCT
CDC37 ATGATGAAGACGAGACGCACCC CCGTCTTCTCGGGCTTGGTATT
cMYC GGAGGCTATTCTGCCCATTTG CGGCTGCACCGAGTCGTA
COX2 CTGGCAGGGTTGCTGGTGG TTCATCTGCCTGCTCTGGTCAA
c-raf CTTCTTTGACTATGCGTCGTATGC GGGCTGAAGGTGAGGCTGATT
CYP11A1 CGCCCTGGGTCGCCTATC GGGCCACCCGGTCTTTCTT
CYP17A1 GCCATTCCTCCCCAGACACG GCGATACCCTTACGGTTGTTGGAC
CYP3A4, 5, 7 GAGAAATCTGAGGCGGGAAGCA AAAGGGGTCTTGTGGATTGTTGAG
DAGK CTCTGCGGATTGACCCTGTTCC CACCCTCTGCCCCTGCTTCC
ETS1 CCCTCTGCGCCCTGGGTAA GGATTCTGGATAGGCTGGGTTGA
EGFR GAGCGACTGCCTGGTCTGCC CCTCGGGGTTCACATCCATCTG
HPRT1 TGCAGAAGCTGCTTCCATGTCC CCCCAGTCTTGGCTGATGACCT
HSD17B2 TGGAGGCTTCCTAACAAATATCGC GCGGGGAGGTGGTCCAGAAT
HSD17B3 AAGTCTTTCTTGCGGTCAATGGG CTCTGTGGCAATGGCCTCTAGTTT
HSD3B1, 2 CTCCAGAACAGGACCAAGCTGAC GGCCCGGCTACCTCTATGCTA
IL6 AATTCGGTACATCCTCGACGGC GCCAGTGCCTCTTTGCTGCTTT
IL6R ATTAGCCTGTCCGCCTCTGC GGGGAACATCCACCAGCAA
ILST CAGATGAAGGTGGGAAGGATGGT AGCAAACAGGCACGACTATGGC
KLF4 GCTCCCCAGCAGGACTACCC CATCCACAGCCGTCCCAGT
K-ras GTAGTTGGAGCTGGTGGCGTAG CCTCATGTACTGGTCCCTCATTG
LDL r GGAGACGTGCTTGTCTGTCACCTG CGTCTTGGGGGGACAGCCTT
LIFR CTTTTCGGATTCGTTGTTCTACTG TCGCAAGTCATGTTGGGGTC
MAPK1, 3 CCTGAGCAATGACCATATCTGCTAC ACGGGCCAGGCCAAAGTC
ABCC1 CCGACATGACCGAGGCTACAT GCCAGGAATATGCCCCGAC
ABCC3 TTTAGCCAAGGCAGAGGGTGAG CGCTGGTCTCAGGGTAGGGG
ABCC4 CGTGTACCAGGAGGTGAAGCC CAAGGTGCTGTGAGCGGTCTT
MTOR TTAGAGGACAGCGGGGAAGGC GCAGGTCCGGTTCCAAGCATC
NAGON ACCTATGCCTGTGATTTGTGGG TGTTTCTTGACCGGGACCTTG
ENO2 CCATGCGACTAGGTGCAGAGGT TTTCCGTGTAGCCAGCCTTGTC
OATP1B3 GTCCCGTTGTTCCCACCTCC TGAATGACAGGGCTGCCAAGA
POU5F1 GGAGGAAGCTGACAACAATGAAA CCCCTGAGAAAGGAGACCCA
PCA3 GAAGCACAGAGATCCCTGGGAGAA AAGCGGGACCAGGCACAGG
PTGES CCCAGTATTGCAGGAGCGACC CCCAGGAAAAGGAAGGGGTAGA
PIK3R2 ACAGAGCGTGGGCTGGATG ACTGCTCGGGCAAGTCGG
PIK3CA GCAACCGAAAGAATGCGACG GCAAAATGCAGCAACCTCCTCA
PLA2G1B TGCTGGACAACCCGTACACCC CAGCGTTGCGGTCGCAGTT
PLCG1 GGACGCAACCCTGGCTTCTAT CATTCTGGATGATGGCGCTCTT
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tems, Carlsbad, CA, USA). The PCR program 
was as follows: 1 cycle at 95°C for 5 min, fol-
lowed by 45 cycles at 95°C for 5 sec, 60°C for 
60 sec with a final extension at 72°C for 5 min. 
Real-time fluorescence monitoring and melting 
curve analysis were performed using the ABI 
7500 system according to the manufacturer’s 
recommendations. Negative controls contain-

Generation of LNCaP-AI and LNCaP-AI+F 
LNCaP cells 

LNCaP cells (Figure 1A) were changed to LN- 
Cap-AI cells (Figure 1B) after gradually reduc- 
ing androgen in the culture medium. The cells 
became rounder and flatter from spindle-sha- 
ped LNCaP cells and grew more consistently. 

PLD1 GACGTGTCTCCCAGCGATCC TGCTTGAATTTCCTCTTAACTTGCC
Prosaposin CGCTATGTACGCCCTCTTCCT CCCCTGGTGCATTCTTTCAGT
PSA CGCTGGTTGGGTTCTGTGATG TTGCTGGGACCTCGTGCTTC
SOX2 CCATCACCCACAGCAAATGAC GCAAAGCTCCTACCGTACCACT
SPHK ATGCACGAGGTGGTGAACGG AGAGCCTGCTGGGAGGCTACA
Squalene epoxidase GGCTCCCAGTTCGCCCTCT CAAGCACGCCAGCTCCCAC
SCARB1 CGTGATGGTGCCGTCGCT GAAGGTGATGTTGCTTTTGTGCC
SRD5A1 TGCTGGTGGTGGTTCATACGG CAGACCAGAGCACATTGATGGC
SRD5A2 GTTTCCTTGGGCTGCGAGCTT GGCAGAACGCCAGGAGACCTAC
STAT3 CTGGCTGACTGGAAGAGGCG ACAATGGGGTCCCCTTTGTAGG
UGT2B17 CTGAGCTTCCTTATGTTTCACACATT TCTGCTCAAAATGAAGCCAAAAT
WNK1 ACTCGGAGTGCCAAAATGCTGC TTGTCAAAACTGGCTGGCTTCA
WNT1 CGGAATCGCCGCTGGAA GGCGGAGGTGATAGCGAAGATA

Figure 1. Morphology and gene expression of androgen-dependent and inde-
pendent prostatic cancer cells. A. LNCaP 243 cells; B. LNCaP-AI 243 cells; C. 
LNCaP-AI+F 243 cells; D. Relative mRNA levels for genes coding for enzymes 
in the LPC, cholesterol and androgen metabolism pathways. The black and 
gray bars represent the relative expression levels in LNCap-AI 243 cells and 
LNCap-AI+F 243 cells, respectively, compared with the those in LNCap 243 
cells; *indicates a statistically significant difference (P < 0.05) vs the control 
(LNCap 243 cells). 

ing no RNA template were 
included in each experiment. 
A melting curve was created 
at the end of the PCR cycle to 
confirm that a single product 
was amplified. Data were ana-
lyzed using ABI 7500 soft-
ware version 2.0 to determine 
the threshold cycle (Ct) above 
the background for each reac-
tion. The 2-ΔΔCT method was 
used to analyze the fold 
changes relative to the aver-
age value of the correspond-
ing mRNA in LNCaP cells with 
HRPT as an internal control.

Statistical analysis

The experiments were repeat-
ed three times, data were ex- 
pressed as mean ± standard 
derivation. The differences 
between the groups were 
analyzed by Student’s t-test 
using SPSS 13.0 software 
(SPSS Inc, Chicago, IL, USA).

Results
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By gradually decreasing androgen and increas-
ing flutamide concentration, LNCaP cells were 
transformed into LNCaP-AI+F cells with mor-
phology similar to LNCaP-AI cells (Figure 1C).

Gene expression 

We analyzed the expression of genes involved 
in the LPC pathway, PI3K-AKT signaling path-
way, cholesterol metabolism and androgen 
metabolism. The results are shown in Table 2 
and Figure 1D. Compared to LNCaP cells, the 
mRNA levels of phospholipase D1 (PLD1) were 
259 and 410 times more in LNCaP-AI and 
LNCaP-AI+F cells, respectively. Furthermore, 
Kirsten rat sarcoma viral oncogene homolog 
(K-ras), phosphatidylinositol 3-kinase regulato-
ry β subunit (PI3KR2), RAC-alpha serine/threo-
nine-protein kinase (AKT) and prostate-specific 
antigen (PSA) in the PI3K/AKT signaling path-
way were significantly up-regulated (Table 2). 
The mRNA levels of cholesterol metabolic 
enzymes and rate-limiting enzymes such as 
organic anion-transporting polypeptide 1B3 

(OATP1B3), low density lipoprotein receptor 
(LDL-r), squalene epoxidase (SQLE), and scav-
enger receptor class B member 1 (SR-B1) were 
increased. The mRNA levels of androgen syn-
thetases such as steroid 17-alpha-monooxy-
genase (CYP17A1), steroid 5 alpha-reductase  
2 (SRD5A2), aldo-keto reductases (AKR1C1, 
AKR1C2, AKR1C3), and androgen receptor (AR) 
were also increased. 

Discussion

Most prostate cancers are eventually shifted  
to be an androgen-independent after andro-
gen-deprivation therapy, making hormone ther-
apies ineffective. Despite many years of intense 
studies, the precise mechanisms underlying 
the shifting remain largely unknown. We cul-
tured LNCaP cells under a simulated androgen-
free condition without or with flutamide, and 
obtained LNCaP-AI cells and LNCaP-AI+F cells 
that could survive without androgen [15]. These 
cell lines were used to explore the mechanisms 
underlying the androgen-independence. 

Table 2. Up- and down-regulated genes in androgen-independent cell lines LNCaP-AI and LNCaP-A+F 
as compared to androgen-responsive cells  

LNCaP-AI Cell lines LNCaP-AI+F Cell lines
Seq ID Gene  Fold change P-value Regulation Fold change P-value Regulation
NM_004985 K-ras 14.31 ± .22 0.0011 Up 3.54 ± 0.06 0.0173 Up
NM_005027 PI3KR2 3.53 ± 0.39 0.0305 Up 3.08 ± 0.40 0.0262 Up
NM_001206729 AKT3 99.35 ± 2.88 0.0000 Up 11.36 ± 0.12 0.0001 Up
NM_001040092 Autotaxin 4.75 ± 0.05 0.0169 Up 4.27 ± 0.13 0.0159 Up
NM_001098209 Catenin 3.49 ± 0.28 0.0011 Up 1.86 ± 0.12 0.0159 Up
NM_004878 PTGES 106.78 ± 13.15 0.0002 Up 12.30 ± 0.51 0.0002 Up
NM_000928 PLA2G1B 1.29 ± 0.29 0.2504 Up 1.23 ± 0.32 0.6571 Up
NM_002660 PLCG1 10.74 ± 1.03 0.0007 Up 2.66 ± 0.06 0.0067 Up
NM_001130081 PLD1 410.41 ± 23.53 0.0019 Up 259.32 ± 12.79 0.0032 Up
NM_001030047 PSA 24.31 ± 0.20 0.0002 Up 15.90 ± 1.51 0.0003 Up
NM_002880 C-raf 5.22 ± 1.28 0.0162 Up 1.25 ± 0.68 0.8511 Up
NM_001253909 AKR1C3 0.95 ± 0.09 0.4274 Down 1.25 ± 0.10 0.0305 Up
NM_000102 CYP17A1 28.59 ± 0.23 0.0032 Up 4.32 ± 1.03 0.0120 Up
NM_002153 HSD17B2 0.07 ± 0.01 0.0018 Down 0.79 ± 0.02 0.0010 Down
NM_000197 HSD17B3 0.41 ± 0.17 0.0464 Down 1.90 ± 0.91 0.1494 Up
NM_001047 SRD5A1 1.66 ± 0.26 0.1806 Up 1.15 ± 0.07 0.3932 Up
NM_000348 SRD5A2 51.50 ± 9.28 0.0013 Up 12.9 1 ± 1.33 0.0038 Up
NM_019844 OATP1B3 19.08 ± 0.10 0.0000 Up 14.34 ± 0.69 0.0001 Up
NM_000527 LDL-r 23.34 ± 0.31 0.0000 Up 8.78 ± 1.01 0.0011 Up
NM_003129 SQLE 22.03 ± 0.71 0.0002 Up 10.27 ± 1.03 0.0005 Up
NM_001082959 SCARB1 10.27 ± 1.30 0.0046 Up 5.75 ± 0.58 0.0005 Up
NM_000044 AR 39.18 ± 5.39 0.0004 Up 36.56 ± 5.64 0.0005 Up
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In our previous study, we observed that the LPC 
level was remarkably increased in LNCaP-AI 
cells compared with LNCaP cells [16]. Studies 
show that LPC might be converted to AA by li- 
poprotein-associated phospholipase (Lp-PLA2) 
and then to prostaglandin (PGE) [17] or to LPA 
by PLD1 [18]. LPA is involved in a wide range of 
biological processes and can activate the 
downstream PI3K/AKT pathway, resulting in 
inhibition of apoptosis through the serine phos-
phorylation of the pro-apoptotic protein BAD 
[19]. Another group of AKT substrates named 
forkhead transcription factors (FKHRs) are 
translocated from nuclear to cytoplasm to bind 
with 14-3-3 proteins after being phosphorylat-
ed, thus decreasing apoptosis induced by the 
FasL process [19]. AKT also suppresses apop-
tosis and promotes the growth of cells via the 
phosphorylation of other factors such as AR 
[20]. To get a better picture of expression of 
genes that may be involved in the LPC-PI3K/
AKT pathway, as well as in cholesterol and and- 
rogen metabolism, we compared the expres-
sion of 160 genes using qRT-PCR in LNCaP-AI 
cells, LNCaP-AI+F cells and LNCaP cells.  

LNCaP-AI cells and LNCaP-AI+F are morphologi-
cally different from LNCaP cells, suggesting 
that there might be some metabolic changes 
between these cell lines. Compared with LNCaP 
cells, expression of a number of genes in the 
PI3K/AKT signaling pathway such as PLD1, 
K-ras, PI3KR2, AKT and PSA was increased sig-
nificantly in LNCaP-AI cells and LNCaP-AI+F 
cells, indicating that the PI3K/AKT signaling 
pathway is activated probably due increased 
LPC level, a finding that was consistent with our 
hypothesis that the increased LPC may be con-
verted to LPA by PLD1, and the resultant LPA is 
very bioactive and may activate Ras and the 
PI3K/AKT signaling pathway downstream of 
Ras (Figure 2), as observed in our study.  

OATP1B3 is an organic anion transporting poly-
peptide and is shown to enhance the PCa cell’s 
ability to uptake testosterone [21]. LDL-r is dis-
tributed on the surface of cell membrane, pro-
moting the translocation of LDL into the cell. 
SQLE is a rate-limiting enzyme in sterol biosyn-
thesis [22], and SCARB1 is a cholesterol poly-
merase [23]. All of these enzymes are associ-
ated with the transport and metabolism of cho-
lesterol. Our data showed that the mRNA levels 
of the four genes were dramatically increased 
(Table 2), suggesting that cholesterol intake 
and metabolism in the androgen-independent 
cells may be enhanced in androgen-free envi-
ronment. Because cholesterol is an important 
precursor for androgen synthesis, it may be 
used by the cancer cells to synthesize andro-
gens de novo. 

We next analyzed the expression of genes cod-
ing for enzymes involved in androgen metabo-
lism and AR. The data reveals that CYP17A1, 
SRD5A2, AKR1C (AKR1C1, AKR1C2, AKR1C3), 
and AR were significantly up-regulated (Figure 
1D). SRD5A1 and SRD5A2 could convert tes-
tosterone to DHT [24]. Up-regulation of expres-
sion of these genes may increase the intracel-
lular secretion of androgen. Furthermore, beca- 
use these enzymes are the pivotal enzymes in 
the classical pathway of androgen biosynthesis 
[25-29], the results suggest that the classical 
pathway of androgen biosynthesis may be 
involved in androgen synthesis under the ste-
roid-deprived condition. However, besides the 
significant increase in the expression of CYP- 
17A1, SRD5A2, and AKR1C, the expression of 
hydroxy-delta-5-steroid dehydrogenase (HSD) 

Figure 2. Hypothetic up-regula-
tion PI3K/AKT signal pathway 
and androgen receptor by met-
abolic products (gray box). 
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3B (HSD3B1, HSD3B2) and HSD17B2 was 
decreased. The reasons for this down-regula-
tion remain unknown.

Based on the above analysis, we speculate that 
increased androgen synthesis in LNCaP-AI cells 
and LNCaP-AI+F cells may be achieved via 
increased cholesterol intake even if androgen 
is deprived. PSA is an androgen-regulated gene 
and is expected to be upregulated in response 
to increased testosterone levels in LNCaP-AI 
cells. Our observations that LNCaP-AI had ele-
vated PSA might explain why in two clinical 
studies patients with relapsed prostate tumors 
were observed to have elevated PSA after the 
termination of androgen ablation therapy [30, 
31].

Multidrug resistance protein 1 (MRP1) partici-
pates in the translocation of chemotherapy 
drugs, including flutamide, for PCa treatment. 
Compared with LNCaP cells, there was no dif-
ference in expression of MRP1 mRNA either in 
LNCaP-AI cells or LNCaP-AI+F cells, indicating 
that the survival of LNCaP-AI+F cells might be 
independent of flutamide after the cells are cul-
tured in androgen-free medium for long time 
and is more likely relied on self-synthesized 
androgen as LNCaP-AI cells do.  

In conclusion, LNCaP-AI or LNCaP-AI+F can sur-
vive in medium without supplemented andro-
gen irrespective of flutamide. This is achieved 
either by enhancing the PI3K/Akt signaling 
pathway by LPC, which inhibits apoptosis and 
promotes cell survival, or by increasing the 
androgen synthesis via classical pathways or a 
“back-door” pathway, simultaneously, which 
further accelerates the conversation of T into 
DHT and upregulates the expression of AR to 
provide androgen for cell survival.
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