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Abstract
BACKGROUND Androgen receptor variant 7 (AR-V7) detection provides important reference to the clinical
management of abiraterone in metastatic castration-resistant PCa (mCRPC). We performed a noninvasive urine-
derived exosomal AR-V7 analysis in mCRPC patients.

METHODS A total of 34 mCRPC patients were categorized into 16 patients responded to abiraterone (ABI-Sta group)
and 18 were resistant to abiraterone (ABI-Res group). First morning urine collected from patients as well as healthy
control were used for analysis. Exosomal RNA was isolated for AR-V7 detection, and the correlation between AR-V7
expression and the therapeutic effect of abiraterone was analyzed.

RESULTS Urine is ideal biological sample for exosome separation and androgen receptor full-length (AR-FL) analysis.
Positive urine-derived exosomal AR-V7 were detected in 32.4% (11 of 34) mCRPC urine samples. Positive AR-V7 is
more common in ABI-Res patients (50.0% in ABI-Res group vs. 12.5% in ABI-Sta patients respectively, p=0.009) and
associate with higher PSA progression rate and poorer overall survival (p=0.0031, 0.0012).

CONCLUSIONS Urine-derived exosome is an alternative option for liquid biopsy-based AR-V7 detection in prostate
cancer. Urinary exosomal AR-V7 is a dynamic marker that may predict the response to abiraterone in mCRPC
patients.

Background
Prostate cancer (PCa) remains the second most common malignant among men worldwide, which accounts for
more than 100 thousand death each year 1,2. Although androgen deprivation therapy (ADT) have dramatically
improved overall survival, almost all PCa patients will develop resistance to ADT, leading to a lethal state known as
metastatic castration resistant PCa (mCRPC), which is incurable at present stage 3.

In many cases, the androgen receptor (AR) axis remains active during the development of mCRPC, indicating that the
survival and growth of tumors still rely on the downstream signaling of AR pathway 4. Abiraterone acetate blocks the
intratumorally synthesis of androgens by selectively inhibiting the function of CYP171A, a key enzyme in androgen
biosynthesis, thus is favored in the treatment of mCRPC patients 5,6. Signi�cant improve of median overall survival
(OS) of patients treated with abiraterone has been demonstrated in several clinical trials (i.e. COU-AA-3017, COU-AA-
3028 and so on). However, the clinical outcome of abiraterone presents inter-individual variability. Different
pathological and molecular biomarkers have been used for diagnosis, staging, and monitoring of mCRPC response
to abiraterone. Among them, the expression of constitutively active ligand-independent AR variant, such as androgen
receptor variant 7 (AR-V7), has been supposed to be most common mechanism of abiraterone resistance. AR-V7 is
derived from the pre-mRNA of AR full length (AR-FL) through alternative splice 9,10. The result of ligand binding
domain (LBD) deletion is the constituting activating the transcription of AR downstream target genes and CRPC
progression. Positive AR-V7 in PCa is strongly associated with the resistance to AR signaling inhibitors and poor
clinical prognosis 11. Therefore, detection of AR-V7 is valuable in prognosis evaluation and determining following
therapeutic agents 12.

Sensitive and speci�c bioanalytical method are indispensable to implement AR-V7 into clinical practice. AR and its
splicing variants could be detected in both tumor tissue and body �uids. Tumor tissue can be acquired by biopsy,
which is invasive, costly, most importantly, the re-biopsy samples are unavailable or unanalyzable in many cases 13.
Circulating tumor cell (CTCs) based AR-V7 quanti�cation is the most used liquid biopsy strategy so far 14,15.
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Nevertheless, sample processing for CTC is time sensitive and requires highly specialized equipment. Additionally,
this method is only available for CTC positive patients, while a considerable number of patients are excluded due to
low CTC burden or technical inaccessibility. Most importantly, both single-site biopsies and the speci�c antibody
captured CTC do not fully considered the heterogeneity of prostate cancer 16. As an alternative approach, AR-V7 RNA
could also be extracted from whole blood for next bioanalysis, but this approach may be affected by the instability of
free RNA in blood and the large amount of contaminating RNA 17,18.

To date, exosome derived biomarkers have revolutionized the diagnosis of multiple pathologies including cancer 19.
Exosomes are small membranous vesicles arranged from 30–150 nm, that are secreted into body �uid (including
blood, cerebrospinal �uid, urine, milk) by various organ cells. Such extracellular vesicles (EVs) contain functional
proteins and nucleic acids derived from the organs they originate from, then be uptake by target cells and readjust its
physiological processes 20. Showing the molecular signature of their histogenesis, exosomes represents one of the
research hotspots in cancer diagnosis, medication guidance and treatment monitoring 21,22. Speci�c to prostate
cancer, a prospective study with limited sample indicated the plasma-derived exosomal RNA is a reliable source of
AR-V7 that can predict the resistance to hormonal therapy in prostate cancer 23. Urine is the most ubiquitous body
�uid that could regenerate rapidly. Furthermore, a direct physical connection between prostate and ureter was existed,
indicating the possibility and reliability to detect AR-V7 in exosome derived from urine, which has been demonstrated
by Cho with a small series of patients 24.

In present study a small series of mCRPC patients treated with abiraterone acetate were enrolled and the expression
of urine-derived exosomal AR-V7 was detected. The aim of present study is to determine the association between
clinical outcomes and urine-derived exosomal AR-V7.

Methods

Patients and healthy donor selection
The study was o�cially approved by the ethics committee of Beijing friendship hospital. Written informed consents
were received from all participants before urine collection and data analysis. The framework of this project was
reported in the schema graph in Fig. 1. A total of 34 participants with metastatic CRPC treated with abiraterone
acetate were enrolled in this cross-sectional program. All-inclusive patients were histologically con�rmed prostate
adenocarcinoma and castration levels of serum testosterone (≤ 20 ng/dl) were maintained by ADT. Urine samples
were collected for exosomal isolation after mCRPC was determined before next-line treatment strategy. All
participants were categorized into abiraterone stable (ABI-Sta) group and abiraterone resistant (ABI-Res) group as per
the following de�nition of abiraterone resistance. Prior docetaxel chemotherapy and radiotherapy were permitted. All
patients were followed-up and clinical data, including PSA progression-free survival and overall survival was
compared according to AR-V7 status.

Concerning disease progression including PSA and/or radiography progression according to PCWG criteria, in
present study, patients with abiraterone resistance were enrolled as follows: (1) Ongoing abiraterone treatment
present with at least three continuous rising serum PSA levels measured ≥ 1week apart and/or radiography
progression con�rmed by CT/MRI/bone scan consistent with the Prostate Cancer Working Group-2 (PCWG2)
guidelines; (2) Ongoing abiraterone treatment more than 3 months and PSA �are should be excluded; (3) Ongoing
androgen derivative treatment with GnRH analog or bilateral orchiectomy with serum testosterone ≤ 20 ng/dl. Prior
docetaxel-based chemotherapy was permitted.



Page 4/17

Data of baseline characters and pretreatment outcomes including age, Gleason score, prior treatment history,
metastasis status, Eastern Cooperative Oncology Group (ECOG) performance status, serum PSA, alkaline
phosphatase (ALP), lactate dehydrogenase (LDH), and hemoglobin were collected. Serum PSA was measured in all
patients at least once per month during treatment, and imaging evaluation were performed every 3 months or at the
physicians’ discretion.

A total of 20 healthy controls, including 9 males and 11 females ranged from 40–70 years old, were recruited and
con�rmed with no evidence of prostatic malignancy. The analysis of AR-V7 in primary/metastasis tumors was not
performed because this is not part of clinical practice.

Urine collection and isolation of exosome
For urine sample processing, 30 ml morning urine were collected in RNAse-free urine cup and restore in room
temperature less than 4 hours, then centrifuged at 3,000 g for 30 min and the supernatant was transferred to a new
50 ml centrifuge tube and kept at − 80 °C.

Exosomes are isolated from urine sample following a modi�ed protocol as reported 19. Brie�y, 30 ml of fresh urine
were centrifuged at 3,000 g for 30 min to eliminate cell debris and insoluble particle. 40% PEG-6000 was added into
urine to a �nal concentration of 8%, homogeneous mixing and to rest overnight. Then, the PEG-urine complex was
centrifuged at 5,000 g for 20 min, the exosomal pellets were re-suspended in 100 uL of 1 × PBS and stored at -80℃
for further analysis.

Nanoparticle tracking analysis (NTA) and transmission electron
microscopy (TEM)
Vesicle suspensions with concentrations between 1 × 107/ml and 1 × 109/ml were examined using the ZetaView PMX
110 (Particle Metrix, Meerbusch, Germany) equipped with a 405 nm laser to determine the size and quantity of
particles isolated. A video of 60-sec duration was taken with a frame rate of 30 frames/sec, and particle movement
was analyzed using NTA software (ZetaView 8.02.28).20 µl exosomes solution was placed on a copper mesh and
incubated at room temperature for 10 min. After washing with sterile distilled water, the exosome was contrasted by
uranyl-oxalate solution for 1 min. The sample was then dried for 2 min under incandescent light. The copper mesh
was observed and photographed under a transmission electron microscope (JEOL-JEM1400, Tokyo, Japan).

Immunoblotting and exosome con�rmation
Exosomes were lysed by RIPA lysis buffer, 30 ug total protein were boiled in 2 × SDS–PAGE loading buffer for 5 min
and used for immunoblotting. Protein samples were separated by SDS-PAGE in 4–20% and transferred to PVDF
membranes by using tank method. The primary antibodies used in this experiment were listed as follows: anti-CD63
(Santa Cruz Biotechnology, sc-59284), anti-Alix (Abcam, ab117600), anti-TSG101 (Abcam, ab125011).

Urine-derived exosomal RNA isolation and qRT-PCR
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The total RNA of exosome was extracted using QIAzol Lysis Reagent (QIAGEN, 79306) according to the
manufacturer’s protocol. All the total RNA was converted to cDNA using Superscript II reverse transcriptase
(Invitrogen Life Technologies, 18064-014) following the manufacturer’s instructions. The AR-FL was used as an
internal control. The abundance of AR-FL and AR-V7 were detected by TaqMan real-time RT-PCR, the sequence of
primers and probes were described as below: AR-FL, forward primer 5’- CATCAAGGAACTCGATCGT-3’, the forward
primer 5’- GAACTGATGCAGCTCTCTC − 3’, probe 5’-ACATCCTGCTCAAGACGCTCCT-3’. AR-V7, forward primer 5’-
CTGTGCGCCAGCAGAAAT − 3’, the forward primer 5’- TCAGGGTCTGGTCATTTTGA − 3’, probe. 5’-
TGTCCATCTTGTCGTCTTCG-3’ 23.

Standard curve preparation
Brie�y, the cDNA of AR-FL or AR-V7 was inserted into vector pBM-8A. The insert was cut from the plasmid and in vitro
transcription was performed. After RNA was extracted using QIAzol Lysis Reagent and concentration quanti�cation
by nanodrop, the RNA was diluted in log increments from 1 × 106 copies/uL to 10 copies/uL. The we carried out
TaqMan �uorescent quantitative PCR in different RNA concentration and collected corresponding CT values.

Statistical analysis
All P values were carried out using the SPSS software ((SPSS Inc., Chicago, Il, USA)). All error bars represent mean ± 
standard deviation (SD) derived from three independent experiments. Continuous data are presented as mean ± 
standard deviation (SD) and independent samples t-test were conducted for comparison. Categorical data were
presented as frequency and percentage and were evaluated using chi-square test. Time-to-event outcomes
(PSA/radiographic progression-free survival [PFS] and overall survival [OS]) were analysed by the Kaplan-Meier
method, and survival-time differences were compared by the log-rank test. In all cases, P values of < 0.05 were
de�ned as statistically signi�cant deference.

Results

Urine-derived exosomal AR-FL and AR-V7 RNA expression in
heathy volunteer
To address whether urine could be used for exosome analysis, we �rst performed exosome isolation by PEG
precipitation from urine (30 ml each test). Three evidence proved that urine was an ideal biological sample for
exosome enrichment. First, western blotting analysis for the assessment of the common markers of exosome,
indicating a signi�cantly selective enrichment of exosome protein marker CD63 and TSG101 in urine derived
exosome (Figure. 2a). Second, morphological analysis by transmission electron microscope (TEM) showed a
classical double membrane structure in exosomes collected from urine, with an average diameter 88.9 ± 9.81 nm
(Figure. 2b). Third, nanoparticle tracking analysis (NTA) showed a concentration of exosome around 5 × 1010

particles/30 ml urine, an acceptable abundance for further protein and RNA analysis (Figure. 2c,d).

The investigational part of this study was the assessment of AR-V7 in urine exosome from mCRPC patients. First, we
conducted a standard curve re�ected to the copy number of AR-V7 and AR-FL in each PCR tube and tested the
detection limit in our system. According our standard curve, we could detect as low as 10 copies AR-FL and AR-V7
plasmid DNA in each reaction (Figure. 3a,b). Then, we enrolled 20 healthy controls. Total exosomal RNA was
extracted for reverse transcription and further real-time quantitative PCR (RT-PCR). We could successfully detect AF-
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FL in all the entire 20 urine exosome samples from healthy volunteer (a mean CT value of 30.85). The Ct value less
than 37, the cutoff value for AR-V7 were set as 36 to avoid false positive (Figure. 3c). These results were logically, as
AR-FL was mainly expressed in hormone deprivation state, but not in normal physiology condition. These results
proved urine-derived exosome enriched prostate-associated genetic material and might be more suitable for the AR-
V7 detection.

Clinical characteristics and the expression of AR-V7 on urine-
derived exosomal RNA
Overall, all the 34 samples were positive for AR-FL, with an average Ct value 31.55 (74 copies/14 ml) and 11 samples
showed the positive expression of AR-V7 with a Ct value arranged from 33.02–37.42 (2.5–45 copies/14 ml).
Baseline characteristics for the participants are reported in Table 1. A total of 16 patients were categorized into
abiraterone stable (ABI-Sta) group and 18 patients were into abiraterone resistant (ABI-Res) group respectively as per
inclusion criteria. Median follow-up time was 15.7 months (range: 3.0–21.0 months). During follow-up, our data
identi�ed patients progressed with PSA progression, radiography progression and both are in 55.56% (10/18),
22.22% (4/18) and 22.22% (4/18) of 18 ABI-Res patients versus in 25.0% (4/16), 12.5% (2/16) and 62.5% (10/16) of
16 ABI-Sta patients respectively. Comparing with ABI-Sta group, patients in ABI-Res group had more aggressive
features such as more prior docetaxel-based chemotherapy(33.33% vs. 6.25%), higher median initial PSA level
(241.24 ng/ml vs. 84.22 ng/ml), serum ALP (205.51U/l vs. 420.71U/l) and LDH (125.62U/l vs. 143.31U/l)
respectively. Positive AR-V7 was more common in ABI-Res patients (50.0%) than that of ABI-Sta group (12.5% in ABI-
Sta Vs 50.0% in ABI-Res, P = 0.009) (Figure. 4a,b). In addition, the present of visceral metastasis is more common in
ABI-Res group (7/18, 38.89%), especially in ABI-Res AR-V7(+) subgroup (5/9, 55.56%).
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Table 1. Characteristics of patients and androgen receptor splice variant 7 (AR-V7) status
  ABI Stable ABI Resistant

  ABI-Sta
SUM

AR-V7+ AR-V7 - ABI-Res
SUM

AR-V7 + AR-V7 -

  n=16 n=2 n=14 n=18 n=9 n=9

Age, median
(range), y

77.7 (59-85) 77.5 70-85 77.7 59-80 72.9 (61-83) 72.6 61-83 73.2 67-81

ECOG
performance
status, n(%)

           

0 15 (93.75) 2 (100) 13 (92.86) 14 (77.78) 7 (77.78) 7 (77.78)

1 1 (6.25) 0 (0) 1 (7.14) 4 (22.22) 2 (22.22) 2 (22.22)

Initial PSA at
diagnosis,
median
(range),ng/ml

84.22
(10.12-
219.847)

24.93 10.12-
39.73

92.69 12.0-
219.847

241.24
(24.76-
536.0)

275.42
42.0-536.0

207.05
(24.76-
501.0)

Baseline ALP,
median
(range),U/l

205.51(58-
352)

145.0(65-
225)

214.15(58-
352)

420.71(77-
2210)

447.25(134-
2210)

394.20(77-
1401)

Baseline LDH,
median
(range),U/l

125.61(76-
200)

155.0(110-
200)

132.50(76-
177)

143.31(82-
250)

152.18(101-
250)

134.44(82-
245)

Baseline Hgb,
median
(range),g/dl

108.90(93.0-
134.0)

118.32(110.1-
126.5)

107.56(93.0-
134.0)

106.63(88.5-
133.0)

104.50(88.5-
129.0)

108.76(93.0-
133.0)

Type of local
therapy,  n(%)

           

Surgery 2 (12.5) 1 50 1 7.14 3 (16.67) 1 11.11 2 22.22

Branchytherapy 2 (12.5) 0 2 (14.29) 0 0 0

None 12 (75.0) 1 50 11 78.57 15 (83.33) 8 88.9 7 77.78)

Prior use of
docetaxel, n(%)

           

Yes 1 (6.25) 0 0 1 7.14 6 (33.33) 3 33.3 3 33.3

No 15 ( 93.75) 2 100 13 92.86 12 (66.67) 6 66.7 6 66.7

Gleason score
at diagnosis

           

7 11 (68.75) 1 (50.0) 10 (71.43) 4 (22.22) 1(11.11) 3(33.33)

≥8 5 (31.25) 1 (50.0) 4 (28.57) 14 (77.78) 8(88.89) 6(66.67)

Prior use of
radiotherapy,
n(%)

           

Yes 3 (18.75) 1 50 2 14.29 6 (33.33) 3 (33.3) 3 (33.3)
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No 13 (81.25) 1 50 12 (85.71) 12 (66.67) 6 (66.67) 6 (66.67)

Presence of
bone
metastases,
n(%)

           

Yes 16 (100) 2 100 12 100 18 (100) 8 100 10 100

Presence of
visceral
metastases,
n(%)

           

Yes 1 (6.25) 0 (0) 1 (7.14) 7 (38.89) 5 (55.56) 2 (22.22)

No 15 (93.75) 2 (100) 13 (92.86) 11 (61.11) 4 (44.44) 7 (77.78)

Time to CRPC,
median (range),
month

43.1 (9-117) 42.5 (30-55) 41.17 (9-
117)

31.7 (9-110) 27.8 (9-110) 35.7 (9-106)

AR-V7 = androgen receptor splice variant 7; ECOG = Eastern Cooperative Oncology Group; Hb = hemoglobin; PSA
= prostate-speci�c antigen LDH=lactase dehydrogenase; Hgb=hemoglobin; ALP= alkaline phosphatase.

 

To further analysis, both groups were categorized into AR-V7(+) and AR-V7(-) subgroups respectively according to AR-
V7 analysis. Subgroup data shows that patients in ABI-Res AR-V7(+) subgroup have more invasive disease with
higher initial PSA level at diagnosis (275.42 ng/dl vs. 207.05 ng/dl) and shorter ADT time to CRPC (27.75 mo vs
35.67 mo) comparing with that of ABI-Res AR-V7(-) subgroup.

Kaplan-Meier analysis did not con�rmed the role of AR-V7 as an independent prognostic factor as for overall survival
(hazard ratio:1.645,95% CI, 0.611–4.428, P = 0.3089)and PSA progression-free survival (hazard ratio:1.821, 95%
CI,0.797–4.162, P = 0.1133) probably due to the small series patients enrolled (Fig. 5). However, analyzing at the 20th
months timepoint displayed there are 10/11 (90.91%) positive AR-V7 patients experienced an increase of ≥ 50% in
PSA response and/or radiography progression versus 14/23 (60.87%) in negative AR-V7 patients (p = 0.0031,
0.0012).

Discussion
The alternative splicing AR-V7 was reported to couple with AR gene transcription and facilitated by AR gene
ampli�cation/rearrangement. The positive expression of AR-V7 associates with the resistance to therapeutic target to
AR pathway (abiraterone and enzalutamide) in CRPC patients. Detecting of the expression of AR-V7 is vital to decide
the following treatment strategy of CRPC patients. Unfortunately, re-biopsy to obtain prostate cancer tissue is often
unacceptable in clinical practice. More clinicians refer to liquid biopsy to maintain the detection, which acquired
multiple advantages of noninvasive, biomaterial availability, and could represent tumor heterogeneity. Blood sample
derived RNA, both from CTC and exosome, have been used to interrogate tumor biology. Nevertheless, the clinical
value of AR-V7 detection in urine remains deeply uncertain, which was tested in an individual study with small
number of samples 24. The feasibility of EVs isolation from urine was con�rmed in present study. Here, we describe
our work�ow of urine exosome extraction and exosomal AR-V7/AR-FL detection using real-time quantitative PCR
instead of ddPCR. Healthy controls were enrolled to de�nite the cut-off values of AR-V7/AR-FL. Next, we enrolled
mCRPC patients treated with abiraterone to explore the correlation between the urine exosomal-derived AR-V7 and
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therapeutic effect of abiraterone in mCRPC. Our data displayed AR-V7 status in urine-derived exosome is highly
associate to mCRPC clinical prognosis. Positive AR-V7 was more common in patients of abiraterone resistant group
than that of abiraterone stable group. Moreover, positive AR-V7 seems to relate to higher initial PSA level at
diagnosis, Gleason scores, shorter ADT time to CRPC and survival.

Marzia et al investigated the expression of AR-V7 on plasma-derived exosome previously. In that small CRPC series
(36 patients) before they began second-line hormonal treatment, positive AR-V7 was detected in 39% patients and
associate with poor clinical prognosis 23. It demonstrates the priorities of RNA recovered from plasma-derived
exosomes could bene�t the CRPC diagnostic work�ow and minimize the negative effect of tumor heterogeneity.
Given that e�cient isolation of tumor-speci�c materials from whole blood remains a major challenge due to the
interruption of abundance contaminants, such as cells, vesicles, and proteins from healthy tissues, more sensitive
and reliable liquid biopsy for AR-V7 detection is highly demanded. Woo HK et al. demonstrated their work�ow of AR-
V7 mRNA expression in urinary EVs in prostate cancer patients using ddPCR assay. Although the clinic follow-up
data was absent, it was observed the tendency for higher AR-V7 expression in urine-derived EVs from patients with
CRPC than in those with hormone sensitive PCa 24. Here, we present our work that AR-V7 RNA detection with isolated
urine-derived exosomes using qRT-PCR assay. The 50% positive rate of AR-V7 on urine-derived exosomes in
abiraterone resistant patients demonstrates a more sensitive detection technology for AR-V7. In theory, plasma
samples contained large amount non-cancer related exosomes in plasma that secreted by leucocytes, platelet, red
blood cell, which might lead to high frequency false positives detection of AR-V7. Nevertheless, most the biological
macromolecule from blood could be excluded by the renal corpuscle, leaving the urine containing more biomolecules
from prostate, as well as bladder. In this respect, urine derived exosomes showed certain advantages over blood
derived exosomes in monitoring of urinary tract related cancers such as prostate cancer. Initially, we supposed most
EVs secreted from shedding cells of urethra epithelium which may contains more EVs of prostate cancer cells until
the two positive AR-V7 patients were �gured out with prior radical proctectomy. It con�rms the reasonability that
exosomes may be secreted by renal corpuscle or urothelial cells.

Moreover, we should acknowledge that it is not a prospective designed randomized research and only a small series
of patient were enrolled. Our Kaplan-Meier analysis did not reach signi�cant difference according to OS and PFS
probably due to the limited patients enrolled. However, analysis of PSA progression and/or radiography progression
rates at the 20th months timepoint showed positive AR-V7 seems to associate with higher PSA progression and/or
radiography progression rates (90.91% vs. 60.87%). A large-scale prospective trail is now required to evaluate this
pilot study.

Despite the elevated AR-V7 positive proportion in this series, still 50.0% abiraterone resistant CRPC patients were
absent of AR-V7 expression. These results remind the diversity of the molecular mechanism under abiraterone
tolerance. Other alternatively spliced transcripts of androgen receptor, such as ARV3, ARV9 could also be involved in
the development of abiraterone resistance. According to our results, urine-derived exosome contained abundant
molecular information that relevant to prostatic cancer tissues, which could be further used for biomarker screening
related to abiraterone resistance. Last, the present study mainly enrolled CRPC patients treated with abiraterone, due
to the unreachable of enzalutamide and a similar conclusion cannot be applied in patients treated with
enzalutamide.

Conclusions
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The present study demonstrates the detection of urine-derived exosomal AR-V7 is a more sensitive and feasible
clinical work�ow without any invasiveness. The role of urine-derived exosomal AR-V7 in mCRPC patients should be
further veri�ed by more sample size research. AR-FL: Androgen receptor full-length; LBD: Ligand binding domain;

Abbreviations
Pca: Prostate cancer; CRPC: Castration resistant prostate cancer; AR: Androgen receptor; AR-V7: Androgen receptor
variant 7; ADT: Androgen deprivation therapy; CDC: Circulating tumor cell; EV: Extracellular vesicle; ECOG: Eastern
Cooperative Oncology Group; ALP: Alkaline phosphatase;  LDH: Lactate dehydrogenase; NTA: Nanoparticle tracking
analysis; TEM: Transmission electron microscopy; PFS Progression-free survival; OS: Overall survival.
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Figure 1

Framework of this project
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Figure 2

Exosome extraction from urine a. Immunoblotting of exosome marker CD63 and Tsg101 in exosomes derived from
urine. Calnexin was a protein located cytoplasm but not in exosome was used as a negative control. b.
Representative TEM image of exosomes derived from urine. c,d. Representative NTA image of exosomes derived
from urine (c), the size distribution and particle concentration was showed in d.
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Figure 3

AR-FL/AR-V7 detection in urine of healthy volunteers a,b. Standard curve of AR-FL (a), AR-V7 (b) copy number and
corresponding CT value in the real time-PCR quanti�cation experiment. c. Quanti�cation of the expression level of
AR-FL and AR-V7 in exosomes derived from urine of healthy volunteers, the data was displayed as copy numbers/14
ml urine. Negative samples were assigned a Ct value of 40, the cutoff line of AR-V7 positive was showed by red line.
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Figure 4

AR-FL/AR-V7 detection in urine-derived exosomes of prostate cancer a,b. Quanti�cation of the expression level of AR-
FL and AR-V7 in exosomes derived from urine of ABI stable group and ABI Resistance group, the data was displayed
as copy numbers/14 ml urine. Negative samples were assigned a Ct value of 40, the cutoff line of AR-V7 positive was
showed by red line.

Figure 5
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Overall survival and PSA progression-free survival curves according to AR-V7 analysis Fig. a Overall survival curve
and Fig. b PSA progression-free survival curve display non-signi�cant difference between AR-V7 positive and
negative groups probably due to the small series patients enrolled (p=0.3089,0.1133 respectively). However,
signi�cant difference was observed when PSA progression rate and survival rate at the follow-up endpoint (p=0.0031,
0.0012 respectively by chi-square test).
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