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FRZEfE/ (Introduction) :

IHES R 2R (AR) EEER IV IREN £ 5/857 - EAREFFAGRHEE T
R TEFS T - By T M RERIG R SE R IR - 1EPE IS - S8R
WERZRGTIREEEAGT (AR-VT) BIESGREIMEATY IR (CRPC) BB RHVINEE A
5] - & BIRHIERAVAR-VIIZEZEE (RNA) BNLLAHASIERAEANAE (CTCs) iy
B REREREED - mH - BEiEREeHA - E st TS E DR I pE R A
RIRSRIZ A s ] T RE SR AR RS - (B > BREHHHIIFEEBIR AR - SUSHTENT
IL B ERHEAR-VT 275 1] DU R & A CRPC B E B ZU AT SE FEUHFEAE » MiFH &% —
TR H L AT SERY Tk AR R Gl E (dPCR) HAEE B MKRTHIAR-VT »
IEFRIECTC - LRSIt PR EZ VIR E P A B R e -

Suppression of androgen receptor (AR) signaling is a systemic treatment of prostate
cancer. A number of molecular alterations arise in patients treated with AR-directed
therapies. These molecular alterations may indicate the emergence of treatment
resistance. In Western countries, the AR splice variant 7 (AR-V7) is found to be
associated with resistance to hormonal therapy in castration-resistant prostate cancer



(CRPC). Quantification of AR-V7 ribonucleic acid (RNA) circulating in blood is
apparently more sensitive than assessing circulating tumor cells (CTCs), as it has
fewer false negatives. Moreover, in contrast to tumor biopsies, it allows serial
measurements to account for possible shifts in tumor genotype and phenotype over
time. However, data in Hong Kong population is limited. This pilot study aims to
evaluate whether AR-V7 can be act as a predictor of resistance to hormonal therapy
in Hong Kong patients with CRPC and to develop a minimally-invasive practical and
robust approach for the direct quantification of AR-V7 in blood by digital polymerase
chain reaction (dPCR) without the need for CTC capture. Continued examination of
this biomarker in prospective studies will further aid clinical utility.

W EE (Objective) :

FEEHEARCRPCEE S - AR-V7ELHZUERIMEEM AR » HFIEREXAR-VT A EH 2 d
MCRPCEGH Y GREREAVINEEY) - 55— H > MR MR T HYAR-VT RNAH] LLiE
HAPCRIEITE & > HAEMEN: - SR B S i E R € B ek R Gl N e
(RT-qPCR) - iZ1HbFEHY H HYE 5 3% — Tt > LUS S S8R R #dPCR (ddPCR)
aHECRPCEZ MK THYAR-VT > M FEAR-VTIE A5 1] LUIE Ryfef B 520G S5 1Y RO

FETRE °

AR-V7 has been found to be associated with resistance to hormonal therapy in
Caucasian patients with CRPC. We hypothesize that AR-V7 may also be a treatment
selection biomarker for Asian patients with CRPC. On the other hand, we hypothesize
that AR-V7 RNA in blood can be quantified by dPCR with a higher accuracy,
sensitivity, and specificity than reverse transcription quantitative real-time polymerase
chain reaction) (RT-gPCR). This study aims to develop a detection test to assess
AR-V7 by highly sensitive droplet dPCR (ddPCR) in the blood of CRPC patients and
investigate whether AR-V7 can be act as a predictor of resistance to hormonal
therapy.

WHEEAHRIRI A% (Materials and methods) :

1. ZEHEELE (Subject recruitment)

5. 729 R B R TR e 2 A B 52 e R CRPC R # » MY 10 mLIUR AT
R AR g U R R BT E T 7T -

29 CRPC patients who would be treated with hormonal therapy in the oncology
out-patient clinic were enrolled. Their 10 mL of blood were collected at the



baseline and follow-up visits for this research project.
. 4HfEsEE (Cell culture)

AN FIY R dlfE i 22Rv1 ~ VCaPA1PC-3Mi# H American Type Culture Collection
(Manassas, VA, USA) - LNCaP Red-FLucli#H PerkinElmer (Waltham, MA, USA) -
22RV1fILNCaP Red-FLucfFRPMI-16405z&HH 4 & » VCaP{EDMEMEZE F 4=
£ » PC-3fEF-12KEFEE AR FrABEAIEREERG ~ 37°CHIS% CO2 [
7 T 10% R4 E A 1% & 25 -##fE 25 (Invitrogen, Carlsbad, CA, USA) -

Human prostate cancer cell lines 22Rv1, VCaP, and PC-3 were purchased from
American Type Culture Collection (Manassas, VA, USA). LNCaP Red-FLuc was
obtained from PerkinElmer (Waltham, MA, USA). 22Rv1 and LNCaP Red-FLuc
were maintained in RPMI-1640 medium, VCaP was grown in DMEM medium,
PC-3 was maintained in F-12K medium; all medium were supplemented with 10%
fetal bovine serum and 1% penicillin-streptomycin (Invitrogen, Carlsbad, CA, USA)
at humidified atmosphere, 37°C, and 5% CO..

. % pEEH (Blood processing)

AT E R N RFEEAEEDTAE RS ME I LA 120x g (020 7752 2 B & 2 1M/ Ml
HYITEE - i E =00 [ PA400x g (0107388 » 1 & & /MR AY AR 70 B /MR
51 4 7E4°C T 2A16,000x e — 35 Bt 001053 68 LU RARABIET F 6 /MR TE  1
TRIzol (Invitrogen) o » [ EERE O MATFEEFETRIZol LS (Invitrogen) H - T7E[147
BERNABGRIEE A PR{E(E-B0°CEH £ F2HIRNA -

Platelet-rich plasma was prepared by centrifuging peripheral blood collected in
EDTA tubes at 120xg for 20 min at room temperature. The platelets were isolated
from the platelet-rich plasma by centrifugation at room temperature for 10 min at
400xg. Plasma was further centrifuged at 16,000xg for 10 min at 4°C to remove
cellular debris. Platelets were stored in TRIzol (Invitrogen) while double
centrifuged plasma was stored in TRIzol LS (Invitrogen). RNA was isolated
immediately if available or specimens were stored at -80°C until RNA extraction.

. RNAREURIZ#E g% (RNA extraction and reverse transcription)

FI TRIZol (invitrogen) #5141 i % 9 44 RNA  {g il QIAamp i 38 1% B 3 I
(QIAGEN, Hilden, Germany) FITRIzol53EEM#AZRNA - {5 FiSuperScript 1175E ki

& i



(Invitrogen) FEEEEHEATRNA -

Total RNA from cell line was extracted with TRIzol (Invitrogen). Plasma RNA was
isolated using QlAamp Circulating Nucleic Acid Kit (QIAGEN, Hilden, Germany)
and TRIzol. Eluted RNA was reverse transcribed using SuperScript Il Reverse
Transcriptase (Invitrogen).

. RT-gPCR

JH {8 A LightCycler 480 4% (Roche, Basel, Switzerland) #{7fJ QuantiNova £
#F PCR &= (QIAGEN) E&E AR-V7 -~ 44 AR FIFIFIHR R EIEPUR (PSA) =i -
5 VIRIBRET AYEGET 20T

AR-V7 IE[A : CGGAAATGTTATGAAGCAGGGATGA ;

AR-V7 Z[a] - CTGGTCATTTTGAGATGCTTGCAAT ;

AR-V7 ¥%t : FAM-CGGAATTTTTCTCCCAGA-MGB ;

44 AR 1F A - GGAATTCCTGTGCATGAAAGC ;

44 AR Zm] - CGATCGAGTTCCTTGATGTAGTTC ;

28 AR $E8t - VIC- CTTCAGCATTATTCCAGTG-MGB

PSA IE[H : CAGTCTGCGGCGGTGTTTT ;

PSA [z 5] : GCAAGATCACGCTTTTGTTCCT ;

PSA ¥4t : FAM-CCCCAGTGGGTCCTCACAGCTGC-TAMRA -

FrAE B EE =X -

AR-V7, total AR, and prostate specific antigen (PSA) expression were quantified
by QuantiNova Probe PCR Kit (QIAGEN) which was performed by using
LightCycler 480 system (Roche, Basel, Switzerland). Primers and probes were
designed as follows:

AR-V7 forward: CGGAAATGTTATGAAGCAGGGATGA;

AR-V7 reverse: CTGGTCATTTTGAGATGCTTGCAAT,

AR-V7 probe: FAM-CGGAATTTTTCTCCCAGA-MGB;

Total AR forward: GGAATTCCTGTGCATGAAAGC,;

Total AR reverse: CGATCGAGTTCCTTGATGTAGTTC,;

Total AR probe: VIC- CTTCAGCATTATTCCAGTG-MGB;

PSA forward: CAGTCTGCGGCGGTGTT;

PSA reverse: GCAAGATCACGCTTTTGTTCCT,;

PSA probe: FAM-CCCCAGTGGGTCCTCACAGCTGC-TAMRA.

All reactions were performed in triplicate.



6. ddPCR

£ QX200 &%+ PCR 24t (Bio-Rad) & AR-V7-~44 AR 1 PSA /K -
ddPCR JZFERVESHE v 20 pL > Hi & 10 uL £+ ddPCR Supermix (Bio-Rad) ~

900 nM IE[AIFIRZ [715 [#)71 250 nM £E$ - 288 {5 Y QX200 /&% 4= 8% (Bio-Rad) &
A0 70 L R EE A A EE AR ROR - 2 1% PCR SZJE(# A C1000 Touch Thermal Cycler
(Bio-Rad) 7t 95°C #EfT 10 7748 ; ZA{% (T 40 {lE 94°C 30 #0411 55°C 1 Jr A EEs -
mf& 98°C 10 Jr# - /£ QX200 )& s a5 (Bio-Rad) FEEHUR R » M {E
QuantaSoft #x {4 1.7.4 (Bio-Rad) #7474 -

AR-V7, total AR, and PSA expression level were measured on a QX200 droplet
digital PCR system (Bio-Rad). ddPCR reactions were prepared in a 20 pL volume
containing 10 pL ddPCR Supermix for Probes (Bio-Rad), 900 nM of forward and
reverse primers and 250 nM probe. Droplets were generated by adding 70 pL
droplet generation oil using a QX200 droplet generator (Bio-Rad). Afterwards,
PCR was performed using the C1000 Touch Thermal Cycler (Bio-Rad) at 95°C for
10 min; then followed by 40 cycles of 94°C for 30s and 55°C for 1 min; finally 98°C
for 10 min. Droplets were read on QX200 droplet reader (Bio-Rad) and analyzed
with QuantaSoft software version 1.7.4 (Bio-Rad).

7. st fT (Statistical analysis)
QuantaSoft#i{f- (Bio-Rad, Hercules, CA, USA) FREHEAR-VT ZE [5G M) T E
&= RIEPoisson izt B EHENR VS H ¥ BiE8UR R P EHAEAE A  Prism

7 (GraphPad Software, San Diego, CA, USA) RIS ET574T »

The QuantaSoft software (Bio-Rad, Hercules, CA, USA) will be used to assess the
number of droplets positive for AR-V7 and to calculate the copies per droplet from
the Poisson distribution. Data are shown as the mean + standard error. Prism 7
(GraphPad Software, San Diego, CA, USA) was used for calculations.

H9T4ER (Results) :
1. #:HIEE(L (Assay optimization)

FUEALAR-VTEY A - {55 HddPCRAgGISEARTIPSATL 2 - fff e i i HY R ORI £
55°CH} > HIRddPCREZFEAYIR IR ERUR I ELERB A A e o0 ([E(1) -

To optimize the detection of AR-V7, total AR and PSA expression with ddPCR.



Appropriate annealing temperature was determined. At 55°C, annealing
temperature for ddPCR reactions showed the best separation from baseline
cluster and positive cluster (Figure 1).
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1 BXXORERIEAE - (Figure 1. Annealing temperature optimization.)



2. ddPCRiVHsHIF=EE (Performance of ddPCR)

B T aHEMERE - & T 2ng PC-3 ~ LNCaP Red-FLuc ~ VCaP #{1 22Rv1 cDNA - 1£
AR-V7 [2M4HHEik PC-3 A1 LNCaP Red-FLuc k#2251 AR-V7 & - £ AR-V7
4Rt VCaP 1 22Rv1 H#fiZ2 5] AR-V7 {EHY (& 2) - ddPCR 45REUR T EA
[E R Y BR e ARk ORI E AR-V7 RI4E AR FRZEFFAYAEMEME - PC-3 1 LNCaP

s

0.0103 > ifif 22Rv1 F&7: AR-V7 /| 42 AR MEE% 5 0.17 (& 3) -

To evaluate the performance, 2 ng of PC-3, LNCaP Red-FLuc, VCaP, and 22Rv1
cDNA were measured. No AR-V7 amplification was observed in AR-V7 negative
cell lines PC-3 and LNCaP Red-FLuc. AR-V7 amplification was observed in AR-V7
positive cell lines VCaP and 22Rv1 (Figure 2). The ddPCR result showed high
accuracy when measuring AR-V7 and total AR expressions in different prostate
cancer cell lines. PC-3 and LNCaP Red-FLuc showed a zero ratio of AR-V7 / total
AR, VCaP showed a 0.0103 ratio of AR-V7 / total AR and 22Rv1 showed a 0.17
ratio of AR-V7 / total AR (Figure 3).
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(Figure 2. Detection of AR-V7 and total AR by ddPCR. The blue dots represent
AR-V7 and the green dots represent total AR.)



017

ARv7/Total AR ratio

0.0103 ==

PC3 LNCaP VCaP 22Rvl

3 - WIS IR AR AR-V7 | 48 AR LEAHIE -
(Figure 3. Measurement of AR-V7 / Total AR ratio in prostate cancer cell lines.)

. Rl HERYEEE (Evaluation of assay linearity)

£ 22Rv1 K1 VCaP cDNA R fh T g Hlry4R 4 - F3 22Rvl cDNA 74l 2% 10,000
B EE R SCHEE AR-V7 F148 AR BY4RME < ( FAE EIFRREFEHY VCaP cDNA Zich
TE PSA 4314 - £ AR-V7 (R2=0.9996) 44 AR (R?=0.9999) #1 PSA (R2=0.9978)
R ERSEE (& 4) -

The linearity of assays was evaluated in 22Rv1 and VCaP cDNA. A range of neat
to 10,000-fold dilution of 22Rvl cDNA was used to determine the linearity for
AR-V7 and total AR. Same range of dilution of VCaP cDNA was used to determine
the PSA linearity. Good linearity was observed in AR-V7 (R? = 0.9996), total AR
(R2=0.9999), and PSA (R? = 0.9978) (Figure 4).
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4~ GVEEFUR AR-VT VB HITE HE81 cDNA MikERE ~ 48 AR F1 PSA Z filHYTHEH
1 - (Figure 4. Linearity plots showing the correlation between measured copies
and cDNA dilution of AR-V7, total AR, and PSA.)

. ddPCRHIRT-qPCRH A HIZ=EH Ehis
(Comparison of the performace between ddPCR and RT-gPCR)

i ddPCR 1 RT-qPCR #3517 20 fg 2 20 ng VCaP cDNA (& E - e AR-V7
I AR & - ddPCR afgfli{ % 2 pg - [fif RT-gPCR {4z I%] 200 pg (& 5)

A range of 20 fg to 20 ng VCaP cDNA were measured by ddPCR and RT-gPCR.
ddPCR was able to detect down to 2 pg while RT-gPCR was only able to detect
200 pg for AR-V7 and total AR (Figure 5).
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(Figure 5. Comparsion of ddPCR and RT-gPCR showing the analytical sensitivity
of ddPCR outperform RT-gPCR.)



5. fIl AM4FFIDMEMEZZEEL (Plasma and DMEM medium with spike-in)

TEFEEETE 100 ng 22Rv1 F1 VCaP cDNA LK 2 ug 22Rv1 #1 VCaP RNA i A %]
g - EAEHA 22Rv1 fil VCaP cDNA il AWy rhizgsiisty (& 6) » 5%k
HH RNA #im#F 41y RNase [#fi# o RifseimE+ RNase fY77E(E » FEFEHATR 2 ug
22Rv1 1 VCaP RNA 43 AIHl A f1#Ef] DMEM £33k - fiEsm(dif TRIzol LS B2
QlAamp TEIRZIL=\FI& - (EFERI AT 22Rvl fil VCaP RNA i) DMEM £ 5L i
ZFE > (FH] AT 22Rvl il VCaP RNA g sz sisy (8 7) » =20
Im#Z$1HY RNase [Ef# 1] AHJ RNA -

100 ng of 22Rv1 and VCaP cDNA, as well as 2 pug of 22Rv1 and VCaP RNA were
spiked into plasma before extraction. Amplification was only observed in plasma
spike-in with 22Rv1l and VCaP cDNA (Figure 6). This implied that RNA was
degraded by RNases in plasma. To investigate the presence of RNases in plasma,
2 pg of 22Rvl and VCaP RNA were spiked into plasma and DMEM medium
respectively before extraction. Amplification was only observed in DMEM medium
with 22Rv1 and VCaP RNA spike-in, no matter TRIzol LS or QlIAamp Circulating
Nucleic Acid Kit was used. No amplification was observed in plasma with 22Rv1
and VCaP RNA spike-in (Figure 7). This revealed that RNase in plasma degraded
spike-in RNA.
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6~ ddPCR [E#ZH ~ 22Rv1 F1 VCaP cDNA #il] AfE a7 s > i 22Rv1 1 VCaP
RNA ] AFE 457 A& - (Figure 6. ddPCR plots showing amplification in plasma
with 22Rv1 and VCaP cDNA spike-in and no amplification in plasma with 22Rv1
and VCaP RNA spike-in.)
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(Figure 7. ddPCR plots showing amplification in DMEM with NCI-H2228 RNA
spike-in and no amplification in plasma with NCI-H2228 RNA spike-in when using
QIAGEN Circulating Nucleic Acid Kit and TRIzol LS.)

. [LEZRT-gPCRAMIAdPCRAE29ICRPCEF Y MR A FHAR-V 7z M
(Comparison of RT-gPCR and ddPCR for AR-V7 detection in the blood samples of
29 CRPC patients)

FM77 51 RT-gPCR A1 ddPCR A Az il CRPC (&Y A 45 5B R RT-gPCR
At iE M AT R TR E] AR-VT > 1 ddPCR AIEA#EHY 14%ia IS - $f
SHRAMAE AT AE S M AR-VT - B LR S ST AE /MR A o pg
AR-VT > GEREUR MMM EE AR A RS S A NEE S - RT-gPCR AE#1E 58%
T MR s R RIS AR-V7 > 1 ddPCR ARG B 51 97% -

We performed RT-gPCR and ddPCR on the plasma samples of CRPC patients.
We observed that RT-gPCR was unable to detect AR-V7 from these plasma
samples, whereas ddPCR yielded a higher detection rate of 14%. We observed
that the detection of AR-V7 in plasma samples was not easy, so we also tried to
detect AR-V7 in platelet samples. Our results showed that platelet samples have
higher detection sensitivity than plasma samples. RT-qPCR was able to detect
AR-V7 from 58% of the platelet samples and ddPCR yielded a much higher
detection rate of 97%.



7. AR-V7ELIE e R 52 S PRI S PR R BRI
(Correlation of AR-V7 with the patients’ resistance to hormonal therapy)

M ddPCR 1F & /MR A th A I EIY AR-V7 EiL B 2 a7 B 5206 R EEY)
Abiraterone = Enzalutamide FYfEEMEAHER > ERCEIRIERE (ROC) Hh4Ror
Mref > Hh&R N EfE A 0.79 (1 8) -

We correlated the ddPCR detection for AR-V7 in patients’ platelet samples with
the patients’ resistance to hormonal therapeutic drugs, Abiraterone or
Enzalutamide. In receiver operating characteristic (ROC) curve analysis, the area
under the curve was 0.79 (Figure 8).
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(Figure 8. Receiver operating characteristic (ROC) curve analysis of ddPCR
detection for AR-V7 in the platelet samples from patients with resistance to
hormonal therapy, the area under the curve was 0.79.)

&s (Conclusion) :

B RAE MR AT A B S HAR-VT > B 5E TN R L B B2 ' RNase 1] 5E & [ fi#
RNA ° Fr AT E s R M IMRBEA T IAR-VT > GERBUR I M EEMAT R A RS E S
At HIZERUE » 153 5 FHRT-qPCRAIAdPCRAGG I/ MR A - 45 5 HII#E RddPCREL



RT-gPCREAE S HURRMIIE - FfIpkLhbis 7 —fEfeimthe - @B EEEEddPCR
HCRPCEAMIM/IMEITAR-VTRHE » fR RS 2E97% R EHAYE - AV RE
AR /MRS T AR-V 7 HY dd P C R I L 8 5 o B 5B AR 21 B — EAH R
M FERAR-VTECATE Ry o] B 520G AR ZE MR VB E TR AR

We observed that the detection of AR-V7 in plasma samples was not easy, this may
be due to the possibility of RNA degradation by the RNase during processing. We
thus tried to detect AR-V7 in platelet samples, our results showed that platelet
samples have higher detection sensitivity than plasma samples. Performing RT-gPCR
and ddPCR on platelet samples, higher detection rate was oberved in ddPCR when
comparing with RT-qPCR. We successfully developed a detection test to assess
AR-V7 by highly sensitive ddPCR in the platelet of CRPC patients, with a high
detection rate of 97%. Most importantly, our results observed that there was certain
correlation between the ddPCR detection for AR-V7 in patients’ platelet samples with
the patients’ resistance to hormonal therapy, indicating that AR-V7 may act as a
potential predictor of resistance to hormonal therapy.



