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Project Summary

Molecular Staging of Prostate Adenocarcinoma(Il): The Efficacy of

Title of Project PSMA, PSCA, PCA3 in Molecular Staging of Prostate
Adenocarcinoma

Key Words prostate, adenocarcinoma, molecular staging

Project Leader Lee Kang Hyun

Associated Company |[None

Main objectives: We performed this study to identify the clinical efficacy of PSCA,
PSMA, PCA3 expression in predicting the prognosis of prostate cancer.

Particular objectives as follow:

To 1dentify the expression of PSCA and PSMA in the tissue of prostate cancer

To detect the PSCA, PSMA, PCA3 mRNA-bearing cells in peripheral blood of the
patients with prostate cancer by RT-PCR assay

To evaluate the relationship between those biomarkers’ expression and
clinicopathologic facotors

To find the critical role of biomarkers as prognostic factors, especially in high-risk
localized prostate cancers

To identify the genetic polymorphism of PSCA of prostate cancer by SNPs study in
Korean men

To establish the protocols for reserve the fresh tumor samples from prostate specimen
Methods:

-We used nested reverse transcriptase—polymerase chain (RT-PCR) assay to detect
PSMA mRNA-bearing cells in peripheral blood, and analyzed the ability of
PSMA/PSCA mRNA positivity to predict biochemical recurrence (BCR) after surgery.
Radcial prostatectomy specimens obtained from these patients were analyzed for the
expression of AMACR (Alpha-methylacyl-CoA racemase), PSMA, PSCA, EFGR, bcl-2,
P53, Bcl-2 using tissue microarray. The values of Bcl-2 and other clinicopathologic
factors were evaluated.

-Twelve SNPs of the PSCA gene were genotyped for 194 cases and 196 healthy
controls. Genotyping was performed by the iPLEX Gold assay on the Mass ARRAY®
platform (Sequenom) based on MALDI-TOF spectrometry.

The protocol was established to get and reserve the fresh tumor tissue from prostate

specimen.




Results:

PSMA-mRNA was detected in 24 (17.9%) patients by RT-PCR. Multivariate analysis
showed that positivity for PSMA mRNA (HR: 3.697, 95%CI 1.285-10.634, P =
0.015) was independent preoperative predictors of BCR.

In high risk localized prostate cancer, PSCA-mRNA was detected in 17 (16.5%). Cox
regression hazards model analysis revealed that a RT-PCR PSCA positivity
(HR, 3.222; 95%CI, 1.280-8.113; P=0.013) independently increased the risk of
BCR. As for bcl-2 expression in tumor tissue, multivariate Cox proportional
hazards analysis revealed that BCR was significantly associated with a high
prostate specific antigen level (p=0.047), SVI (p<0.001), a positive surgical
margin (p=0.004) and Bcl-2 expression (p=0.012).

In SNP study, subjects with the rs1045531 AA genotype had a higher risk of
prostate cancer compared to subjects with the CC genotype (adjusted OR, 1.99; 95%
CI, 1.00-3.96; Cochran—-Armitage trend test, 72=0.032). In haplotype analysis, individuals
with the CCCGAGGTACGG haplotype had a significantly increased risk of prostate
cancer (OR, 13.40; 95% CI, 1.33-134.67; P = 0.028). With regard to the banking fresh
tissue based on the established protocol, we have reserved 260 vials of normal, 257
vials of tumor, and 45 vials of HGPIN.

Conclusions:

The presence of PSMA mRNA in peripheral blood could be used to predict BCR
after radical prostatectomy. As for high-risk prostate cancer, PSCA mRNA in
peripheral blood is a significant predictor of BCR after radical prostatectomy. Bcl-2
expression In RP specimens 1is associated with a significantly worse outcome,
suggesting a potential clinical role for Bcl-2. Post-operative Bcl-2 could be a
significant predictor of outcome after RP.

In addition, we found that individuals with the rs1045531 AA genotype of PSCA had a
higher risk for prostate cancer. The established protocol to get fresh frozen prostate
cancer tissue could be useful to reserve the high quality materials for the following

studies in the part of prostate cancer.
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(consisting of 250 mmol/L. Tris-HCl (pH 7.5), 358 mmol/L KCIl, 15 mmol/L. MgCl2, 50
mmol/Ldithiothreonine(DTT), 2u L of distilled water, 1ul of dNTP (10 mmol/Leach)
(Boehringer Mannheim, Mannheim, Germany), lul. (10 units) of RNase inhibitor (Boehringer
Mannheim), and lul. of M-MLV reverse transcriptase (Promega))& 3713ttt A &7 44
w2 F 37Col A 90=7F WAl & FHF cDNAES -20Co H#3AY FA] PCRo o] &3k},

RT—PCR" BN E,
RT-PCR &749] WI#E% LNCaP MXE 54 Ulxve 4z dIAx= s|4ste] =
Attt Dxdd Alxe ool Vsdntet Zo] EYstal Ax 5 543t LNCaP
AEE SxaAz tae vz 843k 0107, 1:10°, 10:107, 100:10°, 2 1,000:10".
RNA #32 2 RT-PCRS Al &gttt

M

Lane : LNCap cell / 10’ PBMC
1: 100,000

2 10,000
3 1,000
4 100
5: 10
6: 1

7 : PBMC only

Figure 1. RT-PCR assay sensitivity test: dilution of LNCaP cells into 10 peripheral
blood mononuclear cells (PBMC) of normal donors.
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Figure 2. Detection of PSCA-mRNA. (A) single PCR, (B) nested PCR in 4 samples
(a—d)
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Figure 3. Tissue microarray construction (each 3 mm in diameter); Sections of each
prostate tissue array block are transferred to glass slides. (A) H&E stain, (B) PSCA

stain
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2008 1€95H 2010 11€7hA] 1874 <] dgXMet 3xE o=
4 A71744 RT-PCR 437k 391 8 1879€ didoz 23s #aadt o 845
AYAYG AF FA GFH 5L Table 1 3 2k

Table 1. Patients characteristics (n=187)

Variables No. of patients (%)
PSA (ng/ml)
< 4.1 10(5.3)
4.1-10.0 100(53.5)
10.1-20.0 36 (19.3)
> 20.0 41 (21.9)
Gleasonscore(biopsy)
2-6 96 (51.3)
7 56 (29.9)
8-10 35 (18.7)
Clinicalstage
cTINOMO 80 (42.8)
¢ T2NOMO 89 (47.6)
cT3NOMO 12 (6.4)
LN or M1 6 (3.2)
Treatment
RP 133(71.1)
NHT+RP 54 (28.9)

RP, radical prostatectomy; NHT, neoadjuvant hormonal therapy

XA AYAAAES Al e e QYo r Fu T HE #Hygdd §y)
pTONOMO 7} 69 (3.2%), pT2NOMO = 7|7} 1209 (64.2%)0] o APgA v ]
o] 9l pT3NOMOZ} 447 (235%)°1Ath 283l 179 (9.1%)°14 LN #o]7} geolg )
(Table 2).

Table 2. Pathologic characteristics in RP specimen

Variables No. of patients (%)
Path.stage
pTONOMO 6(3.2)
pT2NOMO 120(64.2)
pT3NOMO 44(23.5)
N1 or Ml 17(9.1)
Gleasonscore(surgical)
NA 34(18.2)
2-6 62(33.2)
7 61(32.6)
8-10 30(16.0)

11



LVinvasion

(+) 14(7.5)
(-) 173(92.5)
SVinvasion

(+) 34(18.2)
(-) 153(81.8)
SurgicalMargin

(+) 53(28.3)
(-) 134(71.7)

RP, radical prostatectomy; LV, lymphovascular; SV, seminal vesicle

4) RT-PCR A% ¢ 3-8 54

18792l i 3z Fo PSCAE 568 (29.9%), PSMA+E 389 (20.3%), kallikreini= 3%
(1.6%), L8] a2 PCA3L 409 (214%)9l 4 RT-PCR %A A4S Hol 47bA] FA 2} Fol 3
et = kA el RT-PCR overall positivity7F 108 (57.8%) 2. 2 2<%t} (Table 3).

Table 3. Comparison of RT-PCR positivity with clinicopathologic parameters (n=187)

Variabl No PSCA(+) PSMA(+) kallikrein(+) PCA3(+) overall(+)
n=56(29.9%) n=38(20.3%) n=3(1.6%) n=40(21.4%) n=108(57.8%)

PSA (ng/ml)
< 41 10 5(50.0) 4(40.0) 0(0) 4(40.0) 8(80.0)
4.1-10.0 100 29(29.0) 22(22.0) 2(2.0) 21(21.0) 58(58.0)
10.0-20.0 36 12(33.3) 6(16.7) 1(2.8) 6(16.7) 18(50.0)
> 20.0 41 10(24.4) 6(14.6) 0(0) 9(22.0) 24(58.5)
Gleason score
non-available 34 11(32.4) 4(11.8) 0(0) 9(26.5) 20(58.8)
2-6 62 11(17.7) 12(19.4) 0(0) 13(21.0) 33(53.2)
7 61 24(39.3) 15(24.6) 3(4.9) 11(18.0) 36(59.0)
8-10 30 10(33.3) 7(23.3) 0(0) 7(23.3) 19(63.3)
Path. stage
pTONOMO 6 3(50.0) 2(33.3) 0(0) 1(16.7) 4(66.7)
pT2NOMO 120 31(25.8) 22(18.3) 3(100.0) 24(20.0) 65(54.2)
pT3NOMO 44 20(45.5) 12(27.3) 0(0) 11(25.0) 31(70.5)
N1 or M1 17 2(11.8) 2(11.8) 0(0) 4(23.5) (47.1)
Surgical margin
+ 53 16(30.2) 9(17.0) 1(1.9) 7(13.2) 28(52.8)
- 134 40(29.9) 29(21.6) 2(1.5) 33(24.6) 80(59.7)
LV invasion
+ 14 4(28.6) 2(14.3) 0(0) 1(7.1) 7(50.0)
- 173 52(30.1) 36(20.8) 3(1.7) 39(22.5) 101(58.4)
SVI

12



+ 34 5(14.7) 8(23.5) 0(0) 9(26.5) 18(52.9)

- 153 51(33.3) 30(19.6) 3(2.0) 31(20.3) 90(58.8)
NHT

+ o4 15(27.8) 7(13.0) 0(0) 11(20.4) 78(58.6)
- 133 41(30.8) 31(23.3) 3(2.3) 29(21.8) 30(55.6)

LV, lymphovascular; SVI, seminal vesicle invasion; NHT, neoadjuvant hormonal therapy

A A dPddAes AE T2 FAbllA dd-Eled 5S4 wE RT-PCR 23&
AW PSCA= GS 7030l GS 6ol&te] ol mlall =4 HdEe] HAAen ozt
A BEsd WUt =2 49 A A&l e AF =2 HAES Ed PCA39
BFele & AAdy} LVI of ek ity = ddds Boavh 1 ¢ RT-PCR A9t
Aty Ak Atelel= FAALR on Q= B SHAHA @Y (Table
4-5).

Table 5. Relationship between RT-PCR positivity and clinicopathologic parameters
(n=122)

PSCA(+) PSMA (+) kallikrein(+) PCA3(+) overall(+)

serum PSA 0.430 0.298 0.742 0.721 0.403
Gleason score 0.065 0.488 0.098 0.872 0.811
Path. stage 0.020 0.391 0.636 0.730 0.209
Surgical margin 0.964 0.475 0.847 0.013 0.391
LV invasion 0.907 0.560 0.619 0.017 0.541
SV invasion 0.032 0.607 0.410 0.694 0.530
NHT(+) 0.680 0.111 0.266 0.948 0.698

LV, lymphovascular; SVI, seminal vesicle invasion

SECEEEDEEEEETE

N

14 APAdAES Al w2 X T Py oz Aygd 9
T3 W7 o]e] A= 619 (326%)2.= o]#fgk Ay wto=zo] 2
A #2+= serum PSA=20ng/ml, Gleason score=7, 944 W7|>cT3 7}
A2 gl E o RT-PCRe o] &3 Hx dodo|re mAA9 HE
AIE HolA &oktt (Table 6-7).
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Table 6. Univariate analysis of predicting factors for extraprostatic extension(n=187)

HR 95%CI1 p-value
PSA >20ng/ml’ 6.529 3.091-13.792 <0.001
Gleason scorex>7" 6.538 3.245-13.172 <0.001
Clinical stage>cT3" 6.525 1.984-21.452 0.002
RT-PCR
PSCA(+) 14721 0.767-2.827 0.246
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PSMA(+) 1.227 0.584-2.581 0.589

PCA3(+) 1.470 0.913-2.368 0.113
overall(+) 1.524 0.813-2.856 0.189
5P <005

Table 7. Multivariate analysis of predicting factors for extraprostatic extension

HR 95%CI1 p-value
PSA >20ng/ml’ 3.484 1.473-8.238 0.004
Gleason scorex=7" 4.419 2.062-9.469 <0.001
Clinical stage>cT3" 2.155 0.578-8.041 0.253
RT-PCR PSCA(+) 1.847 0.719-4.745 0.203
RT-PCR PCA3 1.616 0.871-2.999 0.128
RT-PCR overall (+) 0.840 0.317-2.225 0.726

P < 0.05

6) 9 Z 7 3} 8} A A (Immunohistochemistry)

AEE AgA 2@ A @ APdYd A Ao AMACR (Alpha-methylacyl-CoA
racemase), PSMA, PSCA, EFGR, bcl-2, p53, 22]a2 Rb ¢ 23S Hd3tst A48 =
sto] glstdom Zh7zke] ghAef| ik FHEE PSMASH AMACRe] 77} 97.6%,
835% o & =4 ugkow EGFRY pb37t 727t 22.4%, 24.7% 0.7 SEA LpElyE

Table 8. Results of Immunohistochemistry

Immunohistochemistry  Incidence of positive staining (%)

AMACR 71(83.5)
PSMA 83(97.6)
PSCA 55(64.7)
EGFR 19(22.4)

bcl-2 28(32.9)
Pa3 21(24.7)
Rb 48(56.5)

Z 2o A9l AMACR, PSA, PSMA, PSCA°] wd3 serum PSA, Gleason score,
pathologic stage Alololi= W& ] Afo]& Holx| gkt (Table 9).
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Table 9(A). Comparison of immunohistochemical results with clinicopathologic
parameters (n=85)

AMACR(™ boMA(+) PSCA(+) EGFR(+) bel-2(+) P 53(+) Rb(+)
Variables No )

n=71(83.5%) n=83(97.6) n=55(64.7) n=19(22.4) n=28(32.9) n=21(24.7) n=48(56.5)

PSA(ng/ml)

< 4.1 6 5(83.3) 6(100.0)  4(66.7) 116.7)  3(50.0) 1(16.7)  4(66.7)
41-10.0 47  40(85.1) 45(95.7) 33(70.2) 10(21.3) 18(38.3) 14(29.8) 28(59.6)
10.1-20.0 12 10(83.3) 12(100.0) 6(50.0) 3(25.00 1(83)  2(16.7)  6(50.0)
> 20.0 20  16(80.0) 20(100.0) 12(60.0) 5(25.0)  6(30.0) 4(20.0) 10(50.0)
Gleason score

2-6 44 35(79.5) 43(97.7) 27(61.4) 9(20.5) 13(29.5) 9(205) 24(54.5)
7-10 41 36(87.8) 40(97.6) 28(68.3) 10(24.4) 15(36.6) 12(29.3) 24(58.5)
Path. stage

pTONOMO 4 000) 4(100.0)  2(50.0) 2(50.0)  3(75.0) 000) 1(25.0)
pT2NOMO 53  47(887) 51(96.2) 37(69.8) 12(226) 17(32.1) 11(20.8) 35(66.0)
pT3NOMO 19  16(84.2) 19(100.0) 11(57.9) 2(105) 6(31.6) 7(36.8)  7(36.8)
N1 or M1 9 8(88.9) 9(100.0)  5(55.6) 3(33.3)  2(222) 3(33.3) 5(55.6)
P < 0.05

Table 9(B). Relationship between TMA positivity and clinicopathologic parameters
(n=85)

AMACR(+

) PSMA(+) PSCA(+) EGFR(+) Bcl-2 P53(+) Rb(+)

serum PSA 0.966 0.647 0.580 0.965 0.190 0.679 0.805
Gleason score 0.305 0.960 0.504 0.663 0.490 0.346 0.711
Path. stage <0.001 0.744 0.637 0.270 0.295 0.305 0.087

DA AYAAAE F A AL 6] SR

Hke 3z} 1879 F & ¢ 379 o]de #F Vs 7

gk A PSA AALE Al S35 did oz Agst4

ZF (median f/u) 2 16.271¢ (1-3471¢) o= 4
ol 264 (139‘7)01]1 Al Adke] A AT dWE 3 EAS &3 PSA=
20ng/ml, Gleason score=7, 43 A&, LVI o] &X% AHXAEA= & A3}sHH ZHBLoﬂ
ok oS A2 RIS (Table 10) ©] 5 PSA>20ng/ml, Gleason score=7 &
=942 d&5dxE &2l (Table 11). HxH AN A FAAS] AEAF = "35}

AR
A Awate] Ange elnA g
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Table 10. Univariate analysis of prognostic factors for biochemical recurrence
following RRP (n=187)

Variables HR 95%CI p-value
PSA >20ng/ml" 8.729 3.883-19.621 <0.001
Gleason score>7" 6.822 2.349-19.815 <0.001
LVI® 3.352 1.262-8.902 0.015
Surgical Margin 1.397 0.634-3.079 0.407
SVTI 4.308 1.973-9.406 <0.001
RT-PCR
PSCA(+) 1.214 0.551-2.677 0.631
PSMA(+) 1.050 0.396-2.787 0.922
kallikrein(+) 5.167 0.688-38.822 0.110
PCA3(+) 1.349 0.804-2.262 0.256
Overall(+) 1.523 0.661-3.506 0.323
P < 0.05

Table 11. Multivariate analysis of prognostic factors for biochemical recurrence
following RRP (n=187)

HR 95%C1 p-value
PSA >20ng/ml* 5.042 1.950-13.037 0.001
Gleason score="7 2.988 0.928-9.622 0.067
LVI 1.653 0.522-5.236 0.393
SVI 1.635 0.615-4.347 0.324
RT-PCR PSCA(+) 2117 0.698-6.423 0.185
RT-PCR PCA3(+) 1.571 0.782-3.155 0.204
RT-PCR overall(+) 0.833 0.241-2.874 0.772
P < 0.05
) AEH TF AMEY 54 &
54 Eere] 91t fhxbe] Wol W yEwd w4 % shebE EuE 2AS o] §F AF
2 dAFFEE AV AR oo FTFxHo FA(AA AA)HAS FHAFAT. AH
MR Setom TRl olel$v 21 AHA e Adel Yt P 5 Y vk A
o RE WA AEHA et ek oo B ATlAE AW M 24L $2
RAE7I9E AES A AP AR Z2ESS dYdh ¥ 54 AAE
W A7 AH HoF HAAS FFdo] JAHE FAE 74 dHoE HAS A,
HGPIN, A% #91& 247 542 3tk 5 2949 disto] Alsjstaom F 562719 tube

o A& F4 Attt Fo] 2574, A F£ZF o] 26048, L8]2 HGPINo| 4585 &1
9) PSCA gene polymorphism
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A YA Aol A 9] genetic polymorphism #H %7] A= PSCA gene°l| gk SNP
g ANdsder PSCA SNPs % rsl045531 AA #3A8& 7HAE 49 CC Fz ol
Hl 3] g dete] Aol =& AS gl o (adjusted OR, 1.99; 95% CI, 1.00-3.96;
Cochran-Armitage trend test, P=0.032)haplotype®2] 23,  CCCGAGGTACGG
haplotypes 7H+= 29 Adgdste] o4 9ol =%t (OR, 1340; 95% CI,
1.33-134.67; P = 0.028). i ¥x}2] EA, genotype, L] I haplotype +4] ZA¥= tf
& 39 2t} (Table 12-14).

Table 12. Clinical and demographic characteristics of study populations

Variables Patient Control
sample size 194 169
Age 66.52 + 7.16 60.13 + 3.30
serum PSA 21.28 + 28.15 147 + 1.63
BMI 24.35 + 2.60 24.41 + 2.35
Smoking (pack of years)

<20 101 (52.06%) 62 (51.24%)
>20 93 (47.94%) 59 (48.76%)
Drinking

never 70 (36.08%) 26 (17.57%)
ever 124 (63.92%) 122 (82.43%)
Family history of CaP

no 186 (95.88%) 146 (98.65%)
yes 8 (4.12%) 2 (1.35%)

Table 13. SNP analysis of PSCA gene and association analysis with prostate cancer risk

SNP genotype case control OR(uni) adjusted OR (multi)  p-value
rs3736001 G/G 145(75.1%) 129(76.8%)
G/A 43(22.2%) 37(22.0%) 1.03 0.97 0.918
A/A 5(2.59%) 2(1.19%) 2.22 4.83 0.098
G/A+A/A 43(24.8%) 39(23.2%) 1.10 1.11 0.729
rs1045531 c/C 34(18.5%) 44(26.7%)
C/A 93(50.1%) 83(50.3%) 1.45 1.31 0.382
A/A 57(31.0%) 38(23.0%) 1.94 1.99 0.050
C/A+A/A 150(81.5%) 121(73.3% 1.60 1.52 0.152
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Table 14. Haplotype analysis (using Haploview 4.1)

Haplotype frequencies

E(freq) Case(n=386)  Control(n=336) p’
Haplotype (1-12)
CCCGAGGTCCGG 0.489 0.460 0.523 0.0897
TCTGGGACATAA 0.344 0.349 0.339 0.7887
TGTGGAACATAA 0.127 0.132 0.122 0.6851
TGTGGGACATAA 0.017 0.026 0.006 0.0370
CCCGAGGTACGG 0.012 0.020 0.003 0.0418
Haplotype (1-3, 5-12)
CCCAGGTCCGG 0.491 0.463 0.523 0.1034
TCTGGACATAA 0.345 0.351 0.339 0.7450
TGTGAACATAA 0.127 0.132 0.122 0.6853
TGTGGACATAA 0.017 0.025 0.009 0.1037
CCCAGGTACGG 0.012 0.020 0.003 0.0455
Haplotype (2, 3, 6, 9)
CCGC 0.492 0.462 0.526 0.0872
CTGA 0.344 0.348 0.339 0.8009
GTAA 0.129 0.135 0.122 0.6123
GTGA 0.017 0.025 0.009 0.1095
CCGA 0.014 0.022 0.003 0.0279
Haplotype (2, 5, 6, 9)
CAGC 0.492 0.463 0.526 0.0876
CGGA 0.345 0.351 0.339 0.7450
GGAA 0.129 0.135 0.122 0.6122
GGGA 0.017 0.025 0.009 0.1037
CAGA 0.012 0.020 0.003 0.0455
Haplotype (2, 6, 9)
CGC 0.479 0.443 0.519 0.0427
CGA 0.371 0.390 0.350 0.2700
GAA 0.129 0.135 0.122 0.6118
GGA 0.020 0.030 0.009 0.0499
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