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Effects of Unripe Black Raspberry Extracts on Prostate Cancer
Cell Line and Rat Model of Benign Prostatic Hyperplasia

Su Jung Lee, Hye Ran Choi, Jung-Hyun Lee, Ji Wung Kwon, Hee Kwon Lee,
Jong Tae Jeong, and Tae-Bum Lee'

Gochang Black Raspberry Research Institute, Jeonbuk 585-943, Korea

ABSTRACT Benign prostatic hyperplasia (BPH), which is commonly found in aging men, is characterized by hyper-
plasia of prostatic stromal and epithelial cells beginning in the periurethral zone of the prostate. The prevalence of
BPH increases in an age-dependent manner. Here, we investigated the protective effects of unripe Rubus occidentalis
extracts (UROE) on BPH development using a prostate cancer cell line and testosterone-induced BPH rat model.
Experiments using an established hormone-dependent prostate cancer cell line (LNCaP) showed that UROE treatment
significantly decreased expression of androgen-related genes, including androgen receptor (AR), prostate specific antigen
(PSA), and 5-alpha reductase 2, but not 5-alpha reductase 1, which was also observed in flutamide-treated cells. Further,
AR and PSA gene expression was reduced by UROE treatment under androgen-stimulated conditions using dihy-
drotestosterone (DHT). BPH animals displayed elevated prostate weights. However, UROE as well as finasteride treat-
ment significantly reduced prostate weights and DHT levels compared to testosterone-induced BPH animals.
Histopathological analysis also showed that UROE treatment suppressed testosterone-induced prostatic hyperplasia.
Taken together, the results suggest that UROE may effectively inhibit the development of BPH and thus may be

a useful agent in BPH treatment.
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o A d S-S A58k A=A AAAR saw pal-
metto(Serenoa repens), African pygeum(Pygeum affi-
canum), pumpkin(Cucurbita pepo) ZL#] 3L stinging nettle
root7} €&l A ATHS). ]2 3 phytotherapeutic A& F3
&9 AAES A3 W phytosterols, B-sitosterol, del-
ta-5-sterols, delta-7-sterols, campesterol, stigmas—
terol, lupenone, lupeol, terpenoids, fatty acids, lectins,
plant oils, polysaccharides, flavonoids, phytoestrogens,
coumestrol, genistein S22 FAE o] ATH9). o] 3 +
AAREL =z aIHAR 9A) 2 5AR A &3t
ATk A A TH8). 53] beta-sitosterolS 7 F4-3F
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(10). BE A= stato A da] Aujs = A& 2 flavonoids
(flavonols and flavanols), tannins(proanthocyanidins,
ellagitannins and gallotannins), stilbenoids(resvera-
trol), phenolic acids®} lignans, triterpenoids®} 22 Tt}
3l phytochemicalsS $-f-atal th(11,12). H | AAHA]
ol S vEE AFH o R AuEa Q= BEAH( Rubus
occidentalis)+ TF&s ZEH =S TFstar o] Iatksh
TS, F a7 doka delA Au13). A A
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Auld] oAl ga3E g8 Bz A5 A Psint

¢

Mz 2 Gy
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AYAeAEF2 LNCaP AlEE 10% fetal bovine se-

rum(PAA, Toronto, ON, Canada)®} & A|(penicillin/
streptomycin, Lonza, Walkersville, MD, USA)E 53k
RPMI1640(Welgene, Daegu, Korea) X & AF&3}o] 5%
COg, 37°C ME wj&7Iol A w sttt A gl AHE5 =
A= W FGA o AETL 60~70% RS W HEA T

= 48A17F Bt AP ¥, g AdS AP

SEX FE= M
w Aol AMgE HEA dEE FEES Vs e
k=3 10 kg 10 L] ol ®H&(25, 50, 75% EtOH)= 37
RS AHg-aEe] 80°Coll M 2417 23] wby 55, of 31},
A FFHt] SulE AT F AUx slen, = F
EES 599 THTE 100°ColA] 2A17t 23] b 25
of3}gh § At FFHete] FAAXE S AH Az

Mz =dAd

LNCaP M¥Z 96 well plated] welld 4x10" cells/mL
o] FERE EFg 5 2417k FRF v e, B} v &
FEES AEe F 4841 FHol methyl thiazolyl di-
phenyl tetrazolium(MTT) assayS A| 33} tH(14). MTT
assay°ll= cell viability assay kit(EZ-Cytox, Dogen,
Seoul, Korea)Z o] &3}ttt BE wello] MTT £ 10
uLE 78531 ©fA] 37°C, 5% COgoll Al 4A13F nljFst F
FEE 545 938 1+ A% =94 shakings ¢ F
microplate reader(Synergy HT, Bio-Tek, Winooski,
VT, USA)E ©o]&3to] 450 nmol A FFEE SA3T

RNA 22| % real-time RT-PCR 7|

% RNA®] FF: RNA %2 total RNA extraction re-
agent®l Tri-reagent(RNAiso PLUS, TAKARA, Otsu,
Japan)E ©]&3}9 ). Tri-reagent 1 mLE A ¥ 1
15% =< vortexdF 5 15,000 rpmell 4] 15% =< AR
2] 38}, Chloroform 200 yLE& ¥al 20%3 vortex$t
S AR sto] S AR FEO &Hth fEw
F5 Aol x}7F2 isopropanol & FS Wil A-2oA 10%
FoF WAsF T o] & thA] 15,000 rpmoll A 2083 U4
] sl RNA Fd =S d53130th RNA Jd =5 75%
ethanol® A& F IAES F &7 A2A4 AxAA
0.1% diethyl pyrocarbonate(DEPC) waterel =$it},
RNA %(1 OD=40 pg/mL)¥= DU"730 spectrophoto-
meter(Beckman, Fullerton, CA, USA)E o]&3}o] 260
nmoll 4 74383 e,

ALY FHEL AkE-(real-time RT-PCR):
First strand ¢cDNAZ 50 mM Tris—HCI(pH 8.3), 75 mM
KCl, 3 mM MgCly, 10 mM DTT(nvitrogen, Carlsbad,
CA, USA), 1 U/uL RNasin(Invitrogen), 1 mM each dNTP,
oligo(dT)20 100 ng3 MMLV reverse transcriptase
(Invitrogen) 200 U7} E-%¥ 20 ple] &0l A F RNA
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Master SYBR Green I kit(Roche, Mannheim, Germany)
= ©]-&3ate] Light Cycler 2.0°1A4 53&}3lth. AH&-3F pri-
mer$} PCR 2712 Table 1, 29} 2o fxizte] Ak
£ Light Cycler Software 4.0(Roche)< ©]-&3}it}.

Western blot

LNCaP Al¥3+ 100 mm dishell 2x10°%/mLe] F%= 3|
Aate] EFeta, BiEA v& FEES 48413 < A
glatdth. FAWETOE AR AAAQ flutamideE AHg
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48X 7F T ol 21718 PBSE dishE washing3d}al lysis buf—
ferS disholl & & =39S o] &al AIE£E 2553
o}, @l FE8 98 30% B9k 5%l 3 HA vortex
mixing< Al 83T o] % 13,000 rpmo 2 15% < o
A E st AFds F538Y. 854 ”é""%
Bradford AZHS o83 o¥lld AZFE Al
SDS-PAGE gel°l| loading 3}$it}. o] 3 PVDF membrane
(Bio-Rad, Hercules, CA, USA)ol|l ©ul&-S transfer
(Trans—Blot® Turbo™ Transfer System, Bio-Rad) A|
71 3 5% blocking buffer(skim milk, Sigma-Aldrich Co.,
St. Louis, MO, USA)E *}9“:6]1 blocking A& A}
o] % 1XTBS-T= washing § 5% blocking buffer®l] pri-
mary antibody(AR: BD Pharmingen, San Jose, CA, USA,
B-actin: Santa Cruz Biotechnology, Santa Cruz, CA,
USA)E 3A3lo] 4°Coll A overnight Al Th tf&d 1%
TBS-TZ blot& washing 3 ¥, 23} antibody S 4°Cell A
1A 7 WA F T ©o]F 1XTBS-TE washing & ECL

Table 1. PCR primers for real-time RT-PCR
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Gene Amplicon (bp) Primer
S 5'-CCTGGCTTCCGCAACTTACAC-3'
Androgen receptor (AR) 168 AS 5'-GGACTTGTGCATGCGGTACTCA-3'
. . S 5'-ACCAGAGGAGTTCTTGACCCCAAA-3'
Prostate specific antigen (PSA) 161 AS 5. CCCCAGAATCACCCGAGCAG-3'
S 5'-TGGTTAACGGGCATGTTGATAAA-3'
Sa-Reductase type 1 (SRD5SA1) 158 AS 5. GCATAGCCACACCACTC.3'
S 5'-CATACGGTTTAGCTTGGGTGT-3'
So-Reductase type 2 (SRDSA2) 315 AS 5"GCTTTCCGAGATTTGGGGTAG-3'
B-Actin 157 S 5'-CACTGTGCCCATCTACG-3'
AS 5'-CTTAATGTCACGCACGATTTC-3'
Table 2. Real-time RT-PCR conditions
Gene Hot start Denaturation Annealing Extension
Androgen receptor (AR) 65°C, 10 sec
Prostate specific antigen (PSA) 95°C 95°C 65°C, 10 sec
Sa-Reductasetype 1 (SRD5SA1) 10 min 15 sec 60°C, 10 sec 72°C, 15 sec
Sa-Reductasetype 2 (SRD5A2) 60°C, 10 sec
B-Actin 60°C, 10 sec




3 Z+7 Z A (longitudinal section) &2 45 (median
plane)°] Y2 =% E& W (trimming)d}$ar, e} FEwj
S 4 pm FAZE AdHste] H&E stam(S1gma Aldrich)<
A3kt o] % 338 dn| 7 (Nikon Eclipse E200, Nikon,
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W2 RE F5d gdo EDTAE At 4°C, 3,000
rpmO.Z 1587 YAl %2 & 5 I (blood plasma)S
25l DHT(dihydrotestosterone ELISA kit, ALPCO,
Salem, NH, USA)®| =5 S48t
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z RAE ol FYHe] A el

3 Z+zk 1099 g

ﬁéﬂ #3792 mean+SE) & VRt A3 A3k SPSS
12.0K(SPSS Inc., Chicago, IL, USA)E ©]| &3} Dun-

can's multiple range test® &3] #4333, <0.05%]
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Fig. 1. Effect of various Rubus occidentalis extracts on expression of AR, PSA, 5AR2, and SAR1 mRNA in LNCaP prostate cancer
cell line. CTL, control; UROE, unripe Rubus occidentalis extract. Data shown in graphs are the mean+SE (n=3). “UMeans indicates
significant differences between groups at P<(0.05 by Duncan's multiple comparison test.
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Fig. 2. Effect of Rubus occidentalis extract (50% EtOH) on expression of AR, PSA, 5AR2, and SAR1 mRNA in LNCaP prostate
cancer cell line. CTL, control; UROE, unripe Rubus occidentalis extract. Data shown in graphs are the meantSE (n=3). ““Means
indicates significant differences between groups at P<0.05 by Duncan's multiple comparison test.
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Fig. 3. Effects of flutamide and unripe Rubus occidentalis ex-
tract (50% EtOH) on expression of AR protein in LNCaP pros-
tate cancer cell line. CTL, control; UROE, unripe Rubus occi-
dentalis extract. Data shown in graphs are the mean+SE (n=3).
““Means indicates significant differences between groups at
P<0.05 by Duncan's multiple comparison test.
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on prostate weight ratio in BPH-induced rat model by testoster-
one for 6 weeks. Data are plotted as meantSE (n=6). TP, testos-
terone propionate; FS, finasteride; UROE, unripe Rubus occi-
dentalzs extract. Data shown in graphs are the mean+SE (n=6).
“‘Means indicates significant differences between groups at
P<0.05 by Duncan's multiple comparison test.
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Fig. 6. Effects of unripe Rubus occidentalis extract (50% EtOH) on prostate epithelial thickness (A, C) and acina area (B, D) in
BPH-induced rat model by testosterone for 6 weeks. Histological examination of prostate tissues were fixed, sectioned at 4 pm
thickness and stained with H&E solution. Arrow: epithelial thickness and acina area. Scale bar=100 uM. CTL, control; TP, testosterone
propionate; FS, finasteride; UROE, unripe Rubus occidentalis extract. Data shown in graphs are the mean+SE (n=6). “Means indicates
significant differences between groups at P<0.05 by Duncan's multiple comparison test.
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Fig. 7. DHT levels in the plasma after unripe Rubus occidentalis
extract (50% EtOH) treatment in the rat model of BPH using
testosterone. TP, testosterone propionate; FS, finasteride; UROE,
unripe Rubus occzdentalzs extract. Data shown in graphs are the
meanSE (n=6). ““Means indicates significant differences be-
tween groups at P<0.05 by Duncan's multiple comparison test.
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