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A Functional Genomic Study of Some
Bu-Yi Chinese Herbs' Pharmacologic
Effects on Protection of Tissue Stem/
Progenitor Cells and Immuno-modulation
of Patient's Cancer Cells
(Final Report)

Daniel Tzu Bi Shih
Taipei Medical University

ABSTRACT

Aim:

In this proposal study, we proposed to pursue a pharmacogenomic study on
Bu-Yi prescription (4 ¥ & # i#) as a radiation therapeutic adjuvant for breast
cancer and Su-Wu Tang (= 4~ /&) for prostate cancer patient cells. The aim of this
study is to analyze the distinct pharmagenomic influences of selected Bu-Y1 drugs
among human normal stem cells, breast cancer and prostate cancer cells under the
influence of gamm-ray irradiation stress.

Method:

The molecular pharmacologic effect on the co-cultured cell proliferation and
stress/toxicity response in the primary culture of mesenchymal stem/progenitor cells
and cancer cells were qualitatively and quantitatively compared at the molecular
basis. Specifically, Gene expressions of oncogenes, tumor suppressor genes,
apoptotic genes, cell cycle genes, early genes and Notch signal pathway genes
were compared by RT-PCR analysis. Stress/toxicity pathway response genes were
compared by a Real-time Q-PCR array study. Cell adhersion/interaction molecules
and cancer/stem cell markers were analyzed by immunoflouence stain. Cancer cell
secreted factors (such as proinflammatory factor, cytokines and growth factors)

were analyzed by cytokine protein array.
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Results and Discussion:

In this study, we have compared the cellular and molecular pharmacologi-
cal influences of the selective Bu-Yi drugs in human mesenchymal stem cells and
breast or prostate cancerous cells, under the 7~ -ray irradiation stress. Most Bu-
Yi drugs tested exerts both protective and repair effect to the normal MSCs,
including the cell function. In contrast, the irradiation-damage effect of breast cancer
cells was
found augment by the Bu-Yi prescription (4 ¢ £ % i#). Consistantely, tumor sup-
pressor Pinin, and metastasis suppressor BRMSI1 genes were found largly increased
in breast cancerous cells after the Bu-Yi prescription treatment, under the radiation
stress condition. Interestingly, the Bu-Yi prescription was also found diminished ex-
pressions of angiogenic factors (such as VEGFR3 and VEGF-A) in breast cancerous
cells. Take together, our results presented distinct pharmacogenomic influences of
the Bu-Yi prescription on normal stem cell and cancerous cells. This result provides
better insights on the potential benefits of the Chinese prescription supplement for
breast cancer patient’s irradiation therapy. On the prostate cancer drug study, how-
ever, our results showed that Su-Wu Tang (= 4~ /&) enhances cell cycle gene Cyclin
D expression, and inhibits cell apoptotic genes of prostate cancer patient tumor cells
studied under the irradiation stress condition, indicating the negative effect may in-
fluent the cancer irradiation therapy. The result also showed that Su-Wu Tang (=
¥ &) exhibits heterogeneous responses to different prostate cancer pataient cells,
prostate cancer cell lines and normal MSCs. This phenomenon is also shown in the
Lio-Wei Wan (= vk 1 ) study in which it exhibits enhance PSCA gene expression
and CD44 cancer cell adhesion molecule of prostate cancer clls or cell lines, but on
the other hand presented more preventive and protective effects to the non-cancer
detected prostate patient and normal stem cells.

Current study exemplify the benefit of traditional Chinese prescriptions as
therapeutic supplements in some cases can be achieved by cell molecular biological
analyses. It also warrant that the pharmacological effect is case sensitive and cancer
cell phenotype dependent. By analyzed the Bu-Yi Chinese Drug’s pharmacologic
effect on protection and repair of tissue stem/progenitor during cancer patient
tumor cells may benifit for personalized medication in use of Chinese Bu-yi drug as
therapeutic adjuvant. This study was supported by NSC national research program
(CCMP95-RD-204).

Keywords: Human mesenchymal stem cells, Breast cancer cells, Prostate Cancer
cells, Bu-Yi prescription, Pharmacogenomic study
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AT A7 2 mfe ehS0x-2, Rex-14 L E ¢ P AT "% » MDA-
MB-231:BMP-4 2 10 § B AEH e o e £ ¢ ¥ § B ¥tie
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Fab %Y Vg Rig e 6w e chNotchil & @ HAp B e FE
BEARPZEE A o AR PRSP IR 0 & F e
sJagged-128 F] 2
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Symbol Gene IName UniGene RefSeq Description

AFC DP2/DP3 Hs.158932  |NM_000C38 |Adenomatesis polyposis coli

BEMS1 DEFZp5644063 Hs 100426  |NMIM 015399  |Breast cancer metastasis suppressor 1

CCL7 FIC/MAEC Hs.231526 [N 006273  |Chemckiie (C-C motif) Lgend 7

CDg2 4F/C33 He 527778  |MM 002231 |CD82 molecule

CDHI Are-1/CD324 H:s 401086 MM _00436)  [Tadhenn 1, type 1, E-cadhern (epithelall

CDH6 KCAD Hs171054  [NM 004932  |Cadhenn 6, type 2, K-cadhern feta’ kidnev)

CDEN2a |AFF/CDK<I Hs 512569 MM _0C0077  |Cycln-dependent ‘cinase inhibitor 2A (melanoma, p15, inhitits CDE4)
E8T7 CMAP H: 143212 [N 0C365)  |Cystatin F (lenkocyszatin

CXCR4  |CD134DR2E2)IE  [Hs593413 | 0C3467 |Themckiae (C-3-C motf) receptor 4

EPH3Z CAPB/DRT H: 523329 | _0C4442 |EFHreceptor B2

ETV4 E1A-F/E AF Hs434059  |ITM_OC1985  |Ets vanant gene 4 E1A enbarcer birdiag protem, 145)

FLT4 FLT<1/PCL Hs 646917  |HM_0C202)  |Fms-related tyrosine kinase 4

HFRT1 HGPRT/HPRT H: 412707 [N _0C0.94 [Hypoxanthire phospaoribosyliransferase | (Lesch-Nyhan sendrome)
HESE HEAHPR1 Hs. 44227 MM 0C6665 |Heparanase

1GF1 IG-1 Hz 160562 |MIM 0C0613  |nsuln-lke growthfactor 1 somatomedin C)

IL18 IGFI-18 Hs 83077 TN 001562  |Intereukin |8 (interferon-gemma-taducing factor)

IL3RB CD132/(CDw 28b |Hs 846 1M 001557 |Intereukin 8 receptor, seta

ITGE3 CD61/GE3A H: 218040 |HM 0C0212 |Integrin, beta 3 iplatelet glycoprotein Illa, antigea CDE1)

MCAN  |CD146MUCIE Hs589029 MMM 0C650)  [Mslenoma cell adkesion molecule

MWMP10 SL-2/STMT2 Hs.2258 MM 0C2425 |Mah:ix mztallepeptidasz “0 (sremelysin 2)

MMP11 SL-3/8T= Hs 143721 |HM 0C5%40  |Matrix metallepeptidass © 1 (srcmelysin 3)

MMP13  |CLG3 Hs 2236 N 002427 [Matrix metallopeptidas= -3 (collagenase 3)

MWP7 TWP-7APSL] Hs 2256 M 002423 [Matrix matallopeptidas= 7 (matrilysin, uterinz)

WMMPY CLGAE/GELR Hs 297413 |MM 004994  |Matiz mstallepephdass 9 (ze.atnase B, 92kDa gelatinase, 92kDa tyoe IV colagenase)
NEF2 ACN/BANZ H: 137858 | _0C0262  |Neurofibromin Z (bilateral acoustic neuroma)

NR4AS CHN/CSMF Hs 279522  |MM_0C6981 |Nuclear receptor subfamiy 4, grovp A, member 3

PN DRSISDE3 Hs 4093€5 I _0C2687  [Pimn, desmosome associated droten

RORB NEIZ2ROR-BZTA [Hs424178 |HM 006914 |RAR-related orphanreceptor B

SRC ASVISRC1 Hs 125659 [N _0C5417  |V-sr: sarcema (Schmidt-Ruppir. A-2) wiral orcegene homolog (aviar)
TCE20 AR1/SPRP H: 475018 [N _0C565)  |Transespticn Zactor 20 (AR1)

TIP3 HEMRX222/K222 |Hs 652357 |MM _0C0362 |TIMP metalopeptdase mhiditor 3 (Sorsby fundus dystrophy, sszudomflammacory)
TP53 LES1/TR>E3 H: 408312  |HM 0C0545  [Tumor protzir p52 (Ci-Fravmen syndrome)

TRPM 1 LTRPCUMMLSN1 |Hs 155942 |MMM 0C242) |Transient receptor potental cetion charmel, subfamily 3, memboer 1
TSHR LCR3MTSHR-I Hs160411  |NM_0C0363  |Thyroid simulatmg hormene receptor

VEGEa  [VEGEAWECE-A Hs 73752 I OC3375  |Vascular endothelial growth factor A

Two Signaling network involved in BY-Tang treated up-regulated gene are

related to the stem cell differentiation

cell development (57.4%; 8.392e-13), cell

communication (80.9%; 1.148e-12), protein kinase Oct-2,
cascade (36.2%; 1.808e-12), cell differentiation p120-cateni
(63.8%; 4.511e-12), cellular developmental process n, CD22
(63.8%; 4.511e-12)
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positive regulation of cellular process (55.8%; (L CRA cell development (57.4%; 8.392e-13), cell
alpha, 5.348e-12), positive regulation of biological INUS, communication (80.9%; 1.148e-12), protein kinaze
510042, process (55.8%4 2.25%¢-11), developmental process  Oct-2, cascade (36.2%; 1.808¢-12), cell differentiati on
PTEN, (76.7% 7.473e-11), positive regulation of pl20-cateni (63.8%0; 4.511e-12), cellular devel opmental process
ZNF143 developmental process (34.9%q 1.404e-10), n, CD22 (63.8%0; 4.511e-12)
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Table : Intluences of 4D vs 6D on Prostate Cancer Cells Gene

Expressions.
Genes 4D / 5D PLA DU-145 rc-3 rcci PCcC2 PCC3
Cancer (Ca.) | 4D
ErbB-2 6D D" R"
PSCA 4D PR D.I
6D B
BRCAL1 4D ity
6D D"
BRCA2 4D R" P PR
6D ' p R/
Ca. Inhibit. | 4D
PTEN 6D 13-
Cell Apopt. | 4D P D
Bax 6D P R
BelXL 1D D 2
6D DPT | DTPT D, P R
Cell Cycle 4D R'
P21 6D ity
B2 4D B B
6D
CyclinD 4D
oD P P P
Progenilor 4D P~
BMP-2 6D R' R D
BMP-4 4D R
6D i
LGTR 4D P
6D R R D
Nole: 41): ; 61): ; Dz Non R1 Drug Inlluences; P: Proteclion rom RI

stress, R: Repairing/Healing Irom Rl stress; + :Up regulation; —: Down

regulation. (RI stress :Radioactive Gamma ray Irradiation)
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Herb = —
Radiation = 300 rad
Cy‘tokmes =NICP-1. IL.8. IT1L.6. =DICP-1. IL8. IL.6. TIMP2
TIMP2 ~Angiogenin. GRO, HGF
~Leptin. PARCRANTES, TNFc:.
ENA—78,. Fas, GROc, MIP-1ct. -
1B, -3p. VEGFE. VEGF-D
Hierk = —
Radiation — Q00 rad
Cytokines SNMCP-1. IL8, IL6,. | MCP-1, IL8. IL6. TINMP2
TIMP2 ~Angiogenin, GRO, HGF
"BDNF. G-CS8F

vy S e e B F R NAP-2 ~ NT-32 ~ AgRP ~ Angiopoietin-2 ~

IR G cytokine Fas/ TNFRSFo6 ~ FGF-9 ~ GITR ~ HGF ~
IGF-BP-6 ~ IGF-1 SR ~ IL-1 R4/ST2 ~ IL.12-
p40 ~ IL.8 ~ MIP-1-alpha ~ MSP-a ~

Osteoprotegerin

scehk b Aw g £ £ Acrp30 ~ AgRP -~ Angiopoietin-2 ~
28,85 eytokine Amphiregulin

sk At Aw g 2 & Leptin
R g cevtokine

I #y % ¥R & | GDNF ~ LIGHT ~ NAP-2 -~ NT-3 ~ PARC -~
bk A<k % aY Fas/TNFRSF6 -~ FGF-9 - HGF -~ IGF-BP-3 -
cytokine IGF-BP-6 ~ IGF-I SR ~ IL.-1 R4/ST2 ~ IL.12-
p40 ~ MIP-1-alpha ~ MIP-1-beta ~ MSP-a ~
Osteoprotegerin ~ VEGF ~ VEGF-D

s =k & 3/, & | BMP-4 - BMP-6 ~ IL-6 ~ axl ~ bFGF -~ Beta-
th w9 4 % &y | NGF
cytokine
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Summary (I)
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Influences of 4D and 6D on Prostate Cancer Cells and the Normal MSCs

Adld Cell No.(Growth) | Pl A | DU-145 | PC-3 | PCC1 sy | PCC2 sy | PCC3 24
Control Dr/RF 1.0 50 32 08 1 02
D*_4albd 125%0=% | 135% 1 10% | 230% 2 25% | 125% 1 M2 | vswdr 0% | vasn Ve
Rlp*_4dld MO%IVa% | V10%d Va% | VBO0%AUE% | V10%/uE0% | 115/ 10% | & 10% /1 10%
Ri*_4di6d viowlie% | 4 3aswluion | 250 vias | 0%IM0% | yeowluass | 4 259l 0%
SurfaceMarker Change VEGRR/ YActf
Dt 4died
Rlzt 4di6d JCXCRA JCXCRY
P M Pais [PEGFR | AC133/1 CDM4
Ri*_ 4died
IVEGFR
Gene Express. Change | T8ckiL
PP 408 Mo | Cagens 0 f4BokxL | fveonn rerem
w21 terB2 VEGER | MEGFR, 1BMP2
N Nmzelr*gf . LPSCA JBRCA2  BMP2
18 .
MBLXL fecpino T 1 BMP2 JBRCA2
Lovel MBel-KL \J/P?YI
A I Y fvoyind | ypscat
VEOF terB2 JBekAL
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= vk 1 2. Ames Test.3 %

Effect of D6 on Ames Test
(A) Without S9 metabolic activation TA98 TA100
Negative Positive 2444 242+108** 156+3
1768£72%**
0.312 mg/p 0.625 mg/p 1.25  28+2 28+4 22+1 2242 25+1 140+6
mg/p 2.5 mg/p 5.0 mg/p 149+2
15243
17346
157+16
(B) With S9 metabolic activation
TA98 TA100
Negative 48+7 150+5
Positive TT9£53%%* 835+£102%*
0.312 mg/p 37£3 154+5
0.625 mg/p 37+4 172+4
1.25 mg/p 39+7 17949
2.5 mg/p 40+2 162+6
5.0 mg/p 3342 138+6

1. The values were presented as Mean £ S.E.(N>3).
2.30 g« 1solvent(with10% DMSO)/plate was used as negative control.
3. Positive control in —S9 plate: TA 98, 4-Nitro-o-phenylenediamine 2.5 g« g / plate;

TA 100, Sodium azide 5 g« g / plate; Positive control in +S9 plate: TA100
TA

98,2-aminoanthrene 5 ¢ g/plate. Significant difference between control treated group
at

*p<0.05, **p < 0.01, ***p <0.001 vs control by Student t-test.
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