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X 15- myc Transgenic Mouse Model for HCC
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»Recombinant bicistronic construct (Singh et al,
2003) (Kumar et al, 2001) US patent no: 6274788

» X-15 myc transgenic mice appeared to be an
Ideal model to study the disease process and also

1. Singh
M,et.al., 1998
2. Kumar
V.et.al.,
2001(us patent)



X15-myc transgenic mouse model
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Figure 3. The X15-myc transgenic mouse model of HCC. Liver anatomy (A,B); histology of liver (C-E) and immuno-histochemistry for
specific antigens (F-H)

»Most of the pathomorphological and microscopic changes were similar to
those observed with the HCC patients (Lakhtakia et al, 2003)




Analysis of differential gene expression
In the tumors of X15-myc oncomouse.
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PCR analysis for X15-myc Transgenic positive animals
“ C “- Positive control; “ N” — Negative control; “© M “- X DNA Marker




cDNA subtraction

Tester Tissue 1:5 Driver Tissue
(X15-myc-Liver) (C57BL6-Liver)
'@ Total RNA @
mRNA Isolation
AAAA — " AAAA
First strand cDNA synthesis
from driver mRNA using — AAAA
biotinylated oligo dt primers TTTT ©B
RNase digestion TTTT @B

Hybridization of the tester mRNA
with the driver first strand cDNA

AAAA
TTTT ®B
Capture the hybridized pool —— AAAA
AAAA p y P .
. . and excess drivercDNA using TTTT OB Magnetic beads
Unhybridized unique streptavidin magnetic beads (Hybridized pool)
mRNA of tester

TTTT @B - Magnetic beads
(Excess driver)

cDNA synthesis and cloning
in lambda zap vector cDNA library synthesis kit (Stratagene)



Primers M13 F: 5'-CGTTGTAAAACGACGGCCAGTG -3
M13 R:5'-CACAGGAAACAGCTATGACCATG-3'

1 2 3 4 5 6 7 8 9 10 M1 11 12 13

5148 bp
2027 bp

931 bp
831 bp
531 bp

PCR product purification

60'6600

Ffr s

I"‘t‘.n" Capture Buffer

DMNA purification
using spin column

A. Agarose gel analysis of PCR amplified cDNA inserts from phagemids. M1, DNA Marker,
B. DNA band purification steps by GFX PCR, C. Chromotogram of MegaBACE
sequencing score card.



Vector Screened & Changed in to FASTA format sequences

BLAST Analysis
http://www.ncbi.nlm.nih.gov/blast/blast.cgi



List of differentially expressed genes.

Sequence analysis of transcripts revealed 19 discreet categories

Protein biosynthesis genes 100
Electron transport genes 81
Metabolism related genes 75
Transport molecule genes 36
Ubiquitin proteasome pathway genes 25
Protein metabolism genes 23
Signal transduction genes 22
RNA processing genes 18
Calcium/sugar/carbohydrate/copper binding genes 14
Cytoskeletal prganisation/ cell adhesion genes 17
Endocytosis /protein transport genes 13
Oxidative stress genes 13
Transcription genes 13
Cell cycle and growth differentiation genes 12
Immune response genes 11
Apoptosis and anti apoptosis genes 9

Blood cogulation genes
Molecular chaperone genes
Replication gene

= 0 O



List of top five differentially expressed genes obtained from
X15-myc Transgenic mouse liver cDNA subtraction library.

SYMBOL GENE NAME FREQUENCY
Rps27a Ribosomal Protein s27a 20

Cytochrome C Oxidase, Subunit
COX3 1] 16

ATP6 ATP Synthase FO Subunit 6 14

Cytochrome C Oxidase, Subunit
COX2 1 11

NADH dehydragenase, Subunit,
ND1 type 1 11
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Exons

Chromosome: 11, Location 11 A3.3

B Filename : Mus musculus Rps27a-CDS
Sequence Size 1471
Translation Position :1-471; Genetic Code : Universal
10 20 30 40 50 60

ATGCAGATCTTTGTGAAGACCCTTACGGGGAAAACCATCACGCTCGAGGTTGAACCCTCG

M ¢ I F V K T L T G K T I T L E V E P s 20
70 80 90 100 110 120

GACACTATAGAAAATGTAAAGGCCAAGATCCAGGATAAGGAAGGAATTCCTCCTGATCAG

b T I E N V K A K I 9 D K E G I P P D Q 40
130 140 150 160 170 180

CAGAGGCTGATCTTTGCTGGTAAGCAGCTGGAAGATGGCCGGACTTTGTCTGACTACAAC

¢ R L I F A G K Q L E D G R T L S D Y N 60
190 200 210 220 230 240

ATTCAAAAGGAGTCCACCCTTCATCTGGTGTTGAGACTTCGGGGTGGTGCTAAGAAAAGG

I 9 K E s T L H L Vv L R L R G GAA K K R 80

250 260 270 280 290 300
AAGAAGAAGTCTTACACCACTCCCAAGAAGAACAAGCATAAGAGGAAGAAGGTTAAGTTG
K K K S Yy T T P K K N K H K R K K V K L 100
310 320 330 340 350 360
GCTGTGCTGAAATACTATAAGGTGGATGAAAATGGCAAAATTAGCCGACTTCGTCGAGAG
AV , K Y Y K v D E N G K I S R L. R R E 120
370 380 390 400 410 420

TGTCCTTCTGATGAATGTGGTGCTGGAGTTTTCATGGGAAGCCACTTTGACAGGCATTAC
c p S D ECGAGV F M G S H F D R H Y 140

430 440 450 460 471
TGTGGCAAGTGTTGTCTGACTTACTGCTTCAACAAACCAGAAGACAAGTAG
c G K C ¢C L T Y C FON K P E D K * 156-AA

Structure of the Rps27a gene of Mus musculus and cDNAs. A, Organization and chromosomal location. In total,
6 exons are shown in boxes. Closed boxes designate the coding sequences. B, ORF of the Rps27a gene
showing 156 amino acids in single letter code (An red aerrowmark indicates the site of proteolytic cleavage that
would be required to generate mature ubiquitn from the primary translation product).


http://ribosome.med.miyazaki-u.ac.jp/RPDB/rpdb.cgi?id=MUS10029s

Identities = 155/156 (99.4%), Positives = 155/156 (99%)
Gap frequency = 0/156 (0%) , PI= 9.68

mRps27a 1 |MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQ
hRps27a 1 |MQIFVKTLTGKTITLEVEPSDTIENVKAKIQDKEGIPPDQ

UBQ

mRps27a 41 [QRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGRKKR
hRps27a 41 [QRLIFAGKQLEDGRTLSDYNIQKESTLHLVLRLRGGRKKR

UBQ

mRps27a 81 KKKSYTTPKKNKHKRKKVKLAVLKYYKVDENGKISRLRRE 120
hRps27a 81 KKKSYTTPKKNKHKRKKVKLAVLKYYKVDENGKISRLRRE 120

Ribosomal s27

mRps27a 121UCPSDECGAGVFMGSHFDRHYCGKCCLT]YCFNKPEDK 156
hRps27a 12ICPSDECGAGVFMASHFDRHYCGKCCLT [YCFNKPEDK 156

Ribosomal _s27

Alignment of the primary sequences of human and mouse Rps27a Identical
residues are shown in same color, while the non-identical regions are marked in
different colors. Blue and rose boxes denote the regions of ubiquitin and
Ribosomal_s27 respectively.



76AA 80AA
UBIQUITIN

RPS27a

»The Rps27a Highly conserved very basic protein due to presence of 80 basic AA in the
Carboxyl terminal (CEP) of Ubiquitin.

=UBQ-76 AA conserved eukaryotic protein- Diverse cellular functions
= UBQ-Poly ubiquitin chain (UBb, UBc) or Fused to unrelated protein (UBA)
=UBA UBAB8O0 (Rps27a)or UBA52 (RpL40). Conserved in man, yeast and plants

[Salvensan et al, Nucleic Acid Research (1987), Ozkaynak et al, EMBO J (1987), Lund et al, J.
Bio. Chem (1985)]

=CEP analysis shows strong homology at the AA level with Zinc finger protein.
=CEP can associate with ribosome binding specifically ribosome or messenger RNA.

=Function of UBQ-CEP fusion genes has not been fully elucidated



Rps27a +Antisense Rps27a
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PI-Serum of CEP
Rps27a Endogenous
CEP Endogenous
CEP +Antisense CEP

Detection of Rps27a and CEP expression in Huh7 cell lines. Total
cells were lysed after 48hr post transfection with Rps27a (lanes 5), anti-
Rps27a (lanes 6), CEP (lanes10) and anti-CEP (lanes 9).



Positive staining is
noted more in nuclear
and perinuclear (red
arrow)

Normal control-12 wks
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Tg -6 month

transgenic mice (white bars). Gells (n were counted
randomly from 10 different areas. *P<0.01: *P<0.05.

Rps27a expression in X15-myc
Tg mice liver tissues.

Tg 18 months




Co-expression of Rps27a and HBx
leads to improved survival and proliferation of cells
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Phase distribution of cells (06)
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HBx  RPS27a RPS27a— HBx+  HBx + R TR Weue R"")%X+ RSSBKf
RPS27a RPS27a- 27a 27a-

59.4 71.0
18.1 133
16.2 15.0

*P<0.01*P<0.001, compared with controls.

Fig. 3. Cooperation between RPS27a and HBx for cell survival, proliferation and size. Huh7 cells were transfected with
expression vectors for HBx, RPS27a or RPS27a-, either alone or in combinations as indicated, and their viability, size and cell-
phase distribution were monitored. (a) Cell viability by MTT assay. The bar graph shows means+sbp of ten independent
observations. (b) Flow cytometry of asynchronous cells to show percentage distribution of cells in different phases of the cell
cycle (black bars, GO/G1; grey bars, S; white bars, G2/M). Results are means of three independent observations. (c, d) The




Constructs

A
1. Rps27a
2. Antisense Rps27a
12hrs 3. Rps27a + Antisense Rps27a
4. CEP
5. Antisense CEP
6. CEP + Antisense CEP
7. Rps27a + Antisense Rps27a +Antisense CEP
8. pSG5
B
24hrs
C Effect of Rps27a and CEP on cell cycle.
Huh7 cells were transfected with Rps27a, CEP, anti-
Rps27a and anti-CEP constructs at 60-70 %
confluency and cells were serum syncronized and
collected at various time points of 12hrs (A) , 24hrs (B)
42 hl’S and 42 hrs (C). The percentages of cells at different
phases of the cell cycle were analysed by FACS and

values are shown on the left (Y-axis) bar diagram.




Report-Deletion Rps6 (40s RS) Cell proliferation
(Rps27a & CEP) |

G2/M phase arrest

Cyclin E (sherr et.al.,1999)

Cyclin B1
(Yu et.al., 2002)

Rps27a- early growth response
gene G1 phase cell division

Induction of
“‘S’PHASE 1 (Rps27a & CEP) 1 Cyclin D-CDK4
O DNA replication Cyclin D-CDK2

Ribcsome bicgenesis and | DeBenedetti et a.l., 1990

translation control

In yeast, UB13 deletion-Slow growth of phenotype (1.6 hr-6.8hr) (Finley et.al., 1989)
Many small & Large Rib.Sub unit Protein 1 variety of p.Tumor- Ex RPL36A. OE-Over Expression



Summary

»Rps27a, a ubiquitin precursor protein fused to the 80
amino acid carboxyl extension protein (CEP)

»The flow cytometry analysis reveled that Rps27a
overexpressing cells accelerated cells to enter G1 phase
to S phase with enhanced cell proliferation

» Immunohistochemical staining of Rps27a expression
was moderately reduced from 3 months to 18 months old
Transgenic liver tissues.

Overall, The sensitivity of over expressed Rps27a in HCC
might be a general biomarker for tumor proliferation.



Evaluation of the antitumorogenic/anti-angiogenic
activities of the floral isolates of B. monosperma

Butea monosperma ( )

Family ; Fabaceae

Orgin ; India

Type/Uses ; flowering tree

Size ; 50feet

Growth Rate ; Slow growing at first
Lighter Requirments ; full sun

Water Requirments ; average, drier in the winter
Min.Temp. : mid 30° s

Flower ; late winter, spring
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Concentration used: 100 100 100 1x10°M 1x10°M 1x10°M 2x10°M

mg/L mg/L mg/L
Cell lines

Breast — MCF-7 6 - - 72 - - -
Breast — T47D 4 22 0 34 - - -
Breast — ZR75-1 0 - - 46 - - -
Cervix — SiHa 0 9 0 - - - 19
CNS - SK N MC 23 57 p - - 27 -
CNS - SK N SH 43 - - 82 - - -
CNS - SNB78 2 - - 20 - - -
Colon - Colo205 87 19 0 - - - 40
Liver - Hep2 51 58 35 - 88 74 -
Lung - A549 19 27 11 58 - 17 -
Lung - NCI H23 0 - - - 59 - -
Oral - KB 16 - - - - ; 9
Ovary — NIH OVCAR3 0] - - - 31 - -
Ovary — OVCAR5 5 37 6 - - - -
Prostate — DU145 0] - - - 69 - -

Percent growth inhibition of human cancer cell lines with the aqueous extract (A003) of flowers of
Butea monosperma and its fractions (FO08 and FO09) [Mathan et.al.,] [Communicated]



Hepatoprotective Herbal Extracts

»Tredational Herbal Medicine & CAM becoming popular
among cancer patients (Molassiotis et al., 2005; Yates et al,
2005)

»Commonly used herbal preparations for treating Liver
Diseases-Silymarin (Mayer et al, 2005), TJ-9 (Oak et al., 1995),
Liv-52 (Huseini et al, 2005), Phyllanthus (Liu et al., 2001),
Glycyrrhizin (Kumada et al, 2002), curcumin (Aggarwal et al.,
2003; Campbell et al., 2005), Calotropis procera (Choedon &
Mathan, 2006).

» RRL (Regional Research Laboratory, CSIR), Jammu



»The traditional Indian medical system of Ayurveda, the
flowers of B. monosperma have been used in the
treatment of hepatic disorders and viral hepatitis
(Schuppan et al., 1999; Dhiman et al., 2005)

» Chemopreventive potential of methonolic extract of
B.monosperma flower on chemically induced oxidative
damage in rats were reported (Sehrawat et al., 2006)

>»The mechanism of its action has not been elucidated.



Flowchart of Butea monosperma
floweral extracts and its fractions.

Butea monosperma

!

Flowers ( Dried)

l Extraction

A003 Agqueous (Active in vivo)

l Fractination

| |

FO08 n-Butanol FO09 Aqueous
(Active in vitro) Active in vitro &
in vivo)
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Concentration (mg/ml)

—0— AOO3 —=— FO08 —A— F009

Cytotoxic effect of Butea monosperma extract on cancer cell lines. Huh-7 cells
were incubated with different concentrations of Butea monosperma and analyzed
for cell viability at 24h or 48h (n=6), mean+SE. a.P<0.001; b. P<0.01

»1Cs¢ in Huh7 cells — FOO9- less toxic (65% cell survival at 1g/L)
__A003 & FO08 (0.5 -1g/L) & Doxorubicin (0.1g/L)



X 15-myc Transgenic mouse model
(4 weeks old matched age group, n=6)

Group | Group
4‘(@.._/ Receives 9 ip doses of 4‘(Q.

A003, FO08 & FO09 in

12 weeks saline on biweekly 20 weeks
(100 mg/kq)

Serum VEGF
Tumor weight
Histopathology
Immunohistochemistry for Rps27a
Morphometry

Anti- tumorigenic effect of B. monosperma in transgenic mice



A Group

Period (wks) Treated( n=6) Control (n=6)
- 12 14.8+0.8° 32.1+4.8
<8( 20 20.8+1.9° 47.5+7.3
44 3.45+0.82 16.3+1.6 Tg-2to 4 foIdT
12 13.5+0.6NS 14.4+0.5
T 20 16.2+0.6 17.1+0.8NS

Non transgenic control 7.00 £ 0.55

Values are shown as mean= SE. 2p<0.001; ?p<0.01; NSp = 0.15

Bm-A003 VEGF Profile
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12 Weeks 20 Weeks 44 Weeks
Age Groups

A. Serum VEGF levels (mg/L) in the X-15 myc mice after treatment with the aqueous extract
(A003) or aqueous fraction (FO09) of Butea monosperma (BM). B. BM-A003 treated, 20 and 44 wks
old, Transgenic animals are showing the significant reduction (p<0.001) in their VEGF level.



A. Group

Period (wks) Treated( n=6) Control (n=6)

0 12 3.50+0.63 4.08+0.66

< 2 7.17+0.725 8.57+0.39
44 10.15+0.812 14.32+1.53

Values are shown as mean+ SE. 2p<0.001; ? p<0.01

Bm- A003. Tumor weight profile
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12 Weeks 20 Weeks 44 Weeks

Age Groups

A. Liver tumor weight (g) of X-15 myc mice after treatment with the aqueous extract (A003) of
Butea monosperma (BM). B. BM-A003 treated, 44 wks old, Transgenic animals are showing the
significant reduction (p<0.001) in their tumor weight.



FO09 _ A003 Tg control

FO08

Normal control

Histological analysis of the
liver of X15-myc transgenic
(Tg) mice at 12 wks and 20
wks of age after treatment
with the extract and fractions
of Butea monosperma.

(A&B), Tg mice without any
treatment. Tg mice treated with
aqueous extract A003 (C&D),
aqueous fraction FO09 (E&F) and
butanolic fraction F008 (G&H);
(I&J), Non-transgenic control at 12
wks and 20 wks. (All x200)



Tg control Tg control

A003

A003

20 wks

Normal control

Immunohistochemical staining
of the liver, x15- myc transgenic
(Tg) mice after treatment with
the extract AO003 of Butea
monosperma for Rps27a at 12

wks and 20 wks of age. A,B,C and
D, Tg mice without any treatment. Tg mice
treated with agueous extract A003 (E,FRG
and H), Non-transgenic control at 12 wk (1)
(A,B,E & F =x200 and C,D,G & H = x400)



12- wks

Parameters Treatment Groups
Normal Tg Control A003 F008 F009
Control
Area 26.9+11.82 45.54+22.0 22.7+10.62 42.46+26.4°¢ 42.36+23.6°¢
Diameter(mean) 5.53+1.202 7.26+1.81 5.00+1.302 6.84+2.102 6.90+1.932
Perimeter 18.05+3.722 24.18+6.89 16.40+4.102 22.26+6.752 22.504+6.502
Size (length) 6.20+1.452 8.60+2.45 5.60+1.402 7.60+2.342 7.65+2.202
Size (width) 5.24+1.002 6.50+1.64 4.80+1.252 6.53+1.98 6.50+1.85
Feret (mean) 5.80+1.18¢2 7.62+2.00 5.22+1.302 7.09+2.132 7.14+2.002
Density(mean) 124.7410.8%  119.43+11 132.2249.80 108741238  126.43+15¢
Density (std.dev) 13.83+2.632 16.03+4.43 17.00+4.20 18.40+6.622 20.45+7.162
Heterogeneity 0.064+0.052 0.109+0.1 0.149+0.102 0.154+0.122 0.209+0.142

Values are shown as meanz SE (n=500).‘a’ = p<0.001; ‘b’ = p<0.01; ‘c’ = p<0.05.

Mean values and standard deviation for the parameters of area, diameter (mean),
perimeter, size (length & width), feret (mean) Density (mean), density (std.dev) and
heterogeneity (in millimeter) of the liver cell nuclei of 12 wks old, X15- myc
transgenic mice treated with Butea monosperma (A003) and its fractions (FOO8
and FOQO9) with their relevant Tg control.



20- wks

Parameters Treatment Groups
Normal Tg- Control A003 F008 F009
Control
Area 26.85+11.8? 47.96+24.6 23.95+15.02 26.85+14.52 41.64+24.62
Diameter(mean) 5.526+1.202 7.370+1.90 5.071+1.602 5.439+1.522 6.760+2.102
Perimeter 18.04+3.722 24.20+6.24 16.56+5.172 17.84+4.942 22.14+6.912
Size (length) 6.194+1.452 8.433+2.32 5.669+1.752 6.230+1.752 7.567+2.402
Size (width) 5.237+1.002 6.879+1.70 4.844+1.602 5.088+1.462 6.395+2.002
Feret (mean) 5.763+1.182 7.684+1.95 5.286+1.642 5.691+1.562 7.039+2.152
Density(mean) 124.7+10.8° 113.52+13 122.4+10.22 105.6+17.22 121.7+11.12
Density (std.dev) 13.83+2.63 14.25+4.35 17.86+5.032 21.83+8.542 16.44+4.262
Heterogeneity 0.064+0.05 0.073+0.07 0.160+0.122 0.198+0.162 0.126+0.102

Values are shown as meant SE (n=500).‘a’ = p<0.001; ‘b’ = p<0.01; ‘c’ = p<0.05.

Mean values and standard deviation for the parameters of area, diameter (mean),
perimeter, size (length & width), feret (mean) Density (mean), density (std.dev) and
heterogeneity (in millimeter) of the liver cell nuclei of 20wks old, X15- myc
transgenic mice treated with Butea monosperma (A003) and its fractions (FO08
and FOQO9) with their relevant Tg control.



SUMMARY

»Iin vitro cytotoxicity and in vivo transgenic animal studies
suggested that aqueous extract (A0OO3) and fractions (FO08
and FO009) of Butea monosperma flowers is not only
hepatoprotective but also carries anti-proliferative, anti-
tumorogenic and anti-angiogenic properties.

» The chemopreventive action of fractions, FO08 and FO09 was
less prominent as compared to the aqueous extract A0O03
suggesting either loss or inactivation of some of the key
constituents in these fractions.



» Immunohistochemical analysis of Rps27a In the
transgenic animals treated with aqueous extract A0OO3
revealed a marked reversal of pathological
manifestation including no staining for Rps27a in the
liver.

Overall, the aqueous extract of Butea monosperma
flower has the potential for developing new cancer
therapeutics
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