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Scientists love to talk about their work therefore, on
behalf of my colleagues and on my own behalf, | am
happy to present the Annual Report of the Centre for
Cellular and Molecular Biology for 2007-08.

During the year under review, Shri Kapil Sibal, Hon'ble
Union Minister for Science and Technology and Earth
Sciences laid Foundation stones for two new buildings
that house the Clinical Research Facility (CRF) for
Stem Cells and Regenerative Medicine and the
National Bio-safety Level 4 Containment Facility
(NBCF) for Human Infectious Diseases. The
construction work is in progress in CCMB Annexe-2,
two Km away from the CCMB main campus in a 5-
acre land on Uppal road, Hyderabad.

CCMB Annexe-1 houses a fully functional and a
unique facility for wildlife management, the Laboratory
for the Conservation of Endangered Species
(LaCONES). LaCONES has come up with most
satisfying experimental results. A group of scientists
led by Dr. S Shivaji, has been working towards
developing assisted reproductive technologies to
successfully induce pregnancy in endangered animals
by artificial insemination (Al). In 2006, they achieved
using Al techniques, the first successful delivery of a
spotted deer in India. During the year, LaCONES

achieved the first successful artificial insemination in
estrus-induced Black Buck, by non-surgical intra-
vaginal insemination, which led to the birth of a live
fawn of this endangered species.

Keeping abreast with the technological advances that
essentially drive present day research, we, at the
CCMB, are continuously adding and upgrading
infrastructure required for research in frontier areas
of modern biology. We, therefore, substantially
upgraded our instrumentation facilities with a few
additions, which | am sure, will go a long way in
achieving the goals set by the CCMB (please see
pages 208-210 of this report for details).

Our collaborative efforts have led to the inauguration
of IRM-CCMB Embryonic Cell Lab at the Institute of
Reproductive Medicine (IRM), Salt Lake, Kolkata
under an MoU, an ideal example of public-private
partnership in the advancement of high quality
biotechnological research and developmental
activities.

The research output of CCMB in the form of
publications has averaged around 100 papers per
year for the last 5 years. It is pleasing to note that the
majority of the papers have been accepted for
publication in peer-reviewed international journals with
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average impact factor around 4. Because of our
national and international collaborations, we are also
able to generate significant external cash flow for the

laboratory. As far as the ongoing research activities
are concerned, | am pleased to present a summary
of its salient features as follows.

BASIC RESEARCH

Human genome diversity in India

The Centre for Cellular and Molecular Biology (CCMB)
began research in human genome diversity in 1999.
The findings of these studies were published in several
scientific journals including Science. The studies on
the origin of the tribal population in the Andaman and
Nicobar Islands using detailed mitochondrial DNA
analysis has shown how genomics can answer
puzzles related to migration of human population.

Genetic causes of male infertility

Y chromosome abnormalities are a major genetic
cause of male infertility. The Y chromosome bears
several genes responsible for spermatogenesis and
the deletion of such genes leads to abnormal semen
profile. Although male infertility is common all over the
world, very little is known about its genetic etiology,
particularly in Indian populations. At the CCMB, studies
on gene deletion polymorphisms have suggested that
the UGT2B17 gene is associated with infertility in Indian
men. In contrast, CA repeats and Rsal polymorphisms
in the ERP gene and signal peptide insertion/deletion
polymorphisms in the ApolipoproteinB gene were not
associated with male infertility in Indian populations.

Chromosome biology and human reproductive
genetics

A total of 2462 individuals, that included patients with
defects in spermatogenesis, ovarian development and
cycling disorders, polycystic ovarian syndrome,
recurrent early pregnancy loss, short stature,
hypogonadism, undescended testis, microcephaly,
delayed developmental milestones, familial and isolated
mental retardation, and cerebral palsy, were studied

and chromosomal anomalies were observed in 430
individuals. An unusual 47,XX,+mar was found in a
woman presenting with spontaneous miscarriages. The
marker chromosome was further identified as partial
trisomy 19 by MFISH. The scientists also found three
missense variants in the ACVR1B gene in women with
ovarian failure, thus providing the first association of
this gene with ovarian failure etiology.

Ovarian follicular dynamics in endangered Black
Buck

CCMB scientists have undertaken ultrasonography
to monitor ovarian follicular development and ovulation
in the endangered black buck. They characterized the
estrus cycle with respect to the length and the number
of follicular waves and monitored the size dynamics
of the follicle. This study formed the basis of a protocol
for estrus synchronization in the black buck.

trmE is required for growth of bacteria at low
temperature

CCMB scientists demonstrated that in a psychrophilic
bacterium, Pseudomonas syringae Lz4W, the trmE
gene (for transfer RNA modification GTPase) is required
for growth at 4 °C but not at 22 °C and 28 °C. Their study
also demonstrated that trmE is a low temperature
inducible gene and has a cold-inducible promoter.

Leishmania virulence genes

To understand virulence in Leishmania, the group at
the CCMB identified several differentially regulated
genes. One gene, METAL1 showed a striking
correlation with virulence. META1 was found to exhibit
multiple levels of regulation at transcript and protein




level, such that virulent cells always have more METAL
than attenuated cells. Phylogenetic analyses
suggested that META 1 has been horizontally
transferred from bacteria into Leishmania. Another
gene, DRG1 showed a converse association ectopic
expression of DRG1 improved survivability of
Leishmania, and suggested a linkage between
improved survival and loss of virulence.

Eukaryotic transcription mechanisms

Genes transcribed by RNA polymerase 11l (pol 1l1) are
short, less than one nucleosomal DNA in length,
and characteristically contain intragenic promoters.
CCMB scientists found that two of these genes
are nucleosomal in vivo, and can remodel the
upstream chromatin by the deposition of a histone
variant H2A.Z. They found that several chromatin
modifying activities are associated with these genes.
These mechanisms may be responsible for
transcriptional activation by pol III.

Dynamics of nuclear proteins

The nuclear lamina is located at the nuclear periphery
and is a highly stable structure that contains lamin
proteins that are essentially immobile. However, there
is limited information on the dynamics of disease-
causing lamin A mutants that form large intranuclear
aggregates and cause aberrant nuclear morphology.
Scientists at the CCMB have used the techniques of
fluorescence recovery after photobleaching (FRAP)
and fluorescence loss in intensity after photobleaching
(FLIP) to study the dynamics of lamin A mutants.
Mutants that formed aggregates were 4-6-fold more
mobile than wild-type lamin A or mutants that
assembled at the nuclear periphery. The faster
dynamics of the aggregating mutants is likely to
disrupt essential lamina-protein interactions.

Molecular mechanism of pathogenesis of glaucoma

Mutations in the gene coding for optineurin are
associated with certain forms of glaucoma. Nuclear

factor kB (NF-xB) has also been linked with
glaucoma. Scientists at the CCMB have investigated
the molecular mechanisms which regulate
optineurin gene expression, and also studied
the relationship between optineurin and NF-kB.
Their results show that optineurin gene expression
in response to tumor necrosis factor a (TNFo) is
mediated by NF-xB. Overexpressed optineurin
inhibits TNFoa-induced NF-xB activation.
Downregulation of optineurin by shRNA results in an
increase in TNFo-induced as well as basal NF-kB
activity. Thus, optineurin is a NF-xB inducible
inhibitor of NF-xB. This study shows that a
glaucoma-associated mutant of optineurin,
E50K, inhibits TNFa-induced NF-xB activation
significantly more than wild type optineurin; this might
have relevance to the etiopathogenesis of glaucoma.

Regulation of cellular actin cytoskeleton

Changes in cell morphology and maintenance of
tissue integrity are dependent on coordinated
actin remodelling. A large number of developmental
disorders and metastasis are due to defective
cytoskeletal dynamics. Attempts by scientists
at the CCMB to understand regulation of actin
dynamics have led to the identification of
exchange factor C3G as a novel substrate of c-Abl
tyrosine kinase, and an effector of c-Abl-induced
apoptosis. Using a cell culture model to study the
morphological changes that occur during neuronal
development, they demonstrated a novel function
for C3G in regulating survival and differentiation of
human neuroblastoma cells. Their results suggest
that C3G overexpression, through its ability to
induce terminal maturation, could help in reverting to
the neoplastic phenotype of human neuroblastomas.

Asexual seed formation in plants

In the area of plant molecular biology, CCMB scientists
have made a breakthrough in identification of genes
responsible for asexual seed formation or apomixis,
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which results in fixation of hybrid vigour over
successive generations. The results of this study were
published in the prestigious journal, Nature. The
CCMB is now planning to take forward this research
with Australian collaborators by signing an agreement
through CSIR, New Delhi.

Plant-pathogen interactions

CCMB scientists have made significant advances in
understanding the interaction between the bacterial
pathogen, Xanthomonas oryzae pv. oryzae (Xoo0) and
its host the rice plant. XadA, an outer membrane
protein of Xoo, exhibits high homology to adhesins of
animal pathogenic bacteria and plays an important
role in the early stages of infection during which Xoo
gains entry into the rice leaf through the hydathodes.
The scientists showed that expression of XadA
requires glutamate in the culture medium, and is
controlled at the post-transcriptional level. These
findings are of interest as hydathodal exudates of rice
are rich in glutamate and Xoo may be using glutamate
as a cue during infection.

Understanding evolutionary developmental
biology across the species

Chromatin domain boundary elements subdivide
the genome into independent domains and play an
important role in packaging of the genome. CCMB
scientists developed a bioinformatics approach
to predict boundary elements in the genome of
Drosophila. They also took a functional approach
to analyze and test boundary elements using
differential expression of closely spaced genes.

Hedgehog signaling in Drosophila

Work carried out at the NCBS in the laboratory of
Satyajit Mayor suggests that the key signaling
molecule, Hedgehog, exhibits a hierarchical
organization from the nanoscale to the visible clusters
with distinct functions. CCMB generated transgenic
Drosophila and provided necessary in vivo assay

system to examine signaling abilities of different forms
of Hedgehog. The outcome of this collaboration has
recently been accepted for publication in the Cell, a
prestigious scientific journal.

Modelling spatiotemporal organization in
biological systems

CCMB scientists have developed an artificial
operon system in E. coli to test theoretically
predicted dynamic effects of a common design
(delayed repression) in transcriptional control.
They found that delayed repression induces
transient increase in gene expression before
the gain of stability is affected by the negative
feedback; and, it also induces heterogeneity in the
expression levels in cells in a population. This design,
therefore, seems to be suitable for conferring both
stability and variability in cells required for
adaptive response to an ever-changing environment.
Additionally, using multi-cell models, they showed
that even though an experimental system can be
described theoretically at different space—time
scales, the experimental quantities measured and
predictions useful for practical applications are
limited by the resolution of the measuring method
and experimental protocol. This coarseness or
granularity of the measurement schemes can lead to
incorrect and ambiguous inferences about system
behaviour, and can influence the predictive capability
of the experiments at other scales.

Actin cytoskeleton dependent dynamics of the
human serotonin , receptor correlates with
receptor signaling

Analyzing the dynamics of membrane proteins
in the context of cellular signaling represents a
challenging problem in contemporary cell biology.
Scientists at the CCMB explored the role of the
actin cytoskeleton on the mobility of the serotonin,,
receptor and its implications in signaling. FRAP
analysis of the serotonin,, receptor showed that

o |



actin cytoskeleton destabilization induced by
cytochalasin D, or by elevation of cAMP levels
increases the mobile fraction of the receptor and
increases its signaling efficiency. These results
suggested that signaling by the serotonin, ,
receptor is correlated with receptor mobility. Thus the
actin cytoskeleton might play a regulatory role in
receptor signaling.

Studies on a-crystallins

oB-Crystallin is present in several tissues including brain,
heart, skeletal muscle, eye lens and retina, etc. Studies
from the CCMB and elsewhere have shown that in
addition to preventing protein aggregation,
oB-crystallin plays an important role in gene expression,
differentiation and apoptosis. Recently, the CCMB group

showed that o-crystallin also exhibits redox-silencing
by inhibiting Cu*?-mediated generation of reactive
oxygen species and, thereby, confers cyto-protection.
o-crystallin sequesters redox-active Cu*?ion by binding
it the picomolar range. This study extends the role of o-
crystallins in Cu?* homeostasis and protection against
neurodegenerative disease and cataract.

Solution structure determination of dsRNA
proteins involved in RNAI pathway

In C. elegans, RDE-4, a dsRNA-binding protein
(dsRBP) is required in the RNAi pathway. CCMB
scientists are involved in solving the solution structure
of RDE-4. NMR data for the backbone and side chain
chemical shift were acquired and work is in progress
to establish an atomic level model of interactions
between RDE-4, Dicer and dsRNA.

RESEARCH RELEVANT TO SOCIETAL NEEDS

Genetic legacy of the Indian Muslim populations

CCMB scientists undertook a study to estimate
the contribution of West Asian and Arabian
admixture to the Indian Muslim populations.
The samples represented six communities from
different geographical regions. Most of these
populations were found to have received their major
genetic input from geographically close
non-Muslim populations. These findings support a
model in which the spread of Islam in India was
predominantly via cultural conversion associated
with minor but detectable levels of gene flow seen
from Iran and Central Asia.

Association of Androgen receptor gene with
criminal behavior

Androgens mediate their functions by interacting with
the androgen receptor (AR). The AR gene is highly
polymorphic among various populations and previous
studies have reported higher levels of testosterone
among rapists and a correlation of shorter CAG repeats
with criminality. To test for any correlation between CAG
repeat length and criminal behavior in Indian
populations, CCMB scientists analyzed the AR-CAG

repeat length in 645 men, including 241 convicted for
rape, 107 for murder, 26 for both murder and rape, and
271 control males. The men convicted for rape or murder
had significantly fewer CAG repeats compared to control
men. Those convicted for murder and rape had an even
shorter mean repeat length. These findings are
consistent with the model that CAG repeats in the AR
gene are associated with criminal behavior.

Artificial insemination in the Black Buck, an
endangered species

CCMB scientists at LaCONES are developing
assisted reproductive technologies to induce
pregnancy by artificial insemination in endangered
species. Three Black Buck females were inseminated
non-surgically and one female delivered a live fawn
after a 6 month pregnancy. This is the first successful
case of assisted reproduction in the Black Buck by
non-surgical intra-vaginal insemination.

Studies on mitochondrial disorders

Complete mtDNA sequence analysis of individuals with
neuromuscular disorders has revealed several novel
and disease associated mutations. Most of the novel
missense mutations were found to alter highly
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conserved amino acids and secondary structure of the
protein. Scientists at the CCMB have observed highest
frequency of mutations in the ND5 gene and proposed
that the mt-ND5 is a mutational hotspot associated with
neuromuscular disorders in Indian populations.

Wildlife forensics

LaCONES provides wildlife forensic services
for the purpose of investigating wildlife related

crimes. A pair of ‘Universal Primers’ developed at the
CCMB is being used for PCR-based species
identification from large varieties of biological
specimens such as meat, cooked meat, skin, horn,
bones, tusk, hair, nails, snake poison, scales and
faeces, seized and forwarded by forest departments
and the judiciary. A total of 60 wildlife crime cases (103
samples) were analyzed during the year. Of these, 53
cases were successfully completed.

APPLICATION-ORIENTED RESEARCH

Development of disease resistant rice strain

The rice strain called RP BIO 226 (IET 19046), a
bacterial disease resistant derivative of Samba
Mahsuri developed using molecular marker-assisted
backcross breeding by the CCMB, in collaboration
with Directorate of Rice Research has been
recommended for release as a new variety by Indian
Council of Agricultural Research (ICAR), New Delhi.

Antifungal activity of human defensins

Peptides such as the defensins, are important
components of innate immunity in many species.
Scientists at the CCMB have undertaken a study
directed towards delineation of structure-activity
relationships in defensins and other membrane-active
peptides. They observed that peptides spanning the
carboxy-terminal region of human beta-defensins show
improved antifungal activity as compared to the parent
peptides. Unlike the parent defensins, this activity is
not lost in the presence of metabolic inhibitors and salt.
Hence these peptides could be attractive candidates
for development as therapeutic agents as well as to
understand their mechanism of action.

DNA Markers associated with disease and pest
resistance

Mulberry (Morus spp.) is the only host plant for the
domesticated silkworm (Bombyx mori L.) and its
productivity and quality play a vital role in sericulture
economics. CCMB scientists have undertaken

a multicentric project to carry out planta/molecular
screening of the elite mulberry germplasm available
in India to identify resistance to three biotic agents
(nematode, tukra and powdery mildew), and linkage
analysis for identification of resistance-specific
molecular tags usable in marker-assisted selection
(MAS)-based breeding. During the year, DNA
fingerprinting-based characterization of the
germplasm was completed resulting in >25,000
scorable data points. Preliminary analysis of the
DNA polymorphism data shows considerable
variation in the test germplasm usable for mulberry
improvement.

Cerebral metabolism in neurodegenerative
disease by using NMR Spectroscopy

CCMB scientists are using NMR imaging and
spectroscopy to understand the molecular and
metabolic basis for neurodegenerative disorders.
They have found that in normal mice the level of
cerebral metabolites varies in different regions of brain.
The sensitivity of 3C detection is improved by indirect
observation of 'H attached with carbon-13. Using this
approach they have observed that *C turnover rates
of amino acids in brain are different. Further analysis
of kinetic data indicates flow of **C label from [1,6-
3C,Jglucose into Pyr_,/Lac_,, followed by Glu_,, Asp,,
GABA,, and finally into GIn_,.

ca




FUTURE DIRECTIONS

Biological research has entered into a very exciting
stage. Very often new breakthroughs are made and
new technologies are developed which change the
whole direction of research in this field. It is, therefore,
very difficult to predict our long-term future plan. It
will be dangerous even to attempt it. We already have
new generation high throughput DNA sequencing
technologies which are enabling us to resequence
the whole genome of a large number of individuals in
a very short time period. Efforts are being made to
resequencing of 1000 individuals belonging to
different nationalities and ethnicities in the world in
order to understand more about the data, which has
already been generated. On the other hand China
has committed to resequence the genome of 100
individuals of different ethnic groups in China. Several
groups have taken the challenges to develop newer
DNA sequencing technology which will allow
resequencing of the human genome within a week at
less than 10,000 US dollars. When such a technology
is developed, it would become possible to resequence
humans belonging to various nationalities and
ethnicities, which would allow us to understand better
about the human origin, evolution, history of migration
and molecular basis of diseases.

In this context, in CCMB we really wonder what we
could do, which will add to the existing knowledge? |
strongly believe that we could undertake complete
resequencing of the genome of one of the negrito
tribes of Andaman and Nicobar Islands — one
individual of the Onge or Jarwa tribe. This is
particularly important because our study, based on
complete mitochondrial DNA sequencing, Y
chromosome SNP analysis and nearly one million
autosomal SNP analysis of 25 divergent ethnic
populations of India, has reconfirmed that Onges are
the descendants of the first humans who have
migrated out of Africa and got trapped in the islands

of Andaman and Nicobar and, therefore, evolved
differently and still live as hunter gatherers as they
did thousands of years ago. Resequencing of their
genome and comparison of their sequence with the
rest of the world will definitely throw valuable light in
our understanding of the human history. We will try to
undertake this project in the coming year. Based on
the success of these, we further propose to
resequence the individuals in a family with sex-
reversed phenotype (XY females). In my opinion, this
approach will give us more insight than just
sequencing a large number of individuals. This will
ultimately prove to be very informative and useful to
understand the molecular basis of diseases. Towards
this end, we have already procured two high
throughput sequencing machines; one is ‘SOLID’,
manufactured by Applied BioSystems and the second
one is ‘454’ manufactured by Roche. These machines
have already been installed in the CCMB.

In order to better understand about the gene-
environment interaction, it may be a good idea to
sequence a pair of identical twins and study the
epigenetic modifications. Our ultimate objective is to
understand how this knowledge can be used for the
benefit of the common man.

I would also like to mention here that the CCMB
has always been concerned about society and
common man. Almost 75% of our people living in rural
India are underprivileged and genetic disorders
are rampant in them. In order to provide genetic
diagnostic services to them, prevent and control
the spread of genetic disorders in the population,
some of the CCMB scientists have taken an
initiative to set-up a non-profit-making organization
called the Genome Foundation under Section
25 of the Companies Act. We have set-up the first
Rural Diagnostic Centre of the Genome Foundation
in Village Kalwari, District Jaunpur, Uttar Pradesh.
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The Council of Scientific & Industrial Research (CSIR)
and the Department of Science & Technology
(DST) have provided funds for this Centre to
undertake epidemiological studies in large number
of villages as an exploratory step. | am sure, based
on the success of this Centre, CSIR and DST will
be able to support such kind of activities of CCMB in
future as well.

CCMB has already initiated research activities on
epigenetic inheritance, gene-environment interaction,

plasma proteomics and infectious diseases. We have
also initiated work in the area of nanotechnology as
a coordinated network project in which 18 CSIR
laboratories are involved.

Some of the achievements of the CCMB in
various areas of research are already listed above
and | believe CCMB will reach greater heights in
its endeavour to stand out as a Centre of Excellence
in the horizon of national and international science in
the coming years.

Lalji Singh
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ISR BT U BT b IR H SHIEE
ST FE A =i ol 8| gafean, qe)
MUY IR AR AT &) aR® | 99 2007 -
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BT =1 H 9w 8 | HI e daiial
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2006 ¥ Wil 9 & TP Siifad faxor & =0
BT ST feet o gwerd sifsia 1 & | LaCONES
3 AB-9F ¥, {9971 ereg-fohar & fa:afy I
T gRT ugell Ahd Hid I e ot
IUATS BRI DI, FTHH 59 WU I=iTfd b
T S ded BT 5T+ gal |

Ayl ferfdheT ey Gl ol Iuctel BRIl
ST AT A H AT bR 10 6 fofg
T Sig-3Refl WiR-4 SaRiga gfaen
(NBCF) 1 famor ferer STrgem | SiATeHd g
gfEr ¥ 31 6.4 1. O R Iud s W R
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1 frHToT 1 i a8 SR € |
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HRETT B (LaCONES) & +TH ¥ STl
STl &, Ul & yggd & oy quiey
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dgadt & foere St & =i
SL.yg RE™h & <@ H d=dl Bl
U FHE JWIUTI SIFaRT § S e (Al

AT H 2D BT GHTIAT B dTel Ui
forerma & A1y Wl o o fordr, ARAoHa 5 &4
AN 3MMYfAeh STafd=i & 741 &3l | 2Nehr
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ArTadl & gl Fedl Bl uTw hRA H
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Aol oI WRBRT &7 o Jedm 9 e Jora
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7 fRra SWieye v Rursfaea
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3 100 yfcray a6 81 T 2 | 931 ded
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F s R T ¥ | 9 SremEl & g
Wgv SRt eMe ufdfsd d=fe u=-
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FpIaR g9 & ol @98l W) by 1Y
I A udl gl & f5a yerR Sife
HG ST & Yard A Heerd g1 $I gersm |
eI IS L HhA1 2 |

R TLERAT o6 ST BTy
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TG A T TR RO B 2 | Y -7
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SRR 210 7| Y -7 W 3 S ot srgaeufa
I B AT et et 21 fova W gE
TG qTefl ST o6 siTery, feraioent Wit ager
EREIbR T o IR H T STHERRT &
Wa%llﬁpﬁ@a‘ﬁ@ﬁqﬁvﬁm@mm
foRd T S7erE g € fob st qei W AgEeRan
o for UgTzB;%aﬁq@w%@ésﬁmﬁa
ERB ST # CA & <l Y-RTgf T sigiufirar
AR Qu?ﬁvm?y?é)v B o9 # RAd Tess
e/ faeios agieiear AR goui § g
Tt TgHFAT H T e TET 2|

TORTA Sifdeh! T AT YsT=+ STTafRren!

S ERED 246%WWWW
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@1 e, raae AR, 98-fRiee
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& fafdy =Ror, dermgad g fdenT deqfa dor
IR |19 3Tfe Ffeat wnfie 21 3om & 430
afaal ® SAATHTRIATY S-dT T8 % |
Uh Sl H dEs THd d gh MY
47 XX, +mar nn‘cnﬁ ¥ Jg U 1111| MFISH
TR 1 o W, SUANT HIBY OIS I
aﬁm@aﬁﬁw%ﬁ%@%wﬁuﬁm
T | 39 ISMIDT 7 o1 fSTery el W
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WU bTet f2vor # siererl o) wfdhaan

TRt 3 Tdal <t rafyr 3R e 9o T *
IRR T SAERA Flshaal o TIHR HERISH]
g o AeTui k1 3T e 3| HRigEd &
ISl 4 J@URATG it &R H sferRm
=%, faer &l ufhar q sfSicas] &1 gz
& AT F IU eI dohdlsh &l
ST fhar & | 39 1eudT O Bl foxd d
IRI-TT BT BRI & A1 Fag dA &
fer 1 (AR B & foTy Has el |

HH qOHE R Sar] & gfe o o irmE Si= <6
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TTEShI TR feTeh SITETY] (S | Lz4W ) i
4°C R gfg o olQ trmE ST 3t STTargrenal ardt
21 AfeR geft Sframoy Y 22°C e 28°C R g
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cfedf=ar & farea sia

sredfagr & fauredar & gwse & foy,
IRATad & Jenfal 9 b UdR & faad
w0 FRIFTSFl Sl ugaa dl g 1598 9

(FRAP) dorl ‘TeliRA=1 o\ g9 gl
3TFeY WISl sl T (FLIP) Teh=iiahl bl ST

XD I A SARGH! Bl Afhadr &
ey fHaT qen ara © fob ey 9 el

U S, METAT 1 fauTaadr & TexT Ig<de
SR ® | METAT S &1 2ifRshe dem Uici=
WR R Ig&RIG PRI &1 Ueei $Rd 8¢
TR T €, s fauTad SIfTeTd g2 effoy

DIRTBTSN B # s METAT | gaa
3l | freeryor & o B ®
METAT S A AIHTIT § FHdA By

q WERT 83l & | Ueb 3R SiiF, DRGT
chedfaar & dgax Sffcroifadr § DRGT &
SRTfd MfNerfad & W & geran
der SiM dga] effaeifdar qar  efior
fasTeaar 89 & I ddy @ Furerdr &
TeRfafrnz |

JohRafes grafhee fharfafe

T=sfgd RNA TTei®RS Il (pol lll) & Siashigd
g S Tt S GfFerd el SIU-T 4 i
BIC B 8 3R I FaRoI~d Yadd dcdi o
I BId & | ARITH! & JEifepi o S pol
Il §RT ¢ AshISd BT Y T ST & IR H 7Y
ST®RI U &F 8 | S84 urar 8 fb 3 o=
qrea ¥ gl & A1 391 oAl &
IUREH & H phifed # dRI< H2AZ Hi

eI
TIEH qufed & SRR TR Bkl © | olfd,
& fou Saterh afie A Sfia a4 ScaRadHl &t
JiAAr & I H WA Go 8 Sy § 13
AT A IURTAT g Fgeadl bl

SARTIT AT TR & IffF A ST @
gorm H 4-6 A @ AN B T
SARTIAl & Af¥H TIRHN A==l |
ARE-NET B arazad siafhar @ =
TEad B |

TR AT o TRTSTAH sht 3rurferer faramfarfer
ATA 1 He FA ad S F 84 a1
SN T FS YRR o T U Tael BT 2 |
~fFerR ek kB (NF-kB) &1 I @y
TATPIHT A TR IRAT & | T NIRRT i
JTfyeafaT &1 PRI &)=t arell BRI &1
uleror fohar 8 o ATEIRT Td NF-kB &
$ra Gag &1 1eqy= fhar g | g9 firel uRom
gerid € fop SR oI thaer (TNFo) &
fT SITERIRS S @t srf¥yeafat § NF-xB &
AR BIAN & | 3 P Srfererfiaafad
TNFo-URT NF-kB Gfhaor &1 Afed wrelt
2 | shRNA ERT TGN Bl eNfrif3ra
BT A TNFo-ORa o NF-kB fopar &
gfg 81 9l & | 39 U, 3if NF-kB
&1 U NF-kB URT fHar S a1t e 8 |
P ALY 1 AT & [ SR BT Uh
TR W Gefdd SaRadd, E50K TNFo
URT NF-«B Afhaor &l ifRifa ifdgRe
3 21ferd T BRAT B, IE BRI TATDIH]
& T BRYT fI= (etiopathogensis) & forT
BT 3 Ahell 2 |

AR UFE A HTgE ek fora ohT fHrar=ror

PIBT JAMBIRBT TAT HAb! B FHIAT H
gRedd FHId YaeE gAaHEioT iR R
BT 21 Sifead faer e ifrafiaand
qAT TRV (metastasis)  feyot
qiscIehieled  dfbadi & dRU © |
T Afhadl & FRIF0T & 993M & 89R
T & BRYT g "ged C3G @,
c-Abl URT TUTRIRTT &I gHIfad &+ daTel

ek b WU H UM AT & | BRI daeH
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JIRTSSI (X00) Ud $d URUTY! ATdel & 4
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fRIG Xoo SiaTT] &7 UIEH BIAT &, Sl &
SITERT # I UST R aTel SIETU[sii & b1l
FHSIA BIaT & | XadA UIEH GhHuT oy &t
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R T Teet e @ g € S
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FHTATHS GES B SNl {6 IURGE | 9 9E
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ST IE G HRaT & fb O8N (Hedgehog),
St fe ugEm RyEfem o) gl B, @
RERTTT Jdeq &l Hxal 21 39H
ARG W TR Gt TTeR HE BId
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YR o BOT&T Bl T &THAT T URIeToT
TR 21 g1t €1 § 39 WA 9 fiel uRoms
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Slad= § WRRIRWIR Wi 3 ArsferT
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TR dheld | Ay ooty (frarfed
gqH) ! Afhadr & y9Tdl BT Jgifaed wu A
oI UTHT 694 81T | 381+ Ig o
for <= srftraafaa & faafea a9 sreusmifors
gfg B THRTHG Blredd F gaIfdd 89 &
Tgl URT PRaT ® R A8 T Yoy @l
PIRTEIN & e Srfyarfad TRl § fawHiTar
P W URT a1 & | 3[AYd, I8 fSoeA
PIRTHRN # RRAr vd yRad=iar & o
3Pl U BIl 2 Sl fb 88 99y daerd
%%ﬂ aTel qmmg & foTu uferferar
STl BIAT | SHd STl GghIRIBIT
Arecll @I TANT ®) dentdl 7 foamn
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FRTel W WY Agifde ®©U | 9T S
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PIRTHIT HAhad & ded H AT Y &l
fopamelierar &1 favoiwur &A1 AHGTeNA
PIRBIT SHafdsm= ¥ U TIT |
IRt & denfeel |9 gar o b
RIS (5-HT,) TTE! &t TIfereiierdr § gaei=
ATCPelcd o w1 YfydT 8l §
Fhd- H 39¢ T U9 Bl © | RRTerf=,
Ul & FRAP fageiyor 5 38 goiln § &
Udeld ATgcidboled &l SIRNIGROT a1
ATgcIboI— D & SR A BT 8, AT v
CAMP & &R 91 & BT U8l & I
feed # gig 81 SRl & 3R gHd! Habad
AT §¢ STt © | IROmHET | udl gofar & &
RRTe, RA@r & ddhdd T IR I
R &t freiierar & A gia1 ©, S 89
q1d DI gt HRAT 8 b UTET Heped H g
AgeRbeled Uh FRIFAEG & qfver

Thare |

o-fohefers uR sreE
oB-fewefem aass, g3y, Fheiy

Traueft, F3-oi Ud T s & F1-1ey
faftrs Sae! § faemm™ gar g | ARivae) v

T Bl b &b ATl S 3ffeafa,
fauiexor vd oI § Wi it 8 | 8T Bt
H, gl gRT o-foved™ & Tah 3R
HEayUl 0T bl ST 17 8 | I8+ Ugell IR
a-fohveele B9 arefl Cu® &) Hegverdr §
Ye1 ufcfhareiiar sifeRfio yonferat & ddfera
RETRT ATZRIT & Tk o6 T[0T & ST B
=8 o -foheceld & ¥R & T ° I
TE 1 U1 Faal g | S8 I8 ft i fh
o-foheeid Rerea-fRifsa cu” s &t
faRre 49 gRT fUeMmIaR $1of (Picomolar
range) % AT YEIX YAG HRl 2| Sd
JETIAT 7 Cu” BRI (Homeostasis) #
a-fheee™ @1 TdM fharas e @
o & o o-fopeeetis @ df3rer srueri
JHIRAT Td Jifoarfde d S61 GRemHD
YD1 DI AHS H ST el & |

RNAi T1erd § \fRiferd dsRNA WIS &1 91
R e

C. Uforii\ ®, RDE-4, ds RNA-STSfST WIS
(ds RBP) @ RNAI T721d # 3TaedehdT Bl © |
AANTadt & I RDE-4 &) Bl GxaT
DI S H JIRA © | SMERYA AT U
RIS gRaTdT & ey # TATHIR ©Te]
UTw fhU U dom RDE4/R2D2 & &9

3 NI & g G Ui I & fb wR & B ofa:fopar o1 wnfid = |
oB-fhece™ @1 afba e Uee & ddRd e wiiw e |

HATSIGART ST
TR G AT B PR demgafas H el B TOR FE: GRPpidd aRadT &

fremeadt Hrifera &= 9 U fRg U e |
ST AT W 9 910 Bl e Bl © 16 R

USIST 31U+ BT UgISTd Tl (AR) SiH & A1
3fa:foraT g1 9UF &R § | & o | AR
ST 3TcT(ee SRTATE BIdT © | 4d H by 1y
FATT W Ul Il g b dARdIRAT H
SR & R SI&T & 8 @ Ud R
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gt & A1 BH BT CAG TREN BT T Hay
BT ¥ | AR @t § CAG gwmgfa
TS Td MRS Uil & 19 Ag<idy &l
TIET01 R P o1y, WRAITadl & el |
645 AfdTal § AR-CAG IRt il THTE
fgeryor fopan, R 241 @fRT o R H)A
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(=) aafed a9 | AR (@)
AR B o H IAhR AT Dol B
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R U Y | fe] STl et U TeAThpIR
QT o fofg SRIdT a7 1Y, S 3ieR AR 1
DH, TR I CAG GG shl TwalTs U1 71T |
WU I USTTfl &ih-deh H M a1 Aad
o # ARIgEd & aentie HEE 9™
T §RI WU STdRT H THEROT BRI
Tq HERI® USAIHS db-iihdl o1 faahr
PR G © | O A&l <AP-gh H ST -
fehar o 1 e BRI 7T Ud b AT | 6
HEI BT THERAT & T8 299 F T Siifaa
g Bl O fedr | g8 wed-fhar jfed
A IR F=F gRT <idh-9% H ABID
ST o &7 H Toh ghetal 1 ¢ |

TSI STOT{ereh ST

¢ YT BT & | IReadT 7 faafid o
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TUd US/Pct Ude ¥.7141364) TRIRIR e
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& AT 99 AU T <ITTdl gRT S
PR WSl ST dTel s YDHR b SAfdd T, SI
S I U A b Tbs, aqe], AT, el
S, a1, 94U {39, WRiE Ud 9 g3 & TG
@I Sife BT SR & | 599 99 379 T, 103 THAI
& IMYIR TR 60 I=JYTOT ITURTEN BT fageryor
fhar ST g&r & | S99 53 AWl Bl
BT G ST Gl © |
ATSCIBIT0gA A3 UR Teqd=
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2 | ST AU U SuRacd=l &l SeaaH
BY A AR Al T WIS B AT Bl
gRafdd &xd <@ 1 g | ANHEd &
Il 5 ND5 S & 39 IcqRdaHl Bl
Ul dT AN oWl © f mt-ND5
IR el | dfFer Uil 9 e
IuRad=i &1 ‘Blewic’ (ae &) 2 |

HATTARI ST

IryfeRIeN Traet Uit &1 faer
CIC uvnf?l%l‘?w RPﬁBq%Zég (ET 190%2
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G feeed b wedr d Amifde
P Bl 9 T pra difeT B
fIefaa fear T 21w uRdg iy
AL URYE (ICAR) §RT 38 U 15 [hed
%?gqﬁﬁrﬁﬁﬁﬁqwﬁ$mﬁqtﬁrﬁwaﬁ
|
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gl S g9 fe #ma dfier-uforen &
BIEIRI-CHTA &3 H P& | SRR dh el
UETgS 370 Ugeh UeIgs] @) Jofl H d8c]
W%ﬁﬂi%ﬁ%q%ﬁd% | Ig® UeTgsl &
fordia SuTT=RA-AfeR vd oo @) SufRéufy
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