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The terms of reference
.:.

To receive, identify, maintain, store, grow and supply: Animal and human cell/cell
cultures, cell lines of both existing (typed) and newly developed, hybrid cells
including hybridomas; Tissues, organs, eggs (including fertilized) and embryos.
Unicellular, obligate pathogens, parasites and vectors, plasmids, genes and
genomic libraries .

.:.

Develop, prepare, quality control and supply culture media, other reagents and
material and cell products independently and in collaboration with industry and
other organizations .

.:.

Research and development in the above and cell culture related materials and
products .

.:.

To establish and conduct postgraduate courses, workshops, seminars, symposia
and training programs in the related fields.

.:.

To serve as National Reference Centre for tissue culture, tissue banking, cell
products, data bank etc. and to provide consultancy services to medical, veterinary
and pharmaceutical

Institutions, public health services, industries etc. In the

country .
•:. To provide and promote effective linkages on a continuous basis between various
scientific and research agencies/laboratories and other organizations including
industries working in the country .
•:. To participate in such a program as required in the country for the betterment of
society and advancement of science and technology .
•:. To collaborate with foreign research institutions

and laboratories and other

international organizations in the areas relevant to the objectives ofthe facility.
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From Director's Desk

It is a pleasure as always, to present the Annual Report of the National Centre for Cell Science
(NCCS) forthe year 2004-2005.

Our mission focuses on research and development in the areas of

stem cell biology, cancer biology, signal transduction, immunology, diabetes, insect and microbial
diversity, parasitology, HIV biology and gene regulation.

Human Resource Development has been

an integral function of the NCCS. Over the last year, we have conducted training programmes and
workshops on Basic Techniques in Animal Tissue Culture and EBV Transformation on site for 70
researchers at various institutions in Baramati, Kolhapur, Udaipur and Amritsar.

In addition, two

major national level workshops on "Transcription Assembly" and "Molecular Immunology Forum"
were conducted.

Under our continuing effort of serving as a National Cell Repository, over the last

year, we have supplied 1080 cell lines comprising of 130 different cell types to 155 scientific
institutions in India. We have also initiated a project on banking of human genetic mutant samples
that will be useful in mutational studies.
NCCS has been a pioneer in the area of stem cell research in the country. In this context, we have
extended our earlier work on cryopreservation to murine models and report successful in vivo
engraftment ability of cryopreserved mouse bone marrow. Further, we have also observed that
banana and garlic lectins have "stem cell preservation" activity and preserve progenitors up to 30
days. The bidirectional TGF-~l mediated regulatory pathways associated with hematopoietic stem
cell proliferation and growth inhibition have been shown to be tightly controlled in primitive
hematopoietic cells; any change in one leads to an inverse effect on the other. Using stable EGFP
expressing ES cell clones, an assessment of the role of various factors during neural induction and
subsequent differentiation

revealed that BMP inhibition is required during differentiation and, a

possible involvement ofWnt and LMXlb is implied. Further, establishment of pluripotent human ES
cell lines and optimization

of growth conditions

undifferentiated status has been initiated.

for maintenance

and retention

of their

Our ongoing research on bone marrow transplantation

in mouse models has culminated in successful induction of islet neogenesis and reversal of
experimental diabetes, opening a possibility of stem cell based therapy for diabetes.

Further

emphasis will be on translational stem cell biology, whereby our research would ultimately reach
the clinic.
Tumor stem cells have been recently identified as being the epicenter of cancer development in
leukemia and a few solid tumors like breast and brain. We have shown that transformation of stem
cells underlies the aggressive behavior of ovarian cancer, and have developed a comprehensive in
vitro model for the same. The stem cell features of another pair of cell lines from a glioma patient
has prompted us to exploit them for studies towards better understanding of the cellular and
molecular mechanisms in neural differentiation; we have demonstrated the involvement of the
Notch and Ras signaling pathways in this transformation.
The human homologue of an earlier identified mouse oncogene - M3TR was cloned and found to be
conserved across species. This gene has siRNA-like activity and creates genomic instability within
the cell, accompanied by an increase in nuclear accumulation of p53, phospho-p53
aberrant expression of Aurora Kinases like ARK-l and beta and gamma tubulins.

and an

We also show

that, upon DNA damage, a feed-back loop system comes into play whereby p53 binds to the tumor
suppressor SMARl promoter and regulates its expression. Our work also leads us to propose that
the tumor cells of certain HPV-positive cancers, in which down-regulation of Bcl-2 proto-oncogene
occurs, are likely be sensitive to Carb or 5-FU treatment.

v

Osteopontin was found to induce NIK-dependent, JNK-dependent/independent

AP-1-mediated,

pro-MMP-9 activation and regulate the negative cross talk between NIK/ERK and MEKK1JJNK
pathways which ultimately controls cell motility, invasiveness and tumor growth. This may be useful
in designing

novel therapeutic

interventions

that block the OPN-regulated

pathways and

consequently restricting the metastatic spread of melanoma. Our data demonstrated that Lck in
presence of H/R regulates Ras/MEK dependent c-Jun and c-Fos expression and AP-1 activation; all
these signaling molecules ultimately control the proliferation of breast cancer cells.

In breast

tissue sections, we also found that Caveolin1 and ER expression seems to be mutually exclusive,
an observation that may have significant implication in the management of breast cancer. Snail
and Slug driven epithelial mesenchymal transition was also concluded to be important in the
context of ovarian tumorigenesis through mediation of cell migration and metastases.
In understanding the molecular mechanisms of death receptors (TNFR1, TRAIL R1, TRAIL R2, and
Fas), we found that multilayered spheroids expressed higher levels ofTNFRI, TRAIL R1 and TRAIL
R2 as compared to monolayers and were more sensitive to TRAIL R2 induced apoptosis.

The

generation of reactive oxygen species (ROS) as an early event by ~-carotene has potential as an
antitumor agent.

On the downside, ROS have been implied in the glucose induced myocardial

apoptosis. Towards understanding of osteoclast differentiation, we showed that that IL-3 inhibits
RANKL-induced osteoclastogenesis by irreversible down-regulation of RANK expression, through
inhibition of important signaling molecules.
Elucidation ofthe stability and overall folding of rJacalin provides an excellent model system for the
study of galactose binding. While X-ray crystallographic studies on Jacalin have yielded its frozen
picture, the in solution studies presented the carbohydrate binding function of Jacalin in a dynamic
environment in the absence of excision of T-S-S-N peptide. Through a proteomic approach, we
have identified two antigens viz. EF-1-beta-2 and Trp5, that suggest an autoimmune mechanism in
insulitis and diabetes. The concentration dependent action of insulin in the presence of steroid
and/or Hifi activators is being analysed and we have characterized the RNA-protein complex by UV
cross-linking studies an identified a 5'UTR of rat insulin mRNA that binds to an 86 kDa protein.
Dlxin-1, a unique member of the necdin/melanoma associated antigen gene (MAGE) family, is a
novel protein that binds Dlxin-5 and regulates its transcriptional function. We found that Dlxin-1
overexpression causes accelerated neuronal differentiation.

Along similar lines, we have isolated

a fraction from the perivitelline fluid of the Indian horseshoe crab that enhanced cardiac
developmental activity in gastrulating chick embryo and also induced cardiomyogenesis in mouse
embryonic stem cells.
Leishmaniasis is a parasitic disease that puts more than 320 million people at risk worldwide, and
for which, neither a vaccine nor a drug of excellent efficiency but without any side effects exists.
Among several other projects on leishmania we have done the complete coding sequence for
hexokinase gene in Leishmania was found to be a tandem of two genes aligned in a head to tail
orientation with an intergenic region that showed a major difference in their 3'UTR region and show
stage specific expression. In vitro cultured malarial parasites were characterized by genomic PCR
and RT-PCRusing specific gene primers and immunotyped with P.falciparum specific antibodies.
A number of molecular markers are used to delineate taxonomic affiliations and estimation of
diversity of various organisms.

We have used these markers to understand taxonomy of some

important organisms and also to assess biodiversity and microbial community structure of unique
ecosystems like insect mid gut, human colon and some extreme ecosystems. The GroES operon of
Aeromonas culicicola, a novel bacterial strain isolated earlier by us, was cloned and showed regular
features like any bacterial promoter having -10 and -35 sequences. Upstream of the -35
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sequence, a unique "ExsA" responsive element was found. Usually this motif is present in the
promoters of pathogenecity and virulence genes in pathogenic bacteria. Extensive EST(Expressed
Sequence Tag) analyses of Anopheles stephensii

which is a vector for malaria in India has also been

initiated.
In the field of immunology, NCCS has a number of ongoing projects.

The MHC-II-peptide-T cell

receptor (TCR)ternary complex provides the first signal and the engagement of the costimulatory
molecules with their respective ligands provides the second signal to T cells fortheir activation. We
observed that MHC-II was constitutively associated with a G-protein coupled receptor, initializing
the signaling events with G-protein activation, which is followed by the activation ofTNF- converting
enzyme (lACE).

TACE activation results in a series of signaling events that eventuates in the

activation of NF-lCB-dependent transcription
interaction is bi-directional.

of TNF-a thereby demonstrating that APC-T cell

B cells are activated by T-independent and dependent modes to help

C08+ T-cells. We found that differentially activated B cells exhibit differential effect on C08+ T cells.
Both dendritic cells and B cells were found to be better activators of C08+ T cells when activated
with a combination of CpG and C040.

In our understanding ofthe molecular basis of complement,

we show that structural homologs of host complement regulatory proteins encoded by viruses to
mask themselves against host's complement attack are essential for their successful in vivo
survival and propagation.

Further, the nature of binding of these proteins to C3b and C4b

components follows simple 1:1 ionic interactions with the binding site on C3b and C4b being
located within the C3dgand C4c regions, respectively.
Human immunodeficiency

virus (HIV) is the causative agent of acquired immunodeficiency

syndrome (AIDS), which is defined by a reduction in the number of C04+ T cells and the onset of
opportunistic infections. We are investigating three different aspects of HIV viz. viral pathogenesis,
immune response and drug discovery. Ofthe regulatory proteins Tat and Nef are known to play an
important role in HIV pathogenesis. Our data indicates that Nef specifically interacts with one ofthe
HSP family members to induce viral replication and gene expression. In separate observations we
find that the transactivator Tat binds to NFlCB and the complex binds to the enhancer DNA
sequences as a dimer. Biophysical studies using fluorescence anisotropy and isothermal titration
calorimetry (ITC) show that the complex modulates HIV-1 transcription from LTR promoter and
allows for its TARindependent transactivation.
Regarding the unique functions of MAR-binding proteins, our recent progress is noteworthy.
SATB1, a T-cell specific global gene regulator, binds to the promoters of human IL-2 and IL-2Ra and
recruits HOAC1 in vivo. We report that the transctivation domain of the HIV-1 Tat interacts with
SATB1 via its POZ domain in vivo and causes derepression of SATB1 regulated genes via
displacement

of SATB1-bound HOAC1 corepressor. Through chromatin remodeling, the MAR-

binding protein SMAR1 mediates transcriptional silencing of Cyclin 01 promoter, a gene whose
dysregulation is attributed to breast malignancies, through the recruitment ofthe HOAC1 and Sin3
complex at its MAR site.
Over the last year, NCCS has 43 publications in reputed peer-reviewed journals to its credit.
addition, 5 chapters in different books have been contributed.
been granted and one commercialized.
international

funding

agencies

In

Of the 17 patents filed, two have

Peer reviewed funding from various national and

like OBT, OST, ICMR, CSIR, OROO, Wellcome Trust, etc.

substantiated our scientific endeavor.
Our achievements reflect a significant upswing in the scientific contribution of NCCS in the national
context. In the future we aim at bettering our performance with each consecutive year.

G. C. Mishra
Director
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Human Resource Development

One of the main objectives of the center is to enhance human resources by way of conducting
symposia, workshops and tailor made programmes for individuals.

Dr. R R Bhonde and Dr. M S Patole
Conducted training programme for college teachers
July 26-30,2004.
Vidya Pratisthan School of Biotechnology, Baramati
20 Participants
Workshop on Basic Techniques in Animal Tissue Culture
Aug 16-18, 2004
Dept. of Biochemistry, Shivaji University, Kolhapur.
15 participants
Workshop on Animal Tissue Culture
Oct 24-27,2004
Dept. of Zoology, Mohan Lal Sukhadia University, Udaipur.
22 participants
Workshop on Animal Tissue Culture
Dec 7-10, 2004
Dept. of Biochemistry, Pune University, Pune
20 Participants

Dr. SABapat
Workshop on the Establishment and Immortalization of Cells for Genetic Studies
26th 28th October, 2004.
Centre for Genetic Disorders,
Guru Nanak Dev University, Amritsar
12 participants
In addition, the center also attracted about 7 summer trainees and 5 M.Sc. project students from
various universities all over India. The projects were appreciated by scientists of other institutes and
many ofthe trainees showed interestto pursue future Ph.D. programme at NCCS.
A number of NCCS scientists actively participated in various teaching activities and co-ordinating
workshops at various universities, colleges and departments. These include Department of
Zoology, Microbiology, Biochemistry and Biotechnology of University of Pune and also local
colleges.
Duringthis year, 32 new Junior Research Fellowsjoined at NCCS for Ph.D. programme. The current
strength of research fellows is at 122. In addition, 3 Project Research Associates and 15 Project
Fellows have joined and contribute to the research at NCCS.
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Repository
The National Centre for Cell Science serves
as a National Cell bank for animal and
human cell lines. The work done at the
repository

mainly

involves

cell

line

procurement, expansion, cryopreservation
and distribution. The list of cell lines with
details such as media requirements, growth
conditions and its use is available now on
demand. During the year 2004-2005,

we

have supplied 1080 cell lines comprising of
130 different cell types to 155 research
institutions in the country.
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Dual role of insulin in regulating the expression ofIGFBP-l:
insulin a modulator of hypoxic and inflammatory response.
Participants: Gururaj Tennalli, JRF • Arti Bhosale, Technician

Abstract and Background:
The objective of the project is to understand the role of insulin in regulating the expression of
IGFBP-1 in the context of active hypoxia inducible factor (Hif1). The hypothesis is that insulin
plays a dual role in the regulation of IGFBP-1, similar to its role in regulating the transcription of
ceruloplasmin. We observed that when hepatocytes were treated with either insulin or iron
chelators, Hif 1 is activated. In case ofthe iron chelator treatment the expression of IGFBP-1
is increased, but we did not observe any increase in expression when we treat with low
concentration of insulin. Insulin is known to be a potent down-regulator of steroid induced
IGFBP-1 expression. We cloned the 1.5 kb upstream sequence of IGFBP-1 promoter in the
luciferase reporter gene and are presently analyzing them for the ability to regulate
transcription in response to insulin and iron chelators. We are analyzing the concentration
dependent action of insulin in the presence of steroid and/or Hif1 activators.
Aims:
1.
2.
3.

To analyze the IGFBP-1 promoter activity in the presence of insulin/cytokines and iron
chelators, using specific signaling inhibitors.
Tocharacterize the insulin induced Hif1 complex for its ability to bind to the HRE.
To analyze the effect of the SNP's located in the vicinity of the HRE sequence for its
ability to bind to Hifi.

Work achieved:
Iron chelators induce IGFBP-l in HepG2 cells:
IGFBP-1 gene expression is positively regulated by hypoxia and negatively by insulin. The
negative response of insulin is mediated through the insulin response elements present in the
promoter region of the IGFBP-1 gene. Insulin is also known to induce Hifi, a transcription
factor that is activated in response to hypoxia. IGFBP-1 gene also has a hypoxia response
element (HRE) in the first intron ofthe gene. Thus insulin can act as an activator or repressor
of IGFBP-1 transcription. We believe that whether it will act as an activator or as repressor will
depend on various factor including cytokines, concentration of insulin and the hypoxic status
of the cells. We analyzed the expression levels of IGFBP-1 by iron chelators (modulator of
Hifi) and dexamethasone in the presence of insulin. We treated the HepG2 cells with iron
chelators like desferrioxamine or bathophenanthraline for 16 h and then prepared RNA from
these cells and did a northern blot analysis for the expression of IGFBP-1. Fig1A shows that
when HepG2 cells are treated with iron chelators there is a 4-8 fold induction in the IGFBP-1
gene expression as compared to the control untreated cells. We also verified these results by
real-time peR analysis of IGFBP-1 expression. Further, presence of insulin only had a
moderate influence on the expression of iron chelator induced expression of IGFBP-1. Since
insulin is also known to induce the formation of Hif1, we tested whether iron deficiency or
insulin treatment leads to the activation of Hifi in these cells. Nuclear extracts prepared from
the HepG2 cells treated with either insulin or iron chelators for 16 h, were analyzed for the
presence of active Hifi by EMSA using HREofIGFBP-1 as a probe. We show that either insulin
or iron chelator is capable of inducing Hifi, that is able to bind to the HRE element of and
IGFBP-1 (Fig1B). As can be observed, both insulin and iron chelator induce the formation of
active Hifi but iron chelators activate the transcription of IGFBP-1 gene by 4-8 fold whereas
insulin is able to activate the transcription only marginally, leadingto the speculation that there
may be subtle difference in the Hif1 complex formed after insulin of iron chelator treatment.
We would be analyzing the HRE-Hif1 complex formed after iron chelator or insulin treatment
and analyze the differences if any in the assembled complex.
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HepG2 cells were treated with medium alone, or 500IJM of the iron chelator

desferrioxamine (Dfo), or Dfo and Insulin (100 nM), for 16 hours. The RNA was prepared by Trizol extraction and 10 IJg ofthe total RNA was
resolved on formaldehyde agarose gel and probed with radio-labeled IGFBP-l (A). EMSA with radio-labeled double stranded oligonucleotide
containing the IGFBP-l HRE sequence. 10 pico moles of the probe was incubated with 10 IJg of nuclear extract prepared from HepG2 cells after
treatment with medium, Dfo (500IJM), Insulin (100 nM), insulin and Dfo. The DNA protein complex was resolved on 0.5X TBE buffered 6%
polyacrylamide gel.. The arrow indicates the HRE-Hifl complex (B).

Future work:
We plan to dissect the dual role of insulin in IGFBP-l gene
regulation using luciferase reporter assay.
We have
already cloned the 1.5 kb promoter and the 300 bp HRE
containing element of IGFBP-l, in pGL3 basic vector. We
also plan to analyze the effect of SNP's present near the
HRE, on the expression of IGFBP-l

-- Vasudevan
-

I-I-I-I--

Seshadri

seshadriv@nccs.res.in

Participants:

Anuj P,M. Sc .• Bhavana M, JRF • Baskar B, JRF

Abstract and Background:
Major regulation of insulin biosynthesis occurs at the secretion and the translational level in ~islet cells. Glucose stimulates the beta cells to increase the translation of insulin but the
mechanism of this induction in translation is not completely understood. There have been
suggestions that the un-translated regions (UTR) of the insulin mRNA are essential for this
regulation. Our hypothesis is that protein(s) bind to the UTR and regulate the translation by
increasing the rate of translation initiation. We synthesized RNA corresponding to the 5'-UTR
of rat insulin mRNA and have shown by RNA gel-shift assays, that a complex is formed upon
incubation with RIN cell extract. Our preliminary RNA secondary structure analysis identified
conserved structural elements including a stem loop structure in the 5'UTR of Rat insulin
mRNA, that are important for translation regulation. We have characterized the protein that
binds to the 5'UTR by UV-cross-linking studies. Further purification and identification of
proteins bindingto the UTR is under investigation.
Aims:
1.
2.

To identify the sequence and secondary structure elements in the UTRs that are
important forthe translational regulation of insulin mRNA.
Identification of the insulin mRNA UTR binding proteins, to the UTRs of insulin mRNA
and their role in regulation ofthe insulin mRNA translation.

Work achieved:
The pancreatic ~-cell contains a large pool of cytoplasmic insulin mRNA (10-15%) total
mRNA, which is translationally quiescent at hypoglycemic «3 mM) glucose concentrations.
Recruitment of this mRNA to polysomes and the activation of translation occur in response to
higher glucose levels, leading to a 50-fold increase in biosynthesis. It has been shown that
together the 5'- and 3'-UTRs act cooperatively to markedly increase glucose-induced insulin
biosynthesis. The mechanism by which this regulation occurs remains unclear. Translational
regulation mostly occurs at the initiation step due to the interaction of specific proteins that
bind to the 5' UTRwith the translation initiation machinery. It is likely that elements within the
5'- and 3'-UTRs of insulin mRNA interact with specific proteins, to confer glucose-regulated
insulin synthesis The mechanism by which these proteins interact with the UTRs needs to be
described to gain an understanding ofthe glucose stimulated translational regulation of insulin
mRNA.
Rat insulin mRNA has 57 base 5'-UTR. We synthesized radio-labeled wild type rat insulin 5'
UTR and performed the RNA gel shift assay using RIN cell extracts to identify specific
complexes that are induced by glucose. We further synthesized 5'UTR with various deletions,
and used them as cold competitors in the gel-shift assay to characterize the 5'UTR. Our
analysis shows that the predicted stem loop structure is important for the complex formation
(Fig1). We further characterized the RNA-protein complex by UV cross-linking studies. Our
results show that the 5'UTR of rat insulin mRNA binds to an 86 kDa protein (Fig 2). Further
characterization ofthis protein is in progress.
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Translational regulation of insulin by glucose: the role of UTR's
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The mechanisms that underlie nutrient-induced translational regulation of insulin biosynthesis
are likely to be crucial in understanding wider aspects of ~ cell physiology and metabolic
homeostasis, because this is the major control of insulin production in mammals under
normal physiological conditions. Indeed, there is dysregulation of insulin biosynthesis in an
animal model of type II diabetes, which contributes to cell dysfunction and decreased
availability of insulin.
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Fig.lA RNA gel-shift analysis to identify the sequence/structure element essential for the 5'UTR-protein complex formation. The RNA
corresponding to the full length 5'UTR of rat insulin was synthesized in the presence of radioactive UTP. The radio-labeled RNA was then
incubated with RIN cell extract treated with high glucose, in the presence of un labelled RNA corresponding to various deletions. The label above
the lanes identifies the deletion RNA used as competitors either at lOX or IOOXfold excess to the probe. The two arrows indicate the formation of
specific protein complexes (A). Predicted secondary structure of Rat insulin 5'UTR

Fig.2 UV cross-linking to identify the molecular weight of the 5'UTR binding protein. Cytoplasmic extract were prepared from RIN cells, treated
with high glucose (20 mM) for 2 hour. 10 IJg of the extract was incubated with the radio-labeled rat insulin 5'UTR in the presence or absence of
various unlabeled competitor RNA as indicated. After the incubation, the complex was cross-linked using a UV cross linker and the protein were
resolved on SDS-PAGE. The arrow indicates the specific protein that gets radio-labeled after cross-linking and can be competed out with cold self
competitor (RAS) but not with other RNA(min).

Future work:
We would be characterizing the 5' UTR sequence by
generating specific mutations and deletions to completely
identify the sequence and structural features essential for
translation regulation. We have also generated luciferase
reporter plasmids containingthe 5' and 3' UTRofthe insulin
mRNA and will be studying the translation regulation in vivo
using these reporter plasm ids. We will use RNA affinity
. chromatography to purify the protein bindingtothe 5'UTR.

-

Sharmila Bapat

-

sabapat@nccs.res.in

-

-

Establishment and characterization of human ovarian
tumor stem cell lines

I

Participants: Nawneet Kurrey, JRF • Avinash Mali, Technician
Collaborator: Dr. C. B. Koppikar, Jehangir Hospital and Medical Centre, Pune.

Abstract and Background:
A hypothesis based on the similarities between normal and tumor stem cells postulates that
the former themselves could be targets of stochastic transforming mutations. Such
approaches have been extensively investigated in leukemia; recently the prospective isolation
and characterization of cancer stem cells in solid breast and neural tumors have also been
reported. We have earlier achieved establishment and spontaneous immortalization of 19 cell
clones from the ascites sample derived from a patient with Grade IV ovarian cancer. Here we
report the further characterization of this cell system that led us to identify the isolated clones
as ovarian tumor stem and progenitor cells.
Aim:
Comprehensive characterization of the in vitro ovarian tumor stem cell system developed
earlier
Work achieved:
All clones are mesothelial in nature yet express heterogeneity in expression of Snail,
E-cadherin, c-kit and SCF
Semi-quantitative RT-PCRwas carried out in 10 representative clones in order to identify the
nature of the isolated cells. Co-expression of cytokeratin 18 (CK18) and vimentin (Vim) was
evident in all the clones (Fig. 1a), along with the growth factor receptors - c-rnet and EGFRas
well as the surface adhesion molecule CD44. Cells also expressed E-cadherin (E-cadh); an
exception being the A4 clone in which E-cadh transcripts were not detected (Fig. 1b).
Correspondingly, Snail, a known mediator of epithelial-mesenchymal transition (EMT) through
transcriptional repression of E-cadh in ovarian cancer was observed in the A4 cells and to a
lesser extent in the B7 clone. Another member of the Snail family Slug, was also seen to be
expressed at comparable levels in all the clones. These common expression patterns indicate
a mesothelial nature of the cells that is in agreement with the current understanding of
epithelial ovarian carcinoma resulting from the transformation of a primitive mesothelium viz.
the ovarian surface epithelium (OSE). However, differential expression was observed with
levels of ckit and SCF ranging from total absence to high level expression (Fig. 1b).
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Fig. 1 (a) RT- PCR analyses of expression ofCK18, Vim, c-rnet, EGFR, CD44, mRNA in ten selected clones
that indicate the mesothelial nature of the isolated clones. J3-actin mRNA expression was used as an internal
control. (b) RT- PCR analyses of expression ofE-cadh, Snail, SCP, ckit and Slug mRNA in the ten clones that
indicate heterogeneity of expression ofEMT and survival associated molecules. J3-actin mRNA expression
was used as an internal contro 1.

A2 clone was tumorigenic at the time of isolation
while A4 provided
a progression
model
of
tumorigenecity
Of the 19 clones, only the A2 cells were tumorigenic. After
~20 passages, A4 cells (henceforth termed as A4-T cells)
gave indications of continuing mutagenesis, evinced
through an increased proliferation rate and with an average
larger colony size than that of the A2 colonies in soft agar.
When grown in suspension, only cells of the tumorigenic
clones, A2 and A4-T gave rise to organized, self-renewing
spheroids that have been maintained for over 15-20
passages in vitro. The in vivo correlate of the in vitro
clonogenic potential of the candidate tumor stem cells
(TSCs) indicated that both clones formed tumors and
underwent metastasis in nude mice, with A4-T cells being
more aggressive than A2 cells. The average latency periods
in case of A2 cells for sub-cutaneous tumor formation
(~ 1 cm diameter) and intra peritoneal ascites formation
were 28 and 55 days respectively, while those for A4-T cells
were 7 days and 18 days respectively. The tumors were
classified as serous adenocarcinomas, and exhibited a
high degree of similarity with the primary tumor in the
patient (Fig. 2). An appreciable difference was that A2
tumors were relatively undifferentiated as seen from their
solid pattern and limited gland formation in comparison
with the A4-Ttumors.

Human tumor
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Fig. 3 (a) RT- PCR expression ofNanog, Oct-4 and Nestin mRNA
derived from monolayers (A2 and A4-T) and spheroids(A2Sp and
A4- TSp). a-actin mRNAexpression used as an internal control, (b)
Nestin expression (immunofluorescence)
in mono layers (M X I0)
and spheroids (Sp X20

Though the existence of stem cells in the adult ovary is
implied, their isolation and characterization has not been
achieved as yet. Since spheroid formation itself represents
a differentiation event, we probed for expression of
markers in spheroids that could indicate
either
differentiation into OSE (CK18 and Vim), granulosa (CK18
and E-cadh) or germ cells (AP, SSEA1, SSEA3, SSEA4,
TRA-1-60 and TRA-1-60) of the ovary.
Indeed,
differentiation along these three ovarian lineages could be
identified (Fig. 4a & 4b ), albeit the fact that germ cell
differentiation was aberrant (AP,SSEA1 and SSEA4 were
expressed while SSEA3, TRA-1-60 and TRA-1-60 could
not be detected).
Tissue specific differentiation thus
appears to be incomplete and may be blocked in a manner
akin to the maturation arrest leukemia.
b
CK18Nim

SSEA1

SSEA4

a
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e

A2 A2Sp A4T A4TSp

Fig. 2 Representative photomicrographs of H & E stained sections
(X 4) of: Patient's tumor (Upper Panel); s.c tumors derived from A2
and A4- T cells in nude mice (Lower Panel).

The tumorigenic clones express stem cell markers as
well as markers of differentiation along some of the
ovarian cell lineages
The A2 and A4-T cells were further analysed for expression
of specific markers known to be associated with stem
and/or progenitor cells. Nestin and Nanog were distinctly
expressed in A2 as well as A4-T monolayers, and were
reduced on differentiation into spheroids, while Oct4 was
expressed in A2 monolayers but was totally absent in
spheroids (Fig. 3a & 3b). The expression of these three
markers indicates a possible multipotent nature of the A2
and A4-T clones.

A2Sp

E-cadh

J3

Actin
A4Sp

FigA (a) RT- PCR analyses of expression of the Ck 18, Vim and
E cadh mRNA in monolayers
and spheroids. j3-actin mRNA
expression used as an internal control.
(b) Immunofluorescence
staining
of cell-specific
markers
(X 60Ck81l8 (Red) and Vim (Green), Second panel - Alkaline
phosphatase (AP), Third panel - SSEA I, Fourth panel - SSEA4
expressions

In conclusion, the two transformed clones A2 and A4-T
represent tumor stem cells because (i) they self-renew and
are clonogenic, (ii) differentiate in vitro to form organized
spheroids in suspension, (iii) express multi potency and
tissue-specific differentiation markers, (iii) express selfrenewal mechanisms in vivo (sequential tumorigenecity)
and (iv) undergo in vivo differentiation to produce a disease
similarto that in the patient.
Future work:
Further characterization
of the clones to identify
tumorigenecity related markers will be undertaken.
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Sharmila Bapat
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Studies on the Rubinstein- Taybi syndrome in Indian populations
Participants: Neeti Sharma, JRF • Avinash Mali, Technician
Collaborator: Dr. Gunwant Oswal, Centre for Dev. Disorders & Complentary Medicine, Pune

Abstract and background:
Rubinstein Taybi syndrome (RTS) is a human developmental disorder characterized by multiple
abnormalities such as mental and growth retardation, broad thumbs and big toes, keloid
formation, etc., occurs -1 in 100,000 newborns, and is reported to be associated with
deletions, translocations, or point mutations in the CREB binding protein gene, CBP.However
recognition that RSTS is due to mutations in CBP has not been very useful clinically, as only 325% of patients show such mutations. Hence it becomes significant to study the Rubinstein
Taybi syndrome and the spectrum of CBP mutations in Indian populations.
Aims:
1.
2.

Banking of the samples through cryopreservation, establishment of Iymphoblastoid
cell lines and genomic DNA isolation.
Molecular analysis of CBP gene in RTSpatients.

Work achieved:
Studies had been initiated earlier with the establishment of cell lines of RTS patient .We have
collected samples of nine RTS patient along with the parents wherever possible .In total we
have established 14 Lymphoblastoid cell lines of patients (Tablel) and isolated genomic DNA
of all the samples. PCR conditions for amplifications of the 32 exons of CBP gene are being
standardized and amplification is in progress.
Cell Line Established
S.No.

Patient

Patient

Mother

Father

1

GMILBL

+

-

-

2

GM3SF

+

-

-

3

RSTS3

+

+

+

4

RSTS4

-

-

+

5

RSTS5

+

-

-

6

RSTS6

+

+

+

7

RSTS7

-

-

-

8

RSTS8

+

-

-

9.

RSTS9

+

+

+

Table 1 Lymphoblastoid

cell lines ofRSTS patients and their parents.

Future work:
1.
2.

Mutation studies will be extended to all 32 exons and will include more patients.
Functional studies will be initiated to study the exact involvement of CBP during
RTSmanifestation.

--

-

Studies on nuclear localization of eNOS in mammalian cells
Participants: Vasudha Lakshman, SRF • George Fernandes, Technician
Collaborators: Dr. L. C. Padhy, TIFR, Mumbai.

Abstract and Background:
Nitric Oxide (NO) is a multifunctional signaling molecule that has been shown to regulate
various cellular functions such as hemostasis, apoptosis, inflammation, vascular tone and
chemotaxis. We made an interesting observation that endothelial nitric oxide synthase
(eNOS), the enzyme involved in the generation of NO. in cells, was localized to the nuclei of
bone marrow derived stromal cells in addition to its usual known localization in the cell viz.
plasma membrane, Caveolae and endoplasmic reticulum-Golgi network. We then examined
the issue as to whether the presence of nuclear eNOS is a specific property of stromal cells or it
is a general phenomenon, using a panel of different cell lines of mammalian origin such as
HEK293, CHO, MCF-7, K562 and KG1a. We observed that the nuclear eNOS was present in
all the cell lines we examined. These results indicated that nuclear eNOS may be a general
property of mammalian cells and may have a role in cellular physiology in a much wider
context.
Aims:
1.
2.
3.

Studies on nuclear eNOS (NOS III), especially the mechanisms responsible for its
targeting to nucleus and to specific sub nuclear regions.
Role ofthe nuclear NOS in cellular physiology.
Molecular mechanisms of nitric oxide mediated signaling in mammalian cells.

Work achieved:
Localization of eNOS protein
We used both immunofluorescence and western blotting approaches for studying the
localization of eNOS protein expression. Using immunofluorescence studies for eNOS protein
in various cell lines, we show that it is present in the nucleus and is seen specifically in the
nuclear speckles. In these studies carried out so far, eNOS was found to colocalize with other
proteins like 823, spliceosomes, splicing factor, src in the nucleus. Immunoprecipitation
experiments of eNOS and SC-35 in MCF7 nuclear Iysates show a strong colocalization
between eNOS and splicing factor (Fig. 1). These data strongly supported the immunofluorescence observation.

IP anti SC35

IP anti eNOS
SC35
•. 35kDa
Doublet

•. eN OS

135kDa
WB anti eNOS

WB anti SC 35

Fig 1 Immuno-precipitation
(IP) and western blot (W8) analysis showing that eNOS co-localizes with
splicing factors in the nucleus

-

Vaijayanti Kale
vpkale@nccs.res.in
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Studies with plasmid-constructs containing wild type
or mutant nuclear localization sequences (NlS):
A series of eNOS nuclear localization signal (nls) containing
plasmid-constructs, both wild type and mutated, were
prepared in collaboration with Dr. Padhy, TIFR, Mumbai.
The L1-L7, WT, MT constructs have been made with
pEGFPC as the vector (Table 1). The expression of fusion
protein was confirmed by western blotting experiment. The
localization pattern of GFP after transfection into cells is
summarized in the table and depicted in the figures (Figs. 2
and 3).

The results indicate the following:
1. The putative sequence identified as NLS in eNOS was
found to drive GFPto nucleus.
2. The double mutant where both Sl and S2 were
mutated, the protein did not go to the nucleolus
indicating that the flanking serine residues of NLS
especially Sl and S2 may play an important role in its
nucleolar localization.

eRO
WI

Fig. 2 Nuclear and nucleolar localization of constructs
containing minimal nls sequence from eNOS cDNA
database cloned in EGFPC. The GFP is not seen in the
nucleolus where serine residues flanking the nls have
been mutated as indicated.
Fig.3 Strong nuclear and nucleolar localization of two constructs
in EGFPC having larger inserts (=700 bp) encompassing nls.
1. WT= S2S1---NLS----S3S4

Name of the
plasmid
Ll
L2
L3
L4
L5
L6
L7
WT
MT
Control

\

2. MT=S2S1---scrambled NLSS3S4 3. L1 to L7= Mutants as described in the following table

Point mutation/s
carried otrr+
Sl---' A

The localization observed after transient
transfection studies
Nuclear
nucleolar
and
distinct
localization.
S2---' N
Nuclear and distinct nucleolar localization
S3---. A
Nuclear
nucleolar
and
distinct
localization.
Sl---'A, S~
A Nuclear
nucleolar
and
distinct
localization.
S~A,
S2---' A Nuclear localization but no nucleolar
localization.
Nuclear
as well as nucleolar localization
S~A,
S2 ---. N
S3 ---. A
S2~,
S3---.A Nuclear
nucleolar
and
distinct
localization.
nucleolar
Nuclear
and
distinct
localization.
Empty nuclear area with only diffuse
cytoplasmic localization.
Diffused cytoplasmic localization

a

Studies using Si RNA constructs of eNOS:
SiRNA constructs of eNOS namely Si 290, Si686, Si2111,
Si3750 and Si mix (mixture of all the 4 constructs) were
used for transient transfection in A549 cells. Western blot
anlaysis was carried out and the blot was probed with antieNOS antibody. A strong downregulation of eNOS was seen
in Si686 plasmid in comparison to control (Fig. 4). Stable
lines of these constructs will be prepared to examine the
effect of nuclear eNOS.

I

1'--

eNOS

--'1 Tubulin

Si con Si 290 Si 686 Si 2111 Si 3750 Si mix

l

-i

~

E
~5

1000
500

o

~I

Control Si290 Si686 Si2111Si3750 SiMix

Fig. 4 Effect of SiRNA constructs on the expression of e OS in
A549 cells.

Our data indicate that a significant amount of functionally
intact eNOS is present in nuclei of mammalian cells. eNOS
was found to localize in spliceosomes where it co-localized
with splicing factor. Studies with plasmid constructs
indicate that eNOS is also targeted to nucleolus. Our
studies may lead to understanding of role of nuclear eNOS
in mammalian cell physiology and identification of
signaling mechanisms that control nuclear and nucleolar
targetingofeNOS.
Future work:
We propose to investigate the mechanism of nuclear
localization of eNOS, its exact role in cellular physiology
and its regulation by cellular signaling machinery

Vaijayanti Kale
vpkale@nccs.res.in
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Identification of biochemical pathways involved in the
Hematopoietic Stem Cell (HSC) regulation
Participants: Anuradha Vaidya, SRF • George Fernandes, Technician

Abstract and Background:
A stem cell has to undergo a series of proliferative and differentiative events before it becomes
a functional blood cell. Though much is known about the biochemical mechanisms at the late
stages of the HSC development, the biochemical mechanisms that govern the early stages of
commitment or self-renewal have not been clearly defined. We have earlier reported that
TGF-131, a well known inhibitor of hematopoiesis, stimulated HSC proliferation at low
concentrations and inhibited at high concentrations (Kale, 2004). On further examination we
found that the low stimulatory doses induced predominantly p44/42 MAPK with enhanced
phosphorylation of STAT proteins while the high inhibitory doses induced the p38 MAPK
pathway with activation of the stress kinase transcription factors (Kale and Vaidya 2004). By
using a panel of myeloid hematopoietic cell lines having various differentiation levels we
hereby show that the above-mentioned MAPK pathways are inversely modulated in primitive
type of hematopoietic cells. Our data suggests that in primitive stem cells these two pathways
are tightly controlled and any change in one leads to an inverse effect on the other.
Aim:
To identify specific signaling pathways in HSCs which address issues like proliferation,
differentiation, migration and self-renewal
Work achieved:
Reciprocal modulation of MAPK pathways in primitive hematopoietic cells:
Our earlier results had shown that TGF beta induces differential activation of MAPK pathways
in a dose dependent manner in C034 + progenitors and also on KGla cells by differential
activation of MAPK pathways (Kale and Limaye 1999, Kale, 2004, Kale and Vaidya 2004). In
this set of experiments we wanted to examine whether P0169316 synergizes with low TGF
beta in stimulation of MEK/ERK pathway. Serum starved KGla cells were treated with various
doses ofTGF 131as shown in the figure and PO 169316 (10 pM) was added to all cultures one
hour before the addition of TGFI31.The cells were lysed 4 hours after TGF131addition and the
Iysates were run on 10% acryl amide gels. The separated proteins were transferred electrically
on PVOF membranes and the blots were sequentially probed for native and phospho-specific
antibodies to MEK, ERK and p38 molecules. It was observed that P0169316 inhibited
phosphorylation of p38 as expected but interestingly it also induced a strong activation of both
ERKand MEK in control cells as well as in cells treated with high TGI31.These results indicated
that addition of P0169316 alone was sufficient to stimulate MEK/ERK in KGla cells and the
effect was independent ofTGF131.When examined the same issue with U0126 or PO 98059
we found similar inverse effect i.e. the p44/42 MAPK was inhibited but there was a
concomitant increase in p38 phosphorylation and the effect was independent ofTGF131.
We then conducted similar experiments using only the inhibitors namely U0126 and PO
169316 and found that the p38 and p44/42 MAPK pathways were inversely modulated in
KGla. (Fig.5). When other myeloid cell lines like KG1, TFl HL60 and K562 having, various
levels of differentiation status were examined for this phenomenon we found that the perfect
inverse regulation seen in KGla was not seen in other cell lines (data not shown).
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Fig. 5 Western blot analysis of KG 1a ceillysates after treatment with inhibitors for 3hours.The same blot was probed with antibodies to native or
phosphorylated formsofp38 (a), MEK(b)andp44/42
MAPK(c).

Our data indicate that the p44/42 and p38 MAPK are
tightly controlled in primitive hematopoietic cells and a
slight change in one may affect the other in an inverse
fashion. This observation may have an important
implication in the regulation of stem cells.
Future work:
We propose to identify signaling pathways in various
aspects of HSC physiology. We will first examine the effect
of modulation of signaling pathways using pharmacological
reagents on the behavior of cell lines and then carry out
experiments with their counterparts from the primary
tissues to validate our findings.

Vaijayanti Kale
vpkale@nccs.res.in
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Regulation of Caveolin-l expression in breast cancer-cells
by estrogen receptor mediated signaling
~
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Participants: Kavita Kumari, SRF • Dharmesh Dingar, P.A. George Fernandes, Technician
Collaborators: Dr. L. C. Padhy TIFR, Mumbai

Abstract and Background:
Breast cancer is the most frequent type of cancer among women. Steroid hormone 17[3estradiol acting via estrogen-receptor (ER) plays an important role in controlling expression of
genes involved in breast cancer progression. ER belongs to the nuclear receptor super family,
structurally related ligand-inducible transcription factor(s). Caveolin1 has been recently
identified as a co-activator exclusively of ER. ERa binds to Caveolin1 directly which
subsequently leads to an estrogen dependent potentiation of ERE driven gene transcription.
Caveolin1, the scaffolding protein of caveolae was found to interact with a whole series of lipidmodified proteins that are involved in signal transduction processes and it is also involved in
negative regulation of cell cycle. We observed a significant up-regulation of Caveolin1 protein
expression in MCF 7 cells after serum starvation. Our data indicate that caveolin1 expression
is reciprocally regulated by estrogen receptor signaling and also by cell cycle status.
Aim:
To examine the regulation of Caveolin 1 expression by estrogen receptor signaling. Our working
hypothesis is that there is a reciprocal relationship between ER activity and Caveolin
expression.
Work achieved:
Effect of ER and cell cycle modulators on Caveolin 1 gene expression:
We examined the effect of serum starvation on the expression of Caveolin1 in MCF 7 cells by
immunoflurosence as well as western blotting experiments. We observed that the serumstarvation of cells for 24 hrs to 96 hrs leads to marked enhancement of caveolin1 expression
and it showed reciprocal correlation with cyclin D1 (Fig. 6) .
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Fig. 6 Results of experiments involving immuno-tluorescence
and western blots. The data clearly indicate that Caveolin I expression is
inversely modulated by cell cycle status and Cyclin Dl expression.

Expression of Caveolin 1 in breast cancer tissue
sections:
We carried out immunohistochemical analysis of archived
breast tissue sections with antibodies to ER and Caveolin 1
and found that there was an inverse correlation of these
two proteins. The ER strong positive tissue sections were

either Caveolinl negative or showed a weak cytoplsmic
expression while ER negative sections showed strong
membrane positivity for Caveolinl(Fig. 7).Thus in breast
tissue sections Caveolinl and ER expression seems to be
mutually exclusive. This observation may have significant
implication in management of breast cancers.

Reciprocal expression of Cav1 Vs ER

IHC-CYTOPLASMIC

STAINING OF CAY 1

IHC-MEMBRANE

ER-ve/Cav1 +ve

ER +ve/cav1-ve

ER
+/++
-ve

STAINING OF CAY 1

Sample
Number
17
37

Cay 1
+/++/+++
4
23.52%
28
75.6%

Cav1
+/7
41.18%
7
18.91%

Cav1
-ve
6
35.29%
2
5%

IH with anti-Cay 1 on breast cancer tissue section
Fig.7 shows the results ofimmuno-histochemical
staining ofER +ve and ER-ve sections stained with anti Caveolin I antibody. It is seen
that the ER positive section shows a weak cytoplasmic staining of Caevolin I while ER negative section shows a strong membrane
staining of Cave olin 1. The table summarizes the IH results.

Future work:
To study the effect of ER signaling on Caveolin 1 expression
at molecular level and its possible effect on tumorigenic
properties of MCF-7 cells. We are also exploring the effect
of Caveolin 1 mutants on the progression of breast cancer
(DST project).

-

Vaijayanti Kale
vpkale@nccs.res.in
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Identification and characterization of lectins having stem cell
preservation activity
Participants: Ashwini Hinge, SRF
Collaborators: Prof. A. Surolia, IISC Bangalore • Dr. Mrs. L. S. Limaye, NCCS

Abstract and Background:
HSCs have the ability to self renew as well as to differentiate into all lineages of the blood.
Since most mature blood cells have a limited lifespan, the ability of HSCs to self-renew and
replenish the mature cell compartment in a well regulated continuous manner is a critical
factor in maintenance of steady state hematopoiesis. A recently identified lectin named FRIL
has shown stem cell preservation activity. It was shown that this lectin could preserve stem
cells in a suspension culture in the absence of growth factors.
Maintenance of HSCs in a culture system without addition of growth factors or fresh medium is
an important development in the hematopoietic research due to its immense clinical
importance in autologous transplantation. We, therefore, initiated the work to screen lectin
preparations having well characterized binding specificities for their stem cell preservation
activity.
Aim:
To identify and to characterize lectins having "stem cell preservation" activity
Work achieved:
In the present study, we have selected four man nose specific plant lectins viz. Dolichos lablab
lectin (DL), Artocarpin integrifolia lectin (AL), Banana lectin (BL) and Garlic lectin (GL). The
lectins were isolated, purified and characterized in Prof. Surolia's lab. The CD34 + cells isolated
from cord blood were incubated in serum free medium with and without different
concentrations of lectins. The cells were incubated for different time intervals like 10, 20 and
30 days. After each time interval cells were harvested and methyl cellulose colony forming unit
assay was carried out in presence of combination of standard growth factors. The colonies
were scored as BFU (E), CFU-GM and CFU-GEMM using standard morphological criteria. The
numbers of progenitors preserved were calculated by comparing the colonies formed in
treated cells with lectin vs. colonies formed without lectin treated cells.
Optimal concentration of lectins:
It was found that all four lectins showed preservation activity at 100 pg/ml and 200 pg/ml
concentrations. It was observed that BFU (E) and GM progenitors were more as compared to
GEMM progenitors (Fig. 8).
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Fig.8 Determination of optimal concentration of the lectins.CD34+ cells were incubated with various concentrations oflectins as indicated and
the cells were then subjected to CFU assay. The colonies were scored for the presence of CFU-GM, CFU-GEMM and BFU-E. The data
represented in this figure are expressed as total progenitors preserved.

Specificity of lectin action:
CD34+ cells were incubated with or without lectins for 10
days in the presence or absence of 20 mM Methyl a.
Mannoside. The recovered cells were subjected to
standard colony formation assay and the colonies were
scored at 14 days. It was observed that use of specific
sugar in the incubation medium along with lectin abrogated
the preservation effect indicating the specificity of lectin
action (Fig. 9).

10 DAYS INCUBATION

Detection of early progenitors:
The LTC-ICassay was carried out to detect the presence of
very primitive progenitors present in the test population.
Irradiated M210B4 cell line was used as a feeder layer and
cells were seeded on it. The cultures were harvested at the
end of the incubation period (5 weeks) and assayed for
colony formation as described above. The results of
preliminary experiments indicate that banana and garlic
lectins can preserve progenitors up to 30days (data not
shown).
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Future work:
1. Use of LTC-ICassays to detect early progenitors after
incubation with AL and DL.
2. Identification of signaling pathways induced by these
lectins in hematopoietic stem
cells.
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Lalita Limaye
Islimaye@nccs.res.in
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Studies on cryopreservation of hematopoietic cells

Participants: Lalita M. Sasnoor, SRF. Nikhat Firdaus Siddiqui, Technician

Abstract and Background:
This is an ongoing project of NCCS. Here our aim has been to optimize the freezing protocols to
get improved recovery in terms of functionality and viability after freezing. We have used
antioxidant and membrane stabilizers as additives in the conventional freezing medium and
tested its effect by in vitro and in vivo functional assays. Our previous in vitro work has shown
the usefulness of membrane stabilizers and antioxidants as additives in conventional freezing
medium to freeze mouse and human hematopoietic cells. The present work was carried out
using murine model to test the in vivo engraftment ability of mouse bone marrow frozen with
(test cells) or without (control cells) addition of a combination of trehalose and catalase in
the medium containing 10%DMSO.
Aims:
1. Testingthe effect of combination of catalase and trehalose on freezing of mouse bone
marrow and assessing it's engraftment potential byvarious in vivo assays.
2. Dissecting out the mechanism behind the cryopreservation afforded by the two additives.
Work achieved:
Viability, nucleated cell recovery and progenitor content of revived cells was measured.
Freezing efficacy was tested by in vivo assays like CFU-S, Pre CFU-S, and short term
engraftment of frozen marrow in irradiated mice. Long term engraftment ability of frozen
marrow was assessed using a Ly5.1-Ly 5.2 chimera model. Levels of apoptosis and ROS
generated in revived cells were estimated. The former by Annnexin V, TUNEL, and DNA
laddering and the latter by DCFH-DA probe.
Our results show that the combination of catalase and trehalose with 10%DMSO improves
freezing efficacy not only in terms of viability, cell recovery and progenitor content but also by
in vivo assays like CFU-S, Pre CFU-S, and short and long term engraftment (Fig.1). The level of
apoptosis was considerably reduced in test set as compared to control set. (Fig.2)
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We conclude that inclusion of a combination of trehalose
and catalase in conventional freezing medium leads to
enhanced engraftment potential of cryopreserved MBM
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cells probably by preventing apoptotic cell death. Our
observation using animal model may have significant
clinical implications.
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Future work:
Standardizing protocols for cryopreservation of in vitro
expanded hematopoietic stem cells and differentiated cells
generated during in vitro culture.
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Standardization and transfer of technology of
cryopreservation of bone marrow
Participants: Nikhat Firdaus Siddiqui, Technician
Collaborators: Dr. R. L. Marathe, Hematologist, Jehangir Hospital, Pune
• Dr. S.G.A. Rao, Retired Scientist, CRI, Mumbai
• Staff of Blood transfusion department, AFMC, Pune
Work Achieved:
During the year 2004-2005 , using this technology, AFMC has frozen 4 UCB, 2 BM aspirates,
8 autologous PBL and 2 allogenic PBL. These were frozen at -80DC and used for
transplantations in patient's suffering from Non Hodgkin's lymphoma, Acute myeloid
leukemia, Chronic myeloid leukemia, Hodgkin's disease and germ cell tumor. The success rate
of transplantations was good. We help them out if they face difficulties in freezing and FACS
staining and analysis of samples.
Future work:
Collaborative project between AFMC and NCCS is
funding agencies.

being formulated and

submitted to
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Ex vivo expansion and cryopreservation of haematopoietic
cells: Prevention of apoptosis to improve the outcome

Participants:

Sangeetha V.M, JRF

Collaborator:

Dr. V. P.Kale
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Lalita Limaye
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Islimaye@nccs.res.in
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Abstract and Background:
In vitro expansion of CD34 cells is being extensively attempted to overcome the limitations of
the small sample size especially of cord blood and pediatric marrow harvests. Optimal storage
of these expanded cells is also crucial. There is a possibility that during such in vitro
manipulations the cells undergo apoptosis. There are reports that functional expression of Fas
Ag is induced on CD34 + cells expanded in vitro in presence of haematopoietic growth factors.
Thus detection of the level of apoptosis during preservation and expansion and to develop
ways and means to prevent it is an important aspect of haematopoietic stem cell research.
Aim:
Several studies have demonstrated that a significant number of cells undergo apoptosis both
during freezing and expansion of haematopoietic cells. We propose to investigate whether
prevention of apoptosis could be helpful for better post thaw recovery and higher yields in
culture expanded cells.
Work achieved:
The project was initiated in Sept. 2004. First few months were spent in procuring equipment,
chemicals and recruiting and training man power. Presently we are standerdizing protocols for
in vitro expansion of stem cells.
Future work:
1.
2.

Measuring the level of apoptotic index during expansion and freezing of hematopoietic
stem cells.
Studying the effect of a class of antiapoptotic agents in expansion and freezing media.
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Investigation of early neurogenesis using embryonic
stem cell model
Participant:

Ranju R. Nair, SRF

Collaborator:

Dr. K.P. Mohanakumar, IleB, Jadavpur, Kolkata

Abstract and Background:
The embryonic stem (ES) cells have the unique property of self renewal and pluripotency and
hence capable of differentiating into the derivatives of all the three germ layers. Since there is
a recapitulation of early embryonic development in a relatively precise manner, the ES cells
serve as an elegant in vitro model to dissect out the developmental proceedings during
embryogenesis. Our group's interest lies in investigating the early neurogenic proceedings
using the murine ES cell model. Since, during the onset of gastrulation the commitment and
specifications for various lineages take place, the question arises how does the cell decide
which lineage to opt for? In fact, the cell intrinsic genetic make up and the extrinsic
environment, both influence the cell fate decision machinery. Accordingly, we have aimed at
understanding the role of various exogenously added factors and their repercussion on the
downstrea m events and signal ing cascades during early neu rogenesis from ES cells.
Aims:
The major focus of our group has been:
1.
2.
3.

To establish stable transgenic ES cell clones using live reporter gene expression under
the regulatory control of neural specific promoters/ enhancers.
To differentiate the ES cells into neural lineages and understand the underlying
molecular basis of lineage commitment and specification.
Manipulate extrinsic factors for the efficient generation of proliferative neural
progenitors, differentiated neurons with special reference to the dopaminergic
neuronal subtypes from ES cells in vitro.

Work achieved:
Neurogenesis: The complex event of neurogenesis involves interplay among various factors. In
order to discern how the event cascades fall into place in defining the niche and specifying the
population for neural lineage, we have taken advantage ofthe neural specific expression of live
reporters under the regulatory control of neural specific prornoters/enhancers in the ES cells.
We have successfully generated a nurnber of stable ES cell clones expressing the live reporter
EGFP in neural progenitors and doparninergic neurons. Using the nestin EGFPtransgenic ES
cell clones we could determine the optimum time window for neural progenitor generation that
resides around one week post-plating (Fig. 1).
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Fig.2 In fluence ofBMP on neural progenitor generation and differentiation. Continuous exposure ofBMP reduced the number ofEGFP+ neural
progenitors (a: compare 2 with 3) and differentiated neurons [b: d(O-S)] compared to the untreated control. BMP exposure at early stage also
inhibited the neuronal differentiation [b: d(2-4)].

The EGFP expression corresponded well with the
endogenous nestin that was increased initially as the
neuroepithelial population started forming and on later
days (by second week) showed down regulation upon
neural maturation as seen by immunostaining. The path
taken for this in vitro neurogenesis was same as that of
seen in vivo as confirmed by immunostaining with the
neuroepithelial
stem cell marker nestin, neuronal
precursor marker NCAM and differentiated neuronal
marker Map2. Based on these observations we further
attempted to asses the role of various factors during neural
induction and subsequent differentiation. The status of the
BMP signaling was monitored by effector smad, known to
be the main players in this signaling. The smad expression
was seen in the nucleus at early stages and with the start of
differentiation it occupied the cytoplasm. This indicated
BMP inhibition is required during differentiation. This was
further corroborated by monitoring the EGFP expression
and map2 staining in these cells with the supplementation
of BMP or anti-BMP during various stages of differentiation.
While continuous addition of BMP resulted in decreasing
the EGFP positive
neural progenitors
(Fig. 2a)
accompanied by reduced number of Map2 positive

differentiated neurons (Fig. 2b), the addition at latter
stages did not have significant effect especially with
respective to EGFPpositive cells. However, BMP addition at
early stage (2-4 day) also had negative influence on neural
differentiation as discerned by reduced Map2 positivity
(Fig. 2b). Similarly, using the TH transgenic ES cell clones
we could monitor the developmental pathway leading to
dopaminergic neuron generation and have observed the
possible involvement of Wnt and LMX1b. We are currently
investigating other key players involved during early
neurogenesis and dopaminergic neuron generation and
the possible cross talk among those.

Future Work:
1. Dissecting the signaling cascade involved during
neurogenesis.
2. Electrophysiological
characterization
and
transplantation
of the neural progenitors
and
dopaminergic neurons into Parkinsonian animal model
and exploring their potential in functional recovery by
the behavioral studies.
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Establishment of human embryonic stem cell (hESC) line and
differentiation in vitro

Abstract and Background:
Establishment of authentic stem cell lines using surplus IVF human embryos and maintaining
those in an undifferentiated state in long term cultures is of immense significance for basic
scientists. This would serve as a marvelous source in order to explore our own developmental
proceedings. Moreover, different lines would have distinct genetic background and in view of
keeping pace with the international scientific community it is mandatory to have more
authentic lines established within the country and investigate their differentiation potential
and generate lineage specific stem cells. Indeed lines with distinct HLA typing would reduce
the risk of irnrnunological complications and could represent various demographic entities.
Further characterization into various lineages and developing strategy for the enrichment and
purification of lineage specific stem cells would add up to their clinical relevance and
therapeutic usage. This would not only make us self sufficient and in fact would help
ameliorating the link between the basic research output and clinical trial keeping in view ofthe
therapeutic potential reminiscent in the near future.
Aims:
1. Establishment and characterization of pluripotent human ES cell lines.
2. Optimization of growth conditions for maintenance and retention of undifferentiated
status.
3. Investigation of differentiation potential into various lineages.
Work achieved:
Procurement of human embryos and Establishment of human embryonic stem cell outgrowth:
A few human embryos were obtained from one of the IVF centers. Those were having 3
pronuclei, hence were considered unsuitable for implantation and were meant to be
discarded. Some of those embryos were at 8-cell stage and out of which one attained the
blastocyst stage with a relatively indiscernible ICM. The ICM was successfully isolated by
immunosurgery and cultured on mitotically inactive mouse embryonic fibroblasts (MEF). The
ICM formed a colony that was dispersed and plated onto a fresh dish with MEFs. Subsequent
propagation (Fig. 1A) was also carried out on MEFs and this hESC outgrowth could be
maintained till P12 in culture. However, they exhibited very high propensity towards
spontaneous differentiation a major bottleneck for retaining pluripotency.
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Characterization of hESCs: Once hESC line is established, it's mandatory to investigate this in
terms of stem cell marker expression such as Oct4, SSEA 3/4, Tra-1-81 etc., analyze the
karyotype status whether normal or having any chromosomal abnormalities and determine the
pluripotent characteristic by differentiating into various lineages in vitro. Accordingly, the
propagated hESCs from the outgrowth were stained for various markers and showed SSEA3
(Fig 1B), SSEA4 and Tra 1-81 (Fig 1C) immunoreactivity. Some colonies also showed SSEA1
immunoreactivity indicating that those were already differentiating. Concurrently, the cells
were also induced to differentiate to determine their pluripotent status. I have been succeeded
in differentiating the hESCs into neural lineage as discerned by Map2 immunoreactivity a
marker for differentiated neurons (Fig. 1D) and some of these neurons also showed Tyrosine
hydroxylase immunoreactivity (Fig. 1E) indicating the generation of dopaminergic neurons.
Concentric rings of skeletal muscle fibers were also seen in these cultures that were skeletal
myosin positive (Fig. 1F). Currently I am investigating the culture conditions required for
differentiating these cells into cardiomyocytes. The study overall indicated that the established
hESCs did show the differentiation into both ectodermal and mesododermallineages.

"

Fig 1 Propagation of Human ES cell outgrowth and immunocytochemical characterization. (A): Undifferentiated human ES cell colony in culture.
(B & C):The undifferentaited ES cells showing expression ofSSEA3 and TRA-l respectively. (D, E and F): The human ES cells differentiation
into neurons (D: Map2+; E: TH+, the dopaminergic subtypes) and skeletal muscles (F: Sk. Myosin+).

Future Work:
1. Optimization of culture conditions for human ES cells
maintenance in undifferentiated state.
2. Standardization of the conditions required for efficient
cryo-preservation.
3. Differentiation into various lineages and mechanistic
understanding ofthe same.
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Studies on the mechanism(s) involved in the action of IL-3 on
RANKL-induced osteoclast differentiation

Participants: Shruti Khapli, SRF • Yogesha S.D, SRF • Latha Mangasetti, SRF
• Satish Pote, Technician

Abstract and Background:
Osteoclasts, the multinuclear cells responsible for bone resorption, playa crucial role in bone
remodeling.
Osteoclasts
differentiate
from
haemopoietic
precursors
of
monocyte/macrophage lineage that also give rise to macrophages and dendritic cells. The
process of osteoclast differentiation is induced by osteoblasts derived molecule, receptor
activator of NF-KB ligand (RANKL). RANKLbinds to its receptor RANK on osteoclast precursors
and activates NF-KB and AP-1 pathways, transcription factors through intracellular adaptor
protein TRAF6. Factors that regulate RANK or its signaling are important in deeper
understanding the pathogenesis of osteoporosis.
IL-3, a cytokine secreted by activated T lymphocytes, acts on numerous cells within the
haemopoietic system. However, little is known about the mechanisms by which IL-3 regulates
osteoclast differentiation. We have earlier reported that IL-3 irreversibly inhibits RANKLinduced osteoclast differentiation, and divert the cells towards macrophage lineage (Khapli et
al. 2003, J. Immunol. 171:142-151). Recently, we also showed that IL-3 irreversibly inhibits
TNF-a-induced osteoclast differentiation (Yogesha et al. 2005, J Bioi Chem 280:1175911769). In this study, we investigated in detail the mechanism of inhibitory action of IL-3 on
RANKL-induced osteoclast differentiation. We revealed that IL-3 inhibits RANKL-induced
osteoclastogenesis by irreversible down-regulation RANK expression, which results in
inhibition of important signal ing molecu les induced by RANKL.
Aim:
To investigate the mechanism(s) by which IL-3 irreversibly inhibits RANKL-induced osteoclast
differentiation.
Work achieved:
IL-3 inhibits RANKL-activated JNK pathway
We have earlier reported that IL-3 prevents RANKL-induced nuclear translocation of NF-KB by
inhibitingthe phosphorylation and degradation of IKB. Tofully delineate the mechanisms of IL3 action we examined the effect of IL-3 on AP-1 signaling pathways. The distal events in RANKL
signaling involve activation of c-Jun N-terminal kinase (JNK) pathway. JNK activation cascade
involved in RANK signal transduction leads to activation of AP-1. We observed that RANKLinduced JNK activation was significantly inhibited by IL-3 (Fig. 1A). RANKL-induced JNK
regulates gene expression by phosphorylating and activating the trans-activation domain of cJun. Because JNK is inhibited by IL-3, we next examined the effect of IL-3 on c-Jun
phosphorylation. We found that in osteoclast precursors c-Jun was phosphorylated by IL-3 in
spite of JNK inhibition.
IL-3 inhibits NFATcand c-Fos transcription factors
Nuclear factor of activated T-cells, cytoplasmic 1 (NFATc1), a calcineurin and calcium
regulated transcription factor is induced by RANKL and is critical for osteoclast differentiation.
Therefore, we examined the effect of IL-3 on NFATc1. Interestingly, we found that IL-3 downregulated RANKL-induced NFATc1 expression at both 48 and 96 hours (Fig 1 B). RANKL
induces c-Fos, a transcription factor, which playa key role in determining the cell fate towards
osteoclast formation. c-Fos binds to the promoter site of NFATc1 and it has been
demonstrated that NFATc1is not induced by RANKL in cells lacking c-Fos. Collaboration of cFos/c-Jun complexes and NFATc1is important for osteoclastogenesis and deletion of anyone
of them arrest osteoclast formation. Previously, we have shown that IL-3 inhibits osteoclast
differentiation by down-regulation of c-Fos at transcriptional level. In further investigation we
observed that IL-3 also shows day-dependent down-regulation of c-Fos protein (Fig. 1B).
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48 and 96 hours. Cells were lysed and ana lysed by Western blotting fore-Fos and NFATc signals.

IL-3 down-regulates RANK expression irreversibly
Our results from the above experiments suggest that IL-3
must be interfering with the RANK-TRAFaxis thus blunting
most of the RANKL activated events. We found that IL-3
had no effect on RANK mRNA expression at all the time
points. This unchanged level of RANK mRNA with IL-3
treatment clearly suggests that RANK is not regulated at
transcriptional
level. Therefore, we further analysed
whether IL-3 regulate RANK expression at protein level. We
observed that IL-3 significantly down-regulated RANK
expression. While RANK-mediated signaling is blunted by
",elF

",-elf.

IL-3, expression of TRAF6 was not affected. We also
observed day-dependent down-regulation of surface
expression of RANK (Fig. 2). By FACS analysis we found
nearly 50% inhibition of RANK on day 2 and 70% inhibition
on day 4. These results suggest that IL-3 down-regulates
RANK expression post-transcriptionally. Interestingly, the
action of IL-3 on RANK expression was irreversible. IL-3
down-regulates RANK expression in whole bone marrow
cells suggesting that IL-3 also inhibits RANK expression in
the presence of neighboring cells.

RANKL

",-elf.

RANKL.

IL-3

0iI~'1
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Fig.2 Effect ofIL-3 on surfaee expression ofRA K. Osteoclast precursors were cultured in the presence ofM-CSF or M-CSF and RA
or without IL-3 for 1,2,3 and 4 days. Cells were immunostaincd with RA K antibody.

In further investigation we showed that the timing of IL-3
exposure to osteoclast precursors is important in
determining
the biological effects of IL-3 during
osteoclastogenesis. The difference in kinetics of IL-3 and
RANKL actions suggest that if the precursors are exposed
to IL-3 prior to RANKL addition, the transcriptional program
is shifted in favor of IL-3 and cells become resistant to
RANKL action. Furthermore, when osteoclast precursors
are exposed to both IL-3 and RANKL atthe same time, then
probably the kinetics of IL-3 action takes place much faster
than RANKL, and favors the Inhibition of osteoclast

KL with

formation. In conclusion. IL-3 inhibits RANKL-induced
osteoclastogenesis by irreversible down-regulation RANK
expression, which results In Inhibition of Important
signaling molecules induced by RANKL.
Future work:
We are currently investigating the involvement of Janus
kinases (JAKs) and Signal Transducer and Activators of
Transcription (STAT)pathways in IL-3 action on osteoclast
differentiation.
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Role of the transcription factors Snail and Slug in
ovarian cancer metastases
Participants:

Nawneet Kurrey, JRF

I

Abstract and Background:
The poor prognosis in epithelial neoplasms is associated with an acquisition of invasive
properties by the cancerous cells, involving epithelial-mesenchymal transition (EMT). EMT is
mediated by alterations in cell-cell adhesion and cytoskeleton organization; a hallmark of
which is the down regulation of E-cadherin, a protein essential for the establishment of cellcell adhesion. The compact structure of epithelial cells is maintained by three kinds of
junctions viz., adherents junction, tight junction and desmosomal junction. Some of the
important components of these junctions include E-cadherin, pCatenin (adherents
junctions), Occludin, ZO-1 (tight junctions) and Desmoglein (desmosomes). Tumor cells of
epithelial origin must undergo disruption of above junctions priorto metastasis. The zinc-finger
transcription factors Snail and Slug are known to repress E-cadherin transcription during
development by binding to a 5'-CANNTG-3' sequence of E-cadherin promoter thereby
mediating EMT.Thus, the role of Snail and Slugin tumor metastases was postulated.
Aims:
1. To examine the roles of transcription factors Snail and Slug in Epithelial Ovarian Cancer.
2. To dissect the individual roles of Snail and Slug during cancer metastasis.
Work achieved:
Snail and Slugtransfected clones, described previously, showed a downregulation of epithelial
gene expression (E-Cadherin and CK 18) simultaneously with upregulation of mesenchymal
genes (Vimentin) indicating transition from epithelial phenotype to mesenchymal phenotype.
Snail over expressing clones downregulate Tight and Adherens junction components (Ecadherin, occluding, ZO-1), whereas Slug overexpressing clones in addition to the
downregulation of Tight and Adherens junction components, also repress the transcription of
desmoglein which is a component ofthe Desmosomal junctions.
Enhanced migration and invasion in vitro (Fig. 1), increased ability to form colonies in soft agar
by Snail and Slug clones were observed as the effect of the repression of these junction
components. In vivo experiments using the same clones confirmed enhanced tumorigenesis
resulting from peritoneal dissemination of the primary tumor. Transition from epithelial to
mesenchymal phenotype and its pathological implications were significantly more evident in
Snail clones compared to Slug clones.
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The process of EMTthus may be concluded to be important in the context of ovarian tumorigenesis through the mediation of
cell migration and metastases (Fig. 2).
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INVASION

Metastasis and Cancer Progression
Fig. 2 Schematic representation

showing the EMT modulation by snail & slug in cancer progression and metastasis

Future work:
The mechanisms that regulate Snail and Slug yet remain
elusive. It would thus, be interesting to dissect out the
signaling pathway(s), this regulation of which mediates
ovarian cancer metastases.
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Chemo sensitivity of cancer cells to drugs, elucidation of
mechanism of cell death and functional consequences of p53
down regulation
Participants: Rishi Raj Chhipa, SRF • Sandeep Singh, SRF • Ankur Kumar Upadhyay, SRF
• Amrendra Kumar Ajay, JRF • Vijay Kumar M.V., Technician

Abstract and Background:
The importance of apoptosis induction in cancer therapy has been recognized and the ongoing
discovery of numerous apoptosis-regulating proteins provides new potential targets for a
molecular cancer therapy. Among such targets are the members of the Bcl-2 family that are
evolutionarily conserved regulators of apoptosis. These proteins regulate the process in part by
maintaining mitochondrial membrane potential and regulating the redistribution of
cytochrome c which is a necessary cofactor for activation of apoptotic effector proteases
known as caspases and is generally considered as the sufficient event for the induction of
apoptosis. Deregulation of Bcl-2 family members has been tightly linked to tumorigenesis. All
anti-apoptotic Bcl-2 homologues seem to function as oncoproteins, and pro-apoptotic Baxlike proteins can act as tumor suppressors. High level of Bcl-2 protein ensures the survival
advantage to the clonal population, and promotes tumorigenesis. Overexpression of Bcl-2 is
common in non-Hodgkin's lymphoma, both acute and chronic leukemia, prostate, colorectal,
lung, gastric, renal, neuroblastoma, and HPV-positive carcinoma. High-risk HPV infection is
linked to the development of 20-30% of oral and almost all cervical cancers. The ability of
high-risk HPVs to contribute to malignant progression appears to be dependent on expression
of viral E6 and E7 oncogenes. The presence of E6 with high level of Bcl-2 protein is reported to
develop invasive and more aggressive cancer phenotype. Thus, studies are needed to
understand the role and response of Bcl-2 protein on the efficacy of chemotherapeutic drugs
against these tumors. Carb and 5-FU are important chemotherapeutic genotoxic agents for
the treatment of various cancers including HPV-positive cancer. Several anti-cancer agents,
including Carb and 5-FU, with diverse intracellular targets cause apoptosis in various cancer
cells including HPV-positive cells. However, the involvement of Bcl-2 and its response against
Carb and 5-FU are not clear in HPV-positive carcinoma.
Malfunction of specific genomic "care taker" systems leading to increased mutability of
human genome is a major factor in cancer development. One ofthe most prominent members
ofthese systems is the tumor suppressor p53 gene. p53 is a multifaceted transcription factor
regulating multiple cellular processes including cell cycle progression, apoptosis, DNA repair
and differentiation. Studies with mouse cells have provided evidence of drug resistance after
p53 inactivation, but the extrapolation of these results to humans is far from straight forward.
The requirement of wild-type p53 for apoptosis after genotoxic damage caused by anticancer
agents, including irradiation has been demonstrated in tissues of lymphoid origin. However,
the influence of p53 on apoptosis in malignant tissues of non-hematological origin is by no
means clear. Most ofthe studies undertaken have been carried out in systems in which p53 is
over-expressed. This has added further confusion to already complex molecule. Therefore by
developing appropriate isogenic system in which only p53 is altered will be an ideal model for
studying p53s role in cancer therapeutics and cellular signaling.
Aims:
1. To understand mechanisms of chemotherapeutic drugs mediated cells killings and
investigate the molecular events that contribute or enhance drugs induced cell death.
Investigations on HPV E6 positive cells as a model.
2. Functional consequences of loss of p53 function: studies in isogenic cell line model.
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Work achieved:
Susceptibility
to chemotherapeutic
dugs Investigations on HPV E6 positive cells as a model
Understanding and unraveling the mechanisms of
anticancer
drugs-induced
apoptosis
is of prime
importance not only for designing effective therapeutic
interventions
and development
of novel cancer
therapeutic strategies but also for monitoring cancer
responses to chemotherapeutic drugs. This allows better
understanding and rational usage of chemotherapeutic
drugs specifically for certain tumor type. In the cellular
response to genotoxic stress by various chemotherapeutic
anticancer agents, cell cycle checkpoint and apoptosis are
considered to be two of the major biological events in
maintaining
genomic stability. The mechanism
of
chemotherapeutic drugs induced apoptosis is yet to be
clearly understood in high-risk HPV-positive tumor cells.
Therefore we examined the response and mechanism of
cell death in two HPV-18 positive human HEp-2 and KB
cancer
cell
lines
exposed
to DNA-damaging
chemotherapeutic drugs Garb and 5-FU. In the present
study, we demonstrate that both Garb and 5-FU were able
to induce cytotoxicity in HEp-2 as well as in KB cells.
Further, drugs treatment resulted in characteristic DNA
fragmentation and PARPcleavage along with the activation
of caspases-9. To further delineate the mechanisms
underlying induction of apoptosis after drugs
treatment in these cells, we investigated the involvement
of pro and anti-apoptotic members of Bcl-2 family.
Interestingly, we observed that both the drugs down
regulated Bcl-2 promoter driven luciferase reporter activity
in transiently transfected HEp-2 cells. Earlier studies from
our group and others have demonstrated that inhibition of
NF-kB activity results in down-regulation of Bcl-2 promoter
driven reporter activity as well as endogenous Bcl-2 protein
expression in several cell types. In drugs treated cells
decreased Bcl-2 transcripts as well as protein suggests
that inhibition of NF-kB activity is one of the mechanisms
responsible for decreased Bcl-2 gene transcripts in
response to Garb and 5-FU treatment.
Since drugs

treatment did not alter Bax transcript or protein levels in
both HEp-2 and KB cells, these results provided the
evidence for lowered Bcl-2: Bax ratio in drugs treated cells
as one of the factors responsible for the induction of
apoptosis. To further confirm the role of Bcl-2 downregulation in Garb and 5-FU induced apoptosis, HEp-2
cells were transiently transfected with increasing amounts
of Bcl-2 expression vector. Over expression of Bcl-2
blocked the DNA damage-induced
cell death by
approximately 4 fold and thus reduced the cytotoxicity of
Garb or 5-FU. Further, Bcl-2 over expressing cells showed
significantly lesser cleavage of PARPas compared to vector
alone transfected cells, even after treatment with higher
doses of drugs. These results strongly indicated that downregulation of Bcl-2 acts as a regulatory step in Garb or 5-FU
mediated apoptosis in HEp-2 and KB cells. In summary,
apoptosis induction in both HEp-2 and KB cells is due to
decrease in Bcl-2 expression whereas over expression of
Bcl-2 reverses the cytotoxicity of these drugs. Therefore
our present findings suggests that down-regulation of Bcl2 proto-oncogene may be one of the mechanisms involved
in DNA damage-induced apoptosis in certain high risk HPVpositive cancer cells. Moreover, we propose that the tumor
cells of certain HPV-positive cancers, which have
functional pathways responsible for down-regulation of
Bcl-2 proto-oncogene, will likely be sensitive to Garb or 5FU treatment. This may be one of the reasons for certain
HPV-positive cells to be sensitive to Garb or 5-FU treatment
and others to be resistant.
Characterization of a unique isogenic MCF- 7T cell
line: Role of p53
An appropriate isogenic cell lines based system exhibiting
differential p53 level was developed from MGF-7 by
process of selection for a stable clone based on
tetracycline regulatory system. This clonal cell lines has
been partially characterized and compared with parental
MGF-7 cells.
MGF-7T cell line has consistent basal
epithelial phenotype, morphology, and estrogen receptor
expression similar to MGF-7 cells. Interestingly, MGF-7T is
remarkably different with respect to growth doubling time,
cellular signalling pattem as well as in sensitivity to
chemotherapeutic drugs.
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DNA fragmentation induced in HEp-2 and KB cells after drugs treatment. (D) Activation of caspase-9 and cleavage ofPARP in drug-treated HEp2 and KB cells
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Future work:
1. Studies on HPV E6 positive cells will be expanded to
include other types of cancer cells.
2. Role of p53 in growth and chemosensitivity of breast
cancer celis, and effect of p53 on signaling pathways.

Tumor suppressor SMARt dictates cell cycle through
p53 interaction
Participants: Asavari Kulkarni, (Ph D awarded) • Archana Jalota, SRF • Kamini Singh, SRF
• Pavithra L.,SRF. Surajit Sinha, JRF. Sreenath K., JRF. Sunil Malonia, JRF. Yogendra
Risbud, JRF • Sulabh Kharbanda, JRF • Sandeep Singh, JRF • Devraj Mogare, Technician
Collaborators: Dr. Debashis Mitra, NCCS • Dr. Bhaskar Saha, NCCS • Dr. P.B. Parab, NCCS
• Dr. Shahid Jameel, ICGEB, Delhi. Dr. Siddhartha Roy, IICB, Kolkata
Abstract and Background:
Our laboratory is interested in understanding the functions of a Scaffold/Matrix Associated
Region-1 binding protein SMAR1. It specifically interacts with MAR sequence, which is located
400 bp upstream of the murine TCRI3enhancer and is highly expressed during DP stage of
thymocyte development. Earlier we have demonstrated that SMAR1 triggers various cell cycle
modulating proteins that decides cell fate. A small Arginine-Serine (RS) rich domain of SMAR1
is responsible for direct interaction with p53, activating and stabilizing it within the nucleus.
During the year we have progressed in understanding several aspects of this protein related to
regulation of apoptosis and cell cycle. Many ofthe exciting results are either published or in the
final stage of publication. We find that SMAR1 not only cross-talk to other cell cycle regulatory
proteins like p53 but also changes chromatin architecture at various promoters and fine- tune
control of transcription. As a continuation of earlier studies on HIV, we find that MAR
sequences and MAR binding proteins playa critical role, transcription and pathogenesis.
Aims:
1.
2.
3.

Tumor regression by RS domain containing SMAR1 peptide
Deciphering p53 mediated control of SMAR1 promoter
Study on triple complex between SMAR1-p53-MDM2 by anisotropy experiments

Work achieved:
SMAR1 peptide with the RS domain sufficient for p53 activation. Earlier, we have
demonstrated that, SMAR1-mediated activation of p53 was found to be restricted within a
region of 288-350aa. Tofurther confirm this, a 44 amino acid peptide containing both ofthese
essential motifs of SMAR1 were synthesized along with a 11mer Tat sequence (protein
transduction domain, PTD) in order to target the peptide directly to the nucleus (Fig. 1A). As a
negative control, 11-mer PTD peptide (Tat alone) as well as a serine mutated PTD-peptide
(Tat-SMAR1 RS-mutant; Serines were replaced with Alanine residues) were also synthesized.
The HEK 293 cells (5 x 105) were incubated with the varying concentrations of the Tat-SMAR1
peptide (1- 250 11M)(Fig. 1B) and after 12 h of incubation; protein Iysates were processed for
immunoblotting with p53 (DO-1) and p53 Ser-15 phospho-specific antibodies. Although,
there was some increase in the total p53 expression, large differences were observed in the
expression of the active (phosphorylated) p53 in Tat-SMAR1 peptide-treated cells (Fig. 1B).
The same set of experiment was then repeated with PTD peptide (consisting of only the 11mer
Tat-sequence) and Tat-RS mutant peptide. As expected no phosphorylation of serine-15
residue of p53 was observed in PTD-treated cells (Fig. 1C) and Tat-SMAR1 RS mutant peptide
(Fig. 1E). This observation further confirmed that the RS domain (288-350) of SMAR1 could
exclusively activate p53 by mediating its phosphorylation at serine-15 residue. Peptidetreated Iysates were further checked for tyrosine 15 phosphorylation of cdc2. Membrane
immunoblotted with p-cdc2 antibody showed strong upregulation of p-cdc2, again confirming
the critical role of the RS domain in mediating cell cycle regulation (Fig. 1D). No changes were
observed in the total ERK levels, used as loading control. The RS-mutant peptide too showed
no increase in p-cdc-2 expression levels (Fig. 1E).
As the 44mer SMAR1-RS peptide was sufficient to result in increased p53 serine-15
phosphorylation, an in vitro kinase assay was performed to determine its phosphorylation
status. We observed that in the presence of kinase mixture from cellular extracts the SMAR1RS peptide (WT) but not the mutant peptide (Serines were replaced with alanine within the
PKC substrate motif), get strongly phosphorylated. There was about 20-fold increased y-P32
incorporation in the wild-type peptide (SMAR1-RS) in comparison to its mutant
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counterpart (Fig 1F,), again strongly suggesting that RS
domain of SMAR1 is alone sufficient to result in its posttranslational modification and thus intum mediate p53
phosphorylation at seri ne-15 resid ue.
A small Arginine-Serine rich domain of (RS) SMAR1 was
sufficient for activation and stabilization of a tumor
suppressor protein, p53. To further unravel its clinical
manifestations in tumor regression, nude mice were
injected subcutaneously with 2x105 B16F1 mouse
melanoma cells. After the tumor nodule was established

A

Tat(PTO)

into the mouse the peptide was injected in the surrounding
areas at a physiological concentration (200 Ilg) thrice for 4
weeks. In parallel experiment we have injected only Tat as
well as Tat-RS mutant peptide (Fig. 1G). The regression
was observed significantly only in the mice injected with
the Tat-SMAR1 peptide (Fig. 1G) emphasizing the
potential role of SMAR1 to be a tumor suppressor.
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Fig. 1 Peptide containing only RS domain is sufficient forp53 activation. A - E showing upregulation ofP53, p-ede, p-Ser-15 by RS peptide.
F. WT but not mutant peptide showing phosphorylation. G. Tumor regression by RS domain containing peptide.

Regulation of SMARl promoter by p53
SMAR1 gene maps to the 16q24.3 locus in human
chromosome 16 and loss of heterozygosity of this locus is
reported in breast, prostate and colon carcinomas. These
reports raised an important point that SMAR1 can act as a
potent tumor suppressor. Earlier we observed that in
majority of the breast cancer cell lines, SMAR1 is
downregulated. It raised a point that there must be some
fine tuned regulation of this tumor suppressor. In cancer,
loss of SMAR1 promoter activity might cause the cells to
enter into abnormal cell cycle regulation. We hypothesized
that the promoter activity of SMAR1 may be directly linked
to the cellular stress like DNA damage. To further elucidate
the regulation of SMAR1 under various stresses, SMAR1
promoter in human and mouse genome was mapped and

cloned in luciferase reporter system. Interestingly, we
observed that SMAR1 expression is drastically increased
upon DNA damage induced by a Topo-II activating drug like
Doxorubicin (Fig. 2). Further we find that upregulation of
SMAR1 by Doxorubicin is dependent upon expression of
WT p53. It is reported that Doxorubicin causes cell cycle
arrest specifically at G1-S phase. So we further
investigated whether the expression of SMAR1 can be
correlated with cell cycle progression. Interestingly, we
found that Doxorubicin induced SMAR1 expression results
G1-S arrest and the effect is obliterated upon introduction
of siRNA against SMAR1. These results thus suggest that
SMAR1 expression is induced in response to DNA damage
and prevent cell death by allowing cells to repair the
damage. In the cases of p53 mutations, this effect is
perturbed causing cells to enter into proliferation rather
than arrest.
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Fig.2 A. Anticancer drug Doxorubicine uregulates SMARl, indicating direct interaction ofSMARl with MDM2. B. SMARI has been shown to
form a triple complex with both Serine15-p53 phosphorylated form and MDM2. We are testing significance of this triple complex in the regulation
of cell cycle.

SMARl directly interacts with MDM2 and sequesters
pS3 function
In normal cells, p53 activity is tightly controlled and MDM2
is a known negative regulator. Our recent results show that
SMAR1 binds to the amino terminal domain of p53
implicating phosphorylation of p53. Interestingly, SMAR1
interacted with ser-15 phosphorylated p53 remained
bound endogenously to MDM2 and upon external stimuli!
ectopic expression, SMAR1 remained bound to MDM2. In
p53/ MDM2-null cell line, SMAR1 repressed p53 target
promoters whose p53-binding elements were required for
the repression. Coexpression of SMAR1 and MDM2 led to
further repression. This repression was selective for p53
target promoters whose expression is triggered during

apoptosis. p53 expression in null line induced apoptosis
and SMAR1 expression relieved this effect. The effect
could be explained by inhibition of acetylation of p53 by
synergistic action of SMAR1 and MDM2. Collectively, our
data reveal SMAR1 as a novel regulator of p53 mediated
repression of target genes (Fig. 2).
Future work:
1. To further analyze tumor suppressor p53 mediated
regulation of SMAR1 promoter in cancer patients.
2.

Identification
and characterization
of SMAR1
interacting partners by yeast two hybrid and direct
binding assays.
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Molecular mechanism of osteopontin (OPN) regulated
NIKlNFKB dependent promatrix metalloproteinase-9 activation
through MAPKlIKK signaling pathway and its role in
melanoma progression
Participants: Hema Rangaswami, SRF • Goutam Chakraborty, SRF • Pallavi Bapat, SRF
• Shalini Jain, JRF • Mansoor Ahmed, JRF • Reeti Behera, JRF • Deepak Patil, JRF
• Poonam Baloochi, M. Sc. student. Shefali Talwar, M. Sc. student
• Madhumita Pradhan, Project student. Anuradha Bulbule, Technician

Abstract and Background:
We have demonstrated that osteopontin (OPN) induces nuclear factor KB (NFKB)-mediated
promatrix metalloproteinase-2 activation through IKBa/IKK signaling pathways. However, the
molecular mechanism(s) by which OPN regulates pro-matrix metalloproteinase-9 (pro-MMP9) activation, MMP-9 dependent cell motility and tumor growth and involvement of upstream
kinases in regulation of these processes in murine melanoma cells are not well defined. Here
we report that OPN induces avf33 integrin-mediated phosphorylation and activation of nuclear
factor inducing kinase (NIK) and enhances the interaction between phosphorylated NIK and
IKBa kinase a/f3 (lKKa/f3) in melanoma (B16F10) cells. OPN induces NIK dependent NFKB
activation through ERKlIKKa/f3-mediated pathways. Furthermore, OPN enhances NIK
regulated urokinase type plasminogen activator (uPA) secretion, uPA dependent pro-MMP-9
activation, cell motility and tumor growth. These data demonstrated that NIK plays crucial role
in OPN-induced NFKB activation, uPA secretion and pro-MMP-9 activation through
MAPKlIKKa/f3-mediated pathways and all of these ultimately control the cell motility,
invasiveness and tumor growth.
Aims:
1. To examine whether OPN induces aVf33-mediated NIK phosphorylation and kinase
activity in murine melanoma cells.
2. To study whether OPN regulates the interaction between phosphorylated NIK and IKKa/f3
and whether NIK plays any role in OPN-induced MEK1/ERK1/2 phosphorylation in these
cells.
3. To analyze whether OPN enhances NIK dependent NFkB transactivation through IKKa/f3
and ERK1/2 pathways.
4. To investigate whether NIK is involved in OPN-induced uPA secretion, uPA dependent
MMP-9 activation, cell motility and tumor growth and to analyze whether there is any
cross talk between OPN-induced MMP-2 and MMP-9 activation.
5. To delineate a functional molecular link between OPN-induced NIK dependent NFKB
transactivation leading to uPA dependent MMP-9 activation and the potential role of
these signaling molecules in regulating cell motility and tumor growth.
Work Achieved:

I
I
j

I

L

I

We have shown that OPN induces avf33 integrin-mediated NIK activation and phosphorylation
and its subsequent interaction with IKKa/f3 in B16F10 cells. Moreover, NIK is involved in OPNinduced MEK-1 and ERK1/2 phosphorylations in these cells. OPN induces NIK dependent
NFKB activation through ERKlIKKa/f3-mediated pathways. Furthermore, NIK plays pivotal role
in regulating OPN-stimulated uPA secretion, uPA dependent pro-MMP-9 activation, cell
motility and tumor growth. Wild type NIK, IKKa/f3 and ERK1/2 enhanced and kinase negative
NIK (mut NIK), dominant negative IKKa/f3 (dn IKKa/(3) and dn ERK1/2 suppressed the OPNinduced NFKB activation, uPA secretion, pro-MMP-9 activation, cell motility and
chemoinvasion. Pretreatment of cells with anti-MMP-2 antibody along with anti-MMP-9
antibody drastically inhibited the OPN-induced cell migration and chemoinvasion whereas
cells pretreated with anti-MMP-2 antibody had no effect on OPN-induced pro-MMP-9
activation suggesting that OPN induces pro-MMP-2 and pro-MMP-9 activations through two
distinct mechanistic pathways. The level of active MMP-9 in the OPN-induced tumor was
higher compared with control. Taken together, OPN induces cell migration, tumor growth and
NIKdependent NFKB-mediated uPAsecretion and pro-MMP-9 activation by activating IKKand
ERKsignaling pathways.
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Fig. 1 A, OPN stimulates NIK phosphorylation. B l6F 10 cells were treated with OPN for 0-30 min. The ceillysates were analyzed by Western blot
using anti-phospho NIK antibody (upper panel A). The blots were reprobed with anti-NIK (middle panel A) or anti-actin antibody (lower panel A)
as loading controls. B, OPN induces the interaction between phosphorylated NIK and IKK. The cells were treated with OPN. In separate
experiments, cells were transfected with wt or kinase negative NIK and then treated with OPN. Celllysates were immunoprecipitated with antiIKKa./~ antibody. Halfofthe samples were immunoblotted with anti-phospho-NIK antibody (upper panel B) and other halfwas analyzed by antiIKKa./~ antibody (lower panel B). C, OPN induces NIK activity. Cells were treated with OPN and celllysates were immunoprecipitated with antiNIK antibody and used for kinase assay using IKK as substrate (upper panel C). Samples were also immunoblotted with anti-NIK or anti-Ik.Ko/B
antibody. D, NIK is required for OPN induced IKBa. phosphorylation and degradation? The cells were either treated with OPN or transfected with
wild type or kinase negative NIK and then treated with OPN. Ceillysates were analyzed by Western blot using anti-phospho-Ixbu
ntibody (upper
panel D). The same blots were reprobed with anti-IKBa. (middle panel D) or anti-actin (lower panel D) antibody. E, OPN induces NIK dependent
ERKI/2 phosphorylations. Cells were transfected with wild type and kinase negative NIK and then stimulated with OPN. Celllysates were
analyzed by Western blot using anti-phospho-ERK I/2 (upper panel E) antibody. The same blots were repro bed with anti- ERK I/2 (lower panel E)
antibody. The bands were analyzed densitometrically and the fold changes were calculated.
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Fig. 3 A, OPN stimulates NIK dependent pro-MMP-9 activation. Cells were individually transfected with wild type and kinase negative NIK or
super repressor form of IKBa and then treated with OPN. The conditioned media were collected and MMP-9 activity was analyzed by gelatin
zymography (panel A). B, OPN stimulates ERKI /2 dependent uPA secretion. The cells were treated with OPN or transfected with wild type and dn
ERKI and ERK2 and then treated with OPN. The level of uPA in the celllysates was detected by Western blot using anti-uPA antibody. The same
blots were reprobed with anti-actin antibody as loading control (lower panel B). C, uPA is required in OPN-induced pro-MMP-9 activation. Cells
were pretreated with anti-uPA antibody and then treated with OPN. The conditioned media was collected and the MMP-9 activity was analyzed by
zymography (panel C). The arrows indicate both 92- and 86-kDa MMP-9 specific bands. D, OPN-induced pro-MMP-9 activation is distinct from
pro-MMP-2 activation. Cells were pretreated with anti-MMP-2 antibody and then treated with OPN. The level ofMMP-9 was detected by Western
blot using anti-MMP-9 antibody. Note that OPN induced MMP-9 activation is unaffected by anti-MMP-2 antibody. E, NIK is involved in OPNstimulated uPA and MMP-9 dependent cell migration. The migration assay was conducted either by using untreated cells or cells pretreated with
anti-MMP-9 antibody or anti-uPA antibody. In separate experiments, cells were transfected with wild type and kinase negative NIK or superrepressor form ofIKBa. The purified human OPN was added in the upper chamber. The treated or transfected cells were used for migration assays.
F, Both MMP-2 and MMP-9 play important roles in OPN-induced cell migration. The migration assays were performed either by using untreated
cells or cells pretreated with anti-MMP-2 or anti-MMP-9 antibody or a combination of both. The purified human OPN was added in the upper
chamber. The results are expressed as the means ± S.E. of three determinations.
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which activates NFKB through phosphorylation and degradation of IKBa. In addition, NIK in presence of OPN induces MEK-I/ERKI/2
phosphorylation which also activates NFKB. OPN stimulates NIK dependent IKKlMAPK-mediated uPA secretion, which regulates pro-MMP-9
activation, cell motility, invasion and tumor growth.

Future Plan:
The potential role of NIK in regulating OPN-induced
transcription factor-mediated melanoma progression and
metastasis will be studied.

)

Differential role of JNKI in regulating melanoma growth and
NIKIMEKKl-mediated AP-l-dependent uPA secretion and
promatrix metalloproteinase-9 activation in response to OPN

Abstract and Background:
We have recently reported that nuclear factor-inducing kinase (NIK) plays a crucial role in
osteopontin (OPN)-induced MAPKlIKBa kinase-dependent nuclear factor KB (NFKB)mediated promatrix metalloproteinase-9 activation. However, the molecular mechanism(s) by
which OPN regulates NIKIMEKK1-dependent AP-1-mediated promatrix metalloproteinase-9
activation and whether JNK1 plays any role in regulating both these pathways that control the
cell motility are not well defined. Our data indicated that OPN induces both NIK and MEKK1mediated c-Jun expression leading to AP-1 transactivation and uPA dependent MMP-9
activation in B16F10 cells. OPN also regulates a negative crosstalk between MEKK1JJNK1
and NIKIERK pathways. Taken together, OPN induces uPA dependent pro-MMP-9 activation,
cell motility and tumor growth through both NIK and MEKK1-mediated c-Jun expression and
JNK1 plays a differential role in modulating these processes.
Aims:
1.
2.

3.

To investigate whether OPN induces JNK1 activation and whether both NIK and
MEKK1 are involved in regulation ofthis process.
To examine the role of OPN in regulating NIKIMEKK1 dependent AP-1 transactivation
leading to uPA dependent MMP-9 activation and to determine the differential role of
JNK1 in modulating both these pathways.
To delineate whether there is any cross talk between NIKIERK and MEKK1JJNK1
pathways which ultimately control the cell motility, invasiveness and melanoma
growth.

Work Achieved:
Our results showed that OPN induces av133 integrin-mediated MEKK1 phosphorylation and
MEKK1 dependent JNK1 phosphorylation and activation. Overexpression of NIK enhances
OPN-induced c-Jun expression, whereas overexpressed NIK had no role in OPN-induced JNK1
phosphorylation and activation. Sustained activation of JNK1 by overexpression of wild type
but not kinase negative MEKK1 resulted in suppression of ERK activation. But this did not
affect the OPN-induced NIK-dependent ERKactivation. OPN stimulated both NIKand MEKK1dependent c-Jun expression leading to AP-1 activation whereas NIK-dependent AP-1
activation is independent of JNK. OPN also enhanced JNK-dependent/independent AP-1mediated uPAsecretion, uPAdependent pro-MMP-9 activation, cell motility and invasion. OPN
stimulates tumor growth and the levels of c-Jun, AP-1, uPA and MMP-9 were higher in OPNinduced tumor compared with control. This is first report that OPN induces NIK-dependent
JNK-dependent/independent
AP-1-mediated pro-MMP-9 activation and regulates the
negative cross talk between NIKIERK and MEKK1JJNK pathways which ultimately control the
cell motility, invasiveness and tumor growth. These findings may be useful in designing novel
therapeutic interventions that block the OPN-regulated NIK and MEKK1-dependent c-Jun
expression and AP-1 transactivation through differential activation of JNK1 resulting in
reduction of uPA secretion and MMP-9 activation and consequent blocking of cell motility,
invasiveness and metastatic spread of malignant melanoma.
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Future Plan:
The molecular mechanism by which OPN controls
melanoma growth and metastasis by regulating MelCAM
expression and the cross talk with other kinases/receptors
will be further delineated.

Signaling pathways in receptor mediated cell death in 2D and 3D
cultures derived from human glioma cells

Participants:

-

Padma Shastry
padma@nccs.res.in

IIII-

Sudheer Kumar, SRF • Vandna Prasad, SRF • Jayashree C. Jagtap. Technician

Collaborator: Dr Anjali Shiras, NCCS

Abstract and background:
Gliomas are the most common primary brain tumors in adults. These tumors are highly
aggressive and prognosis of patients remains extremely poor. The conventional twodimensional cultures (monolayers) do not appropriately represent in vivo conditions oftumors.
Multicellular spheroids or three-dimensional aggregates resemble more closely the in vivo
situation with regard to cell shape and tumor cell environment, which in turn can affect the
gene expression and biological behavior of the cells and therefore serve as ideal in vitro model
in studies involving tumor progression, proliferation, gene expression and in responses to
chemotherapeutic agents.
Aims:
1.

2.

To understand the molecular mechanisms of death receptors (TNFR1, TRAIL R1, TRAIL
R2, and Fas) mediated signaling pathways in spheroids and monolayers derived from
human glioma cell lines.
To investigate the role of pro-apoptotic and anti-apoptotic molecules in death
receptors (TNFR1, TRAIL R1, TRAIL R2, and Fas) mediated signaling pathways in the
two culture systems.

Work achieved:
Our studies on expression of a panel of receptors revealed that spheroids had higher levels of
TNFRI, TRAIL R1 and TRAIL R2 as compared to monolayers (Fig.1). The 3D cultures were more
sensitive to TRAIL R2 induced apoptosis. There was no significant difference in the expression
of Fas and accordingly the Fas ligand induced cell death was comparable in the two culture
systems. The cell line was resistant to cell death byTNF-a. Dose and time dependent response
to TNF-a showed an inhibition of proliferation in the cells in both the culture systems. Cell
cycle analysis by flowcytometry showed the arrest of cells in GO/G1 phase of cell cycle. The
effect was significantly higher in spheroids compared to monolayers. Studies using Confocal
Laser Scanning Microscopy showed high expression ofTNFR1 while TNFR2 was not detectable
(Fig.1). TNF-a exerts its biological effects by binding to its receptors TNFR1 or TNFR2.
Experiments using agonistic and neutralizing antibodies indicated that the growth arrest was
mediated by TNFRI (Fig. 2). As TNF-a induced effect is mediated by NFKB pathway, we have
now established a double mutant IKB cell line and treatment with TNF-a induced cell death in
the cell line.
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Future Work:
The roles of other survival pathways in inducing growth
arrest are currently under investigation. Further studies are
aimed at investigating the role of NFKB family proteins in
signaling leading to cell death and proliferation in this
system.

agonistic antibody of proliferation
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Elucidation of molecular mechanisms in ROS triggered
apoptosis in leukemic cells

Participants: Vandna Prasad, SRF • P Sudheer Kumar, SRF. Jayashree Jagtap, Technician

Abstract and background:
Apoptosis or programmed cell death is a process of orderly initiation and completion of cell
death through activation and/or synthesis of gene products necessary for cell destruction.
Defects in apoptosis signaling may enhance tumor progression and promote metastasis.
Apoptosis becomes an important phenomenon in cancer chemotherapy because most of the
anticancer drugs exert their effect against cancer cells by inducing apoptosis, thus checking
the uncontrolled growth of cancer cells. Reactive Oxygen Species (ROS) have been reported to
be key regulatory switches and participate in the signaling processes that regulate cell growth,
transformation and apoptosis by functioning as second messengers. An understanding of the
cellular events leading to apoptosis induced by ROS poses importance for the design of new
chemotherapeutic agents directed against the types of leukemias and lymphomas that are
resistant to currently used chemotherapeutic protocols.
Aims:
1. To investigate the role of Reactive Oxygen Species (ROS) in beta carotene induced
apoptosis.
2. To delineate the pathways involving caspases, mitochondrial and/or cell death receptors
during beta carotene induced apoptosis.
Work achieved:
Molt 4, a human T cell line, was used as an in vitro model system to study the effect of beta
carotene on leukemia. Molt 4 cells showed a dose and time dependent response to beta
carotene in terms of both inhibition of proliferation and induction of apoptosis. The apoptosis
induced was essentially dependent on caspases and involves sequential activation of caspase
cascade. Both the intrinsic and the extrinsic pathway were activated as observed by the
activation of caspase 9 and caspase 8 with extensive cross talk between the two pathways
that was mediated by a pro-apoptotic protein bid (Fig 1). The apoptosis induced by beta
carotene also involved generation of reactive oxygen species (ROS) as an early event
suggesting its role as signal transducer (Fig 2). High levels of ROS generated during the
apoptosis also triggered caspase 2 activation which functioned as an initiator caspase leading
to simultaneous activation of both caspase 8 and caspase 9 mediated pathways (Fig 3). The
results obtained support a pharmacological role for beta-carotene as a candidate antitumor
agent and show a possible sequence of molecular events by which this molecule may induce
apoptosis in tumor cells.
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Future work:
Bcl2 family members composed of both pro and anti
apoptotic proteins are known to function as the critical

regulator of apoptosis. Further study will focus on the
mechanisms of the Bcl2 family proteins that affect
apoptosis triggered by ROS.

Understanding mechanisms of transformation elicited by
a novel 600bp noncoding RNA gene - M3TR

Participants:

Rajendra Prasad, SRF • Varsha Shepal, Technician

Collaborator:

Dr. L. C. Padhy, TIFR, Mumbai.

Anjali Shiras
anjalishiras@nccs.res.in

Abstract and background:
The ncRNA's constitute RNA's that are not translated into proteins. Around 98% of the higher
euckaryotic transcriptome, including humans is comprised of ncRNA . The ncRNA's are
present in organisms ranging from bacteria to mammals,
and affect a large variety of
processes including plasmid replication,
phage development,
bacterial virulence,
chromosome structure, DNA transcription, RNA processing and modification, dosage
compensation, genomic imprinting, and development control. Our group has identified a
600bp cDNA from Clone M3 -a mouse melanoma cell line. The cDNA clone referred to as
M3TR, does not encode for any long functional ORF. Interestingly, the M3TR gene possesses
ability to transform in vitro and induce tumorigenicity in vivo.
Aims:
1.
2.
3.

Molecular characterization ofthe M3TR RNA
Study ofthe biological function ofthe M3TR RNA
Understanding the mechanism of gene regulation and cell signaling mediated by M3TR
RNA.

Work achieved:
The M3TR gene identified by us from mouse melanoma cells was a partial cDNA clone as
demonstrated by the Northern hybridization data. The human homologue of the mouse cDNA
was identified, cloned and sequenced. The sequence and function ofthe gene was found to be
conserved across species ranging from rodents to human. The 5' and 3' RACEstrategies were
employed to acquire a full length human clone. The RACEgenerated clone was re-cloned in
hygromycin expression vector pCEP4 and used in transfection assays to study the biological
function. The human gene was found to possess similar transforming potential as the mouse
homologue. Experiments were directed towards understanding the mechanisms of
transformation elicited by this molecule. The experimental work demonstrated that the gene
could act as a SiRNA and create genomic instability within the chromosome. This genomic
instability was evident by the Inter- ( simple sequence repeat) ISSR -PCR using dinucleotide
repeat primers in the SiRNA transfected cells. Also, there was an increase in nuclear
accumulation of p53, phospho-p53 and an aberrant expression of Aurora Kinases like ARK-1
and beta and gamma tubulins in the transiently and stably transfected cells (Fig. 1). A
significant increase in p53 and AP-1 activity (to the extent of 3 fold) was evident In luciferase
enhacer assays in the transiently transfected cells (Fig. 2). The induction of chromosomal
instability appears to be important in the transforming function elicited by this molecule.
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Fig. I Immunostaining

for ARKI (A) , gamma tubulin (B), delta tubulin (C) , and p-p53 in M3TR transfected cells.
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Fig. 2 Luciferase Enhancer assays with vector control, M3TR (S) and M3TR (R) constructs

Future work:
1.
2.

Studies on localization of the gene on human
chromosomes.
Furthering the study on understanding the mechanism
of gene regulation and cell signaling elicited by the
human M3TR gene.

Studies on a bi-potent cell-lines with stem cell features derived
from a human neuro-epithelial tumor

Participants:
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Anjali Shiras
anjalishiras@nccs.res.in
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Chettiar Sivarajan, JRF • Ganesh Kumar R., JRF • Varsha Shepal, Technician

Collaborators:

Dr. Padma Shastry, NCCS, Pune • Dr. Ravi Sirdeshmukh, CCMB, Hyderabad

Abstract and background:
We have established a rapidly proliferating, anchorage independent, highly tumorigenic and
invasive cell-line Human Neural Glial Cell-line (HNGC-2) from a glioma patient. An interesting
feature of this cell line is that it expresses early neural stem cell-like markers such as nestin
and CD133. The cell line displays co-expression of neuronal precursor I progenitor markers
like vimentin, Neurofilament proteins (NFPs), P III tubulin (Tuj 1 ), microtubule associated
protein (MAP2 ) with astrocytic differentiation markers Glial fibrillary acidic protein (GFAP)and
S100 beta. The stem cell feature of this cell-line has prompted us to exploit this cell line for
studies towards better understanding of the cellular and molecular mechanisms in neural
differentiation.
Aims:
1.
2.
3.

Characterization of the cell-lines HNGC-l and HNGC-2 in relation to their growth
properties and stem cell features.
Comparative proteomics of HNGC-l and HNGC-2 cell-lines. Identification of differentially
expressed proteins and their examination in low and high grade primary tumors
Decipheringthe possible mechanisms oftransformation and stem cell signaling pathways
in Glioblastoma.

Work Achieved:
The cell-line HNGC-l developed from human glioma contained progenitor cells with
characteristics similar to neural Stem Cells. The progenitor cells expressed various Neuroepithelial stem cell markers-like Nestin, CD133, Musashi, melk, Hes2 and Bmil as analyzed
at the RNA and protein level. The cancer stem cell-line HNGC-2 cell-line was found to be highly
tumorigenic and invasive in vivo. The cell-line on intracranial injection could invade meninges
and ventricular zone of the brain within 4-5 days (Fig. 1). The invaded cells were positive for
GFAPin situ and could form in vivo tumor resembling the tumor from which it was derived (Fig.
2). The cells in culture were able to form proliferating neurospheres that could be passaged at
low clonal density and could get differentiated into cells with characteristics of neurons and
glia. Experimental work using dominant negative constructs have demonstrated the
involvement of the Notch and RAS signaling pathways in transformation of HNGC-l to HNGC-

2.

Fig. 1 Invasion of HNGC-2 GFP cells in tissue sections of brain meninges (A) immunostained
antibody (B).
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Fig. 2 GFP positive tumor cells in situ (A) exhibiting positivity towards expression ofGFAP(B)

Future Work:
1. Characterization ofthe cancer stem cell-lines HNGC-1
and HNGC-2 cell-lines
in terms of their
protein
profiles and annotations of the expressed proteins to
examine their relationship in depth with glial (or
neuronal) cell lineage.
2. Study expression of select genes at the mRNA level for
complementing protein expression studies with HNGC1 and HNGC-2 cell lines using DNA micro-array
approach.
3. Investigation into the lineage specific differentiation
potential of HNGC-2 into the neuronal, glial or
oligodendrocyte cell types and determine conditions
that would define its maturation.

Cloning, characterization and gene expression studies with a
newly identified transcriptional activator Dlxin-l: Study of its
role in cell cycle progression and growth regulation

Participants:

--

AnjaJi Shiras
anjalishiras@nccs.res.in

-

ffff-

E. Maheswara Reddy, SRF

Abstract and Background:
Dlxin-1, a unique member of the necdin/melanoma associated antigen gene (MAGE)family, is
a novel protein that binds Dlxin-5 and regulates its transcriptional function. The partial Dlxin-1
cDNA was cloned from mouse embryos, and characterized for tissue-specific expression
studies using Northern and RT-PCR analyses. On ectopic expression the Dlxin-1 cDNA was
found to induce growth suppression in NIH3T3 cells. This could be due to the close homology
shared by Dlxin-1 with necdin, a neuron-specific growth suppressor.
Aims:
1.
2.

3.

Expression cloning and characterization of full-length Dlxin-1 cDNA from
mouse
embryos.
Cloning of the individual MHD/NHD (MAGEINecdin homology domain) and WQXPXX
domains of the Dlxin-1 gene and ectopic expression studies using these individual
domains to study their functional interaction with other regulatory proteins like p75NTR,
DLX/MSX Homeodomain proteins.
Studies on the role of Dlxin-1 in cell growth arrest and differentiation in PC12 cells.

Work achieved:
The full-length cDNA was cloned from mouse embryos and found to be a 2.64 Kb transcript by
Northern analyses. The cDNA clone was found to induce growth inhibition in NIH3T3 cells as
assayed by growth kinetics. PC12 a model cell-line used for studying neuronal function was
used in these studies. The Dlxin-1 transfected PC12 cells exhibited accelerated differentiation
and neurite extension in response to nerve growth factor treatment (fig 1). The transfected
cells also showed a predominant expression of Necdin in cytoplasm (fig 2). Earlier studies have
shown that necdin was found to be capable of homodimerization, suggesting that it may act as
a cytoplasmic adaptorto recruit a signaling complex to p75 Neurotrophin receptor.
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Dlxin-1

Vector
Fig.l Dlxin-\ accelerates the differentiation
NGF.

of PC12 cells. PC12 cells were transfected with vector and Dlxin-I and incubated in 50 ng/ml

Fig.2 Necdin expression in PC 12 cells transfected with Dlxin-I

Future Work:
The study would be focused on understanding the
functional role of Dlxin-l in regulation of cell proliferation in
neuronal cell-lines.
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Investigation of mitochondrial dysfunstion, oxidative damage
and apoptotic cell death stress mechanism as a critical pathway
in cardiomyocyte death induced by hyperinsulinemia/
hyperglycemia

Participants:

-

Sandhya Sitasawad ~
t-ssitaswad@nccs.res.in

Sandeep Kumar, JRF • Santosh Kumar, JRF • Tanuja Bankar, Technician

Abstract and background:
Diabetic cardiomyopathy affecting the cardiac system, is among the most frequent
complications of diabetes. The etiology and the underlying mechanisms are as yet unclear.
Recent studies showed that the incidence of apoptosis increases in the heart of patients with
diabetes and STZ-induced diabetic animals. Clinical studies established a significant
correlation between the control of patient's blood glucose level and the severity ofthe damage
to the cardiac system.
Mitochondria play an important role in apoptosis under a variety of proapoptotic conditions,
such as oxidative stress. Reactive oxygen species (ROS) and reactive nitrogen species (RNS)
have been proposed to participate in the high glucose-induced cardiac apoptotic cell death.
Among apoptotic stimuli, ROS have been shown to cause mitochondrial cytochrome c release
and activation of caspase-3. A correlation between ROS generation and the pathogenesis of
various diabetic complications has been observed. However, the source and mechanism of
ROS induction are unclear. There are no studies on the direct measurement of ROSgeneration
during high glucose treatment. Such direct measures are needed to clarify important
questions that remain regarding the role of ROS as inducing agents, including their source,
where they are metabolized, and the relative contributions of different oxidant species to the
high glucose-induced cardiac cell death.
The purpose of ~ur study is therefore to investigate the role of mitochondrial ROS and/or RNS
in the induction of high glucose-induced cardiac cell death, and to clarify which ROS and/or
RNS are required for the cell death response. For this study, we are using the embryonic, rat,
cardiac muscle cell line, H9C2/in H9c2.
Aims:
1.
2.

3.

To investigate the role of mitochondrial ROS and RNS in the induction of
hyperglycemia-induced myocardial apoptosis .
To clarify which ROS and RNS are required for the cell death response (signaling
pathways) including their source using STZ diabetic mice and H9c2 rat cardiac
myoblast cells.
To characterize the mitochondrial Ca2+ influx and efflux mechanisms in cardiac
muscle cells and determine how these mechanisms regulate excitation-contraction
coupling ultimately leading to new insights for therapy, the involvement/role of Ca2 +
channels and the various subtypes of voltage-sensitive calcium channels (VSCCs)viz Ltype (nifedipine-sensitive), N-type (omega-conotoxin GVIA-sensitive), and N- and P/Qtype (omega-conotoxin MVIIC-sensitive) will be studied using specific inhibitors.

Work achieved:
We tested whether treatment with high glucose induces apoptotic cell death by generating
mitochondrial ROS and/or by RNS. In order to test this hypothesis, we cultured rat
cardiomyoblastic H9C2 cells under normoglycemic (5.5 mM) and hyperglycemic (22, 33 mM)
conditions for varying time periods. Exposure of H9C2 cells to high glucose resulted in cell
death in a dose and time dependent manner. Similar decrease in viability was also observed
after incubation of the cells with non-metabolisable 3-0-Methyl glucose. Increase in
contraction was observed in glucose treated versus isolated rat neonatal cardiomyocytes.
Brief exposure of H9C2 cells to high glucose resulted in increase in ROSoxidation ofthe probe
dichlorofluorescin (sensitive to H202), and the oxidation of dihydrorhodamine 123 (sensitive
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to ONOO-) but only moderate or no increase in oxidation of
dihydroethidine (sensitive to 02-), and NO as detected by
Griess reagent. Exposure of cells to high glucose also
induced a change in mitochondrial membrane potential as
evidenced by oxidation of the fluorescent probe JC-1 and
RH 123. Conversely, DCF oxidation signal, mitochondrial
membrane potential and cell death during hyperglycemia
was attenuated with the antioxidant enzymes SOD,
Catalase and reduced glutathione (GSH). Addition of 50
IlM H202 to the cells also induced cell death. The NAD(P)H
oxidase inhibitor diphenyleneiodonium, cytosolic CU,Znsuperoxide dismutase inhibitor diethyldithiocarbamic acid,
and the anion channel inhibitor 4,4'-diisothiocyanatostilbene-2,2'-disulfonate,
attenuated the DCF oxidation
signal and also abrogated cell death. ROS generation
during high glucose treatment was attenuated by a site I
electron transport inhibitor rotenone, but not by a site III

Intracellular

I

DCF-DA

electron transport inhibitor myxothiazol which did not show
protection. We conclude that high glucose increases
mitochondrial superoxide generation which initiates cell
death. Furthermore, mitochondrial anion channels and
cytosolic dismutation to H202 as well as peroxynitrate
formation may be important steps for oxidant induction of
high glucose-induced cardiac cell death.
Further to study the effect of insulin on poor glycemic
control (PC) and good glycemic control (GC) and
therapeutic potential of multiple anti-oxidants on oxidative
and nitrative stress in diabetic rat, rats are made diabetic
by STZ injections and insulin in one group and multiple
antioxidant mixture in another is being given to the rats for
12-14 months. Cardiac function using Millar transducer
catheters and role of oxidative and nitrosative stress in
these conditions is being studied. Further we will study the
role of calcium in diabetic cardiomyopathy.

ROS and RNS Generation and changes in trans membrane
potential mtA0 during High Glucose treatment

I
a (1.95)
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c(2S.27)

,0'

to'

ID<

DHR-123

a
b (5.14)
c(26.97)

0

100

10'

10'

Fig. 1 Intracellular ROS and RNS Generation and Change in 11MMitochondrial Membrane Potential during High Glucose Treatment - Cells were
treated with (a) 5.5 mM glucose, (b) 33 mM glucose and 50 M H20, for 30 min. Role ofROS ad RNS generation was studied by measuring the
change in fluorescence intensity by FACScan and confocal microscopy using DCF fluorescence indicative of H202 generation, DHE
fluorescence indicative of 0,' generation and DHR-123
fluorescence indicative of ONOO during high glucose treatment. Change in
mitochondrial trans-membrane potential was examined by confocal microscopy with Rhodamine 123 and JC-l staining.
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Role of Oxidative Stress in High Glucose
treatment
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Role of Nitrosative Stress
in High Glucose treatment
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Fig.2. Involvement of oxidative stress in high glucose-induced apoptosis. Cells were treated with 5.5 and 33 mM D-Glucose for 30 min and DCF
fluorescence was studied by FACS. Cells were treated for 72 hand apoptosis was measured by TUNEL assay and expressed as percentage of
the untreated controls. Data represent mean ± S.E. of three experiments. B. Glucose induced changes in H9c2 morphology. Shown areA)
phase -contrast views and B) PI staining and C) Measurement of MMP ofH9c2 cells cultured for 72 hours in (a) 5.5 mmollL D-Glucose
(b)
serum-free medium containing 33 mmoJlLD Glucose (c) 33 mmoJlLD Glucose + lOOU SOD (d) 33 mmollL D Glucose + lOOU CAT (e) 33
mmoJlL D Glucose + 100 umol/l GSH (c). Note the contracted morphology of the Glucose treated cells. Rounded, floating cells can be
seen above the plane of focus.
Involvement ofNitrosative stress in high glucose-induced cell death. Cells were treated with 5.5 and 33 mM D-Glucose for 72 h. cell death
apoptosis was measured by MTT assay and expressed as percentage of the untreated controls. Data represent mean ± S.E. of three
experiments. A. Involvement of nitric oxide. B. Involvement of peroxynitrite.
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Fig.3 Role ofNAOH and mitochondrial electron transport chain, cytosolic superoxide dismutase and anion channels. Effect ofOPI, rotenone or
myxothiazol, DOC and OIDS on OCFH oxidation and cell death during high glucose treatment. OPI (10 ~M) and rotenone (20 ~M) had a
significant inhibitory effect on OCFH oxidation during 30 min of high glucose treatment. By contrast, myxothiazol produced a dose-dependent
increase of OCFH oxidation during high glucose treatment, thus suggesting that ROS generation during high glucose treatment appears to
originate from the mitochondrial electron transport chain. Increase in fluorescence intensity and cell death during high glucose treatment was
attenuated by addition of DOC (I mM) indicating that cytosolic Cu-Zn-SOO is involved in metabolizing superoxide generated by high glucose
treatment to H,O,. Also addition of the anion channel inhibitor OIDS (200 ~M), abolished ROS generation and cell death thus suggesting that
anion channels are an important component in the pathway from mitochondrial ROS generation to cell death.

Future work:
1. Characterization of high glucose induced mitochondrial
ROS, RNS and Ca2+ influx and efflux mechanisms in
cardiac muscle cells and determine how these
mechanisms regulate excitation-contraction coupling
ultimately
leading to new insights for therapy using
various specific calcium anion channel blockers.
2. Study signaling pathways involved both in vitro and in
vivo using specific inhibitors.
3. Study the effect of good glycemic control and
therapeutic potential of multiple anti-oxidants on
oxidative and nitrative stress in diabetic mice/rat.
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Role of tyrosine kinase, p56lck in regulation of Ras-mediated ERK
activation leading to AP-l transactivation in breast cancer cells

Participants:

Ganapati H.M, Ph. D awarded.

Riku Das, Thesis submitted

Abstract and Background:
Reactive oxygen species (ROS) are normal metabolic by-products and intermediates found in
many physiological processes. Signal transduction by reactive oxygen species (ROS)
generated by hypoxia/reoxygenation, H202 or any other sources has recently become an
important target in cellular biological studies. ROS have been increasingly recognized as
critical
components
in disease and stress-induced
cellular
injuries such as
ischemia/reperfusion, UV irradiation and inflammation. The molecular mechanism by which
p56lck,
a member of non-receptor
protein tyrosine
kinase in presence
of
hypoxia/reoxygenation (H/R) regulates epidermal growth factor receptor (EGFR)-mediated Ras
activation and Ras/ERK dependent AP-l transactivation through expressions of c-Jun and cFos and cell proliferation in human breast cancer cells are not well defined. We have
demonstrated that H/R induced Lck-dependent EGF receptor transactivation and Ras/Raf
activation in MCF-7 and MDA-MB-231 cells. Lck in presence of H/R induced EGFreceptor and
Ras dependent MEK-l-mediated ERK1/2 activation, c-jun promoter activity and c-Jun and cFos expression. Lck enhanced Ras/ERK dependent AP-l transactivation and cell proliferation.
Finally, these data demonstrated that Lck in presence of H/R regulates Ras/MEK dependent cJun and c-Fos expression and AP-l activation and further demonstrated that all these
signaling molecules ultimately control the proliferation of breast cancer cells.
Aims:
1. To examine the effect of hypoxia/reoxygenation (H/R) on p561ck activation and p561ck
dependent EGF receptor transactivation in low (MCF-7) and highly (MDA-MB-231)
invasive breast cancer cells
2. To investigate the role of p561ck on EGF receptor dependent Ras/Raf activation and
Ras/Raf dependent MEK-mediated ERKactivation in these cells in presence of H/R
3. To study whether p561ck in presence of H/R regulates c-jun promoter activity and c-Jun
and c-Fos expression followed by AP-l transactivation and how all these signaling
molecules ultimately control the proliferation of breast cancer cells.
Work achieved:
Our data indicated that Lck in presence of H/R stimulates EGF receptor dependent Ras
activation, which leads to the phosphorylation and activation of Raf and simultaneous
interaction between phosphorylated Raf and Ras in highly invasive (MDA-MB-231) and low
invasive (MCF-7) breast cancer cells. H/R stimulates p561ck and EGF receptor dependent
Ras/Raf-mediated MEK-l activation and MEK-l dependent ERK1/2 activation in these cells.
p561ck also induces Ras/ERK-dependent c-jun promoter activity, c-Jun and c-Fos expression,
AP-l-DNA-binding, AP-l transactivation and cell proliferation. Over expression of wild type Lck
enhanced whereas pharmacological and genetic inhibitors of Lck and pharmacological
inhibitors of EGF receptor, Ras and MEK-l suppressed Ras/ERK-dependent c-jun promoter
activity, c-Jun and c-Fos expressions and AP-l activation in presence of H/R. Taken together,
p561ck in presence of H/R regulates EGF receptor dependent Ras/Raf activation and
MEK/ERK-mediated c-Jun and c-Fos expressions and AP-l activation and further
demonstrates that all these signaling molecules ultimately control the proliferation of breast
cancer cells.
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Fig. 1 A, pS6"k in presence ofHIR induces EGFR dependent Raf-l phosphorylation. MDA-MB-23I cells were transiently transfected with wild
type Lck, mutant Lck (F394 or FSOS), ~EGFR or pretreated with inhibitors ofpS6"k or EGF receptor and then induced with HIR. Celllysates were
analyzed by Western blot using anti-phospho Raf-l antibody (upper panel A). The same blots were reprobed with anti-Raf-t antibody as loading
control (lower panel A). B, HIR enhances Ras-Raf-l interaction through pS6"k-EGFR dependent pathway. MDA-MB-23I cells were transfected
with wild type Lck, mutant Lck (F394 or FSOS) and ~EGFRor pretreated with inhibitors ofpS6'" or EGF receptor and then induced with HIR. Cell
lysates were immunoprecipitated with anti-Ras antibody. The immunoprecipitated samples were immunobloted with anti-p-Rafantibody
(upper
panel B) and same blots were reprobed with anti-Ras antibody (lower panel B). C, pS6"k in presence ofHIR stimulates EGF receptor dependent
Raf-l kinase activity. MDA-MB-23I cells were either transiently transfected with wild type Lck, mutant Lck (F394 or FSOS), 0 Lck-273 R,
~EGFR or pretreated with inhibitors ofpS6"k or EGF receptor and then induced with HIR. Celllysates were immunoprecipitated with anti-Raf-t
antibody and kinase assay was performed using MEK-l as substrate (upper panel C). The blots were reprobed with anti-Raf-I antibody (lower
panel C). All of these bands were quantified by densitometric analysis, and the values offold changes are calculated.
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Fig. 2 A, HIR induces p56kk -dependent AP-I-DNA binding. MDA-MB-23I cells were transfected with wild type Lck and mutant Lck (F394 or
F505) or pretreated with inhibitors ofp56kk and then induced with HIR. The AP-I-DNA binding activity was measured by EMSA (panel A). B-D,
p56kk in presence ofHIR stimulates EGFR dependent RasIMEK/ MSK-I-mediated AP-l transactivation. MDA-MB-231 cells were transfected
with luciferase reporter construct (pAP-I-Luc). These transfected cells were further transfected with wild type Lck or mutant Lck (F394 or F505),
~EGFR, Lck-273R, wt-MSK-l, mut MSK-195, RAS-NI7, Raf-BXB and Raf-C4B or pretreated with inhibitors ofp56kk, EGFR, Ras and ERK.
The transfection efficiency was normalized by cotransfecting the cells with pRL vector and then induced by HIR. The celllysates were used to
measure the luciferase activity. The values were normalized to Renilla luciferase activity. The -fold changes were calculated and the results are
expressed as the means ± S.E. of triplicate determinations.
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Fig.3 Molecular mechanism of HIR-induced p56kk and EGF receptor dependent c-Jun and c-Fos expression and AP-l activation through
Ras/Raf/ERK-mediated
pathways. Lck in presence of hypoxia and reoxygenation stimulates EGFR-dependent Ras activation, which leads to the
phosphorylation and activation of Raf through the interaction between phosphorylated Raf and Ras followed by MEK-mediated ERKI/2
activation. HlR also induces Lck/EGFR dependent Ras-mediated ERKl/2 transactivation which leads to ELK-l and ATF-l phosphorylation
followed by c-Jun and c-Fos expressions. These ultimately regulate AP-I activation and breast cancer cell proliferation. Emodin, pp2,
aminogenistein, damnacanthal, AG 99, PD 153035, FTase-I1I, FTI-277, UO126 and PD98059 specifically disrupt these signaling pathways.

Future work:
The molecular mechanism by which other non-receptor
protein tyrosine kinases in respond to H/R regulate p561ck

activity
leading to transcription
factor-mediated
downstream target gene expression which may control
breast tumor growth and metastasis will be further studied.

Implications to the generation of carbohydrate specificity and
possible role in the modulation of cellular signaling

Participants: Anagh Anant Sahasrabuddhe, SRF • Satyabrata Pany, SRF
• Saumya Swaroop Srivastava, JRF • Neesar Ahmed, JRF. Aejazur Rahman, JRF
• Amita Sneh, JRF • Anil H Lotke, Technician
Collaborators:

Dr. M. I. Khan, NCL, Pune - 411008.

Abstract and Background:
Cell signaling can be modulated by interaction of exogenous molecule from cell surface itself.
Our previous studies indicate that a-HL from Staphylococcus aureus interacts with the cell
membrane through binding to caveolin-1 a cell surface protein leading to alteration in cellular
signaling. Owing to the pore forming nature of this protein, the general impression is that it
modulates through cellular stress. Hence, it is important to understand how cellular stress
from cell surface is induced and especially their consequences. Hence, we investigated the
membrane modulating proteins like a-HL and plant lectins of other origin, we found that plant
lectin Jacalin also has similar kind of motif to that of a-HL and apparently induces cellular
stress very much like a-HL. To date, several plant lectins have been exploited to understand
the nature of glycosylation on cell surface molecules due to their distinct carbohydrate binding
property, while studies on the consequences of their binding to mammalian cell surfaces is
beginning to be understood in detail. Many plant lectins modulate the cellular behavior
probably through binding to specific saccharide moieties. In this regard study of plant lectins
with respect to understanding of their interaction with cellular components leading to
modulation of mammalian cell signaling pathways, probably through stress like a-HL is
necessary as the plant lectins are an abundant part of human diet. Considering the importance
in understanding the carbohydrate affinity/specificity, we chose Jacalin for detailed studies
since it can serve as an excellent model system because of its smaller size and available
knowledge on its 3D structure. We first aimed to investigate the role of multichain, multimeric,
and glycosylation requirements of jacalin in its carbohydrate affinity/specificity using single
chain recombinantjacalin.
The biophysical and biochemical studies presented herein provide
an important insight on the role of multichain, multimeric, and glycosylation requirements of
Jacalin for its sugar binding activity.
Aims:
1.

2.
3.

Can we understand the basis of carbohydrate specificity and affinity of lectin or Jacalin
per se with regard to its tertiary structure? If so what factors contribute to the folding and
specificity?
How cells respond to the lectins viz. Jacalin, PNA and ABL?
Is it merely cellular stress? If so what are pathways? What are the molecules involved?

Work achieved:
In Artocarpus integrifolia, Jacalin is synthesized as a pre-pro-Iectin, consisting of a 21 amino
acid signal sequence, 39 amino acid pro peptide, 20 amino acid a-Chain, a linker peptide
"Thr-Ser-Ser-Asn" and 133 amino acid a-chain, which has the sugar binding site. In mature
Jacalin, the signal sequence (21 aa) and pro-peptide (39 aa) are removed, probably through
post- or co-translational processing, as the mechanism is not yet clear. The four amino acid
linker peptide ''T-S-S-N'', which connects both a- and ~- chains, is excised to generate two
chains of Jacalin. In addition to the processing, Jacalin is probably mildly N-glycosylated, at
Asn 74 as interpreted by 1H-NMR data of nearby Thr76 resonance. This is the most likely site
of glycosylation as the other two potential sites at amino acid positions 16 and 35 were not
glycosylated based on sequencing studies.
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Molecular
Cloning
and characterization
of
recombinant Jacalin :
We have removed the first 39 amino acids of Jacalin, which
is said to be part of pro-Jacalin i.e. this propetide has not
been found in mature form of Jacalin. Moreover, amino
terminal sequencing by Edman degradation of the E. coli
expressed rJacalin yielded the amino terminal amino acids
"A-E-Q-S-G ..", which is in complete agreement with the
nucleotide sequence deduced. The protein sequencing has
also confirmed that the recombinant Jacalin does not
undergo any proteolytic cleavage in the E. coli, as it always
migrated as a homogenous, single band on SDS-PAGE as
shown in Fig. 1 (lane 1). In addition, we did not find any
other amino terminal
amino acid during Edman
degradation other than 'f\la". The rJacalin showed a typical
far UV-CD spectrum observed for proteins with high
proportion of a- sheet content, with minimum at 218 nm
(Fig. 2). The relative percentage of structural elements
calculated using CD-Pro software package for analyzing
protein CD spectra was in complete agreement with earlier
reports as well as the crystal structure. The near UV-CD
spectrum of Jacalin is also in complete agreement with the
published data.
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Fig.1 : SDS-PAGE ofpurified Native as well as Recombinant single
chain Jacalin Lane I, 2 ug of rJacalin, Lane 2, SDS-PAGE standard
low range marker (Bio-Rad). The molecular weights are written in
KDa, Lane 3, 2 ug of purified nJacalin.
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Fig 2 : Circular dichorism spectra of native and recombinant Jacalin:
The Far UV CD spectra of two chain nJacalin (.) and single chain
rJacalin (0).

The fluorescence enhancement of nJacalin, after addition
of Me-a-Gal., was approximately 35% while that of rJacalin
was approximately 8%. These changes were exploited to
obtain the association constants for the binding of various
sugars to nJacalin and rJacalin as reported in the literature.
A dramatic difference between nJacalin and rJacalin is the
affinity for mono and disaccharides. The rJacalin has 100
fold less affinity of binding Me-a-Gal (Ka = 2.48 x 102 ±
0.24 x 10' and Gala> aMe-TF antigen: Ka = 5.37 x 102 ±
0.21 xl02) than nJacalin (Ka for Me-a-Gal 1.58 x 104 ±
3
0.31 x 10 and Me-a-TF antigen Ka = 4.00 x 105 ± 0.16 x
5
10 ). The rJacalin showed very little signal change in the
fluorescence emission when titrated with Gal, GaINAc,
Mannose and Galpl ?3GaINAc. However, Gal, GalNAc and
Galpl?3GalNAc but not Mannose or Me-a-Man, inhibited
the hemagglutination by rJacalin.
The maximum enhancement in the intrinsic fluorescence
emission of lectin due to the binding of sugar, Me-a-Gal,
was taken as 100% activity of the lectin, and the residual
activity was calculated as described earlier for Artocarpus
hirsuta lectin. The inactivation of the lectin was
proportional to the concentration of Gdn-HCI as seen in
Fig. 3A. There was a significant decrease in percent activity
of nJacalin as compared to rJacalin, which is relatively
stable. The rJacalin shows slow decrease in percentage
activity as compared to nJacalin. It is evident from above
observation that nJacalin is more susceptible than rJacalin
to Gdn-HCI mediated denaturation.
A reasonable
explanation for the observation could be that the nJacalin
being two chain protein, denaturation might have led to the
separation of the a- and p- chains completely. As a result,
recovery of sugar binding activity, after renaturation, is
rather poor for nJacalin. In case of rJacalin, the a-and pchains are connected by T-S-S-N linker peptide, hence, it
exhibited a better recovery of sugar binding activity.
The unfolding and refolding properties of both the lectins
were studied by chemical and thermal denaturation (Fig.
3A and 38). In the present studies, it was observed that
the nJacalin does not aggregate at extreme acidic as well
as alkaline pH, while rJacalin shows slight aggregation at
extreme acidic pH. High light scattering was observed in
the pH range of 5-9 for both the lectins. In this pH range,
the exposed hydrophobic patches due to thermal unfolding
could be interacting with each other leading to aggregation
due to hydrophobic interaction. These hydrophobic
interactions would not take place in the extreme acidic and
alkaline pH due to charge repulsion and therefore no
aggregation should take place as observed for rJacalin and
nJacalin. The increase in light scattering intensity for both
nJacalin and rJacalin with increase in temperature clearly
indicates the exposed hydrophobic patches are leading to
aggregation of both the lectins (Fig 3E and 3F) due to
hydrophobic interactions in the pH range of 5-9. This
aggregation could be the reason why no ANS binding was
observed in this pH range on thermal denaturation (Fig
3D). The loss of ANS binding above pH 9.0 could be due to
loss of hydrophobic patches on complete denaturation.
Similar results were also observed for A. hirsuta lectin. The
microenvironment of tryptophan residues, elucidated by
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quenching studies, indicate that most of the tryptophan
residues are probably buried inside the core region of the
protein and are only accessible to neutral quencher in both
nJacalin and rJacalin.
Among the monosaccharides,
Me-a-Gal and among
disaccharides, the a- isomer of TF- disaccharide, bound to
nJacalin with high affinity.
The association constants of
various sugars investigated reveal that the sugar binding
characteristics of rJacalin are qualitatively similar to that of
nJacalin but the former has reduced affinity for the sugars
used in the experiments. Noticeable feature is that no
change in the intrinsic fluorescence emission signal was
observed in case of sugars that do not have an asubstitution (Methyl or sugar) at their reducing end
anomeric hydroxyl group. However, these saccharides
inhibited the hemagglutination activity of rJacalin indicating
that change in fluorescence intensity is probably due to the
interaction of a-methyl (sugar) group with the aromatic
residues in the binding site. In comparison, we could not
observe any inhibition of hemagglutination activity of
rJacalin by glucose, mannose and their Me-«- derivatives.
It has been observed in the crystal structure of Jacalin that
the galactose and GalNAc of TF disaccharide occupy the
primary site; the Me-a substitutions occupy the secondary
site 'A'. It has also been noted that while accommodating
the Me-a group, Tyr122 residue undergoes movement to
create space or groove. In addition, the rJacalin did not
display any preference for Me-j3- derivatives of galactose
very much like the nJacalin. Based on these observations
we believe that the sugar binding pattern (GaI<Me. aGal<Me-aTFdisaccharide)
observed for the rJacalin is
not at random and the sugar binding traits of rJacalin are
qualitatively similar to that of nJacalin. However, the major
difference being. the magnitude of affinity. Another
interesting observation is that the rJacalin also bound to
Me-a-TF disaccharide and with higher affinity as compared
to Me-a-galactose. The binding of monosaccharides to
Jacalin occurs through a network of hydrogen bonds in
which the 03, 04 and 06 of galactose make contacts with
Gly1, Tyr122, and Trp123 in addition to the side chain of
Asp125. The 04 hydroxyl group of galactose forms
hydrogen bonds with the side chain of Asp125. The Gly1
amino terminus is generated after the excision of "T-S-S-N"
tetrapeptide connecting the a- and 13-chains. Recently, it
has been argued by Pierre Rouge and co-workers that the
Jacalin also has affinity for man nose and its derivatives
(branched) as observed by the binding of Jacalin to several
glycoproteins
(Arcelin-1,
orosomucoid
or a1-acid
glycoproteins, ovomucoid, Soyabean agglutinin, native and
desialylated
human
serotransferrin,
native
and
desialylated calffetuin etc. The affinity for mannose and its
derivatives was very much lower in comparison to Me-a-Gal
or Me-a-GaINAc or TF disaccharide.
Based on the
homology between the structural fold of Jacalin and Jacalin
related proteins i.e. j3-prism pattern, it has been suggested
by Pierre Rouge and co-workers, that the proteolytic
cleavage of Jacalin is perhaps crucial to the broad

specificity it elicits.
In other words, the proteolytic
cleavage, post excision ofT-S-S-N, results in an 'extended'
binding site for Jacalin. As a result, it was argued that the
Jacalin and MPL (another Jacalin like lectin from Maclura
pomifera) do not possess 'monosaccharide-binding
specificity'.
However,
our data unambiguously
demonstrates that the rJacalin, with its linker sequence
T-S-S-N intact, bound only to Galactose and its a- linked
derivatives much better than mannose very much like
nJacalin. This observation clearly suggests that the binding
of monosaccharides to Jacalin is not entirely dependent on
the generation of new amino terminus at Gly1 of a- chain,
post excision of T-S-S-N however, it may be required for
higher affinity as suggested by Vijayan and colleagues.
We have prepared the rJacalin from an isolated, single
colony, after transformation of E. coli with a well
characterized plasmid. Moreover, several batches of
rJacalin preparations have yielded identical results. This is
the first ever observation regarding the role of T-S-S-N in
the binding site of Jacalin. These extensive controls raise
an interesting question as to how does Jacalin, without
processing, recognizes galactose over mannose or
glucose?
It is possible that the specificity towards
galactose is provided by the side chain of Asn of the
tetrapeptide (T-S-S-N), which may substitute for the amino
terminus of Gly1 (in case excision does not take place).
Regarding the decreased affinity of rJacalin for mono and
disaccharides, it is possible that the side chains ofthe tetra
peptide T-S-S-N may cause steric hindrance during on or
off reactions and hence, result in decreased affinity. It is
relevant to mention here that the lectin Heltuba, which has
similar structure to that of Jacalin, is a single chain lectin in
which the 13-chain is covalently linked to the a- chain.
However, this lectin shows high specificity towards
mannose instead of galactose, which could be a result of
substitution of aromatic residues by non-aromatic residues
in case of Heltuba and Artocarpin compared to Jacalin. In
view of the resemblance of the three dimensional
structures of Jacalin and Heltuba, it was anticipated that
the rJacalin may bind mannose and its derivatives, albeit
weakly.
To our surprise, we could not detect any
measurable binding of rJacalin to mannose coupled
Sepharose or its derivatives despite working at high
concentration. This observation clearly highlights that the
aromatic residues or the microenvironment created by
them may playa crucial role in orienting/dictating the
carbohydrate specificity of Jacalin.
In summary, the rJacalin is anticipated to be an excellent
model system for the study of galactose binding nJacalin's
to understand its stability and overall folding. While X-ray
crystallographic studies on Jacalin have yielded its frozen
picture, the in solution studies presented here have
provided the function of the Jacalin in a dynamic
environment.
For the first time, our data has shed
significant light on the carbohydrate binding of Jacalin in
the absence of excision ofT-S-S-N peptide.
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Fig. 1 Chemical and thermal unfolding and refolding studies. A, Gdn-HCl induced denaturation and renaturation ofnJacalin as well as rJacalin
(O.6~M) at 30°C monitored by the fluorescence of Trp at required Gdn-HCl concentration. The symbols used in this figure are nJacalin
denaturation (0), nJacalin renaturation (D), rJacalin denaturation (e), rJacalin renaturation (.). B, The % residual activity of nJacalin as well as
rJacalin after incubation of protein from 30°C to 70°C and for renaturation ofnJacalin as well as rJacalin after recovery of sugar binding activity
when duplicate samples were cooled gradually to 30°C. The symbols used are nJacalin denaturation (0), nJacalin renaturation (0), rJacalin
denaturation (e), rJacalin renaturation (.). The pH unfolding and refolding studies. C, Effect of pH on the % residual activity ofnJacalin (0) as well
as rJacalin (e) at 30°C. B, Fluorescence emission spectra for ANS binding in the presence ofnJacalin as well as rJacalin at 30°C and 55°C. The
symbols used are nJacalin at 30°C (0), rJacalin at 30°C, (e) nJacalin at 55°C (0), rJacalin at 55°C (.). Comparison of Rayleigh light scattering of
native and recombinant Jacalin. E, Effect of Temperature on light scattering ofnJacalin (0) and rJacalin (e) protein, F, Effect of pH on light
scattering ofnJacalin (0) and rJacalin (e) lectin.

Future work:
Interestingly, few lectins despite having nearly same sugar
specificity i.e. towards the human malignancy associated
TF disaccharide shows different biological effect on the
same cell. Further, it has also been documented that the
same lectin can behave differently depending on the
lineage of the cell. This suggests that the effect of plant
lectins on the cellular response may be govemed by other

factors in addition to their sugar binding property. Thus,
major questions that remain unanswered are: how cells
respond to these lectins? Is it merely cellular stress? If so
what are pathways? What are the molecules involved?
We wish to devote our efforts in detailed understanding of
cellular stress orchestrated by plant lectins which is
required to delineate the pathways that will shed light on
cell fate: i.e. to die, survive or proliferate.
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Divergent approaches for control and management of
experimental diabetes

Participants: Meenal Banerjee, SRF • Ravi Shukla, SRF • Ruchi Shukla, JRF
• Mugdha Joglekar, JRF • Savita Datar, UGC-Teacher fellow. Malati Umrani, Technician
Collaborators: Dr. S B Padhye, Department of Chemistry, Pune University
• Dr. S Ghaskadbi, ARI, Pune • Dr. Murali Sastry, NCl, Pune • Dr. S Galande, NCCS, Pune

Abstract and Background:
Diabetes mellitus is a multifactorial metabolic syndrome characterized by hyperglycemia due
to depletion of ~-cell mass resulting into deficient insulin production and/or insulin resistance.
Several strategies are in force to control the hyperglycemia which is the root cause for diabetic
complications. Elucidation of the regenerative potential in experimental diabetes holds
promise as an alternative therapy. Islet neogenesis from adult stem cells has tremendous
potential for pancreatic regeneration and thereby for the better control and management of
diabetes. We have demonstrated the potential of intra islet and ductal precursor cells for islet
neo genesis in vitro. However little is known about the role of non-pancreatic stem cells in islet
neogenesis and diabetes management. Equally important is the search for novel oral insulinmimetic substances to alleviate the pains of insulin shots. Moreover, strategies improvising
the conventional microencapsulation techniques, supplementing alginate microcapsules with
gold nanoparticles, hold promise fortheirtherapeutic utility in transplantation.
Aims:
1. To induce islet neogenesis from adult stem cells.
2. To design, synthesize and screen novel metal-based oral insulin-mimetic agents.
3. To develop biocompatible immunoisolation devices.
Work achieved:
To induce islet neogenesis from adult stem cells:
Earlier we have shown that the majority of bone marrow hematopoietic stem cell population,
derived from experimental diabetic mice, remain structurally and functionally intact despite
sustained hyperglycemic microenvironment. Recently we have reported that multiple
transplantations of diabetic bone marrow into experimental diabetic mice results into
pancreatic regeneration and restoration of normoglycemia leading to reversal of experimental
diabetes. In a further study we have compared two additional stem cell population viz. Flkl
(endothelial stem cell marker) and c-kit (hematopoietic subpopulation stem cell marker) to
demonstrate that these stem cell reserves also remain unaltered in a high glucose
microenvironment (BBRC 2005; 328(1): 318-25). These studies point towards futuristic
therapeutic approach of auto- transplantation of bone marrow for diabetes. Alternatively same
goal can be achieved by purging bone marrow stem cells to peripheral circulation. With this
aim, we injected GM-CSF (7.5 Ilg/kg/day) subcutaneously in experimental diabetic mice for
eight consecutive days (Figure lA). Intermittently we analyzed stem cell mobilization into
peripheral blood by FACSanalysis as well as by examining Giemsa stained blood smears of uninjected and injected mice. We found that GM-CSF injections lead to mobilization of both
hematopoietic (CD34 ". CD34 + CD45+) as well as endothelial stem cells (Flkl +) to the
circulation. Completion of eight consecutive injections of GM-CSF, leads to the significant
reduction of blood glucose level in STZ-diabetic mice which were stabilized during next 30 days
follow-up (Figure lB). Our present data demonstrate that GM-CSF mobilized bone marrow
stem cells (hematopoietic and endothelial) in STZ-diabetic mouse model contribute to blood
glucose reduction, thus providing another therapeutic approach for control and management
of hyperglycemia eliminating the need of bone marrow transplantation.
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Future work:
1. To investigate percent homing of mobilized stem cell
population to the damaged pancreas.
2. To study mechanism of blood glucose reduction.
3. To design a combinatorial approach to GM-CSFtherapy
for restoration of normoglycemia in experimental
diabetic mice.

To design, synthesize and screen novel metal-based
oral insulin-mimetic agents:
We have reported earlier the synthesis of three novel
flavonoid-vanadium
conjugates of which quercetinvanadium conjugate (BQOV) was found to be the best
having greatest hypoglycemic activity. As an extension of
this work we have evaluated toxicity of this novel conjugate
and compared it with its parent vanadium salt. It was
observed that vanadyl sulphate acts as a strong prooxidant
and leads to necrosis in CHO cells whereas quercetinvanadium conjugate produces oxidative stress to a much
lesser extent causing almost no damage to CHO cells (Fig.

2). In vivo studies revealed that LD50 of BQOVis about 1.5
times more than vanadyl sulphate indicating BQOV to be
more appropriate for in vivo administration (Fig. 3A). Since
vanadium is known for its nephro- and hepato- toxicity we
have analyzed reactive oxygen species (ROS) levels in
kidney and liver after administration of the compounds at
the dose equal to LD50 of VOS04. It was observed that
VOS04 exerted immense oxidative stress initially on kidney
followed by liver while BQOV did not exert any oxidative
stress in kidney and negligible stress in liver (Fig. 3B, 3C).
Further to confirm the cause of death serum analysis was
carried out to examine the functional status of kidney and
liver. It was observed that serum urea and creatinine levels
increased in case of VOS04 indicating kidney dysfunction
while in case of BQOV the levels remained unaltered and
were comparable to those of untreated mice (Fig. 3D, 3E).
However serum analysis did not reveal any indication of
liver damage. The results obtained so far clearly
demonstrate that BQOV exhibits negligible toxicity as
compared to VOS04 making it an attractive candidate for
oral insulin mimetics.
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Future Work:
1. To study the effect of chronic treatment of BQOV in
diabetic mice.
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Fig. 3 Effect of intraperitoneal administration of VOSO, (VS) and
BQOV (QV) in normal Balb/c was evaluated. (A) Represents
lethality of mice at various doses of the compounds. (B) and (C)
shows amount ofROS generation, 2 and 12 hours after administration
of the compounds at a dose of 0.35 mrnol VI kg body weight in liver
and kidney respectively. (D) represents serum urea and (E) represents
serum creatinine levels, 12 hours after administration
of the
compounds. Values represent mean ± SO.

Chemically synthesized sodium borohydrate reduced gold
nanoparticles were used for evaluation of cytotoxicity and
immunogenic effects of gold nanoparticles on RAW264.7
macrophage cells. Macrophages are one of the principal
immune effector cells that play essential role as secretory,
phagocytic, and antigen-presenting cells in the immune
system. The cytotoxicity of gold nanoparticles was
correlated with a detailed study of their endocytotic uptake
using various microscopy tools such as atomic force
microscopy (AFM), confocal laser scanning microscopy
(CFLSM) and transmission electron microscopy (TEM). Our
preliminary data suggest that Au(O) nanoparticles are non
cytotoxic, reduce the production of reactive oxygen and
nitrite
species
and do not elicit
secretion
of
proinflammatory
cytokines TNF-a and IL1-~. AFM
measurements (fig. 4) suggest that gold nanoparticles are
internalized inside the cell via a mechanism involving
pinocytosis while CFLSM and TEM studies (fig. 5) indicate
their internalization in lysosomal bodies arranged in
perinuclear fashion. The results obtained so far indicate
that gold nanoparticles
are biocompatible,
nonimmunogenic and non-cytotoxic in nature which makes
them suitable for immunoisolation studies.
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Fig. 4 A FM images showing early events of gold nanoparticles uptake in RAW 264.7 cells.

Fig. 5 TEM image showing perinuclear arrangement of gold nanoparticles (arrow) in Iysosomes (L) after 48h.
CM:Cell membrane; NM:Nuciear membrane.

Future work:
1. To investigate the immobilization of gold nanoparticles
on to the surface of conventional alginate based
microcapsules.
2. To investigate the suitability of novel
microcapsules for transplantation purposes.
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Development
of a rat model of insulitis
by immunization
with
1- fluoro-2,4-dinitrobenzene (FDNB) tagged rat insulinoma cells. Assessment
through histological and immunological evidence

Participant:

Mamata Katdare, Technician

Collaborator:

Sanjeev Galande, NCCS

Abstract and Background:
Diabetes mellitus, a disease of the endocrine pancreas is characterized by hyperglycemia,
polyurea, polyphagia, polydipsia and weight loss. There are two forms of diabetes, insulin
dependent (type-i) and insulin independent (type-2). Type 1 is now well characterized as
autoimmune disease which is immunologically regulated. At present effective therapy
includes early diagnosis of insulin insufficiency andlire long insulin therapy. Recently several
strategies have been advocated for its prevention of which islet cell transplantation and
immunological intervention approaches are well known. Other approaches for prevention or
delaying of diabetes comprises of prophylactic treatment with beta cell autoantigens in
experimental animal models which specifically modulate T cell autoimmunity. Though
autoantigens such as insulin, GAD65/67 and heat shock proteins have been shown to reduce
the development of diabetes in NOD mice, none showed 100% efficacy speculating
involvement of many more antigens, still to be discovered. Therefore, a novel rat model of
insulitis has been developed and characterized for its immunological response.
Work achieved:
Histological and immunological studies carried out in the Wistar rats immunized with FDNB
tagged RIN cells showed highly inflammatory microenvironment in terms of mononuclear
infiltration in pancreas as well as Tcell reactivity to ~ cell antigens (Fig.l). Elongation factor-lbeta-2 and tropomyosin 5 two neoantigens on the surface of F-RIN cells are identified as
triggering molecule for such a reaction. Presence of circulating antibodies specific to these
neoantigens was determined in F-RIN immunized animals and in diabetic animal by inhibition
ELISA. Monoclonal antibodies developed to neoantigens i.e. EF-l-beta-2 and Trp5 found to
react to beta cell surface of diabetic pancreas and also beta cells of pancreas of NOD mice
suffering from insulitis (Fig.2 ). This confirmed our earlier observation that these two antigens
could be triggering molecules on beta cell leading to insulitis and further to diabetes.
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Fig. 1 Confocal images of pancreatic sections of NOD mouse, double immunostained with a)
F71.51.54 antibody (red fluorescence) and b) anti-insulin antibody (green fluorescence) c) phase
contrast and d) merged a and b.
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Fig. 2 Inhibition ELISA - Circulating antibodies specific to neoantigens were
identified in sera ofF-RIN cell immunized rats and also in STZ-induced diabetic
rats. Linearity in inhibition was observed with increased concentrations of
F71.51.54 antibody in the assay.
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Regulation of diabetes by stress: possible role of SMARt and p53

Participant:

Varshiesh Raina, SRF

Collaborator:

Dr. Samit Chattopadhyay, NCCS

Abstract and Background:
Glutamic acid decarboxylase is known to be a major auto-antigen in patients suffering from
Type-1 diabetes and about 70% circulating autoantibodies are found against this protein.
There are two major forms: GAD67 and GAD65. Lot of homology exists between these
isoforms and about 70% homology at protein level is conserved among rat, human and
mouse. The major event lies in its regulation at transcriptional, translational and posttranslational level. Much ofthe work has been concentrated on GAD67 in presence of different
stimuli like high glucose, STZ, Glucocorticoids and Glutamate. But the stress regulating
GAD65 and the transcriptional factors governing its regulation are still under investigation.
Unlike GAD67 the GAD65 has TATA less promoter and that represents its complexity and
unique behavior. Some of the transcriptional factors that have been found to bind such
promoters and execute their function include sp family of transcriptional factors: Sp1, Sp2,
Sp3 and Sp4. Among these Sp1 has been shown to activate GAD65 promoter. Recently we
have investigated the role of a novel MAR binding protein SMAR1 in regulation of GAD65.
SMAR1 usually exists in two major isoforms and can activate p53 protein which in-turn leads
to cell cycle arrest or apoptosis. SMAR1 regulates the gene function through chromatin
remodeling and recruitment of the transcriptional factors. The experiments were carried out
with streptozotocin in rat beta cell line (RINm5f) and C57b6 mice (for in-vivo study ofType-1
diabetes).
I'
Work achieved:
Treatment of RINm5f cells with STZ induces the increase in expression of GAD65, p53, and
SMAR1 (upper form) molecules. MDM2 on the other hand showed a drastic decrease in its
expression. Time kinetics also revealed the same data. Next to decipher that SMAR1 can
regulate GAD65 expression, transient transfection of vector containing the either form was
carried out in RINm5f cell line. Overexpression of both forms of SMAR1 lead to increase in
expression of GAD65, p53 and MDM2. expression. In-vivo study was carried out in mice
injected with STZ (45mgtkg of body weight) for 5 consecutive days to induce autoimmune
disease and the expression of GAD65, p53 and MDM2 was analysed after different days.
GAD65 and p53 showed decrease in expression while MDM2 hardly showed any significant
change. SMAR1 in both forms showed increase. Same results were obtained with cytokine
treatments. To induce beta cell death in-vivo without evoking immune response single STZ
dose ranging from 120-200 mgtkg of body weight is given intra peritoneally. But the type of cell
death is totally necrotic and not a favorable situation to analyse most of genes. So in order to
mimic a situation between apoptotic and necrotic or to provide a stage where there is limited
immune response stage we injected a middle dosage of STZ (70mgtkg of body weight) for two
consecutive days that were the minimum days to induce diabetes in animals. GAD65, p53,
MDM2 and SMAR1 expression was assessed and there we could observe increase in all the
molecules except MDM2. We also studied the level of GAD65 in SMAR transgenic mice and
non-transgenic mice. Transgenic mice showed more GAD expression as compared to normal
mice (Fig. 1-3).

,

I

I

----...p53

.,.4

~

o

...•

--

•.•••••••

..-

----. SMAR1

----... GAD65

----. GAD65

----... MDM2

----. Actin

----...Actin

18

12

6

----...Ser15 p53

o

12

6

18

Fig.! Expression pattern of the SMAR I, GAD65, p53, ser 15 p53 and MDM2 in pancreas ofMLD STZ (45mglkg of body weight for 5 consecutive
days) at different days A) shows RT-PCR for analysis ofmRNApattern for SMAR I and GAD65 at 6, 12 and 18 days. SMARI showed increase in
both forms as compared to GAD65 which showed gradual decrease in expression b) shows immunoblotting for p53, serl5 p53, GAD65 and
MDM2 at the respective days. P53, serl5 p53 and GAD65 showed gradual decrease whereas MDM2 showed almost no change.
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Future plans:
1. Cloning of GAD65 promoter in reporter plasm ids
2. Analysis of diabetic phenotype in normal and SMAR1
transgenic mice
3. To study diabetes in SMAR1 transgenic and normal
mice with respect to STZ
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In vitro and in vivo studies in streptozotocin induced experimental diabetes
with respect to identification of autoantigens and role of stress

Participant:

Sunita Koul, SRF

Abstract and Background:
The hallmark of type 1 diabetes is specific destruction of pancreatic islet ~-cells. Apoptosis of
~-cells may be crucial at several points during disease progression, initiatingT cell invasion of
islets. Apoptotic cells not only serve as targets for antibodies but also provide autoantigens
that trigger autoimmune response. However, the exact molecular nature of the antigenic
determinants or immunostimulatory molecules that induce such response remains elusive.
Nonetheless, various components of ~-cells have been identified as auto antigens, such as
insulin, glutamic acid decarboxylase (GAD), tyrosine phophatase-like protein IA-2, a
membrane glycoprotein called GLlMA38, and the ganglioside GMI-2. None of these
autoantigens could confer complete protection against the disease after tolerization. This
leads us to speculate that there exist more than the already reported autoantigens in various
studies. The development of monoclonal antibodies to the apoptotic cells can be a useful tool
to investigate the triggering molecule. Streptozotocin (STZ) is a D-glucopyranose derivative of
N-methyl-N-nitrosourea that shows selective cytotoxicity to pancreatic ~-cells due to high
affinity for GLUT2 receptor predominantly found on beta cells. In this study we used STZ to
induce apoptosis in rat insulinoma cell line to assess if any new antigen is expressed which is
responsible for triggering auto reactive immune response and is being immunogenic.
Aims /Objective:
1. Monoclonal antibody generation against apoptotic ~-cells using RINm5f cells after
assessingtheir viability and apoptotic index using STZ.
2. Functional characterization of the monoclonal antibody.
Work achieved:
STZ caused apoptosis in RINm5f in time and dose dependent manner. Mice were immunized
with cells treated with 5mM STZ for different time periods i.e. 6hrs, 12 hrs, and 24 hrs. Sera
from mice immunized with cells treated with STZfor 6hrs showed the maximum reactivity with
RINm5F cell extract. Therefore, we have developed monoclonal antibodies from splenocytes
of the mice immunized with STZ treated RINm5f cells for 6hrs.ln a single fusion we got 12
hybridoma clones among which we characterized the clone, namely, F.80.45.160; the isotype
ofthe clone being IgM type. Specific antigen recognized by monoclonal antibody F.80.45.160
in STZ-RINm5F extract was determined by Western blotting, which was found to recognize
100 kDa protein (Fig. 1&2).
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Fig. 2 Western blotting analysis showing polyclonal STZ treated RIN sera and
F.80.45.160 supernatant recognizing a band of IOOkD with STZ treated RlNm5F
for 6 hr. as compared to normal mouse sera (NMS).

Future plan:
1. Further characterization ofthe monoclonal antibody.
2. Identifying the antigen recognized by the monoclonal
antibody by 2D gels and protein sequencing.
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Isolation, Identification and Characterization of the growth promoting and
differentiation factor(s) in the perivitelline fluid ofthe developing embryos of
the Indian Horseshoe crab

Participant:
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Manideepa Chakraborty, PA

Collaborators:

Surendra Ghaskadbi, ARI • Nibedita Lenka, NCCS • Anil Chatterji, NIO, Goa

Abstract and Background:
Earlier studies on the perivitelline fluid of the Japanese Horseshoe crab have revealed the
presence of proteins with antibacterial and heamagglutinating properties. Our study on the
perivitelline fluid ofthe Indian Horseshoe crab aims to explore the presence of novel molecules
with biologically relevant properties.
Aim:
Identification, Isolation and Characterisation of growth promoting and differentiation factor(s)
from the perivitelline fluid of developing embryos ofthe Indian Horseshoe crab.
Work achieved:
The perivitelline fluid (PVF) from the Indian Horseshoe crab embryos was purified by gel
exclusion FPLC which revealed seven major proteins. In our preliminary experiments, we
observed cardiac developmental activity in gastrulating chick embryo in presence of the 7th
fraction of the perivitelline fluid of the Indian horseshoe crab (Fig 1). This fraction was further
sequenced and identified. At present we are analyzing the expression of cardiac
developmental markers at different stages of chick embryo development using real time PCR
technique. Fraction 7 was also used in mouse embryonic stem cell culture and found to induce
cardiomyogenesis in terms of beating embryoid bodies and beating clusters per embryoid
body.

A

B

c

Fig. 1 Chick embryos cultured in the presence of 1: lO dilution of PVF (B&C) showing increased size and
chamber formation as compared to the control untreated embryos (A)

Future work:
1.
2.

I
I

Evaluate the remaining six fractions for angiogenetic activity.
Study the expression of various cardiac developmental markers in embryos treated with
seventh fraction.

,f

.
j

INSECT MOLECULAR
BIOLOGY -

Milind Patole

89

YogeshShouche

91

Cloning and characterization of genes for heat shock proteins
from Aeromonas

Abstract and Background:
Aeromonas is ubiquitous bacterial genus widely found in different ecological conditions.
Many species of Aeromonas are involved in clinical infections in fish, animals and humans. As
the bacterium survives in different environmental conditions and most of them are adverse in
nature, the key question asked is how the bacteria survive and do heat shock proteins play
important role in survival and pathogenecity of Aeromonas. Degenerate primers were
designed for amplification of complete operon of Hsp10 and 60 and Hsp 70. Using these
primers complete genes for Hsp10, 60 and 70 have been amplified and completely
sequenced from Aeromonas culicicola.
Aim:
To clone and characterize genes for heat shock protein and chaperone from Aeromonas.
Work achieved:
While cloning the complete gene, the promoter for GroES operon was cloned. This operon
had regular features like any bacterial promoter having -10 and -35 sequences. In addition to
this upstream of -35 sequence, are unique sequence was found and this sequence was
"ExsA" responsive element. Usually this motif is present in the promoters of genes those
govern the pathogenecity and virulence of the pathogenic bacteria. The motif for first time
reported in the promoter of chaperone.

Future work:
Experiments will be done to corroborate the expression at RNA and protein level of various
heat shock proteins under different environmental conditions. Role of ExsA motif will be
ascertained in the expression ofthe GroES operon.
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Molecular taxonomy and diversity studies using 16S rRNA
and other tools
Participants: Upal Roy,RA. ParagVyshampayan,RA. Sadri Narayan,SRF• GurdeepRastogi,SRF
• KM Dayanand,SRF• KamleshJangid, SRF• PrashantK Pandey,SRF • Mahesh Dharne, JRF
• KaushalSharma, JRF. JaySiddharth, JRF. AijazAhmad Wani, JRF. KaustubhGokhale, JRF
• RaseshParikh, JRF. PankajVerma, JRF. Ashraf Rangrez, JRF. SarangSatoor,Technician
Collaborators: M. S. Patole, NCCS,• National Institute of Oceanography,Goa • DRDE,Gwalior
• Modern College,Pune • AgharkarResearchInstitute, Pune • KEMHospital Pune

Abstract and background
Although invisible to the naked eye, prokaryotes are an essential component of the earth's
biota. They catalyze unique and indispensable transformations in the biogeochemical cycles of
the biosphere, produce important components of the earth's atmosphere, and represent a
large portion of life's genetic diversity. However, majority of them evaded the microbiologists
due totheir inability to grow in the laboratory media.
The pioneering work of Carl Woese and colleagues on comparative analysis of small-subunit
ribosomal RNAs (16S and 18S rRNAs) provided an objective framework for determining
evolutionary relationships between organisms and thereby 'quantifying' diversity as sequence
divergence on a phylogenetic tree. Furtherthe work by Norman Pace and colleagues outlined a
molecular approach that bypassed the need to cultivate a microorganism in order to
determine the sequence of its 16S rRNAgene (16S rDNA). Many researchers have applied the
rRNA approach to a wide variety of environmental samples over the past decade and, this has
added to our understanding ofthese ecosytems.
In our laboratory we have used these techniques to understand microbial community structure
of unique ecosystems like insect mid gut, human colon and some extreme ecosystems. We
isolated Aeromonas culicicola, from the midgut of the mosquito, Culex quinquefasciatus.
Since then, isolation of this species has been reported from diverse environments allover
world. It also contains virulence factor and hence a potential pathogen. Hence we have also
initiated studies on regulation of gene expression of virulence factors.
Aims:
1. To understand the "uncultured" microbial diversity with long term aim of utilizing itforthe
biotechnological purpose.
2. Tostudy the diversity and evolutionary relationships in different organisms.
3. Tostudy the genetic regulatory circuits and virulence factors in Aeromonas culicicola
Work achieved:
Studies on understanding of "unculturable microbial flora"
PCR amplification of a "molecular chronometer" gene from total DNA extracted from
environmental sample, followed by cloning and sequencing is the most commonly used
strategy for studies of microbial community structure. We have adopted this strategy for some
systems of either academic or applied interest.
a) Microbial Diversity of Anaerobic Digesters:
Total DNA extracted from anaerobic reactors was used as template for PCR amplification,
cloning and sequencing of archeal and eubacterial16S rRNA genes. Preliminary estimation of
microbial diversity was performed by DGGEand ARDRA analysis. Partial sequencing of cloned
16S rRNA gene of various libraries were performed for all positive clones. Similarly mcrA and
pmoA gene libraries were established from these anaerobic reactors to study the functional
diversity of methanogens and methanotrophs, respectively. 16SrRNA-targeted fluorescent
oligonucleotide probes specific to several phylogenetic group of microbe combined with
confocal laser scanning microscopy have been used to identify the microbes. In order to study
the effect of variation in seasonal temperature on the microbial community structure of these

biogas plants measurements of biogas production rate,
VFA, and TS were carried out for the period of one year at an
interval of one month. ARDRA analyses were also carried
out to detect fine changes in community structure of these
anaerobic reactors.
b) Bacterial and Archaeal diversity of Extreme
environments:
Extreme
environments
on Earth are important
targets/models for the search of life elsewhere in the Solar
System because the environmental conditions resemble
those expected on other planets such as Mars. Studies on
the microbial communities of such environments may give
some clues to the fact that life existed somewhere else in
the universe and then seeded on earth in the form of
resistant spores. We analyzed the Microbial community
structure of an extreme hypersaline lake in India (Lonar
Crater) using 16S rDNA based culture independent
approach. Community DNA was extracted directly from
sediment samples obtained by coring to depth of 10-20
cm. Small subunit rRNA genes (16S rDNA) were amplified
by PCR using primers specific for the domain Bacteria and
Archaea. The PCR products were cloned in pGEM-T easy
vector and the 16S rDNA clone libraries were screened by
restriction fragment length polymorphism (RFLP). For the
Bacterial library, after RFLP and sequence analysis, a total
of 44 phylotypes were obtained. These phylotypes spanned
a wide range within the domain Bacteria, occupying seven
major lineages/phyla (Fig 1). Almost a quarter (34%) of the
clones were classified as Firmicutes. The other clones were
grouped into Proteobacteria (29.5%), Actinobacteria
(6.8%),
Cytophages
Flavobacterium-Bacteroidetes
(13.3%), Planctomycetes (6.8%), Cyanobacteria (4.5%)
and Spirochaetes (2.27%). For archaeal16S rDNA library,
12 distinct phylotypes were obtained, of which 5 clones
were associated with phylum crenarachaeota and 7 with
euryarachaeota. The findings of this molecular study of so
for not investigated site revealed the presence of a highly
diverse bacterial population but relatively a low archaeal
diversity. Majority (-80%) of the prokaryotic sequences
detected were uncultured /unknown.
Future studies will involve design of phylum specific and
species specific probes for Fluoresnt Insitu hybridization
(FISH) studies. Also DNA-DNA hybridization studies will be
performed to look for novel microbial species.
c) Human Gut
To study the difference in gut microbial population of
human infants, three groups based on different delivery
methods will be investigated viz. 1.lnfants with normal
delivery, 2.Cesarean delivery, 3. Premature delivery. Fecal
samples of infants were collected from K.E.M. hospital,
Pune, in sterile containers and stored at - 70DC until
transported to the laboratory (NCCS). We have collected 0
and 7th day fecal samples of infants with normal delivery (9
samples) and cesarean delivery (4 samples). These groups
will be further subdivided into three sub groups on the basis
of milk intake such as A. Breastfed. B. Formula feed C.
Cow/Buffalo milk (bottle fed). All the infants are breastfed
till now.
Total DNA from each fecal sample was extracted using
QIAamp stool mini kit (Qiagen) and used for further study.
The bacterial 16S rRNA gene was PCR amplified from the
total DNA using universal eubacteria specific primers,

which yielded a product of approximately 1500 base pairs.
Standardization of Fluorescent in situ hybridization
procedure is in progress (FISH).
d) Marine microbial diversity (DBTfunded project)
Initially Protocol for DNA Extraction from 15 sediment and
4 water samples was standardized. Further sediment
sampling was carried out from 10 different locations along
an estuary in Goa & water samples were collected from and
near Daunapaula jetty. Simultaneously invertebrate larvae
were also collected. Total Genomic DNA was extracted,
and PCR amplification was standardized for each sample.
One eubacterial & one archaeal library was prepared in
pGEMT-easy vector system. Sequencing of both the
libraries was completed. Analysis and tree making of
eubacterial library was successfully carried out. DNA
isolation, PCR amplification
and sequencing from
invertebrate's
i.e. bivalve,
barnacles
are under
standardization
e) Microbial diversity on mid guts of mosquito and
other insects (DBT funded project)
Team from DRDO visited various locations and collected
the mosquitoes. These were then brought to the laboratory
for further analysis. Genotyping ofthese filed mosquitoes is
being done using various molecular markers. These
include sequencing of mitohondrial genens, ND4, CytB,
12S rRNA and some nuclear genes. In addition, RAPD and
microsatellite typing is also being done.
Mid gut contents of these mosquitoes are being analyzed
to study their flora. More than 154 bacterial so far have
been isolated from various locations. Several of them
represent so far uncultured microbes, and other show
diverse lineages like Aeromonas, Bacillus, Klebsiella,
Enterobacter and Erwinia.
Molecular Taxonomy & Genetic Diversity
A number of molecular markers are used to delineate
taxonomic affiliations and estimation of diversity of various
organisms. We have used these markers to understand
taxonomy of some important organisms and also to assess
diversity. The range of organisms studied ranges from
viruses to mammals and some important examples are
given here.
a) Genetic Diversity of Bacillus anthracis isolates
from India (LSRB funded project):
We used 25 strains of Bacillus anthracis collected form
different outbreaks of India, culture has been maintained
by DRDEOGwalior .The genetic relatedness were analyzed
on the basis of 16Sr RNAgene, Gyrase B gene, rpoB gene,
16S23S intergenic spacer regions(lSR), 23SrRNA gene
and
vrrA gene. The16Sr RNA gene and
16S23S
intergenic spacer regions(lSR) showing high similarity with
Bacillus cereus but Gyrase B gene, rpoB gene 23SrRNA
gene and vrrA gene sequences showing high similarity with
Bacillus anthracis. Preliminary estimation of genetic
diversity was performed by The Enterobacterial repetitive
entergenic consensus-PCR (ERIC-PCR) and rep-PCR
fingerprinting. The amplification ofvrrB1 (229 bp), vrrB2 (
153 bp) ,vrrC1 (583 bp), vrrC2 (532 bp) and CG3 ( 158
bp) genes were standardized for all isolates.

c) Molecular
phylogeny,
systematics
and
biogeographic studies on Indian Amphibians including
Caecilians, Fresh water fishes and Shield tail snakes
More than 125 specimens of amphibians including Ranids
and bufo were studied for their diversity in Indian Western
Ghats using mitochondrial and nuclear genes. Caecilian
diversity was also studied by using 12S and 16S mt DNA
markers .We are also in the process to study the possibility
of endemism of North-East Indian amphibians using
various phylogenetic markers. More than 95 specimens of
fresh water fishes were collected from the localities in and
around Pune region and protein coding and non-protein
coding genes were utilized for studing their diversity. Shield
tail snakes belonging to genus uropeltis were also
sequenced for Cytochrome band ND4 regions to answer
their endemism in western ghats.
Genetic Regulatory circuits and virulence factors in
Aeromonas culicicola
a) Quorum sensing in Aeromonas culicicola and Genetic
diversity of Aeromonas strains.
The isolate, Aeromonas culicicola was reported to show
increased count in blood fed mosquito midgut. Preliminary
studies with biosensor strain Chromobacterium violaceum
VC026 indicated that the strain produces homoserine
lactone based signalling compounds, a component of the
two component "Quorum sensing". Previously we had
amplified the various components of this system using
inverse PCR.
We screened all strains available with us for this activity. Of
the 73 strains tested for the production of the AHLs, 70
strains were found to elicit AHL-mediated
violet
pigmentation in the Chromobacterium violaceum CV026
assay system within 24 h under the conditions used. The
remaining three strains, i.e., A. hydrophila ATCC 7966T
(Hybridization Group, HG-1), A. hydrophila CDC 0434-84T
(HG-3), and Aeromonas sp. ATCC 43946T (HG-13) were
found to be negative even after 48 h in both the pSB403
encoded bioluminescence and the Chromobacterium
violaceum CV026 assay (Fig. 2a). Ofthese three, only one
strain, Aeromonas sp. ATCC43946T, was found to elicit gfp
expression in E. coli JM109 harboring pJBA89 in 24 h as
observed in CLSM imaging analysis (Fig. 2b). Dot blot
analysis of genomic DNA samples for the presence of the
luxRI gene hornologs using the ahyRI gene PCR product as
probe, revealed the presence of the respective gene
homologs in all the strains of Aeromonas used in the study.
The three strains that did not test positive with the AHLresponsive bioassay systems used were also found to be
positive with the dot blot analysis. Attempts to PCRamplify
individual genes ofthe complete regulon (both luxR and luxl
gene homologs) from all the strains resulted in partial
success.
Detailed studies on the production and chemical
characterization of the AHLs was done in Aeromonas
culicicola. the production of putative acyl-HSLs as a
function of cell-density was studied and it was found to be
highly correlated with increasing cell density. Chemical
characterization of the secreted acyl-HSLs was carried out
after fractionation of acetonitrile extracts of culture
supernatants by HPLC. Biologically active fractions were
characterized
by IR, MS/MS and NMR. These studies

confirmed that one of the A. culicicola AHL molecule could
possibly be a side chain derivative of HHL. The identity of
the chemical compound in the other bioactive fraction is
still not known since the preliminary purification of the
same was not possible to an extent to give a clear
spectrum. Utility of luxR and luxl homologs as phylogenetic
tools was tested. All the strains were also genotyped using
techniques like RAPD, REP-PCRand ERIC-PCR.
b) Molecular
characterization
of hemolysin
[Aerolysin), super oxide dismutase [sodA and sodB)
genes.
Aeromonas culicicola was isolated from mid-gut of
mosquito and recently it was also been reported from the
dinking water supply. Our studies in cell cultures indicated
it to be cytotoxic (Fig 3). Aeromonas are known to be
opportunistic pathogens. The studies on their virulence
properties are restricted to few species and haven't been
studied at the molecular level. Virulence is a multifactorial
trait and depends on several attributes. We have
attempted to study the some of the known virulence
factors, to the molecular level. The genes encoding
aerolysin, super-oxide dismutases (sodA and sodB) and
Ferric Uptake Regulator (FUR) have been cloned and
sequenced. Their gene products have been expressed as
recombinant proteins in E. coli. Now the studies are
concentrated towards understanding the role of regulatory
elements which are present upstream of the coding
sequence. The primer extension studies to determine the
start site of the transcript are done for some of the genes.
To study the core promoter regions the studies are carried
out using Electrophoretic mobility Shift Assay (EMSA). The
experiments to determine the core promoter region are
underway. Isogenic mutants lacking the particular gene are
being constructed. The animal experiments are on to
determine the role ofthese genes in suckling mouse model
of infection.
c) Characterization of plasmids from Aeromonas
culicicola:
From the preliminary studies it was found that Aeromonas
culicicola harbor plasm ids. From the plasmid isolation
protocol, it was found that A. culicicola exhibits 2-3 which
were sequenced by applying shotgun sequencing method.
Sequence assembly and analysis was carried out with the
help of software developed by C-DAC. The major outcome
of this project is presence of Type IV Secretory System,
Plasmid Partitioning Protein present on plasmid. Complete
sequencingofthese plasm ids is in progress.
Virulence Properties of A. culicicola:
Some assays also been carried out to check virulence
properties of A. culicicola. It shows hemolytic activity on
blood agar plate. Antibiotic susceptibility testing using
octadiscs shown that A. culicicola possesses resistance to
wide variety of antibiotics. Cytotoxic assay on CHO and
VERO cell lines clearly shown that A. culicicola is highly
cytotoxic and induces cell death. RND type Multidrug Efflux
Pump, ABC type transporters was identified and found to
present on genomic DNA by southern hybridization.
Complete characterization of these proteins would reveal
the role ofthese proteins in virulence of A. culicicola.
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Fig.1 Phylogenetic tree showing the relationship among 16S rRNA gene sequences from Lonar lake with reference sequences obtained through
BLAST analysis. The sequence alignment was performed using CLUSTAL W program and trees were constructed using the neighbor-joining
with Kimura 2 parameter distances in PHYLIP software version 3.61.(Felsentein 1993). Numbers in bold are the sequences obtained from present
study. Bootstrap values (1000 replicates) above 50% are shown. E.coli was used as out-group taxa

Fig. 2 Biosensor based detection of AHL production by Aeromonas strains. a) Chromobacterium violaceum CV026 assay plate with both controls
alongwithA. culicicola MTCC 3249T and the three negative strains; and b) CLSM images of gfp expression from E. coli 1MI 09 harboring pJBA89
in the presence of spent culture supernatants from all the six strains as in a) showing positive result for HG-13.

~
~

1:10

Dilutioll

VERO
Fig. 3 Cytotoxicity Assay using supernatant of A. culicicola on VERO and CHO cell lines
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Participants: Rajnikant Dixit, RA, • D. Ananthram, JRF • Satinder Singh, JRF
• Rajesh Kundapur, PA • Pradeep Gharge, PA. Jay Patankar, PA
Collaborators: M. S. Patole (NCCS), • D.T. Mourya (Microbial Containment Complex)
• Rajendra Joshi (Centre for Development of Advanced Computing)
• Rakesh Mishra (Centre for Cellular and Molecular Biology, Hyderabad)
Abstract and background:
Mosquitoes are vectors for diseases like malaria, filarial and many arboviruses. After human
genome, worldwide researchers have turned their attention to sequence mosquito genome.
The sequence for Anopheles gambiae, which is vector for malaria in Africa is already
completed and the one for Aedes aegypti is currently under progress. The project presented
here aims at complementing this effort by performing extensive EST (Expressed Sequence
Tag) analysis of Anopheles stephensii which is vector of malaria in India. It is proposed make
directionally cloned cDNA libraries from infected and uninfected mid gut ofthis mosquito and
sequence these from both ends. The sequences thus obtained will be annotated and
submitted to international databases. These will also be made available on web site designed
forthis purpose.
Aim:
Anopheles stephensii is one of the major vectors for transmission of malaria in India. There is
very little or no sequence information is available about this vector in the database. In the
light of Anopheles gambiae genome sequence available, it was felt desirable that this vector
being important for India, generation of Expressed Sequence Tags from uninfected and
Plasmodium infected mid gut tissues would provide valuable information.
Work achieved:
A normalized cDNA library was prepared from the mid gut of un infected mosquitoes. A new
methodology that depends on cleavage of hybrids representing abundant transcripts by
double strand specific nuclease was used for this. More than 30 000 clones were obtained
and are being currently sequenced. So far around 1100 clones have been sequenced and
analyzed after trimming the vector sequences. They show homologies to Anopheles gambiae
and Aedes aegypti sequences. A large number of clones also show homologies to
hypothetical proteins from Drosophila and other organsrns.
In a related project we have also tried to characterize hox cluster from Anopheles stephensii.
The Hox genes encode a family of transcription factors containing the evolutionarily
conserved DNA binding homeodomain. Hox genes occupy ~ 700Kb of the genomic DNA in
mosquito. In order to obtain the entire cluster, BAC (Bacterial Artificial Library) genomic DNA
library with an average insert size of ~125 kb was used. By exploiting the sequence
conservation within the homeobox region, primers for individual Hox genes were designed
from the Drosophila genome. For isolation of the mosquito orthologs, these products were
used to screen the BAC library by colony hybridization.
BAC clones containing majority of the Hox orthologs have been obtained after 2 rounds of
screening. These clones would be further confirmed and would be sequenced using shotgun
sequencing strategy. In order to find out whether similar regulatory elements operate in the
mosquito, preliminary gel shift experiments were carried out to find out interaction of the
mosquito NE (Nuclear Extract) proteins with regulatory elements from Drosophila. Briefly, NE
was prepared from the C6/36 cell line (A. albopictus larval cell line) and the extract was
challenged against the Fab 7-PRE region of the Abd-B locus from Drosophila. Polycomb
Responsive Elements (PRE) are binding sequences for the Polycomb (Pc) group of proteins,
which are involved in regulation of gene expression. Gel shift assay indicates presence of
I
I
I
I
I

I

I

fIff-

similar regulatory elements in the mosquito. More work is
being carried our in order identify and characterize these
elements

Fig. 1 A representative

Future work:
Further sequencing of the library from un infected mid gut
will be done and construction of library from Plasmodium
infected
mid guts
and sequencing.
Detailed
characterization of Hox gene locus will be undertaken.

gel picture of EST sequencing gel.
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Studies on malaria parasite biology: Spontaneous extracellular
growth of erythrocytic stages of Plasmodium falciparum
malaria parasite in vitro. Characterization: (Part-II)
Participants: S.K.Syeed, SRF. Mangesh S Deval, Technician
Collaborators: Prof. Pramod Khandeker, Institute of Bioinformatics and Bitotechnology, Pune

Abstract and background:
Malaria is caused by a protozoan parasite and is transmitted by infected mosquito bite to
human. The infection of RBC by the parasite leads to malaria disease. The continuous in vitro
culture of erythrocytic stages Plasmodium

falciparum

of the parasites. To understand the P.falciparum
survival,

the

parasites

intraerythrocytic

schizonts

were

cultured

of P.falciparum

has revealed various biological aspects

parasite's requirement of host RBC for its

extracellularly.
were cultured

Merozoites
axenically

obtained
in the

from

matrigel

supplemented with erythrocytic extract. But the parasites cultures did not grown beyond three
erythrocytic life cycles. The continuous in vitro extracellular culture of erythrocytic stages is
one of the important areas of the parasite biology. The invasion of merozoite into host cell is a
highly complex and multi-step

process that is dependent upon a cascade of specific

molecular interactions between the parasite and host RBC receptors.

Being intraerythocytic

is crucial and prerequisite for parasite survival and development in vitro and in vivo. The
merozoites which fail to invade erythrocytes can not survive.
Last year, we have reported for the first time spontaneous development of erythrocytic stages
of parasites out side the human host RBC. During prolonged in vitro cultures of FAN5HS
parasite line, some of the merozoites emerged from the intracellular schizont were able to
attach to the erythrocytes but failed to invade the host cells, instead of disintegration, these
merozoites

transformed

into ring stages, then

into pigment

trophozoites and finally developed into schizonts. The merozoites

(hemozoin)

containing

which formed in these

schizonts were able to grow out side the human RBC. The parasites were isolated and cultured
in the modified culture medium. The parasites were characterized by PCR and RT-PCRusing
P.falciparum

specific gene primers. The parasites also reacted with P.falciparum

antibodies. In contrast to

specific

intraerythrocytic parasites, the extracellular parasites do not

incorporate (3H) hypoxanthine

or (3H) ethanol-amine.

We speculate lack of TVM in the

extracellular parasites prevented incorporation ofthese molecules into the parasites.
We, further characterized the extracellular parasites and studied some biological aspects of
merozoites (merozoites from intracellular parent schizont which gave rise to extracellular
parasites) .The extracellular parasites do not uptake (3H) Chloroquine and thus these parasites
are not affected by the drug treatment. Only a few merozoites of intracellular schizont (FAN
5HS) are viable and able to invade RBC to form the ring stages. This indicates that there is

some defective in the merozoites which fail to invade RBC. The erythrocytes age is crucial for
parasite survival and growth. More than 50% reduction in the parasite growth was observed
in the old RBC compare to the controls in which fresh RBC were added. The intraerythrocytic
parent (FAN 5HS) parasites shows multiple infection upto four parasites per erythrocytes and
abnormalities

in the schizont. The nature and number of merozoites formation in these

parasites is not clear at present. In contrast to intraerythrocytic parasites, treatment
extracellular parasites with cysteine protease inhibitor (E-64)

did not effect

accumulation merozoites in the schizonts. This may be due to the lack of PVM around

of

in the
these

parasites on which the molecule shows its activity.

II

Aims/ Objectives:
1.

2. Merozoites invasion assay: viable merozoites and non-

Characterization

Identification

of

extracellular

parasites.

of factors / molecules

2.

involved in the

viable merozoites:
Last year, we have reported that some of the merozoites of
intracellular

schizont

were

unable

to

invade

the

inhibition of invasion of merozoites into the host cell. 3.

erythrocytes and developed into extracellular parasites.

Biological studies of the parasites (nutrient transport

Studies were carried out to assess the

system

merozoites which invade the erythrocytes and transforms

etc.).4.

Studies

on

merozoites

formation

number

of

(schizogony) in the intraerythrocytic parasites which give to

into ring stages (considered as viable merozoites) in the

defective merozoites which failed to invade the host cells.

intraerythrocytic FAN 5HS parasites as well as the number
of merozoites which fail to invade RBC. Schizonts were

Work achieved:

enriched and the invasion assay was carried out. Parasites

1. Uptake of eH) Chloroquine by malaria parasites:

cultures were treated with sorbitol at regular intervals to
synchronize the cultures. When the cultures were rich in

Intraerythrocytic and extracellular parasites of FAN 5HS

schizonts, the parasite pellet was suspended

were exposed to eH ) Chloroquine to assess the uptake of

medium

the

centrifuged

drug

by the

parasites.

(parasitemia,5%)
(parasitemia,6.5%)
plates.

and

Intracellular

extracellular

parasites
parasites

were cultured in 96 well tissue culture

Hematocrit was 5 % in both the cultures. Final

supplemented
at

temperature.
was

1000

with

20

rpm for 2.5

Culture supernatant

in the

% serum
min.

at

and
room

containing schizonts

transferred to another tube and P-RBC pelleted by

centrifugation

at

3000

rpm

/

10

min.

at

room

volume of culture medium was adjusted to 100pl/well. eH)

temperature. The process was repeated until the smear of

Chloroquine was added (1 pCi/well ) at 0 h. cultures. The

parasites in the supernatant showed only schizonts.

intracellular parasite cultures were terminated after 48h

this pellet equal amount offreshly washed RBC (2 days old

and the extracellular

parasites were cultured for 72h.

from the date of blood collection) was added and a thin

harvesting. The supernatant from the plates were

smear was prepared. The smears were dried, fixed in

before

To

collected without disturbing the settled intracellular (P-

methanol and stained with PI / DAPI. At least 2000 RBC

RBC) and extracellular parasites (E-RBC). About 200 pi of

were viewed under microscope and percent prasitemia of

PBS was added

schizonts and number of merozoites per schizont were

centrifuged
collected

to

these wells and the plate was

at 3000 rpm/l0
without

disturbing

min, and supernatant was

calculated. The pellet was suspended in culture medium

the

containing

parasite

pellet and

0.5%

AlbuMix

(Gibco-BRL) and the

RBC

discarded. The process of washing the pellet was repeated

suspension (100 pi /well with 5 % hematocrit) was seeded

6 times to get rid of free eH) chloroquine in the medium,

in to 96 well tissue culture plate in triplicates. The plates

which was not taken up by the parasites. The parasite

were incubated at 37°C

pellets of intracellular and extracellular parasites were

Smears

lysed by addition of 20pl cold distilled water and freeze-

incubation. Number of rings/l000

of parasites

in the candle jar desiccators.

cultures

were

made

after

8h

RBC were counted and

thaw. The content was carefully transferred on to glass

percent rings were calculated. The number of rings are

filter papers (harvesting papers) and dried. The papers

considered equal to number of viable merozoites and the

were transferred to vials containing scintillation fluid and

percentage of ring stages were calculated to the total

CPM was recorded. Normal washed RBC (uninfected RBC)

merozoites in the schizonts. The average of number of

were

schizonts were 5.55

also

included

in the

experiment

Intraerythrocytic parasites uptake eH)

chloroquine which

is indicated by CPM counts of 3568.66.
parasites

as control.

shows CPM counts of 308.42

The extracellular
indicating no

% in FAN 5HS parasites.

percentage of merozoites per schizont was 16.66 percent
(Table. II ). The number of merozoites attaching
erythrocytes were also counted.
only 11.55 % merozoites of 92.56

shows

RBC and forms ring stages. A fraction of

CPM counts which is close to the

to

The result indicates that

uptake of this drug by these parasites. The normal RBC
230.53

The

merozoites can invade
merozoites

extracellular CPM counts (Table 1).Unlike intraerythrocytic

(4.66 %) were seen

parasites these extracellular parasites do not uptake eH)

rings were seen on erythrocytes surface. This experiment

chloroquine

may be due to lack of nutrient channel-TVM.

attaching to RBC. About one percent

indicates that only a few merozoites from a schizont are
viable and able to invade RBC.

multiple infection upto four parasites per erythrocytes
3. Effect of age groups of RBe on the growth of

(Fig.2A,2B&2C) and abnormalities in the schizont stages

malaria parasites:

(Fig.2D). The nature and number of merozoites formation

CH) Hypoxanthine incorporation

assay:

in these parasites is not clear at present.
progress on comparative formation

The invasion of merozoite into host cell is complex and
multi-step

process.

It

molecular interactions

is dependent

upon

specific

between parasite and host RBC

multiple Infections in 307

Studies are in

of percentages of

and FAN 5HS and average

number of merozoites formation

in RBC infected with

multiple schizonts.

receptors. The experiment was conducted to determine
role of

age of RBC on parasite invasion and growth.

Generally blood used for malaria parasites cultures for

5. Effect of cysteine protease inhibitor-E-64 on schizonts
and release of merozoites:

four weeks from the date of the collection. The assay was
carried out with intracellular FAN 5HS parasites. Schizonts

Effect of cysteine protease inhibitor, L-transepoxy-succinyl-

were enriched as described earlier and P-RBC suspension

leucylamido-(4-guanidino)butane,

prepared in culture medium and 100 J.11
Iwell seeded into

extracellular parasite- schizont

(E-64)

on

the

rupture and release of

96 well tissue culture plate. Each well contained 5% RBC

merozoites was tested as described for

intracellular

with parasites. Blood collected at different dates (RBC)

schizont stage

extracellular

were washed 4 times with culture medium. A suspension of

parasites containing mature trophozoites and schizonts

washed RBC prepared

(approximately 6%)

in the culture medium separately

for each group of blood

(at the rate of 5 J.11RBCI 100 J.11

parasites. Asynchronous

were treated with freshly prepared E-

64 (10 J.1M)for 18 h. Smears were prepared and stained

culture medium).Each blood group suspension was added

with

in the parasites containing wells. Thus each well received

perasites, treatment

10J.11 RBC +200

J.11 culture medium. After 30 h. of

JBS.

However, in contrast

to

intraerythrocytic

of extracellular parasites with this

molecule did not effect

in the accumulation merozoites in

was added to each well

the schizonts. This may be due to the lack of PVM around

(1j.1Ci/well). The experiment was terminated after another

these parasites on which the cysteine protease shows its

cultures,

eH) hypoxanthine

18h. cultures. The plates were freeze-thawed and the
parasite DNA was harvested on glass filter papers. The
papers were dried and CPM was recorded. More than 50%

activity.
6. Studies on uptake of eH) leucine, growth of parasites in
RBC extract without membrane is in progress.

reduction in the parasite growth was observed in the old
RBC compare to controls in which fresh RBC were added

·Future work:

(Table.lll). The reduction in the parasite growth in the old
RBC could be due to the deformation of receptors on the

1. Freeze- thaw & revival of extracellular parasites. 2. PCR

RBCdueto

I RT-PCRand sequencing of PCR product for identification

its age.

of defective molecules in the merozoites which are involved
4. Multiple infection/abnormalities
The intraerythrocytic

in the parasites:

in the invasion (MSP(s),EBA-175,etc.).

parent FAN 5HS parasites shows

Table.I, Accumulation

of CH) Chloroquine in intraerythrocytic

and extracellular parasites.
CPM (x + SO)

1. Normal-RBC

+ eH) CHQ:

2. P-RBC (intra)

+ (3H)CHQ:

3. Extracellular parasites + eH CHQ) :

230.53 ± 25.12
3568.66
308.42

± 78.33
± 55.31

Table. II. Merozoites

invasion

assay

(percent)
1. Schizonts:

5.55 %

2. Average merozoites per schizont:

16.66%
92.56

3. Total Merozoites in 5.55 % schizonts :

11.55%

4. Rings: (viable merozoites)

4.66%

5. Merozoite attached to RBC :

Table. III. Parasites

growth

in old and fresh

RBC: by (3H) hypoxanthine

(Date of blood collection)

CPM

1.April-05:

10060.33+/-

control

%

incorporation

(percent)

X +/-SD

(100.00)

467.25

2.March-05 :

4764.66

+/- 176.53

(47.35)

3.Jan-05:

4189.33

+/- 44.73

(41.64)

4.sept-04 :

4408.50

+/- 561.02

(43.81)

Fig.1B

Fig.lA

Fig.IC

Fig.ID

Fig.l
Smears
of extracellular
parasites
growing
out side the erythrocytes.
Merozoites
which
RBC (Fig.lA)
were transformed
in to ring stages
on the surface
of erythrocytes
(Fig.lB,lC
stages are seen with dot like chromatin and oval/round shape cytoplasm).

Fig.2A

Fig.2B

Fig.2C

Fig.2D

failed
&lD).

to invade
The ring

Fig.2E

Fig. 2 Multiple infection of intraerythrocytic parasites: The intracellular parasites of FAN 5HS which gave rise to extracellular parasites shows
multiple infection of parasites in a single erythrocyte(Fig.2A), (Fig.2B) and (Fig.2C). The intracellular parasite also shows abnormality in the
schizont stages with merozoite spread out in erythrocyte (Fig.2D).

Fig.3Extracellular

malaria parasites in the cultures.
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Studies on signaling requirement for the activation, proliferation
and differentiation of CD8+ T-cells and generation of memory
Participants: Debargh Dutta, SRF • Jay Prakash Singh, SRF • Manu S. Shukla, JRF
• Sanjib Bose, JRF

Abstract and Background:
Our lab has been engaged in analyzing the capacity of B cells activated by T-independent and
dependent modes to provide help to CD8+ T cells. We found that differentially activated B cells
exhibit different effect on CD8+ T-cells. We used conditioned B cells which were either
activated with LPS or anti-Ig + anti-CD40 antibodies, which mimic the T-independent and Tdependent mode of B cell activation respectively, to provide accessory signals to resting CD8+
T cells. Our results show that in comparison to anti-lg+anti-CD40 antibodies activated B cells
(CD40-B), the LPS activated B cells (LPS-B) failed to induce significant levels of proliferation,
cytokine secretion and cytotoxic ability of CD8+ T cells. This hypo responsiveness of CD8+ T
cells activated with LPS-B was significantly rescued by anti-TGF~-l antibody. Moreover, it was
found that such hypo responsive CD8+ T cells activated with LPS-B had undergone to a state of
anergy. Further, LPS-B expresses significantly higher level of TGF~-l on the surface, which
caused the observed hypo responsiveness of CD8+ T cells.
On the premise that differentially activated APCs exhibit different effect on T cells we wanted to
examine the effect of APCs viz. dendritic cells and B cells activated by different modes in T cell
activation and subsequent memory generation.
Aims:
1. Establishment of in vitro system to study CD8+ T cells activation, differentiation and
memory generation.
2. To understand the molecular mechanism of CD8+ T cell activation and memory
generation.
3. Translating the information obtained from in vitro system to in vivo using antigen specific
system.
Work achieved:
Establishment of the in vitro system
To evaluate our hypothesis we used differentially activated dendritic cells and B cells which
were activated by microbial products viz. unmethylated CpG repeats, LPS or anti CD40
antibody to mimic the T independent and T dependent modes of APC activation respectively. In
addition combinations of both these modes were also used to activate the APCs. The primary
signal to CD8+ T cells was provided by anti CD3-£ antibody. Irradiated differentially activated
APCs (Dendritic cells and B cells) were used to provide only the secondary signal in co-culture
experiment with CD8+ T cells. These differentially activated DCs as well as B cells exhibited
different capacity to drive CD8+ T cell proliferation as shown by T cell proliferation assays
(Fig 1).
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Fig. 1 Differentially activated APCs acquire different capacity to drive CD8+ cell proliferation 105 purified CD8+ T-Cells were activated with a
CD3E and co-cultured with differentially activated DCs (10') as shown above in (a) and differentially activated B-cells(5 x 104) (b). Cells were
cultured for 72 hours and thymidine( 1 mCi/ml) was added for last 12 hrs of the culture.

The different activation status of the antigen presenting
cells was also evident when the culture supernatants were

analyzed for presence of different cytokines namely IL-12,
IL-6and IL-l0 (Fig2).
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Fig 2. Differentially activated B cells exhibit
differential cytokine expression pattern.
Fig. 2 Differentially

activated B cells exhibit differential cytokine expression pattern.

Interestingly, both dendrtic cells and B cells were found to
be better activator of CD8+ T cells when activated with a
combination of CpG and CD40. These cells showed better
capacity to drive CD8+ T cell proliferation and secreted
greater amount of IL-12, which has been reported to be a

vital cytokine for CD8+ T cell activation. Furthermore, we
checked the expression of co-stimulatory molecules on the
surface of these differentially activated APCs by FACS
analysis (Fig 3).
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Fig 3. Surface expression of co-stimulatory

B7.l

molecules on differentially activated DCs (a) and B cells (b).

We found that CpG+CD40 activated DCs and 8 Cells
displayed greater expression of CD80 (87.1) and CD86
(87.2). However, no significant changes were observed in
surface expression of CD40 and CD54 (ICAM-l). Taken
together, all these observations indicate that indeed
differentially activated APCs acquire different capacity to
activate CD8+ T cells. However, further characterization of
these APCs in terms of surface accessory molecule
expression and cytokine secretion
is required to
mechanistically demonstrate the candidate molecules
involved in this apparent behavior ofthese APCs.
Future work:
1.

B7.2

Further evaluation of CD8+ T cell activation leading to
effector cell generation will be done by analyzing
perforin, Granzyrne 8, IFN-y expression and in vitro
target lysis.

2.

Antigen specific system will be employed to further
confirm the results obtained from in vitro system. For
this purpose CD8+ T cells from TCR transgenic mice
(LCMV and Ol-L) will be co-cultured with differentially
activated APCs loaded with the respective peptides
and adoptively transferred to Thy 1.1 congenic mice.
The generation of CD8+ T cell memory will be evaluated
quantitatively as well as quantitatively by analyzing the
T cells gated on Thy 1.2 cells (the cells which were
adoptively transferred) for various attributes of memory
cells i.e. presence of different cell surface markers.
The qualitative evaluation of memory will be done by
the recall responses in mice, which received the
adoptively transferred cells, by re-challenging with the
antigen and monitoring the recall response.

a

Debashis Mitra

Molecular and cellular basis of HIV pathogenesis

dmitra@nccs.res.in

-

Participants: Jayashree S. ladha (Ph.D., March 2005) • Dinesh Dandekar, SRF
• Manish Kumar, SRF • Shalini Gupta, SRF • D. S. Ravi, SRF • Manoj Tripathy, JRF
• Renu Singh, JRF • Md. Zulfazal Ahmed, JRF • Sujata Bhade Kulkarni, Technician
Collaborators: Dr. Bhaskar Saha • Dr. G.C. Mishra • Dr. Anil Chatterji (NIO, Goa)
• Dr. Kanury Rao (ICGEB, New Delhi) • Dr. K. N. Ganesh (NCl, Pune)
Abstract and Background:
Human immunodeficiency virus is the causative agent of acquired immunodeficiency
syndrome (AIDS), which is defined by a reduction in the number of CD4+ T cells (less than
200 cells/jrl) and the onset of opportunistic infections. The incidence of HIV infection has
reached alarmingly high levels worldwide including India. The therapeutic strategies being
used at present can reduce the viral load remarkably but is not the ultimate answer to AIDS
patients. Our group has been working on three different aspects of HIV, related to viral
pathogenesis, immune response and drug discovery. The primary objective is to gain more
understanding of the virus and its interaction with the host cell, which may lead us to new
antiviral strategies.
Aims:
1. Role of viral regulatory proteins Tat and Nef in HIV pathogenesis, and differential gene
expression studies in HIV-1 infected cells.
2. Molecular basis of CTl dysfunction in HIV infection.
3. Identification of anti-HIV activity in marine animals.
Work achieved:
Role of viral regulatory proteins Tat and Nef in HIV pathogenesis, and differential
gene expression studies in HIV-l infected cells.
The Human Immunodeficiency Virus Type 1 encodes a 27 KDa protein, Nef, which has come
a long way from being termed as a negative factor to being one of the most important proteins
of HIV-1. However, its role in HIV-1 replication and gene expression remains to be clearly
elucidated. In our endeavor to identify Nef interacting host cell proteins, we have screened a
human leukocyte cDNA library using yeast two hybrid system, which has resulted in
identification of several interacting proteins. One of the interacting proteins is a member of
heat shock protein family, which is being currently characterized in detail. Our data indicates
that Nef specifically interacts with one HSP family member to induce viral replication and
gene expression. We have also observed that its expression is induced during HIV infection,
the molecular basis of which is currently under investigation.
HIV-1 Tat protein reprograms cellular gene expression of infected as well as uninfected cells
apart from its primary function of trans-activating HIV-110ng terminal repeat (lTR) promoter
by binding to a nascent RNA stem loop structure known as transactivator response region
(TAR). Several studies have shown convincing evidences that Tat can transactivate HIV-1
gene expression in absence of TAR, the molecular mechanism of which remains to be
understood. We have earlier shown a direct interaction of Tat with nuclear factor kappa B
(NFKB) enhancer, a global regulatory sequence for many cellular genes both in vitro and in
vivo. We have now performed biophysical studies using fluorescence anisotropy and
isothermal titration calorimetry (ITC)to identify the strength and nature of binding. Anisotropy
studies using fluorescein labeled DNA suggests that Tat binds to NFKB enhancer DNA as a
dimer with binding affinity (Kd, dissociation constant) in nanomolar range. Curve fitting of ITC
data suggest that Tat:NFKB interaction follows a two site sequential binding model. This
interaction not only provides a novel molecular basis to explain TAR independent
transactivation in HIV-1, but also point towards the potential mechanism of Tat mediated
modulation of cellular genes.
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Studies done till date to elucidate the pathways involved in
HIV-1 induced T cell depletion has revealed that apoptosis
underlie the etiology, however, a clear molecular
understanding of HIV-1 induced apoptosis has remained
elusive. Although evidences pointing towards the
importance of mitochondrial energy generating system in
apoptosis exist but it's exact role remains to be clearly
understood. We have observed for the first time specific
down regulation of a complex I subunit NDUFA6 with

simultaneous impairment of mitochondrial complex I
activity in HIV infection (Fig-1). We also show that NDUFA6
gene silencing induces apoptosis and its over expression
reduces apoptosis in HIV infected cells. Finally, sensitivity
to complex I inhibitor Rotenone is reduced in HIV-1 infected
T cells indicating an important role for it in the death
process (Fig-2). Our data provides a novel molecular basis
as to how the virus might interfere with host cell energy
generating system duringapoptotic cell death.
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Fig. 1 NDUFA6 expression and Mitochondrial Complex I activity is down regulated in HIV-I induced T cell apoptosis. a. Expression of
mitochondrial complex I subunits NDUFA6, NDUFB6 and ND2 in purified apoptotic and non-apoptotic CEM-GFP cells infected with NL4.3
virus using RT-PCR. RNA was isolated from the purified apoptotic (Ap) and non-apoptotic (NAp) cells (day 9 post infection) followed by RT-PCR
using gene specific primers. Human a- actin was used as an internal control. M, Mol. Size marker. b. Western blot analysis ofNDUFA6 and
NDUFB6 expression in mitochondrial fractions ofHIV-1 infected CEM-GFP cells. MI, Mock infected; I, NL4.3 infected; AZT, AZT treated
NL4.3 infected. COX-4 was used as an equal loading control for mitochondrial lysates. c. Biochemical analysis of Rotenone specific NADH
dehydrogenase (Complex I) activity in mitochondria isolated from mock- and HIV-I infected CEM-GFP cells. The activity is shown as a mean of
three independent experiments. MI, Mock infected and I, Infected. d. Mitochondrial proteins were resolved on 5-12% native polyacrylamide
gradient gel and complex I specific activity staining was performed in the gel. MI, mock infected; I, NL4.3 infected; AZT, AZT treated NL4.3
infected sample. e. Coomassie blue staining of the same gel used in Fig-l d prior to complex I activity staining to show equal mitochondrial protein
loading in the gel.

Molecular basis of elL dysfunction in HIV infection.
HIV-1 is a uniquely difficult target to develop immunological
intervention against it. Despite a high frequency of HIVspecific CD8+ T cells, most HIV-infected patients fail to
control viral replication without antiviral drugs suggesting
an impairment of the CTls. Indeed, CD8+ T cells are active
in containing acute HIV and simian immunodeficiency virus
(SIV) infection but not in chronic infection. The inability is
related to the failure of these cells to mature into fully
differentiated effector cells. Maturation into competent
CTls may be blocked during the initial encounter with
antigen because of defects in antigen presentation by
dendritic cells or HIV-infected macrophages. CD8+ T cell
dysfunction can partially be corrected in vitro with shortterm exposure to interleukin-2, suggesting that impaired
HIV-specific CD4 + T helper function may also play a
significant causal or exacerbating role. Based on the data

from our previous studies, we are currently trying to
understand the role of Il-12 and IFN-y in the elicitation
and maturation of CTl against HIV-1 envelope protein
gp120 of subtype C using DNA immunization of mice.
Although wild-type BAlB/c mice responded well to
pCgp120 immunization, the response was severely
compromised in Il-12- and IFN-y deficient mice. Copriming with Il-12 vector rescued the CTl activity in Il-12deficient mice but not in IFN-y deficient mice, indicating
the importance of Il-12 in the elicitation phase of CTl
production but probably not in the maturation step. In
contrast, IFN-y, which might be induced by Il-12 in the first
phase, might help in the CTl maturation, perhaps
associated with the acquisition of cytotoxic properties.
Finally, finding means of rescuing an impaired CTl
functions may help devise an immuno-therapeutic strategy
to control HIV replication or boost existing strategies.
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Figure 2. Involvement of complex I in HIV induced apoptosis. a. Rotenone sensitivity is reduced in HIV-l infected cells. Both mock- or HIV-I
infected CEM-GFP cells were treated with specific complex I inhibitor rotenone (3 u M) or complex V inhibitor oligomycin (10 ug/rnl) for 4 hours
at different days post infection, followed by analysis of reduction in cell viability using MTT assay. The values are the mean of three independent
experiments. b.HIV-I reduces the mitochondrial membrane potential ofCEM-GFP cells similar to complex [ inhibitor Rotenone. Analysis of
mitochondrial membrane potential was done in either mock infected, NL4.3 infected (day 5 and day 7 post infection) or rotenone treated (3!lM)
cells. The cells were stained with Mitotracker (MT) and observed by confocal microscopy for green (GFP) and red (MT) fluorescence. PC, Phase
contrast image; GFP, GFP expression indicating infection; MitoTracker, staining for t.'I'm and overlay, GFP and MT overlay.

Identification of anti-HIV activity in marine animals.

Future work:

The current therapeutic strategy involving the use of
reverse transcriptase
and protease
inhibitors
in
combination (HAART) has proven to be useful in controlling
the virus but is unable to eradicate the virus from the
patients. Extensive work is being done throughout the
globe to identify new anti-HIV therapeutic strategies. One
of the strategies has been to identify anti-HIV compounds
in natural resources. We have performed screening of antiHIV activity in marine bivalves of Indian coastline. Our
studies have revealed the presence of anti-HIV activity in
green mussel and clams, the Iysates of which are being
currently fractionated to identify and characterize the
active components.

The future work involves characterizations of some of the
other Nef interacting clones and identifying their functional
relevance in HIV lifecycle. We are also looking at the
chromatin modulation by Tat protein in HIV infected cells
and studies are in progress to find a physiological relevance
for Tat-NFKB interaction.
Identification of differentially
expressed genes and their relevance to HIV induced cell
death will be continued, with a focus on mitochondrial
functions in infected cells, specifically the role of complex I
to V of oxidative phosphorylation system. We are
continuing our studies on the role of Il-12 and IFN-y in
elicitation and maturation of CTl in response to gp120
immunization in mice. The study also intends to identify the
viral mechanism of inhibition of the IFN-y induced CTl
maturation and how it could be overcome. Finally, the
identity of the molecule responsible for anti-HIV activity
from marine bivalve is currently under active investigation.
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Roles of T cells and non- T cells in the resistance and
susceptibility to Leishmania infection
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• Reena Agrawal, SRF • Manish Bodas, SRF • G. Murugaiyan, SRF
• Meenakshi Jadhav, Technician
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Abstract and Background:
I
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Leishmania is a parasitic disease that puts more than 320 million people at risk worldwide.
Neither a vaccine nor a drug of excellent efficiency but without any side effects exists. One of
the reasons forthis unavailability is our lack of understanding ofthe disease. Since it has been
proposed that both T cells and non-T cells are party to the control of the disease, we have
undertaken the studies on Leishmania infection as mentioned below.
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Work done:
CD40 signaling in macrophages. Macrophages are the host cells for the parasite. We have
reported earlier that signaling through CD40, a costimulatory molecule on macrophages, is
differentially modulated.
Upon infection, p38MAP kinase activation is down regulated
whereas ERK-1j2 activation is up regulated. Since p38MAP kinase is associated with IL-12
whereas ERK-1/2 IS associated with IL-l0, the reciprocal regulation of these two signaling
intermediates provided the parasite a two-fold advantage.
However, how Leishmania
modulates the signaling reciprocally remained to be investigated. We observed that at least,
two different mechanisms are operating in tandem. On one hand, the phosphatase activation
is up regulated and the activated phosphatase might dephosphorylate the p38MAP kinase
resulting in a overriding ERK-1/2 activation and IL-l0 predominance. On the other hand, Iyn
activation is down regulated upon Leishmania infection, resulting in impaired Protein kinase C
-II and MKK-3/6. How these two pathways are differentially regulated remains to be explored.
MHC class-II (MHC-II) signaling. It is postulated that the T cells require two signals for their
optimal activation. The MHC-II-peptide-T cell receptor (TCR)ternary complex provides the first
signal and the engagement of the costimulatory molecules with their respective ligands
provides the second signal to T cells. Thus, the antigen-presenting cell (APC)-Tcell interaction
is implied to be unidirectional. Since we observed that SEB bindingto MHC-II resulted in IL-12
and TNF- production, it was quite possible that the MHC-II might be signaling towards the APC
as well. Therefore, we studied the MHC-II signaling in macrophages. We observed that MHCII was constitutively associated with a G-protein coupled receptor, initializing the signaling
events with G-protein activation, which is followed by the activation of TNF-a converting
enzyme (TACE). TACEactivation results in a series of signaling events that eventuates in the
activation of NFKB-dependent transcription ofTNF-a. These observations clearly demonstrate
that APC-T cell interaction is bi-directional. How Leishmania modulates these signaling
events, if at all, to enhance their survival in macrophages and dendritic cells remains to be
examined.
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Role of viral complement control proteins in immune evasion

Collaborators:
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Dr. Pradeep B. Parab, NCCS • Dr. Debashis Mitra, NCCS

Participants: Jayati Mullick, Post-Doc. John Bernet, SRF • Akhilesh Singh, SRF
• Archana Kadam, SRF • Muzammil Ahmad, JRF • Yogesh Panse, Technician
• Vivekanand Yadav, RA
Background:
The complement system is an ancient and one of the principle innate immune defense
mechanisms against all invading pathogens, including viruses. Unlike other innate immune
mechanisms, it has a unique ability to recognize and label pathogens as non-self, with as well
as without the help of pattern recognition molecules. Apart from its direct effect on
pathogens, it also plays an additional role in initiation and enhancement of the pathogenspecific adaptive immune responses. A significant body of knowledge indicates that both
acute as well as latent viruses are susceptible to neutralization by the complement system.
Thus, complement exerts a strong selective pressure on viruses during infection and in order
to survive as successful pathogens, viruses must evolve mechanisms to subvert this system.
The genome sequencing of vaccinia virus (W), herpesvirus saimiri (HVS), and Kaposi's
sarcoma-associated herpesvirus (KSHV/HHV-8) have shown that these viruses encode
structural homologs of host complement regulatory proteins (vCCPs). We believe that these
viruses encode vCCPs to mask themselves against host's complement attack and are
essential for their successful in vivo survival and propagation. Our current emphasis is on
understanding the molecular mechanism(s) underlying the interaction between host's
complement proteins and vCCPs of W, HVS and KSHV. Our long-term goal is to understand
how complement controls viral infections and how vCCPshelp subverting it.
Aims:
1.
2.
3.

How viral complement control proteins inactivate complement?
Which are the determinants of viral complement control proteins important
complement inactivation?
HowvCCPs control complement-mediated inactivation of viruses in vivo?

in

Work achieved:
Our work focuses on the vCCPs of vaccinia virus, Kaposi's sarcoma-associated herpesvirus
(KSHV) and herpesvirus saimiri. These proteins are composed of four contiguous repeating
bead-like structures termed short consensus repeats (SCRs) or complement control protein
(CCP) domains, which are separated by a linker of four residues giving the proteins a "beadson-a-string"-like structure. Previously, we have performed the functional analysis ofvCCPs of
vaccinia virus (VCP) and KSHV (now named kaposica). We showed that these proteins inhibit
complement-mediated
lysis of erythrocytes, inhibit deposition of C3b on complement
activators, bind to C3b and C4b, accelerate the decay of the classical and to a limited extent
the alternative pathway C3 convertases and possess factor I cofactor activity for C3b and
C4b. Together these data indicated that these vCCPs inhibit complement by acting on C3
convertases. More recently, we have studied the binding mechanism of VCP and kaposica
with the target proteins C3b and C4b using surface plasmon resonance (SPR). The data
indicated that binding of vCCPsto C3b and C4b follow a simple 1: 1 binding model and does
not involve multiple-site interactions as observed in human complement regulators factor H
and CR1. Further, it also showed that binding to C3b and C4b involve ionic interactions and
the binding site on C3b and C4b is located within the C3dg and C4c regions, respectively.
We have also made efforts to map the functional domains of VCP and kaposica. Our data
showed that different SCRs of VCP and kaposica are important for their various functional
activities (Fig. 1). Interestingly, our data indicated that only two SCRs are enough to impart
factor I cofactor activities in kaposica. Previous data on mapping ofthe functional domains in
human complement regulators (factor H, membrane cofactor protein, complement receptor
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1 and C4b-binding protein) suggested that a minimum of
three SCRs are necessary for factor I cofactor activities for
C3b and/or C4b. Hence kaposica is the first example
known to date where factor I cofactor activity is conferred
by only two SCRs. It is important to point out here that
though different domains of vCCPs are important for
imparting different activities, the entire length of the
protein is required fortheir complete function. This explains

CPOAA
(

why the four SCR structure of vCCP is conserved in these
viruses.
We are further delineating the functional sites within the
SCR domains and also characterizing the role of vCCPs in
protecting
viruses
from
complement-mediated
neutralization.
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Fig.! Schematic representation of the structure ofYCP and kaposica. The SCR domains are numbered and the domain(s) important for binding to
C3b and C4b, factor I cofactor activities for C3b and C4b, decay-accelerating activity (DAA) for the classical pathway (CP) and alternative
pathway CAP) C3-convertases and binding to heparin (Hep) are identified.

Future work:
1.

Functional characterization
control protein.

of

HVS complement

2.

Identification offunctional
VCP and kaposica.

3.

Characterization of in vivo role ofVCP.

sites within SCR domains of
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SMARt mediates Cyelin Dt repression by recruitment of SIN31
HDACt complex in breast cancer cells
Participants:

Shravanti Rampalli, (Thesis submitted) • Pavithra L., SRF

Collaborator: Dr. Tapas K. Kundu, JNCASR. Bangalore

Abstract and Background:
Matrix attachment region binding proteins (MARBPs) have been shown to play an important
role in gene regulation by altering chromatin in stage and tissue specific manner. Recently, we
have shown that MARBP SMAR1 regresses B16-F1 induced tumor in mice (Kaul et al., IJC,
2003). Now we show that SMAR1 targets Cyclin D1 promoter, a gene whose dysregulation is
attributed to breast malignancies. Our studies reveal that SMAR1 represses Cyclin D1 gene
expression, which can be reversed by siRNA specific to SMAR1. We demonstrate that SMAR1
interacts with HDAC1, SIN3 and pocket Rbs to form a multiprotein repressor complex. Our
data suggest that SMAR1 recruits repressor complex to Cyclin D1 promoter that results in
deacetylation of chromatin at least 5kb upstream of Cyclin D1 promoter. Interestingly, we find
that the high induction of Cyclin D1 in breast cancer cell lines can be correlated to the
decreased levels of SMAR1 in these lines. These results thus establish the mechanism
exhibited by SMAR1 to regulate Cyclin D1, by modification of chromatin.
Aims:
1.

To study the interaction of repressor MARBP SMAR1 with HDAC1 and SIN3 complex.

2.

To reveal the mechanism of SMAR1 mediated repression oftarget gene Cyclin D1

Work Achieved:
SMAR1 associates with repressor molecules and remodel chromatin at Cyclin D1 promoter
It has been suggested that histone deacetylation could be one of the mechanisms by which
repressor MARBPs mediate repression. We have earlier shown that SMAR1 is a repressor
protein. To get further insights into SMAR1 mediated repression, we studied the association of
SMAR1 with components of SIN3 and HDAC1. We provide the evidence that SMAR1 interacts
with HDAC1, SIN3 and pRBs to form the multirepressor complex that posses the deacetylase
activity. Further the in vivo role of this interaction come from the study that suggests that
SMAR1 recruits this multi repressor complex to Cyclin D1 promoter and deacetylates the
histones till the 5kb locus that has been studied. Depletion of SMAR1 using siRNA specific to
SMAR1 brings about the reversal of deacetylation of the promoter locus. These studies
demonstrate the role of SMAR1 as a candidate protein that regulate Cyclin D1 expression
(Figure 1-3).
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Fig. 1 SMARI interacts with HDAC I, SIN3 and pocket Rbs. (A) MCF-7 cells transiently transfected with Flag-SMARI were treated with TSA,
24 h post transfection. Addition ofTSA reversed the repression ofCyclin D I(lane 2). (B) 293 cell extract was incubated with the indicated GST,
GST-SMARI, GST-(160-350), GST-(350-548). The bound fraction from the Glutathione Sepharose beads and input cell extract were analyzed for
HDACI by Western blot analysis. (C) Flag-HDACI bound bead was incubated with in vitro translated "s labeled SMARl. The bound fraction
along with input was detected by autoradiography. (D) Cell extracts from 293 cells overexpressing either Flag-SMARI, Flag-SMARI (160-350)
or Flag-SMARI (400-548) were subjected to immunoprecipitation with anti-Flag, anti HDAC I or control antibody (pre immune) as indicated for
detection of interactions with HDAC 1 and Flag-SMARI respectively. (E) 293 cell extracts were immunoprecipitated using SMARI antibody and
control IgG (pre-immune) as indicated, and analyzed by HDAC 1 antibody for checking the endogenous interaction ofSMARI and HDAC I. (F)
GST-pull down assays for detection ofSin3A!B were performed by incubating 293 cell extracts to GST-SMARI or GST protein. Bound fraction
was analyzed by Western blotting as indicated. 293 cell extract was immunoprecipitated by SMARI antibody or 293 cell extracts overexpressing
Flag-SMAR I was immunoprecipitated by Flag antibody and were analyzed for Sin3A!B by western blotting (G) The procedure for the two-step
co-immunoprecipitation
are outlined in the box on the left. 293 cell lysate was used for first immunoprecipitation using SMARI antibody and
Protein AlG beads. The complex was eluted followed by the second step of co-immunoprecipitation
with anti-HDACI antibody or control IgG.
Protein samples were then analyzed by Western blotting separately with anti-SMAR I, anti-HDAC I and anti-Sin3A!B. (H) GST pull down assays
for detection ofp 107 and p 130 were performed by incubating 293 cell lysate with either GST-SMARI or GST protein and the bound fraction was
analyzed by Western blotting as indicated. Flag-SMARI overexpressing 293 cell lysate was immunoprecipitated by Flag antibody and were
analyzed forp107 and pl30 by western blotting.
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Fig. 2 Histone modifications at Cyclin D I promoter locus. (A) HDAC activity was determined in Flag immunoprecipitated fractions obtained
from Flag or Flag-SMARl overexpression 293 cells, upon incubation with labeled histones. (B) In ChIP assays chromatin was IPed by using
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every PCR, I and 0.5 III ofthe template was used for amplification (C) Densitometric analysis of acetylation status ofCyclin DI promoter locus
(probe II). (D&E) Endogenous SMARI was depleted using SMARI siRNA (RS) and studied for recruitment ofSMARI, HDAC I, Sin3A!B, p 107
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promoter. (F) MAR13, a known target ofSMAR 1were used as control.
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Fig.3 The model suggests that SMARI regulates cell cycle in two ways. On one hand it directly binds to p53 and Mdm2 and regulate transcription
at various promoters (right side). On the other hand, SMAR I directly binds to the Cyclin D I promoter and act as a repressor. A model showing
mode of actions of SMARI in the regulation of cell cycle arrest. (A and B) Silencing of Cyclin D 1 upon overexpression of SMARI. SMARI
inhibits Cyclin Dl expression. Expression of various Cyclins were checked upon Mock and Flag-SMARI transfections in BI6-FI cells. Upper
panel: Correlation of SMARI down regulation in various breast cancer lines to induced cyclin D 1 gene. Lower panel: Expression pattern of
various cell cycle regulatory proteins were studied in a time course experiment upon overexpression of Flag-vector and Flag-SMARI in 293 cells.
C. Showing the model of SMARI recruitment and transcriptional repression at Cyclin Dl promoter. D. DNA damage that causes SMARI
upregulation, p53 phosphorylation and cell cycle arrest.

Future Work:
1.

To find out correlation between SMAR, p53 and Cyclin
Dl during various stages of cancers.

2.

To further understand the chromatin remodeling by
SMARl
during
different
stages
of cellular
transformation.
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Abstract and background:
Special AT-rich sequence binding protein 1 (SATB1) is a T-lineage restricted chromatin
organizer. SATB1 organizes T cell chromatin into domains via periodic anchoring of baseunpairing regions (BURs) to the nuclear matrix. SATB1 regulates large chromatin domains by
acting as a 'landing platform' for several chromatin-remodelling enzymes in T cells.
Interestingly, the dimerization domain of SATB1 is homologous with many other POZdomains
that are implicated in signal transduction. We set out to search for proteins that interact with
SATB1 via its POZ-like domain and to investigate the outcomes of such interaction on the
function of SATB1. Interestingly, SATB1, a T-cell specific global gene regulator, binds to the
promoters of human IL-2 and IL-2Ra and recruits HOAC1 in vivo. We report that the
transctivation domain of the HIV-1 Tat interacts with SATB1 via its POZ domain in vivo and
causes derepression of SATB1 regulated genes via displacement of SATB1-bound HOAC1
corepressor.
Aims:
1. To identify proteins interacting with SATB1 through its POZ-like domain
2. To study the mechanism(s) by which SATB1 regulates transcription by interacting with
other cellular proteins through its POZdomain
Work achieved:
SATB1 directly binds to the upstream regulatory region of IL-2
Since a common transcription factor is implicated in the inducible expression of IL-2 and its
receptor, we investigated whether SATB1 is involved in the regulation of IL-2 by binding
directly to the upstream regulatory elements of human IL-2. We analyzed the SATB1 binding
sites in the IL-2 promoter using various restriction fragments of the promoter. The EMSA
analysis with these probes suggested presence of a binding site in each of the two halves of
the promoter (Fig. 1A). We next examined whether SATB1 is complexed with the IL-2
promoter in vivo using ChiP assay. The crosslinked chromatin from CEM-GFP cells was
immunoprecipitated with anti-SATB1 and used for PCR amplification following reversal of
crosslinks. We used two-primer sets specific for the distal (P1) and proximal (P2) halves of
the promoter and performed ChiP analysis using anti-SATB1. Interestingly, only the P1 primer
set and not P2 (Fig. 1B) yielded a specific product at 30 cycles of amplification. This binding is
very specific since although both the distal and proximal regions in the 1L.:-2
promoter were
bound by SATB1 in vitro, only the distal promoter was bound in vivo. Although amplification
product using P2 primer set was detected at cycle number 35 and above, it is possible that
SATB1 is actually bound to only the distal promoter in vivo. While searching for canonical
binding elements within the distal promoter, we came across a 37 nucleotide contiguous
stretch of As, Ts, and Cs, that agrees with the definition of the ATCcontext. The ATCcontext
containing overlapping regions F4 (-477 to -345) and F5 (-626 to -441) were amplified by
PCR using specific primers and labeled using 32p-dCTP. EMSA analysis using GST-SATB1
demonstrated binding of SATB1 to both these halves of the distal promoter (Fig. 10). The
overlapping region between these two probes corresponds to the 37 mer ATC region. To
confirm whether SATB1 specifically recognizes the ATCcontext, we disrupted the continuity of
ATCby changing A to G at two places (Fig. 1E). EMSA analysis using the end labeled wild type
and mutated 37 mer duplexes revealed specific binding of SATB1 to the wild type sequence
whereas binding to the mutated 37 mer was completely abolished (Fig. 10). Thus, the ATC
context spanning -477 to -441 nucleotides from the translation start site of IL-2 harbors the
preferred binding site for SATB1.
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Soluble Tat upregulates IL-2 and IL-2R and increases
the acetylation status of IL-2 and IL-2Ra promoters in
Jurkat T cells
Results of our Chromatin immunoprecipitation analyses
from HIV-l infected and control cells strongly suggested
that Tat-mediated displacement of HDACl in the infected
cells may be responsible for the observed derepression of
IL-2 and IL-2Ra. However, to address the question of
whether Tat alone could induce the expression of IL-2 and
its receptor, and also to rule out any other effects of
exposure to the virions, we performed transduction
experiment. The uptake, internalization, and nuclear
translocation of Tat can be used as a tool for protein
delivery. We prepared recombinant wild type Tat and its
truncations as well as mutations as described above (Fig.
3A) and incubated Jurkat cells in media containing these.
Immunoblot analysis using nuclear extracts of Jurkat cells
proved that the proteins had actually entered into the
nuclei of treated cells (Fig. 3B). Flow cytometric analysis of
transduced cells stained using anti-Tat antibody revealed
about 85% cells positive for Tat (Fig. 3C). Incubation of

cells with Tat resulted in upregulation of IL-2 and IL-2R as
evidenced by increase in mRNA levels by RT-PCRanalysis,
and RNA from cells incubated with GST alone served as
control for this RT-PCR experiment (Fig. 3D). However,
when cells were incubated with the 40-72 truncation ofT at
that is deficient in interaction with SATBl (Fig. 2), such an
increase in the levels of IL-2 or IL-2R transcript levels was
not observed (Fig. 3D). Interestingly, under these
conditions we found reciprocal relationship between the
HDACl occupancy and acetylation level of H3-K9 (Fig. 3E).
We observed increase in the level of acetylation of H3-K9
specifically in presence of Tat and its SATBl interacting
derivatives, including the C22G Tat (Fig. 3E). Interestingly,
Tat protein deficient in interaction with SATBl (Tat 40- 72)
is unable to displace HDACl and induce acetylation at the
promoters (Fig. 3E) whereas transactivation defective Tat
C22G is capable of displacing HDACl and inducing
promoter acetylation, albeit to a lower extent as compared
to wild type Tat. These results indicate that Tat alone is
responsible for induction of IL-2 and its receptor, and that
the interaction of Tat with SATBl is necessary for this
upregulation.

Fig.3 Transduction of soluble Tat upregulates IL-2 and IL-2R and increases the acetylation status ofIL-2 and IL-2Ra promoters in Jurkat T cells.
A. SDS- 15% polyacrylamide gel electrophoresis analysis of purified recombinant Tat proteins. B. Recombinant GST- Tat (lane 1) and Tat (lane 2)
proteins were transduced separately into Jurkat cells and nuclear lysates were analyzed by Western blot analysis using anti-Tat antibody. C. Flow
cytometric analysis of transduced cells. D. RT-PCR analysis of mRNA from transduced cells using IL-2, IL-2R, and GAPDH cDNA primers
E. HDAC 1 occupancy and promoter acetylation are inversely correlated. To monitor the acetylation status ofIL-2 and IL-2R promoters indicated
proteins were transduced into Jurkat cells, chromatin was prepared and subjected to ChIP analysis using anti-SATB 1, anti-HDAC 1 and anti-H3
acetylated lysine 9 antibodies.
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Tat mediated
displacement
of HDACl causes
derepression of IL-2 and IL-2Ra in vivo
Histone
acetylation
is typically
associated
with
transcriptional activation. Consequently, we reasoned that
the loss of HOAC1 from the IL-2 and IL-2Ra promoters
might likely lead to an increase in acetylation at the
regulatory regions. We observed that the promoter
chromatin was specifically acetylated in vivo in the infected
celis, suggesting remodeling of the promoter to favor
transcription. In the absence of Tat, SATB1 represses
transcription of IL-2 and its receptor by recruiting HOAC1
corepressor which could be in form of a larger repressor
complex and thereby promotes deacetylation of the
promoter and represses transcription. When Tat is
introduced either via HIV-1 infection or by transfection or
transduction, it binds to the POZ-like domain of SATB1 and
competitively displaces HOAC1. Tat may further recruit the

In absence of Tat
SATB1

CBP/p300
histone
acetyltransferase
to promote
acetylation
of the promoter
thereby stimulating
transcription (model depicted in Fig. 4). Interestingly,
transduction experiments using soluble Tat and its
derivatives clearly demonstrated an inverse correlation
between HOAC1 occupancy and acetylation of promoter
chromatin and resulted in induction of IL-2 and its receptor,
corroborating
our hypothesis
that
competitive
displacement of SATB1-bound HOAC1 by Tat is the cause
for upregulation of IL-2 and its receptor. Our results further
suggest that the induction of transcription may occur by
abolition of the repressor function in addition to the
induction of host factors upon viral infection. We propose
that this mechanism may be employed by HIV-1 to
overcome the SATB1-mediated repression of genes
essential for its propagation in T cells.
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Fig.4 Model depicting HDACI displacement following Tat transfection. In absence of Tat, SATBI represses transcription of the reporter by
recruiting HDACI corepressor. When Tat is introduced, it binds to the PDZ-like domain ofSATBl and displaces HDACI thereby stimulating
transcription.

Future work:
1.

2.

To investigate
the role of the POZ-mediated
interactions on regulation of transcription of cytokines
and their receptors by SATB1 in T cells.
Study the SATB1-mediated dynamic organization of
chromatin at its genomic binding sites.
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EXPERIMENTAL ANIMAL FACILITY

The Team: Dr. B. Ramanamurthy • Dr. K.N. Kohale • Mr. M.L. Shaikh.
• Mr. P.T. Shelke • Ms. Vaishali Bajare • Mr. Sanjay Gade

Mr. A. Inamdar

The Experimental Animal Facility is an infrastructural service department of the Institute. It is a
barrier-maintained facility for the breeding, maintenance and supply of high quality
laboratory animals viz. inbred mice, rats, rabbits etc. for the ongoing research projects of the
Institute. The following is the list of various laboratory animals maintained at the facility:
Experimental Animal Facility ofthe Institute, currently maintains, 10 inbred, 3 Transgenic & 23
knockout mice, 2 Rats, 1 Mastomys and 1 Rabbit strains. Inbred, Transgenic and Knockout
mice were procured from The Jackson Laboratory, USA and are maintained in the Pressurized
Individual Ventilated Caging System (PIVCS, Thoren Caging System, USA), which is an
absolute barrier system for housing SPF mice. An aseptic/sterile routine has been
standardized for the housing; breeding and handling of these mice. The breeding of these
mice were initiated and propagated to cater the need ofthe Research worker for the ongoing R
& D activities of the Institute. Already these mice have been supplied in reasonable numbers
for use in ongoing research projects.
The breeding program for the propagation of the three different inbred lines viz. BALB/cJ,
C57BU6J, and DBN2J, NOD/LU, FVB/J is structured in a two-tier format, i.e. the Foundation
colonies
(FC) and the Production colonies (PC). The remainder inbred and mutant (gene
knock-out) mice are maintained as foundation colonies. Strict full-sib pairing only propagates
the animals in the FC.These colonies are the nuclear colonies for the long-term propagation of
an inbred strain.
Defined barrier practices are followed scrupulously without any exception or allowance, with
access to a select few personnel, to minimize the risk of microbial infection to the animals
housed in the facility.
A single male mouse with spontaneous congenital cataract and micropthalmia was detected
in a production colony of BALB/c strain of mice. The colony of this mutant mouse model was
propagated and established a separate new line which is currently at F26th level of inbreeding.
Efforts were made to separate lens crystallin proteins on SDS-PAGE and high resolutions 2D
electrophoresis to look for up regulation or down regulation of the existing proteins. The high
resolution 2D E separated proteins from the dcm mutant lens were sequenced by PMS, at
University of Virginia, USA. On comparison with wild type lens proteins, it is found that a mutant
mouse lens lacks few gamma crystallin subunits. Attempts are currently being made to
standardize the PCR for the amplification of gamma crystallin genes and sequencing of the
PCRproducts.
The complete technical support and advice has been extended regularly to SCientists/
Research Scholars in the various aspects of animal experimentation namely, handling of
laboratory animals, collection of blood and other samples, immunizations, surgical
procedures etc. and the procurement of animals.
As a part of health monitoring program, samples from animals, tissue, feed, water and cages
were subjected for different pathological examinations such as hematology (188 nos.),
biochemical estimations (71 nos.) and microbiological (37 nos.) screening. Few serum
samples were also screened for the mouse viral antibodies such as MHV, Sendai, Reo Virus,
LCM etc.
The breeding of laboratory animals has been planned to meet the needs of
Scientists/Research Scholars for various animal experiments. The details of the animals bred
in the facility, procured from various sources, and supplied for various R & D activities are given
below.
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Table: Animal Inventory

SRNo.

1

STRAINS/SPECIES

ANIMAlS

ANIMAlS

ANIMAlS

PROCURED

BRED

SUPPLIED

RATS

Wistar
Lewis
2.

-

-

10

-

Nude (nu/nu)
BALBIc*NCCS
Tgn & Knockout (Jax )

* BALB/c

3932
1483
168
08
555
08
260
35
954

-

3753
l784
354
151
1243
232
24
599
3090
31

-

DBAl2J

4.

185
21

MICE

BALBIcJ
C57BU6j
FYB/J
NODILtJ
Swiss

3.

169
86

-

MASTOMYS
COUOIA
RABBIT(NZW)
with cataract

mutation.

236

95

-

LIBRARY AND DOCUMENTATION
The NCCS Library has collection in the frontier areas of biotechnology having relevance to
NCCS research activities. The Library holds approximately Five thousand eight hundred
bound journals, Nineteen hundred books, and subscribe to fifty eight scientific
journals and twenty three other periodicals.
In the development of its collections, the Library's priority is to support NCCS research
activities. The Library collection is expanded in consultation with NCCS scientists. The
Library's print collections are growing by approximately 700 volumes per year. During the
period of 2004-2005 , the Library has added One hundred eleven books and 602
volumes of journals to its collection. A limited full text online material is provided for faster
access to research information. The Library has installed Linux based SLlM++ LX library
software for library house keeping operation and Web-OPACfor online searching ofthe library
documents. The Library information is also available on library Webpage.
Additional documentation facilities include local area network for library activities and
PubMed database access, a number of CD-ROM database including, full text and factual
database. The Library continues to be a part of the Pune Library Network and Medical Library
Association of India.
Fluorescence Activated Cell Sorting (FACS)
We have FACS Vantage instrument from Becton Dickinson. This is common facility
equipment. During the period under consideration following numbers of samples were
acquired and analysed on the equipment:
Surface staining (single, dual and triple staining): 6573
Cell cycle: 1500
Sorting: 13
Total :8086
• On line computer was upgraded for software Cell quest Pro.
• Off line computer was upgraded and made available for users for analysis.
• From NIV, one Scientist and one research assistant were trained for acquisition and
analysis of samples.
CONFOCAL
The confocal laser scanning microscope (CLSM) is a state of the art laser scanning
microscope (Zeiss LSM 510) having four lasers UV, 488 nm, 543 nm and 633 nm wave
length. Presence of four lasers enhanced the choice of various flurophores during real time
observation. This year our facility has acquired 7340 images.
COMPUTER SECTION
Development, hosting and management of new dynamic NCCS website.
New enhanced dynamic NCCS website has been created and is being maintained by the
section.
Webmail access for NCCS Scientists and Staff.
NCCS users can now access their e-mail accounts from any corner ofthe world using webmail
facility.
New firewall security appliance installation and configuration.
A new firewall, Firebox (FB X-700) has been installed, configured and fine-tuned based on
NCCS security policy. Now the NCCS LAN is isolated from Internet and all the incoming I
outgoing traffic is checked for virus and malicious code and only authenticated and secured
traffic is allowed inside NCCS LAN.

Upgradation and Expansion of NCCS LAN
The existing local area network has been upgraded by installing new L-2 switches and it has
been expanded to include entire administration, store & purchase and accounts section.
Development of Software for Accounts and Amphibia database
Computer section has developed project management software for accounts section. It has
also developed an Amphibia database.
Technical Support provided to Library & Documentation Section
A new Library server and SLIM (Library Automation Software) software has been installed and
configured with Linux Operating system. Now the NCCS Library can be accessed through web
browser. Request for books can be made online and information about new arrivals can also
be obtained online.
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Microphthalmia- New Spontaneous Mutation in BALB/c mice. Comparative Medicine,
2004. Vol.54, No.3, p-275-279.

39.

Mullick, J., Singh, A.K., Panse, Y., Yadav, v., Bernet, J. and Sahu, A. Identification of
functional domains in kaposica, the complement control protein homolog of Kaposi's
sarcoma-associated herpesvirus (human herpesvirus-8). J. Virol. 2005, 79(9): 58505856.

40.

Mullick, J., Bernet, J., Panse, Y., Hallihosur, S., Singh, A.K. and Sahu, A. Identification of
complement regulatory domains in vaccinia virus complement control protein. J. Virol.
2005. (In Press).

41.

Chhipa, R.R., Singh, S., Surve, S.V., Vijayakumar M.V. and Bhat M.K. Doxycycline
potentiates antitumor effect of cyclophosphamide in mice. Toxicology and Applied
Pharmacology, 2005. 202(3): 268-277.

42.

Vijayakumar M.V., Singh, S., Chhipa, R.R. and Bhat M.K. Hypoglycaemic activity of
fenugreek seeds extract is mediated through the stimulation of insulin signalling pathway.
British Journal of Pharmacology. 2005 . (In Press).

43.

Singh, S., Chhipa, R.R., Vijayakumar M.V. and Bhat M.K. DNA damaging drugs induced
down regulation of Bcl-2 is essential for induction of apoptosis in high-risk HPV-positive
HEp-2 and KB cells. Cancer Letters. 2005 (In Press).

•

Chapters in Books:
1.

Amit Ashtekar and Bhaskar Saha. Neutrophils as antigen presenting cells. In Antigen
Presenting Cells; 2005, Eds Harald B Kropshofer and Alan B VOg!. Wiley-VCH, Germany.

2.

Bapat SA and Mishra GC
Pharmacogenomics Based Emerging Drug Discovery
Strategies. In Advances in Biochemistry and Biotechnology, 2005, Chakraborty C (Ed),
Daya Publishing House, India.

3.

Shukla R, Risbud M, Hardikar A, Bhonde R. Role of Chitosan in Islet Immunoisolation &
Banking for Transplantation. In: Chitin & Chitosan : Opportunities and Challenges (Invited
Chapter) Dutta P K (Ed), SSM Intemational Publications, Midnapore, India.

4.

Ramesh Bhonde : 'In vitro models as an alternative to animal experiments' in "Ranbaxy
Science Foundation's 13th round table conference series on Ethics in Animal
Experimentation. Edited by 0. P. Sood and Ashok Rattan. Vol. 13,2004, pp 23-28.

5.

Ramesh Bhonde : 'Stem Cells and Tissue Engineering' in "Fronteirs of Research in
Longevity Medicine". Edited by Dr. S.D. Gokhale and Mrs. Radha Raj, 2005, pp 129135.

6.

M.V Vijayakumar and M K Bhat : Strategy to develop new drugs Diabetes and
Identification of new targets among the signaling path in the development of Diabetes, In
Chronic Inflammatory Diseases and Nutraceuticals ( Molecular Mechanism of Chronic
Diseases, New Targets & Drugs and basicConcept of Ayurveda), 2005, Tripathi Y.B. (Ed.).

~~

Patents Commercialized
1.

P.Malhotra, P.V. N, Dasaradhi, A. Mohammed, M. J. Hossain, S. Mukherji, V. Manivel, K.
V. S. Rao, G. C. Mishra, P.S. Parameswaran, A. Chatterji. Use of selected amino acidzinc complexes as anti-malarials (Shryea Life Science, Mumbai). 0409NF2003,US,
21)10/2003,60/512,778
(#20050090480).

Patents Granted
1.

D.V.R. Prasad, P.B. Parab and G. C. Mishra. Monoclonal ahtibody against costimulatory
molecule M150 and the process for preparation thereof. US Patent # 20050037434

2.

Wani, M. R; Parab, P.B; Chatterji, A. Pharmaceutical composition useful for inhibition of
osteoclast formation and a process for the extraction of mussel hudrolysate from
indian green mussel. US Patent # 6,905,710.

Patents Filed
1.

Pawan Malhotra, Palakodeti Venkata Naga Dasaradhi, Asif Mohammed, Sunil Mukherji,
Venkatasamy Manivel, Kanury Venkata Subba Rao, Gyan Chandra Mishra,
Parameswaran Perunninakulath Subrayan, Anil Ohatter]i (#0268NF2003) - The extract
of Indian green mussel (Perna viridis) shows growth inhibitory activity against
Plasmodium falciparum in culture.

2.

Pradeep Bhaskar Parab, Surendra Ghaskadbi, Vidya Patwardhan, Gyan Chandra
Mishra, Anil Chatterji, Parameswaran Perunninakulath Subrayan, Cardiac development
promoting activity of perivitelline fluid of embryos of Indian horseshoe crab, Tachypleus
gigas (Muller)
(0319NF2004).

3.

K. V. S. Rao, M. R. Wani, V. Manivel, P.S. Parameswaran, V. K. Singh, R. V. Anand, E.
Desa, G. C. Mishra, A. Chatterji, 0412NF2003, WO, 31)12/2003, PCT/IN03/00431.
Novel molecules to develop drugforthe treatment of osteoporosis.

4.

K. V. S. Rao, M. R. Wani, V. Manivel, P.S. Parameswaran, V. 1\. Singh, R. V. Anand, E.

Visit of Shri Kapil Sibal, Hon'ble Minister for Science & Technology
and Ocean Development; 8th Sept., 2004
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National Institute of Immunology,
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New Delhi 110067

Members
Shri S. Sinha,
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New Delhi 110 003

r:

Shri. M. P. Banga,
Director (Finance),
Department of Biotechnology,
Block No.2,
Floor,
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New Delhi 110 003

r:

Shri B. Bose,
Management Consultant
National Institute of Immunology,
Aruna Asaf Ali Marg,
New Delhi 110 067

Dr. A.C. Mishra,
Director,
National Institute of Virology,
Dr. Ambedkar Road,
Pune 411 001

Dr. T. Sahay,
Registrar,
Tata Institute of Fundamental
Homi Bhabha Road,
Colaba,
Mumbai 400 005

Research,

Chief Engineer,
Pune (PW) Region,
New Central Building,
Pune 411 001

Dr. G.C. Mishra,
Director,
National Centre for Cell Science,
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Pune-411 007.
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Finance Committee members

I

I

Chairman
Shri K.P. Pandian
Joint Secretary & Financial Adviser,
Ministry of Science & Technology,
Block No.2, 7th - 8th Floor,
CGO Complex, Lodhi Road,
New Delhi - 110 003.

Members
Dr. Dinakar M. Salunke,
Scientist,
National Institute of Immunology,
Aruna Asaf Ali Road,
New Delhi - 110067

Dr. A.C. Mishra
Director,
National Institute of Virology,
Pune 411 001

Dr. A.N. Bhisey,
Consultant,
Department of Bioinformatics
University of Pune,
Ganeshkhind,
Pune - 411 007.

Dr. G.C. Mishra,
Director,
National Centre for Cell Science,
Ganeshkhind,
Pune-411 007.

.

Scientific Advisory Committee Members

-

Committees
ofNCCS
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r-r--

Chairman
Prof. G. Padmanaban
Distinguished Scientist
Department of Biochemistry
Indian Institute of Science
Bangalore 560 012

Members
Prof. Avadhesha Surolia

Dr. Kanury Rao

Molecular Biophysics Unit
Indian Institute of Science
Bangalore 560 012

International Centre for Genetic
Engineering & Biotechnology
Aruna Asaf Ali Marg
New Delhi 110067

Dr. A. N. Bhisey
Consultant,
Department of Bioinformatics,
University of Pune,
Ganeshkhind,
Pune 411 007

Prof. Pradeep Sinha,
Prof & Head,
Department of Biological Sciences

& Bioengineering,
Indian Institute of Technology,
Kanpur 208016

Prof. Anil Tyagi,
Department of Biochemistry,
University of Delhi, South Campus,
Benito Juarez Road,
New Delhi 110021.

Dr. Anuradha Lohia,
Department of Biochemistry,
Bose Institute,
P-1/12, CIT Scheme, VII M,
Kolkatta- 700 054.

Prof. Amu Therwath,
University of Paris,
Laboratoire d'Oncologie Moleculaire,
Tour 53-2° etage, coloir 53-54,
Case Courrier 7085,
2 Place Jussieu, F- 75005, Paris.

Dr. C. M. Gupta
Director,
Central Drug Research Institute,
Chattar Manzil,
Lucknow 226001

Prof. Samir Bhattacharya,
Professor,
Visva-Bharati,
Centre for Biotechnology,
School of Life Sciences,
Santiniketan 731235
West Bengal.

Prof. Sandip K. Basu
Director,
National Institute of Immunology
Aruna Asaf Ali Marg
New Delhi- 110 067

Dr. Seyed E Hasnain,
Director,
Centre For DNA
Fingerprinting & Diagnosis,
ECIL Road, Nacharam,
Hyderabad 500 076.

Shri. S. Sinha,
Adviser,
Department Of Biotechnology,
Block-2,
Floor,
CGO Complex, Lodi Road,
New Delhi 110 003.
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Society members

President
Shri Kapil Sibal,
Hon'ble Minister for Science & Technology
and Ocean Development,
Anusandhan Bhawan,
Rafi Marg,
New Delhi 110001

Members
Prof. M. K. Bhan,

Dr. Lal Krishna,

Secretary,
Department of Biotechnology,
Ministry of Science & Technology,
Block No.2, 7th floor,
CGO Complex, Lodi Road,
New Delhi: 110 003

Asst. Director General (Animal Health),
Dept. of Agricultural Research & Education
And Indian Council of Agricultural Research,
Krishi Bhavan, Dr.Rajendra Prasad Road,
New Delhi -110 001.

Prof. (Mrs) Deepti Deobagkar,
Prof. N.K. Ganguly,
Director General,
Indian Council of Medical Research,
Ansari Nagar, Post Box 4911,
New Delhi - 110029.

Prof. A.S. Kolaskar,

Dr. Dinakar M. Salunke,

Vice Chancellor
University of Pune
Ganeshkhind,
Pune-411 007.

Scientist,
National Institute of Immunology,
Aruna Asaf Ali Marg,
New Delhi 110 067

Dr. C.M. Gupta,

Dr. Padma Shastry,

Director,
Central Drug Research Institute,
Chattar Manzil, Post Box No. 173,
Lucknow 226001

Scientist
National Centre for Cell Science,
Ganeshkhind,
Pune - 411 007.

Shri. K.P. Pandian,

Dr. G. C. Mishra

Joint Secretary & Financial Adviser,
Ministry of Science & Technology,
Department of Science & Technology,
Technology Bhawan,
New Mehraulli Road,
New Delhi - 110 016

Director
National Centre for Cell Science,
Ganeshkhind,
Pune-411 007.

Dr. B.M. Gandhi,

I
I

I

Head,
Department of Zoology,
University of Pune,
Ganeshkhind,
Pune - 411 007.

Adviser,
Department of Biotechnology,
Ministry of Science & Technology,
Block No.2, 7th floor,
CGO Complex, Lodi Road,
New Delhi: 110 003

-

Governing Body members

Chairman
Prof. M. K. Shan,
Secretary,
Department of Biotechnology,
Ministry of Science & Technology,
Block No.2, 7th floor,
CGO Complex, Lodi Road,
New Delhi : 110 003

Members
Prof. N.K. Ganguly,

Dr. Lal Krishna,

Director General,
Indian Council of Medical Research,
Ansari Nagar, Post Box 4911,
New Delhi - 110 029.

Asst. Director General (Animal Health),
Dept. of Agricultural Research & Education
And Indian Council of Agricultural Research,
Krishi Bhavan, Dr.Rajendra Prasad Road,
New Delhi - 110001.

Prof. A.S. Kolaskar,
Vice Chancellor
University of Pune
Ganeshkhind,
Pune - 411 007.

Dr. C.M. Gupta,
Director,
Central Drug Research Institute,
Chattar Manzil, Post Box No. 173,
Lucknow 226 001

Shri. K.P. Pandian,
Joint Secretary & Financial Adviser,
Ministry of Science & Technology,
Department of Science & Technology,
Technology Bhawan,
New Mehraulli Road,
New Delhi - 110 016

Prof. (Mrs) Deepti Deobagkar,
Head,
Department of Zoology,
University of Pune,
Ganeshkhind,
Pune - 411 007.

Dr. Dinakar M. Salunke,
Scientist,
National Institute of Immunology,
Aruna Asaf Ali Marg,
New Delhi 110067

Dr. Padma Shastry,
Scientist 'F'
National Centre for Cell Science,
Ganeshkhind,
Pune - 411 007.

Dr. B.M. Gandhi,

Dr. G. C. Mishra

Department of Biotechnology,
Ministry of Science & Technology,
Block No.2, 7th floor,
CGO Complex, Lodi Road,
New Delhi: 110 003

Director
National Centre for Cell Science,
Ganeshkhind,
Pune - 411 007.
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Oral and Poster presentations by NCCS students:
•

•

•

•

•

•

•
•

•

•

•

•

•

f'

•

•
•

•

•

a

Studies on nuclear localization of eNOS in mammalian cells. Vasudha Lakshman,
Gunjan Mukherjee, Michelle Vaz, L. C.Padhy, and Vaijayanti Kale, 28th All India Cell
Biology conference held in Chandigarh. Dec 1-3, 2004.
Regulation of Caveolin-1 Expression in Breast Cancer Cell by Estrogen Receptor
Mediated Signaling. Kavita Kumari, Gunjan Mukherji, Michelle Vaz, L. C. Padhy and
Vaijayanti Kale. 28th All India Cell Biology conference held in Chandigarh Dec 1-3,
2004.
Preservation of hematopoietic stem and progenitor cells in culture using plant lectins.
Ashwini Hinge, Lalita Limaye, A. Surolia, and Vaijayanti Kale. 28th All India Cell
Biology conference held in Chandigarh. Dec 1-3, 2004.
Presented talk at "XXVIIIAll India Cell Biology Conference and Symposium on Genome
Biology" held at National Center for Human Genome Studies and Research, Punjab
University, Chandigarh. Abstract title "Tumor suppressor protein SMAR1 activates NFKB
through downregulation of IKBa. Kamini Singh and Samit Chattopadhyay. 1-3rd
December 2004.
Ladha, J.S. and Mitra, D. (2004) Impairment of mitochondrial complex I during HIV-1
infection induces T cell apoptosis. Poster presented at XVth International AIDS Congress
2004, Bangkok, Thailand, 11-16July2004.
Dandekar, D. H., Ganesh, K. N., and Mitra, D. (2005) HIV-1 Tat is also a NFKB
sequence specific DNA binding protein. Poster presented at Keystone Symposia "HIV
Pathogenesis (X7)", Banff, Alberta, Canada, 9-15ApriI2005.
IL-4 directly inhibits bone-resorbing activity of mouse and human mature osteoclasts.
Latha S. Mangashetti, Shruti M. Khapli, Satish T. Pote and Mohan R. Wani.
Lalita M. Sasnoor, Vaijayanti P.Kale and Lalita S. Limaye. 2004. Addition of catalase
and trehalose to freezing medium of mouse bone marrow, Reduction in apoptotic cell
death and improvement in in vivo engraftment. "28th All India Cell Biology Conference",
Punjab University,Chandigarh.
R. R. Nair and N. Lenka. 2004. In vitro generation of dopaminergic neurons from murine
ES cells. Annual Conference of the Indian Society of Developmental Biologists,
Bangalore, India.
IL-3 and GM-CSF inhibits TNF--induced osteoclast differentiation by down-regulation of
TNFR1 and TNFR2 expression. S. D. Yogesha, Shruti M Khapli, and Mohan R. Wani.
Presented by S. D. Yogesha.
1l-3 inhibits RANKL-induced osteoclast differentiation by down-regulation of RANK
protein expression, and diverts the cells to macrophage lineage. Shruti M. Khapli, S. D.
Yogesha, Latha S. Mangashetti and Mohan R.Wani. Presented by Shruti M. Khapli and
received best poster award.
Role of SMAR1 and p53 in the regulation of GAD65 expression during RINm5f cell
apoptosis. Varshiesh Raina, Samit Chattopadhyay, Devraj Mogare, Sunita Koul and P.
B. Parab 28th All India Cell Biology Conference and Symposium on Genome Biology held
on Decemeber, 2004 at Chandigarh, India
Development of monoclonal antibodies to FDNB-tagged Rat Insulinoma cells and its
functional characterization. Katdare MR, Chakraborthy M, Raina V, Parab PB. At the
28th All India Cell Biology Conference and Symposium on Genome Biology held on
Decemeber, 2004atChandigarh, India
Cytotoxic and insulin secreatagogue action oftetanus toxin on isolated islets opens door
for further debate on origin of islets.(Amine Precursor Uptake Decarboxylation Revisited). Smruti Phadnis and Ramesh R. Bhonde.
In vitro generation of islets and acinar cells from chicken pancreatic stellate cells.
Savita P..Datar and Ramesh R. Bhonde.
Dayananda K M, AshrafYusuf Rangrez, Aijaz Ahmed Wani, Santosh Atanur, M S Patole
and Yogesh S Shouche. 2005. Aeromonas culicicola: a possible pathogen? IndoAustralian Conference on Biotechnology in Infectious Diseases, Manipal, INDIA.
Acetylation of the PDZ-like domain of SATB1 by PCAF results in the loss of its MARbinding activity. Pavan Kumar P.., Prabhat Kumar Purbey, and Sanjeev Galande. UK
Chromatin conference, UK March 2005
N.K.Kurrey, S.A.Bapat., 24th Annual Convention of Indian Association of Cancer
Research & International Symposium on "Human PappilomaVirus and Cervical Cancer"
February 9-12, 2005. Institute of Cytology and Preventive Oncology, NOIDA, New Delhi.

Workshops/Meetings organized by NCCS:
•
•

"Transcription Assembly VIII" meeting, NCCS, Pune, October 28-30, 2004.
"Molecular Immunology Forum" meeting, Goa, February 2-4, 2005.

Conferences/workshops attended and Poster Presentation
by NCCS Scientists:
Dr. Bhonde
Annual Meetingofthe Indian Society of Developmental Biologists 2004
and Symposium on "Development, Epigenetics & Plasticity"
Dec.22-24. JNCASR, Bangalore

Dr. Nibedita Lenka
NIH sponsored Human Embryonic Stem Cell Toolbox (HESn workshop organized by University
of Georgia, USA, June 20-24,2004: Selected recipient ofthe Scholarship by the organizers for
attending the same.

Dr. Padma Shastry
Invited talk on "Cancer A disease of abnormal cell proliferation" sponsored by the rotary club
ofGaneshkhind at NCCS seminar hall, 2005

Debashis Mitra (2005)
Mitochondrial dysfunction in HIV-1 induced T cell apoptosis. Oral presentation at IndoAustralian Conference on Biotechnology in Infectious Diseases, Manipal Academy of Higher
Education, Manipal, 1-3 March 2005.

Sanjeev Galande
"HIV-1 integration sites consist of multiple repeats of sequence patterns that define a unique
chromatin context" Pavan Kumar P.,Sameet Mehta, HemantJ. Purohit, Prabhat Kumar Purbey,
DhananjayV. Raje, Ramesh R. Bhonde and SanjeevGalande
Gran Melia, Cancun, Mexico, November 16-19,2004
Transcription Assembly VIII" meeting, NCCS, Pune, October 28-30,2004.
"Chromatin workshop", JNCASR, Bangalore, January 21-23,2005.
"Molecular Immunology Forum" meeting, Goa, February 2-4,2005.
National symposium on "Recent Trends in Modern Biology", University of Pune,
February 17-19,2005.

Rajesh J. Solanki & 5.5. Jadhav
Presented a paper entitled "The role of High Performance Computing (HPC) in Bioinformatics
applications: A case Study" at the 35th Mid-term symposium on Bioinformaics application and
emerging technology, organized by IETE Nagpur center between 2-4 April, 2004. (Rajesh J.
Solanki &S.S. Jadhav)

K. N. Kohale
Attended One day workshop on the, "Spontaneous and Induced lesions in Wistar:BRL rats", at
The Leela Hotel, Mumbai, on 3rd, December, 2004.

Seminars delivered by NCCS Scientists:
Lalita S. Limaye
•

Applications of Flow Cytometry, "Microscopic techniques in Biology" organized by Indian
Academy of
Sciences, Bangalore, Department of Zoology, Pune University.l0 th
March 2005,

Nibedita Lenka
•

•

•

•

•

•
•
•

Embryonic Stem Cells: The Developmental Paradigm and the Therapy of Future. National
symposium on Molecular medicine An Emerging Concept, SCB Medical College,
Cuttack, India. 2005 (Invited plenary speaker).
Investigation of Neurogenesis using Embryonic Stem Cell Model. XXIIAnnual Conference
& Meeting of the Indian Academy of Neurosciences, Gwalior, India. 2005 (Invited
speaker).
Emerging Trends in Stem Cell Research. Workshop on Biotechnology Potentials in
Orissa. Department of Science and Technology, Government of Orissa, India.2005
(Invited plenary speaker).
Investigation of early cardiomyogenesis and neurogenesis using ES cell model. Ranbaxy
Science Foundation's 11th Annual Symposium on "Stem Cell Research - From Bench to
Bedside", LVPEI,Hyderabad, India. 2005 (Invited speaker).
Embryonic Stem Cells: An elegant developmental model in exploring cardiomyogenesis
and neurogenesis. Indo-UK Stem Cell Workshop, National Centre for Biological
Sciences, Bangalore, India organized by British High Commission's Science & Innovation
team, Royal Society, UK. and Department of Science and Technology, India. 2005.
(Invited speaker, Session chair and instructor).
Stem CellsThe Hopes and Challenges: The Therapies of the future ... Rotary club, Pune,
December 24, 2004.
Emerging Trends in Stem Cell Research - From Basic to Clinic. Department of
Biotechnology, Utkal University, Bhubaneswar, February 15,2005.
The Promising Potentials of Embryonic stem cells. Advanced centre for Treatment,
Research and Education in Cancer (ACTREC),Mumbai, March 4, 2005.

Mohan RWani
•

Invited talk on "Osteoimmunology: Relations between bone and immune system" in
Molecular Immunology Forum-2005 at The International Centre, Dona Paula, Goa,
February 02-05,2005.

Pradeep B Parab
•

Monoclonal antibodies and its clinical applications,
Biotechnology, Baramati, March, 2005

Vidhya Pratisthan School of

Ramesh R Bhonde
•
•
•
•
•
•
•

Cornea Preservation, Rotary Club (East), Pune, April 10th, 2004
Stem Cells & Tissue Engineering, Agarkar Research Institute, Pune, June 7th, 2004
In vitro models as an alternative to laboratory animals, NIN- Hyderabad, Nov 24th,
2004.
Role of animal tissue culture in tissue banking and engineering, VES College, Chembur,
Nov 27th, 2004
Magic of Cells, M. P.Deo Memorial Science College, Nagpur, Dec 11th, 2004
Stem Cells & Regenerative Biology, Karnataka University, Dharwad, March 4th, 2005
Keynote address at Genetic Engineering workshop, Dept. of Microbiology, Modern
College, Pune March 12th, 2005.

a

Dr. Seshadri
•

Insulin: a transcriptional modulator of hypoxic and inflammatory
Transcription Assembly meeting, NCCS, Pune, October 29,2004

response,8th

Samit Chattopadhyay
•
•
•

•
•

Symposium on "Chromatin: Folded Secrets Unfolded". Regulation of Cyclin D1 gene
expression by Tumor Suppressor SMAR1, ACTREC,Navi Mumbai, August 28-29,2004.
Regulation of Cyclin D1 gene expression by Tumor Suppressor SMAR1, 8th Trancription
Assembly Meeting, NCCS, Pune. October 28-31,2004.
24th Annual Convention of Indian Association for Cancer Research (IACR). Intemational
Symposium on "Human Papillomavirus and Cervical Cancer" organized at Institute of
Cytology and Preventive Oncology (ICPO), Noida, India from February 9-12,2005.
SMAR1, A novel guardian of the genome regulates V(D)J recombination and class
switching, Molecular Immunology Forum, Goa. 3-5 February, 2005.
Indo-Japan Workshop on "Understanding of chromatin structure function". SMAR1, A
novel guardian of the genome that regulates V(D)J recombination through chromatin
changes, JNCASR, Bangalore, January 20-23,2005.

Musti V Krishnashastry
•

Alpha-barrel assists beta-barrel, Protein Society - Indian Chapter, liT Mumbai, Oct 31,
2004.

Debashis Mitra
•

Mitochondrial dysfunction in HIV induced T cell apoptosis AIDS in India A Regional
Symposium-Workshop Research, Trials and Treatment, JNCASR, Bangalore, July 31st to
August 6th 2004 (Invited Talk).

Vaijaynti Kale
•

•

Attended the symposium on 8th Transcription Assembly, organized at NCCS, Pune,
October 28-20,2004.
Delivered a lecture on Stem Cell in the symposium on ''Animal Cell Culture: Recent trends
and applications" organized by Vivekanand College, Chembur on 27th, November,
2004.
Attended "National Consultation on Biosafety aspects related to GMOs for members and
nominees of DBT on IBSCs.

Dr. Bhaskar Saha

•
•
•
•
•

•
•
•
•
•

a

October 2004. CD40 signals reciprocally through p38MAP kinase and ERK-1!2.
Uniformed Services University for Health Sciences. Bethesda, USA.
October 2004. Regulation of anti-tumor immune responses by CD40-CD40-L
interactions. University of California at Los Angeles, USA.
December 2004. Reciprocity in CD40 signaling as a principle of immunotherapy. Indian
Immunology Society Meeting, Chennai.
January 2005. Role of CD40 in anti-tumor immune response. Chittaranjan National
Cancer Research Institute. Kolkata.
February 2005. Immunotherapy using reciprocal CD40 signaling through p38MAPK and
ERK-1!2. Indo-German Conference on infectious diseases, New Delhi.
February 2005. Host cell-dependent anti-Ieishmanial functions of Miltefosine. DNDI
meeting on the recent advances in anti-Ieishmanial drug research. Kolkata.
February 2005. Delineating CD40 signaling in macrophages. CSIR, New Delhi.
March 2005. Coordination of CD40 signaling by kinases and phosphatases. IndoGerman Conference on Infectious diseases, Bangalore.
March 2005. Coordinated regulation of CD40 signaling in macrophages. Indo-Australian
Conference on the Biotechnology infectious diseases. Manipal.
March 2005. Immunotherapy of Leishmania infection by modulating CD40 signaling.
International Training on Research and Education in Infectious Diseases. New Delhi.

Seminars delivered by NCCS Scientists:
Lalita S. Limaye
•

Applications of Flow Cytometry, "Microscopic techniques in Biology" organized by Indian
Academy of
Sciences, Bangalore, Department of Zoology, Pune University.l0 th
March 2005,

Nibedita Lenka
•

•

•

•

•

•
•
•

Embryonic Stem Cells: The Developmental Paradigm and the Therapy of Future. National
symposium on Molecular medicine An Emerging Concept, SCB Medical College,
Cuttack, India. 2005 (Invited plenary speaker).
Investigation of Neurogenesis using Embryonic Stem Cell Model. XXIIAnnual Conference
& Meeting of the Indian Academy of Neurosciences, Gwalior, India. 2005 (Invited
speaker).
Emerging Trends in Stem Cell Research. Workshop on Biotechnology Potentials in
Orissa. Department of Science and Technology, Government of Orissa, India.2005
(Invited plenary speaker).
Investigation of early cardiomyogenesis and neurogenesis using ES cell model. Ranbaxy
Science Foundation's 11th Annual Symposium on "Stem Cell Research - From Bench to
Bedside", LVPEI,Hyderabad, India. 2005 (Invited speaker).
Embryonic Stem Cells: An elegant developmental model in exploring cardiomyogenesis
and neurogenesis. Indo-UK Stem Cell Workshop, National Centre for Biological
Sciences, Bangalore, India organized by British High Commission's Science & Innovation
team, Royal Society, UK. and Department of Science and Technology, India. 2005.
(Invited speaker, Session chair and instructor).
Stem CellsThe Hopes and Challenges: The Therapies of the future ... Rotary club, Pune,
December 24, 2004.
Emerging Trends in Stem Cell Research - From Basic to Clinic. Department of
Biotechnology, Utkal University, Bhubaneswar, February 15,2005.
The Promising Potentials of Embryonic stem cells. Advanced centre for Treatment,
Research and Education in Cancer (ACTREC),Mumbai, March 4, 2005.

Mohan RWani
•

Invited talk on "Osteoimmunology: Relations between bone and immune system" in
Molecular Immunology Forum-2005 at The International Centre, Dona Paula, Goa,
February 02-05,2005.

Pradeep B Parab
•

Monoclonal antibodies and its clinical applications,
Biotechnology, Baramati, March, 2005

Vidhya Pratisthan School of

Ramesh R Bhonde
•
•
•
•
•
•
•

Cornea Preservation, Rotary Club (East), Pune, April 10th, 2004
Stem Cells & Tissue Engineering, Agarkar Research Institute, Pune, June 7th, 2004
In vitro models as an alternative to laboratory animals, NIN- Hyderabad, Nov 24th,
2004.
Role of animal tissue culture in tissue banking and engineering, VES College, Chembur,
Nov 27th, 2004
Magic of Cells, M. P.Deo Memorial Science College, Nagpur, Dec 11th, 2004
Stem Cells & Regenerative Biology, Karnataka University, Dharwad, March 4th, 2005
Keynote address at Genetic Engineering workshop, Dept. of Microbiology, Modern
College, Pune March 12th, 2005.

a

Dr. Seshadri
•

Insulin: a transcriptional modulator of hypoxic and inflammatory
Transcription Assembly meeting, NCCS, Pune, October 29,2004

response,8th

Samit Chattopadhyay
•
•
•

•
•

Symposium on "Chromatin: Folded Secrets Unfolded". Regulation of Cyclin D1 gene
expression byTumor Suppressor SMAR1, ACTREC,Navi Mumbai, August 28-29,2004.
Regulation of Cyclin D1 gene expression by Tumor Suppressor SMAR1, 8th Trancription
Assembly Meeting, NCCS, Pune. October 28-31,2004.
24th Annual Convention of Indian Association for Cancer Research (IACR). International
Symposium on "Human Papillomavirus and Cervical Cancer" organized at Institute of
Cytology and Preventive Oncology (ICPO), Noida, India from February 9-12,2005.
SMAR1, A novel guardian of the genome regulates V(D)J recombination and class
switching, Molecular Immunology Forum, Goa. 3-5 February, 2005.
Indo-Japan Workshop on "Understanding of chromatin structure function". SMAR1, A
novel guardian of the genome that regulates V(D)J recombination through chromatin
changes, JNCASR, Bangalore, January 20-23, 2005.

Musti V Krishnashastry
•

Alpha-barrel assists beta-barrel, Protein Society - Indian Chapter, liT Mumbai, Oct 31,
2004.

Debashis Mitra
•

Mitochondrial dysfunction in HIV induced T cell apoptosis AIDS in India A Regional
Symposium-Workshop Research, Trials and Treatment, JNCASR, Bangalore, July 31st to
August 6th 2004 (Invited Talk).

Vaijaynti Kale
•

•

Attended the symposium on 8th Transcription Assembly, organized at NCCS, Pune,
October 28-20, 2004.
Delivered a lecture on Stem Cell in the symposium on "Animal Cell Culture: Recent trends
and applications" organized by Vivekanand College, Chembur on 27th, November,
2004.
Attended "National Consultation on Biosafety aspects related to GMOs for members and
nominees of DBT on IBSCs.

Dr. Bhaskar Saha

•
•
•
•
•
•
•
•
•
•

October 2004. CD40 signals reciprocally through p38MAP kinase and ERK-1J2.
Uniformed Services University for Health Sciences. Bethesda, USA.
October 2004. Regulation of anti-tumor immune responses by CD40-CD40-L
interactions. University of California at Los Angeles, USA.
December 2004. Reciprocity in CD40 signaling as a principle of immunotherapy. Indian
Immunology Society Meeting, Chennai.
January 2005. Role of CD40 in anti-tumor immune response. Chittaranjan National
Cancer Research Institute. Kolkata.
February 2005. Immunotherapy using reciprocal CD40 signaling through p38MAPK and
ERK-1J2. Indo-German Conference on infectious diseases, New Delhi.
February 2005. Host cell-dependent anti-Ieishmanial functions of Miltefosine. DNDI
meeting on the recent advances in anti-Ieishmanial drug research. Kolkata.
February 2005. Delineating CD40 signaling in macrophages. CSIR, New Delhi.
March 2005. Coordination of CD40 signaling by kinases and phosphatases. IndoGerman Conference on Infectious diseases, Bangalore.
March 2005. Coordinated regulation of CD40 signaling in macrophages. Indo-Australian
Conference on the Biotechnology infectious diseases. Manipal.
March 2005. Immunotherapy of Leishmania infection by modulating CD40 signaling.
International Trainingon Research and Education in Infectious Diseases. New Delhi.

Desa, G. C. Mishra, A. Chatterji, (0412NF2003, US, 30/12/2003,
Novel molecules to develop drug for the treatment of osteoporosis.

10/747,671)

5.

K. V. S. Rao, M. R. Wani, V. Manivel, P.S. Parameswaran, V. K. Singh, R. V. Anand, E.
Desa, G. C. Mishra, A. Chatterji, 0412NF2003, INDIA, 27/02/2004. Novel molecules
to develop drug for treatment ofthe osteoporosis.

6.

K. V. S. Rao, M. R. Wani, V. Manivel, P.S. Parameswaran, V. K. Singh, R. V. Anand, E.
Desa, G. C. Mishra, A. Chatterji (#20030044470).
Pharmaceutical composition
useful for inhibition of osteoclast formation and a process for the extraction of mussel
hudrolysate from Indian green mussel

7.

K. V. S. Rao, M. R. Wani, V. Manivel, P.S. Parameswaran, V. K. Singh, R. V. Anand, E.
Desa, G.C. Mishra, A. Chatterji (#20050085537)Method
and composition for
treati ng osteoporosis

8.

P. B. Parab, S. Ghaskadbi, Vidya Patwardhan, Nibedita Lenka, G. C. Mishra, Ani!
Chatterji, P.S. Parameswaran. A new molecule for cardiac development promoting
activity. Application No. 435/MVM/05/ Filing Date 6/04/2005, Indian Patent Office.

9.

Ruchi Shukla, Ramesh R Bhonde, Vivek Barve,.Subhash Padhye. Mettaloantidiabetics:
An oral vanadium conjugate. Indian Patent Application No. 405/MUM/2004.

10.

Galande S. A., Purbey P.,Jayakumar C., Patole M. S. "An improved expression system"
No.105/MUM/2005.

11.

Kale V. P- Creation of Artificial bone-marrow environment and uses thereof: Indian
patent and PCTapplication submitted.

12.

Kale V. P - Adipogenic differentiation of human hematopoietic cells Induced by
Mannose binding dietary Lectins of plant origin. Papers given to the attorney for
preparation of draft.

13.

Kale V. P - Preservation of human hematopoietic stem/progenitor cells using man nose
binding lectins of plant origin. Papers sent to DBT patent cell for submission of the
patent.

14.

Parab P.B - A new molecule for cardiac development promoting activity. Application
No. 435/MUM/05 filing date 06.04.2005.lndian
Patent Office.
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Achievements

Memberships/Awards/Fellowships:
G.C.Kundu
Shanti Swarup Bhatnagar Prize in Biological Sciences, Council of Scientific and
Industrial Research (CSIR), New Delhi, Govt. of India, 2004
Served as reviewer in European Journal of Cancer, Int. Journal of Cancer, Oncogene, Life
Sciences, Cancer Research UK, MRC UKand Health Research Board (HRB), Ireland

Dr. Nibedita Lenka
Samanta Chandra Sekhar Award for the year 2002 in Life Sciences, Orissa S c i e n c e
Academy (conferred in 2005).
One of the few selected participants and the Scholarship recipient for the NIH
sponsored HEST (Human Embryonic Stem Cell Toolbox) Workshop at the University of
Georgia (2004).
Research Grant from Department of Biotechnology, Government of India (2003-2006),
(204-2007).
Life Member of Indian Academy of Neuroscience

Dr. Vaijayanti Kale
Appointed as "Associate Editor" of the international
Development" from June 2005
Life Member of Indian Academy of Neuroscience

journal

"Stem

Cells and

Dr. M RWani
Member of Molecular Immunology Forum, 2004 onwards.
Memberofthe American Society for Bone and Mineral Research, USA, 2005.

Dr. R R Bhonde
Nominated as SAC member of National Center for Laboratory Animals (NCLAs) of NIN
Hyderabad for a period of three years (2004- 2006)
Obtained P.P. Suryakumari award for the best paper in the field of diabetes forthe period
of (2002 -2004).
Organizing Committee Member, All India Society for Cell Biology (2005-2007).
Life member & Treasurer Secretary for Indian Society for Developmental Biologists
(2004-2006).
CPCSEAnominee for Raj Biotech, Pune and Yash Farms, Pune (2004-2006).
Associate Editor of the Editorial board of 'The Reviews of Diabetic Studies'- A journal of
the society for Biomedical Diabetes Research, Germany.

Dr. Sanjeev Galande
International Senior research Fellowship ofthe Wellcome Trust, UK, 2005-2010.
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Dr. Samit Chattopadhyay
Member, The American Society for Biochemistry and Molecular Biology (ASBMB), USA.
Ph D thesis committee member and external reviewer, ACTRECT,Navi Mumbai.
Member, Molecular Immunology Forum (2003 onwards)
Life member, Indian Society of Cell Biology (2003 onwards)
Board member, Indian Society for Developmental Biologists (2000 onwards)
Reviewed articles for Cell Research
Reviewer, Virology Journal.

Dr.Sahu
Member ofthe International Complement Society (1999-onwards)
Member ofthe Molecular Immunology Forum (2005)
Member ofthe American Society for Microbiology (2005)
Awarded Wellcome Trust International Senior Research Fellowship (2001-2006)

Dr.SABapat
Served as reviewer for Cancer Research, UK.

Awards by NCCS Students
Young Scientist Award to student Amit Awasthi for 2004 by Immunology Society of
India. Chennai Meeting.
Best Poster Awards to: G Murugaiyan, Reena Agrawal, Manish Bodas, Aslam Ali Khan.
Indian Immunology Society 2004, Chennai.
Best poster presentation award to Shruti M Khapli at 28th All India Cell Biology
Conference held at Chandigarh, December 1-3,2004.

Extramural fundings received by NCCS Scientists
Nibedita Lenka
Research Grant from Department of Biotechnology, Government of India
(2003-2006) and (2004-2007).

Mohan R. Wani
Studies on in vitro differentiation of osteoblasts from human adult stem cells.
Department of Biotechnology, New Delhi, Duration: 2005-2207.

Samit Chattopadhyay
Received funding from Department of Biotechnology, Govt. of India on "p53 interacting
protein SMAR1 modulates p53 function by direct Phosphorylation: Discovery of a new
signal transducing protein and its potential use in anti-cancer therapy". Duration:
2003-2006.
Received funding from Department of Biotechnology, Govt. of India on "Extracellular Tat
mediated inhibition of HIV-1 replication: Generation of novel siRNA expressing vectors
that will inhibit HIVreplication". Duration: 2003-2006.

Debashis Mitra
Identification and characterization of anti-HIV compounds in Indian marine bivalves.
Department of Biotechnology, project No. BT/PRO/897/AAQ/03/099/00.
Molecular basis of CTl dysfunction in HIV infection. Department of Biotechnology,
project No. BT/PR5131/Med/14/590/2004.

Sanjeev Galande
International Senior research Fellowship ofthe Wellcome Trust, UK, 2005-2010.

-

Other Activities

--

Seminars delivered at NCCS by visiting scientists:
Dr. Ranju Ralhan
Professor of Biochemistry, AIIMS, India
Emerging Molecular Targets in Oral Carcinogenesis
14th July, 2004

Dr. Raj Rao
University of Georgia. USA
Different shades of pluripotency: molecular signature of human embryonic stem cell
27th October 2004

Dr. Udaykumar Ranga
Molecular Biology and Genetics Unit, JNCASR. Bangalore
Use of Tat antigen in HIV vaccine design
1st October 2004

Dr. Sankar Ghosh
Immunobiology and Molecular Biophysics & Biochemistry
Yale University School of Medicine, New Haven, USA
NF-kB: a mediator of immune and inflammatory responses
12th October, 2004

Dr Brian D'Souza
London School of Hygiene and Tropical Medicine, London, UK
Anti-toxic immunity in malaria
24th March 2005

Dr. Debdutta Bandyopadhyay
Huffington Center on Aging, Baylor College of Medicine
Houston, Texas, USA
Exploiting chromatin remodeling as an inducer of senescence: A possible target for cancer
therapy
th
16 June,2005

Dr. Jayanta Bhattacharya
Department of Molecular Genetics and Microbiology,
Worcester, MA 01605, USA
Tropism and assembly of HIV-l envelope glycoproteins
10th of March 2005

Dr. Harish C. Pant
Neurochemistry, NINDS, NIH Bethesda, USA
Regulation and Deregulation ofCdk5; Neuronal Survival and Apoptosis
th
27 Decem ber 2004

Dr. Abhay R. Satoskar
Department of Microbiology, Ohio State University
Immunity in Leishmanial Infection
July 6,2005
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