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ABSTRACT 
 

Increased expression and activity of matrix metalloproteinase-2 (MMP-2) has been correlated with an 
increase in invasive potential and a worse prognosis in many cancers including melanomas. The anti-
tumorigenic potential of all-trans retinoic acid (ATRA) in melanomas was studied using the highly 
metastatic murine melanoma cell line B16F10 as a model. Treatment of B16F10 cells with 20 µM/ml 
ATRA for 24 hrs caused a significant downregulation of MMP-2 expression and activity. Inhibition of 
MMP-2 activity appeared to be mediated via a significant decrease in expression of membrane type-1 
matrix metalloproteinase (MT1-MMP), a crucial component of the MMP-2 activation complex, and 
extracellular matrix metalloproteinase inducer (EMMPRIN) and a significant increase in expression of 
tissue inhibitor of metalloproteinases-2 (TIMP-2). Downregulation of MMP-2 expression and activity 
would appreciably lower the invasive potential of melanoma cells. Inhibition of phosphorylation of focal 
adhesion kinase (FAK) upon ATRA treatment could inhibit intracellular signalling cascades and also 
downregulate MMP-2 levels and cell migration. The effectiveness of ATRA in inhibiting the migratory 
capabilities of B16F10 cells was confirmed by wound healing assay. Our findings thus elucidate 
important aspects about the molecular mechanisms of the effect of ATRA treatment on MMP-2 in 
melanomas and also indicate the anti-tumorigenic potential of ATRA which could have therapeutic 
value in clinical management of invasive melanomas. 
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1. INTRODUCTION 
 
All-trans retinoic acid (ATRA), a naturally occurring metabolite of retinol, is one of the biologically most 
active forms of vitamin A and exerts pleiotropic effects on a variety of biological processes including 
vision, cell growth and differentiation, tissue maintenance, embryonic development, 
immunomodulation and cellular adhesiveness. ATRA has a molecular formula C20H28O2 with a 
molecular weight of 300.4 [1-4]. β-carotene and other carotenoids in carotenoid-rich fruits and 
vegetables are major sources of retinoids in plants. The basic structure of the ATRA molecule 
consists of a cyclic end group, a polyene side chain and a polar end group. ATRA and its 
stereoisomer 9-cis retinoic acid (9-cis RA), can modulate a variety of biological processes largely 
through binding to the retinoic acid receptors (RAR) and rexinoid receptors (RXR) respectively [2,4,5]. 
These receptors belong to the steroid/thyroid hormone receptor family. ATRA binds to RARs with high 
affinity but not to RXRs while 9-cis RA binds with high affinity to RXRs [3-5]. Interaction of ATRA with 
RAR dimers induces a conformational change that leads to the removal of co-repressors and the 
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Cloud computing has become the platform for different web services. It is because
of the technology virtualization, which enables cloud providers to provide service
for a large number of customers. It is cost-effective and it also enables an efficient
way of data storage and data processing to provide service for a large number of
customers. But there is a disadvantage also. There can be a risk of security breach
if proper precaution is not taken. The main characteristics of virtualization are re-
source sharing and isolation. This is the strength of virtualization. But there can be
a problem of security if used without taking proper precautions. The environment
makes it prone to bugs and the whole system can be damaged by one malicious
virtual machine in the cloud. This attacks other virtual machines in the cloud. This
paper studies different risks in virtualization and analyses the different methods
to overcome them and make the environment less vulnerable to risk.
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Book Summary
The study of livelihood is popular among social scientists in recent times. One of the
important aspects of the assessment of livelihood is the responses generated through
the implementation of social policies. MGNREGA, the landmark act for the generation
of rural livelihood worth discussion. The act and its outcome, MGNREGS has
discussed variously by various author in last decade. This book tries to provide a
geographical explanation of the same. Written in a very simple and lucid language,
this book considers the empirical work based on both primary and secondary data.
This book will help the students of geography, policy studies and rural development of
different universities and institutions.
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