


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Front Cover Image: 

The image shows Drosophila wing imaginal disc with a tumor (Green) formed due to loss 

of tumor suppressor Lgl. The cells expressing Distal-less (red) would give rise to the 

future wing. Non-wing territory is marked by expression of Homothorax (Blue). Note that 

the tumor cells show loss of wing fate marker Distal-less, thus exhibiting a reprogramming 

to an undifferentiated cell state.(Article on p. 28) 
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14th February 2015 

 

Dear Members, 

 

I am happy that the next issue of the ISCB Newsletter (Vol. 34:1, 2015) is being published on 

time. I request you all to contribute your articles regularly in the area of Cell Biology to the 

Newsletter of the Society. From the last year, the Newsletter has International Standard Serial 

Number (ISSN 2349-8307) which has enhanced the visibility of the Society and its Newsletter at 

National and International levels. 

The tenure of the present Executive Committee will end in March 2015. I attended both the 

annual meetings of the Society held at Bangalore and Lucknow, which were very well organized. 

There was good participation of members of the Society. I thank all the Executive Committee 

Members of the Society for their support and cooperation during these two years (2013-15). My 

special thanks to Dr V Radha, Secretary, for doing her job so well that I had little burden of the 

Society work. 

With best wishes, 

B N Singh 
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From the Secretary's desk 

 

Dear Colleagues and Students, 

 Greetings from the ISCB Secretariat at CCMB, Hyderabad. We are very happy to bring 
out the next issue of the ISCB Newsletter and the first one this year. Let me begin by 
congratulating the newly elected office bearers of the society, under the stewardship of Prof. V. 
Nagaraja, MCBL, IISc., Bangalore, who will hold office from 1.4. 2015 to 31-3-2017.  

            Recent developments using the principles of Stimulated emission depletion (STED), 
Structured illumination microscopy (SIM), and Photoactivated localization microscopy (PALM), 
have broken the presumed limitations of resolution of light microscopes beyond half the 
wavelength of light (Abbe's diffraction limit). Therefore, we now have no limit to the resolution of 
light microscopy, enabling cell biologists direct visualization of structures and molecules, a few 
nanometers in size, within a cell in detail. The ISCB newsletter, Sept. 2014 issue had an article 
on these advances. The award of Nobel Prize in 2014, for development of the principles behind 
these so-called nanoscopes is extremely gratifying to the community of cell biologists. 

          During our term, we have put in particular effort towards increasing membership and we 
are now very close to the 1000 mark in terms of number of Life Members. This year’s annual 
meeting was successfully hosted by CDRI, Lucknow and those of you who attended will 
remember the hospitality for a long time. This issue has a write-up on the proceedings of the 
meeting held at Lucknow in December 2014. Abstracts of the work presented by the students’ 
who were awarded prizes for best oral and poster presentations are included in this Newsletter. In 
addition, we have articles by Dr. Manikandan Subramanian from the Columbia University Medical 
Center, USA, Dr. Anjali Bajpai, IIT, Kanpur, Ms. K.Abhijyna, CCMB, Hyderabad and Mr. Cash 
Kumar, BHU, Varanasi. I hope you will enjoy, and benefit from reading these articles on topics, 
which are of interest to cell biologists in general.   

                 The next annual meeting is scheduled to be held at IISER, Trivandrum and you may all 
look out for the circulars, which will be posted on the ISCB web page. We also request active 
participation of all members in sending nominations for the J. Das Memorial award lecture. The 
form is provided in this Newsletter and also available on the web page. ISCB members from 
Lucknow University and from BHU have requested ISCB funds to conduct training programs. We 
request other members of the society to also actively take part in conducting lectures/workshops 
to popularize cell biology, and provide exposure to local teachers & students. 

 Our term ends this March. With the support and cooperation of all the EC and the 
ISCB members, we have enjoyed the responsibility of the Secretariat at CCMB. We have 
done our best to execute and fulfill the requirements of the society and the members 
satisfactorily; and please excuse us if there were inadvertent lapses. We once again thank 
you for the confidence reposed in us. 

Vegesna Radha         A. J. Rachel  
Secretary          Joint Secretary 
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Apoptotic Cell Clearance – Mechanisms, Defects, and Diseases 

Manikandan Subramanian 

Columbia University Medical Center, New York, USA 

Email: ms4144@cumc.columbia.edu 

 

An estimated one billion cells die by apoptosis each day in an adult human, the majority of which 

are rapidly cleared by professional phagocytes such as macrophages and dendritic cells (DCs) or 

by neighboring non-professional phagocytes. The process of clearance of apoptotic cells is called 

efferocytosis and is distinct from related processes such as phagocytosis, endocytosis, or 

macropinocytosis. The term derives its root from latin, effero meaning “to bury” or “to carry to 

grave”.  Prompt clearance of apoptotic cells prevents dead cells from undergoing secondary 

necrosis and the consequent release of inflammatory intracellular contents into the extracellular 

milieu (1). Furthermore, efferocytosis itself triggers an active anti-inflammatory response in the 

phagocyte which is critical for controlling the immune response and for the final phase of 

inflammation resolution under pathological conditions (2).  Consequently, defective efferocytosis 

is associated with failed inflammation resolution in several chronic inflammatory and autoimmune 

diseases including atherosclerosis, asthma, chronic obstructive pulmonary disease (COPD), 

systemic lupus erythematosus (SLE), Parkinson’s, and Alzheimer’s disease (3). 

The molecular mechanism of apoptotic cell recognition and clearance as well as the downstream 

signaling involved in the immunosuppressive and pro-resolving actions are just being unraveled 

and is an area of tremendous excitement and active investigation.  The current knowledge of the 

key players involved in efferocytosis, their role in various diseases, and potential of harnessing 

efferocytosis as a therapeutic strategy is briefly discussed below. 

Apoptotic Cell Recognition and Clearance – Molecular players 

When cells die by apoptosis, the intrinsic cell death program itself triggers certain molecular 

changes that enable their recognition and clearance by phagocytes (Figure 1).  For example, 

caspase-mediated activation of pannexin channels in apoptotic cells leads to release of 

nucleotides such as ATP and UTP, which act as “find-me” signals to attract phagocytes to their 

vicinity (4).  Furthermore, cells dying by apoptosis expose ligands such as phosphatidylserine or 

calreticulin on the outer leaflet of plasma membrane, which act as “eat-me” signals that are 

specifically recognized by one of several efferocytosis receptors on the phagocyte.  Efferocytosis 
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Figure 1. Schematic of efferocytosis. Apoptotic cells express “eat-me” signals
such as phosphatidylserine (PS) or calreticulin (CRT) on the plasma membrane
which is recognized by efferocytosis receptors on phagocytes either directly or via
bridging molecules. Apoptotic cell engagement by the phagocyte results in
downstream signaling and actin cytoskeletal reorganization to mediate apoptotic
cell uptake and lysosomal degradation of components as well as post-engulfment
responses which are predominantly anti-inflammatory and pro-resolving in nature.

receptors such as BAI-1, and the TIM-family 

members can directly bind to 

phosphatidylserine, while receptors such as 

Mertk, Axl, Tyro3, and αvβ family of integrins 

utilize certain bridge molecules such as 

Gas6/protein S or MFGE-8, respectively, to 

recognize phosphatidylserine (3).  Interestingly, 

the mere expression of eat-me signals such as 

phosphatidylserine is not sufficient to trigger 

uptake of cells by phagocytes.  Apoptotic cells 

also concomitantly downregulate the 

expression of “don’t eat-me” signals such as 

CD47, CD46, and CD31 (5).  This mechanism 

of upregulation of “eat-me” signals and 

downregulation of “don’t eat-me” signals 

prevents live cells that transiently expose phosphtidylserine from being cleared by phagocytes.  

Following the initial step of apoptotic cell recognition via efferocytosis receptors, activation of 

signaling intermediates such as GULP-1 or ELMO/DOCK180/Rac1 complex results in actin 

cytoskeletal remodeling, membrane ruffling and ultimately apoptotic cell engulfment by 

phagocytes (5). 

Anti-Inflammatory and Immune Tolerizing Effect of Efferocytosis 

Unlike the uptake of necrotic cells or infectious agents such as bacteria which triggers production 

of pro-inflammatory cytokines, the uptake of apoptotic cells leads to production of anti-

inflammatory cytokines such as TGF-β and IL-10 as well as pro-resolving lipid mediators such as 

lipoxin-A4, resolvins, and protectins (2, 6, 7).  Under physiological conditions, efferocytosis-

mediated production of these anti-inflammatory factors prevents the infiltration of inflammatory 

leukocytes as well as promotes immune tolerance.  In pathological conditions, efferocytosis of 

dying inflammatory cells as well as damaged tissue cells leads to tempering of the inflammatory 

response and promotes inflammation resolution and tissue restoration and homeostasis.  The 

precise mechanism and receptors involved in the anti-inflammatory action of efferocytosis is not 

completely understood, but is known to involve inactivation of NF-kB signaling, activation of 

STAT1 and SOCS1/3 pathways (8). 
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Role of Efferocytosis in Infection 

Infection by a number of pathogenic agents elicits a potent inflammatory response involving 

infiltration of neutrophils that play a major role in eliminating the pathogens by a multitude of 

mechanisms including phagocytosis-mediated killing in acidic lysosomes.  Interestingly, during 

the later stages of infection, macrophage infiltration into the inflamed tissue helps clear the 

bacteria contained within the dead/dying neutrophil by efferocytosis and lysosome-mediated 

degradation (9).  Similarly, efferocytosis of Mycobacterium tuberculosis infected apoptotic 

macrophage has been demonstrated to be an innate anti-bacterial mechanism to contain the 

spread of infection (10). 

Interestingly, enveloped viruses express the “eat –me” signal phosphatidylserine on their 

membranes and use apoptosis mimicry to infect a phagocyte without eliciting an inflammatory 

response or immune activation (11).  In contrast, efferocytosis of virus-infected apoptotic cell can 

prime an immune response against viral antigens via the process of antigen cross-presentation to 

elicit a potent CD8+ cytotoxic T cell response (12).  Further understanding of the role of 

efferocytosis machinery in pathogen clearance will likely lead to development of novel therapies. 

Defective Efferocytosis in Chronic Diseases 

Defective efferocytosis is a hallmark of several chronic diseases associated with failed 

inflammation resolution including atherosclerotic heart disease, COPD, asthma, Alzheimer’s, 

Parkinson’s, and autoimmune disease SLE (3).  Delayed or defective efferocytosis leads to 

secondary necrosis of apoptotic cells, which results in disintegration of the plasma membrane 

integrity and leaking of toxic intracellular contents, which then elicits a robust inflammatory 

response.  In addition, the release of nuclear DNA and other modified self-proteins in an 

inflammatory context provides neo-epitopes for production of autoantibodies.  The mechanism of 

defective efferocytosis in chronic diseases is currently unknown and is likely to be multifactorial.  

For example, increased reactive oxygen species (ROS) production in chronically inflamed tissue 

can lead to defective efferocytosis via its ability to activate RhoA, a negative regulator of apoptotic 

cell engulfment (13).  Also, inflammatory cytokines and oxidized lipids present in an inflamed 

tissue can induce proteolytic shedding of the ectodomain of several efferocytosis receptors 

resulting in decreased efferocytosis efficiency.  Further understanding of the mechanisms of 

defective efferocytosis in chronic inflammatory diseases will enable development of targeted 

therapies to improve efferocytosis and promote inflammation resolution. 
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Efferocytosis-Based Therapies 

The anti-inflammatory and immune tolerance promoting effect of efferocytosis has been 

harnessed to suppress graft-versus-host disease and extend survival of the allograft in various 

transplant models (14).  Donor-derived apoptotic cells infused into recipients before or during the 

transplantation procedure has been demonstrated to significantly enhance donor cell engraftment 

and graft survival.  Interestingly, this response is abrogated when phosphatidylserine exposed on 

apoptotic cells are masked, demonstrating thereby that efferocytosis is required to mediate this 

protective effect (15).  Similarly, experimental autoimmune encephalitis (EAE), a mouse model of 

human multiple sclerosis is ameliorated by injection of autoantigen-containing apoptotic cells (16).  

These effects of efferocytosis are mediated in part by suppression of inflammation as well as via 

alteration of T cell activation to a regulatory phenotype (Treg). 

In addition, infusion of apoptotic cells have been demonstrated to suppress LPS-induced sepsis 

in murine models (17).  Also, apoptotic cell instillation has been demonstrated to protect against 

acute septic lung injury and chronic bleomycin-induced lung injury (18). 

Drugs to Promote Efferocytosis 

Since, efferocytosis is a specific and highly regulated process, therapies aimed at promoting 

efferocytosis are expected to have minimal adverse effects. Although specific therapies to 

promote efferocytosis are currently under development, several drugs are known to increase 

efferocytosis efficiency.  Interestingly, commonly used anti-inflammatory agents such as 

glucocorticoids increase the expression of efferocytosis receptor Mertk on macrophages and 

improve their efferocytosis efficiency (19).  Also, agonists of nuclear receptors Liver X receptor 

(LXR), PPAR-γ, and PPAR-δ increase macrophage efferocytosis (20).   In addition, HMG-CoA 

reductase inhibitors (statins), which are used to lower plasma cholesterol in the treatment of 

atherosclerosis, have been shown to have additional effects on improving macrophage 

efferocytosis (21), which could account for some of its beneficial effects in prevention of 

advanced atherosclerotic plaque progression.     

Concluding Remarks 

Efferocytosis is one of the fundamental processes that is important right from embryonic 

development and well into adult life to maintain tissue and immune homeostasis.  The diversity of 

efferocytosis receptors and ligands are just being characterized and whether this represents 

redundancy or tissue- or context-specific usage remains to be addressed.  Furthermore, deeper 
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mechanistic understanding of the efferocytic process and how it becomes defective in certain 

disease conditions will be paramount to the development of novel therapies aimed at promoting 

efferocytosis. 
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    In vitro and In vivo assays of angiogenesis: A comprehensive review 
Kanugovi Abhijnya Vijayavittal  

(Graduate student) 

CSIR-Centre for Cellular and Molecular Biology, Hyderabad, India-500007 

Email: kabhi@ccmb.res.in 

Abstract  

Angiogenesis is the process by which new blood vessels arise from the existing ones. It is a 

tightly regulated process involving extensive interplay between the cellular and extracellular 

matrix (ECM) components and is required for normal physiological processes like development 

and wound healing. Several micro-environmental cues in the form of pro-angiogenic and anti-

angiogenic factors regulate angiogenesis. Insufficient angiogenesis is implicated in pathological 

conditions such as atherosclerosis, ischemia, and infertility whereas; extensive angiogenesis is 

implicated in conditions such as rheumatoid arthritis, psoriasis and cancer. Efforts are being 

directed towards the development of efficient assays to study the complex process of 

angiogenesis. There has been a massive advancement in the assay systems right from the 

invention of simple in vitro endothelial cell tube formation assay to the present day sophisticated 

angiogenesis assays. Here, we articulate currently available in vitro and in vivo angiogenesis 

assays. 

1. Introduction 

The process of angiogenesis mainly involves morphogenesis of endothelial cells to form blood 

vessels and facilitate cell proliferation, cell migration and invasion. Sprouting and 

intussusception (Patan et al., 1996) are the two major types of angiogenesis. Sprouting 

angiogenesis involves dissolution of vessel basement membrane, endothelial cell migration, 

canalisation of the endothelial cell tubes, branching/looping of the endothelial vessel and 

formation of basement membrane around the immature vessel. Intussusception involves 

splitting of a blood vessel into two vessels by extension of the capillary wall into the lumen 

(Djonov et al., 2003). An ideal angiogenesis assay is one that fulfils the criteria as summarized 

by Jain et al., (1997): (1) the release rate, the spatial and temporal concentration and 

distribution of angiogenic factor(s)/inhibitor(s) should be known; (2) if tumour cells are used as a 

source of angiogenic factors, they should be genetically well defined in terms of oncogene 

expression and production of growth factors (stimulators and inhibitors); (3) the assay should 



provide a quantitative measure of the structure and the functional characteristics of the new 

vasculature; (5) there should be a clear distinction between newly formed and pre-existing host 

vessels; (6) tissue damage should be avoided, since it may lead to formation of new vessels; (7) 

any response seen in vitro should be confirmed in vivo;  (8) the in vivo assay should permit 

long-term and, if possible, non-invasive monitoring; and (9) assay should be cost-effective, 

robust, easy to use, reproducible and reliable.  

 

 Figure 1. The process of angiogenesis. Sprouting angiogenesis is initiated by angiogenic 
factors, followed by activation of matrix proteases that digest the basement membrane. 
Endothelial cell proliferation and lumen formation subsequently results in formation of a new 
angiogenic tube. Intussusception angiogenesis involves splitting of a blood vessel followed by  
the ECM deposition to form new tube like structure. 

 

1.1. Endothelial cell angiogenesis assays 

A typical angiogenesis assay uses endothelial cells such as human umbilical vein endothelial 

cells (HUVEC), because they can be easily isolated from umbilical blood vessels upon perfusion 

with trypsin or collagenase (Jaffe et al., 1973). However, the cell type heterogeneity and 

complexity should be taken into consideration before performing the assay, which includes, 
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morphological and functional heterogeneity of the vessels (Staton et al., 2009), heterogeneity  

due to microenvironment of the location of the endothelial cells (McCarthy et al., 1991) and 

species heterogeneity. Since angiogenesis involves both microvessels and macrovessels 

formation, HUVEC may not be ideal all the time to study angiogenesis. Other cell types like 

muscle cells and fibroblast, the extracellular matrix (ECM) components and circulating blood 

cells are also involved in angiogenesis. Therefore, assays that enable understanding the 

mechanism of angiogenesis both in vitro and in vivo are of utmost importance.   

 
1.2. In Vitro Angiogenesis Assays 
A repertoire of in vitro assays have been developed that focus on individual stages of 

angiogenesis which include endothelial cell proliferation, migration and tubule formation. The 

following in vitro assays are used to study the respective stages of angiogenesis in response to 

pro- or anti-angiogenic stimuli ( Figure 2). 

 

1.2.1. Anchorage independent growth assay  
Proliferation assays measure the number of dividing cells involved in angiogenesis (Staton et 

al., 2009). These assays are not a direct measure of angiogenesis either in vitro or in vivo. The 

colony formation assay is performed by suspending cells in growth medium, mixing with soft 

agar and overlaid on base agar (anchorage independent growth analysis). After 7-10 days of 

incubation in a humidified incubator supplied with 5% CO2, the tumor cells capable of growing in 

an anchorage independent manner form colonies, and after crystal violet staining the size and 

number of cells are quantified (Puck and Markus, 1956). The effect of pro- or anti-angiogenic 

factors on the proliferation potential of cells involved in angiogenesis can be studied using this 

assay. However, this assay should be followed by the in vitro tube formation assay to assess 

the angiogenic potential of cells. 

 

1.2.2. Cell migration and invasion assays  
Invasion is the ability of cells to penetrate into basement membrane (Friedl et al., 2000) which is 

observed during cell morphogenesis, angiogenesis, wound healing and cancer. While cancer 

cells metastasize by proteolytically breaking down the ECM with the help of matrix 

metalloproteinases (MMPs) and migrate to different locations, endothelial cells also exhibit 

similar mechanism in response to various angiogenic stimuli as determined by cell migration 

assays (Schor et al., 2001). However, these assays should be followed by one or more in vivo 

angiogenesis assays to further understand the complex mechanism of angiogenesis. 
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1.2.2.1. In vitro scratch wound healing assay 

In this assay, the ability of endothelial cells to migrate into a denuded area in vitro is studied. A 

scratch wound is made using a sterile scraping tool to remove a portion of the confluent 

endothelial monolayer to provide a margin from which endothelial cells migrate to fill the 

denuded area. The extent and rate at which the “wound is healed” because of the endothelial 

cell migration is monitored microscopically either alone or combining with immunofluorescence 

microscopy (Wong and Gotlieb, 1984; Coomber and Gotlieb, 1990). However, this assay does 

not provide information on net cell migration. 

 
1.2.2.2. Transwell migration assay 
Here, blind-well chemotaxis (transfilter) chamber, a modification of the Boyden chamber 

(Boyden, 1962), is used to quantitatively assess endothelial cell migration. The assay is based 

on the ability of cells to invade through 8 µm microfilter into the lower chamber (Alessandri et al., 

1983). In order to mimic ECM involvement in the invasion, the filter is coated with ECM matrix 

(Albini et al., 2004; Parent and Devreotes, 1999). The percentage of cells invaded to the lower 

chamber through the matrix filter is quantified (Klemke et al., 1998). This assay offers many 

advantages to be used for concentration gradient (Falk et al., 1980), chemotaxis and 

chemokinesis (Taraboletti et al., 1990). The limitations of this assay include, the filters cannot be 

stored for long, motion of cells during invasion cannot be monitored, and cells migrate through 

an artificial material such as polypropylene or polycarbonate (Cary and Guan 1999; Smith et al., 

2004). 
 

1.2.3. Endothelial cell tube formation assay  
This is a two-dimensional assay involving stimulation of formation of capillary-like structures in a 

matrix made up of all or a few of ECM components. The cells grown on this matrix undergo 

attachment, invasion, migration and differentiation by developing capillary like structures 

(tubulogenesis), which may (Grant et al., 1991; Connolly et al., 2002) or may not contain lumen 

(Bikfalvi et al., 1991). Since cells from non-endothelial origin such as, fibroblasts, carcinoma 

cells, and glioblastoma were also shown to form “tubes” (Donovan et al., 2001), the ambiguity 

was whether tubes with actual lumens are formed or not. However, the three-dimensional assay 

using fibrin bead matrix (Nicosia et al., 1993), which recapitulates key steps of the early 

angiogenic process, is preferred over the two-dimensional assays.  



 
Figure 2. In vitro assays to study the stages of angiogenesis in response to pro- or anti-
angiogenic stimuli. a) The colony formation assay involves examining cell growth in an 

anchorage independent manner by allowing cells to grow on soft agar coated plates. b) The in 

vitro scratch wound heal assay indicates the ability of cells to heal the wounded area by both 

migration and proliferation. c) The endothelial cell tube formation assay involves growth of cells 

on an artificial ECM and examination of tube formation. d) The transwell migration assay 

indicates the ability of cells to invade through the artificial ECM mimicking the in vivo basement 

membrane. 

 
1.3. In Vivo angiogenesis assays 
The in vivo angiogenesis assays provide more physiologically relevant information than the in 

vitro assays and are considered to be more mechanistic. The in vivo assays bypass limitations 

that arise from discrepancies of different assays and different groups.  Further, they rule out the 

disparities arising from phenotype of cell origin, substrate specificity, culture conditions used in 

the assay etc., (Norrby K et al., 2006). Additionally, in vivo assays provide admissible 

information regarding the involvement of pro- or anti-angiogenic factors or inhibitors. In the 

following, we discuss current in vivo angiogenesis assays. 

 

1.3.1. Chamber assay for studying microvascularization 
The transparent windows (chambers) coated with matrigel and inhibitors or tumour cells can be 

used to study host cell angiogenesis or tumour angiogenesis respectively on post implantation 
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into host tissues such as ear (Sandison et al., 1924) or dorsal skinfold (Algire et al., 1943, 

Papenfuss et al., 1979), cheek pouch (Greenblatt et al., 1968) or cranium (Levasseur et al., 

1975). In the dorsal air sac model a nitrocellulose filter instead of chambers is filled with tumour 

cells and implanted subcutaneously by creating an air-sac (Oikawa et al., 1997). However, 

these models use an invasive approach, which requires surgical expertise, are expensive and 

may not represent the actual tumor microenvironment. 

 
1.3.2. Exterior tissue preparations to study angiogenesis 
These models involve implanting a definite number of cells or inserting a test compound 

subcutaneously after removing a section of the skin from the underlying connective tissue 

(Runkel et al., 1991). The flap of skin can be opened to monitor the various events occurring 

during angiogenesis and then closed by suturing back. The limitations of this model include 

trauma and low reproducibility (Jain et al., 1997; Bruns et al., 2000).  

 

1.3.2.1 The chorioallantoic membrane (CAM) assay 
The CAM assay is the most commonly used assay to evaluate angiogenesis in vivo (Auerbach 

et al., 1974; Nguyen et al., 1994). When a small window is cut through an egg shell and the 

tumour xenograft is placed on the CAM and sealed back to monitor angiogenesis is called 'in 

shell model'. If the chick embryo is cultured in a petri dish following addition of tumour cells on 

the CAM to monitor angiogenesis is called 'ex ovo model' (Zijlstra et al., 2006). CAM assays are 

also being used for screening compounds with potential angiogenesis modulating activity. The 

limitations include elicitation of inflammatory response and lack of accurate quantification. 

 
1.3.3. In situ preparation using corneal angiogenesis assay 
The cornea being the avascular and transparent tissue, therefore, serves as a good model to 

study neovascularisation. In this assay, a “pocket” is created in the cornea of experimental 

animal, and filled with cells or inhibitor, the resulting corneal angiogenesis is visualised by 

perfusion of fluorescent dyes into the cornea (Gimbrone et al., 1974). This assay is easy to 

perform, quantifiable and reproducible, however involves surgical methods.  

 
1.3.4. Vascularization into biocompatible material implants like polymers and sponges 
Synthetic materials such as sponge matrix made up of polyurethane or stainless steel mesh 

have been developed to study angiogenesis (Schilling et al., 1959).  Matrigel plugs have been 

widely used as implants to study angiogenesis in vivo (Kleinman et al., 1987). The cells or 
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agents are mixed with the matrigel in liquid form and injected subcutaneously, and the extent of 

angiogenesis is quantified by measuring the number of CD31 positive cells or haemoglobin 

content in the matrigel plug. This assay is subjected to the limitation that matrigel is expensive 

and the process cannot be controlled.  

 
1.3.5. Tumour models for studying angiogenesis 
Aggressive tumour cells depend on angiogenesis with the help of vascular endothelial factor 

(VEGF). Thus, tumor cells can be injected subcutaneously or used as xenografts in order to test 

the angiogenic potential (Brown et al., 2002). After allowing the tumor to grow to a particular 

size, the tissue around the tumor can be excised and examined for histological markers for 

angiogenesis such as CD31/CD34. Tumor models can also be tested for antiangiogenic drugs 

in vivo. The procedure involves animal sacrifice to study the histological properties, and does 

not provide real time monitoring of the phenomenon. 

 
1.3.6. Zebrafish embryos as models for studying angiogenesis 
Zebrafish (Danio rerio) has also been used to study angiogenesis as it shares many of the 

angiogenesis associated genes with mammals. The development of blood vessels in zebrafish 

has been well characterized and thus, can be easily monitored by administering fluorescent 

dyes. Transgenic Zebrafish that produces fluorescent (e.g. GFP-labelled) blood vessels can 

also be used to visualize the vasculature (Rubinstein et al., 2003). Zebrafish are easy and 

inexpensive models to study angiogenesis however, the processes of vasculogenesis 

(production of new blood vessels from the progenitor cells) and angiogenesis (production of new 

blood vessel from an existing blood vessel) cannot be differentiated. 

 
1.3.7. Angiomouse 
In this model, GFP expressing tumor cells are injected subcutaneously into nude mice which 

stimulate growth of new blood vessels around them. The newly formed blood vessels can be 

observed as a dark meshwork surrounding a bright fluorescent tumour (McCann, 2001). Okabe 

et al., (1997) have developed transgenic mice that express GFP in all their tissues. These mice 

are subsequently crossed with nude mice to generate nude mice stably expressing GFP in all 

the tissues. Tumor cells that express different colour fluorescent protein can then be injected to 

examine the effect on angiogenesis. This model provides a robust system to study tumor 

angiogenesis and is also used for drug development. However, to study the microvasculature 
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around the tumor cells, excising the tumor is necessary which may require the animal to be 

sacrificed. 

 

 
 
Figure 3. In vivo assays of angiogenesis (Chamber assay- The ability of cells to form blood 

vessels is examined through a transparent window in vivo.  Staton et al., 2009; Chorioallantoic 

membrane (CAM) assay- Instead of animal models, chick embryos are injected with tumor cells 

and formation of new blood vessels is examined. Bronckaers et al., 2013; Zebra Fish as a  

model for angiogenesis- The tumor cells injected in zebra fish embryo are examined for the 

formation of new blood vessels. Nicoli and Presta, 2007; Corneal vascularisation assay- In this 

assay, using inducers or inhibitors of angiogenesis, vascularisation in the transparent cornea 

will  be  examined.     http://augenklinik.uk-koeln.de/de/allgemeine-augenheilkunde 

oliklinik/forschung/coric; Angiomouse- GFP expressing tumor cells are injected into nude mice 

and examined for tumor induced angiogenesis.  Chen et al., 2012; Matrigel plug assay- Tumour 

cells mixed with matrigel and wrapped in cotton plugs are inserted subcutaneously into the live 

animal and examined for their ability to induce  blood vessel formation. Yoo et al., 2004). 
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1.4. Conclusion  
Angiogenesis is a natural phenomenon that helps in tissue repair and regeneration that 

contributes to differentiation and development. Angiogenesis occurs at all stages of life thus, is 

considered to be a vital cellular mechanism facilitating the survival, proliferation and sustenance 

under stress conditions. Insufficient angiogenesis is associated with ischemia and 

cardiovascular diseases; whereas excessive angiogenesis is observed in pathological 

conditions such as cancer. Therefore, understanding the mechanism of angiogenesis and its 

evolvement with the disease progression may be of both biological as well as of clinical interest.  

Here, an attempt was made to expose the available in vitro and in vivo angiogenic assays both 

at the laboratory as well as clinical level.  
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EPIGENETIC REGULATION OF SEX DETERMINING ELEMENTS IN Mus musculus 
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Sex in mammals is determined chromosomally, male being the heterogametic sex (XY) 

and female the homogametic one. The male-specific Y-chromosome is a small, largely 

heterochromatic, chromosome but it harbours Sry, the master gene that switches the embryo 

towards the male sex (Gubbay et al., 1990; Sinclair et al., 1990). Since the discovery of the Sry, 

a number of regulatory genes have been identified which play a role in determination of sex. 

This process is known to be regulated by several epigenetic modifiers, transcription factors and 

kinases, but it remains unclear whether or how these factors coordinate their functions (Larney 

et al., 2014). Therefore, despite being under genetic control, it will be interesting to look for 

epigenetic regulators in order to understand the regulatory puzzle of development of sex-

specific gonad from bipotential primordia. It is very important to explore all three main areas of 

epigenetics (modification of DNA and histones, non coding RNA based regulation) in relation to 

sex determination in Mus musculus.  

Conrad Waddington first introduced the term epigenetics in the 1940s to describe “the 

interaction of genes with their environment”. However, in recent years the term has undergone 

various interpretations. Based on the current usage of the term, Epigenetics is the study of 

heritable changes in gene function either mitotically and/or meiotically that cannot be explained 

by change in DNA sequence. The term heritable in the definition has generated some confusion 

since actually it has two different implications: these changes are heritable not only from one 

cell to the daughter cell during mitotic cell division but also during the formation of gametes 

through meiotic cell division, and thus can be passed from parents to offspring (Gilbert and 

Epel, 2009). Early epigenetic studies categorised chromatin as heterochromatin and 

euchromatin, the former being a region of genome that comprises highly repeated (satellite) 

DNA elements with low gene density, lack of recombination and late replication. Subsequently, 

it was shown that heterochromatin and euchromatin are associated with distinct DNA 

methylation and histone modification pattern that correlate with particular state of gene activity 

(Murrell et al., 2005). This further becomes the basis of the idea of an ‘epigenetic code’ that 

determines the chromatin state. Presently an epigenetic memory system mediated by polycomb 

(pcG) and trithorax group (trxG) of proteins has been uncovered that maintains silent/active 
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chromatin state. Heritable variation in gene expression has been observed in cases of gene 

silencing due to paramutation in plants, X-inactivation in mammals and genomic imprinting. 

Short hairpin RNAs have been shown to play a role in heterochromatin formation via an RNAi 

pathway (Jenuwein, 2002). These highlight the complexity of gene regulation. Three basic 

aspects of epigenetic studies are: 

DNA methylation, histone modifications and noncoding RNA based regulation. 

The three aspects listed above give us an idea about modifications of individual 

molecules, which further determine the structural and functional state of chromatin. However, 

some of the gold standard experiments like DNase 1 hypersensitivity assays are sufficient in 

themselves to explain chromatin state directly.   

 

Figure: A schematic representation of major methods that are being used to detect functional 

element (grey box), represented on idealized model of mammalian chromatin and mammalian 

gene. ChiA PET (Chromatin interaction analysis by Paired-End diTag sequencing), FAIRE 

(formaldehyde assisted isolation of regulatory elements), Chip (Chromatin immunoprecipitaion), 

WGBS (Whole genome bisulphite sequencing), RRBS (Reduced representation bisulphite 

sequencing), RT-PCR (Real time polymerase chain reaction), CLIP seq (Cross linking 

immunoprecipitation sequencing), RIP (RNA immunoprecipitation sequencing), RNA seq (RNA 

sequencing). (The ENCODE project consortium, 2011). 

DNA METHYLATION AND SEX DETERMINATION  

 Methylation in the DNA molecule is one of the well-studied epigenetic modifications. 

Methylation in promoter region is typically associated with repression. Addition of a methyl 

group at carbon 5 of deoxycytidine (m5C) next to a guanidine (CpG) leads to endurable DNA 

methylation. The reaction is catalyzed by a group of enzymes known as DNA 
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methyltransferases (DNMTs). There are two important DNMTs: DNMT1 methylates the 

unmethylated opposing pair of a hemimethylated site. It is called maintenance methylation 

because it is responsible for copying existing methylation profile during cell division. The other is 

DNMT3 and it places methylation mark on previously unmethylated CpGs and thus is 

responsible for de novo DNA methylation. CpG islands are the region of the genome with 

elevated CpG content that are normally associated with promoter or regulatory regions. 

Changes in methylation level in these CpG islands are associated with regulation of gene 

expression. Genomic regions with differential DNA methylation between two developmental 

stages are called differentially methylated regions (DMR). Two studies related to development in 

which DNA methylation is crucial are X chromosome inactivation and genomic imprinting.  

 Epigenetic studies on germ cells are highly important and informative to explain their 

regulation but epigenetic modifications in somatic cell precursors are perhaps even more 

important, especially in defining their role in sexual fate of the animal. Most of the genes playing 

role in sex determination and differentiation are autosomal and expressed in somatic cells of the 

gonads. Therefore their functions must be subjected to a complex mechanism of regulation. Sry, 

the sex-determining gene in therian mammals, initiates testis formation by directing the 

supporting precursor cells to differentiate into the Sertoli rather than granulosa cells. Expression 

of Sry is restricted to gonadal somatic cells between 10.5 and 12.5 days post coitum (dpc) in 

mouse. In 8.5dpc embryos, when the Sry is not expressed, its promoter is hypermethylated, 

however at 11.5dpc this region is hypomethylated specifically in gonad whereas it remains 

hypermethylated in other tissues where there is no expression of sry. Similarly, other sex 

determining genes are also very important and studying changes in DNA modifications in their 

promoter region may also be very significant. 

 

HISTONE MODIFICATION AND SEX DETERMINATION 

Histone modifications play regulatory role on transcription through posttranslational 

covalent modification of various amino acid residues. Reports are available linking these 

modifications to sex determination in invertebrates but how a specific epigenetic mark can be 

associated with particular sex in case of vertebrates is still not defined. Reading of these 

epigenetic marks is again an untouched area in the context of sex determination. Trimethylation 

of histone H3 lysine 4 (H3K4me3) represents a well-known activation epigenetic mark for H3 

while H3K9me3 has opposite effect. Investigation of these epigenetic marks is one of the prime 
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aspects of looking at histone modifications associated with chromatin around sex 

determining/differentiating genes. Recently it has been shown that XY mouse deficient in H3k9 

demethylating enzyme is sex reversed into a fertile female. Tachibana et al reported that loss of 

H3K9 demethylation led to a strong down regulation of Sry expression during embryogenesis. 

Specifically, the H3K9 demethylating enzyme accumulates at the Sry locus in wild type XY 

bipotential somatic cells and leads to a significant increase in H3K9 dimethylation and decrease 

in H3K4 trimethylation of Sry locus in these cells. These findings provide the first evidence of a 

critical role of histone methylation and demethylation in mammalian sex determination. 

Chromobox homolog 2 (CBX2, also known as M33) is the mouse homolog of polycomb.  

Katoh-fukui et al. (1998) showed that half of the mice mutant for CBX2 died before weaning but 

survivors showed hypoplastic gonad and male-to-female sex reversal. The formation of genital 

ridge was retarded in both XX and XY homozygous mutants. Gonadal growth defect appeared 

near the time of Sry expression, suggesting that CBX2 deficiency caused sex reversal by 

interfering with steps upstream of Sry but how CBX2 regulates gonadogenesis is still unclear.  

Recently transcriptomic and immunohistochemical analyses have shown that the expression of 

a number of genes encoding transcription factors for gonadal development including Sry, Sox9, 

Lhx9, Ad4BP/SF-1, Dax-1, Gata4, Arx and Dmrt1 was affected in CBX2 KO (knock out) gonad.  

Crossing CBX2 with mice over-expressing Sry or Sox9 rescued male to female sex reversal 

(Kuroki et al., 2013). This indicates that CBX2 is involved in testis differentiation through 

regulation of Sry gene expression, which needs further investigations with application of 

epigenetic methods. 

 

NON-CODING RNAs AND SEX DETERMINATION 

Micro RNAs are a well-studied class of noncoding RNAs and are known to affect nearly, 

all fundamental cellular process. Recently role of miRNA in sexual dimorphism was shown in 

case of Drosophila wherein, similar to vertebrates sexual identity is regulated by hormones also 

(Fagegaltier et al, 2014). So far four research papers are available in the field of mouse sex 

determination that show regulation of three different important sex-determining genes. The 

miRNA mmu-miR-124 prevents Sox9 expression in developing mouse ovarian cells (Francisca 

et al, 2013); the miRNA miR-202-5p/3p regulates Sox9 expression during mouse testis 

differentiation (Wainwright et al, 2013). Micro RNA-140-3p modulates Leydig cell numbers in 

developing mouse testis (Rakoczy et al, 2013). Available microarray and RNA seq data could 
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be very useful in detecting novel potential candidate microRNAs. Some long-range cis- 

interaction was also found in relation to sex determining gene Sox9 with the help of highly 

promising techniques like chromosome conformation capture (Smyk et al, 2013). 

Epigenomic database is continuously increasing with remarkable findings of regulatory 

aspects of many cellular functions. It is reasonable to look forward to mouse epigenome project 

(MEP) after success of Human Epigenome project (HEP). Approaches like DNase 1 

hypersensitivity seq, ChiP Seq, RNA seq etc. could effectively locate regulatory marks on 

chromatin. Regulation of the known sex determining genes is still not clear and the number of 

new genes playing role in sex determination is increasing day by day; e.g. Gadd45, a new gene 

of repair pathway playing role in primary sex determination (Johnen et al., 2013). This 

increasing number may help in understanding mechanism of regulation of sex determining 

genes but may also unfold the complexity of this mechanism.  
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Kanpur. 

 

With the advent of multicellularity, there arose a need for tightly regulated growth in order to 

maintain organism/organ homeostasis; with it also began the perils of failed homeostasis. 

Cancer while largely looked upon as a mammalian disorder, has been reported across taxa, 

even in far primitive organism such as the Hydra (1). Simpler metazoans, owing to a remarkable 

cellular and molecular conservation have provided key insights into cancer mechanisms, which 

have evaded dissection in higher complex organisms. Numerous model organisms both 

invertebrates, such as molluscs and C. elegans and vertebrates such as zebra fish, chick and 

mice have contributed tremendously to the field of cancer biology (for comprehensive review on 

these see elsewhere). This short review focuses on studies undertaken in the fruit fly, 

Drosophila melanogaster to understand particularly the role of disrupted tissue surveillance and 

loss of cell fate homeostasis in cancer.   

 

Drosophila shares approximately 50% of genes that cause disease in humans including those 

implicated in cancer, many being first identified in flies (2). Tumors in Drosophila are broadly 

classified into Hyperplastic and Neoplastic. Hyperplastic tumors are characterized by dramatic 

overgrowth; however, the affected cells do not show loss of their apico-basal polarity. On the 

other hand neoplastic tumors, exhibit loss of apico-basal polarity, lose their differentiation status 

and acquire invasive properties, besides exhibiting proliferative overdrive; many of the hallmarks 

of human cancer (3) are thus recapitulated in fly tumors. Drosophila has to its credit the 

discovery of not only many individual players implicated in cancer but has also helped uncover 

fundamental principles that govern carcinogenesis. Two such far-reaching phenomena are that 

of tissue surveillance and cell fate homeostasis. 

 

Tissue surveillance, cell competition and cancer 
 

The basic requirements of an organized structure such as an organ is to constantly maintain 

homeostasis at both cellular and tissue level. Therefore, when any individual cell becomes 

“suboptimal”, it becomes imperative that the system identifies and eliminates the rogue cell in 
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order to restore tissue homeostasis. Failure of this could result in unfavourable representation or 

an increase in population of these “suboptimal” cells at the cost of “optimal” ones. One such 

inherent mechanism that maintains tissue homeostasis was uncovered in the developing 

epithelia of Drosophila larvae almost 30 years ago, and was described as “cell competition” (4).  

This phenomenon was first seen through the study of dominant group of mutations, called 

“Minutes”, which codes for ribosomal proteins. It was observed that cells with a heterozygous 

loss in Minute (M/+) showed poor survival when surrounded by normal or wild type cells. 

Strangely, these M/+ cells survived in a homotypic environment, that is when surrounded by 

cells of its kind. Thus M/+ cells are considered to be viable though “suboptimal”.  Cell 

competition thus involves short-range elimination of “less” fit cell by the “more” fit neighbouring 

cells, commonly referred to as “loser” and “winner” cells respectively (Figure 1). Over the years 

many genes spread across a wide spectrum of cellular activities have shown to trigger cell 

competition; these could be roughly classified into four broad categories. First category includes 

those that regulate cell metabolism, such as Minute (4) and chico the insulin receptor substrate 

in fly (5); second category includes genes that encode the apico-basal polarity regulators, 

namely scribbled, lethal giant larvae, and disc large, these localize to the basolateral membrane 

of the epithelial cells thus maintaining their polarity. Cells with loss in any of these polarity 

markers are actively eliminated by their neighbouring wild type cells (6, 7); the third category 

includes genes that control cell growth, such as the proto-oncogene dMyc and members of the 

conserved hippo pathway. While cells with lower levels of Myc are eliminated, those with higher 

dose of Myc are capable of outcompeting their neighbours, thus being referred to as super 

competitors (8, 9). Likewise, cells that undergo loss of the hippo pathway and thus activate 

proto-oncogene yki can induce apoptosis in their neighbouring cells (10); fourth category 

includes members of signaling pathways. For instance, cells with relative difference in Wingless 

signaling (11), or those that are deficient in uptake of decapentaplegic/bone morphogenic 

protein/TGFβ  (Dpp/BMP/TGFβ) proteins (12), or cells with physiologically reduced STAT 

transcription factor, Stat92E (13) are found to be at a disadvantage and killed by the 

surrounding wild type cells. In each of these cases the cell competition so triggered eliminates 

the unfit cells to restore homeostasis in the developing epithelium. In a recent significant study it 

was shown how members of the innate immune response, namely IMD and Toll pathways were 

recruited to eliminate such suboptimal cells via cell competition (14). Post elimination, “corpses” 

of the loser cells are cleared by engulfment by the neighbouring winner cells (15, 16) or by 

circulating macrophages (17).  
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Relevance of cell competition in cancer 
 

Cell competition holds great relevance to cancer and is often looked upon as an intrinsic tumor 

suppressing mechanism (18). It is interesting to note that many of the genes, including myc, 

wnt, TGFβ and yki involved in cell competition have also been implicated in different human 

cancers.  Recent studies have exhibited cell competition in mammalian tissues (19, 20) and also 

in different cell culture models (21).   A striking similarity between cell competition and cancer 

progression is their clonal origin and expansion. Presence of intrinsic tumor suppression 

mechanisms are also defined in higher organisms (22), wherein the innate surveillance 

mechanisms are found to be linked to various checkpoints in the cell cycle pathways and exhibit 

surprising interdependence between genes that regulate proliferation on one hand and 

apoptosis on the other, two diametrically opposing conditions for a cell.  

 

The need to escape intrinsic surveillance by cells that have incurred an oncogenic lesion 

perhaps explains the myriad pro-oncogenic partnerships required and thus the ensuing 

heterogeneity observed in tumor cooperation.  Herein too, Drosophila has provided invaluable 

insights. For instance while cells with loss of tumor suppressors Lgl/Scrib/Dlg are eliminated by 

wild type surrounding cells, these survive and undergo neoplastic transformation when 

surrounded by cells with heterozygous loss of Minute (M/+) (23, 24) or H99/+ (deficiency in pro-

apoptotic genes, grim, hid and reaper (25). Further, oncogenically mutated cells could override 

their elimination by up regulating various signaling pathways such Ras or Notch (25-27) or 

cooperation by proto-oncogene Yki (25, 28, 29) or gain of super competitor Myc (24). Instances 

of inter-clonal cooperation have also been reported in Drosophila tumors, which allow 

oncogenically mutant cells to evade elimination and undergo neoplastic transformation (30, 31). 

Thus, oncogenic-cooperation could be intrinsic when novel partnerships such as gain of growth 

promoting pathways Wnt, Ras etc. arise within the oncogenically mutant cell. Oncogenic-

cooperation could also be extrinsic, when the fitness of cells surrounding the oncogenecially 

mutant cell is compromised, such in case of M/+ or H99/+.  Such partnerships have been 

observed in human cancers too (32). Further, studies in Drosophila, have led to identification of 

molecular markers that differentially mark the “loser” and “winner” cells undergoing cell 

competition, namely flower (33) and sparc (34).  It is intriguing to see that the cellular marker, 

SPARC was also found to be differentially expressed in human tumors (35), indicative of 

possible cell competition being in play therein.  
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Cell fate changes in cancer: a fly’s view 
 

The developmental history of a cell foretells its oncogenic propensity (36). The long held view 

that oncogeny is disrupted ontogeny has been looked into time and again. Drosophila, a 

developmental biologist’s delight has proved immensely useful to understand this relation. 

During the course of development, cells within a tissue lineage undergo progressive cell fate 

specification. The progenitor or primitive cells that are higher in the lineage hierarchy give rise to 

differentiated cells. The maintenance of individual fate is tightly guarded, such that cells 

exhibiting aberrant changes in their fate trigger surveillance mechanisms that result in their 

elimination, thus restoring homeostasis. One such mechanism described in Drosophila is 

referred to as morphogenetic apoptosis (37),  which is a JNK induced correction of 

developmental errors. 

In our recent study (25), using the developing wing and eye epithelium in Drosophila we have 

shown that for neoplasia to ensue, cell has to lose its differentiated state and acquire a 

developmentally more primitive state. For instance, cells in the wing imaginal disc, upon loss of 

tumor suppressor Lgl, lose Vestigial (Vg), a wing fate selector to undergo neoplastic 

transformation. Conversely gain of Vg resulted in arrest of neoplasia. On the other hand, it was 

observed that despite loss of lgl in the developing eye, cells failed to undergo neoplastic 

transformation, all the while retaining their differentiated status, that is, they continued to 

express retinal marker ELAV (6, 25). However, upon concomitant gain of progenitor fate 

inducer, Homothorax (Hth), the retinal cells mutant for Lgl undergo neoplastic transformation 

(25). This understanding has immense predictive value, for instance we now understand the 

selective nature of oncogenic cooperation. In the case of tumors in the wing epithelium, 

signaling pathways that facilitate loss of wing fate such EGFR or Ras cooperate to form tumors; 

while those that maintain the wing fate such as Wingless and Notch do not; Vestigial itself 

inhibits tumorigenesis (25). Besides cell fate regulators we now understand that body-patterning 

genes, such as the Hox selectors show selective oncogenic cooperation (Gupta RP, data from 

our lab) in a tissue dependent manner. This perhaps also explains why a number of Hox genes 

are found mis-expressed in different human cancers (38).  
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Fig.1: Loss of Tissue Surveillance and Cell Fate Homeostasis in Cancer. Schematic 

representation of developmental homeostasis and tissue surveillance. In the absence of 

surveillance, mutant cells (for instance, with an oncogenic lesion), do not get eliminated, but 

undergo aberrant proliferation resulting in runaway neoplasia.  

Cell fate changes in cancer 
 

Recent studies in the field of mammalian cancer have brought to the fore many instances of cell 

type switches in higher organisms too. It was observed that cells with BRCA-1 mutation in 

breast cancer, underwent a luminal-to-basal cell type switch before they underwent 

transformation (39), similarly spontaneous de-differentiation of mammary basal epithelial cells 

were shown to predispose them to neoplastic transformation upon an oncogenic lesion (40).  In 

prostate cancer too cells enriched for luminal markers were found to originate from basal cell 

type (41). Thus examples of aberrant cell fate switches seem to abound cancer literature.  

 

Since loss of terminal differentiation appears to be a prerequisite for neoplastic transformation, 

retention of differentiated status of a cell therefore provides a likely therapeutic possibility.  

Differentiation therapy has been employed in treatment of Leukemia (42),  specifically of acute 

promyelocytic Leukemia by the use of All Trans Retinoic Acid (ATRA), causing leukemic cells to 
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undergo forced differentiation and thus exit cell cycle. While this has proven to be an 

exceptionally successful story, an improved molecular understanding of the tissues’ 

developmental status would provide a rich repertoire of therapeutic possibilities.  

 

Drosophila has over the years helped unravel fundamental principles that govern the biology of 

an organism both in development and disease, and continues to do so. 

 

AB is supported by the Wellcome Trust/DBT India Alliance, Early Career Fellowship. 
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A REPORT ON 38th All India Cell Biology Conference and International Symposium on 
Cellular Response to Drugs organized at CDRI, Lucknow. 

Prof. Madhu Tapadia, Dept. of Zoology, Banaras Hindu University, Varanasi.   

Dr. Rachel A. J., Centre for Cellular and Molecular Biology, Hyderabad, India. 

 
The three days congress organized by Dr S. Rath and Dr. B. N. Singh began with the welcome 

address by CDRI Director.  

 

The first session of the conference had three invited lectures. In the first lecture Prof. S. C. 

Lakhotia, BHU, talked about the importance of understating the holistic applications of 

Ayurvedic formulations rather than concentrating on the active principle. He also said that 

Amlaki Rasayana and Rasa Sindoor have potential therapeutic applications in providing relief 

from neurodegenerative disorders. Dr Satish Kumar, CSIR-CCMB, Hyderabad, discussed the 

involvement of WD repeat protein, WDR13, in exchange of co-repressor with co-activator 

complex at AP1 sites in response to JNK signaling. Dr K. K. Singh, University of Alabama, 

Birmingham talked about their studies on the tumor promoting function of UCP2 in breast 

cancer and showed that Warburg effect is mediated by UCP2. He also suggested that Genipin, 

a plant derived small molecule, suppresses the tumor promoting function of UCP2. 

 

The pre lunch session of the day, started with Dr Madhu Dixit, CSIR-CDRI, Lucknow, who 

elegantly showed the constitutive presence of inducible nitric oxide synthase (iNOS) in human 

neutorphils. This iNOS contributes to microbial killing and apoptosis of neutrophils. Dr Nibedita 

Lenka, NCCS, Pune discussed the use of LINE1 retrotransposon-mediated mutagenesis to 

identify novel cell fate modulators in embryonic stem cells. Their work suggests a negative 

modulatory effect of USP on mesoderm induction and cardiomyogenesis. Dr. Abhijit Dey, 

ACTREC, Mumbai, talked about aberrant expression of sodium iodine symporter in breast 

cancer cells. They are trying to identify ways by which transcriptional and posttranslational 

regulation of this gene can be achieved so that it can be used to promote gene therapy-based 

strategy for treatment of breast cancer. One of the strategies has entered the clinical phase I 

trial in Tata Memorial Center. During the post-lunch session on the first day students presented 

their work on diverse research topics.  

35 
 



Dr S. Ganesh, IIT-Kanpur, the first speaker of the morning session on the second day showed 

that a phagosome that has engulfed Salmonella recruits LAMP-1 (a lysosomal marker) but does 

not fuse with a lysosome. This indicates alternate pathway/s of endosome trafficking. Then Dr 

R. Ramchandran, CSIR-CDRI, Lucknow discussed about MtSerB2, a phosphoserine 

phosphohydrolase from M. tuberculosis that may be mimicking a host enzyme to modulate the 

recruitment of microtubules to host cell membranes. It also has a remarkable impact on cytokine 

production of host cells by decreasing the level of IL-8. The session concluded with Dr. 

Shantanu Chakraborty, Presidency University, Kolkata, who talked about how Tbx20 expression 

promotes adult cardiomyocyte cell cycle progression. 

The first speaker on the second session of the second day, Prof. Pradeep Burma, South 

Campus, New Delhi provided insight into the adverse effect that Cry1Ac protein had on the 

regeneration, growth and development of cotton and tobacco plants. They further showed that 

the 3rd domain of this protein was responsible for the negative effect. Thereafter, Dr P. K. Singh, 

CSIR-NBRI, Lucknow, talked about the purification of novel insecticidal protein, Tma12 from 

Tectaria macrodonta, which is toxic to white fly suggesting that this gene can be deployed in 

more than 30 crops to protect the yield without applications of hazardous pesticides. Dr H. S. 

Mishra, BARC, Mumbai, showed that gamma radiation inducible phosphorylation of RqkA 

kinase requires pyrroloquinoline quinine and PQQ is involved in an oxidative stress/DNA 

damage response mechanism. The post-lunch session of the second day again had seven 

presentations by enthusiastic student members on a spectrum of research topics.  

FIFTEENTH PROF S P RAY-CHAUDHURI 75TH BIRTHDAY ENDOWMENT LECTURE 

A distinguished scientist, Dr. Ghanshyam Swarup, CCMB, Hyderabad, delivered the Prof S. P. 

Ray-Chaudhuri 75th Birthday Endowment Lecture, a prestigious award lecture. Prof. B. N. 

Singh chaired the session (President of ISCB). In his talk, Dr. Swarup gave a lucid account on 

the functional defects caused by disease-associated mutations of optineurin, a protein involved 

in vesicle trafficking (endocytic trafficking and recycling of transferring receptor), autophagy and 

signaling.  

A total of one hundred and forty three posters were presented on the diverse areas of Cell 

Biology during the poster sessions on the first two days of the conference. As sufficient time 

was allotted for the poster presentations, enthusiastic discussions ensued between the 

candidates and the conference attendees.  
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Dr. Keshav Singh who spoke about the mitochondrial Uncoupling Protein 2 (UCP2) and its role 

in cancer initiated the morning session on the third day. He showed that the Warburg effect is 

mediated by UCP2 and that it is over expressed in breast and many other cancers. After him, 

Dr. Naren Ramanan elucidated that growth cone-to-nucleus signaling coordinates gene 

expression for sustained axon extension and connectivity both during development and 

regeneration. He talked of a novel GSK3-SRF-Vinculin pathway that regulates axonal growth in 

the central nervous system. Dr. Abhay Sharma from IGIB, Delhi followed with the 

transcriptomics signature of potential neuropsychiatric drugs in Drosophila. 

During the final scientific session of the conference, Dr. Pawan Malhotra from ICGEB, Delhi, 

explained the mode of action of drugs like chloroquine, artemisinin and Ivermectin on the 

malarial parasite Plasmodium falciparum based on the work done in his laboratory. After that 

Amit Singh explained how macrophage-induced heterogeneity in redox potential of 

Mycobacterium tuberculosis modulates drug tolerance. Prof. Murthy Srinivasula elucidated the 

molecular pathways involved in Toll-like receptor mediated autophagy and its importance to 

host defense.  

Valedictory function followed the technical talks from three different companies.  
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Abstracts of Prize winning presentations at AICBC, Lucknow 

Microrna858: A Potential Regulator of R2R3 MYB Transcription Factors and Plant 
Development in Arabidopsis 

DEEPIKA SHARMA, Manish Tiwari, Chitra Bhatia, Ashish Sharma, Prabodh Kumar Trivedi 

CSIR-National Botanical Research Institute (CSIR-NBRI), Rana Pratap Marg, Lucknow-226001, 

INDIA 

MicroRNAs (miRNAs) are endogenous, non-coding small RNAs, which function as critical 

regulators of gene expression. These miRNAs function through targeting mRNAs and inhibiting 

their activity either via translation inhibition or degradation. In plants, miRNAs have highlighted 

their great potential as regulators of growth, development, signal transduction and stress 

tolerance in plants. Though miRNA-mediated gene regulation of several genes including 

transcription factors is known, the involvement of miRNAs in regulating secondary plant product 

biosynthesis is poorly understood. In this study, we identified and characterized Arabidopsis 

miR858a which putatively regulate the expression of R2R3 MYB transcription factors involved in 

flavonoid biosynthesis. We show that in planta over-expression of miR858 leads to down-

regulation of several MYB transcription factors regulating flavonoid biosynthetic pathway. In 

order to nullify the effect of endogenous miR858, artificial miRNA target mimic was developed 

and expressed in Arabidopsis. In contrast to the robust growth and early flowering of miR858OX 

plants, reduction of plant growth and delayed flowering was observed in MIM858 plants. 

Genome-wide expression analysis using miR858OX and MIM858 plants suggested that miR858 

regulates number of genes involved in plant development, hormonal and stress responses. 

Further, higher expression of MYBs in MIM858 lines leads to the redirection of the metabolic 

flux towards synthesis of flavonoids at the cost of lignin synthesis. Presence of light responsive 

cis-elements in miR858 promoter and analysis suggest light-dependent regulation of miR858 

expression. Altogether, our findings explored and established the role of miR858 in regulating 

flavonoids biosynthesis and plant growth and development. 
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The Role of BPAG1e in Keratin Mediated Regulation of Β4 Integrin Signaling in 
Neoplastic Progression of Squamous Cell Carcinomas  

PRATIK RAJEEV CHAUDHARI, MILIND M. VAIDYA 

ACTREC-TMC, KHARGHAR, NAVI MUMBAI-410210, MAHARASHTRA 

Aberrant expression of keratin8/18 (K8/18) has been consistently shown in squamous cell 

carcinomas (SCC) by different groups including ours. Subsequent work from our laboratory 

revealed that knockdown of K8 in oral squamous cell carcinoma (OSCC) derived cell line 

resulted in alterations in α6β4-integrin protein levels, α6β4 integrin mediated signaling, 

reorganization of the actin cytoskeleton and reduction in cell motility. However, how K8 and K18 

modulate β4-integrin downstream signalling events is not yet understood. BPAG1e (BP230) and 

Plectin are plakin family members, which anchor the keratin network to the cell surface via β4 

integrin. Although the importance of plakins in maintaining tissue integrity is well understood, 

functional role in signaling of these linker proteins is not yet well studied. BPAG1e null animals 

display impaired wound healing in vivo implicating BPAG1e as a potential regulator of 

keratinocyte migration. In order to understand the role of BPAG1e in K8/18 mediated regulation 

of β4-integrin signaling, BPAG1e gene was knockdown in an OSCC derived cell line using 

shRNA technology. BPAG1e knockdown resulted in reduction in cell migration, cell invasion, 

soft agar colony size, alterations in actin organization. Immunoprecipitation using BPAG1e 

antibody showed pulldown of K8. Further BPAG1e-K8 interaction is direct or indirect will be 

assessed by FRET. Proteomic studies will allow us to deduce proteins, which are differentially 

expressed in BPAG1e knockdown cells. These studies will allow us to understand the role of 

proteins in cell motility and delineate one of the possible mechanisms by which K8/18 promote 

tumour progression in OSCC. 

 

Alterations in levels of hsrωnon-coding transcripts enhance cell autonomous and non- 
autonomous effects of activated Ras 

Mukulika Ray and S.C. Lakhotia, Cytogenetics Lab, Department of Zoology, Banaras 
Hindu University, Varanasi, 221005 

Ras is guanine nucleotide binding protein, which acts as intermediate between upstream 

receptor tyrosine kinases and downstream kinases in many signaling pathways involved in cell 

proliferation, differentiation and death. Mutant ras allele is reported to enhance lethality of hsrω 

nullisomic flies, Df(3R)eGp4/Df(3R)GC14 lacking the 93D locus, site of hsrω gene which codes 
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for multiple non-coding transcripts, that are constitutively expressed and further induced 

following heat shock. In order to study possible interaction between Ras and non-coding hsrω 

transcripts, an activated mutant allele of Ras, Ras1V12, and producing constitutively active Ras 

protein was used. When expressed under sevenless promoter, it leads to ectopic R7 

rhabdomere formation and rough eye morphology. It was observed that co-alteration in hsrω 

transcript levels enhanced the rough eye phenotype, because of enhanced number of ectopic 

R7 cells and an increase in phosphorylated MAPK level in cells expressing activated Ras and 

altered hsrω transcript levels as well as in their neighbours. Immunostaining for total Ras protein 

and for RafRBDFLAG protein, which permits indirectly visualization of activated Ras, revealed 

substantial increase in activated Ras level in eye discs of third instar larvae expressing both 

activated Ras and altered hsrω transcript levels. These results provide direct evidence for an 

interaction between Ras signaling and hsrω transcripts. Present results also show that the cell 

non-autonomous effects of Ras signaling may be due to a physical transport of the activated 

Ras protein complex to the neighbouring cells. 

 

Blood Cells Find a New Home in Drosophila Adult 

Saikat Ghosh, Lolitika Mandal 

Indian Institute of Science Education and Research, Mohali 

Blood cell development in Drosophila shares several similarities with the vertebrate. The 

conservation ranging from the origin of blood cell to the signaling molecules, transcription 

factors and the phases of blood cell development, has established Drosophila as one of the best 

invertebrate model systems to study hematopoiesis. Research done on the embryonic and 

larval hematopoiesis has revealed several phenomenons of stem cell biology, cell fate 

specification, immunity and disease pathology. Although active sites of hematopoiesis has been 

identified in embryonic and larval stages, it is the general believe of the field that the adult lacks 

these active sites and are solely dependent on the long-lived hemocytes of earlier 

developmental stages. Thus, hematopoetic studies done till date is majorly based on the 

immature stages of development. Our investigation however reveals that there is indeed an 

active hematopoiesis happening in the adult fly. We have characterised a new surge of blood 

cell development in adult fruit fly which was previously unknown. We also found that the long-

lived hemocytes of earlier developmental stages home in four active hematopoietic centers 
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along the dorsal midline in adult abdomen. These novel hematopoietic hubs harbour both 

differentiated cells that are primed for immune response and progenitor cells that can give rise 

to multiple lineages. We have been able to demonstrate that like vertebrate bone marrow, this 

new spell of blood cell development in adult is Notch dependent.  

 

Role of a Non-Coding RNA in Heat-Shock Response 

Anshika Goenka, Subramaniam Ganesh 

Department of Biological Sciences & Bioengineering, Indian Institute of Technology, Kanpur 

208016 

Non-coding RNAs have been implicated in diverse set of physiological responses, ranging from 

chromatin remodeling to cell-cell communications. Aberration in the function of some these RNA 

molecules are known to result in disorders such as cancer and neurodegeneration. Our group 

has been working on the cellular functions the human satellite 3 non-coding RNA (Sat3) that is 

transcribed in response to cellular stress, and is believed to reflect a stress-adaptive response. 

Sat3 sequences are repetitive in nature and located on the heterochromatic region of 

chromosome 9q12. Sat3 transcript associates with and form sub-nuclear compartments, known 

as nuclear stress bodies, and to sequester critical factors involved in transcription and splicing 

processes. Here we would present our discovery on two very important and interdependent 

roles for Sat3 transcripts during stress response. One, that the stress-induced transcription of 

Sat3 is essential for the cell survival. Second, that the Sat3-dependent sequestration of factors 

involved in transcription and mRNA splicing is essential for the heat shock-induced 

transcriptional repression. We show that the recruitment of a transcription factor by Sat3 is 

dependent on the presence of a RNA binding protein, and that the knockdown on this RNA 

binding protein impairs the heat-induced transcriptional repression. Using a cellular model for 

Huntington disease, we further show that the Sat3 transcripts are induced upon expression of 

mutant protein. We thus propose an important role of Sat3 transcripts in combating cellular 

stress and also their involvement in the pathology of neurodegenerative diseases. 
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Swi7H4, A Mutant Allele of DNA Polymerase a Delay the Mitotic Progression Mediated by 
DNA Damage Checkpoint Response. 

Saman Khan 

Molecular and Structural Biology, CDRI, Lucknow 

Besides being a mediator of initiation of DNA replication, DNA polymerase alpha plays a key 

role in the chromosome maintenance. Swi7H4, a novel temperature sensitive mutant of DNA 

polymerase alpha was shown to be defective in silencing at the mat, centromere and telomere 

loci. Furthermore DNA polymerase α was shown to required for the establishment of chromatin 

state that can recruit the components of the heterochromatin machinery at mating type, 

centromere, rDNA and telomere regions (Nakayama et al 2001, Ahmed et al 2001). Recently it 

is also reported that DNA polymerase α (swi7) and the flap endonuclease Fen1 (rad2) act 

together in the S-phase alkylation damage response in S. pombe (Dalgaurd et al.2012). Here 

we investigate whether defects generated by swi7H4 mutant allele of DNA polymerase α can 

activate a checkpoint response. We show that swi7H4 exhibit conditional synthetic lethality with 

chk1 null mutant and the double mutant of swi7H4 with chk1 deletion aggravate the 

chromosome segregation defects. More importantly swi7H4 mutant cells delay the mitotic 

progression at non-permissive temperature that is mediated by checkpoint protein kinase Chk1. 

In addition we show that, in swi7H4 mutant background, cells accumulate DNA damage at non-

permissive temperature and hence activate the checkpoint kinase protein Chk1. Furthermore, 

we observed synthetic lethality between swi7H4 and a number of genes involved in DNA repair 

pathway at semi permissive temperature. We summarize that defects in swi7H4 mutant results 

in DNA damage that delay mitosis in a Chk1 dependent manner that also require the damage 

repair pathway for proper recovery. 

 

Rapgef1, A Regulator of Actin Dynamics, Promotes Myogenic Differentiation of Mouse 
Mesenchymal Cells 

KOTAGIRI SASIKUMAR, A. Ramadhas, S.C. Nayak, S. Rajan, Vegesna Radha 

Centre for Cellular and Molecular biology, Hyderabad 

RapGEF1 (C3G) is a ubiquitously expressed protein that is essential for mammalian embryonic 

development. We have shown earlier that C3G regulates cytoskeletal dynamics and is required 
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for neuronal differentiation. To determine if C3G plays a wider role in differentiation of multiple 

tissue types, we examined its role in skeletal muscle differentiation using the model system of 

C2C12 cells in culture. C3G protein is highly expressed in mouse skeletal muscle and its 

transcript and protein levels increase as C2C12 cells are induced to differentiate. Levels of 

phosphorylated (catalytically active) C3G were higher in differentiated cells. Ectopic expression 

of C3G promoted myotube formation when cells were cultured in growth as well as 

differentiation medium. Enhancement in MHC levels was associated with C3G expression. C3G 

induces differentiation dependent on its catalytic, as well as protein interaction domains, and 

requires the function of the GTPase, R-Ras. Knockdown of cellular C3G using shRNA reduced 

expression of muscle specific markers and impaired differentiation. Over-expressed C3G 

enhanced Akt activation, and its knockdown reduced it. C3G expression reduces β-catenin and 

Cyclin D1 levels, molecules involved in cell proliferation. C3G which localizes to the cytoplasm 

in myocytes, shows association with focal adhesions in myotubes. Expression of a dominant 

negative construct of C3G, disrupts formation of focal adhesions resulting in detachment of cells 

from the substratum and inhibition of differentiation. Our results show that C3G plays an 

important role in myogenic differentiation by regulating molecules involved in cell proliferation, 

adhesion and survival. 
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PROF J. DAS MEMORIAL LECTURE AWARD 2015 

The Indian Society of Cell Biology has instituted the "Prof. S.P. Ray-Chaudhuri 75th Birthday 
Endowment Lecture" and Prof. J. Das Memorial Lecture" as a mark of its respect to Professor 
S.P. Ray-Chaudhuri and Prof J. Das and in recognition of their immense contributions to 
Cytogenetics and Cell Biology. The two award lectures are held in alternate years during the 
annual conference of the society. In selecting the Speaker, due recognition would be given to 
outstanding Indian Cell Biologists, preferably those working in India. The Speaker would be free 
to select the subject of his choice in the broad area of Cell Biology.  

This year, nominations will be invited for the Prof. J. Das memorial Lecture. 

Selection of the Speaker 

1. Nomination: Soon after constitution of the Selection Committee, the Secretary will invite 
nominations for the Lecture award from Life and Ordinary members of at least three years 
standing and those who have paid all their dues to the society till the current year. Nominations 
will be made on the nomination form provided by the Secretary. The nominating member will 
obtain the consent and bio-data etc. of the nominee and send these along with the duly filled in 
nomination form to the Secretary before the last date fixed for the purpose.  

2. Eligibility for Nomination: The person to be nominated need not be a member of the 
Society when nominated but may be requested to become a member in due course of time. The 
person to be nominated will ordinarily be an Indian citizen at the time of nomination/selection 
and should be an eminent scientist who would have made outstanding original contributions to 
Cell Biology or contributed substantially to growth of the subject in India.  

NOMINATION FORM FOR PROF J. DAS MEMORIAL LECTURE 

Name & Address of the member making the nomination: 

Nomination: 

I wish to nominate...................................................................................................... … (address 

.........................................................................................................................................................

......................................................................) for the PROF. S.P.RAY-CHAUDHURI 75th 

BIRTHDAY ENDOWMENT LECTURE OR FOR PROF. J. DAS MEMORIAL LECTURE I have 

obtained consent of the nominee for the purpose. The biodata etc of the nominee are enclosed 

herewith. 

                                                                                                                                                     
Signature of the nominating member 

Date 
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IN VITRO ANGIOGENESIS ASSAY 

Human epidermoid carcinoma KB cells grown on plastic (upper panel) or  on matrigel 

(lower panel). Since matrigel mimics the basement membrane in vitro, cells having 

angiogenic potential form tube like structures.(Article on p10) 

 






