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ABSTRACT 

In this article, reprogramming ability of differentiated somatic cells under changed/ experimental 
conditions was reviewed. Experiments were performed on transdifferentiation of ocular tissue and tail 

tissue of toad tadpoles. Vitamin A was found to be a good model to enhance the reprogramming ability of 

tissue taken. Results report that vitamin A accelerated transdifferentiation of meshed ocular tissue explant 
into lens, retina and complete eye at injured site of tadpole’s tail. Vitamin A also modifies the fate of 

injured tail tissue to transform into limb elements.  

 

INTRODUCTION 
The prevalent view was that the mature cells were permanently locked into the differentiated state and 

unable to return to a fully immature pluripotent stem cell state. Gurdon (1962) revealed that a 

differentiated cell nucleus has the capacity to successfully revert to an undifferentiated state, with a 
potential to restart development. However, an open question remained, namely, whether it would be 

possible to induce reversion of an intact differentiated cell to a highly immature state? Many scientists 

considered this is impossible, or at the very least, that it would require very complex reorganization in the 
cell to unlock the differentiated state. 

Nobel Laurates, Martin and Evans (2007) identified and characterized pluripotent embryonic stem cells. 

Whereas recently Gurdon and Yamanaka (2012) awarded Nobel Prize for their discovery that mature, 

differentiated cells can be reprogrammed to a pluripotent stem cell state. This represents a paradigm shift 
in understanding of cellular differentiation and plasticity of the differentiated state. Cellular 

differentiation appears as a unidirectional process, where undifferentiated cells mature to various 

specialized cell fates. 
During normal development, cells proceed from the initial undifferentiated state of the egg and cells in 

the early embryo to a more specialized state. In the adult organism a range of differentiated cells are 

required to execute the specialized functions performed in the adult body. Thus during developmental 

journey, cells from totipotent condition (Zygote) become pluripotent (inner cell mass- can give rise to all 
somatic cells as well as to germ cell lineage)and then progressively cells become more restricted in their 

differentiation potential and as a consequence they do  not retain pluripotency. Most cells mature into 

fully differentiated cells. Differentiated cells are remarkably stable and as a rule they will not shift fate 
into other types of differentiated cells or revert to the type of undifferentiated cells that can be found in 

the early embryo. For this reason, the long-standing predominant view was that cells in the somatic 

lineage were permanently in a locked state such that the journey back a highly undifferentiated state was 
impossible. Despite the dogma, the notion that specialized cells could somehow be unlocked from their 

differentiated state and dedifferentiation was not entirely dismissed. 

A direct attempt to test whether differentiated cells in the somatic cell lineage were endowed with a 

dormant dedifferentiation potential was a first carried out by Brigs and King (1952) who developed a 
technology for transfer of somatic cells nuclei from undifferentiated and differentiated cells to an 

enucleated fertilized egg in the amphibian Rana pipiens. In a key study, Gurdon (1962) enucleated eggs 

by ultra violet irradiation and found that when the eggs were transplanted with nuclei from differentiated 
tadpole intestinal epithelium, a small number of swimming tadpoles were generated. Thus he concluded 

that differentiated somatic cells nuclei had the potential to revert to pluripotency. Later on a new research 
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field of centered on somatic cell nuclear transfer (SCNT) as a method to understand reprogramming and 

how cells change as they become specialized. In 1997, the first cloned mammal, the sheep Dolly, was 

born after SCNT from an adult mammary epithelial cell into an enucleated sheep egg (Wilmut et al., 
1997). Gurdon (1962) revealed that a differentiated cell nucleus has the capacity to successfully revert to 

an undifferentiated state, with a potential to restart development. Takahashi and Yamanaka (2006) 

identified some transcription factors as candidates to reinstate pluripotency in somatic cells. The 
pluripotent stem cells so obtained were called induced pluripotent stem cells (iPS cells).This was truly 

fundamental discovery, as it was the first time an intact differentiated somatic cell could be 

reprogrammed to become pluripotent.  Experiments on plasticity and transdifferentiation are now a days 

in lime light and exercised in several field of medicine biology. For example, exocrine cells convert to 
endocrine cells in the pancreas by introduction of transcription factors (Zhou et al 2008). Similarly 

cadiomyocytes can be generated from fibroblasts in vitro and in vivo by introducing different transcription 

factors (Takahashi et al., 2003, 2007; Chambers et al., 2003; Ieda et al., 2010; Song et al., 2012; Qian et 
al., 2012). 

Ocular tissues present a highly powerful model for studying plasticity in differentiation of tissue cells. In 

culture medium, it has been studied that the dormant potential of pigmented epithelial cells to 
transdifferentiate into lens is widely conserved in various animals including humans. This means that 

committed transient amplifying differentiating cells of another cell lineage. In Xenopus laevis lentectomy 

followed by regeneration of new lens from cornea (Freeman, 1963; Filoni, 1997; Bosco, 1988) while in 

some other amphibians, lens regeneration occurs by the dedifferentiation of pigmented epithelial cells of 
dorsal iris (Sharma et al., 2010; Tsonis, 2004). This gives evidence of plasticity and reprogrammed fate of 

terminally differentiated tissue. 

Lens regeneration in some of the amphibians from pigmented epithelial cells is one of the most 
spectacular cases of transdifferentiation of a terminally differentiated cell type to another (Jangir et al., 

2012, 2013; Tsonis et al., 2000). Vitamin A and its derivatives retinoids, have remarkable effects on 

different systems in the developing embryo. Eyes are the organ whose development is largely dependent 

on retinoids and their receptors. Exogenous retinoic acid has been implicated in the induction of ectopic 
lens differentiation during eye development. Jangir et al., (2012, 2013) found that somatic differentiated 

cells can change their fate under the influence of Vitamin A and transdifferentiate into another cell 

lineage. Their findings gives clear evidence of plasticity and reprogramming ability of differentiated 
tissue at ectopic site under the influence of Vitamin A. Vitamin A accelerated transdifferentiation of 

meshed ocular tissue grafts into lens, retina and even complete eye at mid lateral position of injured tail. 

Another study of plasticity and reprogramming ability of terminally differentiated tissue was observed in 
toad tadpole’s tail where Vitamin A modified the fate of injured tail tissue to form additional body 

segments like pelvic girdle elements and hind limbs. 

The research findings of plasticity and reprogramming ability of terminally differentiated ocular somatic 

cells under changed environment (influence of vitamin A) are supported by findings of Noble laureates, 
John and Shinya (2012). They demonstrated that the usually stable differentiated state of tissue cells can 

be unlocked because it harbors a potential (master switch gene) alters their state of developmental 

commitment. Similar findings have also been observed that cardiomyocytes can be generated from 
fibroblasts in vitro by introducing different transcription factors (Ieda et al., 2010; Song et al., 2012; Qian 

et al., 2012). Thus it is clear from the above findings that even somatic differentiated cells or adult stem 

cells are more versatile than previously thought. Stem cells, including induced pluripotent stem cells (iPS) 
can potentially be used to replace diseased or lost cells in degenerative disorders including Parkinson’s 

disease and type 1 diabetes. Cell replacement therapy with iPS cells can allow autologous cell grafting 

that would be less prone to immune rejection. The present work has introduced fundamentally new 

research area and offers exciting new opportunities to implement new therapies designated to repair the 
degenerated organs and visual function when conventional treatments are not efficacious. 
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CONCLUSION 

From the present study it can be concluded that mature, differentiated somatic cells can be reprogrammed 

under changed experimental conditions. This study offers new insight for furthers detail findings for 
therapies designated to repair the degenerated tissue or organs. 

 

REFERENCES 
Bosco L (1988) Transdifferentiation of ocular tissue in larval Xenopus laevis; Differentiation 39(1) 4-15. 

Briggs R and King TJ (1952). Transplantation of living Nuclei from Blastula cells into Enucleated Frogs 

Egg. Proceedings of National Academy of Sciences USA 38 455-463 

Chambers I, Colby D, Robertson M, Nichols J, Lee S, Tweedie S, Smith A (2003). Functional 
expression cloning of Nanog, a pluripotency sustaining factor in embryonic stem cells. Cell 113(5) 643-

55. 

Filoni S, Bernardini S, Cannata SM and D’ Alessio A (1997). Lens regeneration in larval Xenopus 
laevis; Experimental analysis of the decline in the regenerative capacity during development; 

Developmental Biology 187 13-24 

Freeman G (1963). Lens regeneration from the cornea in Xenopus laevis; Journal of Experimental 
Zoology 154 39–66. 

Martin GR and Evans MJ (1975). Differentiation of clonal lines of teratocarcinoma cells: Formation of 

embryoid bodies in vitro, Proceedings of National Academy of Sciences USA 72 1441–1445. 

Gurdon JB (1962). Development Capacity of nuclei taken from Intestinal Epithelium Cells of feeding 
Tadpoles. Journal of Embryology & Experimental Morphology 10 622-640. 

Ieda M, Fu JD, Delgado – Olguin P, Vedantham V, Hayashi Y, Bruneau BG and Srivastava D 

(2010). Direct reprogramming of fibroblast into functional cardiomyocytes by defined factors. Cell 142 
375-386. 

Jangir OP, Pareek J, Deepshikha, Sunita Gautam, Gajanand Modi, Nidhi Udsaria, Ambika Yadav, 

Govind Gupta, Jony Middha and Mithilesh Sharma (2012). Study of plasticity and reprogramming 

ability of somatic cells under the influence of vitamin A.  Indian Journal of Fundamental and Applied 
Life Sciences 2(1) 222-232. 

Jangir OP, Pareek J, Deepshikha, Sunita Gautam, Gajanand Modi, Nidhi Udsaria, Ambika Yadav, 

Govind Gupta, Jony Middha and Mithilesh Sharma (2013). Plasticity and reprogramming of 
differentiated ocular tissue of tadpoles of the frog, Euphlyctis cyanophlyctis under the influence of 

vitamin A. Indian Journal of Experimental Biology 51(1) 23-28. 

Pang ZP, Yang N, Vierbuchen T, Ostermeier A, Fuentes DR, Yang TQ, Citri A, Sebastiano V, 
Marro S, Sudhof TC and Wernig M (2011). Induction of human neuronal cells by defined transcription 

factors. Nature 476 220-223. 

Qain L, Huang Y, Spencer CL, Foley A, Vedantham V, Liu L, Conway SJ, Fu JD and Srivastava D 

(2012). In vivo reprogramming of murine cardiac fibroblast into induced cardiomyocytes. Nature 485 
593-598. 

Sharma M, Jangir O P, Jhajharia S, Singh S, Singh V and Nagal A (2010). Transdiffirentiation of iris 

pigmented epithelial cells of Euphylyctis cyanophylictis tadpole into lens in vitro; Indian, Journal of 
Experimental Biology 48 17-25. 

Song KH, Nam YJ, Luo X, Qi XX, Tan W, Huang GN, Acharya A, Smith CL, Tallquist MD, 

Neilson EG, Hill JA, Duby RB and Olson EN (2012). Heart repair by reprogramming non myocytes 
with cardiac transcription factors. Nature 485 599-604. 

Takahashi K, Mitsui K, Yamanaka S (2003). Role of Eras in promoting tumour like properties in 

mouse embryonic stem cells. Nature 423 541-545. 

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, Tomoda K and Yamanaka S (2007). 
Induction of pluripotent stem cells from adult human fibroblast by defined factors. Cell 131 861-872. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Chambers%20I%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Colby%20D%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Robertson%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Nichols%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Lee%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Tweedie%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12787505
http://www.ncbi.nlm.nih.gov/pubmed?term=Smith%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12787505


Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online) 

An Online International Journal Available at http://www.cibtech.org/jls.htm  

2013 Vol. 3 (4) October-December, pp.128-131/Jangir 

Review Article 

131 
 

Takahashi K and Yamanaka S (2006). Induction of pluripotent stem cells from mouse embryonic and 

adult fibroblast cultures by defined factors. Cell 126 663-676. 

Tsonis PA (2004). Stem cells from differentiated cells. Molecular Interventions 4 81–83. 
Tsonis PA, Trombey MT, Rowland T, Chandraratna RA and Tsonis DR (2000). Role of retinoic acid 

in lens regeneration. Developmental Dynamics 219 588–593. 

Wilmut I, Schnieke AE, McWhir J, Kind AJ and Campbell KH (1997). Viable offspring derived from 
fetal and adult mammalian cells. Nature 385(6619) 810-3. 

Zhou Q, Brown J, Kanarek A, Rajagopal J and Melton DA (2008). In vivo reprogramming of adult 

pancreatic exocrine cells to beta cells. Nature 455 627-630. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Wilmut%20I%5BAuthor%5D&cauthor=true&cauthor_uid=9039911
http://www.ncbi.nlm.nih.gov/pubmed?term=Schnieke%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=9039911
http://www.ncbi.nlm.nih.gov/pubmed?term=McWhir%20J%5BAuthor%5D&cauthor=true&cauthor_uid=9039911
http://www.ncbi.nlm.nih.gov/pubmed?term=Kind%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=9039911
http://www.ncbi.nlm.nih.gov/pubmed?term=Campbell%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=9039911

