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Tissue Engineering: A New Era in the Medical and Dental Field
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Abstract

Tissue engineering has been introduced as the latest modality to manage the medical and dental problems which indirectly af-

fect the physical health, esthetics and wellbeing of patients. This technique has shown the appreciable reconstruction of the innate
organisation and function of organs or whole teeth as well as their periodontal structures and in near future, is going to benefit the
human beings in many more ways.
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Introduction
Millions of patients are in serious need for Medical and Dental

treatment for loss of tissue or end-stage organ failure worldwide

each year. Over the past decade, the field of tissue engineering has
gained a considerable importance to regenerate healthy tissues

and organs to replace the diseased or dead tissues and to recover
the function and esthetics.

The objectives behind the current clinical approaches to tissue

replacement and reconstruction were to alleviate pain in case of

mechanism. In case of dental implants, this fibrous capsule can

prevent the implant from achieving true osseointegration, [3,4]
leading to the failure.

Furthermore, if implants do achieve initial osseointegration,

the changing needs of the body often will lead to failure over time.
With the advent of viable tissue engineering, this problem has
been overcome upto a large extent.

Different types of Approaches

injuries to the oral-maxillofacial apparatus, hard and soft tissue de-

Conductive Approach: The common examples of a conductive or

eases like cancer and periodontal diseases. Till now, different types

quite common in conjunction with prosthetic rehabilitation, for

fects secondary to trauma, and to restore mechanical stability and

function as in congenital defects like cleft palate and acquired dis-

of grafts like autogenous grafts, allografts, and synthetic materials
(alloplasts) were being used for treatment of lost tissues. All these
treatment approaches have been major advances in medicine, but

they have some limitations as well. The human body does not have

significant stores of excess tissue for transplantation which is one
of the major shortcomings with autografts, as well as allografts. The

other problems associated with replacing lost bone include donor

site morbidity, anatomic and structural problems, and increased
levels of resorption during healing [1].

In the case of allografts, there always exists the possibility of

eliciting an immunologic response due to genetic differences, as
well as inducing transmissible diseases [2]. On the other side, we
have synthetic material replacements (e.g., dental implants).

The human body has a natural tendency to encapsulate foreign

materials in a thin, fibrous membrane as a part of natural defence

passive approach to tissue engineering are dental implants and

guided tissue regeneration. Now a day, use of dental Implants is

replacing multiple and single teeth. Guided tissue regeneration is
used to regenerate the periodontal supporting structures and uses

a material barrier to create a protected compartment for selective
wound healing [5].

Tissue Induction: This approach uses activation of certain cells

which are situated close to the damaged or deficient tissue with
specific signals. After implantation of powdered bone, new bone
could be formed at a non-mineralizing site. It led to the isolation

of the active ingredients from the bone powder, the cloning of the
genes encoding these proteins, and their now large-scale production by a number of companies [6,7]. These proteins have been

termed as bone morphogenetic proteins or BMPS and have been

used in many clinical trials. The identification of proteins that promote new blood vessel formation, and their clinical application,

followed closely the identification and use of the BMPS. There are

certain specific molecules that regulate new blood vessel forma-
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tion and the other ones either promote or inhibit this process [8].

These have found several applications, including in the induction of
new vessel formation to bypass blocked arteries.

An alternative tissue-inductive approach involves placing specif-

ic extracellular matrix molecules on a scaffold support at the tissue
site. These molecules direct the function of cells already present at

that site and promote the formation of a desired tissue or structure.
For example, a preparation of enamel proteins derived from pigs

is used to promote new bone formation in periodontal defects [9].

For tissue induction to be successful clinically, it is critical to deliver the appropriate biologically active factors to the desired site at

17

Gene Therapy: TGene transfers to well differentiated cells can be

viewed as one way of engineering a tissue. It was used in the treat-

ment of two children suffering from a severe combined immunodeficiency resulting from an inherited reduced production of the

enzyme adenosine deaminase (ADA) [17]. These patients were
treated with a procedure termed ex vivo gene therapy. The ADA
gene was transferred to their lymphocytes in the laboratory and

these modified cells were then reinfused into the patients. Both
patients are alive today.

A wide number of clinical research protocols have been ap-

proved worldwide for gene transfer in a wide range of condi-

the appropriate dose and for the necessary time. Typically, many of

tions, including cystic fibrosis, muscular dystrophy, and numer-

been addressed by delivering extremely large doses of the protein

often modified viruses are used, but all common viruses have their

these proteins have short half lives in the body, yet they need to be

present for an extended period to be effective. These concerns have

at the sites of interest. Recently efforts are being put to develop controlled release systems [10]. A similar approach involves the deliv-

ery of a gene that encodes for the inductive factor, rather delivering
the protein itself.

Cell Transplantation: This can be used when the inductive for a

specific tissue factors are not known, when a large tissue mass or
organ is needed, or when tissue replacement must be immediate.

ous malignancies. The principal problem is the lack of adequate
gene transfer vectors to deliver foreign genes to host cells. Most
drawbacks [18,19].

Ongoing research activity shows the development of new vec-

tors, both non-viral and viral which are likely to offer many advantages over current gene delivery systems.

Safety Measures in Gene Therapy

There has been a controversy regarding the hazards of gene

The greatest success in this area has been the development of a tis-

therapy techniques. An overview of the international regulatory

[11]. A similar approach has also been developed for replacement

patient safety and biological safety [20]. Strict test criteria have

sue-engineered skin equivalent. For example, 250,000 ft2 of skin
tissue can be manufactured from a 1 in 2 sample of starting tissue
of oral mucosa [12,13].

Now the investigators have engineered the new cartilaginous tis-

sues in the animal models with precisely defined sizes and shapes
(e.g., nasal septum and ear), which makes this method potentially
useful for craniofacial reconstruction [14,15].

For the development of vasculature to support the metabolic

needs of the organs and for the integration of the engineered organ
with the host, two different approaches are being used.

The first involves transplantation of endothelial cells on the scaf-

fold with the tissue cells type of interest. Transplanted endothelial

cells can increase the vasculature in polymer scaffolds and integrate
with growing host capillaries [16]. The second approach uses localized delivery of inductive angiogenic factors at the site of the engineered tissue [9].

mechanisms shows clearly that, despite widely varying legislative
approaches, the emphasis in (legislative) efforts everywhere is on
been put forward to limit the risks associated with gene therapy.

Ethics commissions present in all the countries serve to ensure the
maximum possible safety for the patient. In most of the countries,

the opinion of the ethics commissions has to be obtained before
approval is granted for conduct of gene therapy trials in humans.

Another important safeguard is the professional ethical regu-

lations covering the clinical applications of gene therapy. Under
French law, there is a separate act (the ‘Loi Huriet’) covering the

duties and responsibilities of the ethics commissions. In German
law, the ethics commission’s powers are covered by section 40 I of

the Drugs Act and, in Austria, by sections 30 et seq. of the Genetic
Engineering Act. In Italy, on the other hand, there is no special

regulation covering the responsibilities of the ethics commissions.
In the USA, the responsibilities of the local ethics commissions

are limited to projects promoted by the National Institutes of

Health. The licensing procedure in the UK operates at two levels:
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Besides local ethics commissions, the central ethics commissions

intraosseous periodontal defects; enhanced maxillary and man-

missions have a purely advisory status, as for example in France. In

muscle (tongue) or mucosal grafts to replace tissues lost through

must also give its approval for every gene therapy project. With re-

spect to the binding nature of their votes, some national ethics comother countries (e.g., USA, Austria, UK, and Denmark) the commission’s vote is more important and can result in refusal of approval.

Tissue Engineering and Dentistry

It has a good scope in dentistry. However, reconstruction of com-

plex tissue defects, has not yet been attempted in the craniofacial

complex, as it would require multiple cell types. Such a goal will
likely take many more years to realize.

Research activity is focused on applying the principles of tissue

engineering to dental and craniofacial structures, because of the
ease of access to these sites and the extent and nature of the clinical
problems.

These biological therapies utilize mesenchymal stem cells, deliv-

dibular grafting procedures, possibly even allowing lost teeth to

be regrown; use of devices such as an artificial salivary gland and
surgery or trauma. The most recent advances in restorative dentistry involve the development, techniques and materials to regenerate the whole tooth complex in a biological manner. The future

of these therapies involving more biological approaches and the
use of dental tissue stem cells is promising and advancing.

As more and more information, and knowledge are acquired

with respect to dental stem cells and tissues, there may well be

a significant interest of their application and wider potential to
treat disorders beyond the craniofacial region of the body.

Bibliography
1.

ered or internally recruited, to generate craniofacial structures in

2.

Gene therapy in the craniofacial area has been used in head and

3.

temporary scaffolding biomaterials. Craniofacial tissue represents
an opportunity that dentistry cannot afford to miss [21].

neck cancers [22-24]. In the next decade, gene transfer technolo-

gies will be commonly used as a part of the standard treatment of
neoplasms.

4.

There are many areas involving tissue loss that are non-life

threatening yet that markedly affect quality of life, e.g., the loss of

salivary gland parenchyma and the consequent inability to make saliva; without saliva, these patients experience dysphasia, rampant

caries, mucosal infections, etc. For such patients, a program has
been developed to create a ‘blind end’ tube that would be suitable

5.
6.

for engrafting in the buccal mucosa.

The lumen of these tubes would be lined with compatible epi-

thelial cells and be physiologically capable of unidirectional water

7.

movement. This system should be ready for clinical testing within

8.

cells. Gene transfer has been used to treat patients undergoing ion-

9.

10 years. The major salivary glands are inviting targets for gene

transfer, mainly because of the ease of access to the parenchymal

izing radiation and those with Sjogren syndrome who had some remaining non-secretory, ductal epithelial cells.

To make the surviving ductal cells secretory in nature and, thus,

capable of fluid movement. The major impediment to fluid flow
from non-secreting ductal cells was the absence of a pathway for
water in their luminal membranes. So, the strategy was to trans-

fer the gene coding for-the water channel aquaporin-1-into the

radiation-surviving cells via a recombinant adenovirus. The virus,

AdhAQP1, was tested in an irradiated rat model. Three days after
being given AdhAQP1, these rats experienced an increase in fluid
production to near normal levels [25].

Conclusion

Tissue engineering provides a new era for therapeutic medicine;

it is progressing very rapidly and extends to involve all tissues in
our body. Regenerating oral tissues, in particular, is very challeng-

ing and requires recapitulation of the biological development of
several tissues and interfaces. Recent advances in tissue engineer-

ing suggest that significant changes in the more traditional areas of
clinical dentistry are beginning to occur. As new technologies have
always affected the Dental practice so tissue engineering has been
proved to be a boon to medical sciences and dentistry as well. There

has been a paradigm shift in dentistry, e.g., improved treatment for

Damien JC and Parson JR. “Bone graft and bone graft substitutes: a review of current technology and applications”. Journal of Applied Biomaterials 2.3 (1991): 187-208.
Buck BE and Malinin TI. “Bone transplantation and human
immunodeficiency syndrome (AIDS)”. Clinical Orthopaedics
and Related Research 240 (1989): 129-136.

Branemark P-I. “Precision-predictability 1990”. Booklet published by the Institute for Applied Biotechnology, Gothenburg, Sweden.
Becker W. “Guided tissue regeneration for periodontal defects”. In: Polson AM, editor. Periodontal regeneration: Current status and directions. Chicago: Quintessence Publishing
(1994): 137-150.

Bone UM. “Formation by auto induction”. Science 150.3698
(1965): 893-899.

Cochran DL and Wozney JM. “Biological mediators for periodontal regeneration”. Periodontology 2000 19 (1999): 4058.

Polverini PJ. “The pathophsiology of angiogenesis”. Critical
Reviews in Oral Biology and Medicine 6.3 (1995): 230-247.
Heiji L., et al. “Enamel matrix derivative (emdogain) in the
treatment of intrabony periodontal defects”. Journal of Clinical Periodontology 24 (1997): 705-714.

Sheridan ME., et al. “Bioabsorbable polymer scaffolds for
tissue engineering capable of sustained growth factor delivery”. Journal of Controlled Release 64 (2000): 91-102.

10. Morrison G. “Advances in the skin trade”. Mechanical Engineering 121 (1999): 40-43.

11. Garlic JA and Fenjves ES. “Keratinocyte gene transfer and
gene therapy”. Critical Reviews in Oral Biology and Medicine
7.3 (1996): 204-221.
12. Mizuno H., et al. “Successful culture and sustatinability in
vivo of genemodified human oral mucosal epithelium”. Human Gene Therapy Methods 10.5 (1999): 825-380.
13. Puelacher WC., et al. “Design of nasoseptal cartilage replacements synthesized form biodegradable polymers and chondrocytes”. Biomaterials 15.10 (1994): 774-778.

14. Cao Y., et al. “Transplantation of chondrocytes utilizing a
polymer-cell construct to product to produce tissue-engineered cartiage in the shape of a human ear”. Plastic and Reconstructive Surgery 100.2 (1997): 297-304.

15. Nor JE., et al. “Vascular endothelial growth factor (VEGF)mediated angiogenesis is associated with enhanced endothelial cell survival and induction of Bcl-2 expression”. American Journal of Pathology 154.2 (1999): 375-384.

Citation: Anshul Chaudhry., et al. “Tissue Engineering: A New Era in the Medical and Dental Field”. Acta Scientific Dental Sciences 1.2 (2017): 16-19.

Tissue Engineering: A New Era in the Medical and Dental Field

16. Blaese RM., et al. “T lymphocytes -directed gene therapy for
ADA -SCID: Initial trial results after 4 years”. Science 270
(1995): 475-480.
17. Anderson WF. “Human gene therapy”. Nature 392 (1998): 2530.
18. Nabel GJ. “Development of optimized vectors for gene theraphy”. Proceedings of the National Academy of Sciences of the
USA 96.2 (1999): 326-336.

19. Testimony on ‘gene therapy: Is there oversight for patient
safety? by Amypatterson, MD Dircctor, Office of biotechnology
activities. National institute of health. US department of health
and human services.

20. Mao JJ., et al. “Craniofacial tissue engineering by stems Cells”.
Journal of Dental Research 85.11 (2006): 966-979.

21. Gleich LL., et al. “Alloantigen gene theraphy for squamous cell
carcinoma of the head and neck: Results of a phase -1 trial”.
Archives Otolaryngology Head Neck Surgery 124 (1998): 10971104.
22. Wollenberg B., et al. “Gene theraphy--phase I trial for primary
untreated head and neck squamous cell cancer (HNSCC) UICC
stage II- IV with a single interumoral injection of hIL - 2 plasmids formulated in DOTMA/ Chol”. Human Gene Therapy 10.1
(1999): 141-147.

23. Myers JN. “The use of biological therapy in cancer of the headand neck”. Current Problems in Cancer 23.3 (1999): 106-134.

24. Baum BJ., et al. “Re-engineering the functions of a terminally
differentiated epitheial cell in vivo”. Annals of the New York
Academy of Sciences 875 (1999): 294-300.

25. Delporte C., et al. “Increased fluid secretion following adenoviral medicated transfer of the aquaporin -1 C DNA to irradiated
rat salivary glands”. Proceedings of the National Academy of
Sciences of the United States of America 94 (1997): 3268-3273.

Volume 1 Issue 2 July 2017
© All rights are reserved by Anshul Chaudhry., et al.

Citation: Anshul Chaudhry., et al. “Tissue Engineering: A New Era in the Medical and Dental Field”. Acta Scientific Dental Sciences 1.2 (2017): 16-19.

19

