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Nanotechnology is a revolution of  the twentieth century.The prefix “nano” is a Greek word which means “dwarf ”. Nanotechnology  is the study of extremely small structures. 

Nature operates at the nanoscale, Cells in human body are 10 μm across. Cell organelles are even smaller . The dimensions of nanostructures are advantageous as they are in the range of the size of various biomolecules ex: nucleic acids, small proteins, and viruses,hence can be used in diagnostics .Understanding biological processes on the nanoscale level is a basis of development of nanotechnology .


By definition, Nanotechnology is an emerging branch of science for designing tools and devices of size 1 to 100 nm with specific function at the cellular, atomic and molecular levels. Nanotechnology employed in biomedical research and clinical practice is termed as nanomedicine.

American physicist Richard Feynman is considered to be

the father of nanotechnology.

 Nanotechnology is guiding us to design nano devices(scientific instruments) with special and unique properties.Nanotechnology with its unlimited diagnostic applications is currently bringing paradigm shift in the areas of biomarker research, cancer diagnosis and infectious microorganisms detection.

Properties of Nanoparticles:

1.Electrical conductance

2.Chemical reactivity 

3.Protein adsorption

4.Magnetism 

5.Optical effects 

6.Physical strength

7.Increased Surface Area to Mass Ratio

8.Surface Enhanced Raman Spectroscopy

9.Fatigue resistance

10.Low percolation threshold

12.High reactivity due to increase surface area/surface energy

Types of Nanodevices in use are as follows:

Nanoparticle (Diamond,salt,fullerene etc.)

Graphene.

Carbon Nanotubes.

Nanorods,Nanotubes,Nanowires.

Cantilevers

Dendrimers

Nanocrystalline Material.

Nanostructured Material

Applications of nanodiagnostics

. Some important areas of clinically relevant applications are:

•Immunology/Immunohistochemistry.

•Genotyping.

••Early detection of cancer/Biomarker research.

•Detection of infectious microorganisms.

1.Nanotechnology in immunology:

 A.Gold Nanoparticles(AuNPs) show the expression of proinflammatory cytokines and with particular size significantly increase the immunostaining of IL-1β and IL-6. The inflammatory response was evident as early as day 1 following AuNPs exposure  These findings suggest an important role of nanoparticles size on the acute phase immune response in experimental animals.

B.Immuno-Nanoparticles for Multiplex Protein Imaging in Cells and Tissues: Imaging-based molecular diagnosis using antibody-conjugated NPs (immuno-NPs)help in identification of various,numerous proteins in cells ansd tissues.

Successful applications of nanotechnology is enabling new generations of vaccines, adjuvants and immunomodulatory drugs with an aim to improve response to a range of infectious and non-infectious diseases.

Quantum dot immunohistochemistry (IHC) can detect the very low expressions of Human Epidermal Growth Factor Receptor 2 (HER2) as well as multichannel detection.

Biomarker detection:Many of them recognize receptors overexpressed on the surface of malignant cells, including the folate receptor, EGFR, HER2, GLUT, GRPR, and CCR5.Early detection at extremely low levels.
2.Nanotechnology in Genotyping:

Small size and improved surface area allows nanomaterials  to be used as biosensors in the genotyping.They are highly sensitive in recognition of single-base mismatch in the presence of incomparable wild-type DNA fragments.

DNA microarray technology used in genotyping.(Microarray is collection of DNA spots). Oligonucleotides with specific DNA sequences, known as probes, bind to the target DNA to detect sequence variants.Microarrays can analyse a large number of variants simultaneously.

Nanomaterials have a role in Gene Therapy too.

3.Nanotechnology in cancer diagnosis /Biomarker Research:

Nanotechnology-based  techniques accurately track living cells and monitor dynamic cellular events in tumors.

Nanotechnology used in cancer biomarker screening

Cancer biomarkers are biological features proteins,fragments,glycans,antibodies or DNA. The  expression of abnormally expressed biomarkers are used to study  cellular processes, to identify  cancer cells alterations. Also indicate the presence or state of a tumor guiding better understanding of tumors.  Protein biomarkers for many cancers have been discovered.(Proteomics)

pH- response to fluorescent nanoprobes can help detect fibroblast activated   

protein-a on the cell membrane of tumor-associated fibroblast

Nanotechnology to make lab-on-chip microfluidics devices that can be used for 

  immuno-screening or to study the properties of tumor cells. 

Quantam Dots(QDs) can concentrate in a single internal organ .QDs, which 

   combine with biomolecules, including peptides and antibodies, in vivo, can be 

used to target tumors for cancer imaging and treatment. 

QDs used in Prostate and Ovarian cancers.

Circulating tumour cells(CTC’s)are biomarkers,detection leads to early dianosis of cancer,metastasis and recurrence.Magnetic, fluorescent, plasmonic and conductive nanoparticles have been recently used to detect CTCs either directly/whole blood or  with enrichment methods.
Nanotechnology is a new immuno-oncology weapon

4.Nanoparticles in infectious diseases:

Nanotechnology helps in rapid, accessible and very effective due to its high sensitivity in pathogen detection.Nanomaterials with proven efficacy in detecting infections (viral and bacterial) include graphene-based materials, quantum dots (QDs) and gold or magnetic NPs .

In this era of zoonoses and pandemics,nanotechnology is so sensitive that even a single nanoparticle is capable of emitting a signal strong enough to be captured, thus enabling early identification of infections. Proper and effective treatment not only saves the patient, but also prevents the spread of the pathogens.

It thus combats co-infections and drug resistance too. 

5.Nanotechnology in DNA Analysis
DNA (genetic material) is one of the most important and unique evidence that could identify the presence of a person at crime site.

Magnetic nanoparticles help extract DNA from  skin, hair,saliva, blood and semen. By atomic force microscopy technique,Nanotechnology-based tools ex:carbon nanotube helps to analyze DNA sequences .

6.Stratified nanodevice vaccines

Stratified nanodevices have attracted great attention for the development of vaccination. Nanodevices are constructed layer by layer of a component which are being utilized to deliver vaccine/nanoparticle formulations in a specific, targeted, and controlled manner. Nowadays, nanodevices are combined to the particulate-based system to improve the efficacy of vaccination.

7.Fabrication of folic acid magnetic nanotheranostics: 

Nanodevices based on magnetite functionalized with folic acid (FA) with enhanced properties to be employed as theranostics in various types of cancer.

Nanotechnologies will enable personalised or customised medicine through point-of-care diagnostics and integration of diagnostics with therapeutics Although the potential diagnostic applications are unlimited, the most important current applications are foreseen in the areas of biomarker discovery, cancer diagnosis, and detection of infectious microorganisms. 

Direct analysis of DNA and protein will enhance speed, accuracy, and sensitivity over conventional molecular diagnostic methods.

Nanotechnology has shown a promising approach in the field of immunology with the production of nano vaccines, adjuvants, anticancer drugs, and immuno-modulatory cytokines to combat infectious and autoimmune diseases. 

Safety studies are needed for in vivo use. Because of its close interrelationships with other technologies, nanobiotechnology in clinical diagnosis will play an important role in the development of nanomedicine in the future.
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