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Introduction
Over the past decade the availability of new investigational tools including genetically modified mouse 
models of human disease, has resulted in a clearer understanding of the molecular mechanisms 
of many important human diseases such as hypertension, diabetes mellitus, atherosclerosis, 
neurodegenerative diseases and cancer. Biotechnology has provided monoclonal antibodies, peptides, 
anti-sense oligonucleotides and aptamers to probe molecular events in the living human body. New 
understanding of molecular mechanisms of disease leads to search for new targets for therapy. Nuclear 
medicine techniques provide “molecular probes” which can now be employed both for diagnosis and 
therapy.

The most spectacular example of “molecular imaging” is fluorine-18 fluorodeoxyglucose (FDG) which 
has been described as the “molecule of the millenium”. Cancer cells over express glucose transporters 
(GLUT) and hexokinase a hundred times more than normal cells, hence even a small lesion smaller 
than 1 cm. in diameter will “glow as a hot bulb” on PET imaging. Image coregistration with CT / MRI 
will show the exact location of the lesion. FDG PET imaging is now playing a major role in cancer 
management – early diagnosis, grading and staging, follow up of response to therapy and recurrence. 
This will avoid futile surgery and restrict surgery to those who will benefit by it.

Leucocytes and activated macrophages also take up more glucose hence acute infective foci (e.g. 
abscess) and chronic granulomas (e.g. tuberculosis) will also take up more FDG compared to normal 
cells. Macrophage accumulation in Takayashu’s Arteritis and vulnerable plaques in the aorta also 
give positive FDG images. Their differentiation from malignancy can be made by another molecular 
probe viz F18 fluoro ethyl tyrosine (FET). Cancer cells take up much more amino acids, like glucose, 
compared to normal cells, and will show up as “hot” lesions, while leucocytes and macrophages and 
other inflammatory cells do not take up FET – negative images.

Monoclonal Antibodies
Kohler and Milstein shared the Nobel Prize in Medicine in 1984 with Jerne, for their discovery in 
1975 that they could fuse a normal antibody - producing plasma cell to an immortal myeloma cell to 
produce a continuously growing fusion cell that would continue to produce and secrete large amounts 
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of the plasma cells’ antibody. Such monoclonal antibodies (mAbs) have provided a powerful tool for 
identifying and purifying thousands of individual proteins, for diagnostic tests designed to identify and 
quantify these proteins in serum, cells and tissues, and use mAbs for therapy. (Table 1 and 2).

Cancer diagnosis by radio immunoscintigraphy can be further extended to intra-operative exploration 
by the surgeon with the use of hand-held probe. It is thus possible to detect and resect small nodes not 
visible to the naked eyes of the most experienced surgeon.

A good example of use of mAbs in therapy is mAb designed to bind the platelet glycoprotein II b/ III 
a in the treatment of thrombotic coronary syndromes. A high affinity murine mAb directed against 
the human gpIIb/IIIa molecule (that also recognized the avβ3 vitronectin receptor) was “humanised” 
using recombinant DNA techniques to render the murine mAb less immunogenic (human antibodies 

Table 1. : mAb for Diagnostic Imaging 

Cancer  :  Colorectal  CEA, 17-1A, 19-9, 791T/36, CA170

  Prostate PAP, PSA, PSMA (7E11, C5.3) Prostascint 

  Lung  CEA, NR-LU-10

  Melanoma P97, 96.5, 9.2.27, 225-285, ZMEO18

  Trophoblasts  AFP, HCG

  Ovarian  CA170 (Panadeno carcinoma epitope)

Inflamation  : Human Immunoglobulin (HIG)

  IL-8, IL-2 – bind to activated T cells 

  Antiselection E mAb

  Labelled leucocytes – granulocyte mAb 

Infection  : Ciprofloxacin – binds to DNA gyrase of microbes 

  Anti-microbial human neutrophil peptide : HNP-1

Thrombus  :  Antifibrin DD FAb mAb 

  Apticide (gp IIb IIIa receptor antagonist peptide)

  Abciximab (mAb against gp Iib IIIa)

  Tc-99m rtTA

Vulnerable  : mAb oxidized LDL

Plaques  : I-123 MCP-1 (monocyte chemoattractant peptide)

Table 2 : mAb for Therapy

Indications

Abciximab : platelet gpIIb/IIIa Acute coronary syndrome

Baciliximab : mAb Ig G blocks IL-2 receptor Immunosuppression

Daclizumab : mAb blocks IL-2-1 α Tac Immunosuppression

Digoxin-immuFab : (ovine) antibody to digoxin Digitalis toxicity

Infliximab : mAb Ig1k binds to TNFα to neutralise its 
activity

Anti-inflammatory

Muromonab – CD3 : mAb against CD3 (OKT3) blocks all known T 
cell functions

Transplant rejection

Palivizumab : recombinant mAb Ig G1K Prevention of RSV in children at high risk

Rituximab : mAb against CD 20 Tr of lymphoma

Trasbizumab (Herceptin) : mAb to HER-2 (human epidermal growth factor 
receptor 2 protein)

Tr of breast Ca expressing HER.2
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to mouse antibodies – HAMA) and to produce it in large quantities in the supernatants of cultured 
myeloma cells. The resulting purified mAb abciximab (Reo Pro) was tested for efficacy in clinical 
trials in patients undergoing PTCA and stenting. A consistent 50-60% reduction in acute ischaemic 
complications(death, AMI and emergency revascularization) was seen in treated patients Abciximab 
appears to be even more efficacious in patients with unstable coronary syndromes undergoing PTCA 
(EPISTENT trial).

Researchers are looking for protein markers expressed by cancer cells but not in normal cells. One 
new example is the identification of HER2/ neu receptor expressed on only 25-30% of patients with 
breast cancer. They respond very well to a specific mAb raised against the receptor. The US FDA has 
recently approved both the test to detect the receptor and the drug Herceptin (Trastuzumab). This is 
a good example of “personalized medicine” - giving the drug only to those who test positive, and not 
to others.

The reduction of myelotoxicity with cytokines such as IL-3, GM-CSF, G-CSF etc. should increase the 
full utilization of the potential of radio-immuno-therapy. Combination of chemotherapy and mAb to 
EGF receptor appears to produce greater effects than the sum of the effects produced individually.

Peptides
Peptides are small amino-acid sequences with important biological functions, including regulatory 
functions. Somatostatin (SST) and vasoactive intestinal peptide (VIP) are two integral cell membrane 
glycoproteins that are expressed on a variety of tissues throughout the body. Many types of cancer 
over-express SST and VIP receptors. Hence these peptides or their analogs can be tagged to Tc-99m 
or I-123 for imaging cancers. One successful example is octreotide and pentatriotide (shorter length 
analogs of SST) which can be used for diagnosis as well as treatment of cancers over expressing 
the SST receptors. After the radiolabeled octreotide binds to the SST receptor on the cancer cell, it 
gets internalized by receptor-mediated endocytosis, stays in the lysosome for some time and then 
translocates to the nucleaus and binds to the DNA. The low molecular mass of octeotide (~ 1.4 KDa) 
allows better diffusion to the cell nucleus. If the radionuclide has Auger electrons (e.g. I-125, I-123, 
bromine 77 or Indium 111) they can deliver sufficiently high energy radiation to the DNA to cause 
double strand break within a narrow range of 4 DNA base pairs within a single cell. This is aptly 
described as “molecular surgery”, killing cancer cells without any toxicity to the neighbouring normal 
cells.

The use of somatostatin analogues for diagnosis and treatment illustrates a new paradigm which will be 
increasingly applicable in future, viz. utilising the body’s own natural control mechanisms for managing 
disease.

Synthetic Peptides
Advances in computer modeling and biotechnology have led to the development of synthetic peptides 
which may be labelled with a variety of radiotracers including technetium (tectides). Such peptides 
have proved useful in thrombus imaging & cancer imaging. 

Cyclic RGD peptides (eptifibatide), or non-peptide RGD-mimics (tirofiban) that compete with gp IIb/
IIIa receptor for ligand binding show similar result like ReoPro after PTCA (ESPRIT study). Currently 
extensive efforts are being devoted to the isolation of functional peptides from combinatorial bibraries 
that can be potentially applied for both diagnostic imaging as well as for therapy.

For imaging inflammation and infection, various peptides are used that bind with high affinity to 
receptors on cells actively involved in the inflammatory process. Examples are chemotactic peptide 
formyl Met-Leu-Phe (and its derivatives) and cytokines IL-1, IL-2, IL-8, TNFα etc. Human neutrophil 
peptide (HNP or defensin), stored in neutrophil granules, binds to bacteria with high affinity. Tc-99m 
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HNP-1 is undergoing extensive optimization and tailoring for use for imaging infection – a top priority 
for clinicians.

Anti-sense Oligonucleotides
The messenger RNA of many oncogenes such as c-myc, c-myb, Ha-ras, c-fos, c.erbB, BCR-ABL etc. 
are over-expressed in cancer cells but not in normal cells. Dr. Mrinal Deewanjee has pioneered the 
successful application of radiolabelled anti-sense oligonucleotides (RASON) to image cancer in the 
living, using RASON for specific mRNA of c-myc, erb-B2 and telomevase present in breast cancer. 
Such sequence of 15-25 nucleotides go through the membranes of living cells and bind to the mRNA 
(in vivo hybridization) and provide an image of the cancer. The specificity of the “molecular velcro” 
for target cells is excellent and can be used for treatment by using beta emitters or Auger election 
emitters.

An antisense oligonucleotide for ICAM-1 (ISIS 2302) when given intravenously, blocks the expression 
of ICAM-1 and reduced endothelial inflammation.

Aptamers
A new approach for designing “recognition molecules” is the production of specific ligand-binding 
“receptor” molecules based on nucleic acids, the so-called aptamers. Nucleic acid aptamers are 
selected from highly complex mixtures of RNA, single stranded DNA or chemically modified nucleic 
acids, on the basis of their ability to complex a given target molecule. Aptamers can be isolated 
entirely ex-vivo by applying a technology called invitro selection or “Systematic evolution of ligands by 
exponential enrichment”. (SELEX). Bedsides extracellular and intracellular proteins, protein domains 
or peptide epitopes, aptamers that bind to small organic molecules and even complex target such as 
viruses, microbes or parasites have been isolated. Just like antibodies, F(ab) fragments and peptides., 
most aptamers can bind their target with extraordinary affinity and specificity. Some aptamers are 
currently being tested for possible therapeutic applications. Once the aptamers is identified and its 
minimal binding requirements elucidated, it can be easily produced by chemical synthesis in large 
quantities, using a standard automated phosphor-amidited chemistry. The remarkably low molecular 
weight of aptamers (8-12 KDa) is intermediate between small peptides (0.5 – 2 KDa) and single chain 
antibody fragments ScFv (~27KDa). This leads to a much more rapid blood clearance compared 
to mAbs. Aptamers can be stored at ambient or elevated temperatures. Aptamers can be tagged to 
radiotracers such as Tc-99m, I-123 or positron emitters (F18). Once the target is localized, therapeutic 
aptamers labelled with Rhenium-188, Yttrium-90, I-131 or I-125 or aplpha emitters such as Astatin can 
be used.

My current efforts are directed at making aptamers for imaging tuberculosis (brain, lungs, bones, joints, 
mediastinal, abdominal and pelvic lymph nodes, fallopian tubes etc.) with Tc-99m labelled aptamers, 
and also for using escort aptamers to deliver toxic second- line anti-TB drugs to their targets while 
avoiding hepatotoxicity.

Inflammatory Origin of Atherosclerosis
It is interesting to note that chronic inflammation is recognized as an underlying and initiating 
mechanism of diverse disorders such as atherosclerosis, hypertension, type 2 diabetes, brochial asthma 
and cancer. At the molecular level the common link is activation of NFKβ.

It is now clear that atherosclerosis is not simply an inevitable degenerative consequence of aging, but 
rather a chronic inflammatory condition that can be converted into an acute clinical event by plaque 
rupture and thrombosis. Atherosclerosis can be viewed as “a response to injury”, with oxidized LDL 
triggering endothelial inflammation. Mice lacking 12/15 lipo-oxygenase have considerably diminished 
atherosclerosis, suggesting this enzyme to be an important source of reactive oxygen species in LDL 
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oxidation. The protective anti-oxidant properties of HDL are due in part to serum paraxonase, an 
esterase carried on HDL that can degrade certain biologically active oxidized phospholipids. Oxidized 
LDL inhibits production of nitric oxide (NO) and simulates the endothelial cells to produce a number 
of pro-inflammatory molecules including adhesion molecules and growth factors such as M-CSF. 
Advanced glycosylation end produces (AGEs) in diabetes promote inflammation via specific receptors 
on endothelial cells. Cytokines and growth factors secreted by macrophages and T cells are important 
in smooth muscle cell migration & proliferation and extracellular matrix production. Vulnerable plaques 
generally have thin fibrous caps and increased numbers of inflammatory cells. Macrophages produce 
various proteases that degrade extracellular matrix. Thrombogenicity of a lesion is dependent on the 
presence of tissue factor, a key protein in the initiation of the coagulation cascade. The production of 
tissue factor by ECs and macrophages is enhanced by oxidised LDL, infection, or ligation of CD 40 on 
ECs to CD 40 ligand in inflammatory cells.

This new understanding leads to search for new target for therapy. For example interruption of the 
CD40-CD40 ligand system may ensure plaque stability. The identification of the ABC transporter 
presents exciting new opportunities for treatment of the low HDL levels. More important than the 
level of HDL is its functional properties such as its anti-oxidant activity. Complete regression of 
atherosclerosis in ApoE deficient / nude mice has been achieved by human ApoE gene transfer.

Apoptosis
Apoptosis (programmed cell death) is a normal mechanism for elimination of effete cells during 
organogenesis as well as in cellular proliferation that occurs during a normal immune response. The 
homeostasis of adult organisms are a model of cell cooperation : some cells must die to preserve the 
rest of the organism.

In the immune system apoptosis is a normal mechanism induced to remove autoreactive T cells from the 
thymus during negative selection, and to remove autoreactive B and T cells from peripheral lymphoid 
organ upon contact with antigen or antigen – reactive helper T cells in the spleen and lymphnodes.

Stimulation by growth factors is essential for cell survival and proliferation. For instance maintenance of 
committed erythroid progenitor cells is dependent on erythropoietin (EPO) for red cell production. In 
the absence of EPO, these cells undergo apoptosis. On the other hand cancer and autoimmune disease 
represent failure of apoptosis.

Death of normal cells is prevented by tightly regulating the specialized proteases called caspases (since 
they contain a cysteine at their active site and cleave substrates after aspartic acid residues). Like 
coagulation and complement systems, caspases exist as proenzymes with minimal enzymatic activity, but 
can be rapidly induced by activators, and each enzyme acts to activate the next enzyme in the cascade. 
A great variety of noxious stimuli - reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
heat stress, viral infection, hypoxia, growth factor deprivation, act via release of mitochondrial protein 
cofactors and cytochrome C, which forms a complex with the apoptosis – activating factor (Apaf 1). 
Expression of phosphatidyl serine (PS) on the cell surface is the first change occuring in apoptosis.

Annexin V, an endogenous human protein with a high affinity for membrane-bound PS can be labelled 
with Tc-99m to image apoptosis in vivo. In animal experiments with apoptosis (eg. cardiac and renal 
transplant rejection) histological correlation of the presence of apoptosis in regions with increased 
Annexin V tracer uptake was noted. This new imaging technique presents significant new opportunities 
to use concepts of modern cell biology for imaging important pathophysiological processes in disease.

Clinicians come across apoptosis in many diseases eg. viral hepatitis, autoimmune hepatitis, primary 
biliary cirrhosis, primary sclerosing cholangitis and liver transplant rejection. In patients with acute 
myocardial infarction undergoing reperfusion therapy, delayed Annexin V imaging shows clearly 
the presence of externalized PS on the cardiomyocyte membrane. Ability to image apoptosis allows 
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evaluation of therapies to prevent or reverse apoptosis. For example enhanced glucose transport early 
after hypoxic or ischaemic stress protects the cells by preventing induction of apoptosis. The practice 
of glucose potassium – insulin drip following AMI has a rational basis since insulin (similar to 1GF1) 
is a growth factor protecting the cardiac muscle from apoptosis. Apoptosis has been demonstrated in 
hibernating myocardium.

Concept of Chemoprevention
Inflammation induced iNOS (inducible nitric oxide synthase) as well as COX (cyclo-oxygenase) and 
LOX (lipo-oxygenase). These can initiate carcinogenesis. The active principle of Haldi (turmeric) 
– curcumin, down-regulates the transcription factors NFKB, AP-1 and Egr-1; down-regulates the 
expression of COX2, LOX, iNOS, MMP-9, TNF, chemokines and cell surface adhesion molecules and 
cyclinD1; down-regulate growth factor receptors such EGFR and HER2 Human clinical trials have 
shows safety at doses upto 10 g/day and suggested that curcumin can suppress tumour initiation, 
promotion and metastasis. Many Ayurvedic herbal drugs have anti-inflammatory anti-oxidant and 
immunomodulatory activity and can be used for chemoprevention of many important diseases 
discussed in this article. Validation of the concept necessitates long-term prospective clinical studies on 
the lines of the Framingham studies done in the 1960’s.
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