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Review Article  

Molecular Therapy

is a new branch of medicine that resulted from the 

rapid development of molecular biology and immu-

nology, bio- and pharmaceutical technologies. For its 

successful implementation in clinical medicine con-

tributed the accumulated extensive knowledge in 

the development and characteristics of genetic and 

recombinant DNA technologies, biochemical process-

es, manufacturing and purification of proteins, and 

microbiological production. On the other hand, the 

application of new molecular therapies which are to 

be extensively used in the XXI century, sets a series of 

ethical questions, particularly regarding the conduct 

of clinical trials, implementation and use of animal 

models with pre-defined genetic lines and genetic 

cloning. These molecular therapies have already found 

application in the field of infectious, hereditary and ac-

quired diseases, where besides conventional therapy, 

protein replacement therapy or gene therapy can also 

be effectively applied. Modern molecular therapies are 

tested in advance on cell lines and animal models. A 

major problem with this type of testing is its prelimi-

nary validation, as these lines are not normal cell lines 

and the animal models raise the question whether 

they are adequate to the human diseases. The impor-

tance of creating molecular therapies safe for humans 

has been illustrated in a particularly dramatic way with 

the case TeGenero1,2.  

All somatic cell therapeutic drugs produced by re-

combinant technology are classified as advanced ther-

apies. The implementation of these modern therapies 

requires a thorough evaluation of the characteristics 

of the medicinal product belonging to a specific mo-

lecular therapy, consideration of the cost-benefit ra-

tio, and knowledge about the disease and its course 

in the particular patient. The health system of each  
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European country, including Bulgaria, is highly bur-

dened due to the rising costs for these expensive 

therapies and hence requires a strict specification and 

personalization of their application.  

In consideration comes the introduction of the so-

called „biosimilar“ drugs that have special character-

istics and a higher price than conventional generics. 

Inclusion in the reimbursement lists of modern mo-

lecular medicines afflicts greatly the budgets of the 

health funds, while a thorough pharmacoeconomic 

cost-benefit analysis is still missing. In the U.S.A., the 

first recombinant insulin was authorized in 1982. Since 

then, more than 250 recombinant products, monoclo-

nal antibodies and recombinant vaccines have been 

approved by the regulatory agencies. Between 2003 

and 2005 these products accounted for respectively 

24% and 22% of all new molecules approved by the 

FDA and EMA3,4.  

The criteria for inclusion of patients for treatment 

with recombinant therapies must be individualized 

and very precisely developed by clinical pharmacolo-

gists familiar with the characteristics of such type of 

therapy, and by clinical specialists who know the spe-

cifics of the course of the particular disease. In the 

Bulgarian reimbursement list there are recombinant 

medicinal products included, many of which are ex-

pensive as a course of treatment. Therefore, a serious 

analysis of the cost-benefit ratio is needed. On an an-

nual basis, their share is increasing, while at the same 

time there is a great opportunity for other molecular 

therapies to be introduced. It is therefore of great im-

portance to carry out a very serious and highly spe-

cialized debate on the inclusion of such drugs in the 

reimbursement lists.

Diseases for which modern 
therapies can be applied successfully5

1. Infectious diseases caused by bacteria, viruses 

and protozoa. According to WHO, about 8000 peo-

ple die of HIV related conditions every day. Statis-

tics show that about 3 million die annually from viral 

infections and associated complications. In addition, 

about 8.8 million new cases of tuberculosis are re-

ported annually, 5500 deaths a day, or millions a year. 

About 300 million are the acute cases of malaria each 

year. Many bacterial diseases can be successfully treat-

ed with antibiotics or prevented through vaccination. 

Тhe number of antibiotic-resistant bacteria is increas-

ing, such as methicillin-resistant Staphylococcus aure-

us (MRSA), affecting immunocompromised patients, 

and drug resistant Mycobacterium tuberculosis, 

which are a growing problem in AIDS patients. Drug 

resistant strains of other bacteria mount because of 

the irrational use of antibiotics not only among hu-

man population, but also in animal nutrition where 

antibiotics are used for a faster growth. 

Viruses represent an increasing threat to human-

kind. For example, there are very few effective drugs 

for the treatment of HIV infection, human papilloma-

virus (HPV), which is the major cause of cervical can-

cer, or hepatitis A, B and C, which cause permanent 

liver damage. There is certain dissociation between 

the detailed knowledge of the genome of these or-

ganisms and the efficacy of the therapies used to 

treat the diseases caused by them. All viral infections 

are difficult to treat, some are potentially life threaten-

ing and some, like Ebola virus, are deadly. 

Parasitic diseases are an especially severe problem in 

the developing countries, where high levels of para-

sites in the whole population result in immunocom-

promised organisms, and open the door to many op-

portunistic infections. Malaria, which affects hundreds 

of millions of people worldwide, is an open field for 

the development of new drugs, as there is no effective 

therapy, the cost of the new medicines is high for the 

developing countries, and there is a lack of preven-

tive vaccine. New highly efficient immunotherapeutic 

medicines, gene therapy and vaccines are needed to 

put this problem under control. The problems related 

to such therapies are affordability and stability of qual-

ity, in order to allow shipping and storage at room 

temperature.

2. Cancer and heart diseases

In developed countries, cancer and cardiovascular 

diseases are the leading causes of death. They are 

multifactor diseases and are determined both by ge-

netic predisposition and the influence of the environ-

ment. Although the genetic risk factors and the en-

vironmental stimuli are identified, it is still difficult to 

assess the risk for the individual patient. 
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In the treatment of cancer, a major problem that 

scientists face is to understand the mechanism of the 

disease. Although many malignant diseases are now-

adays defined in terms of mutations of oncogenes 

and tumor expression of genes, many of them in-

volve multiple genetic mutations, and thus the de-

termination of mutating cancer proteins may repre-

sent a satisfactory therapeutic aim. In cases where the 

mutation is already identified, different stimuli from 

the surrounding environment are also important for 

the disease progression. Currently, the most effective 

cancer treatment is still surgical. It is effective when 

the tumor is not metastatic and has not invaded the 

neighbouring tissues and organs. Chemotherapy and 

radiotherapy are effective but toxic and cause DNA 

damage in healthy cells, which is a risk factor for new 

mutations and new types of malignancies that may 

develop later. Today researchers develop new thera-

pies to stop the development of tumor and its spread 

by allowing the immune system of recognizing cancer 

cells more efficiently and of destroying them. 

New modern somatic cell and gene therapies are 

still in various stages of clinical trials:

 Use of tumor suppressor genes; 

 Manipulation of cell cycle; 

 Killing cancer cell lines 

 with cytotoxic drugs; 

  Manipulation of transcription; 

  Using antibodies, bound to 

 toxins that kill cancer cells; 

 Use of personalised vaccines;

 Use of recombinant cytokines; 

 Development of tumor necrosis 

 factor (TNF) genes;

Cardiovascular diseases, which are also among 

the leading causes of death, are treated with prop-

er diet, medication, change in lifestyle, surgery and 

transplantation. Like cancer, they are also multifactor, 

stimulus dependant diseases and require genetic pre-

disposition. Public campaigns for reducing risk factors 

do not always lead to achieving the predefined objec-

tives. Modern research has focused on the treatment 

of thromboembolic complications with drugs such as 

the recombinant tissue plasminogen activator. Gene 

therapy to treat familial hypercholesterolemia is being 

trialled.

3. Inherited genetic diseases

Although genetic diseases are not so common, most 

of them are incurable, and therefore life threatening. 

Some of them, however, have a higher frequency such 

as thalassemia in Mediterranean population. Many of 

the problems associated with inherited diseases could 

be overcome by using a screening strategy: for ex-

ample, population screening and prenatal diagnosis 

where appropriate. New therapies such as recombi-

nant proteins and gene therapy and immunotherapy 

for the treatment of some hereditary diseases are cur-

rently evaluated through clinical trials. 

In creating treatment for the hereditary diseases, of 

great importance is to understand the genetic basis 

of the disease - whether it is dominant or recessive. 

In dominant disorders, only one mutated gene is suf-

ficient to develop the disease and to express symp-

toms. Examples of such diseases are the syndromes of 

Huntington and Marfan. This type of diseases can be 

treated only by removing the mutant gene, thus gene 

therapies which include adding recombinant proteins 

or genes are not useful. A possible approach is the 

introduction of proteins which can sequestrate pro-

duction under the influence of the dominant gene. 

For example, in some forms of hypercholesterolemia 

the defect consists of an error in the production of 

receptors for low density lipoprotein. This leads to 

high levels of free cholesterol which is toxic. By using 

chemical sequestration administered orally, the high 

levels of cholesterol are overcome.

In some cases transplantation may provide treat-

ment, whereby the new organ, with normal genes, 

replaces the other with the “defective” genes. The 

studies are focused on techniques for gene deactiva-

tion. 

Some recessive hereditary diseases such as cystic fi-

brosis and sickle cell anemia are easier in therapeutic 

terms, since in the presence of a “normal” gene the 
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symptoms of the disease do not occur. These diseases 

are a good model for gene therapy and transplanta-

tion, because the necessary condition to eliminate a 

“defective” gene is not present. Recombinant protein 

therapy may be useful in cases where the supply of 

protein in the circulatory system, gastrointestinal tract 

or lung assists therapy. For example, haemophilia A 

is caused by an error in the production of one clot-

ting factor - factor VIII. Treatment is provided with a 

replacement therapy by the introduction of the re-

combinant protein in the bloodstream. Recombinant 

proteins can be delivered into the cell, but cannot 

enter through the cell membrane, neither can be pro-

duced in the cell in order to cure the disease6.

Molecular therapy encompasses different therapeu-

tic concepts and various development techniques are 

used, including  the following types:

  Replacement therapy with 

  recombinant proteins; 

  Recombinant vaccines; 

  Antibodies therapy and 

  immunotherapy;  

  Transplantation as a form 

  of gene therapy;  

  Xenotransplantation; 

  Stem cell therapy; 

  Gene Therapy; 

  Gene Therapy using the so-called - 

  “gene silencing” technology - triplex,

  “antisense” nucleotides etc.

  

The biotechnology drugs are biological drugs which 

are developed by one or more of the following bio-

technological processes: recombinant DNA technol-

ogy, controlled gene transfer/expression and produc-

tion of monoclonal antibodies. The largest number of 

biotech drugs that have already entered the therapeu-

tic practice are based on high molecular weight pro-

teins, recombinant hormones, growth factors, blood 

products and monoclonal antibodies. Indications for 

treatment with these medicines include cancer, dia-

betes, anemia, rheumatoid arthritis, Crohn’s disease, 

multiple sclerosis, and some rare diseases2.  

While in the field of therapy with recombinant pro-

teins and vaccines, with antibodies and immunother-

apy, as well as with transplantation, there is a success 

in treating various diseases, in the field of stem cell 

therapy and gene therapy things are still in the stage 

of clinical trials in different phases. The U.S. regulatory 

authority (FDA) has so far registered only one cellular 

product Carticel®. In Europe in 2009, a similar tissue-

engineered cell product ChondroCelect ® was autho-

rised by the European Medicines Agency. Worldwide 

no gene therapy products are registered yet, and all 

are in the stage of clinical trials7. 

For the period 1995-2007, a total of 174 biotechnolo-

gy products have been authorized. During this period 

82 regulatory actions have been taken in relation to 

safety - for 41 of 176 biotech products (23.6%). These 

actions include 46 “Dear Healthcare Professional Let-

ters”, 17 “Direct Healthcare Professional Communica-

tions”, 19 “Black boxes” warnings and 3 suspended 

approvals of use, because of health problems related 

to the safety of the products.

By 2009, the registered products are already more 

than 250 in the U.S. and EU, altogether, and about 

350 million people are treated with them. By 2011, it 

is expected that almost 50% of the newly approved 

drugs would be biotechnological, and by 2014 the 

forecasts are that 6 of the 10 most prescribed medi-

cines would be biotech and 5 of them - monoclonal 

antibodies8,9. 

Recombinant products

There is a wide variety of recombinant products in 

the pharmaceutical market. In the recent years, the 

share of recombinant vaccines, growth factors, anti-

bodies and cytokines has been increasing.

Advanced Therapy and Recombinant Products
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The range of recombinant medicinal products on 

the pharmaceutical market includes:

 Growth factors, erythropoietin, 

 thrombopoietin, platelet growth factors, 

 bone morphogens, myotrophyn; 

 Cytokines (e.g. interferon alpha, 

 granulocyte colony-stimulating factor 

 filgastrim and interleukins);  

 Hormones (insulin, glucagon, human 

 growth hormone, thyrotropin, follicle 

 stimulating hormone, luteinizing hormone, 

 human chorionic gonadotropin); 

 Receptors, such as CD4;

 Fibrinolytic agents, e.g. tissue 

 plasminogen activator and streptokinase;

 Vaccines, for example against 

 malaria and hepatitis B; 

 Monoclonal antibodies; 

 Coagulating proteins such as 

 factors VIII and IX; 

 Proteins C and S; 

 Enzymes, such as DNase and 

 glucocerebrosidase; 

 Hemoglobin.

Replacement therapy with recombinant proteins

Recombinant proteins are proteins synthesized by 

the expression of the cloned gene in another spe-

cies or in cell culture. Production of proteins can be 

achieved in various other organisms such as bacteria, 

fungi, yeast, insect and mammalian cells. The choice 

of the organism generally depends on the character-

istics of the product to be produced. 

Of great importance in the production of a recom-

binant protein is the encoding, cloning and character-

ization of the gene it is produced from. Afterwards it 

is sub-cloned in an appropriate expression vector and 

is used for transfer into cells. The nature of the vector 

depends on the species in which the gene is to be 

expressed. To be therapeutically usable, it is necessary 

to maintain biological activity and tests are needed to 

evaluate the biocompatibility of the product. 

The simplest system for production of recombinant 

proteins is by using Escherichia coli, which has the 

advantage of being well-studied organism and has 

many vectors available. This organism grows fast in a 

culture medium, produces a large quantity of prod-

ucts, it is relatively inexpensive to cultivate and multi-

plies rapidly. In E. coli different promoters to facilitate 

the expression of the gene may be used7. 

The duration of the process - from creating the con-

cept for a recombinant product to its approval by the 

regulatory authority - is about 10 years. 

Biotechnological companies, which have created a 

recombinant product, must submit the following in-

formation in the process of its approval9:

 The nature of the gene; 

 Gene map + vector; 

 DNA sequence of the gene; 

 Results of genetic stability; 

 Description of cells; 

 Information about the cell bank; 

 Source of DNA - a description; 

 Production methods; 

 Fermentation method; 

 Procedure for the accumulation of material;

 Procedures for purification; 

 Characterization of the resulting product;

 Comparison with “non-recombinant” product;

 Analytical methods; 

 Validation; 

 Detection of impurities; 

 An analysis of the produced lots; 

 Control tests; 

 Tests for stability; 

 Analytical tests incl. bio-analytical; 

 Solubility; 

 Packaging and labelling

There follow the necessary investigations for prov-

ing the efficacy and safety, including: in vitro deter-
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mination of activity and purity of the product, in vivo 

tests on animal models for determining the dose/

response, absorption, distribution, excretion, metabo-

lism and toxicity, trials among healthy volunteers and 

clinical trials in patients.

Somatostatin is the first recombinant protein syn-

thesized in E.coli. It is a small molecule, as there are 

only 14 amino acids and it is active as a single chain 

polypeptide. 

Another recombinant protein is also widely avail-

able on the pharmaceutical market – the insulin. It 

is a simple protein, but much more complex than so-

matostatin. In vitro it is synthesized as proinsulin with 

three domains - A, B and C; it forms disulfide bridges 

between domains A and B, while C domain splits us-

ing proteases. The most universal approach to the 

synthesis of insulin includes the production of recom-

binant proinsulin, its accumulation, and then process-

ing in vitro with proteases. In this case the disulfide 

bridges naturally forming in E.coli are removed by 

enzymes. As an alternative, it is possible to synthesize 

separately the A and B domains, and after chemical 

treatment to form disulfide bridges. Both approaches 

are used to obtain recombinant insulin, preferably the 

one with proteolytic treatment, as it is milder to the 

human body and with fewer chemicals introduced 

in it. The resulting recombinant insulin is absolutely 

identical with the human insulin9. 

The first recombinant human insulin (Humulin) was 

produced 25 years ago. Since then about 100 me-

dicinal products - recombinant proteins - are being 

used as therapy in various clinical areas of applica-

tion. 

Drugs with low molecular weight, which are the 

usual drugs of chemical origin, still remain the most 

prescribed medicines compared with recombinant 

proteins - only 1 of the 20 most prescribed drugs in 

2006 was a recombinant protein – the one being for 

treatment of diabetes. In the recent years, however, 

the market for drugs - recombinant proteins - has 

grown greatly.

Biotechnological drugs are expensive, so the access 

to them especially in the developing countries is rel-

atively small compared to the developed countries. 

Diabetes is treated more than 50 years with insulin 

of animal origin, but since 1980 when the recom-

binant DNA technology for insulin production was 

introduced, it has completely displaced the animal 

type. The next step is the production of analogue 

insulins, through which the glycemic control is further 

improved. 

Today, in the treatment of diabetes recombinant in-

sulins are exclusively used. The therapeutic advantag-

es of these insulins are in improving glycemic control 

without increasing the incidents of hypoglycemia.

Another large group of recombinant proteins which 

induced considerable progress in the treatment of 

anemia in patients with renal failure and various types 

of cancers is erythropoietin. Originally it was produced 

from human urine in very small quantities, but with the 

introduction of recombinant technology in its manu-

facturing, its wide therapeutic use became also pos-

sible. These medicinal products contain recombinant 

human erythropoietin produced by mammal cells, in 

which the gene encoding the human erythropoietin 

is introduced. For the production of erythropoietin 

are used ovarian cells of Chinese hamster (CHO K
1
), 

as the amino acid sequence corresponds to the se-

quence of human erythropoietin, and the difference 

in erythropoietin alpha, beta, delta, theta and zeta 

are differences in the glucosidation. The recombinant 

erythropoietin does not differ in its biological and im-

munological properties from human erythropoietin. 

It affects all stages of erythroblast cell differentiation. 

First it acts over the erythropoietin sensitive bone mar-

row cells, which already contain a program for differ-

entiation in erythroid direction. They have their mem-

brane receptors for erythropoietin. After contact with 

the receptor, it induces, without going into the cell, 

cytoplasmic production of a factor activating the core. 

After several hours, an intensive synthesis of different 

types of RNA is observed. Erythropoietin also stimu-

lates mitotic activity of erythroblast cells, accelerates 

the synthesis of hemoglobin and its accumulation in 

the cytoplasm and facilitates the reticulocyte release 

from bone marrow. Furthermore, it is proven that this 

medicinal product has an overall stimulating effect by 

improving the quality of life, increasing the appetite 

and the general tonus of the patient10.
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 Although recombinant erythropoietins led to sig-

nificant advances in the treatment of anemia in pa-

tients with chronic renal failure, two types of adverse 

reactions appeared and were reported about 15 years 

after their development and introduction into clinical 

practice. In the period 2000-2004, after subcutaneous 

administration of recombinant human erythropoietin, 

were reported cases of aplasia of erythroblast line in 

several hundred patients with chronic kidney disease, 

primarily in Europe11. Autoantibodies in the serum of 

these patients neutralized both recombinant and en-

dogenous erythropoietin. It was found that in this seg-

ment of patients the antibody formation was due to 

defective production of recombinant human protein, 

leading to the formation of so-called “neoantigens”. In 

recombinant erythropoietins administered subcutane-
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ously problems arise also from the storage of the drug, 

and its preparation for administration, which may fur-

ther impair the stability of the molecule. With the de-

velopment of new dosage form for intravenous use, 

these risk factors were avoided. An interesting fact is 

that in patients treated with recombinant erythropoi-

etin on the occasion of anemia in various carcinomas, 

aplasia of the red blood cell line is not observed. Some 

authors tend to explain this fact with the immuno-

suppression, resulting from the administered chemo-

therapy.  

Aplasia of erythroblast blood cell line is a serious 

problem because the erythropoiesis is suppressed to 

such an extent that most patients need hemotransfu-

sions. In these cases, standard treatment consists of 

immunosuppressive agents including corticosteroids, 

alkylating cytostatics, cyclosporine and intravenous im-

munoglobulin. 

Statistical analysis of cumulative pharmaco-epidemi-

ological studies, including meta-analysis of randomized 

controlled trials involving more than 5000 patients 

with chronic kidney diseases treated with recombi-

nant human erythropoietin, showed a slight, but sta-

tistically significant increase in morbidity11. 

Another meta-analysis, involving 10 000 patients 

with various carcinomas treated with recombinant 

erythropoietin, found an increased risk of thrombosis, 

as the statistical assessment of causality shows con-

nection with the administered recombinant erythro-

poietins, and not with the drug-induced increase in 

the hematocryte12. In addition to the increased risk of 

thrombosis in these patients, a further tumor progres-

sion was also observed. These data led to a reassess-

ment of the indications of recombinant erythropoietin 

and revision of the dosing regimens for achieving the 

target hemoglobin levels. 

These facts clearly indicate the seriousness of the 

late, delayed in time effects from the application of the 

recombinant drugs, documented not earlier than 10-

15 years after their routine administration in the thera-

peutic practice, and achieved only after a systematic 

pharmaco-epidemiological studies and meta-analyses. 

It is therefore, difficult and sometimes impossible, to 

make the scientific assessment of cost-benefit and risk-

benefit in the first years after the marketing of these 

high-tech medicines13.

The types of cytokines of commercial interest 

are the recombinant products like interferons, in-

terleukins, colony stimulating factor and tumor necro-

sis factor. However, their therapeutic niche is in many 

cases disputable and given their high cost, requires 

a very strict assessment of their involvement in treat-

ment plans. Interferon alpha, manufactured in 1986, 

Advanced Therapy and Recombinant Products
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is the first recombinant protein to enter a clinical trial. 

Originally produced as a “universal drug”, its applica-

tion indications are gradually restricted because of ad-

verse reactions.

The patents of many of these biotechnology medici-

nal products have already expired or pending expira-

tion within several years, and this has already led to 

the emergence of biosimilars (generic biologics) me-

dicinal products on the market, which differ from the 

traditional generic drugs. The specificity of their pro-

duction pattern cannot substantially reduce the cost, 

as expected in classical generics. The same is valid also 

for their authorization period, since many clinical trials 

are required due to the inapplicability of the concept 

of bioequivalence. 

Recombinant vaccines 

Recombinant vaccines are important recombinant 

protein products, which are normally produced by 

incorporation of genes from pathogenic organisms 

in other cells. The resulting protein induces immune 

responses and triggers immunologic memory. There 

are three basic approaches for delivering recombinant 

protein to the patient: to produce pure protein and 

allow the patient to inject, inhale or ingest the pro-

tein; to utilise the vaccinia virus where the gene for 

the vaccine is cloned into the vaccinal genome, and af-

terwards is administered to the patient, who expresses 

the protein that triggers immune response; and DNA 

vaccine14. 

Recombinant vaccines include subunit vaccines 

and subunit conjugates and adjuvants, such as DPT 

(diphtheria, pertussis, tetanus). They contain purified 

antigens rather than the whole organism and an ad-

juvant, assisting release and greater immune stimu-

lation. Conjugates enhance immunogenicity, such as 

HiB conjugate to diphtheria toxin. These are semi-syn-

thetic vaccines, produced by a polysaccharide antigen 

of the microorganism, attached to a medium protein 

molecule. This carrier protein is recognized by the T-

cells and thus enhances the immune response. 

New and more effective vaccines are about to be 

introduced to the pharmaceutical market. Most will 

be synthesized using molecular technology, others will 

be created through the use of genome banks and 

proteomic technologies. New niches for the applica-

tion of vaccines are linked to their role in the removal 

of defective proteins in human cells. For example, in 

Alzheimer’s disease, a strategy is being developed aim-

ing at reducing the quantity of such protein - amy-

loid beta peptide - chosen as the target antigen. This 

strategy is based on the assumption that the aggre-

gation of amyloid beta in certain brain structures is 

the triggering mechanism for Alzheimer’s disease and 

subsequent formation of lesions in the brain. Current-

ly, there are 15 clinical trials with developed vaccines 

against amyloid beta in a different phase for creating 

a safe and effective vaccine as a therapeutic approach 

to Alzheimer’s disease. 

Atherosclerosis can be treated by generating an-

tibodies to cholesteryl ester transfer protein (CETP), 

which may increase the ratio of high density protein 

to low density protein.

A research is carried out for the development of vac-

cines against addictions - nicotine or opioid.

Currently, in various stages of clinical trials are 35 

candidates for recombinant vaccines against malaria, 

as well as the HIV virus16,17. 
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