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MOLECULAR MEDICINE: A PARADIGM SHIFT 
IN CLINICAL SCENARIO

EDITORIAL

Spectacular advances have been made in molecular medicine during the last few decades including the 
mapping of human genome project which has revolutionized the understanding of basic molecular 
mechanisms involved in the etio-pathogenesis of most of the diseases. The completion of Human Genome 
Project disclosed about 90% of the human genome. This draft of human genome sequences has identified 
at least 38,000 genes and opened the door for genomic medicine and molecular studies. However, more 
investigation about the potential function and interaction of these genes was required to improve the 
clinical information in medicine1.

In 1949, Linus Pauling laid the foundation of Molecular Medicine in his paper on Sickle cell anemia, by 
showing the difference in hemoglobin’s electrophoretic mobility and between the normal and sickle cell 
anemia’s patient with the conclusion that the defaulted protein structure is the driving force for the disease2. 
Moreover, he also linked the hemoglobin structure with the mode of inheritance.  This idea shifted the 
pathologic basis of disease from cellular to molecular level, and paved the way to explore and relate the 
molecular genetic mechanisms as the basic pathology, opening a new area of investigation with a thought 
of molecular medicine.

Molecular medicine is a collective application of molecular genetics and molecular biology which provides 
brief knowledge about the normal cellular processes and disease pathogenesis at the molecular level by 
utilization of modern molecular biology techniques. It emphasizes more on cellular and molecular 
phenomena and interventions rather than the previous conceptual and observational focus on patients 
and their organs. It is a comprehensive field which utilizes biological, physical, chemical, bioinformatics and 
medical techniques and aims to provide an insight to researchers in regard to the development of 
molecular biology tools and identification of molecular targets for the diagnosis, prognosis and treatment of 
a diverse number of human diseases.

Modern technologies such as DNA sequencing, microarray and proteomics enabled us to study thousands 
of genes and proteins simultaneously which is helping us to generate fresh hypotheses about the importance 
of genes and proteins in the patho-physiological conditions. Genome based research has empowered the 
development of extremely effective diagnostic tools to understand the people’s health requirements based 
on their genetic makeup that will lead to a very powerful form of preventive medicine. Tremendous 
advances have been made in terms of identification of potential sites of disease intervention as targeted 
therapy and personalized medicine approach that would affect the future practice in medicine. Recent 
encroachments in genomics and modern technology have given a major insight into the etiopathogenetic 
mechanisms of disease and scientists are now closely investigating to bring new treatment options by using 
small molecule inhibitors, inhibitory RNA, target specific monoclonal antibodies and anti-sense 
oligonucleotide probes, in this era of precision medicine3.

Cancer is a major focus of the precision medicine to find the most accurate and effective management to 
each patient based on their genetic makeup and thus avoids the idea of “one-size-fits-all” in terms of 
cancer treatment. Several evidence support the idea of precision medicine that have already substantially 
improved the lives as compared to conventional chemotherapies4.

In this modern biological era, OMICS approach is considered as an important tool in the discovery of new 
biomarkers and molecular signatures with potential value in clinical practice. It provides better 
understanding at genomics (genome), transcriptomics (transcriptome), proteomics (proteome), and 
metabolomics (metabolome) levels of a biological system5. Fortunately, the recent advances in technology 
have hastened the biomarker discovery from the complex realm of molecular pathology by using 
metabolomics approach and it is now considered as one of the emerging branches in the diagnosis6.

Translational medicine enabled the opportunity to apply these cutting edge research discoveries, obtained 
from the basic research to clinical applications that evolve the classic “bench-to-beside” approach for the 
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prevention, diagnosis and treatment of diseases4. There is a dire need to link the gaps in translation of 
molecular biology’s novel concepts into robust applications in the clinical practice. Investigation of the 
effect of genotype on disease countenance and evaluation of the effect of genotype on therapeutics are 
likely to be primary and important goal. Responding such questions requires strong clinician scientist 
collaboration to identify improved diagnostic and therapeutic approaches. 

The field of molecular medicine is often stated as "tomorrow's medicine" as it is changing numerous aspects 
of therapy with medical sciences including the precision and probability of diagnostic procedures for 
personalized targeted therapeutic approach ultimately resulting in a higher degree of translation of new 
mechanistic insights into effective means of diagnosis and treatment3. However, if we fail to accept the 
advantages of molecular medicine, there will be no progress in spite of the availability of modern molecular 
technologies. Therefore, one of the most important challenges is awareness and acceptance of the 
physicians about the importance of molecular medicine in the practice and therapeutic development.

It must begin with the simplest step to incorporate clinical aspects of molecular medicine in the curriculum 
of undergraduate and postgraduate courses. The emphasis should be on bedside oriented molecular 
pathology with diagnostic implications and clinical relevance. A real paradigm shift would take place after 
integration of molecular and genetic studies in Masters and PhD program of clinical faculty, promoting 
working relationship between physicians and scientists. A number of medical institutes are already offering 
“molecular medicine” programs worldwide. We have entered a new age of discovery where the 
understanding of genome will revolutionize our concept of health and disease to improve the human health 
condition in remarkable ways. The molecular era is here to begin and change is predicted in the future, in 
terms of molecular medicine for the diagnosis, prognosis and treatment of diseases.
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INTRODUCTION

Human telomeres, long non-coding tandem repeat 
sequences (TTAGGG), comprise less than 1% of the 
total genome measuring almost 150 million base 
pairs1.Being markers of biological aging, they are 
viewed as a ‘mitotic clock’, which shortens during 
every cell division in somatic cells (not in stem cell, 
germ cell and cancerous cells) due to the failure of 
DNA polymerase to complete synthesis of lagging 
strand, this is termed as “end replication problem". 
Prenatal stress, considered as one of the exposome 
and modified environmental factors, cause 
telomeres reduction and play a significant role in 
determining the quality of life2.Among other factors 
are energy intake, obesity, sleep quality, emotional 
health, intrauterine tobacco exposure, and 

sedentary lifestyle all of which can also influence 
pregnancy and subsequently the fetus.
 
Intrauterine period, the time of fetal cell 
proliferation, maturation, differentiation responds 
drastically to external or internal environmental 
insults. Maternal Epigenetics under the pressures of 
environmental exposure, qualification and health 
status can influence the phenotype of the growing 
child by genetic programming of fetus. Placental 
functionality can prompt fetal gene expression 
modifications due to endocrine disorders, toxins, 
infectious agents, maternal nourishment status. 
Hence, decreased telomere length will increase risk 
of cardiovascular, hypertension, COPD, type 2 
Diabetes, hyperglycemia and metabolic 
diseases3especially during the first two years of child 

life which are critical period for developing brain 
and immune system. This can increase the possibility 
of associated cancers and mortality in their later life. 
Shorter telomeres are also observed in the 
daughters of depressive mothers because of 
greater cortisol response to stress4.

Significant association between blood group 
antigens and risk of various diseases such as 
ischemic stroke, myocardial infarction, vascular 
disorders, arterial thromboembolism, coronary heart 
disease and sickle cell anemia due to blood groups 
has been reported5. Spontaneous abortion is also 
one of the most common risk factors for new born 
due to their blood antigens. Hemolytic diseases in 
newborn are due to the molecular disturbances in 
the Rh (Rhesus) (RHD and RHCE) genes. Rh proteins 
(D, CcEe) formed from these genes are expressed in 
RBC and are involved in the formation and stability 
of erythrocyte membrane. Assessment of RhD-neg-
ative individuals through PCR during pregnancy 
revealed deletion of RhD gene6.

The relationship of blood groups with pregnancy 
outcome, illustrates the involvement of telomeres 
and this investigation could add blood groups 
genetics to the data of risk factors. This study was 
designed to compare RTL of maternal and new 
born infants and its association with blood groups of 
mothers and evaluate other parameters related to 
maternal and new born that would influence the 
cord blood RTL.

METHODS

Pregnant females and their newborns (n= 250) were 
included in the study from Ziauddin Medical Hospi-
tal, Karachi from May to October, 2018. It was a 
cross sectional study and samples were collected 
through consecutive sampling technique after 
approval from Ethics Review Committee (ERC) of 
Ziauddin University and Hospital. Females with age 
18-35 years and gestational age 37 weeks or above 
were included in the study. Questionnaire was filled 
after taking the informed consent from patients or 
their attendants’. Detailed information of maternal 
characteristics, birth weight, gestational age, infant 
sex and mode of delivery was obtained from hospi-
tal record registers. Females with any known malig-
nancies or known diabetes mellitus were not includ-
ed in the study.
Firstly, the 5 reference DNA(adults) were used to 
draw a standard curve with concentrations ranging 
from 0.1 to 12 ng/μl. Venous blood (3-5 ml) samples 
from pregnant females were collected in ethylene-
diaminetetraacetic acid (EDTA) tubes before deliv-
ery. Umbilical cord blood (3-5 ml) samples were 
collected immediately postpartum into EDTA tubes 
from the cord when it was still in contact with mater-
nal placenta. Samples were then transported to 
laboratory and stored at -20°C.DNA extraction was 
done by EZ-10 spin column genomic DNA kit(BioBa-

sic Canada Inc.). The concentration of each DNA 
sample was confirmed by using Qubit dsDNA HS 
Assay kit at 260 nm and 280 nm (Qubit 2.0 Invitrogen 
life technologies USA) on Qubit spectrophotometer. 
Gradient SimpliAmp conventional thermal cycler 
(Applied Biosystem) was used to optimize tempera-
ture before the assay was moved onto quantitative 
analysis by real time PCR. Primer sequences for 
telomere and single-copy gene (β globin) amplifi-
cation were: 
Tel F, 5’GGTTTTTGAGGGTGAGGGTGAGGGTGAG-
G G T G A G G G T 3 ’ ; T e l R , 5 ’ T C C C G A - C T A T C -
CCTATCCCTATCCCTATCCCTATCCCTA3’;HBG F, 
5’GCTTCTGACACAAC-TGTGTTCACTAGC 3’;HBG 
R,5’CACCAACTTCATCCACGTTCACC 3’7. All PCR 
products were analyzed on 2% agarose gel electro-
phoresis. Real time PCR or Quantitative PCR (qPCR) 
was done by using Platinum SYBR Green qPCR 
SuperMix-UDG, (Invitrogen). In all runs, the reference 
DNA was loaded to control the inter-plate variation. 
All samples were assayed in duplicate wells and 
average values of two measurements were used for 
the statistical analyses.Each reaction well 
contained 30 µl reaction mixture:15µl of master mix, 
2.5 µl of 10uM forward primers, 2.5 µl 10uM reverse 
primers, 1 µl ROX dye 10 µl DNA (10 ng) template 
was used. This method was an extension of basic 
PCR including relative quantification of target DNA 
by using (cycle threshold) ct(Step One 
software(v2.3)) values. Temperatures for telomere 
PCR: first holding stage for 50 °C for 2 min and 95 °C 
for 2 min, then 40 cycles were set at denaturation 
95°C for 15 sec, annealing at 68°C for 40 sec and 
extension 75°C for 3 min and second holding for 72 
°C for 40 sec. For β globin reference gene PCR:  first 
holding stage for 50 °C for 2 min and 95 °C for 2 min, 
then 40 cycles were set at denaturation 95°C for 15 
sec, annealing at 56°C for 40 sec and extension 
75°C for 3 min and second holding for 72 °C for 40 
sec. To measure relative telomere length of mater-
nal and cord blood samples T/S ratio was calculat-
ed.
T/S= ct telomere/ ct single copy gene (reference 
gene)
To convert T/S ratio to base pairs (bp) by using 
another formula8
(3,274 + 2,413 * (T/S))
Statistical analysis: SPSS version 20 was used for 
data analysis. Quantitative variables considered in 
study were presented by Mean± SD and qualitative 
variables were presented by frequency and 
percentages. Spearmen Correlation was used to 
check the correlation of maternal and cord blood 
RTL at 95% confidence level. Kruskal Wallis test was 
used to examine the comparison of cord blood RTL 
with maternal demographics. Mann Whitney U test 
was also used to check the comparison between 
two groups.

RESULTS

Demographic characteristics of 250 mother-new-
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born pairs are reported in Table 1. Maternal mean 
age (Mean±S.D.)was27.17± 5.11and paternal mean 
age was 34.03 ± 4.90. Females (n=73, 29 %) had 
single gravida whereas (n= 61, 24%) had 2 gravida 
and (n= 60, 14%) females reported more than 6 

gravida. Negative correlation (-0.123) was seen 
between gravida and cord blood RTL having 
insignificant p-value (0.059).Decrease in RTL of 
newborns was found with increase in gravida (Table 
2). 
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