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EditorialEditorialEditorialEditorialEditorial

Recently an interesting article  has been published in the March issue of Ecology Letters (Ecology Letters202200:1-

16) with grave impact of reverse zoonosis (by Frage et al on assessing the risk of human-to-wildlife pathogen transmission

for conservation and public health). It has been pointed out that the break out of the severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) pandemic has led to increased focus on serious concern over transmission of pathogens

from humans to animals, and its potential risk involved which may  threaten conservation and public health as a whole.

After gathering sufficient quantum of evidences for assessing this threat, we reviewed published evidence of human-to-

wildlife transmission events, with a focus on how such events could threaten animal and human health.  In that endeavour,

97 mostly non-human hosts involving a wide range of pathogens, have been identified with verified examples, involving

a wide range of non-human primates or large, long-lived captive animal with  few documented examples resulted in

morbidity and mortality, and very few led to maintenance of a human pathogen in a new reservoir or subsequent “secondary

spillover” back into humans. It also been pronounced the limitations in the literature surrounding these phenomena,

including strong evidence of sampling bias towards non-human primates and human-proximate mammals and the possibility

of systematic bias against reporting human parasites in wildlife, both of which limit our ability to assess the risk of human-

to-wildlife pathogen transmission. Multi-host pathogens are becoming a dominant feature of the zooanthroponosis driven

by deforestation, land use conversion, and climate change, pathogens are increasingly being transmitted from animals

into human populations,presenting a significant threat to public health. Recently, concerns have been raised about

transmission of pathogens from humans into wild animals.

For a variety of reasons this process, known as “(zoo)anthroponosis,” “reverse zoonosis,” or more colloquially

as “spillback,” could pose a difficult problem for wildlife conservation and public health efforts in the near future. Concerns

about human-to-wildlife pathogentransmission have grown throughout the ongoing COVID-19 pandemic. SARS-CoV-

2 has been transmitted from humans to a variety of animals including household cats and dogs, big cats, gorillas, and

perhaps most notably has established epizootic transmission in mink farms on multiple continents.

Only recently, SARS-CoV-2 was transmitted back into wild mink populations in Spain and white-tailed deer in

North America.Further, because SARS-CoV-2 is most closely related to sarbecoviruses infecting rhinolophus bats,

some fear that the virus might become established in bat populations outside Asia and form a novel reservoir, complicating

efforts to prevent future resurgence in humans.

       Human activities has increased the potential risks from zoonotic diseases which needs urgent all round intervention.

Human and animal relationships are likely to continue to intensify worldwide over the coming  several decades due to

partial   increasing  animal husbandry practices, the growth of the companion animal market, climate change and ecosystem

disruption, anthropogenic development of habitats, and global travel and business interests. As the human-animal connection

or cohabitation escalates, there are possibilities of increased chances as well as the threat for pathogen spread. Interestingly,

a number of factors influence the risk of disease transmission from humans to animals. For instance, human population

growth, urbanisation and encroachment to forests  by the  name of  development  activities encourage different species

to interact in ways and at rates previously not encountered, and to do so in novel geographical areas.
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The COVID-19 has been the most widespread zoonotic pandemic to affect  the human civilisation severely  in

early part of  this century, reflecting the problem of erratic activities of  human with indiscriminate  activities against   the

mother nature, increasing the risks of pathogen spill over, such as hunting, butchering,  unethical  encroachment  of the

forest land in the name of farming, deforestation, reforestation,irrigation, mining  and  both intra- and intercountry  travelling

causing  ecological feedbacks at local scales (eg, bidirectional transmission of COVID-19 between animals and

humans,which could augment the COVID-19 risk in both animals and humans). Understanding of these feedbacks is

crucial to mitigating zoonotic disease risks, which requires interdisciplinary  and transdisciplinary collaborative research

on pandemic risks among multiple fields, including epidemiology, virology, public health, geography, and ecology.

Reverse zoonosis of COVID-19 infection of animals with SARS-CoV-2 from humans has pointed out the

importance of understanding of ‘reverse zoonosis’ (zooanthroponosis).  Out of  four, three possible routes of transmission

for zoonotic diseases (ie, animal-human, animal-animal, human-human),which have been well studied and confirmed.

Human-animal transmission lacks sufficient research due to the unusual and rare occurrence  of reverse zoonosis prior to

COVID-19 .  Due to one such instance, when reverse zoonosis occurs it may cause the further evolution of viruses and

affect the effectiveness of potential COVID-19 vaccines. Due to  the growing populations of livestock and other

domesticated animals,increasing proximity between animals and humans in multiple settings (eg, wet markets, home, and

animal production facilities), and the relatively fewer established resources ie, diagnostic facilities assigned for animal

testing during human outbreaks with zoonotic potential (particularly asymptomatic infections), new animals diseases may

spread  going  to be undetected. Both the proactive preventive survey and encompassing  early diagnosis of such reverse

zoonosis enables the creation of effective management strategies. Therefore, reverse zoonosis requires more rigorous

and widespread macro-ecological and microbial studies and attention.

Currently researches focussed on zoonotic diseases often highlighting on diseases of animals have been transmitted

to humans.However, an increasing number of reports indicate that humans are also transmitting pathogens to animals,

such as methicillin-resistant Staphylococcus aureus (MRSA), influenza A virus, Cryptosporidium parvum, and Ascarisl

umbricoides, etc.  Here attempts have been undertaken   to provide an overview of available information regarding

reverse zoonosis and highlight the need for future multidisciplinary strategies to be worked out in this area.

With today’s rapid improved system of transportation  as well as development of speedy travelling from place to

place  globally especially air travelling systems covering intra- and intercountry, became apriority addressable issues of

modern public health systems which are growing with increased complexity. A pathogen that emerges today in one

country can easily be transported unnoticed in people, animals, plants, or food products to distant parts of the world in

less than 24 hours . This high level of mobility makes tracking and designing interventions against emerging pathogens

exceedingly difficult, requiring close international and interdisciplinary collaborations. Fundamental to these efforts is an

understanding of the ecology of emerging diseases. Published works often cite the large proportion of human emerging

pathogens that originate in animals.However, scientific reports seldom mention human contributions to the variety of

emerging diseases that impact animals.

Bacterial pathogens are reported mostly from centring North America and Europe. Viral studies were well-

distributed globally. Parasitic disease reports were conducted chiefly in Africa. Fungal studies were conducted almost

exclusively in India. It has been calculated animals with reported infection or inoculation with human diseases included

wildlife (50%), livestock (43%), companion animals (23%), and other animals or animals not explicitly mentioned (4%).
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The majority of companion and livestock animals were studied in North America and Europe,while wildlife studies were

most prevalent in Africa. Typically, diagnostic specimens were collected at veterinary hospitals (27%), national parks

(14%) and livestock farms (14%). Direct contact was suggested as transmission route in about 71%. Other routes of

transmission, included fomite, oral contact and aerosols and inoculation as early as 1988, zoonosis research focusing on

fungal pathogens was being conducted. Initial studies implied human transmission of microsporum and trichophyton to

various animal species, later on article cantred on Candida albicans. These publications were set in India and the United

States. Since 1988, research with implications of reverse zoonosis has been largely focused on infections of bacterial

origin beginning in 1995 the majority of the studies in this scenario focused on  MRSA and Mycobacterium tuberculosis.

Reports regarding these bacteria were primarily conducted in the United States among livestock or companion animals.

Viruses were the second most common pathogen associated with human-to-animal transmission. Reverse zoonosis

reports regarding viral pathogens began in 1998 and have since been focused primarily on influenza with great interest

surrounding the 2009 H1N1 pandemic. These studies were conducted largely in the United States in livestock and

wildlife. Studies suggestive of transmission of human parasites to animals were first published in 2000. The most commonly

reported parasitic agents to be transmitted from humans to animals were Giardia duodenalis and Cryptosporidium

parvum. Parasitic research has been carried out most frequently in Uganda and Canada.  Moreover other investigators

have reported, human parasitic infections chiefly in wildlife and livestock. Human-to-animal transmission is plausible for

a large number of diseases because the pathogens concerned are known to infect multiple species. For instance, 77.3%

of the pathogens infecting livestock are considered “multiple species pathogens”. So underscoring of reverse zoonosis

being a potential impending threat to livestock, which needs for further research in this area.

Similarly, situation of reverse zoonosis on companion animals   has been culminated or  implied as a possible

cause of infection, despite the fact that 90% of known pathogens for domestic carnivores are recognised as “multiple

species pathogens”. The majority of publications in reverse zoonosis, involved studies documenting human-to-wildlife

transmission. Unfortunately, they too were severely lacking as per research demands.

A newly coined term “pathogen pollution” refers to the process of bringing a foreign disease into a new locality

due to human involvement and carelessness by the human society. For examples the endangered African painted dog,

wild dogs (Dhole) have been infected with human strains of Giardia duodenalis, had established that “pathogen pollution”

occurred through open defaecation in and around national parks by tourists and local residents. Anthropogenic changes

in the ecosystem increase the amount of shared habitats between humans and animals thus exposing both to new pathogens.

Emergence of human pandemic025:H4-ST131 CTX-M-15,due to extended spectrum-beta-lactamase producing

Escherichia coli in many different companion species of animals indicating interspecies transmission from humans to

pets and livestock particularly in Europe as well as additionally, change of habitat, growth, and/or destruction, there are

the ever-increasing global movement of products and travellers that extends to both humans and animals. During the

pandemic of 2009 H1N1 influenza, the novel virus was able to travel across the globe and from humans to swine in less

than two months which due to the transport of animals and animal products, by the worldwide shipment of meat.

While food and animal safety guidelines attempt to keep up with the speed of global trade, international efforts

appear to be ignored due to increased product demand. It has been recorded as well as documented that five tons of

illegal bushmeat pass through Paris’ main Roissy-Charles deGaulle airport each week in personal luggage. Again,

transmission of retail market systems of animals and animal products can also contribute to the danger of propagation of

8  MEDICAL GLORY, VOL 6, ISSUE NO1, JANUARY-MARCH, 2022



zoonosis and reverse zoonosis. Many animals are sold in markets which allow humans and a myriad of animal species to

interact in conditions that are known to trigger emergence of diseases. Specifically, this is true for live animal markets and

warehouses for exotic pets.The pet industry is an enormous global business that now expands from domestic to exotic

animals. A 2011-2012 national pet owners survey found that in the United States alone, 72.9 million homes or 62% of

the population have a pet. Of these pets, the majority of animals are dogs (78.2 million) or cats (86.4 million), but a large

number of pets are birds (16.2 million), reptiles (13 million), or small animals (16 million). As pet ownership seems to be

increasing worldwide and more exotic pets are being introduced to private homes, the potential for disease transmission

between humans and animals will continue to increase. Veterinarians must more fervently protect animals under their care

from human disease threats. Adopting a One Health strategy for emerging disease surveillance and reporting will benefit

both humans and animals and produce a more collaborative response plan.

Veterinarians, animal health workers, and public health professionals are not the only ones who should recognise

the threat of reverse zoonosis. Increased awareness must also be communicated to the general public. Worldwide, there

are 1,300 zoos and aquaria that sustain more than 700 million visitors each year. The potential for pathogen spread to

animals can come from a visitor with an illness, contamination of a shared environment or food, and the spread of disease

through relocation of animals for captivity or educational purposes. In Tanzania, a fatal outbreak of human meta-pneumovirus

in wild chimpanzees is believed to be the result of researchers and visitors viewing the animals in a national park that was

once the great apes’ territory. Public education and awareness should be augmented to include the potential health

threats inflicted on a susceptible animal by an unhealthy human. This report has limitations. As demonstrated in this

review paper, the trend for reporting pathogen spread of human-to-animal is increasing. However the route of human

transmission to animal disease manifestation is often unknown in these reports and not well documented in this review.

Also the report did not examine articles that did not document human-to-animal transmission.We acknowledge that

many additional works that have recorded the existence of human pathogens in animals were not evaluated. However,

this review was designed to summarise only the publications that document reverse zoonotic transmission. Many common

and dangerous pathogens have not, to the authors’ knowledge, been researched as reverse zoonosis threats to animals

representing a significant gap in the scientific literature.Future investigations of reverse zoonosis should take into account

both transmission routes and disease prevalence. Prospective research should also include a wider variety of aetiological

agents and animal species. Scientific literature must document the presence and transmission of human diseases in

animals such that the wealth of literature on this subject will become defined and accessible across multiple disciplines. A

wider knowledge and understanding of reverse zoonosis should be sought for a successful One Health response. We

recommend that future research be conducted on how human disease can, and does, affect the animals around us.

 In conclusion, some conceivable evidences has been gathered, indicating reverse zoonosis may cause reduction

and even partial or total extinction of the wild animal populations susceptible to viruses, which could destroy local

biodiversity and ecological balance. The risk factors for and transmission routes of reverse zoonosis vary by animal type

(eg, pet, livestock, wildlife), which may not be fully identified and prevented by traditional methods. It is vital as well as

demanding to take advantage of upmost advance and effective methods to improve the control, management, and

prevention of reverse zoonosis. These technologies developed enable the chronology of infection to be determined,

which, together with serosurveillance, may help to reveal the direction of transmission between human and animal. Also,

global positioning system and wearable sensors embedded in collars for farm livestock can monitor their daily activities
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and enable disease detection and monitoring of their health status. Prevention of reverse zoonosis also requires understanding

of pathogen feedback loops at the wildlife-livestock/pet-human interface. This will require greater capacities and

commitments for pathogen discovery, mutation rate detection, and surveillance, in order to improve the prediction of

pandemic potential, leading to management actions that interrupt possible pathways of spill over and transmission,

understanding these key evolutionary processes and ecological interactions calls for integrated virus-animal-human-

environment surveillance systems. Spatial life course epidemiology also provides a uniform analytical framework to link

ecological surveillance to the national disease reporting system. In the real world, the governance of all the key components

(ie, host, agent vector, environment) can be substantially strengthened by the participation of the United Nations Environment

Program in the tripartite collaboration among theWHO, the World Organisation for Animal Health, and the Food and

Agriculture Organisation of the United Nations, which would help countries implement the One Health approach.

There are several implications when considering and studying reverse zoonoses.At the individual level, awareness

of reverse zoonoses should be raised for better self-protection, as it has extended our definition of population groups

vulnerable to COVID-19, from those with closer and/or more frequent contact with people/ patients (eg, healthcare

workers, safety guards, delivery service people) to those with closer and/or more frequent contact with animals (eg, pet

owners, farmers, zoo keepers), although the risk of pet-human transmission is currently considered to be low. More

regulations should be prepared to raise awareness of COVID-19 risks among these vulnerable populations. At regional

and national levels, due to limited resources for SARS-CoV-2 detection and containment measures for animals,especially

for home pets, there could be a high likelihood of transmission, a lower recovery rate, and hence a large number of

infections among animals, which would pose a severe threat to humans. Therefore, resources for SARS-CoV-2 detection

should be reserved for testing animals that may be most at risk (eg, pets of confirmed COVID-19 patients) and regulations

should be made to manage infected and at-risk animals, especially at the farm. Attention should also be paid to animals

on duty during the COVID-19, such as dogs that are used at airports in some countries to detect passengers infected

with COVID-19. In addition, human-animal transmission would expand the total population in COVID-19 forecasting

models to both humans and animals, the increased risk of which, together with animal-animal and animal-human transmission,

should be considered in future COVID-19 forecasting models.

Basudev Bhattacharya

Executive Editor,

Medical Glory,

Kolkata 700106
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Alteration of Pro-inflammatory Endometrial Cytokines by Latent Geni-

tal Tuberculosis Indicating Localised Tuberculous Bacillary Infec-

tion

Introduction:

Implantation is a key factor achieving pregnancy.

Endometrium, the site of implantation is modulated

Abira Datta1, Subhankar Chowdhury2, Siddhartha Chatterjee3, Amit Bhattacharya4, Arabinda Das5

Abstract:

From last few decades latent genital tuberculosis has been a growing concern in developing countries like

India and gaining more attention from healthcare providers especially in the context of in-vitro fertilisation. It may

cause irreversible infertility and sometime affecting the entire reproductive system. In this report, we would discuss

the nature of endometrial cytokines (both pro and anti) in case of latent genital tuberculosis, comparing with non-

latent genital tuberculosis and serum cytokines of the affected latent genital tuberculosis subjects.

It has been observed that in most of the cases the growths of tuberculous bacilli in endometrium are

arrested by natural defence of human body immune system mainly by T lymphocyte and macrophages. TH1

dependent cytokines activate macrophages resulting in protective immunity against local infection. But the presences

of bacilli alter endometrial receptivity through pro-inflammatory cytokines by overburden mechanism, cause

implantation failure. All pro-inflammatory cytokines have crossed margin value with statistically significant differences

from subjects’serum cytokines level and non-latent genital tuberculosis cytokine level has been observed by

studying 7 pro-inflammatory and 3 anti-inflammatory cytokines.

In conclusion, the study confirms elevated level of endometrial pro-inflammatory cytokines in latent genital

tuberculosis subjects indicating localised tuberculous infection. Latent genital tuberculosis invasion to the uterus in

the form of infestation has been strongly recognised from this study.

1MSc, PhD (Biochem), Senior Scientific Officer, Central Research Laboratory, PGIMSR and ESI Hospital, Kolkata
700054, and Molecular Biologist, Reproductive Medicine Unit, Calcutta Fertility Mission, Kolkata 700019

2MD, DM (Endocrinol), MRCP, Professor and Head of the Department of Endocrinology & Metabolism, IPGMER &
SSKM Hospital, Kolkata 700020

3DNB, FRCOG, Director and Infertility Specialist, Reproductive Medicine Unit, Calcutta Fertility Mission, Kolkata
700019

4MBBS, DTCD, Programme Head and Clinician, PGIMSR and ESI Hospital, Kolkata 700054
5MSc, PhD (Stat), Statistician, Department of Statistics, Acharya Prafulla Chandra College, New Barrackpore 700131
Corresponding author: Dr Siddhartha Chatterjee, Calcutta Fertility Mission, 21, Bondel Road, Kolkata 700019, Tel:

(+91) 9830387875, E-mail:sidchat54@gmail.com

Key words: Latent genital tuberculosis, endometrium, DNA-PCR, aspiration, cytokine, TH-1sub type, TH-2 subtype.

immunologically under endocrine control. Secretion of local

mediators like cytokines, chemokines and growth factors
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play a major role in regulating endometrial respectability,

and in the subsequent embryo-endometrium molecular cross

talk1. Embryo can communicate with endometrium using

same cytokine receptor language2. Latent genital

tuberculosis (LGTB) can alter such cytokine reaction in

endometrium producing inflammatory response. Recent

studies, on pulmonary tuberculosis conclude that plasma

pro-inflammatory cytokines are marker of disease  severity

and bacterial burden3. It is known that the interaction

between tuberculosis bacilli and the host defence system,

evokes innate and adaptive immune responses that drive

the transition from latent to active disease are not completely

understood4. In mice model, IFN-γ, TNF-α, IL-17, and

other pro-inflammatory cytokines IL-12, IL-1α, IL-1β are

known to be more susceptible to pulmonary tuberculosis

infection4 but this mechanism is not well defined in human.

Mutated IL-12 and IFN-γ have causative link in humans

which leads to the increased susceptibility to mycobacterial

infection in humans5. Delayed resolution of inflammation,

delayed tissue repair, and excessive tissue damage were

induced by Mycobacterium tuberculosis6,7 and as a result

persistently elevated levels of these cytokines could mediate

or prolong the underlying immune pathology in

tuberculosis7,8.

                     It has been found that LGTB which is actually

genital tract infection with tuberculous bacilli causes

reproductive failure as in reference of Bagchi et al9.

Whether this is due to affection of reproductive system by

generalised body environment due to tuberculosis or any

local changes of genital tract by LGTB, then it will be a

question to be resolved.

With this background, we analysed localised

endometrium secretion in the cases of LGTB, diagnosed

by deoxyribonuclic acid-polymerase chain reaction (DNA-

PCR) and cytokines analysed of endometrium secretion

revealed the nature of endometrial involvement in case of

LGTB.

nature and profiling in endometrial secretion due to latent

tuberculosis in genital tract. Implantation of embryo in

endometrium requires a non-disruptive environment within

uterus during the window of implantation. Our finding was

LGTB in endometrium alters the local cytokines milieu and

profile as well as offers a non-suitable rather hostile

environment for implantation. The primary aim of this

prospective study was to explore the prevalence of local

cytokine compared with blood cytokine level in case of

LGTB.

Materials and Methods:

Selection criteria: Only healthy women with

history of unexplained infertility belonging into reproductive

age group (20-40years), normal menstrual cycle, normal

hormonal profile, healthy body mass index, normal ovulation

cycle and tubal patency were considered in this study. No

additional exclusion criteria were applied.

Ethical approval was obtained from the Ethical

committee of Reproductive Medicine unit of Calcutta

Fertility Mission, Kolkata, India. Informed consent was

obtained from all participants between December, 2016 and

December, 2018. A total of 160 infertile subjects

participated in the study and had undergone DNA-PCR

for LGTB detection from menstrual blood and endometrium

tissue samples for two consecutive cycles to avoid false

positive result. They were divided into three

categories.Menstrual blood collection and endometrial

aspirates procedure is well tolerated and easy to perform.

Category A – LGTB group (PCR +ve): Eighty

subjects, who were having apparently unexplained infertile

and presence of suspected LGTB were confirmed by DNA

-PCR. Endometrial aspirate of these subjects was analysed

for cytokines assay.

Category B –  Non -LGTB group (PCR -ve): Eighty

subjects, who were having apparently unexplained infertile

and absence of LGTB were confirmed by DNA- PCR.

This study investigates a novel approach of cytokine Endometrial aspirate of these subjects was analysed for
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cytokine assay.

Category C – Serum of LGTB group of PCR +ve:

Eighty DNA -PCR +ve subjects who were under category

A of LGTB group, their serum cytokines were analysed.

Collection of DNA and extraction procedure:

Participants were also advised to attend the institute in the

2nd day of their menstrual cycle due to heavy flowand

collected blood samples were transferred to the lysis buffer

as described previously in detail10. Then DNA was

extracted from menstrual blood samples and endometrial

samples using Qiagen DNA mini kit (Qiagen, Hilden,

Germany). Eluted DNA samples were preserved in – 200C

for PCR.

Multiplex polymerase chain reaction

procedure: PCR was carried out using extracted DNA

sample. We used three different pairs of primer for

simultaneously amplifications of three target regions of the

mycobacterium genome in a single reaction tube. Master

Mix preparation procedure, three set of primer and

condition of PCR has been described in details11.

Endometrial aspirate collection procedure: On

22nd to 24th day of menstrual cycle subjects were asked

to attend the clinic. Subjects lying in lithotomic position under

aseptic precaution, an autoclaved speculum was placed in

the vagina for visualising the external os of the cervix

followed by cleaning of the cervix by sterile cotton. A 2 ml

syringe was connected with embryo transfer cannula, was

allowed to pass through the cervical os without touching

the vulva or vagina. Suction was gradually applied by

syringe. During the time of removal of syringe, to avoid the

contamination with cervical mucus, the outer sheath of

cannula was kept in the cervix and inner catheter was then

withdrawn through the outer sheath. Aspiration was

transferred to sterile cryovial and placed as soon as possible

into the – 800C.

Cytokines study:  Endometrial secretions were

analysed using commercially available solid phase sandwich

enzyme linked immune sorbent assay (ELISA) for detecting

10 soluble mediators from Diaclone, SAS, France.  In this

study 7 pro-inflammatory cytokines and 3 anti-inflammatory

cytokines were used which are directly involved in embryo

implantation or rejection process. All cytokines were eligible

for inclusion in the panel where monoclonal antibody was

available.

Statistical analysis: Data were presented as mean

± SD or median ± IQR for continuous variables according

to the distribution of variable. If the distribution was

symmetric, mean ± SD was used to describe the continuous

variable and median ± IQR was used for a skewed

distribution. Histogram with frequency curve was used for

graphical presentation of continuous variables. The

histograms of different inflammatory parameters presented

in figures suggested that all of the indicators followed normal

distribution. The one-way ANOVA test was used for

comparisons to find differences among population averages

of PCR-ve, PCR+ve and WB (serum +ve) under different

inflammatory indicators. The result showed that all indicators

had significant different values of median (p-values < 0.01)

between PCR -ve and PCR +ve except IL-4 and IL13.

Results:

Cytokines assay was performed 160 cases.

Insufficient endometrial aspirated sample and blood

contamination with the aspirated sample at the time of

suction, was the main drawback for studying large sample

size. One hundred sixty samples’ detailed analysis are

presented in the figures and tables and divided into three

categories. 1st was PCR +ve or LGTB group, 2nd was

PCR-ve or non-LGTB group and last one was serum

cytokine of  PCR+ve group in same population under group

A category.

Our observation was mean value of all selected pro-

inflammatory cytokines viz, IL-1β, IL 2, IL 6, IL 8, IL-12,

IFN-γ and TNF-α were higher in range compared with

normal value in case of category A or LGTB case.

Therefore, minimum, maximum and standard deviation

ALTERATION OF PRO-INFLAMMATORY ENDOMETRIAL CYTOKINES – DATTA  ET AL  13



value of these cytokines were too high. But in the same

group, mean value of all selected anti-inflammatory

cytokines viz, IL-4, IL-10 and IL-13 were normal with

range. The inflammatory cytokines like IL-1β, IL-2, IL-6,

IL-8, IL-12and TNF-α as well as IFN-γ were significantly

high in TB-PCR positive cases, indicating hostility of

endometrium, possibly leading to implantation failure. Many

of the subjects showed delayed onset menstrual cycle after

prolonged luteal phase, indicating probable implantation

failure. This may be due to body environment trying to

induce favourable endometrium for implantation, which is

independent of endometrial inflammation and possibly

initiates implantation process, but subsequently due to

12,IFN-γ and TNF-α) as well as anti-inflammatory

cytokines (IL-4, IL-10 and IL-13) were normal in range

for category B. So, minimum, maximum and standard

deviation value was within range for this category.

Interesting observation of strength of this study is

mean value of pro-inflammatory cytokines (IL-1β, IL-2,

IL-6, IL-8, IL-12, IFN-γ and TNF-α) and anti-

inflammatory cytokines (IL-4, IL-10 and IL-13) were

normal in range forcategory C but their endometrial

(category A) pro-inflammatory cytokines were too high. This

finding suggests that LGTB in female is local inflammation

within genital tract but not general as compared to serum

value. So, anti-inflammatory substances may help to reduce

this inflammation. Figs 1 & 2 (IL-1β ), Figs 3 & 4(IL-2),

endometrial wall, leading to implantation failure.

Another finding suggests that mean value of pro-

inflammatory cytokines (IL-1β, IL-2, IL-6, IL-8, IL-

Figs 5 & 6 (IL-6), Figs 7 & 8 (IL-8), Figs 9 & 10 (IL-12),

Figs 11 &12  (IFN-γ) and Figs 13 & 14 (TNF-α) showed

Fig 1 –  Histogram of Log of IL-1β for Different Cat-

egories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 2 –  Distribution of Log of IL-1β as a Box Plot for

for Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)

harmful cytokines implanting embryos are rejected by the

that they are significantly high in PCR +ve group but normal
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in range for PCR -ve group and whole blood serum.

Fig 3 –  Histogram of Log of IL-2 for Different

Categories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 4 – Distribution of Log of IL-2 as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of PCR

+ve sample)

Figs 15 & 16 (IL-4), Figs 17 & 18 (IL-10) and

Fig 5–  Histogram of Log of IL-6 for Different Catego-

ries (PCR +ve, PCR -ve, Serum of PCR +ve sample)

Fig 6 –  Distribution of Log of IL-6 as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)
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Figs 19 & 20 (IL-13) showed that they are normal in range blood serum.

Fig 7–  Histogram of Log of IL-8 for Different Catego-

ries (PCR +ve, PCR -ve, Serum of PCR +ve sample)

Fig 8 –  Distribution of Log of IL-8 as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)

among three group viz, PCR +ve, PCR -ve and whole Table 1 showed that p-value of all cytokines has

Fig 9–  Histogram of Log of IL-12 for Different Catego-

ries (PCR +ve, PCR -ve, Serum of PCR +ve sample)

Fig 10 –  Distribution of Log of IL-12 as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of PCR

+ve sample)
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statistically significant other than IL-4 and IL-13. The normal range in human cytokine in blood is IL-1β<6.5pg/ml, IL-2

Fig 11–  Histogram of Log of IFN-γ for Different

Categories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 12 –  Distribution of Log of IFN-γ as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of PCR

+ve sample)

Fig 13–  Histogram of Log of TNF-α for Different

Categories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 14 –  Distribution of Log of TNF-α as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of PCR

+ve sample)
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< 7.0 pg/ml, IL-4 < 0.7 pg/ml, IL-6 < 2.0 pg/ml, IL-8 < 29 pg/ml, IL-10 < 5.0 pg/ml, IL-12 <20.0 pg/ml, IL-

Fig 17–  Histogram of Log of IL-10 for Different Cat-

egories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 18 –  Distribution of Log of IL-10 as a Box Plot for

for Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)

Fig 15 –  Histogram of Log of IL-4 for Different Cat-

egories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)
Fig 16 –  Distribution of Log of IL-4 as a Box Plot for

Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)
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13<3.0 pg/ml,  IFNγ<5.0 pg/ml, TNFα <8.0 pg/ml. Table

Table 1– Test for Equality of Mean and P-value of Mann-Whitney Test

2 shows descriptive cytokine levels in category A, B and

C.

Discussion:

LGTB is a most common asymptomatic condition

in now-a-day among unexplained infertile women in

developing country12. Dysmenorrhoea, pelvic inflammation,

tubal blockage, and infertility, which may be common

problem of LGTB, compromise quality of life. As far as is

known, this is the first study to the profile and natures of ten

soluble endometrial cytokines as well as serum cytokines

have been characterised. Our concept is that LGTB is a

local inflammatory process with altered function of immune

related cells in endometrium. Endometrial aspirate of women

with LGTB contains an increased number of activated

macrophages that secrete various local cytokines within

Fig 19–  Histogram of Log of IL-13 for Different Cat-

egories (PCR +ve, PCR -ve, Serum of PCR +ve

sample)

Fig 20 –  Distribution of Log of IL-13 as a Box Plot for

for Different Categories (PCR +ve, PCR -ve, Serum of

PCR +ve sample)

Variable IL-1β IL-2 IL-6 IL-4 IL-8 IL-10 IL-13 IL-12 IFN-γ TNF-ᾳ 

Statistic 291.16 381.05 8083.8 1.30 599.00 47.76 1.66 149.05 656.70 263.42 

P-value 0.000 0.000 0.000 0.275 0.000 0.000 0.192 0.000 0.000 0.000 
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Table 2 –  Distribution the Descriptive Statistics of Different Cytokines Levels in Category A, B and C

 

Variable Sample 
type 

No of 
cases 

Mean S D Minimum Maximum 

IL-1β PCR-ve 80 5.13 1.77 1.70 8.70 

PCR+ve 80 173.57 88.39 89.70 815.10 

WB serum 
(PCR+ve) 80 4.65 1.42 1.50 7.80 

IL-2 PCR-ve 80 5.73 1.66 2.30 9.60 

PCR+ve 80 13.97 2.40 9.60 19.80 

WB serum 
(PCR+ve) 

80 5.91 2.34 1.80 10.80 

IL-6 PCR-ve 80 4.21 1.63 1.80 8.08 

PCR+ve 80 233.41 22.77 91.92 290.41 

WB serum 
(PCR+ve) 80 3.00 1.16 1.09 5.40 

IL-4 PCR-ve 80 0.31 0.25 0.01 0.98 

PCR+ve 80 0.37 0.19 0.02 0.77 

WB serum 
(PCR+ve) 

80 0.36 0.27 0.02 0.89 

IL-8 PCR-ve 80 1077.30 337.00 219.00 2109.00 

PCR+ve 80 2122.70 576.00 496.00 3423.00 

WB serum 
(PCR+ve) 

80 14.21 3.97 8.43 26.87 

IL-10 PCR-ve 80 4.24 1.97 1.30 9.30 

PCR+ve 80 5.17 2.20 1.30 13.60 

WB serum 
(PCR+ve) 

80 2.27 1.52 0.20 7.30 

IL-13 PCR-ve 80 1.39 0.88 0.10 3.80 

PCR+ve 80 1.39 0.84 0.10 3.30 

WB serum 
(PCR+ve) 

80 1.62 1.05 0.30 4.90 

IL-12 PCR-ve 80 16.77 3.82 9.30 25.10 

PCR+ve 80 42.33 20.76 3.90 99.10 

WB serum 
(PCR+ve) 

80 10.44 3.66 4.20 18.80 

IFN-γ PCR-ve 80 2.89 1.53 0.70 6.50 

PCR+ve 80 23.73 7.10 10.70 41.20 

WB serum 
(PCR+ve) 

80 2.61 0.98 0.60 4.90 

TNF-ᾳ PCR-ve 80 4.53 2.00 1.70 10.30 

PCR+ve 80 69.70 35.54 13.40 197.00 

WB serum 
(PCR+ve) 80 5.27 2.81 0.70 11.70 
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uterus but not in general. So our study demonstrates that

genital tuberculosis is local infestation process not infection

and therefore,serum cytokines profile is normal in range.

LGTB associated infertility occurs due to development and

progression of genital tuberculous infestation, have elevated

level of several inflammatory cytokines in endometrium that

may favour embryo rejection process. It has been

speculated that several mediators within uterus interfere the

reproductive process. T lymphocytes are also implicated

in the immune modulation process in endometrium.As we

know, T helper cells can be classified into two subsets:

TH-1subtype and TH-2 subtype. TH-1 subtype cells

produce IL-1β, IL-2, IL-6,IL-8, IL-12, IFN -γ and TNF-

α, which are potent inducers of cell mediated immunity.

TH-2 subtype cells produce IL-4, IL-10, IL-13, which

are involved in suppression of cell mediated immunity. Single

study demonstrated that human recombinant IL-6 in culture

medium suppressed the rate of blastocyst formation of

mouse embryo13, revealed that prevalence of endometrial

IL-6 in case of LGTB affected subjects may contribute to

infertility by adversely affecting embryonic development.

In our study, we have found that endometrium aspirate from

patients suffering from LGTB, found an increased level of

IL-1β and IL-2 cytokines compared with patients without

LGTB indicating hostility of endometrium, possibly leading

to implantation failure. From this present study, one can

deduce that pro- inflammatory cytokine viz, IFN -γ and

TNF-α is expectedly increased in LGTB cases. As an

evidence in literature review, there is an established relation

between IFN-γ and pulmonary tuberculosis14.

In case of pulmonary tuberculosis, IFN -γ can be

significantly detected from blood. However, for  LGBT,

IFN -γ significantly elevated from endometrial aspirate not

from systemic blood. As we know the most offensive

cytokine for pregnancy wastage is TNF-α15. In endometrial

aspirate samples spiked with a high amount of TNF-α from

normal range with LGTB cases indicate embryo rejection.

So, all pro-and anti-inflammatory indicators are secreted

by endometrial epithelial or stroma cells because their

concentration may reflect they are not producing immune

cells only.
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Recombinant DNA Technology: Part II

Introduction:

This is the second part in the series of recombinant

technology. In the first part1 we dealt with preliminary

Alok Bandyopadhyay1

Abstract:

Transcriptional profiling showed that tissue plasminogen activator modulates the expression of a set of

genes commonly regulated by epidermal growth factor. This suggested that tissue plasminogen activator tPA and

epidermal growth factor share common epidermal growth factor  receptor signalling pathways, which creates a

microenvironment in colon cancer cells that is conducive for metastasis. In order to find various signaling pathways

in relation to genetic variation researchers look for mutations in a gene or induce mutations in a gene to link a gene

sequence to a specific phenotype. After the discovery of all nucleotides in  human genome, molecular genetics is a

powerful methodology for linking mutations to genetic conditions that may aid the search for treatments/cures for

various genetics disease The landscape of human genetics has changed remarkably in a relatively short space of

time. The field has progressed from comparatively small studies of rare genetic diseases to vast consortia-based

efforts that target the inherited components of common complex diseases and which typically involve thousands of

individual samples. Genomewide association studies have become possible as a result of a new generation of

genotyping platforms. Despite the success of genomewide association studies in identifying thousands of robust

associations with complex diseases and traits, few examples of these results have been successfully translated into

clinical use. Nevertheless, GWAS loci have been shown to increase the therapeutic validity of selected targets by

two-fold compared with previous target selection .In addition, researchers attempts to evaluate  bilocus combination

like the Variant Combinations Pathogenicity Predictor the most relevant pathogenic combinations The work with

multivariate combination provides an important step toward the genetic understanding of rare diseases, paving the

way to clinical knowledge and improved patient care.
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processes of recombinant DNA technology, where we

described how to create clone, how to perform sequence,



how to create genomic library, how to create genetically

engineered organisms, etc. But a group of scientists turned

their minds towards the discovery of biological medicine

utilising  DNA technology. An example  is the expression

of a heart medicine, tissue plasminogen activator

(tPA).When they became successful in expressing protein

in laboratory scale, they transferred the procedure for

manufacturing in large scale. When enough quantity of tPA

became available for drug as well as for research, it was

found that tPA modulates the expression of a set of genes

commonly regulated by epidermal growth factor (EGF),

This suggested that tPA and EGF share common epidermal

growth factor  receptor (EGFR) signalling pathways, which

creates a micro-environment in colon cancer cells that is

conducive for metastasis2-6. So, scientists began to work

on  the pathways of EGF and tPA in the light of metastasis.

In the meantime, National Institute of Health (NIH) started

a programme for sequencing whole genome to find out

genetic variation, different pathways, and their relation to

disease. To study genetic variation scientist took the help

of  microarray technology to  track down the genetic loci in

relation to the complex disease7,8.

Despite thousands of genetic loci identified to date,

a large proportion of genetic variation predisposing to

complex disease and traits remains unaccounted for7,8.

Advances sequencing technology enable focused

explorations on the contribution of low-frequency and rare

variants to human traits. Here we review experimental

approaches and current knowledge on the contribution of

these genetic variants  in complex disease and discuss

challenges and opportunitiesfor personalised medicine.

Recombinant Human tPA as Drug :

tPA is a naturally occurring protein that cleaves the

inactive zymogen plasminogen into the active enzyme

plasmin. Plasmin then cleaves fibrin clots.  This process is

important in removing clots after the repair of a wound has

been completed.  Clots often form in response to disease

conditions such as atherosclerosis, stroke, cancer and some

complications during pregnancy.  Doctors now use

recombinant tPA as a powerful drug to help dissolve these

clots and prevent much of the damage associated with loss

of blood flow to vital organs. In this section we will examine

how tPA was cloned, expressed and modified to create this

crucial drug5,6.

Construction and Identification of Bacterial Clones

Containing tPA cDNA Sequences:

cDNA library is made from isolated poly(A)+

mRNA from melanoma cells. The cDNA was fractionated

by size, and material longer than 350 bp was ligated with

adapters containing a PstI overhang using T4 DNA

ligase9,10. The resulting cDNAs were ligated with PstI

treated pBR322 using T4 DNA ligase at 14oC for 12

hours. The resulting constructs were transformed into

calcium competent E coli K-12 strain 294 by heat shock

for 90 seconds at 42oC, and approximately 4,600

transformants were observed. A specific DNA hybridisation

probe, based on the amino acid sequences of several

tryptic fragments of tPA purified from melanoma cells, was

used.  This information permitted the design of synthetic

deoxynucleotides potentially complementary to a specific

region of tPA mRNA.  The amino acid sequence (Trp-

Glu-Tyr-Cys-Asp) was selected for preparation of a probe

because it required the synthesis of only eight

tetradecanucleotides (dTCA/
G
CAA/

G
TAC/

T
TCCCA) to

account for all possible anti-coding sequences.  This pool

of 14-mers was labelled with 32P and used to screen the

4,600 cDNA clones by in situ colony hybridisation. Plasmid

DNA was isolated from 12 colonies that gave a positive

hybridisation signal. DNA sequencing was performed on

the cDNA inserts from each of these clones by the dideoxy

chain termination procedure. Only one cDNA insert, that

of colony 25E10, contained sequences which could code

for the amino acid sequence of the tryptic peptides of

melanoma tPA.  The entire cDNA in the plasmid

(pPA25E10) was sequenced and found to be 2,304 bp

long. The sequence contains an open reading frame

encoding a protein of 508 amino acids and a 745 bp 3´

untranslated region.
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The cDNA clone pPA25E10 was not a full-length

copy of tPA mRNA as it lacked the tPA NH2-terminal

coding sequences determined by amino acid sequencing

of the purified protein.  Therefore, it was necessary to

produce cDNA clones containing the 5´ portions of the

tPA mRNA.  A 16 bp long deoxyoligonucleotide

complementary to nucleotides 256-271 of the tPA mRNA

was synthesized (dTTCTGAGCACAGGGCG).  This

hexadecanucleotide was used to prime cDNA synthesis of

fraction 7 mRNA and 1,500 cDNA clones were obtained.

To determine which of these cDNA clones contained a

complete NH2-terminal coding sequence a probe spanning

the 5´ end of pPA25E10 was needed.  A genomic clone

for tPA from a human gene library was isolated and used

this as a hybridization probe to identify primer extended

cDNA clones containing NH2-terminal coding

sequences10.

The first step in this process was to determine

whether only a single homologous tPA gene was present in

human genomic DNA. Southern hybridisations were

performed using high molecular weight DNA which had

been digested with various restriction endonucleases.  The
32P-labelled cDNA probe used was a 232 bp RsaI-PstI

endonuclease digestion patterns provided only a single

hybridising DNA fragment BglII (5.7 kilobase pairs, kbp)

and PvuII (4.2 kbp). Two hybridising DNA fragments were

observed with HincII (5.1 and 4.3bp).  Comparison of these

data with the cDNA restriction map (Figs 1&2) suggests

that there is only one tPA gene in the human genome and

that this gene contains at least one intervening sequence.

Approximately 106 plaques of a λ human genomic

library were screened with the 32P-labelled 232-bp RsaI-

PstI fragment, 19 individual clones were isolated and the

phage DNA was prepared. A 4.2 kbp PvuII fragment

containing tPA sequences was isolated from one of these

clones, labelled with 32P and used to screen the 1,500 clones

of the 5´ primer extended cDNA library.  Plasmid DNAs

were prepared from the 18 colonies which gave positive

hybridisation signals, and these DNAs were bound to a

nitrocellulose filter.

To identify clones having cDNA inserts which

overlapped with the cDNA insert of pPA25E10, the filter

was hybridised with the 32P-labelled synthetic oligonucleotide

(16-mer) used for the original priming reaction. Of the 18

selected cDNA clones, 7 hybridised with the 32P-labelled

16-mer, however, on sequence analysis of the cDNA clones,

Fig 1 –  Restriction Endonuclease Digestion Map of the cDNA of tPA [The blue region indicate the coding sequence

of the putative mature tPA protein (527 amino acids); the cross-hatched region reporesents the putative 35-residue

“pre pro” peptide coding sequence, and the open regions show the 5’ and 3’ non-coding sequences; the lines below

the restriction map represent the length of the two partial clones pPA25E10; the red bar indicates the Rsa I/Pst I

fragment used to probe the genomic library]

fragment (nucleotides 338-620) prepared from the 5´ ends

of the cDNA  insert of clone pPA25E10. Two

only pPA17 was found to contain the complete  tPA NH
2
-

terminal coding sequence and to overlap with the original
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clone 25E10. The cDNA insert of pPA17 is 271 bp long.

It contains the 16-mer used to prime its synthesis, which

permitted alignment with 25E10.

Sequence Analysis:

The complete 2,530 bp cDNA sequence contains

a single open reading frame, beginning with the ATG codon

at nucleotides 85-87.  This ATG is followed, 562 codons

involved in secretion of tPA.  The remaining 12-15

hydrophobic aa immediately preceding the start of mature

tPA may constitute a ‘pro’ sequence, similar to that found in

serum albumin. The 3  ́untranslated region of 759 nucleotides

contains the hexanucleotide AATAAA  which precedes the

site of polyadenylation in many eukaryotic mRNAs.  The

native tPA molecule has 35 cysteine residues, and thus has

the potential to be stabilised by 17 disulphide bridges. There

are four potential N-glycosylation sites, located at Asn 117,

Asn 184, Asn 218 and Asn 448 in  tPA.

Synthesis of tPA in E coli:

The procedure to express the full length cDNA insert

of tPA in E coli is outlined in Fig 3.  The common  HhaI

restriction endonuclease site shared by the cDNA inserts of

both partial clones pPA17 and pPA25E10  permitted the

reconstruction of the entire mature tPA coding sequence. 

A 55 bp Sau3A-HhaI restriction fragment corresponding

to aa 5-23 was isloated from the plasmid  pPA17. A 263

bp NarI-HhaI fragment (aa 14-110) was isolated from the

plasmid pPA25E10. Two synthetic oligonucleotides were

designed to  restore the codons for aa 1-4, incorporate an

ATG translation initiation codon and create an EcoRI

cohesive terminus. These fragments were then ligated

together to form a 338 bp fragment coding for aa 1-110 of

tPA. This fragment and a 1,646 bp Sau3A-HhaI fragment

rom pPA25E10 were then ligated between the  end  sites

of the plasmid pLEIFA to give the expression plasmid

ptPA (Fig 3). The cloned tPA cDNA is  transcribed under

the control of a 300 bp fragment of the E coli trp operon

which contains the trp  promoter, operator and the  Shine-

Dalgarno sequence, but lacks the leader peptide ATG

initiation codon. The plasmid was introduced into  E coli and

recombinant human tPA was expressed and  purified. The

tPA activity (3-5 U/l) recovered from the E coli extracts

corresponds to 50-80 µg/l of culture. The published activity

of purified human tPA is 60,000 U/mg. As only functional

activity was measured, it is possible that considerably more

tPA is present in these cells. In addition, because polypeptides

synthesised in E coli are not glycosylated, the tPA

Fig 2 –  Souther Blot of Human High Molecular Weight

Genomic DNA Digested with Three Different Restriction

Enzymes [ Digested DNA samples wre subjected to

denaturing agarose gel electrophoresis and transferred to

nylon membrane; a radiolabelled probe restructured with

the membrane and unbound probe was then washed off;

the membrane was then subjected to autoradiography,

the 32P Labelled cDNA probe used was a 232 bp Rsa I-

Pst I fragment (nucleotides 388620 of Fig 1) prepared

from the 5' end of cDNA insert of clone pPA25E10]

later, by a TGA termination triplet at nucleotides 1,771-

1,773.  The serine designated as aa 1 is based on NH2-

terminal sequencing of purified melanoma cell tPA.  This

serine is preceded by 35 aa, the NH2-terminal 20-23 of

which probably constitute a hydrophobic signal peptide
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synthesised by E coli might have a specific activity  different



from that of authentic tPA.

The procedure to express the full length cDNA insert

of tPA in E coli is outlined in Fig 3. The common HhaI

restriction endonuclease site shared by the cDNA inserts of

Fig 3 –  Synthesis of tPA (ligation of 339 bp fragment at 5’ region of t-PA)
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both partial clones pPA17 and pPA25E10 permitted the

reconstruction of the entire mature tPA coding sequence. 

A 55 bp Sau3A-HhaI restriction fragment corresponding

to aa 5-23 was isolated from the plasmid pPA17.  A 263

bp NarI-HhaI fragment (aa 14-110) was isolated from the

plasmid pPA25E10.  Two synthetic oligonucleotides were

designed to restore the codons for aa 1-4, incorporate an

ATG translation initiation codon and create an EcoRI

cohesive terminus. These fragments were then ligated

together to form a 338 bp fragment coding for aa 1-110 of

tPA. This fragment and a 1,646 bp Sau3A-HhaI fragment

from pPA25E10 were then ligated between the and sites

of the plasmid pLEIFA to give the expression plasmid

ptPA (Fig 3).  The cloned tPA cDNA is transcribed under

the control of a 300 bp fragment of the E coli trp operon

which contains the trp promoter, operator and the Shine-

Delgarno sequence, but lacks the leader peptide ATG

initiation codon. The plasmid was introduced into E coli and

recombinant human tPA was expressed and purified. The

tPA activity (3-5 U/l) recovered from the E coli extracts

corresponds to 50-80 µg/l  of culture.  The published

activity of purified human tPA is 60,000 U/mg.  As only

functional activity was measured, it is possible that

considerably more tPA is present in these cells.In addition,

because polypeptides synthesised in E coli are not

glycosylated, the tPA synthesised by E coli might have a

specific activity different from that of authentic tPA.

The E coli cytoplasm contains two thioredoxins,

TrxA and TrxC, and three glutaredoxins. The  oxidised form

of these proteins can catalyse the formation of disulfide

bonds in target peptides. In the cytosol, both the

thioredoxins and the glutaredoxins are maintained in a

reduced state by the action of thioredoxin reductase (TrxB)

and glutathione, respectively9.

In a trxB null mutant, some disulfide bonded

proteins such as alkaline phosphatase were expressed with

proper folding and function10. The expression of disulfide

bonded proteins was found to be even more efficient in

double mutants defective cells in both thioredoxin (trxB)

and glutathione (gor or gshA) pathways11.

In this study we used origami B (DE3) cell, in which

the cytoplasm is engineered through a double mutation in

both thioredoxin and glutathione genes. Unlike the other

reports, we have  used an expression vector carrying a signal

sequence. We hypothesised that the disulfide bond formation

will partly take place during protein synthesis in suitable

environment of origami B cytoplasm and, the remaining

portion of disulfide bonds would be formed by directing

tPA molecules into the periplasmic space through signal

peptide. Gelatin hydrolysis test is a functional assay to show

hydrolytic activity of the test protein. Using this assay, we

showed that the expressed tPA is active.

The aim of this study was to investigate the potential

of using a signal peptide for production of a highly disulfide

bonded protein in an E coli strain with engineered

cytoplasm. So, for the first time, we have used both

approaches by a simple method that can be improved in

future studies. Using a signal peptide sequence at 5’ site of

tPA gene, the expression cassette was prepared and

subsequently was transformed into a strain with manipulated

oxidising cytoplasm. In this way the protein of interest is

produced in oxidising environment of cytoplasm and the

disulfide bonds would be formed to some extent. Then signal

peptide transfers the produced protein into the periplasm

where a greater amount of the disulfide bonds would be

formed in less reducing environment of periplasm. In this

introductory study, tPA was cloned and expressed in an E

coli strain with oxidising specialty. The expression and

function of tPA were assayed by SDS-PAGE and gelatin

hydrolysis test.

Human tPA Expression in Mammalian Host:

This study was designed to clone human tPA gene,

construct eukaryotic expression plasmid pcDNA3.1(+)/tPA

and evaluate their biological activities12. The tPA gene was

obtained from dead human heart tissue with reverse

transcriptase-polymerase chain reaction (RT-PCR). It was

cloned to eukaryotic expression plasmid pcDNA3.1(+) by

recombination strategy. The eukaryotic expression plasmid

pcDNA3.1(+)/tPA was identified by restriction enzyme
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digestion and sequenced. The pcDNA3.1(+)/tPA was

transfected into vascular smooth muscle cell (VSMC) by

using lipofection. The tPA expression level was detected

by northern blot and dot blot, and the protein biological

activities of tPA were detected by the fibrin plate technique.

The tPA gene was cloned and pcDNA3.1(+)/tPA was

constructed. The tPA expression levels of mRNA and

protein were highly increased after pcDNA3.1(+)/tPA

transfected into VSMC, and the expression of tPA protein

showed evident biological activities. The present study has

laid a foundation for further animal experiment in treating

thrombus in transplanted organ by tPA gene transfection12.

Restriction analysis of pTZ/tPA construct: Lane 1)

size marker; Lane 2) fragments created by NcoI/NotI

digestion of the construct; the backbone plasmid (2.9 kb)

and tPA fragment (1.7 kb) are present. Lane 4) NcoI/NotI

linearised pET22b plasmid. Lanes 3 and 5 represent

undigested plasmids. The size of expression construct (pET/

tPA) was 7.2 kb and the restriction  map of this construct

using NotI and NcoI enzymes showed two fragments with

expected sizes at 5.5 kb and 1.7 kb, confirming a

successful sub-cloning of tPA gene into pET22b expression

vector (Fig 4). Final sequencing of the construct confirmed

the presence and correct orientation of insert inside the

vector (data not shown).

regulation of expression in pET22b vector. Lane 5

represents the molecular weight marker bands.

Fig 4 –  Restriction Analysis of pET/tPA Construct [lane

2 shows two fragments created by NcoI/NotI digestion;

the back bone plasmid, pET22b vector (5.5 kb), and tPA

fragment (1.7 kb) are present; lane 3 shows the undi-

gested plasmid; lane 1: size marker]

 tPA is an important enzyme for biotechnology

industry due to its extended application in medicine10-12. It

is one of the most complex proteins in human body and

currently is produced in CHO which is a mammalian host

and so the production cost is very high1. Attempts to produce

active tPA in Saccharomyces cerevisiae or in insect cells

have been frustrated by problems like hyperglycosylation,

poor export, and improper folding10-12. Due to its high
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Expression of Recombinant tPA:

Expression of recombinant tPA was induced by

addition of IPTG9. A positive transformant was selected

and was grown in LB medium until the cell optical density

(OD, 600 nm) reached to 0.3–0.5 following induction, four

hour- samples were taken and the lysates of induced and

non-induced cells were compared in a standard SDS-

Polyacrylamide gel (Fig 5). In Fig 5, lanes 2 and 4 represent

the expressed band of tPA in cell lysate of recombinant

origami B (DE3) after four hours of induction (arrows).The

band related to tPA protein expressed by origami B (DE3)

transformant is shown by the arrow. Lanes 1 and 3 show

the protein background of expression host before induction.

The lack of expression in columns 1 and 3 shows a tight



growth rate, easy handling, low cost, and the availability of

variety of strains and vectors, E coli is a suitable host for

recombinant production of target proteins.

Fig 5 –  SDS-PAGE Analysis of a Recombinant Clone Producing tPA [lanes 1 and 3 show the protein back-

ground of expression host before induction; lanes 2 and 4 represent the expressed band of tPA in cell lysate]

In native strains of E coli the condition of periplasm

is more suitable for the expression of highly disulfide bonded

proteins than cytoplasm of the cells. Although disulfide bond

formation usually takes place in periplasmic space, tPA

secreted in the periplasm of E coli was misfolded and

completely inactive in its primary trials12.

in the circulation by endothelial cells, where it plays roles in

inflammation and fibrinolysis13. In  addition to its roles in the

vascular system, tPA plays crucial functions in the central

nervous system (CNS) acting either as an enzyme or as a

growth-factor-like molecule14. Thus, tPA is involved in

several physiological and pathological CNS processes,

including carcinogenesis, neuronal survival, learning and

memory, anxiety, epilepsy, stroke and Alzheimer’s

disease15,16. Its neuronal functions are achieved through
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tPA was first shown to be produced and released plasminogen-dependent or plasminogen-independent



effects17.

Neurons represent an ultimate example of

polarised cells with a complex network of membrane

trafficking pathways which is necessary to allow efficient

communication over long distances18. Axonal and dendritic

transports are essentials for neuronal survival and

maturation. One  of the most convincing demonstration of

the crucial role of axonal transport in neuronal homeostasis

is the causal link between defects in this process and

neurodegeneration19. Cortical and hippocampal neurons

can express endogenous tPA in vivo and in vitro20, in this

study, we also demonstrate that neurons can activate the

tPA promoter in vitro. Moreover, we have previously

shown that tPA is mainly expressed in excitatory neurons

and more particularly present in a subset of pyramidal

glutamatergic neurons20. tPA has been identified in the

presynaptic terminals within dense-core vesicles21. A

previous study22 also  indicated that tPA could  activate the

mechanism of endocytosis of synaptic vesicles.

tPA is the major activator of plasminogen in plasma.

This serine protease is overexpressed by exocrine pancreas

tumour cells, where it promotes tumour cell proliferation,

growth, and invasion2. Signalling pathways used by tPA to

activate the proliferation of pancreatic cancer cells had been

explored3. Transcriptional profiling on cDNA micro-arrays

was used to analyse the pattern of gene expression in

response to tPA compared to the response to EGF and

platelet derived growth factor (PDGF).

Transcriptional profiling showed that tPA modulates

the expression of a set of genes commonly  regulated by

EGF, but distinct from the major set of genes modulated

by PDGF. This suggested  that tPA and EGF share common

signalling pathways, a conclusion supported by further

experimental evidence: (a) tPA induced a rapid and transient

phosphorylation of the EGFR. (b) specific EGFR kinase

inhibitors, but not PDGFR kinase inhibitors, abolished the

tPA induced phosphorylation of the ERK1/2 kinases and

cell proliferation4-6. The mitogenic activity of tPA  was also

inhibited by small interfering RNA (siRNA) depletion of

EGFR, thus confirming the  involvement of this receptor in

tPA triggered signalling. Thirdly, we show that the signalling

and mitogenic effects of tPA require its proteolytic activity,

the activity of the metalloprotease 9 and active hb-EGF.

These events are required to activate the EGFR signalling

pathway and cell proliferation4-6.
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Expression of RNA a Complex Process:

The human body is among the most complex pieces

of machinery to exist. It’s taken us centuries to deconstruct

how this works, and each time someone discovers a new

mechanism, a few more mysteries  of human health make

sense; and new treatments become available.

In 2011, Liu et al23 opened a new avenue of

research with his discovery of a particular process called

reversible RNA methylation, which plays a critical role in

how genes are expressed. His associates found that the

molecules called messenger RNA, previously known as

simple couriers that carry instructions from DNA to proteins,

were actually making their own impacts on protein

production. This is done by a reversible chemical reaction

called methylation23. Their key breakthrough was showing

that this methylation was reversible. It wasn't a one-time,

one-way transaction. It could be erased and reversed.

According to Liu et al23 this discovery brought scientists

into a modern era of RNA modification research, which

will show how so much of gene expression is critically

affected. It impacts a wide range of biological processes-

learning and memory, circadian rhythms, even something

so fundamental as how  a cell differentiates itself into, say, a

blood cell versus a neuron. Further his team also identified

and characterised several “reader” proteins that recognise

methylated mRNA and impact target mRNA stability and

translation23. This group of RNAs called chromosome

associated regulatory RNAs, or carRNAs, was using the

same methylation process, but these RNAs do not code

proteins and are not directly involved in protein translation.

Instead, they controlled how DNA itself was stored and

transcribed. It directly affects gene transcriptions, and not

just a few of them. It could induce global chromatin change



and affects transcription of 6,000 genes in the cell line so

far studied pointing major implications in biology, especially

in human health-everything from identifying the genetic basis

of disease to better treating patients23.

There are several biotech companies actively

developing small molecule inhibitors of RNA  methylation,

but right now, even if we successfully develop therapies,

we don’t have a full mechanical picture for what’s going

on24-26. This provides an enormous opportunity to help

guide disease indication for testing inhibitors and suggest

new opportunities for pharmaceuticals25,26.

help healthcare professionals diagnose conditions. The HGP

is expected to speed up progress in medicine, but there is

still much to learn, especially regarding how genes behave

and how they can be used in treatment. At least 350

biotechnology-based products are currently in clinical

trials30,31. In 2005, the HapMap, a catalogue of common

genetic variation or haplotypes in the human genome, was

created. The data have helped to speed up the search for

the genes involved in common human diseases32,33. Recently,

scientists have discovered  another layer of “heritable genetic

data” that are not held in the genome, but in the  ‘epigenome,’

a group of chemical compounds that can tell the genome

what to do. In the body, DNA  holds the instructions for

building proteins, and these proteins are responsible for a

number of functions in a cell. The epigenome is made up of

chemical compounds and proteins that can attach  to DNA

and direct a variety of actions. These actions include turning

genes on and off. This can control the production of proteins

in particular cells. Gene switches can turn genes on and off

at different times and for different lengths of time34.

At the same time, scientists also have found genetic

switches that increase the lifespan and boost fitness in

worms. They believe these could be linked to an increased

lifespan in mammals. The genetic switches that they have

discovered involve enzymes that are ramped up after

mild stress during early development. This increase in

enzyme production continues to affect the expression of

genes throughout the animal’s life. This could lead to a

breakthrough in the goal to develop drugs that can flip these

switches to improve human metabolic function and increase

longevity34.

Gene Marking Technology:

When epigenomic compounds attach themselves to

DNA in the cell and modify the function, they are said to

have “marked” the genome.

The marks do not change the sequence of the DNA,

but they do change the way cells use the DNA’s instructions.

The marks can be passed on from cell to cell as they divide,
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Human Genome Sequences:

The Human Genome Project Trusted Source

(HGP) is a major scientific research project. It aims to

determine the sequence of the chemical pairs that make up

human DNA and to identify and map the 20,000 to 25,000

or so genes that make up the human genome. The goal

was to sequence 3 billion letters, or base pairs, in the human

genome, that make up the complete set of DNA in the

human body. By doing this, the scientists hoped to provide

researchers with powerful tools, not only to understand

the genetic factors in human disease, but also to open the

door for new strategies for diagnosis, treatment, and

prevention26. The HGP was completed in 2003, and all the

data generated were available for free access on the

internet27. Apart from humans, the HGP also looked at other

organisms and animals, such as the fruit fly and E coli. Over

three billion nucleotide combinations, or combinations of

ACGT, have been found in the human genome, or the

collection of genetic features that can make up the human

body. Mapping the human genome brings scientists closer

to developing effective treatments for hundreds of diseases.

The project has fuelled the discovery of more

than 1,800 disease genes. This has made it easier for

researchers to find a gene that is suspected of causing an

inherited disease in a matter of days28,29. Before this

research was carried out, it could have taken years to find

the gene. Genetic tests can show an individual whether they

have a genetic risk for a specific disease. The results can



and they can even be passed from one generation to the

next. Specialised cells can control trusted source many

functions in the body (Fig 6)35,36. For example, specialised

cells in red blood cells make proteins that carry oxygen

from air to the rest of the body. The epigenome controls

many of these changes within the genome.The chemical

epigenome or both. Changes in the epigenome can switch

on or off the genes that are involved in cell growth or the

immune response. These changes can cause uncontrolled

growth, a feature of cancer, or a failure of the immune system

to  destroy tumours. Researchers in The Cancer Genome

Atlas (TCGA) network are comparing the genomes and

Fig 6 –  Gene Marking

tags on the DNA and histones can become rearranged as

the specialised cells and the epigenome change throughout

a person’s lifetime. Lifestyle and environmental factors such

as smoking, diet and infectious diseases can bring about

changes in the epigenome. They can expose a person to

pressures that prompt chemical responses. These responses

can lead to direct changes in the epigenome, and some of

these changes can be trusted source damaging. Some

human diseases are due to malfunctions in the proteins that

“read” and “write” epigenomic marks37. Some of these

changes are linked to the development of disease.

cells with those of cancer cells in the hope of compiling

epigenomes of normal a current and complete list of possible

epigenomic changes that can lead to cancer38.

Researchers in epigenomics are focused on trying

to chart trusted source the locations and understand the

functions of all the chemical tags that mark the genome.

This information may lead to a better understanding of the

human body and knowledge of ways to improve human

health. Scientists studying cells have long been able to

examine the activity of a few, select genes in intact tissue-

for example, by engineering a gene to tack on a fluorescent

tag to the protein  it encodes. By 2010, traditional
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Cancer can result from changes in the genome, the



transcriptomics, which examine cellular activity of many,  if

not all, known genes by probing for the messenger RNA

(mRNA) transcripts they encode,  took off. But those

studies require tissues to be ground up first, so the data

represent the average  activity of genes in millions of cells38.

More recently, biologists have begun to monitor

all the genes of single cells, uncovering vast differences in

gene activity between different cell types and variation even

within types. But because those cells are extracted from

tissue with enzymes or teased out with lasers, microscopic

tweezers, or other methods, the influence of their precise

location and neighbour cells is lost. Then in 2016, Swedish

researchers described in Science how they managed to

keep track of cells’ locations while assessing the activity of

about 200 of their genes. The group put thin slices of a

tissue onto slides precoated with short, known sequences

of DNA, meant to act like identifiable barcodes, attached

to other DNA designed to latch non-specifically onto any

mRNA nearby. The team treated the tissue with detergent

to make cells leak their mRNA, which linked to the

anchored, barcoded DNA, marking which cell the mRNA

came from. Then, they added enzymes and DNA bases to

the slice to translate each mRNA into a complementary

DNA strand. Sequencing that strand along with its position-

identifying barcode revealed the active parent gene and its

position. Those data enabled computer programmes to

reconstructthe tissue locations of all the active genes39.

Multiple companies have begun to sell expensive machines

that conduct such spatial transcriptomics analyses, making

it possible to study thousands of genes in hundreds of cells

in their proper places.

Christopher Mason, a geneticist at Weill Cornell

Medicine (WCM), and colleagues have performed spatial

transcriptomics on fresh or preserved tissue samples from

autopsied COVID-19 patients, comparing them with lung

tissue of healthy adults and people who died of other acute

respiratory infections or flu40. The commercial devices they

used, one based on the Swedish approach, can assess lots

of genes but can’t completely pinpoint their activity to single

cells (other methods are limited to far fewer genes but specify

locations better). The team, including WCM’s Robert

Schwartz and Alain Borczuk and others, mapped the activity

of the gene for angiotensin-converting enzyme 2, the cell-

surface receptor targeted by SARS-CoV-2, and other

identifying immune cells called macrophages and

neutrophils40. In normal lung tissue, macrophages make up

less than 4% of the cells; in COVID-19 lungs, they

sometimes topped 50%, Mason reported at the AGBT

meeting. The lung itself changes as well, he and his colleagues

discovered by looking at gene activity in these lung samples.

Late in the disease, the organ’s normal cellular architecture

was disrupted, and cells adjacent to blood vessels had

changed40.

The WCM group and others have done spatial

analyses of gene activity for other parts of the COVID-19

ravaged body. The coronavirus seems to turn off genes in

nasal cells that sense smells and causes a reorganisation of

the cells in the lining of the nose; those changes may

contribute to the loss of smell and taste infected people often

experience. Under the microscope the cells appear  to have

a normal number of muscle cells, Mason commented when

the cells are examined at gene  expression, it seems the

cells have forgotten what they are supposed to be doing40.

Stanford University neuroscientist Andrew Yang has done

a similar gene activity comparison of preserved human brain

tissue to understand why some people with protein deposits

called amyloid plaques don’t develop Alzheimer’s disease

and others do.
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Human Genetic Variation:

This is an increasingly powerful motivation in light

of our growing understanding of the contribution that genes

make to the development of diseases such as cancer, heart

disease, and diabetes. The desire to develop medical

treatments that can reduce the suffering associated with

human disease has provided strong support to basic

research. Many basic biological phenomena have been

discovered and described during investigations into particular



disease conditions41. A classic example is the knowledge

about human sex chromosomes that was gained through

the study of patients with sex chromosome abnormalities.

A more current example is our rapidly increasing

understanding of the mechanisms that regulate cell growth

and reproduction, understanding that we have gained

primarily through a study of genes that, when mutated,

increase the risk of cancer41,42.

Likewise, the results of basic research inform and

stimulate research into human disease. For example, the

development of recombinant DNA techniques rapidly

transformed the study of human genetics, ultimately allowing

scientists to study the detailed structure and functions of

individual human genes, as well as to manipulate these genes

in a variety of previously unimaginable ways43. In earlier

days, genetic variation was studied either involved crossing

organisms and studying the offsprings’ traits to develop

hypotheses about the mechanisms of inheritance or by  using

cytologic techniques to study the machinery and processes

of cellular reproduction through which scientists had

collected strong evidence for the central role of the nucleus

and the chromosomes in heredity. But the last 50 years,

however, beginning with the discovery of the structure of

DNA and accelerating significantly with the development

of recombinant DNA techniques in the mid 1970s, a

growing battery of molecular techniques has made direct

will have a formidable impact on the future of both research

and clinical genetics. One such technique, DNA chip

technology (also called DNA micro-array technology), is a

revolutionary new tool designed to identify mutations in genes

or survey expression of tens of thousands of genes in one

experiment43.

In one application of this technology, the chip is

designed to detect mutations in a particular gene. The DNA

microchip consists of a small glass plate encased in plastic.

It is manufactured using a process similar to the process

used to make computer microchips. On its surface, it

contains synthetic single-stranded DNA sequences identical

to that of the normal gene and all possible mutations of that

gene. To determine whether an individual possesses a

mutation in the gene, a scientist first obtains a sample of

DNA from the person’s blood, as well as a sample of DNA

that does not contain a mutation in that gene. After

denaturing, or separating, the DNA samples into single

strands and cutting them into smaller, more manageable

fragments, the scientist labels the fragments with fluorescent

dyes: The person’s DNA with red dye and the normal DNA

with green dye. Both sets of labelled DNAs are allowed to

hybridise, or bind, to the synthetic DNA on the chip. If the

person does not have a mutation in the gene, both DNA

samples will hybridise equivalently to the chip and the chip

will appear uniformly yellow. However, if the person does

possess a mutation, the mutant sequence on the chip will

hybridise to the patient’s sample, but not to the normal DNA,

causing it (the chip) to appear red in that area. The scientist
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study of human DNA a reality. Key among these techniques

are restriction analysis and molecular recombination, which

allow researchers to cut and rejoin DNA molecules in highly

specific and predictable ways; amplification techniques,

such as the PCR, which make it possible to make unlimited

copies of any fragment of DNA; hybridisation techniques,

such as fluorescence in situ hybridisation, which allow

scientists to compare DNA samples from different sources

and to locate specific base sequences within samples; and

the automated sequencing techniques that today are allowing

workers to sequence the human genome at an

unprecedented rate. On the immediate horizon are even

more powerful techniques, techniques that scientists expect

can then examine this area more closely to confirm that a

mutation is present44,45. DNA microarray technology is also

allowing scientists to investigate the activity in different cell

types of thousands of genes at the same time, an advance

that will help researchers determine the complex functional

relationships that exist between individual genes. This type

of analysis involves  placing small snippets of DNA from

hundreds or thousands of genes on a single microscope slide,

then allowing fluorescently labeled mRNA molecules from

a particular cell type to hybridise to them. By measuring the



fluorescence of each spot on the slide, scientists can

determine how active various genes are in that cell type.

Strong fluorescence indicates that many mRNA molecules

hybridised to the gene and, therefore, that the gene is very

active in that cell type. Conversely, no fluorescence indicates

that none of the cell's mRNA molecules hybridised to the

gene and that the gene is inactive in that cell type44,45.

Although these technologies are still relatively new

and are being used primarily for research, scientists expect

that one day they will have significant clinical applications.

For example, DNA chip technology has the potential to

significantly reduce the time and expense involved in genetic

testing. This technology or others like it may one day help

make it possible to define an individual’s risk of developing

many types of hereditary cancer as well as other common

disorders, such as heart disease and diabetes. Likewise,

scientists may one day be able to classify human cancers

based on the patterns of gene activity in the tumour cells

and then be able to design treatment strategies that are

targeted directly to each specific type of cancer46.

every 1,000 bases. Other types of polymorphisms-for

example, differences in copy number, insertions, deletions,

duplications, and rearrangements-also occur, but much less

frequently48.

Notwithstanding the genetic differences between

individuals, all humans have a great deal of their genetic

information in common. These similarities help define us as

a species. Furthermore, genetic variation around the world

is distributed in a rather continuous manner; there are no

sharp, discontinuous boundaries between human population

groups. In fact, research results consistently demonstrate

that about 85 per cent of all human genetic variation exists

within human populations, whereas about only 15 per cent

of variation exists between populations (Fig 4). That is,

research reveals that Homo sapiens is one continuously

 36   MEDICAL GLORY, VOL 6, ISSUE NO 1,  JANUARY-MARCH, 2022

variable, interbreeding species. Ongoing investigation of

human genetic variation has even led biologists and physical

anthropologists to rethink traditional notions of human racial

groups. The amount of genetic variation between these

traditional classifications actually falls below the level that

taxonomists use to designate subspecies, the taxonomic

category for other species that corresponds to the

designation of race in Homo sapiens. This finding has caused

some biologists to call the validity of race as a biological

construct into serious question49.

Analysis of human genetic variation also confirms

that humans share much of their genetic information with

the rest of the natural world – an indication of the relatedness

of all life by descent with modification from common

ancestors. The highly conserved nature of many genetic

regions across considerable evolutionary distance is

especially obvious in genes related to development (Fig 7).

For example, mutations in the patched gene produce

developmental abnormalities in Drosophila, and mutations

in the patched homologue in humans produce analogous

structural deformities in the developing human embryo50,51.

Geneticists have used the reality of evolutionary

conservation to detect genetic variations associated with

some cancers. For example, mutations in the genes

Baseline of Genetic Variation among Humans:

Nonetheless, there is considerable genetic variation

in our species. The human genome comprises about 3 ×

109 base pairs of DNA, and the extent of human genetic

variation is such that no two humans, save identical twins,

ever have been or will be genetically identical. Between

any two humans, the amount of genetic variation–

biochemical individuality – is about 0.1 per cent. This means

that about one base pair out of every 1,000 will be different

between any two individuals. Any two (diploid) people have

about 6 × 106 base pairs that are different, an important

reason for the development of automated procedures to

analyse genetic variation47.

The most common polymorphisms (or genetic

differences) in the human genome are single base-pair

differences. Scientists call these differences single-nucleotide

polymorphisms (SNPs). When two different haploid

genomes are compared, SNPs occur, on average, about



responsible for repair of DNA mismatches that arise during

DNA replication are associated with one form of colon

cancer. These mismatched repair genes are conserved in

evolutionary history all the way back to the bacterium

Escherichia coli, where the genes are designated Mutl

and Muts. Geneticists suspected that this form of colon

cancer was associated with a failure of mismatch repair,

and they used the known sequences from the E coli genes

to probe the human genome for homologous sequences.

a small percentage of the DNA sequences in the human

genome are coding sequences (sequences that are ultimately

translated into protein) or regulatory sequences (sequences

that can influence the level, timing, and tissue specificity of

gene expression). Differences that occur elsewhere in the

DNA– in the vast majority of the DNA that has no known

functio – have no impact52-54. Some genetic variation,

however, can be positive, providing an advantage in changing

environments. The classic example from the high school

biology curriculum is the mutation for sickle haemoglobin,

which in the heterozygous state provides a selective

advantage in areas where malaria is endemic54.

More recent examples include mutations in

the CCR5 gene that appear to provide protection against

AIDS. The CCR5 gene encodes a protein on the surface

of human immune cells. HIV, the virus that causes AIDS,

infects immune cells by binding to this protein and another

protein on the surface of those cells. Mutations in

the CCR5 gene that alter its level of expression or the

structure of the resulting protein can decrease HIV infection.

Early research on one genetic variant indicates that it may

have risen to high frequency in Northern Europe about 700

years ago, at about the time of the European epidemic of

bubonic plague. This finding has led some scientists to

hypothesise that the CCR5 mutation may have provided

protection against infection by Yersinia pestis, the bacterium

that causes plague. The fact that HIV and Y pestis both

infect macrophages supports the argument for selective

advantage of this genetic variant55-57. The sickle cell and

AIDS/plague stories remind us that the biological significance

of genetic variation depends on the environment in which

genes are expressed. It also reminds us that differential

selection and evolution would not proceed in the absence

of genetic variation within a species55,56.

Some genetic variation, of course, is associated with

disease, as classic single-gene disorders such as sickle cell

disease, cystic fibrosis, and Duchenne muscular dystrophy

remind us. Increasingly, research also is uncovering genetic

variations associated with the more common  diseases that

are among the major causes of sickness and death in

developed countries-diseases such as heart disease, cancer,

diabetes, and psychiatric disorders such as schizophrenia

Fig 7 –  Most Variation Occurs within Populations

This work led ultimately to the identification of a gene that

is associated with increased risk for colon cancer50-57.

Significance of Human Genetic Variation?

Almost all human genetic variation is relatively

insignificant biologically; that is, it has no adaptive

significance. Some variation (for example, a neutral

mutation) alters the amino acid sequence of the resulting

protein but produces no detectable change in its function.

Other variation (for example, a silent mutation) does not

even change the amino acid sequence. Furthermore, only
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and bipolar disease (manic-depression). Whereas disorders

such as cystic fibrosis or Huntington disease result from

the effects of mutation in a single gene and are evident in

virtually all environments, the more common diseases result

from the interaction of multiple genes and environmental

variables. Such diseases therefore are

termed polygenic and multifactorial. In fact, the vast majority

of human traits, diseases or otherwise, are multifactorial53-

57.

but only a predisposition to developing it. Virtually all human

diseases, except perhaps trauma, have a genetic

component58-60.

Still in other diseases, the genetic component is very

small. The crucial point, however, is that it is there. Even

infectious diseases other than genetic disorders, have a real,

albeit small, genetic component. For example, as the CCR5

example is described in earlier literature illustrates, even

AIDS is influenced by a person’s genotype. In fact, some

people appear to have genetic resistance to HIV infection

due to a variant of the CCR5 gene61,62.

Each of us is at some genetic risk, and therefore

can benefit, at least theoretically, from the progress scientists

are making in understanding and learning how to respond

to these risks. Scientists estimate that each of us carries

between 5 and 50 mutations that carry some risk for disease

or disability. Some of us may not experience negative

consequences from the mutations we carry, either because

we do not live long enough for it to happen or because we

may not be exposed to the relevant environmental triggers.

The reality, however, is that  the potential for negative

consequences from our genes exists for each of us63,64.

How is modern genetics helping us address the

challenge of human disease? As Fig 8 shows, modern genetic

analysis of a human disease begins with mapping and cloning

the  associated gene or genes. Some of the earliest disease

genes to be mapped and cloned were the genes associated

with Duchenne muscular dystrophy, retinoblastoma, and

cystic fibrosis. More recently, scientists have announced the

cloning of genes for breast cancer, diabetes, and Parkinson’s

disease61-67.

As Fig 8 also shows, mapping and cloning a

disease-related gene opens the way for the development of

a variety of new healthcare strategies. At one end of the

spectrum are genetic tests intended to identify people at

increased risk for the disease and recognise genotypic

differences that have implications for effective treatment. At

the other end are new drug and gene therapies thatbecause we inherit not the certainty of developing a disease,
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The genetic distinctions between relatively rare

single-gene disorders and the more common multifactorial

diseases are significant. Genetic variations that underlie

single-gene disorders generally are relatively recent, and

they often have a major, detrimental impact, disrupting

homeostasis in significant ways. Such disorders also

generally exact their toll early in life, often before the end of

childhood. In contrast, the genetic variations that underlie

common, multifactorial diseases generally are of older origin

and have a smaller, more gradual effect on homeostasis.

They also generally have their onset in adulthood. The last

two characteristics make the ability to detect genetic

variations that predispose/increase risk of common diseases

especially valuable because people have time to modify

their behaviour in ways that can reduce the likelihood that

the disease will develop, even against a background of

genetic predisposition53-57.

Human Genetic Variation and Drug Therapy:

As noted earlier, one of the benefits of

understanding human genetic variation is its practical value

for understanding and promoting health and for

understanding and combating disease. We probably cannot

overestimate the importance of this benefit. First, virtually

every human disease has a genetic component. In some

diseases, such as Huntington disease, Tay-Sachs disease,

and cystic fibrosis, this component is very large. In other

diseases, such as cancer, diabetes, and heart disease, the

genetic component is more modest. In fact, we do not

typically think of these diseases as “genetic diseases”,



specifically target the biochemical mechanisms that underlie

the disease symptoms or even replace, manipulate, or

supplement nonfunctional genes with functional  ones.

Indeed, as Fig 8 suggests, we are entering the era of

molecular medicine63,64. Genetic testing is not a new

all inherited breast cancers, or about 5 per cent of all breast

cancers. Variants of BRCA2, located on the long arm of

chromosome 13, appear to account for about 30 to 40%

of all inherited breast cancers. Variants of these genes also

Fig 8 –  Mapping and Cloning a Gene Can Lead to Strategies that Reduce the Risk of Disease

healthcare strategy. Newborn screening for diseases like

PKU has been going on for 30 years in many states.

Nevertheless, the remarkable progress scientists are making

in mapping and cloning human disease genes brings with it

the prospect for the development of more genetic tests in

the future. The availability of such tests can have a significant

impact on the way the public perceives a particular disease

and can also change the pattern of care that people in

affected families might seek and receive. For example, the

identification of the BRCA1 and BRCA2 genes and the

demonstration that particular variants of these genes are

associated with an increased risk of breast and ovarian

cancer have paved the way for the development of

guidelines and protocols for testing individuals with a family

history of these diseases. BRCA1, located on the long arm

of chromosome 17, was the first to be isolated, and variants

of this gene account for about 50 per cent of

prostate, or possibly other cancers65-67.

Scientists estimate that hundreds of thousands of

women in the United States have 1 of hundreds of significant

mutations already detected in the BRCA1 gene. For a

woman with a family history of breast cancer, the knowledge

that she carries one of the variantsof BRCA1 or BRCA2

associated with increased risk can be important information.

If she does carry one of these  variants, she and her physician

can consider several changes in her healthcare, such as

increasing the frequency of physical examinations;

introducing mammography at an earlier age; and even having

prophylactic mastectomy. In the future, drugs may also be
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increase slightly the risk for men of developing breast,

available that decrease the risk of developing breast

cancer65-67.

The ability to test for the presence in individuals of

gene variants is also changing the way drugs  are prescribed



and developed. A rapidly growing field known

as pharmacogenomics focuses on crucial genetic differences

that cause drugs to work well in some people and less

well, or with dangerous adverse reactions, in others. For

example, researchers investigating Alzheimer disease have

found that the way patients respond to drug treatment can

depend on which of three genetic variants of

the apolipoprotein E (ApoE) gene a person carries.

Likewise, some of the variability in children’s responses to

therapeutic doses of albuterol, a drug used to treat asthma,

was recently linked to genotypic differences in the beta-2-

adrenergic receptor. Because beta-2-adrenergic receptor

agonists (of which albuterol is one) are the most widely

used agents in the treatment of asthma, these results may

have profound implications for understanding the genetic

factors that determine an individual’s response to asthma

therapy68,69. Experts predict that increasingly in the future,

physicians will use genetic tests to match drugs to an

individual patient’s body chemistry, so that the safest and

most effective drugs and dosages can be prescribed. After

identifying the genotypes that determine individual responses

to drugs, pharmaceutical companies will also likely set out

to develop new, highly specific drugs and revive older ones

whose effects seemed in the past too unpredictable to be

of clinical value69.

Knowledge of the molecular structure of disease-

related genes also is changing the way researchers approach

developing new drugs. A striking example followed the

discovery in 1989 of the gene associated with cystic fibrosis

(CF). Researchers began to study the function of the normal

and defective proteins involved in order to understand

thebiochemical consequences of the gene’s variant forms

and to develop new treatment strategies based on that

knowledge. The normal protein, called CFTR for cystic

fibrosis transmembrane conductance regulator, is embedded

in the membranes of several cell types in the body, where it

serves as a channel, transporting chloride ions out of the

cells. In CF patients, depending on the particular mutation

the individual carries, the CFTR protein may be reduced

or missing from the cell membrane, or may be present but

not function properly. In some mutations, synthesis of CFTR

protein is interrupted, and the cells produce no CFTR

molecules at al70,71.

Although all of the mutations associated with CF

impair chloride transport, the consequences for patients with

different mutations vary. For example, patients with

mutations causing absent or markedly reduced CFTR

protein may have more severe disease than patients with

mutations in which CFTR is present but has altered function.

The different mutations also  suggest different treatment

strategies. For example, the most common CF-related

mutation (called delta F508) leads to the production of

protein molecules (called delta F508 CFTR)  that are

misprocessed and are degraded prematurely before they

reach the cell membrane. This finding suggests that drug

treatments that would enhance transport of the defective

delta F508 protein to the cell membrane or prevent its

degradation could yield important benefits for patients with

delta F508 CFTR71,72.

Finally, the identification, cloning, and sequencing

of a disease-related gene can open the door to the

development of strategies for treating the disease using the

instructions encoded in the gene itself. Collectively referred

to as gene therapy, these strategies typically involve adding

a copy of the normal variant of a disease-related gene to a

patient’s cells. The most familiar examples of this type of

gene therapy are cases in which researchers use a vector to

introduce the normal variant of a disease-related gene into

a patient’s cells and then return those cells to the patient’s

body to provide the function that was missing. This strategy

was first used in the early 1990s to introduce the normal

allele of the adenosine deaminase (ADA) gene into the body

of a little girl who had been born with ADA deficiency. In

this disease, an abnormal variant of the ADA gene fails to

make adenosine deaminase, a protein that is required for

the correct functioning of T-lymphocytes1.

Although researchers are continuing to refine this

general approach to gene therapy, they also are developing

new approaches. For example, scientists hope that one very

new strategy, called chimeraplasty, may one day be used to

actually correct genetic defects that involve only a single base

change. Chimeraplasty uses specially synthesised molecules
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that base pair with a patient’s DNA and stimulate the cell’s

normal DNA repair mechanisms to remove the incorrect

base and substitute the correct one. At this point,

chimeraplasty is still in early development and the first clinical

trials are about to get underway. Yet another approach to

gene therapy involves providing new or altered functions

to a cell through the introduction of new genetic information.

For example, recent experiments have demonstrated that

it is possible, under carefully controlled experimental

conditions, to introduce genetic information into cancer cells

that will alter their metabolism so that they commit suicide

when exposed to a normally innocuous environmental

trigger. Researchers are also using similar experiments to

investigate the feasibility of introducing genetic changes into

cells that will make them immune to infection by HIV.

Although this research is currently being done only in non-

human primates, it may eventually benefit patients infected

with HIV57.

As Fig 6 indicates, the Human Genome Project

(HGP) has significantly accelerated the pace of both the

discovery of human genes and the development of new

healthcare strategies based on a knowledge of a gene’s

structure and function. The new knowledge and technologies

emerging from HGP-related research also are reducing the

cost of finding human genes. For example, the search for

the gene associated with CF, which ended in 1989, before

the inception of the HGP, required more than eight years

and $50 million. In contrast, finding a gene associated with

a Mendelian disorder now can be accomplished in less

than a year at a cost of approximately $100,000.

enormous effect on the practice of medicine in the next

century.

Human Disease,  Human Genome and Drug

Discovery Programme:

Genetic research has played an instrumental role in

the discovery of new biological pathways underpinning

complex human disease and the evaluation of new targets

for therapeutic development. The past decade has seen an

exponential increase in the number of known genetic loci

predisposing to complex disease, enabled by large-scale

meta-analyses based on genomewide single-nucleotide

polymorphism (SNP) arrays imputed into reference

haplotype panels73. These efforts have identified thousands

of (mostly common) genetic\ loci associated with disease

biomarkers and disease endpoints74, with some initial

examples of how these genetic findings can be used to inform

disease prediction75, identification of causal mechanisms of

disease76,77 and the prioritisation of new biological targets

in drug discovery programmes78-80.

Empirical studies attempting to understand the

impact of rare or less common variation on human complex

diseases and traits remain to date relatively limited78,79, but

some lessons on their properties are beginning to emerge

from exomewide and genomewide sequencing studies. For

most traits, these studies have demonstrated an inverse

relationship between the variant’s “regression effect size”

(or disease odd’s ratio) and its frequency in the population,

as predicted by population genetic models81. Differential

selective pressures acting on variants across the allele

frequency spectrum underpin the observed shape of this

relationship in different human traits. Such a relationship

tends to be skewed in favour of rare variants for traits most

strongly influenced by natural selection, compared with

quantitative phenotypes or late-onset diseases81. Mendelian

diseases are at the extreme end of the spectrum because of

the high impact of selection on transmission of rare variants

to subsequent generations. Initial evidence for complex

diseases suggests that autism spectrum disorders may be

skewed towards rarer susceptibility variants82 compared
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The last few years of research into human genetic

variation also have seen a gradual transition from a primary

focus on genes associated with single-gene disorders, which

are relatively rare in the human population, to an increasing

focus on genes associated with multifactorial diseases.

Because these diseases are not rare, we can expect that

this work will affect many more people. Understanding the

genetic and environmental bases for these multifactorial

diseases also will lead to increased testing and the

development of new interventions that likely will have an



with diseases such as type 2 diabetes81, age-related macular

degeneration78 and schizophrenia83, and quantitative

cardiometabolic traits84,85. Further efforts to discover

associations driven by low-frequency and rare variants

through genome sequencing and large-scale imputation

efforts allow continuous refinements of the proportion of

trait heritability explained by variants across the frequency

spectrum86. Finally, it is worth noting that estimates of

missing heritability from genome-wide variants are strongly

dependent on assumptions on linkage disequilibrium, allele

frequency and genotype certainty81. Rare SNPs have been

estimated to contribute substantial fractions of heritability

(half the heritability of common SNPs87, Another important

challenge for complex disease genetics is the identification

and functional characterisation of causal variants, or

mutations in relevant genes, responsible for association

signals detected through genomewide association studies

(GWASs)88. Common risk variants map overwhelmingly

to regulatory regions74,75, where inference of the underlying

causative genes is difficult. Further improvements in

imputation panels were enabled by large-scale whole-

genome sequencing (WGS) efforts in reference human

populations, and particularly the 1000 Genomes Project

(pilot, phase I and phase III). In the first phase of the project

(phase I), a combination of low read depth WGS (2-4×)

and targeted deep (50-100×) exome sequencing was used

to characterize 38 million single-nucleotide variants (SNVs)

and 1.4 million short insertion-deletions (INDELs) in 1092

individuals from 14 populations. The authors further showed

that individuals from the various populations display different

profiles of rare and common variants with considerable

geographic differentiation89.

Finally, efforts are now in place to combine publicly

available WGS datasets to create a single reference panel

with increased depth of low-frequency and rare

haplotypes.To date, the Haplotype Reference Consortium

has combined low-read-depth WGS data (4-8×) from 20

studies of mainly European ancestry. The relative panel

contains  64,976 haplotypes from 39,235,157 SNVs with

minor allele count >5, and the large number of samples

and variant sites increases the accuracy of the genotype

imputation, especially at low-frequency variants down to

0.1% MAF and allows efficient phasing and imputation on

existing servers with the aim to carry out imputation in a

more streamlined manner90,91; 11distinct auto-immune and

inflammatory diseases to assay 195,806 SNPs and 718

small INDELs. It included the top 2000 independent

variants for each disease that showed evidence for an

association, as well as SNPs from the 1000 Genomes

Project and resequencing data to densely cover 186

different disease loci, including the major histocompatibility

complex (MHC) and the killer immunoglobulin-like receptor

(KIR) loci. The coverage of the low-frequency and rare

variant spectrum is incomplete since the array was designed

using early 1000 Genomes Pilot data (February 2010

release).

The Metabochip custom array interrogates nearly

200,000 SNP markers of 257 genomewide significant

association signals for metabolic diseases (type 2 diabetes,

coronary artery  disease, myocardial infarction) and

quantitative traits (body mass index, glucose and insulin

levels, lipid levels and blood pressure). This array, similar

toImmunochip, was very cost-effective, meaning more

samples could be genotyped and its uniformity enabled direct

comparison across phenotypes91,92. Metabochip SNPs

were selected from International HapMap74 and 1000

Genomes Project91 repositories to include SNPs across a

wide range of allele frequencies. Metabochip SNPs focus

on trait-associated loci (1.5% of the genome) by increasing

their SNP resolution by fine-mapping. Imputation accuracy

in fine-mapping regions is increased compared to traditional

SNP arrays, as 54.4% of European SNPs from 1000GP

phase I are tagged with r2 > 0.893.
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Exome or Whole-genome Sequencing:

Historically, candidate gene sequencing studies have

been used to explore sequence variation through relatively

small-scale sequencing efforts. These were based mainly

on capillary (Sanger) sequencing, typically focused on small

numbers of patients and healthy controls and on genes with

a strong a priori biological candidacy or importance for a



given trait of disease94,95. Studies based on whole-exome

sequencing (WES) and WGS have been increasingly used

to systematically assess the properties and associations of

rare variants, enabled by decreases in sequencing costs

and increases in sequencing throughput96. WES probes only

approximately 1.2% of the genome, and is thus cheaper

relative to WGS, but limits investigations to variants in

protein-coding regions of the genome. An enrichment

analysis in the UK10K Project used functional and

regulatory features, such as genic annotations, chromatin

states, DNaseI hypersensitive sites, transcription factor

binding sites, conservation scores and histone modifications,

to assess the relative contribution of low-frequency and

common variants to associations. The results showed that

low-frequency variants in exonic regions displayed the

strongest degree of enrichment (25-fold, compared with

five-fold for common variants), which is compatible with

the signatures of purifying selection, such as a negative

correlation between functionally important variants and

allele frequency97. However, non-coding low-frequency

alleles were shown to also contribute to phenotypic trait

variation: Both common and low-frequency variants had

comparably strong levels of functional enrichment for several

non-coding domains (ie, transcription start sites, DNase I

hotspots and 3'  UTRs of genes). Additionally, it has been

suggested that the quality and the calling of coding SNVs

and INDELs is comparable if not better in WGS ie, an

estimated 3% of coding variants were found by WGS but

not called by WES98. We review later results of recent

exome- and genome-sequencing studies of complex

disease.

Conclusions:

Recombinant DNA technology advanced

enormously. Multivariate measures of traditional disease

risk factors, disease-relevant endpoints derived from

electronic health records or molecular traits driven by

functional and cellular genomics are the key for such

advancement and opened the research in the following

areas:

(a) Discoveries of highly informative rare alleles,

including loss of function (LoF) mutations, associated with

risk of disease.

(b) Provide more powerful genetic tools to assess

the causal contribution of novel biological pathways to

disease risk through Mendelian randomisation approaches.

(c) Enable efforts to dissect and refine understanding

of causal regulatory variants through genome-scale

molecular and cellular assays.

Improvements can be seen with the discovery of

associations driven by low-frequency and rare variants in

relation to therapeutic targets.When one can identify  alleles

that mimic the effect of modulating drug target genes, which

can inform the likelihood of success in treating disease by

modifying biological pathways through novel and existing

drugs, then this approaches  offer great promise “for reducing

the attrition rate in drug development by identifying new

drugs with higher efficacy” and by informing repositioning

of existing drugs towards new disease indications.
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