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Review Series: Nucleic Acids in Medicine

Nucleic acids in diagnosis (Part II): Genetic testing and screening
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INTRODUCTION
The seminal work ofthe great German pathologist RudolfVirchow
during the middle of the nineteenth century defined an anatomical
or histological basis for diseases. Since then, the scientific per-
spective of pathogenesis has moved through Koch's discovery of
the microbiological basis for disease, and an endocrine or meta-
bolic basis for some diseases as proven by the pioneering work of
Banting, Best and others. The past few decades have revealed that
most diseases have a molecular or genetic basis. It was only
logical, then, that the successful application of this new knowl-
edge may usher in an era of molecular diagnosis. We looked at
some of the salient molecular diagnostic assays for various dis-
eases in the previous review in this series.' Inherent to the potential
of molecular diagnostic capabilities is the plausible extension of
this exciting field to aspects that pertain to genetic testing and
screening. Various scenarios of the utility of such testing have
been envisaged. Thus, for example, it may be possible in the field
of oncology to predict which in situ cancers are ordained for
malignant transformation, and which can be safely watched
without the need to intervene. Or it may soon become feasible to
predict an individual's risk for a particular disease, so that he/she
can alter hislher lifestyle habits or begin other preventive strate-
gies. In the light of the need to afford due credence to various
ethical, legal and social implications (ELSI) of the use of molecu-
lar diagnostic techniques in predicting a disease and the discus-
sion of such assays is dealt with separately in the present review.
A brief discussion of ELSI is followed by the description of a
number of assays that are currently available for some pathologi-
cal conditions.

WHAT IS GENETIC TESTING?
Genetic tests use a vast variety oflaboratory techniques-many of
which were described in the earlier reviews-to determine if a
person has a genetic condition or disease, or is susceptible to
develop the disease. Persons may wish to be tested at the genetic
level for anyone or more of the following reasons:

I. There is a family history of one specific disease.
2. They show symptoms of a genetic disorder.
3. They are apprehensive about the hereditary transmission of a

genetic disorder to their children. (This kind of pre-symptom-
atic genetic testing, sometimes on a population level, is termed
genetic screening.)

Genetic tests include techniques to examine target genes them-
selves or by linkage analysis of markers near the genes. The
linkage analysis requires additional DNA from an affected family
member for comparison.
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TYPES OF GENETIC TESTING

Carrier identification
Carrier identification includes genetic tests used by couples whose
families have a history of recessive genetic disorders and who are
considering having children. The common tests include those for
cystic fibrosis (CF), Tay Sach's disease, haemophilia, thala-
ssaemia and sickle cell anaemia.

Late-onset disorder testing
Late-onset disorders are complex adult diseases such as cancer
and heart disease, which have a genetic and environmental aetio-
logy. Genetic tests, such as specific gene mutation assay or
mismatch repair defect analysis for cancer, 2 may indicate a predis-
position for these diseases. Monogenic diseases such as
Huntington's disease are also seen in later life and can be tested
by repeat expansion analysis.'

Prenatal diagnosis
This is effected by either amniocentesis or chorionic villus samp-
ling, wherein foetal cells are removed and tested by chromosomal
or molecular assays to detect the disease-related genetic changes.
The commonly used prenatal diagnostic tests include those for CF,
thalassaemia and haemophilia, and for Down syndrome.

Newborn screening
Newborn screening is often carried out as a preventive health
measure. Tests are usually beneficial for newborns because treat-
ment is available. The target conditions include genetic diseases
such as phenylketonuria and congenital hypothyroidism, or even
transplacentally transmitted infectious conditions such as HIV or
other infections.

Pre-implantation genetic diagnosis (PGD)
Couples who have a religious or moral dilemma as to whether or
not to terminate the pregnancy if a genetic abnormality is present
may resort to an alternative method, where the genetic condition
is diagnosed in embryos before pregnancy is established. Using
micromanipulation, a biopsy of the pre-embryo at the 6-10 cell
stage (2-4 days after in vitro fertilization) allows removal of one
or two cells without any adverse effects on further development of
the embryo. These cells are then used for genetic testing using
fluorescence in situ hybridization (FISH) or polymerase chain
reaction (PCR) to obtain the test result within 24 hours. Only the
unaffected embryos are then transferred to the uterus. Thus, PGD
obviates the need for screening during a pregnancy and hence
prevents the physical and psychological trauma associated with a
possible termination of pregnancy. The genetic conditions screened
for by PGD include CF, Tay-Sach's disease, haemophilia A,
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Fragile X syndrome, Huntington disease, Duchenne muscular
dystrophy, Lesch-Nyhan syndrome, retinitis pigmentosa, Char-
cot-Marie- Tooth disease, Down syndrome and rarer diseases
such as Barth's syndrome, Rett' s syndrome and Turner syndrome.
PGD offers an opportunity for couples-who would otherwise
have avoided pregnancy for fear of bearing a child with a disor-
der-to have a child assured to be free of a particular disease. Over
a long period of time, PGD may even help diminish the incidence
of many genetic diseases from a population.

There are, nevertheless, some sensitive ethical issues that
supporters and practitioners of PGD will have to come to terms
with if the technology were to become common. These include
addressing the objection that each fertilized human egg is a
potential human being, and hence destruction of both the geneti-
cally defective fertilized cells and the fertilized cells unused for
implantation is unethical. Other objections that could arise are
that some low penetrance disorders detectable in the genetically
deficient embryo might never manifest as the actual disease and so
need not be eliminated. Also, some late-onset diseases may not
become apparent until the individuals reach the fourth or fifth
decade oflife, by which time a cure may become available, making
destruction of the embryos presenting with the genetic defect
superfluous and uncalled for. While reproductive researchers are
grappling with these issues, the emergence of techniques using
whole genomic amplification'> have certainly made PGD an
attractive assay system to test for numerous mutations in a single
cell.

Genetic profiling
Genetic profiles (or 'DNA fingerprints') are compiled from the
sequencing information for one or more genetic markers to iden-
tify the unique characteristics of an individual. Besides the use in
identifying the pathogenic strain in epidemics, such information
is now used in legal cases involving paternity and criminal
investigations. [It also has a potential to be used in times of major
disasters (such as the recent earthquakes in India and EI Salvador)
or wars to identify those who have died.] Another application of
DNA fingerprinting is in forensic testing, where a genetic linkage
is sought between the suspects and the evidence discovered in
criminal investigations. The debate now centres on standards and
quality control, but it is accepted that the technologies accurately
detect the genetic differences between humans and are new,
powerful tools to clear the innocent and convict the guilty.

ELSI OF GENETIC SCREENING AND TESTING
Genetic screening
Pre-symptomatic testing is expected to reduce morbidity and
mortality due to cancer and heritable diseases by preventive
intervention, early detection and adequate management. How-
ever, these new predictive tests raise several ethical, legal and
social issues. The implications of genetic test results could be
enormous, not only for the individual being tested, but also for
relatives who share this genetic legacy, and society as a whole.
Some ethical issues associated with PGD have been briefly
touched upon above. There are also some unsolved issues associ-
ated with genetic tests for susceptibilities and complex conditions
such as cancer and heart disease that are linked to multiple gene
and gene-environment interactions. These include judiciousness
to perform tests when no treatment is available, or the legal right
of parents to have their minor children tested for adult-onset
diseases. There is now a growing consensus that genetic testing
for disease susceptibility should generally be performed only
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within the context of long-term outcome studies that are designed
to measure the medical and psychological effectiveness.

Genetic testing
Besides the medical and paramedical staff directly involved with
conducting the tests, increasing computerization of hospitals has
widened the access to test-related information. There is also a
possibility that such sensitive information in hospital databanks
could become available to health insurance companies, pharma-
ceutical companies and even prospective employers. Therefore,
careful consideration in the handling of this information is very
important. Critical issues in this regard include informed consent
and privacy and confidentiality of the individuals. (For a useful
online tutorial for genetic testing, referto: http://strategis.ic.gc.cal
SSGltc00033e.html)

INFORMED CONSENT
Either the adult individual being tested or the parents or legal
guardians of the minor being tested must clearly understand the
risks, benefits, effectiveness and alternatives to genetic testing. It
is important that they realize the implications of their consent to
the procedure and the test itself.

Privacy and confidentiality
Every individual has a right to privacy and confidentiality of his/
her medical condition. Some genetic tests are encouraged or even
required for developing foetuses and newborn babies. Never-
theless, the need for maintenance of confidentiality of any diag-
nosis of an inherited disease or finding of a carrier status in the
embryo ought to be emphasized to the health care providers since
these findings may affect the future employment or insurance of
the individual. It must, therefore, be acknowledged that genetic
information is sensitive and both present and future access to it
should be limited to only those authorized to receive it.

Social issues
In a country like India, where many women who may be carriers
of genetic disorders experience emotional harassment and social
ostracism," genetic testing ought to be carried out with caution.
Bearing in mind the absence of appropriate social awareness and
the level of education of both the family members as well as health
care workers, mere administration of genetic tests is likely to
cause a strain in family relationships. Prudent genetic counselling,
coupled with leverage from close-knit family structures in India,
can alleviate any psychosocial problems that may arise. The main
purpose of such carrier detection genetic testing can only then be
achieved-namely, helping the family cope with the occurrence or
recurrence of a genetic disease and to take suitable reproductive
decisions.

For genetic testing/screening assays to become commonplace,
these will first have to satisfy the rigors ofELSI mentioned above.
That done, there is real scope for immense utility of molecular
techniques in foretelling the onset of different diseases.

NUCLEIC ACID-BASED GENETIC TESTING ASSAYS
Two main types of tests are available: tests for existing genetic
disease, and susceptibility tests indicating the future development
of disease. Examples of susceptibility tests are those for Alzheimer
disease (AD), hereditary breast cancer (HBC), hereditary breast
and ovarian cancer (HBOC) and hereditary non-polyposis colorectal
cancer (HNPCC).
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Susceptibility testing
Alzheimer disease. The diagnosis of AD is based upon the

histological findings of ~-amyloid plaques and intraneuronal
neurofibrillary tangles. However, there is no accurate clinical
diagnostic test for AD. The two types of AD are familial and
sporadic.

Sporadic AD usually occurs later in life, is far more common,
and appears to be related to the ApoE gene found on chromosome
19. Three alleles of ApoE occur most frequently: ApoE2, ApoE3
and ApoE4. Mutations in ApoE4 have been shown to be associ-
ated with AD. Having one or two E4 mutated apoE alleles
increases a person's risk of AD (butnotto 100%). Thus, the ApoE
genotyping is neither fully specific nor sensitive. In the research
setting, ApoE testing is a tool that can identify study volunteers
who may be at risk of developing AD. Researchers can thus look
for early brain changes.

Less than 5% of affected families show cases with early onset
familial AD (EOFAD), where the progressive dementia disease
strikes members younger than 65 years of age. EOFAD is inher-
ited in an autosomal dominant manner, with the risk to the off-
spring being 50%. EOFAD has been shown to be caused by
mutations in amyloid precursor protein (APP), presenilin 1
(PSENl) and presenilin 2 (PSEN2) genes situated on chromo-
somes 14,21 and 1,respectively. At leastthree clinically indistin-
guishable subtypes, termed AD3, AD 1and AD4, can be identified
by molecular genetic testing.'

AD3 susceptibility can be tested currently by mutations in the
PSENI gene. This test detects 20%-70% of cases with EOFAD.s
For AD3, the age of onset is usually in the fifth or early sixth
decade oflife. Onset after 65 years of age is thought to be very rare,
with penetrance essentially complete by that age. Relatively rapid
progression over 6 to 7 years is the hallmark of the disease which
is often associated with seizures, myoclonus and language defi-
cits.?

ADI is caused by mutations in the APP gene (chromosome
21q21-q22).10 The age of onset is usually in the fifth and sixth
decades of life, and the phenotype of dementia in families with
APP mutations is that of typical AD. Research is being done for
testing these mutations, and 10%-15% of EOFAD patients have
been found to be positive.

AD4 is caused by point mutations in the PSEN2 gene (chromo-
some lq31-q42)." AD4 has a wider range of age at onset than
ADI and AD3. This range extends from 40 to 75 years with a few
instances of non-penetrance after 80 years, and an average disease
duration of 11 years." Thus far, mutations in PSEN2 have only
been found in a few families. Testing for PSEN2 gene mutations
is also available only on a research basis, and less than 5% of
EOFAD patients test positive.

Hereditary breast cancer and hereditary breast and ovarian
cancer. Breast cancer is most probably a multifactorial disorder
caused by both non-genetic and genetic factors. The clinical
diagnosis of breast cancer is established by histological examina-
tion of a breast biopsy. Inherited susceptibility to breast cancer
may be identified through mutation analysis of the genes BRCAI
or BRCA2 at chromosomal locations 17q21 and 13qI2, respec-
tively. Germ-line BRCAI and BRCA2 mutations account for a
large proportion of HBC and HBOC families. Mutation analysis
has been facilitated by the identification of founder mutations in
well-defined ethnic groups. A cancer-predisposing mutation in
BRCAI or BRCA2 ismore likely to be present if the family history
includes an Ashkenazi Jewish ancestry, the breast cancer is
diagnosed before 50 years of age, presence of bilateral breast
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cancer, presence of ovarian cancer, or the occurrence of both breast
cancer and ovarian cancer in the same person. For genetic coun-
selling, the factors that must be taken into account include:

1. the number of affected individuals,
2. ratio of affected to unaffected relatives,
3. proximity of the biological relationship to affected relatives,
4. age at cancer diagnosis,
5. presence of bilateral/multifocal breast cancer,
6. presence of ovarian cancer, and
7. occurrence of male breast cancer.

Prophylactic mastectomy and/or oophorectomy have been pro-
posed as a means of reducing the risk of cancer in people with
genetic susceptibility to breast and ovarian cancer. A panel of
experts concluded there was insufficient evidence to recommend
for or against these procedures for individuals with BRCAI or
BRCA2 cancer-predisposing mutations. \3 Thus, although the
prophylactically extirpated breasts and ovaries of BRCA gene
mutation carriers frequently show abnormal histological findings
that are not detectable before surgery, 14 it has been shown that
disease-free and overall survival rates were similar for sporadic
and hereditary breast cancer in the presence of different tumour
characteristics. 15

HBOC family members with BRCAI and BRCA2 mutations
may have a small increased risk for the development of colonic
cancer. 16 In addition, men from these families appear to have an
increased risk of prostatic cancer and should therefore be informed
about options for screening." The risk of prostatic cancer is
estimated to be three-fold higher in men who have a BRCAI
mutation than in. the general population, while that of colonic
cancer may be four-fold higher. 16 In individuals with BRCA2
mutations, besides cancer of the prostate and colon cancer, the risk
for cancers of the larynx, oesophagus, stomach, gallbladder, bile
duct and haematopoietic system, as well as melanomas, has been
noted."

Molecular genetic testing for BRCAI and BRCA2 cancer-
predisposing mutations is being offered in many medical centres
across USA and Europe. Such testing is currently available on a
clinical basis in two settings: forprobands who are identified to be
at high risk for having a BRCA 1 or BRCA2 cancer-predisposing
mutation, and for at-risk relatives of an individual with an identi-
fied BRCAI or BRCA2 cancer-predisposing mutation. The two
most common mutations in the BRCAI gene are 185deiAG
deletion or the 5382insC insertion, while the 6174deiT deletion is
common in the BRCA2 gene. The specific DNA-based testing
techniques performed include ASO testing, PTT assay, SSCP
analysis, complete DNA sequencing, and Southern blot analysis,
either individually or in combination. 2 Besides these, techniques
of conformation sensitive gel electrophoresis (CSGE)IS or exon
scanning" can also be used. However, it must be borne in mind
that no currently available technique can guarantee the identifica-
tion of all the cancer-predisposing mutations in the BRCAI or
BRCA2 genes. 19

Hereditary non-polyposis colorectal cancer. HNPCC is char-
acterized by early-onset tumours primarily of the colon. It is the
most common hereditary form of colorectal carcinoma (CRC) and
may account for 5%-10% of the total CRC burden. The discovery
of DNA mismatch repair (MMR) genes, inclusive of hMSH2,
hMLHl, hPMS2 and hMSH6, has enabled the identification of
individuals who have an unusually increased susceptibility to
CRC as well as many extracolonic cancers. Mutation testing has
focused on hMSH2 and hMLHl, the most common mutations in
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HNPCC. Mutations in MMR genes result in genome-wide loss of
MMR functions and in microsatellite instability. These mutations
can now be tested at the molecular level."

Diagnostic testing
Some diseases or genetic lesions for which DNA-based gene tests
are currently available are listed in Table I,while a few represen-
tative tests from among these are described in some detail below.

Ataxias. The hereditary ataxias are a group of genetic disorders
characterized by a slowly progressive loss of coordination of gait,
often associated with poor coordination of hands, speech and eye

Genetic disorderflesion

TABLE1.Currently available genetic tests

Characteristic

Alpha-I-antitrypsin deficiency
Amyotrophic lateral sclerosis

Ataxia telangiectasia

Gaucher disease

Charcot-Marie- Tooth disease
Congenital adrenal hyperplasia

Cystic fibrosis

Duchenne musculardystrophyl
Becker muscular dystrophy

Dystonia

Epstein-Barr virus infection
Fanconi anaemia, group C

Factor V-Leiden
Fragile X syndrome

Haemophilia A and B
Huntington's disease

K-ras mutations

Myotonic dystrophy

Neurofibromatosis type I

Phenylketonuria

Adult polycystic kidney disease
Prader Willil Angelman syndromes

Sickle cell disease

Spinocerebellar ataxia type I

Spinal muscular atrophy

Thalassaemias

Tay-Sach's disease

Emphysema and liver disease
Lou Gehrig's disease; progressive

motor function loss leading to
paralysis and death

Progressive brain disorderresulting in
loss of muscle control and cancers

Enlarged liver and spleen, bone
degeneration

Loss of feeling in the end of the limbs
Hormone deficiency; ambiguous

genitalia and male
pseudohermaphroditism

Disease of the lung and pancreas
resulting in thick mucus
accumulations and chronic
infections

Severe to mild muscle wasting,
deterioration, weakness

Muscle rigidity, repetitive twisting
movements

EB V-associated Iiver diseases
Anaemia, leukaemia, skeletal

deformities
Blood clotting disorder
Leading cause of inherited mental

retardation
Bleeding disorders
Progressive,lethal, degenerative

neurological disease
Characteristic of colorectal,lung and

pancreatic cancers
Progressi ve muscle weakness; most

common form of adult muscular
dystrophy

Multiple benign nervous system
tumours that can be disfiguring;
cancers

Progressive mental retardation due to
missing enzyme; correctable by diet

Kidney failure and liver disease
Decreased motor skills, cognitive

impairment, early death
Blood cell disorder; chronic pain and

infections
Involuntary muscle movements, reflex

disorders, explosive speech
Severe, usually lethal progressive

muscle wasting disorder in children
Anaemias with reduced red blood cell

levels
Fatal neurological disease
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movements, and atrophy of the cerebellum. Various types of
hereditary ataxias are recognized by the mode of inheritance and
the causative gene or chromosomal locus. The hereditary ataxias
can be inherited in an autosomal dominant, autosomal recessive
(such as Friedreich ataxia and ataxia telangiectasia) and X-linked
manner. These include ataxia telangiectasia, Friedreich ataxia,
spinocerebellar ataxia type 1,spinocerebellar ataxia type 2, spino-
cerebellar ataxia type 3, spinocerebellar ataxia type 6, spino-
cerebellar ataxia type 7, spinocerebellar ataxia type 8 and
spinocerebellar ataxia type 10. Molecular genetic tests are
available in clinical laboratories for the diagnosis of all of these
entities. Genetic counselling and risk assessment depends on
determination of the specific ataxia subtype in an individual.

Retinitis pigmentosa (RP). RP is a group of inherited disorders
in which abnormalities of the photoreceptors (rods and cones) or
pigment epithelium ofthe retina lead to progressive loss of vision.
Patients first experience defective adaptation to darkness or 'night
blindness', followed by constriction of the peripheral visual field
and eventually loss of central vision. The diagnosis of RP relies
upon documentation of progressive loss in the photoreceptor
function by electroretinography and testing of the visual field. The
mode of inheritance of RP is determined by the family history. RP
can be inherited in an autosomal dominant, autosomal recessive or
X-linked recessive manner. At least 34 different genes or loci are
known to cause non-syndromic RP. DNA testing is available for
all of the cloned genes causing RP, albeit on a research basis only.
Genetic counselling depends on an accurate diagnosis and deter-
mination of the mode of inheritance in each family.

Huntington's disease. The mutation in the Huntington disease
(HD) gene is an expansion of a CAG trinucleotide repeat in excess
of 39 repeats (see Table II). The trinucleotide repeat expansion is
believed to cause HD in almost all the cases. An association has
been reported between the size of the repeat and the age of onset;
however, currently there are not enough data to support the
genotype:phenotype prognoses. Samples are amplified using PCR
for the HD gene region (4p16.3) by PCR, cleaved by restriction
enzymes and separated on a gel. The reliability of test results
exceeds 99%. Specificity may be compromised by PCR primer
site mutations.

Fragile X syndrome (FRA-X). FRA-X is one of the common
causes of inherited mental retardation. Patients with this syn-
drome exhibit mental retardation and characteristic physical
features and behaviour. While testing is beneficial for the confir-
mation of a clinical diagnosis, it should also be considered in any
individual with unexplained mental retardation or with a family
history of mental retardation that is consistent with an X-linked
pattern of inheritance. Molecularly, FRA-X patients have ex-
panded CGG repeats within the Fragile-X gene (FMR-l). Nor-
mally, X chromosomes have 5-50 repeats of this triplet; FRA-X
patients exhibit hundreds to thousands of repeats. Expansion of
the repeat in an excess of 200 copies typically results in a non-
functional FMR-l gene. PCR is used to detect FMR-l repeat
expansion. Specificity is achieved by directing the reaction using

TABLEII. CAG repeat expansion in Huntington's disease

Phenotype Number of CAG repeats

Normal allele
Mutable normal allele
HD allele with reduced penetrance
HDallele

<26
27-35
36-39
>40
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two complementary primers on either side of the region of interest.
The combination of standard cytogenetic analysis and molecular
testing (PCR and Southern blotting) appears to be the optimal
approach to define this entity in the laboratory setting. A maternal
DNA sample is required in prenatal diagnostic cases in order to
provide an accurate interpretation of results.

Phenylketonuria (PKU). PKU is a progressive mental retarda-
tion due to the missing enzyme pheny lalanine hydroxy lase (PAH),
which results from mutations in the PAH gene. PKU can be
corrected by diet. Sueoka et at. have recently described a simple
and technically feasible method for mutation screening of the PAH
gene." This method is based on the identification of a nucleotide
substitution by restriction enzyme analysis, coupled with PCR
and direct sequencing of exon 7 of the PAH gene. It allows
simultaneous detection of various mutations.

Alpha-thalassaemia. Liu et at. recently described a sensitive
method based on three multiplex PCR assays for the rapid detec-
tion of seven common alpha-thalassaemia deletions and one
alpha-globin gene triplication." This assay is expected to facili-
tate the genetic screening and molecular diagnosis of these deter-
minants in populations where alpha-thalassaemias are prevalent.

Cystic fibrosis. A recent survey by Groudy has shown that the
ability to test for CFTR mutations at the molecular level has already
improved the diagnosis of symptomatic patients and expanded the
reproductive options of family members ofCF patients." However,
he cautions that a number of issues need to be addressed before
widespread population screening could be offered for CF. These
include: a target population to whom testing is offered (the entire
population versus high-risk ethnic groups), the size and nature of
the mutation test panel (universal versus ethnic specific), the
inclusion or exclusion of CFTR variants that do not cause classical
CF, the optimal testing technology, appropriate standards for
laboratory quality assurance and the development of sufficient
educational materials and genetic counselling resources for test
delivery, reporting and interpretation. Answers to similar ques-
tions will be sought, more or less, for all the genetic tests.

K-ras mutations. One of the best characterized tumour-related
genes is K-ras, which mutates somatically in several types of
sporadic human cancers. Since mutations of this gene occur
exclusively in three hot spots (codons 12, 13 and 61), and are
frequently detected and well characterized in colorectal, pancrea-
tic and lung cancers, molecular diagnosis and susceptibility (risk)
assessment targeting K-ras mutations are being developed. Vari-
ous methods including plaque hybridization, dot-blot hybridiza-
tion, combined PCR and RFLP or SSCP, and sensitive PCR are
being used, which exhibit high specificity in detecting mutations.
Molecular analysis has a particular promise in assessing suscep-
tibility to, or risk of developing, sporadic cancers."

Epstein-Barr virus (EBV}-associated disorders. The early
identification and diagnosis of EBV-associated disorders is
critical because disease progression can often be curtailed by
modification of immunosuppression. Krieger et at. determined
the significance of detecting EBV -specific sequences by PCR in
asymptomatic paediatric liver transplant recipients." They
analysed the peripheral blood DNA using PCR for the EBV
genes coding from the nuclear antigen 1 (EBNA-I) and the viral
capsid antigen (gp220). Fifty-six per cent of the viral sequence-
positive patients went on to develop post-transplant Iympho-
proliferative disorder, indicating that routine monitoring for
circulating EBV sequences in asymptomatic recipients may be
useful in the early identification of those at risk for developing
EBV -associated disease.
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SYNOPSIS
Reliable laboratory procedures and accurate interpretation of
results form the cornerstones of genetic testing. Interpretation of
test results is often complex even for trained physicians, and one
must take into account the probability of false-positive or false-
negative test results when interpreting any genetic test. Special
training is essential for an ability to analyse and convey informa-
tion about genetic testing to affected individuals and their fami-
lies. Most of the genetic tests are currently performed in research
settings, and are not truly diagnostic by themselves, but are used
as adjuncts to the diagnosis. Nonetheless, they do hold enormous
promise to predict diseases far earlier than the currently available
clinical diagnostic methods.

There are, of course, some limitations of genetic testing. Thus,
shared environmental exposures-besides the inherited suscepti-
bility-may complicate the picture for some hereditary diseases
such as HBC, HBOC and HNPCC. The predictive tests, therefore,
at best, deal in probabilities, not certainties. Perhaps the most
important limitation of genetic testing is that the test information
is often not matched by state-of-the-art diagnostics and therapies.
In inherited breast cancer, while frequent screening with mam-
mography may detect breast cancer early, it may not necessarily
prevent it. Moreover, mammographic screening is least effective
in the glandular breasts of young women, the very ones who are at
the greatest risk from an inherited susceptibility. For the moment,
the best assurance of prevention may lie in drastic and costly
surgery to remove the breasts, but even a total mastectomy can
leave enough breast cancer cells behind to progress to a malig-
nancy. Besides, a single gene can have numerous mutations, not
all of them equally influential. The CF gene, for instance, can
display anyone of more than 300 different mutations, which cause
varying degrees of the disease; some seem to cause no symptoms
at all. Thus, a positive test does not guarantee that the disease is
imminent, while a negative test evaluating only the more common
mutations cannot completely rule out the disease.

Nevertheless, the advance warning afforded by genetic testing
can be a cue to start a vigilant screening programme, take preven-
tive medicines, or to make dietery or lifestyle changes that might
prevent the disease altogether. For example, those at risk for
colonic cancer could undergo frequent colonoscopies; those with
hereditary haemochrornatosis, a common disorder of iron metabo-
lism, could donate blood periodically to remove excess iron and
prevent damage to the body. Some women at risk for breast cancer
could benefit from tamoxifen; a young person at risk of developing
lung cancer may become particularly motivated to quit smoking;
those with familial hypercholesterolaemia could begin treatment
to lower their cholesterol levels and prevent heart attacks and
strokes. While it is true that currently our ability to predict a
disease sometimes precedes our ability to prevent or treat it, rapid
advances in both prevention and treatment are bound to bridge the
gap between molecular diagnosis and control of diseases.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor


