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GENETIC TESTING
 SCREENING
Types of genetic testing:

1- Carrier screening: Last time we talked about carrier screening , that is done by looking for the prevalence gene mutation or abnormality of a certain disease in population through testing family members, and determining the chances of having affected child.

2- Pre-symptomatic testing: individuals who have clinical picture or who are relatives of effected persons and each population has certain screening test.

3- Prenatal diagnosis:  screening each newborn for a certain disease by determination the genotype of the fetus, depending on the prevalence of the diseases in population.

4- Pre-implantation diagnosis: by IVF and determination genotype before transfer the fertilized ova.

5- Other technologies

Today we will talk about prenatal diagnosis and its uses; either for screening or just for risks determination in population. Also we will talk about pre-implantation diagnosis. 

Genetic Testing: is done
· Preconception
· Prenatal: examination the fetus during pregnancy, which is done at certain ages of gestation and for certain characteristics.
· Pre-implantation 
· Postnatal
Prenatal tests started in 1956, in that time they looked for an edge in compatibility, in which during pregnancy they took fetal blood and looked for prenatal disease. Now it is very well developed and used 
Indications for prenatal diagnosis:
· Advanced maternal age: >35 the possibility of having abnormality is much higher esp. In form of chromosomal aneuploidy, trisomy and other types. 
· Previous child with a chromosome abnormality: like translocation, and chromosomal abnormalities.
· Family history of a chromosome abnormality
· Family history of single gene disorder :ex thalasemia
· Family history of a neural tube defect 
· Family history of other congenital structural abnormalities
· Abnormalities identified in pregnancy
· Other high risk factors (consanguinity, poor obstetric history, maternal illnesses)

Influences on decision making and type of testing:
· Religious, cultural & ethical considerations: some believes it is a gift from God and they will accept it whatever the outcome is. 
· Perception of risk of abnormality:  the child might be affected by prenatal diagnosis.
· Risk of miscarriage
· Previous experience of fetal abnormality
· Previous obstetric experience
· Stability of relationship
· May already have child with special needs
· Stories from well meaning friends

In general the main Indications for Prenatal Diagnosis:
· High Genetic Risk
· Sever Disorder
· Treatment is not available: if we are talking about galactosemia there is no problem. But certain diseases like trisomies or sever genetic diseases; no available treatment.   
· Reliable Prenatal Test: the parents wouldn’t accept to do a test, if it is 90% or 95% positive and the other 5-10% is questionable. i.e. not reliable. 
· Termination Pregnancy Acceptable or not: depends on the country, here in Jordan we don’t have any regulation of pregnancy termination.

Methods of prenatal diagnosis:
Either invasive: the doctor applies certain procedures on the mother 
· Amniocentesisamniotic fluid around the fetus.
· Chorionic villus sampling the placental tissue between the mother and the fetus 
· Cordocentesis blood from the umbilical cord 
· Fetoscopy 
· Pre-implatation genetic diagnosis

 Or non-invasive tests: none of them will affect or do any harm to the pregnancy
· Maternal serum AFP  in maternal blood sample.
· Maternal serum screen examines the level of alpha-fetoprotein, BHCG, or estrogen in the mother's blood 
· Ultrasonography 
· Isolation of fetal cells /DNA from maternal circulation 

The  genetic diseases, which are detected using prenatal diagnosis (PND) and preimplantaion diagnosis (PGD) ,are many and are increasing with time.
We will start talking about non-invasive tests:
1.The maternal screening :
By taking blood sample from the mother and look for AFP, BHCG(human chronic gonadotropin) and UE3 (unconjugated estriol),the risk of Down syndrome, trisomy 18, and neural tube defects (NTD) can be measured. 

  

By the levels of AFP, BHCG, UE3 we can differentiate between these three conditions.
· Identifies 60% of all Down syndrome <35 i.e. if the mother is younger than 35 we can suspect 60% if the fetus have Down syndrome.
· Identifies 75% of all Down syndrome >35
· But sill around 30-15% unsustained; maybe they will have Down syndrome or maybe not.
By adding forth test, Dimeric inhibin-A, it is called Quad screen instead of triple screen test. This will improve diagnosis of trisomies or neural defect up to 80%.
Tests of AFP are usually performed between 15-22 weeks which is considered a little bit late.
AFP is the major protein produced in the fetus, if the fetus has spinal defect/neural tube defect; the AFP is very much increased, because there is an open spine therefore leakage of AFP into blood. And as we said before in Down syndrome case it is much less than normal so just by measuring AFP and taking mothers age and weight into considerations we can conclude the abnormality of AFP in the patient and what is the condition. 
Elevated AFP: due to 
· Multiple gestation
· Fetal demise, premature delivery, growth retardation
· Abdominal wall defect
· Congenital nephrosis 
· Maternal liver disease
AFP is detected in maternal CSF or blood
 2. Ultrasonography: 
Uses reflected sound waves converted to an image, through transducer placed on abdomen.
The gynecologist should be very well experienced in using ultrasound, and able to examine physical features of the fetus.
The most imp. abnormalities can be diagnosed and easily seen in ultrasonography:
1- Anencephaly: the brain is missing.
2-  Spina bifida: the vertebral arches fail to fuse in the lumbar region.
Some chromosomal abnormalities can be seen by detecting physical features. Remember when we talked about the characteristics of Down Syndrome , we said the skin on the back of the neck in those patients is generally very thick compared to the normal. This thickness can be measured using ultrasound at certain area of the neck.
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This is done at the age of 11-14 weeks.
The thickness will be > 3.5mm, which is high indication that the patient suffering from trisomy or Down syndrome with positivity of 64-70%
3. Combined Ultrasound & Biochemical Screening in First Trimester:
By this combination the possibility of positive test of Down syndrome increases to 90% (instead of 80% in the method before), and also Trisomy 18 and trisomy 13 around 90%. 
Conformation of this test is done by using chromosomal analysis or other prenatal tests.

Now, the invasive type:
There should be acceptable guidelines by societies and Ministry of Health, in order to inform the patient what are the risks taken by these tests.
1. Chorionic villus sampling (CVS):
It is done in the first trimester (8-10 weeks), and considered as an early test.
Tissue biopsy is taken from the villus, and will be examined in the lab. Cells are cultured and analyzed either for chromosomes or single gene mutations or direct assays for biochemical activity
Advantages:
· first trimester diagnosis: early diagnosis
· diagnostic results provided almost 99% accurate 
· Post-CVS fetal loss rate low (1%)
· results usually obtained in 5-7 days: the test is done on the 10 week , so by the 11 week the doctor can tell if there is need for abortion or not.
Disadvantages 
· looks only at extra-embryonic material - will not detect a defect arising after embryonic material partitioned off the tissue sample is taken from the placenta, there is possibility of contamination by maternal materials and this contamination should be excluded by certain methods 
· Confined placental mosaicism may be a problem (2%)
· Can’t measure AFP only gathers cells (tissue biopsy), not amniotic fluid, so only DNA or chromosomal analysis can be done. 
· Can’t identify NTDs( neural tube defects) 
How we can obtain villus biopsy:  1-under ultrasonography  by abdominal- transabdominal  take specimen, here the gynecologist should be very well experienced in order not to take a bloody sample.2- karyotyping or biochemical tests depends on which disease we are looking for.
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This is the specimen; normally it should be around 20 mg of tissue. It is cleaned in the lab from blood to get only white villus tissue.




2. Amniocentesis: the gestational age should be around 15-17 weeks or can be done before 3-5weeks.
20-30 ml amniotic fluid is collected under ultrasonography transabdominally or transcervically with a needle - contains supernatant & fetal cells
The technique: centrifuge the amniotic fluid, so we will get cells and fluid:
a. Cells cultured & examined for chromosome structure/number and/or direct DNA testing through karyotyping analysis.
 b. The amniotic fluid is analyzed for AFP levels and biochemical tests for enzymes, proteins.
This procedure needs at least 3 weeks for culturing so 3+17=20 weeks 
Diagnose > 100 disorders, cells analyzed for chromosomal and biochemical disorders
Normally only used when:
1- Advanced maternal age 
2- History of chromosomal disorder 
3- parent with chromosomal abnormality
4- Mother carrier of X-linked disorder
Advantages:
· Can examine AFP levels for spinal defects, such as spina bifida which we can’t do it by CVS
· Can be performed by Gynecologist  vs. perinatologist 
· Fetal loss rate very low (0.5%) - for late Amniocenteses, almost half of the CVS so the risk is low. 
Disadvantages:
·     Early amniocentesis has a higher risk of miscarriage (5%)
·     Longer wait time for patients than CVS – 1-2 weeks
·     Also have some risk of mosaicism; specimen may be contaminated by maternal tissue. 

Indications: 1. maternal age 2.trysomies  
Most prominent risk factor for aneuploidy, specifically Down syndrome – increasing maternal age
Down syndrome risk by age:
20 - 1/1400
30 - 1/900
35 - 1/385
40 - 1/100
45 - 1/25
So around ¼ of pregnancies, there is possibility to have chromosomal aberration that’s why age is extremely important.
However, maternal age alone is an inefficient method of screening: need biochemical markers



3. Cordocentesis (PUBS):
This is the first prenatal test applied before amniocentesis and PGD, where they get blood from the cord of the patient, then diagnose diseases that are analyzed most effectively in blood like sickle cell anemia carriers and thalassemia 
Advantages:
Rapid diagnosis time, fetal blood cells only need to be cultured for a few days to provide good chromosomes
Disadvantages:
· Must be performed by a perinatologist because of difficulty in accessing the umbilical vein
· Higher fetal loss than with CVS or Amniocentesis (2-3%)
· Cannot do DNA analysis because number of WBCs gained from the blood is very low, we can only look for certain chemicals like hemoglobin.
4. Fetoscopy:
Examine the fetus structure like skin by endoscopy
Performed between 15-18 weeks 
These are the methods how we can do prenatal diagnosis. What are the tests we can apply on the specimen we get from these procedures 
The specimen whether CVS, amniotic fluid or blood, 
·  chromosomal analysis 
· look for the hormones or enzymes in the amniotic fluid,
· DNA detection to examine the type of these characteristics 
Genetic Testing: 
We use them to confirm diagnosis, these tests are 
· Karyotyping  culture the cells, look for the chromosomal counting or structural abnormalities 
· FISHlook for certain chromosomes depending on family history, or trisomies. by detecting deletions, translocations or comparison between normal and abnormal DNA
· CGH array comparative genomic hybridisation
· Molecular methods through PCR or sequencing to look for the expected abnormalities in the fetus, because we already know the mother’s, father’s and siblings’ medical history.

Pre-implantion diagnosis (PGD):
Pre-implantaion means to grow fetus in tube. This demands Vitro Fertilization Center to be able to do this.
So PGD means IVF ( in vitro fertilization), after the cell reaches 4,8,16 cells, the zygote is diagnosed only for already known disease (by knowing the family history). For ex if the mother is carrier for thalassemia or the father is carrier for cystic fibrosis , or both of them are carrier for certain disease the doctor will know what he is  looking for.

PGD is technically demanding test, which means it needs a very sophisticated tests and people should be very well trained because the result is given in maximum 48 hours ( compared to the other tests 2 or 3 weeks) , the reason because the fetus is growing rapidly and at certain stage  the zygote cant be transferred  back into the mother’s uterus. 

PGD is very complex, because we are examining a single cell for abnormalities (compared to CVS with millions of cells) – if there is chromosomal abnormality at least 5 chromosomes should be examined 13, 18, and 21, X, Y.                  
                             – if there is DNA abnormality  2 alleles will be examined, and sometimes  only 1 allele can be amplified  because  the other is very difficult to be activated, here we do allele drop out, and that’s why it is very complex test and requires very special skills.
IVF: 
Ova of the mother are mixed with the partner’s sperm in the IVF Laboratory and placed in the incubator for fertilization and embryo growth to the 4 - 12 cell stage. 
At this point, one or two cells will be biopsied from the embryo(s) and PGD will be performed. 
Normal embryos are transferred to the mother’s uterus on day 4-5 following egg retrieval.
Who Needs IVF?
· Failed other treatments
· Tubal damage
· Significant male factor
· Absent uterus: some couples look for surrogate mother, to use their uterus. 
· Carriers of genetic diseases
· Family Balancing: this is a new term which is not acceptable everywhere and it is not ethical but it is one of the ways the family is seeking when they want to determine the gender of the coming  baby 
· Cancer patients
· Non-traditional Lifestyles.

PGD – Clinical Indications:
· Single gene defects
· Balanced translocations
· Advanced maternal age (aneuploidy)
· Repetitive IVF failure
· Recurrent pregnancy loss
· Embryo selection(male or female)= family balancing 

Indications for PGD:
· Chromosomal Disorders
· Chromosomal rearrangements
· Inversions
· Translocations 
· Chromosome Deletions
· Gender determination and sex selection
· Severe monogenic diseases
· Recurrent pregnancy loss
· Advanced Maternal Age 
· Couples with >3  IVF failures when couples try at least 3 IVF test and they are unable to do it
· Epididymal or Testicular sperm 
Advantages:
· Very early diagnosis
· Only transfer unaffected (or carrier) embryos there is no pregnancy with abnormal condition.
Disadvantages
· Cost is extremely high
·  “Success”/implantation rate low in IVF ONLY 30% of the attempts develop into pregnancy, there is no guarantee the woman will be pregnant.
· Discard affected or unused embryos, which has raised ethical concerns

How PGD is done?!
If we get 8 cells, from those we will remove a single cell under the microscope by a special way. Then we examine it alone.
Here in this example (slide 52), we are looking for (X, Y) and checking if there is abnormality. If we are looking for thalassemia for example, we look at the loci of thalassemia. If it is affected the zygote shouldn’t be transferred, if not then we transfer it.
PDG can also be done on bar bodies (polar bodies).
Note: bar bodies: Is the other half of the cell which is not used.
So in this case, polar body is examined instead of taking a cell from the fetus. I can take polar bodies. At least there is 2 bar bodies, which will be examined for abnormalities. If the first one failed, the second one will be examined.
So in general, the steps are 1. Fertilization 2. Choose a single cell, examine it 3. Transfer it 4. Theoretically you’ll get unaffected baby.
Risks of PGD:
· Embryo damage: Oocyte and  Embryo Biopsy are invasive procedures 
· Misdiagnosis:  esp. if there is an allele drops out. Which means only one allele activated; if it is homozygous there is no problem (since both alleles are the same)   if it is heterozygous here the doctor might miss the disease.  The accuracy of the PGD for translocation is 90%.
· IVF Risks
· Not Achieving Pregnancy
· The workup for PGD is expensive and labor intensive

Ethical considerations: 
· For example: Sweden
· Severe and progressive hereditary diseases leading to premature death, this is the only condition accepted to do PGD.
· France
· Severe genetic disorder known to be incurable at the time of diagnosis
· UK
· Degree of suffering, speed of degeneration, extent of impairment
· Australia
· significantly adversely affect health
· USA
· Till now No regulation, still prohibited unless for research purposes.

Successful examples of PGD and Treatment of genetic disease like gene therapy or, bone marrow or stem cell transplantation.
1. What will happen if a patient is thalassemic, and the doctor wants to do bone marrow transplantation from 100% matching donor...
By PGD, the cell or the zygote which is 100% matching is selected. 
For example, the HLA for a child is known and he has fanconi anemia. The HLA of the fetus in PGD which is 100% matching is chosen. Then the Fetus is transferred to the mother’s uterus, when he becomes 2-3 years they can do transplantation to the anemic one and this is 100% successful 
2. B-thalassemia, the doctors treated him exactly the same technique where they did IVF, and selected a 100% match. Later they transplanted bone marrow from his brother and he is 14 years now 
3. Diamond Blackfan Anemia 
These cases confirmed that there is a way to treat affected patients by applying PGD 



The last thing we are going to talk about is peripheral blood in infancy:
During pregnancy there is mixing between the maternal and the fetal blood, but the amount of fetal blood coming from the placenta is very low almost 1:10,000,000 (fetal: maternal cells). So choosing fetal cells is very difficult. 
Or we can use DNA, in the mother’s circulation there is fetal DNA but again to choose it is not an easy way. However, there are certain labs in Hong Kong are successful in this.
How fetal cells are separated?! 
[image: ]Fetal cells have erythropoietin receptor 
  
Magnetic field is mixed with erythropoietin 
Maternal blood is mixed with magnetic beats (which includes erythropoietin) .if we put magnet around the tube containing the blood, the cell which have receptor bounded will attach to the magnetic field. These cells are all theoretically fetal cells. Then examination the DNA for the type of characteristic we are looking for. As you can see it is a very sophisticated and demanding procedure. Maybe within the coming 10 years, it will be much easier and many diseases can be early diagnosed. 
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