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A b s t r a c t :  Fluorescent in situ hybridisation (FISH) is a complementary cyto-

genetic method which has an important role in discovering unsolved cases of mental 
retardation and multiple anomalies. The ability of this method to detect complex and 
cryptic chromosomal rearrangements exceeds the resolution of the usual cytogenetic 
banding techniques; therefore it has a wide implementation in modern cytogenetic labo-
ratories – in routine work, as well as for research purposes. 

We analysed 19 patients with microdeletion syndromes – 9 patients with Wil-
liams syndrome, 4 patients with Prader-Willi syndrome, and 6 patients with DiGeorge 
syndrome. On the basis of evaluation of facial dysmorphism and the presence of spe-
cific major anomalies, all the patients met the criteria for the diagnosis of the syndrome. 
FISH studies were performed, confirming the suspected syndrome in patients.   
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                                              Introduction 
 
Chromosomal imbalances are responsible for a number of cases with 

mental retardation. Many dysmorphic syndromes are explained by changes in 
the number and structure of chromosomes, even more precisely with high-
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resolution banding techniques. However, some of the well-known syndromes 
remain undiscovered after a conventional chromosome study. Despite many 
different banding techniques and analysis through cytogenetic imaging systems, 
conventional karyotyping has certain disadvantages: despite a constant impro-
vement in chromosomal culture and banding techniques, subtle structural rear-
rangements of chromosomes which are less than one band (1-10MB) remain 
invisible (as in microdeletion, microduplication syndromes and cryptic translo-
cations). Moreover nonmitotic cells cannot be evaluated for specific chromo-
somal changes (i.e. in Killian-Pallister syndrome, where analysis of a buccal 
smear is needed). Often the origin of some marker chromosomes cannot be 
easily recognized.   

The in situ hybridization method was employed for the first time in 
1969 by Gall and Pardue, and was modified in 1981 by Langer, who used a 
non-radioactive in situ hybridization procedure. The technique of fluorescence 
in situ hybridization has been developed as a complementary method for rapid 
gene mapping within the Human Genome Project [1].  

FISH provides a link between two techniques: conventional cytoge-
netics and molecular genetics [2, 3]. The process of hybridization is highly 
specific and occurs only between the probe and analysed specimen within a 
specific target locus of a chromosome. The sensitivity of FISH can be very high 
– up to 10 Kb, which is beyond the resolution of conventional cytogenetics [4, 
5]. The principle of the method is based on the hybridization of complementary, 
single-stranded nucleic acid previously labelled with a fluorescent tag to a 
complementary sequence on a fixed chromosome spread. 

The method has a wide range of applications in cytogenetic laboratories 
for routine analysis in prenatal (preimplantational) diagnostics, detection of 
microdeletions, microduplications, marker chromosomes and other cryptic and 
complex chromosomal rearrangements. This technique has been widely used for 
research purposes such as gene mapping, analysis of nuclear organization du-
ring the lifetime of a cell, to follow the dynamics of DNA reparation, philoge-
netic studies, etc.  [6, 7].  

Fluorescence in situ hybridization can detect numerical and structural 
rearrangements of chromosomes utilizing band-specific [8], centromere-specific 
[9] and chromosome-specific [10] probes.    

In this context many dysmorphic conditions accompanied with mental 
retardation have been shown to be associated with microdeletion and micro-
duplication of specific chromosomes. These conditions, known as microdeletion 
and microduplication syndromes, are clinically well defined (Table 1).   

In most of the microdeletion syndromes, the deleted region usually 
involves many neighbouring genes. The phenotypic diversity between patients 
with the same syndrome originates from the different size of the deleted region, 
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covering a variable number of deleted genes. Therefore, microdeletion syn-
dromes are also known as contiguous gene syndromes. 

 
Table 1 – Tabela 1 
 

Most common microdeletion syndromes [11,12] 
Naj~esti mikrodelecioni sindromi [11,12] 

 
Syndrome 

 
Clinical features 

Probe/ 
Chormosome 

Locus 

% Cases 
with 

deletion 
Angelman 
syndrome 

Ataxia Inappropriate 
laughter Mental Retardation 

SNRPN/  
15q11.2 70% 

Cri du chat  
syndrome 

High-pitched cry Microcep-
haly Mental retardation 

D5S23/  
5p15 >99% 

DiGeorge 
syndrome 

Dysmorphic facies  
Hypoplasia or aplasia of  
Parathyroid/Thymus 

TUPLE1/  
22q11.2 >95% 

Velocardiofacial 
syndrome 

Conotruncal Cardiac Defect 
Hypernasal Speech 

TUPLE1/  
22q11.2 >70% 

Kallmann 
syndrome 

Dysmorphic elfin facies  
Cardiac defect  
Mental retardation 

KAL/  
Xp22.3 

 

Miller-Dieker 
syndrome 

Dysmorphic facies Seizures  D17S379/  
17p13.3 

>90% 
 

Prader-Willi 
syndrome 

Neonatal hypotonia Obseity 
Hypogonadism Mental 
retardation 

SNRPN/  
15q11.2 70% 

Smith-Magenis 
syndrome 

Dysmorphic facies Mental 
retardation Self-destructive 
behaviour Craniofacial 
changes Sleep disturbances 

D17S29/  
17p11.2 99% 

Steroid Sulfatase 
Deficiency 

Ichthyosis, possible cryptor-
chidism, corneal opacities  

STS / 
Xp22.3 85% 

Williams 
syndrome 

Elfin facies Cardiac defect  
Mental retardation 

ELN/  
7q11.23 >95% 

Wolf-Hirschhorn 
syndrome  

Dysmorphic facies  
Mental retardation 

D4S96/  
4p16.3 >99% 

 
The probes used can be specific for the gene that is defective (as in 

Miller-Dieker syndrome) or is located to or near the critical region and contain 
several genes usually with a length of 110–150 Kb (as in Williams syndrome). 
These probes are highly sensitive, yet in a small number of cases, due to the dif-
ferent genetic mechanisms (very small deletions, point mutations, imprinting) the 
results can be a false negative although a particular syndrome is clinically present.  



90 Sukarova-Angelovska E., Piperkova K. et al. 

Contributions, Sec. Biol. Med. Sci., XXVIII/2 (2007), 87–97 

Some of the probes (e.g. Prader-Willi/Angelman; DG/VCFS) are the 
same for two different syndromes, but the gene responsible for their appearance 
is different [13]. For example, the candidate gene for Prader-Willi syndrome is 
SNRPN, while the gene for Angelman syndrome is UBE3A although both of 
them are located on 15q11–13.     

There are some other methods for the detection of the microdeletions, 
such as MLPA (multiple ligation dependent probe ligation) and STR (short 
tandem repeats), which can be used if additional data are needed, such as 
estimation of the length of the deleted region, or concerning the parental origin.  
 
 

Material and methods 
 
Patients with the three most common microdeletion syndromes were 

included in this study – 9 patients with Williams syndrome, 4 patients with 
Prader-Willi syndrome and 6 patients with DiGeorge syndrome. A dysmorphic 
profile was established in all of them, including major and minor anomalies that 
had been described for each syndrome.  

In our investigation standard FISH protocol was used. Metaphase 
spreads from peripheral blood leukocytes were used for the analysis. Pret-
reatment of the slides was done with pepsin, PBS, followed by dehydration with 
graded ethanol series. Highly sensitive probes were used for detecting Williams 
syndrome (7q11.23, Cytocell Technologies, Cambridgeshire, UK, Aquarius, 
Cat.No. LPU 011), Prader-Willi syndrome (15q11, Cytocell Technologies, 
Cambridgeshire, UK, Aquarius Cat.No. LPU 005) and DiGeorge syndrome 
(22q11.2, Cytocell Technologies, Cambridgeshire, UK, Aquarius Cat.No. LPU 
004). The probe and the metaphase preparation on slide were denatured in a 
70% formamid/2xSSC solution at 72oC for 3 minutes, followed by fast cooling 
on ice. The denatured probe was placed onto the slide and hybridization was 
carried out over 18 hours at 37oC. The slide was counterstained with a solution 
of DAPI/mounting medium. Fluorescent labels attached to the probes allowed 
direct visualization of the targeted region with a fluorescent microscope 
(Olympus BX51) equipped with a set of filters; DAPI for counterstaining, FITC 
for visualization of green and TRITC for that of red. The software used for 
image analysis was obtained from Video Test-FISH (St. Petersburg, Russia).   
 
 

Results 
 
A clinical evaluation of the patients was performed including all minor 

and major anomalies for the particular syndrome, according to the literature and 
to the data obtained by a specific software programme for dysmorphology caled 
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London Dysmorphology Database (Oxford University Press, London, UK). The 
most apparent features in all the patients analysed are presented in Table 2. The 
proportion of the observed clinical signs is determined in the three analysed 
groups separately – nine patients with Williams syndrome, four patients with 
Prader-Willi syndrome and six patients with DiGeorge syndrome (Table 2). 

 
Table 2 – Tabela 2 
 

Percentage of dysmorphic features present in analysed patients 
Procentualna zastapenost na prisutnite dismorfi~ni stigmati  

kaj analiziranite pacienti 

Williams syndrome 
n = 9 

 Prader-Willi syndrome 
n = 4 

 DiGeorge syndrome 
n = 6 

clinical feature %  clinical feature %  clinical feature % 
Short stature 78%  Postnatal roblems 100%  Microcephaly 83% 
Elfin (long) facies 56%  Obesity 100%  Cleft palate 50% 
Big ears 100%  Hypotonia 100%  Mental retardation 100% 
Protruding 
philtrum 

100%  Short stature 100%  Microretrognathia 100% 

Prominent lips 100%  Small hands/feet 100%  Prominent nose 100% 

Depressed nose 100%  Temporal 
narrowing 

100%  Malar flatness 100% 

Epicanthus 67%  Almond-shaped 
palpebrae 

100%  Thickened helix 100% 

Malar flatness 100%  Up-slanted eyes 100%  Low-set ears 100% 
Clinodactyly 100%  Epicanthus 100%  Wide nasal root 100% 

Hypoplastic nails 56%  Strabismus 100%  Narrow palpebral 
fissures 

100% 

Hallux valgus 44%  Thin nose 100%  Microstomia 100% 
Mental retardation 100%  Hypogonadisms 50%  Hexodactily 17% 
Characteristic 
behaviour 

56%  Blond hair 50%  Slender 
hands/fingers 

100% 

Hypercalcaemia 44%  Obsessive eating 100%  Hypotonia 100% 

Cardial anomaly 78%  Seizures 25%  Swallowing 
difficulties 

50% 

Disturbed 
dentition 

78%  Short stature 100%  Cardiac anomaly 83% 

 
All the analysed cases met the major criteria for the specific syndrome 

(Figure 1). All of the cases with Williams syndrome had an elfin face and chara-
cteristic "cocktail party person" behaviour which were the main clinical features 
of the syndrome. Specific cardiac anomaly of the aorta or pulmonary artery was 
found in 77% of analysed patients, while hypercalcaemia was noted in 44% of 
them. The auxologic characteristics of patients with Prader-Willi syndrome 
were studied: the weight of all Prader-Willi patients was above the 97‰ curve 
while the height was between 3 and 10‰ curve for the age. Hypogonadism – 
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small testes and penis – was noted in the two male patients. Small hands, as 
well as the specific facial features – almond-shaped eyes and temporal narrow-
ing – were seen in all the patients. The main feature in most of the DiGeorge 
patients was severe cardiac anomaly, i.e. tetralogy of Fallot and truncus arteriosus, 
while in two patients a ventricular septal defect was noted. One patient had no 
cardiac defect. Other main features of the syndrome: specific facial appearance – 
micrognathia and a prominent nose – were present in all the patients. A palatal cleft 
was seen in half of the analysed patients with DiGeorge syndrome.  

All the patients had moderate developmental delay and mental retar-
dation.  

a.     b.   

c.  
 

Figure 1 – Facial appearance of children with a) Williams, b) Prader-Willi 
 and c) DiGeorge syndrome 

Slika 1 – Licevi karakteristiki kaj trite sindromi: a)Williams;  
b) Prader-Willi; v) DiGeorge 

 
The conventional karyotype analysis in most of the patients was nor-

mal, except for one patient with Prader-Willi syndrome with translocation 
15/15. In FISH preparations, the deleted signal from one of the analysed chro-
mosomes (7q11 for Williams syndrome, 15q11 for Prader-Willi syndrome and 
22q11 for DiGeorge syndrome) was found in all the metaphase spreads, as well 
as in the interphase nuclei (figure 2). No mosaic line with nondeleted chromo-
somes was detected in any of the patients.   
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a.                     

b.    c.  
Figure 2 – FISH analysis in some of our patients: a) 22q11.2 including TUPLE1 

 and neighbouring genes; b) 7q11.2 encompassing ELN gene; c) 15q11.2 with SNRPN 
gene. In all photos the green signal corresponds to the centromeric probe, and the red 
fluorophore is a targeted locus specific probe. A deleted signal in one of the analysed 

chromosomes confirms the diagnosis of the syndrome 
Slika 2 – FISH analiza kaj nekoi od na{ite pacienti: a) 22q koj go sodr`i 

genot TUPLE1, kako i sosednite geni; b) 7q11.2 so vklu~en ELN gen;  
v) 15q11.2 so SNRPN gen. Na site fotografii zeleniot signal 

korespondira so centromernata proba, dodeka crveniot signal  
e baranata lokus specifi~na proba. Signalot {to nedostasuva 

 na eden od ispituvanite hromozomi e dokaz za postoe~kiot sindrom 
 
 

Discussion 
 
Microdeletion syndromes are genetic syndromes that are associated 

with small chromosome deletions that are beyond the resolution power of con-
ventional banding karyotyping analysis. Recognition of the phenotype almost 
always relies on detecting and combining minor dysmorphic stigmata chara-
cteristic of the syndrome.  

The spectrum of clinical features usually depends on the number and 
type of the deleted genes. Therefore, deletion of 7q11.2 chromosome in Wil-
liams syndrome can be variable in its size and starting point. In this respect, the 
ELN gene (responsible for disorganized elastin fibres and an anomal aortic 
arch) is always deleted, which contributes to recognizing typical features inhe-
rent in the syndrome [15]. According to the specific dysmorphism, all of our 
patients had deletion of the ELN gene, which was confirmed by FISH.     
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One of the syndromes with a very complex genetic background, Prader-
Willi (PW) syndrome, is caused by inactivation of the father’s genes within the 
PW region on chromosome 15q11.2. In 70% of the cases the syndrome is a re-
sult of the microdeletion of paternal chromosome 15, in 28% of the cases there 
is a uniparental isodisomy (either chromosomes originated from the mother, or 
there is an apparent translocation 15/15). In less than 2% of the cases, there is a 
mutation within the responsible gene – SNRPN (small nuclear ribonucleopro-
tein) [16]. In our small series of four patients with PW syndrome, the patients 
had most of the specific signs of the syndrome. In three of them, there was a 
deletion of 15q11.2 in all analysed mitoses, and in one child a balanced translo-
cation of chromosomes 15/15 was found. However, some of the children who 
have PW due to the imprinting mutation could not be identified by FISH. The-
refore methylation of the SNRPN gene should be evaluated if suspicion of the 
syndrome still exists.    

The group of syndromes associated with deletion of the 22q is cha-
racterized by substantial clinical variability. DiGeorge syndrome has the most 
difficult clinical appearance; therefore it relies upon the deletion of the complete 
critical region. The complete clinical spectrum of the deletion of 22q11 is called 
CATCH22, which includes: velocardiofacial syndrome, conotruncal anomaly 
face syndrome, CHARGE syndrome, asymmetric crying face syndrome, isola-
ted cardiopathy, etc. In general, larger deletion leads to the most severe clinical 
picture, although there are data in the literature showing the opposite. Interestin-
gly, there are family studies showing the specific deletion in a child with the 
full-blown clinical spectrum of DiGeorge syndrome, but the presence of  only a 
few noncardial features of the syndrome in the parent [17]. In this study six 
patients with DiGeorge deletion were evaluated, and all of them had a complex 
cardiac anomaly, as well as deletion of the 22q11.2 region confirmed by FISH.      

The number of clinically recognizable microdeletion syndromes is con-
stantly increasing. Some of them exhibit a newly delineated complex of dys-
morphic signs (such as Mowat-Wilson syndrome, del 1p36) [18]. Some of them 
have been recognized by medical geneticists for a long time, and now are 
considered as microdeletion syndromes. For example, Williams syndrome was 
described in 1961, but its etiology was elucidated only in 1995, on the basis of 
elastine gene deletion located on 7q11.23.  

Careful selection of patients with a specific set of dysmorphic signs is a 
prerequisite for a successful application of some of the commercial probes [12, 
19]. Since some of the microdeletion syndromes give a vide variety and over-
lapping of the phenotypic signs, clinical diagnosis can be difficult and appli-
cation of FISH probes is a prerequisite for confirmation. If a deletion is found, 
parental karyotype analysis is also needed in order to assess recurrence risk and 
provide proper genetic counselling.   
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Conclusion 
 
Chromosomal rearrangements are identified as a substantial cause of 

mental retardation and multimalformative syndromes. Conventional karyoty-
ping has an indisputable role in discovering major chromosomal changes, yet 
many conditions with small chromosomal aberrations remain unsolved.  Prima-
rily used as a research tool, at present FISH is a sensitive molecular cytogenetic 
method which points to a specific chromosomal aberration. Various applica-
tions of FISH represent a powerful tool in the diagnosis of many well-known 
syndromes. The method allows an increase in the number of solved cases of 
mental retardation and malformative syndromes. Implementation of this method 
makes genetic counselling of the affected families possible.      

 
 

R E F E R E N C E S  
 
1. Korenberg, J.R., Schreck R., Yang-Feng T., and Chen X-N. (1992): Fluo-

rescence in situ Hybridization and the Human Genome. Trends Biotechnol; 10: 27–32. 
2. Sinclair A. (2002): Genetics 101: cytogenetics and FISH. CMAJ; 167(4), 

373–74. 
3. Mark H.F., Jenkins R., Miller W.A. (1997): Current applications of mole-

cular cytogenetic technologies. Ann Clin Lab Sci; Jan-Feb; 27(1): 47–56. 
4. Doug J., Demetrick. (1999): Gone FISHin’ for genes. CMAJ, 161(9) 1137–

1138. 
5. Fernhoff P.M. (2000): The 22q11.2 deletion syndrome: More answers but 

more questions. J. Pediatr; 137, 2.    
6. Malcolm S. (1996): Microdeletion and microduplication syndromes. Prenat 

Diagn; Dec; 16(13): 1213–9. 
7. Waters J.J. (2000): The principles of clinical cytogenetics. J Med Genet; 

May; 37(5): 399. 
8. Barch M., Knutsen T., Spurbeck J. (1991): The AGT Cytogenetics Labo-

ratory manual, Third Edition, p. 557–595. 
9. Smith K., Lowther G. et al. (1999): The predictive value of findings of the 

common aneuploidies, trisomies 13, 18 and 21, and numerical sex chromosome abnor-
malities at CVS: Experience from the ACC U.K. Collaborative study. Prenat Diagn; 
19: 817–826. 

10. Lengauer C. et al. (1993): Chromosomal bar codes produced by multicolor 
fluorescence in situ hybridisation with multiple YAC clones and whole chromosome 
painting probes. Hum Mol. Genet; 2, 505–512. 

11. Ligon A.H., Beaudet A.L., Shaffer L.G. (1997): Simultaneous, multilocus 
FISH analysis for detection of microdeletions in the diagnostic evaluation of develop-
mental delay and mental retardation. Am J Hum Genet; Jul; 61(1): 16–7. 

12. Xu J., Chen Z. (2003): Advances in molecular cytogenetics for the eva-
luation of mental retardation. Am J Med Genet; Feb 15; 117C (1): 15–24.  



96 Sukarova-Angelovska E., Piperkova K. et al. 

Contributions, Sec. Biol. Med. Sci., XXVIII/2 (2007), 87–97 

13. Budarf M.L., Emanuel B.S. (1997): Progress in the autosomal segmental 
aneusomy syndromes (SASs): single or multi-locus disorders? Hum Mol Genet; 6(10): 
1657–65. 

14. Lindsay E.A., Shaffer L.G., Carrozzo R., Greenberg F., Baldini A. (1995): 
De novo tandem duplication of chromosome segment 22q11-q12: clinical, cytogenetic, 
and molecular characterization. Am J Med Genet; Apr 10; 56(3): 296–9. 

15. Mass E., Belostoky L. (1993): Craniofacial morphology of children with 
Williams syndrome. Cleft Palate Craniofac J; May; 30(3): 343–9.  

16. Robinson W.P., Bottani A., Xie Y.G., Balakrishman J., Binkert F., 
Machler M., Prader A., Schinzel A. (1991): Molecular, cytogenetic, and clinical inve-
stigations of Prader-Willi syndrome patients. Am J Hum Genet; Dec; 49(6): 1219–34.  

17. McDonald-McGinn D.M., Tonnesen M.K., Laufer-Cahana A., Finucane 
B., Driscoll D.A., Emanuel B.S., Zackai E.H. (2001): Phenotype of the 22q11.2 deletion 
in individuals identified through an affected relative: cast a wide FISHing net! Genet 
Med;  3(1): 23–9. 

18. Zenker M., Rittinger O., Grosse K.P., Speicher M.R., Kraus J., Rauch A., 
Trautmann U. (2002): Monosomy 1p36--a recently delineated, clinically recognizable 
syndrome. Clin Dysmorphol; Jan; 11(1): 43–8.  

19. Smith A. (1997): FISH and the paediatrician. J Paediatr Child Health; 
Oct; 33(5): 365–8. 

 
 

                                                            R e z i m e  
 

VOVEDUVAWE NA FLUORESCENTNATA 
IN SITU HIBRIDIZACIJA (FISH) KAKO METOD 

ZA DETEKTIRAWE NA MIKRODELECIONITE SINDROMI  
‡ NA[I PRVI ISKUSTVA 
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Tehnikata na fluorescentna in situ hibridizacija (FISH) e komple-

mentarna citogenetska metoda koja ima va`na uloga vo otkrivaweto na pri-
~inata za mentalna retardacija i multipno-malformativnite sindromi.  
Mo`nosta na ovaa tehnika da gi detektira kompleksnite i malite hromo-
zomski rearan`mani ja nadminuva rezolucijata na voobi~aenite citogenet-
ski tehniki, zaradi {to ima {iroka primena vo modernite citogenetski 
laboratorii ‡ vo rutinskata rabota, kako i vo istra`uva~ki celi.    

Analizirani se 19 pacienti so mikrodelecioni sindromi ‡ 9 paci-
enti so sindromot na Williams, 4 pacienti so Prader-Willi i 6 pacienti so sin-
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dromot na DiGeorge. Napravena e evaluacija na liceviot dismorfizam, kako 
i prisustvoto na specifi~ni majorni anomalii. Site pacienti poseduvaa 
najgolem broj znaci specifi~ni za sindromot. So pomo{ na tehnikata na 
fluorescentna in situ hibridizacija kaj site deca be{e doka`an soodvet-
niot sindrom.   
 
Klu~ni zborovi: fluorescentna in situ hibridizacija, mikrodelecioni sin-
dromi, dismorfologija. 
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