
Chromosome aberrations are found in 27% of cou-

ples with fertility problems (Daniely et al. 1998).

Carriers of balanced structural aberrations appear

to have an increased risk of progeny with unbal-

anced karyotypes. As a result, miscarriages fre-

quently occur. A translocation carrier may have an

increased risk of unbalanced progeny. Typically

the imbalance is due to partial trisomy and partial

monosomy in regions that are involved in recipro-

cal translocation. Many carriers of reciprocal

translocations have a risk of miscarriages of about

5–10%, but when the carrier is a woman, the risk

might be higher. In some cases the risk of having

an abnormal child is as high as 20% or as low

as 1%. The risk will be higher in case of duplica-

tion/deletion of larger regions. However, a simple

mathematic relation does not exist since different

regions carry different genes, so the outcome

might differ (Gardner and Sultherland 2004).

A couple (woman aged 35 years, man 38 years)

was examined due to previous miscarriages.

The woman had 4 miscarriages after 6–8 weeks of

pregnancy. They did not have any children

and were desperately looking for diagnosis.

The infertility of the couple was previously re-

garded as idiopathic, as none of the common rea-

sons of infertility was found. Consequently,

the couple was referred for cytogenetic examina-

tion.

The postnatal cytogenetic examination was

performed on blood lymphocytes with a resolution

of ~550. Separated peripheral blood lymphocytes

were suspended in a RPMI 1640 medium

invitrogen supplemented with 10% foetal calf se-

rum (FCS), 1% gentamicin and 1% L-glutamine.

The lymphocytes were stimulated by

phytohaemagglutinine (Invitrogen). The culture

was synchronized by addition of thymidine

at 48 h. Cells were grown for 71.5 h and then fixed

according to the standard cytogenetic procedure

(Rooney 2001). The karyotypes were analysed by

use of a conventional banding technique (GTG)

and CytoVision 3.5 karyotyping system.

The woman was found to have an abnormal fe-
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male karyotype with a vast translocation between

q arms of chromosomes 4 and 22, thus

the karyotype was 46,XX,t(4;22)(q23;q11.2).

Her partner was found to have a normal male

karyotype. Partial karyogram of the proband is

shown in Figure 1a, b.

One of the breakpoints was in the region of

22q11, so fluorescent in situ hybridization (FISH)

was performed to exclude 22q11.2 deletion in

the critical region for DiGeorge syndrome.

Q-Biogene (Oncor) probes were used according to

producer’s manual: 22qter/FITC (N85A3)

22q11.2/Texas Red (TUPLE1). FISH analysis

was performed by use of a fluorescent microscope

Olympus BX60 and the CytoVision 3.5 system

equipped with the FISH module. All the expected

FISH signals were present (Figure 1b, c).

DiGeorge critical region (22q11.2) was found on

chromosome 22 and der(22), so it was not in-

volved in the translocation. The family pedigree

(Figure 1d) was prepared according to Rimoin

et al. (2001). The known karyotypes of the family

members are: the proband (II-3) 46,XX,t(4;22);

proband’s partner (not shown in the pedigree)

46,XY; and proband’s mother (I-2) 46,XX.

Proband’s father (I-1) died earlier, so his

karyotype is not available, but he could be the car-

rier of t(4;22) because I-2 had one miscarriage.

Other family members have not decided to partici-

pate in cytogenetic examinations.

Carriers of balanced aberrations have an in-

creased risk of an unbalanced progeny due to im-

balances and delays in meiosis (Gardner

and Sultherland, 2004). The presented proband

has a vast balanced translocation between q arms

of chromosomes 4 and 22. Both 2:2 and 3:1 segre-

gation patterns may lead to large imbalances.

The fetus inheriting only der(4) would probably
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Figure 1

a. Chromosomes 4 and 22 of the proband: left ones are normal, right ones are abnormal. Breakpoints are shown with arrows at

derivative chromosomes. GTG banding technique, magnification 1000. b. Ideograms of the aberration with breakpoints: fine

visualization of the aberration in Figure 1a. Green and red signals localized by FISH. c. FISH results: red arrows point to 2 red signals

from the probe specific for DiGeorge region (22q11.2), so the region was not deleted or split. Green arrows indicate a control probe

specific for 22qter (green signals): one of the green signals is translocated onto der(4), which confirms t(4;22). Magnification 1000.

d. Pedigree of the proband’s family. e. Proband’s quadrivalent in gametocyte at meiosis I, with the normal chromosomes

and the derivatives. Red bars indicate chromosome 4 material and green bars chromosome 22 material. Thin black bars are positioned

in centromeres.



have a lethal karyotype: deletion in 4q and partial

trisomy of 22q. Inheriting der(22) would result in

partial trisomy 4q and monosomy of 22q. Alterna-

tive 2:2 segregation would lead to either a normal

or a balanced karyotype, but adjacent 2:2 segrega-

tion would give abnormal unbalanced karyotypes

(Figure 1e).

There are only few publications presenting

translocations involving 4q and 22q. Mikelsaar

et al. (1996) described a girl with a de novo

translocation of 4q onto the short arm of

acrocentric 22, which was reported as a case of

‘pure’ partial trisomy 4q. However, partial

trisomy of 4q comprised region q25�qter. Com-

parison of reported cases of ‘pure’ partial trisomy

4q showed the main clinical features to be: growth

retardation, psychomotor retardation, micro-

cephaly, large, low-set, malformed ears, promi-

nent nasal bridge, ptosis and epicanthus

(Mikelsaar et al. 1996). De Almeida et al. (1991)

reported on a girl with de novo t(4;22)

(q1200;p13), who had a 4p trisomy phenotype.

Both authors describe translocations involving

chromosomes 4 and 22, but in presented

translocations different breakpoints are involved.

Trisomy 4q syndrome is also described by

Lundin et al. (2002). The clinical findings of

4q trisomy are most frequently: mental retarda-

tion, seizures, microcephaly, hearing impairment

and growth retardation, but epicanthic folds,

high/broad/depressed nasal bridge, malformed

ears, tooth and thumb anomalies have also been

reported. There are some publications presenting

partial trisomies of 4q due to duplications or im-

balances caused by other parental translocations

involving 4q (Elghezal et al. 2004; Lin et al.

2004). Nevertheless, partial trisomy 4q in combi-

nation with monosomy of 22q has not been re-

ported in the available literature.

Partial trisomies of 22q were always reported

in connection with congenital abnormalities

(Rivera et al. 1988; Stoll et al. 1997;

Barajas-Barajas et al. 2004). Monosomy 22q was

also described resulting in serious dysmorphic

features and psychomotor delays (Silengo

and Andria 1976; Greenberg et al. 1984; Schroder

et al. 1998; Belin et al. 1999). The combination of

features concomitant with dup(4q)/del(22q) or

del(4q)/(dup(22q) would probably be lethal,

as there were no abnormalities reported in children

in the presented family. The proband’s pregnancy

history showed 4 early miscarriages, which sup-

ports this hypothesis. We also investigated

the possibility of del(22q11.2), as it might cause

familial DiGeorge syndrome (Greenberg et al.

1984). One of the breakpoints was 22q11, so we

decided to perform a FISH examination, but

the deletion in this region was excluded.

To our knowledge, no translocation with such

breakpoints t(4;22)(q23;q11.2) has been described

previously. The abnormal karyotype of

the proband 46,XX,t(4;22)(q23;q11.2) can be re-

garded as a reason of fertility problems in the in-

vestigated couple. The risk of further miscarriages

is high due to large segments of duplication/dele-

tion caused by unequal segregation. Basing on

the reviewed literature we conclude that the couple

has an increased risk of progeny with an unbal-

anced karyotype, as both partial trisomies of 4q

and 22q have been reported. The presented cases

showed severe abnormalities. Since there is also

a risk of unbalanced recombinants, prenatal diag-

nosis will be offered if the proband’s future preg-

nancy is sustained till 15th week.

REFERENCES

Almeida de JC, Reis DF, Llerena Junior JC, 1991. Pure
4p trisomy due to a de novo 4q;22p dicentric
translocated chromosome karyotype 46,XX,-22,+
t(4;22)(q1200;p13). Ann Genet 34: 108–110.

Barajas-Barajas LO, Valdez LL, Gonzalez JR, Gar-
cia-Garcia C, Rivera H, Ramirez L, 2004.
Sensorineural deafness in two infants: a novel fea-
ture in the 22q distal duplication syndrome. Cardi-
nal signs in trisomies 22 subtypes. Genet Couns 15:
167–173.

Belin V, Farhat M, Monset-Couchard M, 1999.
Intracytoplasmic sperm injection pregnancy with
trisomy 20p and monosomy 22q in a newborn re-
sulting from a balanced paternal translocation. Biol
Neonate 75: 398–401.

Daniely M, Aviram-Goldring A, Barkai G, Goldman B,
1998. Detection of a chromosomal aberration in fe-
tuses arising from recurrent spontaneous abortion
by comparative genomic hybridization. Hum
Reprod 13: 805–809.

Elghezal H, Sendi HS, Monastiri K, Lapierre JM,
Romdhane SI, Mougou S, Saad A, 2004. Large du-
plication 4q25-q34 with mild clinical effect. Ann
Genet 47: 419–422.

Gardner RJM, Sultherland GR, 2004. Chromosome ab-
normalities and genetic counselling. 3rd edn. Ox-
ford University Press.

Greenberg F, Crowder WE, Paschall V, Colon-Linares
J, Lubianski B, Ledbetter DH, 1984. Familial
DiGeorge syndrome and associated partial
monosomy of chromosome 22. Hum Genet 65:
317–319.

Mikelsaar RV, Lurie IW, Ilus TE, 1996. “Pure” partial
trisomy 4q25-qter owing to a de novo 4;22
translocation. J Med Genet 33: 344–345.

Subfertile couple with t(4;22)(q23;q11.2) 335



Lin S, Kirk EP, McKenzie F, Francis C, Shalhoub C,
Turner AM, 2004. De novo interstitial duplication
4(q28.1q35) associated with choanal atresia.
J Paediatr Child Health 40: 401–403.

Lundin C, Zech L, Sjors K, Wadelius C, Anneren G,
2002. Trisomy 4q syndrome: presentation of a new
case and review of the literature. Ann Genet 45:
53–57.

Rimoin D, Connor M, Korf B, Emery A, 2001. Emery
and Rimoin’s Principles and Practice of Medical
Genetics. 4th edn. Churchill Livingstone.

Rivera H, Garcia-Esquivel L, Romo MG,
Perez-Garcia G, Martinez Y Martinez R, 1988.
The 22q distal trisomy syndrome in a recombinant
child. Ann Genet 31: 47–49.

Rooney DE, 2001. Human cytogenetics: constitutional
analysis. A practical approach. Oxford University
Press.

Schroder K, Schuffenhauer S, Seidel H, Bartsch O,
Blin N, Hinkel GK, Schmitt H, 1998. Deletion map-
ping by FISH with BACs in patients with partial
monosomy 22q13. Hum Genet 102: 557–561.

Silengo MC, Andria G, 1976. Partial monosomy 22 as
the result of an unbalanced translocation 5: 22 in
a patient with cri-du-chat syndrome. Hum Genet 34:
319–322.

Stoll C, Medeiros P, Pecheur H, Schnebelen A, 1997.
De novo trisomy 22 due to an extra
22Q-chromosome. Ann Genet 40: 217–221.

336 M. Srebniak et al.


