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Chromosome translocations ( CT)

« Chromosome translocations ( CT)
represents of the most common
chromosomal structural aberrations in man

with frequency 1:600

in newborn population
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ReciprocalCT

clinical effect on progeny due to
different unbalanced karyotype in
gametes is producing by meiotic
malsegregation

of chromosomes involved in the
actual chromosome translocation.
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Clinical effects RCT

« Dependent on survival rate of unbalanced

embryo/fetus/child

« the malformed offspring at birth and at prenatal
diagnosis,

. miscarriages, I i ¢

* Stillbirths m@ﬁ é 5 . 5 gﬁm
early deaths of newborn 5% ﬂ%}

have been observed B, 3 “"‘;;; °“:;j:
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Clinical effect of

UPD ( Uniparental
Parental disomy )
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One of the conseque

is chromosomal disomy 14
resulted in a distinct phenotype
The superexpression or missing of imprinted genes
is basis of clinical effect.

of aneuploidy 14 repair
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Mechanizm biochemiczny
pigtnowania:

» zréznicowana metylacja
cytozyny, w parach CpG
kodujacego odcinka DNA




Clinical effect of RCT

= genetic contents of imbalance — survival rate

= UPD effect on particular chromosome regions

= the X chromosome inactivation spreading to the autosomal
segment and/or generating functional imbalance in particular
sets of RTC

= effect position of breakpoint region

= jnterchromosomal effect

= others



Families with RCT may be ascertained by
= unbalanced progeny

at birth, or

at prenatal diagnosis
" miscarriages
= stillbirth/early nhewborn deaths
= by chance (!)

All are interested in their assesment
of probability of occurrence

of different types

of unfavorable pregnancy outcomes




Iv:6 v:10 v:7 v:8

It can be done on the basis

of segregation analysis

of their actual pedigrees constructed
using empirical data

(clinical and cytogenetic results) as each
chromosomal translocation is individual
risk factor of reproductive failures




probability of occurrence of different types
of unfavorable pregnancy outcomes
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unfavorable pregnancy outcomes T Oy

can be obtained for many RCT . TRANSL@CATIONS

In spite of the great number of pedigrees (1120 b
pedigrees) elaborated by Stengel-Rutkowski et T i*
al] the number of observations in some ! ol «
subgroups of RCT is small and hence the : '
probability estimation is not very accurate.
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techniologies of molecular cytogenetics ( FISH, reciprocal translocation.
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the degree of the accuracy of the empirical risk

estimation

=the number of informative pregnancies conceived in the
case of RCT parental carriership

= the precision of identification of breakpoint position in the
involved chromosomes — genetic contents of imbalance

" UPD effect on particular chromosome regions detection

= the X chromosome inactivation spreading to the autosomal segment
and/or generating functional imbalance in particular sets of RTC

= effect position of breakpoint region evaluation

® interchromosome effect



Polish Collection of ChromosomeTranslocations (
PCCT)

« to obtain empirical data of individual RCT carriers
« to improve genetic counselling

« to collect clinical observations connected with
chromosomal changes as a valuable resource for
locating the disease gene

« to collect empirical data about survival rate for
different period of prenatal development

« To define the lethal form of unbalanced progeny .




Polish Collection
g of Chromosome Translocation (PCCT)

1990 - initiative of Commission of Human
Genetics of Polish Academy of Sciences
supported by Ministry of Science
(prof. Janusz Limon, prof. Alina Midro)

Coordinating centre:
Medlical University of Biatystok
Department of Clinical Genetics

Coordinator:
Prof. Dr hab. med. Alina Midro

Aadvisor:
Prof. Dr Sabine Stengel-Rutkowski Munchen




Co-operation Munchen — Bialystok 1983-2008

Prof Sablne Stengel-Rutkowskl
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RCT at risk of single segment imbalance (acrocentric
chromosome)

t(7;21)(p12;p11)

MAIN DERIVATIVES
SECONDARY
7pT -3%- . g% “ (21
P 21p11{f} der(21)
chromosome 21 pl_Jre partial
der(7) trisomy 7p
chromosome 7 pure partial monosomy 7p

If one breakpoint is situated in terminal region of chromosome

mainly in the short arm of an acrocentric chromosome ,

than most types on unbalanced progeny will have ,,single segment imbalances ”,
as the terminal segments and the acrocentric short arm regions have

no effect on the phenotype and survival



Translocation at risk for
single segment imbalance?

t(1;11)(p36;q12.2)



Results pedigree data

t(1;11)(p36.22;q12.2)

DIRECT ANALYSIS: o

Overall risk at birth: ('/55) — hot enough data 1:1 112 ws | e ws | e
for miscarriages: 32.7+6.3% (18/55) - high risk A X iz %{ é Hi— _(5 é
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tfgf:;’;mf;s"‘,‘v‘;‘ﬁ’u":;:f;:i;’é ij&;@i‘:;"_ﬂ';g[’;‘;’;t',;f‘:f' number VIoV2 VS Ve | VS Ve VT VA Noumowvas yi | ves  pgvivtvaoygys  vavas  var  vasygs yaves
miscarriage total number of pregnancyW - early deatha, b, c, n - total A A
number of pregnancies with unbalanced, early death, total number of %
pregnacy after ascertainment correction VI MR VS
Unbals'mced S;i‘ll]bglt:c{ Miscarriages | Pregnancies =
No | Carrier | Sex | OfPringat newborm 8 n Rate' | Rat’ | Rate |V, 18 delivery at term Hydrolethalus s?(b.m 4200 g, macrocephaly,
T C T C T C | Tot | Cor hydrocephalus external, myelomeningocoele, died after delivery)
1. V:14 |[MAT - - - - 3 0 4 1 -/1 -/1 0/1
2 |wvazear | - | - | - | - |4 | 4|6 |5 | s 45| s The precise location of the breakpoint’s
3 (Ivae |eaT | - | - | - |- |- |- ]2|2] » 2 2 positions was performed by FISH
o e e e e e e e P e £ = with the BAC clones resolution and
S | mue PAT | - | - |- - - - 8T 7 7 i microdeletion of 1p36.22 was found .
6. II:2 |PAT - - - - 4 4 6 5 -/5 -/5 4/5
7. | ey |MAT/ ; ; - ; ; 2 1 1 1 1
PAT Hydrocephalus and 1p36.22-pter
8. IV:17 |PAT - - 1 1 3 3 6 6 -/6 1/6 3/6 H .
deletion has been described by Keppler
9. IV:24 |MAT - - - - 3 3 4 4 -/4 -/4 3/4 0
—Noreuil et all J Med Genet 1995
10. II1:10 |PAT - - 1 1 3 3 9 9 -/9 1/9 3/9
11. II:3 |MAT - - - - - - 12 12 -/12 -/12 -/112
Sum - - 1 2 21 18 62 55 -/55 2/55 18/55
Risk 3,642,5% |32,7+6,3%




Risk estimation

1(1;11)(p36.22;q12.2)  Survival rate at birth ! < Ip gder(m
1. Risk for double segment imbalance at birth  1q | = i 11p

| °
trisomy 1p36.22—pter and monosomy 11g12.2—qter*ger() 11
or monosomy 1p36.22 —pter and trisomy 11g12.2—qter Ha

after 2:2 disjunction and adjacent-1 segregation

*

Direct analysis:
Overall risk at birth: (-/55) — not enough data

Indirect analysis:
No data for single segment imbalance 1p36.22-pter

2. No other form of meiotic segregation is expected in liveborn
progeny of actual carriers *not observed at birth

for miscarriages: 32.7+6.3% (18/55) - high risk
for stillbirth/early death: 3.6£2.5% (2/55) - low risk



Comment

To obtain more precise risk
figure

It is necessary to collect more empirical data
because survival rate of progeny

with monosomy 1p36—pter and trisomy 11q12
—qter should be esexpected

The precise location of the breakpoint’s
positions should be performed by FISH with the
BAC clones resolution in simitar chromosome
translocation.



Sabine Stengel-Rutkowski (Hrsg.)

1993
Frithe pranatale Diagnostik
Early prenatal Diagnostics
7.4 Risk estimates in reciprocal translocations.
Experience obtained from the 1* trimester CVS data
by
Sabine Stengel-Rutkowski, Minchen
1% trimenon (CVS) 2" trimenon (AC) at birth
a priori risk® | MAT PAT TOTAL TOTAL TOTAL
at birth rate rate rate  risk rate risk rate risk
high 3/11/ 0/ 1/ 3/12 1:4| 16 56 1:3,5| 93/ 529 1:6
medium 2/ 9 2/ 7/ 47116 1:4| 17/ 51 1:3 | 37/ 508 1:14
low 4122/ 0/14] 4/ 36 1:9| 26/ 188 1:7 | 16/ 1184 1:74
no o/ 3|0/ elo7 9 - | 0o/ 57 - o7 297 =
unknown o/ 5/ 0/ 5/0/16 - | 0/ 0O - Ol D= &
TOTAL 9 /50 2/33[11/83 1:8| 59/ 352 1:6 | 146 / 2438 1:17

Table 1: Comparison of the risks for unbalanced offspring in parental balanced reciprocal
translocations in data collectives from the 1 trimenon (TC/TA-CVS), the 2 trimenon
(AC) and at birth®®
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2,5 2ears old 2 yedrs old
v:2 1V:9 v:3 v:4 \%

* o

v:11

uposledzenic umystowe
months

Vi v:2 V5 V6 V7 V:8 . . - unbalanced ctdd3o31
|] O - carriers
M@ - normal kariotype
OO - notexamined kariotype
aan - ukaryotyped miscarriages
- stillbirths/early deaths
’ VI FI® - not examined kariotype
Unbalanced Stilbirth/early Total
No | Pedigree | Sex of progeny at Miscarriages death number of Ratio
position | carrier birth pregnancy
T a P b A\ c Tot n a/n b/n c/n
1 V.3 PAT 1 0 - - - 1 0 0/0 -/- -/-
2 1V,2 MAT 1 1 - - 1 1 3 2 12 -2 1/2
3 1V,3 PAT - - 1 1 - - 3 3 -/3 1/3 -/3
4 II1,2 MAT 2 2 - - - - 4 3 2/3 -/3 -/3
5 11,2 MAT - - - - - 3 2 -2 -2 -2
Total: 4 3 1 1 1 1 14 10
Total ratio: 3/10 1/10 1/10
Risk value: [30+14,49% | 10£9,49% | 10+9,49%
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The direct segregation analyses of pedigree....

Pediqgree two

The unbalanced karyotypes
with monosomy 7q34—qter
and trisomy 13q13—qter

were detected among - w% 15 L ’Il\ J; E o
L

stillborns/early death
newborns with holoprosencephaly
arrhinia, proboscis and cyclopia, L b

omphalocele,
7q / GTG
| L , 13p
0 .

kidney agenesis
der(7)
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....J

'\»
der(7y  der(13) 13




g 8 The sperm segregation pattern

t(7;13)(q34;q13) ...

®* The meiotic segregation pattern in the father of family 2

showed a rate of unbalanced spermatozoa of about 60 %,
with an unusual high rate (29.4%) of 3:1 segregants (i.e.,
13.4% of tertiary segregation and 16 % of interchange
segregation). Adjacent-1 segregation followed with 23.5%
and adjacent-2 with 7.2%.
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The direct segregation analyses of pedigree
t(7;13)(q34;q13)
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19{45

20 21
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risk for stillborn/early death

No | Carrier . g Abllllétvlv]{)tg’l?rllx Miscarriages? Total Pregnancies Rater Rate?

T C T C T C

1 II1;6 *MAT 3 °2 3 o1 *6 3 *2/3 1/3

2 QIR *MAT o o o1 o1 4 4 °-/4 1/4

3 o III;15 *PAT °2 °2 .- .- 2 2 °2/2 -/2

4 II;2 *MAT D | el .- o 3 3 °1/3 -3

5 I3 ‘MAT o o .- .- 3 2 °-/2 -/2

6 I;5 *PAT 1l 1l 2 2 5 5 °1/5 2/5

7 IL;8 *MAT °2 °2 .- .- 8 8 *2/8 -/8

8 I;1,2 ? 1 1 - - 5 4 1/4 -/4

TOTAL 10 9 6 4 36 31 9/31 4/31

RISK 29+8.2% 12.916.%

> T
0

23 24 25 26

27 28

A. T. Midro, E. Wiland, B. Panasiuk, R Les$niewicz,

M. Kurpisz. Risk evaluation of carriers with
chromosome reciprocal translocation
1(7,13)(q34,913) and  concomitant  meiotic

segregation analyzed by FISH on ejaculated
spermatozoa.
Am J Med. Genet. 2006, 140A, (3): 245-256.



The indirect prognosis & direct segregation analysis
t(7;13)(q34;913)

GT!

P 8 ) 1. Direct analysis: MAT/ PAT:
% q13 overall risk at birth: no risk? (-/31)
- for miscarriages: 12.946.02% (4/31)
for stillbirth/ early death: 29+8.2% (9/31)
for unbalanced progeny with long survival? Patau syndrome?
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o 2. Indirect analysis (prediction)
o At birth
— 7 der(7) der(13) 13 2.1. Risk ford o u b | e segment imbalance
monosomy 7q34—qter and trisomy 13q13—qter* or

.~ trisomy 7gq34—qter and monosomy 13q13—qter* *not observed at birth
after 2:2 segregation, adjacent — 1 disjunction

7 der(7) der(13) 13 MAT/ PAT: no risk

2.2. Risk ford o u b | e segment imbalance, tertiary
trisomy 7q34—qter and trisomy 13q13—cen—pter or
monosomy 7q34—qter and monosomy 13q13—cen—pter
after 3:1 segregation, tertiary trisomy

7q segment: 7q34—qter segment: 13q13—cen—pter
risk: <0.8 (0/63) (St-R) 2~0.4% | risk: MAT: 2.6%1.8% (2/76) (St-R)

de I’(1 3) PAT: no risk (0/40) (St-R)
° MAT: 0.4%:2~0.2%

7 [ p 2.3. Risk for interchange trisomy
after 3:1 segregation
der(7) MAT <0.2% (0/256)~0.1% St-R 1988
\ PAT: no risk 0/140 (St-R)

overall risk: MAT: 0.3%

PAT: no risk? No information
o for miscarriages: 20-30% (ST-R)
o for stillbirth/ early death: 10% (ST-R)

13q

A. T. Midro, E. Wiland, B. Panasiuk, R Lesniewicz, M. Kurpisz. Risk
evaluation of carriers with chromosome reciprocal translocation
(7;13)(q34,q13) and concomitant meiotic segregation analyzed by
FISH on ejaculated spermatozoa.

Am J Med. Genet. 2006, 140A, (3): 245-256.



= The high rate of unbalanced gametes in comparison to the high
number of stillborn/early death and miscarriages detected in the
family of t (7;13) suggests a strong selection against unbalanced

karyotypes.

= It corresponds to a very small probability rate (about 0.3%) of
viable unbalanced progeny from 3:1 meiotic segregation predicted

for maternal carriers.

* Problem of definition of lethal malformations is still open

= ( paliative care option versus termination of pregnancy with fetus

with limited survival)




t(12;14)(q15;q13)
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t(12;14)(q15;q13)

Results
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Table. The probability rates for unbalanced offspring at birth, stillbirth/ early death, miscarriages for
carriers with t(12;14)(q15;q13) related to total pregnancies after ascertainment correction

Unbal?nced E;l:ll:f) g:gll MiscarriagesC Pregnancies A B C
No | Carrier | Sex Off;l;:;ll:§ at newborn® Rate Rate Rate
T C T C T C Tot Cor
1. I11:8 MAT - - - - 2 0 2 0 -/0 -/0 0/0
2. 11:4 MAT - - - - 3 3 5 5 -/5 -/5 3/5
3. I1:8 MAT - - - - 1 1 6 5 -/5 -/5 1/5
4 I:2 MAT - - -1 -1 - - 7 6 -/6 -/6 -/6
Total: - - - - 6 4 20 16 -/16 V16 4/16
Risk ? 6.2% 25,0i10,8%

Overall risk at birth: (-/16) - risk?
for miscarriages: 25.0:10.8% (4/16) — high risk
for stillbirth/early death: 6.2+-6.05(1/16) - medium risk

Legend: MAT- maternal carrier, PAT - paternal carrierT
- total number of pregnancieswith unbalanced
karyotypeP - total number of miscarriage total number
of pregnancyW - early deatha, b, c, n - total number of
pregnancies with unbalanced, early death, total
number of pregnacy after ascertainment correction




t(12;14)(q15:;q13) indirect analysis

1. Risk for double segment imbalance:
trisomy 12q15—qter and monosomy 14q13—qter* or
monosomy 12ql15—qter * and trisomy 14q13—qter
after 2:2 disjunction and adjacent-1 segregation
MAT/PAT: no risk

2. Risk for double segment imbalance:
trisomy 12q15—qter and trisomy 14q13—cen—pter or
monosomy 12q15—qter * and monosomy 14q13—cen—pter
after 3:1 disjunction (tertiary trisomy)

* - not observed

segment: 12ql15—qter segment: 14q13—cen—pter
risk: MAT/PAT <1.50% (0/ 33):2 ~0,75%| risk: MAT: 2,63%= 2,6% (1/ 38)
PAT: <0,82% (6/ 61)

** Stengel-Rutkowski S, Stene J, Gallano. Risk

Overall risk at birth**: estimates in balanced parental reciprocal
MAT/ PAT: 0,4% translocations. Analysis of 1120 pedigrees.

Monographie des Annales de Génétique. Paris:
Risk for miscarriages: Expansion Scientifique Francaise, 1988.

MAT/PAT: about 30%

##% Eggermann T., Zerres K. Uniparental
Probability rate for UPD 14%%%*: disomy and robertsonian translocations. Risk
0,3% (2/341) ??? estimation and prenatal testing. Mol Diagn
2003; 7(2); 113-117



We did not observe

any unbalanced offspring at birth

in large pedigree data.

We classified family with carriership of
translocation for low risk of malformed progeny
at birth (below 1%)

and high risk for miscarriages.



It is necessary to collect more empirical data because
survival rate of progeny trisomy 12q12-qter with
trisomy 14q13-cen-14pter should be expected.

In addition parental UPD 14 should be considered in

case with chromosome 14 involved
EMPIRICAL DATA ARE Not AVAILABLE SO FAR



The degree of the accuracy of the risk figures estimation
depends on two factors.

The first is

the number of informative pregnancies
conceived in case of RCT parental
carriership,

the second is

the precision of the identification

of breakpoint position in the involved
chromosomes.



Comments

We presented risk assesment

for the occurence of unfavorable pregnancy
outcomes in the relatively large pedigrees

of carriers of individual translocations.

However it was not efficient in case of two families
of translocation carriership .



Polish Collection of chromosome translocations
— rick aroun

High10% Not increased
25%

Medium 7%

Low 58% High >10%
Medium 5-10%

Number of RCT 766 Low < 5%



Polish Collection of Chromosomal Reciprocal Translocation

Center of Biatystok
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39

Armenia,
Belgium,
Bielarusia,
Czech Repubilik,
Germany,
Lithuania,
Netherlands,
Ukraina

W
LUBELSKIE

Total: 766 reciprocal chromosomal translocation from 25 Genetic

centers in Poland (February 2008) and about 2000 data from other
collaboratives.



Polish Collection

of Chromosome Translocation

New risk values for RCT at risk for single segment imbalanced:

segments
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New risk values for Robertsonian translocations

> (7 146, 9%) (do 4, 4%)
der(13;21)(q10;q10) medium low

medium

<S9+23% 3,1% +22f7
der(14;21)(q10;q10)

N4

der(15;21)(q10;q10)

N

2,712,7 % A
low
below 1% 134(;311:1?;
low >
5,315,1%
medium
J

der(13;14)(q10;q10)

N

der(13;15)(q10;q10)
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Polish Collection of Chromosome Translocation
Collaborative data of 25 genetic centers in Poland

Wroctaw (J. Jagielski, M. Sasiadek)

Wroctaw (O. Haus)
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