
J Med Genet 1993; 30: 265-268

ORIGINAL ARTICLES

Prenatal diagnosis of diastrophic dysplasia with
polymorphic DNA markers

Johanna Hastbacka, Riitta Salonen, Pekka Laurila, Albert de la Chapelle, Ilkka Kaitila

Department of
Medical Genetics,
University of Helsinki,
and Folklhalsan
Institute of Genetics,
Haartmaninkatu 3,
00290 Helsinki,
Finland.
J Hastbacka*
A de la Chapelle

Department of
Pathology, University
of Helsinki, Helsinki,
Finland.
P Laurila

Department of
Medical Genetics and
Laboratory of
Prenatal Genetics,
Helsinki University
Central Hospital,
Helsinki, Finland.
R Salonen
I Kaitila

*Present address: Whitehead
Institute for Biomedical
Research,
9 Cambridge Center,
Cambridge, MA 02142,
USA.

Correspondence to
Dr Hastbacka.

Received 8 October 1992.
Accepted 28 October 1992.

Abstract
Ultrasonography is a non-invasive
method for prenatal detection of diastro-
phic dysplasia (DTD) in the second tri-
mester of pregnancy. As there is a need
for genetic counselling as early as pos-
sible we wished to develop a method
based on molecular analysis. Five fetuses
in families with a previous history of
DTD were studied by typing them and
their relevant family members for DNA
markers closely linked to the DTD gene.
The DNA analyses predicted that three of
the fetuses were unaffected and two af-
fected. These results were concordant
with those obtained by ultrasonography,
and the phenotype of the fetus was cor-

rectly predicted in all cases. DNA analy-
sis provides a reliable means of prenatal
diagnosis in the first trimester of preg-
nancy.
(J Med Genet 1993;30:265-8)

Diastrophic dysplasia (DTD) is a severe auto-
somal recessive chondrodysplasia character-
ised by disproportionate short stature,
generalised joint dysplasia, and deformities of
the spine and extremities.' Tracheomalacia
and kyphosis of the cervical spine cause a

significant risk of fatal respiratory and neuro-

logical complications. Most patients undergo
repeated orthopaedic surgery during child-
hood, often with unsatisfactory results.2 The
diagnosis is based on clinical and radiographic
findings which can be readily distinguished
from those of other chondrodysplasias. DTD
occurs at low prevalence in most populations,
but is exceptionally common among Finns
with a carrier frequency of about 1 in 70. The
biochemical defect and pathogenesis of DTD
are unknown.
Owing to the severe physical handicap

caused by DTD most families with an affected
child request prenatal diagnosis in subsequent
pregnancies. This can be provided by ultraso-
nography which, however, is feasible only after
the first trimester.'3 Thus, the diagnosis can

only be attained relatively late extending the
period of anxiety of the families, and delaying
the eventual abortion to midpregnancy. The
delay is critical regarding the method by which
the termination of pregnancy is performed.
The DTD gene has been localised to distal

5q by linkage analysis.78 The immediate region
surrounding DTD is well covered with poly-

morphic DNA markers several of which do not
recombine with the disease gene. Recently
strong linkage disequilibrium was detected
between the colony stimulating factor 1 recep-
tor locus (CSF1R) and DTD (table 1) indicat-
ing that CSFlR is the closest known locus to
DTD.9 The aim of this study was to establish
prenatal diagnosis that would allow genetic
counselling during the first trimester.

Materials and methods
FAMILIES

Pedigrees of the five families studied are
shown in fig 1. In families 1 to 3 prenatal
diagnosis by DNA analysis was done in paral-
lel with ultrasonography. In families 4 and 5
the actual diagnosis was made by ultrasonogra-
phy and the fetuses were found to be affected.
DNA analysis was performed retrospectively
in these two families.

DNA SAMPLES
The source of DNA was blood leucocytes for
parents and sibs, cultured amniotic cells from
the fetus of family 1, chorion villus samples
from the fetuses in families 2 and 3, and skin
samples obtained at necropsy from the fetuses
in families 4 and 5. Amniocentesis was per-
formed in the 17th gestational week and the
placental biopsies in the 12th and 16th gesta-
tional weeks. DNA was extracted by standard
methods.

DNA MARKERS
The polymorphisms used in this study"'4 are
described in table 2A and the two point linkage
data in table 2B. The most likely order of
marker loci and their location in relation to the
DTD gene on the sex averaged map as derived
from linkage analysis is GRL-8-2 cM-DTD-
0 7 cM-CSF1R-4 4 cM-SPARC (unpublished
results).

Table 1 Frequencies of the four StyI-EcoRI
haplotypes at CSFlR determined in 152 Finnish DTD
chromosomes and 123 control chromosomes.9

Haplotype DTD Normal
chromosomes (%) chromosomes (%)

A=1-1 95 3
B= 1-2 1 23
C=2-1 0 6
D = 2-2 5 68
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SPARC!MspI
SPARC/Taql
CSF1 R/NcoI
CSF1 R/EcoRI
CSF1 R/TAGA
CSF1 R/Styl
CSF1 R/CCTT
CSF1 R/CA
GRUBcIl

ND ND
ND ND
ND ND
1-2 1-2
1-1 1-2
1-1 1-2
1-8 1-10
1-5 1-5
ND ND

3.

ND ND
ND ND
ND ND
1-1 2-1
1-1 1-1
1-1 ND
1-1 8-1
1-1 5-1
ND ND

2-2 2-1
1-3 1-1
ND ND
1-2 1-2
1-4 1-4
1-1 1-1
1-2 1-2
1-9 1-9
1-2 1-2

1. C

2-2 2-1 2-1
1-1 1-1 1-1
ND ND ND
1-1 1-2 1-2
1-1 1-4 1-4
1-1 1-1 1-1
1-1 1-2 1-2
1-1 1-9 ND
1-1 1-2 1-1
ND ND
ND ND
ND ND
1-2 1-2
1-6 1-1
1-2 1-2
12-10 11-2
5-7 5-1
2-2 1-2

ND
ND
2-2
1-2
1-5
1-1
1-2
1-9

ND
ND
1-2
2-2
5-5
2-2
1-12
7-4

2.

ND N
ND N
2-1 2-
1-2 2-
1-5 5-
1-2 1-
1-1 N
1-7 N
ND N
ND
ND
ND
1-2
1-1
1-2
10-1
1-5
ND

4.

DNA METHODS
Southern analyses were performed using
standard protocols.'5 Polymerase chain reac-
tion (PCR) amplifications were done in a total
volume of 10 pl with 20 ng of genomic DNA,
1 pmol of each primer one of which was kinase
labelled with y-32P-ATP, in 100 pmol/l
dNTPs, 50 mmol/l KCI, 10 mmol/l Tris-
HCI, pH 8 3, 15 mmol/l MgCl2, 0-001% gela-
tin, with 0-25 U Taq polymerase. The PCR
products were fractionated on 6% polyacryla-
mide gels containing 7 mol/l urea followed by
autoradiography for two to 12 hours.

ID
-1
-2
-5
-2
ID
ID
ID

ND
ND
ND
1-2
1-4
1-2
10-9
1-7
ND

5.

ND ND
ND ND
ND ND
2-1 1-1
6-1 1-1
2-1 1-1
10-1112-11
7-5 5-5
2-1 2-1

ND
ND
ND
1-1
1-1
1-1
12-11
5-5
2-1

NA NA ND
ND
ND
1-1
1-1
1-1
10-10
1-1
ND

Figure I Pedigrees and the genotype data of the families. ND = not determined.
NA = sample not available.

Table 2A The polymorphisms used in this study.

Locus Polymorphism Probe or PCR primers Reference

CSFlR EcoRI RFLP pcfms-104 10
StyI RFLP pcfms-104 9
NcoI RFLP pcfms-104 11
CA repeat TGTGTCCAGCCTTAGTGTGCA (F) 12

TCATCACTTCCAGAATGTGC (R)
CTTT/CCTT repeat* ACAGAGCAAGACTCCATCTCCTT (F) 9

CCAGCATGATAAAACCCTGTCT (RI)
GATCCATGCCATTGCACTC (R2)

TAGA repeat CAGGTTGCTAACCACCCTGT (F) 9
GTGCACACTTGGACAGCATT (R)

SPARC TaqI RFLP pHVON-9-2 13
MspI RFLP pHVON-9-2

GRL BclI RFLP phGRl.2 14

*This repeat was typed by heminested PCR, by first doing 25 cycles with primers F and RI
followed by 25 cycles with F and radiolabelled primer R2

Table 2B Maximum two point lod scores for DTD versus marker loci based on data
from 24 Finnish DTD families.
Locus Zmax Omax 950% confidence limits

CSFIR* 16-10 0 009 0 00035-0044
SPARCt 8-25 004 0014-10
GRL 137 014 -

*Up to six polymorphisms at the CSFIR locus were haplotyped for linkage calculations. One crossover
within CSFIR was observed causing part of CSFIR to recombine with DTD.9 In the linkage calculations
this was treated as a regular recombination between the two loci.
tHaplotypes constructed from two polymorphisms at the locus were used in linkage calculations.

RISK CALCULATIONS
The probability of the fetus being affected, an
unaffected carrier, or non-carrier was calcu-
lated using the risk calculation option of the
program MLINK of the LINKAGE pack-
age.'6 In family 1 the calculation was originally
based on data of the flanking marker loci GRL
and SPARC. At that time the close linkage
between DTD and CSFIR had not yet been
detected, which also caused the distances
between DTD and the flanking markers used
in the calculations to-be slightly different from
the ones on the current map. In the remaining
four cases calculations were based solely on
data on CSFIR polymorphisms. For family 5
linkage disequilibrium data were used for esti-
mating the phase of CSFlR polymorphisms
and DTD. Up to six polymorphisms at CSFIR
were tested, haplotyped, and considered a sin-
gle locus. The fetus of family 1 was also tested
retrospectively for CSFlR polymorphisms
and a new risk calculation performed.

Results
The structure of four of the five families
allowed direct risk calculations based on link-
age analysis. At a probability level of more than
95% three fetuses were predicted to be unaf-
fected carriers while one was predicted to be
affected (table 3). The results ofDNA analysis
were concordant with those of ultrasonogra-
phy, and with the phenotypes of the babies
delivered and the aborted fetus examined at
necropsy.
The structure of family 5 did not allow

standard risk calculations (fig 1). There was no
DNA available from the first affected fetus
(diagnosed at necropsy after termination of
pregnancy based on ultrasonographic find-
ings) nor from the healthy brother, but only
from the parents and the fetus under study.
This rendered the family formally uninforma-
tive for linkage analysis. In this case, however,
the strength of the linkage disequilibrium
observed in the Finnish population9 (table 1)
could be exploited to establish the phase of
DTD and the polymorphisms at CSF1R,
which in turn allowed calculation of the risk by
linkage analysis. The probability (P) of one
parent carrying DTD on a chromosome with
haplotype A (table 1) is:

P(ADTDDnorm)
P(ADTDD..,.) + P(BDTDC..,.) + P(CDTDB.or) + P(DDTDA,nom)
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Table 3 The risks offetuses being affected, unaffected carriers, or non-carriers based
results from polymorphisms at CSFIR. The figures in parentheses for family I are the
of the initial risk calculation based on markers GRL and SPARCflanking DTD.

Family I Family 2 Family 3 Family 4 Famil

Affected 1 3% (1933%) 1-70' 1 7°o 97.30 976'
Unaffected carrier 97-3%,' (79 7%0) 96-5% 96 5%o 2-7% 2-4'
Non-carrier 1-3% (1%) 1-7% 1-7% 0% 0%

EcoRI

LE 0D

Figure 2 A Southern blot analysis from family 2. Restriction enzyme digestions were

with enzymes NcoI and EcoRI, ekctrophoresed, blotted, and hybridised with the cDN
pcfms-104 from CSFIR. The polymorphic fragments shown by NcoI digestion are Ni
and N2 (2 9 kb) and the ones shown by EcoRI digestion El (29 kb) and E2 (16 kb).
stands for constant bands. The fetus inherited the same allek from the mother as the a,
brother, but a different allele from the father and therefore was predicted to be an unaj
DTD carrier.

The figures are =

(095 x 0 68)

(095 x 068) + (001 x 006) x (Ox 023) + (005 x 003)
= 0997.

By using the above assumption in the risk
calculation the likelihood of the fetus of family
5 being affected was 0-98. This was concordant
with the results of fetal ultrasound and the
phenotype of the fetus at necropsy after the
termination of pregnancy.

Discussion
Ultrasonography is an established and reliable
method of prenatal diagnosis in diastrophic
dysplasia (DTD). In our experience, out of 18
Finnish at risk pregnancies studied by ultraso-
nography at 16 to 18 gestational weeks, neither
false positive nor false negative diagnoses were

made. Five of 18 fetuses were predicted to be
affected and each was confirmed by fetal nec-

ropsy after the termination of pregnancy.

Thirteen fetuses were unaffected. A major
handicap of the method is that the time of
diagnosis occurs so late that a possible termi-
nation can only be done in the second trimester
of pregnancy. This study was undertaken to
determine if earlier, DNA based diagnosis for
DTD might be feasible.

Five pregnancies at risk for DTD were
studied by typing the families for DNA poly-
morphisms closely linked to DTD. With the
exception of the initial diagnosis in family 1,
the DNA diagnoses were based on the infor-
mation derived from several polymorphisms at
a single locus, CSF1R. This method was cho-
sen because, despite one recombination having
been observed between CSFIR and DTD, or
strictly between DTD and part of CSFlR,9
both the linkage disequilibrium and genetic
mapping data strongly indicate that CSFlR is
the closest available marker to DTD. It con-
tains at least six polymorphisms: three two
allele RFLPs and three highly polymorphic
simple sequence length polymorphisms
(SSLPs). In the course of our studies on
Finnish DTD families, we have typed 123
DTD parents and not found a single person
who is not informative for at least one of these
polymorphisms.9 The SSLPs are typed by
PCR which allows results to be rapidly
obtained from minimal amounts of DNA. The
limited availability of DNA from fetuses is a
common problem in diagnosis based on
Southern blot hybridisation; therefore the
existence of useful PCRable markers is an
advantage. However, an issue regarding the
choice of method might be raised in that some
SSLPs have high mutation rates' which might
conceivably lead to diagnostic errors. Ideally
both types of polymorphism should be used,
subject to sample availability. Further experi-
ence with SSLPs will eventually determine the
empirical risk of problems arising from these
circumstances.
The risk calculations correctly predicted the

phenotype of the fetus in all families. The
strong linkage disequilibrium between CSFlR
and DTD allowed phase estimation and risk
calculation in a family with a history of DTD
but no sample available from the first affected
fetus. However, even in Finland linkage dis-
equilibrium cannot be exploited in population
screening. Despite the strength of this linkage
disequilibrium four out of five Finnish chro-
mosomes 5 carrying the high risk haplotype
'A' are non-DTD chromosomes.
Based on this study we consider the prenatal

diagnosis of DTD based on the polymor-
phisms at CSFlR to be reliable enough in the
Finnish population to be used as an alternative
to ultrasonography in families with an affected
child. The diagnosis can be established at least
a month earlier than by ultrasonography if
chorion villus sampling is performed at 10
weeks' gestation. With the PCR based poly-
morphisms results can be obtained in a few
days. Earlier diagnosis reduces the psycholo-
gical burden of the families caused by the
period of waiting. The time that can be saved
by using DNA analysis is critical regarding the

Nco I
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method of termination of the pregnancy if
indicated and chosen.
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