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Summary

Seven individuals with deletions of the distal long arm of chromosome 18 were evaluated at the clinical,
cytogenetic, and molecular levels. The patients had varying degrees of typical clinical findings associated with
the 18q- syndrome. Cytogenetic analysis revealed deletions from 18q21.3 or 18q22.2 to qter. Somatic cell
hybrids derived from the patients were molecularly characterized using ordered groups of probes isolated from
a chromosome 18-specific library. In general, the size of the deletion could be correlated with the severity of
the phenotype. Based on the clinical pictures of these seven patients, a preliminary phenotypic map for the
clinical features associated with deletions of the distal portion of the long arm has been generated. Furthermore,
genes previously localized to 18q2l were mapped relative to the chromosome breakpoints present in these patients.

Introduction

The 18q- syndrome is a well-described partial aneu-

somy disorder resulting from the deletion of a portion
of the long arm of chromosome 18. Classically, patients
with this syndrome exhibit growth deficiency, dysmor-
phic facial features, extremity findings, genitourinary
malformations, neurologic and ocular abnormalities,
and developmental delay with mental retardation (MR)
(Subrt and Pokorny 1970; Wertelecki and Gerald 1971;
Wilson et al. 1979). Diagnostic findings are described in
table 1. The dysmorphic features are mild and charac-
teristically include midfacial hypoplasia, carp-shaped
mouth, and abnormally folded ears. Neurologic find-
ings include hypotonia, poor coordination, choreoath-
etotic movements, and ophthalmologic abnormalities
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(strabismus, nystagmus, myopia, and fundoscopic
changes) (Schinzel 1984). Abnormal electroencephalo-
grams and seizures have been described, as well as
specific brain abnormalities such as dilation of the ven-
tricles, hydrocephalus, porencephaly, cerebellar hypo-
plasia, decreased white matter, impaired or delayed my-
elination, and other migration defects (Wertelecki and
Gerald 1971; Fryns et al. 1979; Wilson et al. 1979; Feld-
ing 1987; Miller et al. 1990; Vogel et al. 1990; Weiss et
al. 1991). Normal brains have also been documented on
autopsy or computed-tomography scan (Law and Mas-
terson 1968; Fraccaro 1971; Abusrewil et al. 1988). Life
expectancy is normal, and many affected adults have
been reported (Subrt and Pokorny 1970; Wertelecki
and Gerald 1971; Fryns et al. 1979; Schinzel 1984;
Miller et al. 1990).

For all defined aneuploidies, clinical variation exists
between patients. This may be due to genetic back-
ground as it relates to epistatic variations due to inter-
actions with other genes not associated with the chro-
mosomal alteration or the amount of chromosomal
material deleted or duplicated. An extensive review of
the literature suggests that there is a broad phenotypic
spectrum in patients with 1 8q deletions, as summarized

895



Kline et al.

Table I

Diagnostic Features of the 1 8q- Syndrome

Category Findings

Growth ................... Decreased height and weight; microcephaly
Facies ................... Dysplastic ears; midfacial hypoplasia; down-turned corners of

mouth; prognathism; protuberant lower lip
Limbs ................... Tapered fingers; proximal thumbs; single palmar crease; excessive

whorls; abnormal toes; pes planus; clubfeet
Genitourinary system ........ Hypoplasia of labia or scrotum; micropenis; cryptorchidism;

hypospadias
Skeletal system .............. Abnormal skull, ribs, vertebrae; atretic ear canals; vertical tali
Central nervous system ...... Hypotonia; seizures; sensorineural or conductive deafness; enlarged

ventricles; hydrocephalus; ophthalmologic findings (strabismus,
nystagmus, myopia, fundoscopic abnormalities); retardation of
motor and mental development

in table 2. The range of severity of the 18q- syndrome
appears to be variable; some affected individuals dem-
onstrate involvement of all systems, with moderate to
profound MR, and others have minimally dysmorphic
features and no MR.

For other deletion syndromes, a chromosomal region
has been able to be identified and subsequently corre-
lated with molecular studies (Overhauser et al. 1986;
van Tuinen et al. 1988; Driscoll et al. 1992). However,
in most cases of the 18q- syndrome the extent of the
cytogenetically determined deletion does not seem to
correlate with the severity of the clinical findings (Wil-
son et al. 1979; Miller et al. 1990). This discrepancy
between the clinical and cytogenetic results in the 18q-
syndrome could be due to several factors: (1) a critical
region for this syndrome exists near 18q21, but, since
many of the cases were reported prior to high-resolu-
tion banding (Yunis 1976), the inherent limitations of
cytogenetic analysis may have led to inaccuracies in re-
porting; (2) there is no specific critical region for this
syndrome; (3) the background genome in the presence
of a deletion plays a significant role in producing the
clinical features; (4) an undetected low level of mosa-
icism mediates severity of the phenotype; and (5) differ-
ences in parental origin of the deletion affect the out-
come. No previous study has investigated these
hypotheses on a molecular level.
To understand more fully the variation in phenotype

displayed by individuals with 18q deletions, we have
analyzed seven patients with 18q deletions and differ-
ent presentations. We have obtained clinical informa-
tion from these patients, performed cytogenetic analy-
sis, and derived somatic cell hybrids containing the
deleted chromosome 18 for molecular studies. In this

report we describe the results of physical mapping of
the 18q deletions and correlate these with the clinical
manifestations.

Patients and Methods

Patient Population and Samples
Patients with deletions of 18q were referred, either

by the Chromosome 18 Registry and Research Society,
a support group for individuals with chromosome 18
abnormalities and their families, or from nonaffiliated
genetic centers. For each patient the available medical
history, developmental status, physical examination,
reports of diagnostic procedures, and photographs
were reviewed and compared with those of patients
with the 18q- syndrome described in the literature.

Cytogenetic determination of an 18q deletion was
made prior to referral. Peripheral blood samples were
obtained from the patients, in sodium heparin tubes.
Cytogenetic analysis of banded chromosomes was re-
peated using standard methods for high-resolution
banding (Yunis 1976). Peripheral blood was also col-
lected in ACD tubes (Fisher Scientific; Pittsburgh) for
Epstein-Barr virus transformation of lymphocytes ac-
cording to established procedures (Buchwald 1984).

Somatic Cell Hybrid Analysis
Somatic cell hybrids were derived from each trans-

formed lymphoblast cell line by polyethylene glycol-
mediated fusion with UCW206, a Chinese hamster
ovary mutant cell line that contains a temperature-sen-
sitive mutation in the asparaginyl-tRNA synthetase
gene. The complementary human gene is located on
18q, thus enabling only hybrids containing a human
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chromosome 18 to survive at the restrictive tempera-
ture (Cirullo et al. 1983; Kline et al. 1992). Initial
screening of the somatic cell hybrids for the presence of
the derivative chromosome 18 was performed by PCR
as described elsewhere (Kline et al. 1992). The cell hy-
brids that appeared to have retained only the deleted
human chromosome 18 were analyzed by G11 staining
and G-banding to confirm the PCR results (Worton
and Duff 1979; Dana and Wasmuth 1982). Attempts
were made to obtain at least two independent somatic
cell hybrids from each lymphoblast cell line containing
the deleted chromosome 18, to confirm that this chro-
mosome represented that of the patient. This was per-
formed because the process of making fusions can
produce chromosomal breakage. The amount of chro-
mosomal breakage observed after the screening of 2-10
somatic cell hybrids from individual fusions involving
UCW206 ranged from none to five aberrant events.

DNA Analysis
A set of chromosome 18-specific DNA probes were

obtained from a lambda phage library derived from
HHW324, a somatic cell hybrid containing a normal
chromosome 18 as its only human component. The
lambda phage inserts had been mapped to specific chro-
mosomal regions by using a panel of somatic cell hy-
brids as reported elsewhere (Kline et al. 1992). A subset
of 70 of these lambda phage were used as the DNA
probes and were labeled using the random primer
method for this project (Feinberg and Vogelstein 1983).
Genomic DNA isolation from the somatic cell hy-

brids, restriction-enzyme digestion, and DNA electro-
phoresis were performed using standard methods (Sam-
brook et al. 1989). Southern blotting and hybridization
with probes from the library were performed as de-
scribed elsewhere (Kline et al. 1992).

PCR Analysis
PCR reactions were performed in a 25-pA volume

containing 100 ng genomic DNA, 1 gM each primer,
250 gM dNTP, 2% formamide, 0.6 U AmpliTaq DNA
polymerase (Perkin Elmer Cetus, Norwalk, CT) in
buffer containing 10 mM Tris-HC1 pH 8.3, 50 mM
KCI, 0.01% (w/v) gelatin. The sequences of the
primers, the size of each amplified region, the concen-
trations of MgCl2 used, and the annealing temperatures
are listed in table 3. Amplification was performed for
35 cycles of denaturation at 960C for 90 s, followed by
annealing at the appropriate temperature for 45 s, ex-
tension at 720C for 30 s, and a final extension time of

10 min at 72°C in a Coy thermocycler. The amplifica-
tion products were separated on a 1.5% agarose gel.

Results

Clinical Features
A clinical summary of the seven patients is shown in

table 4. Features of patient JL111 have been reported
elsewhere (Weiss et al. 1991). There were four females
and three males, with ages ranging from 2 to 23 years.
All of the patients demonstrated a tall forehead and
midfacial hypoplasia. All except two (JL 111 and JL143)
had other typical features, including down-turned
corners of the mouth, especially when younger. Three
had dysplastic ears, and all except two patients (JL156
and JL111) had varying degrees of sensorineural or con-
ductive deafness, of whom only one (JL209) had atretic
ear canals. Four of the patients had normal growth. Of
the others, one (JL156) had microcephaly with head
circumference well below the 5th percentile for age and
with both height and weight at the 25th percentile for
age; one (JL143) had retardation of weight and height,
which resolved after deficiency of human growth hor-
mone was diagnosed and treated; and the third (JL172)
had failure to thrive (well below the 5th percentile for
age) for all three parameters. All of the patients demon-
strated typical limb abnormalities, including tapered
fingers, brachydactyly, proximally placed thumbs,
clubfeet, abnormal toes, pes planus, or abnormal der-
matoglyphics. Two of the three males (JL184 and
JL172) had cryptorchidism, and all three had a small
penis; none of the females had hypoplastic genitalia.

Neurologically, all of the patients had varying de-
grees of hypotonia. One patient (JL111) had segmental
spinal muscular atrophy. Two (JL184 and JL172) had a
history of seizures. Four of the individuals UL1 11,
JL209, JL184, and JL172) had abnormalities found on
ophthalmologic examination, including myopia, nys-
tagmus, and strabismus. None of the patients had a
history of hydrocephalus or enlarged ventricles. Moder-
ate to severe MR was seen in two patients (JL156 and
JL172), mild MR was found in three patients UL209,
JL184, and JL143), one patient (JL111 ) had normal in-
telligence with learning disabilities, and the last patient
UL181) had a normal intelligence quotient. Magnetic
resonance imaging (MRI) studies of the brain were avail-
able on five of the seven patients, and, of these five, two
(JL181 and JL143) were reported as normal. The third
MRI (JL111) demonstrated lack of normal differentia-
tion between grey and white matter, with increased sig-
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Table 3

Genes Located on Chromosome 18

PCR
Size Mg Temperature

Gene Location PCR Primers (bp) (mM) (OC) Reference

DCC. 18q21.2 ACCTAATTCACCCCCTATATT 550 3.0 55 B. Vogelstein,
* ITGTAAACCGACATATCTGATGI* personal communication

PLANH2 .... 18q21.2-22.2 TGAGGATCTTTGTGTGGCAAAC 200 3.0 6 Silverman et al. 1991
ITCGGCCCAAATGTGGAGCTTCJ 20 30 6 Sivraetl.19

GRP ........ 18q21.3 ATCCAACACXAAGTGCATAC 200 2.0 55 Silverman et al. 1991

BCL2 ........ 18q21.3 {ATTGTGATGGTCATATTATTG } 420 3.0 55 Silverman et al. 1991

GATAAGTAATAGAGTTTGGAGAGMBP ........ 18q22.3 GATAGGTAATAGCTAGTTcTGGAGATG 583 3.0 55 Boylan et al. 1990

nal intensity on T2 weighted images in white matter,
consistent with abnormal myelination. A fourth MRI
(JL184) showed increased signal intensity on T2
weighted images in selected white-matter tracts, consis-
tent with hypomyelination in these areas. Most notable
was an abnormality within a white-matter tract in the
basal ganglia. The last MRI (JL156) had markedly in-
creased signal intensity on T2 weighted images in all
white-matter tracts, suggesting absent or greatly re-
duced myelination. On the basis of these comparisons,
patients JL172 and JL156 were considered severely af-
fected, patientsJL209 andJL 184 were considered mod-
erately involved, and patients JL143, JL1 11, and JL181
were considered mildly affected.

Cytogenetic Analysis
Each patient had been previously karyotyped and

diagnosed with a de novo deletion of 18q21.3. Cytoge-
netic analysis performed elsewhere showed normal
chromosomes for all of the parents of the patients.
Complete cytogenetic analysis on each patient was re-
peated, with close attention to the deleted region on
18q. Partial karyotypes of the seven individuals are
shown in figure 1, and the results are listed in table 4.
Four of the patients had deletions at 18q21.3, while
three appeared to have a more distal breakpoint at
18q22.2. The latter findings differed from the initial
reports, illustrating differences in interpretation be-
tween laboratories, even with high-resolution banding.
All of the deletions appeared to be terminal; however,
the possibility of an interstitial deletion could not be
ruled out on the basis of only cytogenetic analysis.

Somatic Cell Hybrid Analysis
Somatic cell hybrids containing the deleted chromo-

some 18 obtained from each of the seven transformed
cell lines were analyzed at the molecular level. The 70
DNA markers that initially mapped to 18q21-qter were
tested to determine whether each probe was located
within, proximal to, or distal to the deleted segment of
chromosome 18 for each patient. The previous location
of the DNA markers is shown in the top panel of figure
2. The somatic cell hybrids JH226 and JH251 shown in
the top panel of figure 2 are derived from patients with
balanced translocations involving chromosome 18.
Thus, the probes that map to the most distal portion of
18q have been localized using somatic cell hybrids that
should not have an undetectable interstitial deletion.

Examples of autoradiographs and the amount of
chromosome 18 present in each hybrid derived from
the seven patients are shown in the bottom panel of
figure 2. Different molecular breakpoints were de-
tected in all of the patients, except that the cell hybrid
lines representing JL156 and JL172 demonstrated iden-
tical hybridization patterns for all of the probes
screened. On the basis of these resultant patterns, the
DNA markers were further subdivided, and their loca-
tions relative to each breakpoint are shown in the bot-
tom panel of figure 2. All the distal DNA markers (re-
gion 7) were found to be deleted in all of the patients.

Localization of Genes Relative to the 18q Deletions
Several genes have been previously localized within

18q21-qter. Four have been mapped to 18q21.3: gas-
trin-releasing peptide (GRP); BCL2, a gene involved in a
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Molecular Analysis of the 18q- Syndrome

JL181 JLlll

II

JL143 JL184 JL209 JL172 JL156

Figure I Partial karyotypes of seven patients with distal 18q deletions. The chromosome 18 homologues are shown for each patient. An
ideogram with the approximate location of each breakpoint is shown.

translocation predisposing to follicular lymphoma;
plasminogen activator inhibitor type-2 (PLANH2); and
DCC, a possible tumor-suppressor gene (Tsujimoto et
al. 1984; Lebacq-Verheyden et al. 1987; Ye et al. 1988;
Fearon et al. 1990). Little has been determined about
their relative order, except that BCL2 maps proximally
to PLANH2 (Silverman et al. 1991). The myelin basic
protein gene (MBP) has been mapped to 18q22-q23
(Kamholz et al. 1987). Since it was not known where
these genes map with respect to chromosomal regions
deleted in patients with the 18q- syndrome, it has been
unclear whether they affect the etiology or phenotype
of the syndrome.
To determine the location of these genes relative to

the molecular breakpoints present in our patients and
to each other, PCR amplification was performed using
primer sets specific for each of the five genes previously
described. The sets of primers are listed in table 3. The
results of the PCR amplification of genomic DNA from
the seven representative somatic cell hybrids, as well as
the region to which each gene maps, are shown in figure
3. On the basis of these results, the gene order could be
determined to be cen-DCC-GRP-BCL2-PLANH2-
MBP-tel.
Comparison of Phenotype with Physical Map
As described above, the seven patients demonstrated

a range of clinical involvement. After the molecular

order of the breakpoints was determined, the severity
of the phenotype was found to correlate, in general,
with the size of the deletion. A preliminary phenotype-
genotype correlation map has been constructed on the
basis of the above clinical, cytogenetic, and molecular
data and is shown in figure 4. The two patients with the
most proximal molecular breakpoints (JL172 and
JL156) were the most severely affected clinically, ex-
hibiting microcephaly, the greatest degree of MR, and,
on one of the two (JL156), the most abnormal brain
MRI. The moderately affected individuals (JL209 and
JL184) displayed mild MR but normal head size and
had smaller deletions than did JL172 and JL156. Thus,
the genes within region 2, the chromosomal segment
deleted in the first two patients but present in all of the
others, appear to be the most significant in terms of
brain growth and mental development. The chromo-
somal regions defined by regions 3 and 4 may also be
involved in mental development. From the five brain
MRI results available, a deletion encompassing region 4
appears to result in severe defects of myelination, while
a deletion of region 5 appears to produce some abnor-
mal white-matter findings and ophthalmologic abnor-
malities. Some of the dysmorphic facial features (midfa-
cial hypoplasia and tall forehead), hypotonia, and
lower-extremity abnormalities seen in most of the pa-
tients may result from deletions within region 7. Since
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Figure 2 Southern blot hybridization to somatic cell hybrids with chromosome 18 rearrangements. An ideogram of a normal chromo-
some 18 is shown on the left. The vertical black bars represent the amount of chromosome 18 material present in each somatic cell hybrid, on
the basis of the hybridization patterns. Top, Names and initial location of the 70 probes used for mapping. Bottom, Southern blot analysis of
somatic cell hybrids with 18q deletions. The names of the lymphoblast cell lines and the corresponding somatic cell lines are shown. Genomic
DNAs digested with EcoRI were electrophoresed, blotted, and hybridized to each lambda phage clone. The probes used to represent each of the
regions identified are as follows: region 1, D18S87; region 2, D18S332; region 3, D18S247; region 4, D18S42; region 5, D18S221; region 6,
D18S299; and region 7, D18S164.
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Figure 3 PCR amplification mapping of genes previously lo-
calized to 18q. The PCR primers and conditions are listed in table 2.
Genomic DNA used for each amplification is shown. The marker is
pBR322 digested with Hinfl. The region to which each gene mapped
is shown on the right.

the three males had some degree of genital hypoplasia, a

gene that plays a role in male sexual development may

reside in regions 4-7. Of the three females, only one

(JL1 11) had reached puberty and was clinically normal
with respect to sexual development. Thus, the extent of
involvement of this region in female sexual develop-
ment could not be evaluated at this time. Specific abnor-
malities on neurologic examination and overall somatic
growth (height and weight) did not appear to corre-

spond to a deletion of a defined chromosomal region.
Multiple genes residing on different regions of chromo-
some 18 or other chromosomes may be involved in the
appearance of these clinical findings.

Discussion

Seven patients with 18q deletions have been evalu-
ated at the clinical, cytogenetic, and molecular levels.
Clinically, the patients were found to be mildly, moder-
ately, or severely affected. Cytogenetically, three of the
patients (JL181, JL111, and JL143) had more distal
breakpoints at 18q22.2, compared with the other four

patients, who had chromosomal breakpoints at
18q21.3. Our interpretations were different from some

of the initial karyotype readings. This may have been
due to a more consistent approach to the analysis of the
deletions in our laboratory, since all of the preparations
were scanned by a single person, aware of the presence

of an 18q deletion but not aware of the previously de-
termined breakpoints. Discrepancies of karyotype in-
terpretation are inevitable, and this underscores the lim-
itations of cytogenetic analysis, especially when there is
an attempt to make genotype-phenotype correlations
for aneusomy syndromes. Because of this limitation,
the breakpoints were evaluated utilizing a molecular
approach.
With somatic cell hybrids derived from the seven

patients and a set of chromosome 18-specific genomic
DNA probes, the deletion breakpoints in the patients
were further characterized. Molecular analysis of the
deletions confirmed our cytogenetic findings and, in
addition, identified subtle differences in sizes of the
breakpoints. The distal to proximal order of the break-
points was determined to be JL181, JL143, JL111,
JL184, JL209, and both JL172 and JL156. The relative
order could not be ascertained for the deletions present
in the latter two, although, clinically, JL172 appeared
slightly more severe. It is unlikely that the two patients
have exactly the same molecular breakpoints; this more
likely reflects the lack of probes that could differentiate
between them.
To initiate the identification of functionally impor-

tant genes within the critical region for the 18q- syn-

lymphoblast
cell line
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Figure 4 Preliminary phenotypic map for 18q deletions. The
size of the deleted chromosome 18 is represented by the vertical
black bars. The clinical characteristics that seem to map to specific
chromosomal segments are shown. The location of the genes with
respect to the phenotypic map are shown.
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drome, genes previously mapped to 18q21.3 were local-
ized relative to the same chromosomal breakpoints.
GRP mapped to region 2, BCL2 to region 3, and
PLANH2 to region 4. Further analysis will be needed to
determine whether these genes play a role, if any, in the
etiology or phenotype of this syndrome.

Since, on the basis of brain MRI scans, abnormalities
in central nervous system myelination have been de-
scribed in individuals with 18q deletions, the location
of the MBP gene relative to the breakpoints observed in
our patients was important. Because the MBP gene
mapped to region 7, a region deleted in all of our pa-
tients, it is unlikely that the presence of only one copy
of this gene is solely responsible for producing abnor-
malities in myelination, seen on MRI, which has been
suggested in previous reports (Weiss et al. 1991). The
degree to which myelination is affected appears to cor-
relate with severity of other features, and, therefore, it
is possible that having one deleted MBP gene in con-
junction with other more proximal genes within the
deleted region may deleteriously affect brain structure
and, subsequently, central nervous system function.
Further brain MRI studies in these individuals should
provide more information about myelination effects.

It is clinically significant that none of the seven pa-
tients had a deletion of the DCC gene, which mapped
to region 1. This suggests that, compared with the gen-
eral population, they should be at no increased risk of
developing colon cancer, which is a potential concern
for individuals with any 18q deletion. Since the re-
ported life span of individuals with 18q deletions ap-
pears to be normal (Subrt and Pokorny 1970; Werte-
lecki and Gerald 1971; Fryns et al. 1979; Schinzel 1984;
Miller et al. 1990), the exact location of the DCC gene
relative to the breakpoint in these patients would be
important, especially in those with larger distal or more
proximal interstitial deletions than the ones described
in the present report.
The molecular analysis of the cell lines suggests that

all of the deletions are terminal. This is based on the
observation that all of the DNA probes (including
MBP) mapping to 18q22.3-qter were absent in the
seven somatic cell hybrids. Two of these probes,
D1 8S50 and MBP, have been placed at the terminal end
of the genetic map (Straub et al., in press). The probe
D18S17, which is the most distal q arm marker on the
genetic map, was also found to be missing in all seven
cell lines (data not shown). This is highly suggestive that
the deletions are terminal rather than interstitial. How-
ever, until a clone that includes the telomeric sequences
for 18q is obtained and the somatic cell hybrids can be

analyzed, it will be impossible to conclusively prove
that the deletions are terminal.
With the order of the breakpoints determined, the

size of the deletions was compared with the phenotype.
Statistical comparisons of the clinical findings among
the seven patients could not be made, because of small
sample size; however, some trends were apparent. The
four individuals with the largest deletions would be de-
scribed as having the classic 18q- syndrome, with two
more severely affected. As a group, smaller deletions
produced a milder phenotype. One patient (JL111) was
the least affected clinically but did not have the smallest
deletion. The two patients with the smallest deletions
(UL143 and JL181) were, however, younger in age than
was JL 1 1, and it is difficult to ascertain full develop-
mental status at this time, as well as other potentially
progressive features. Evidence has shown that, over
time, these individuals perform better than initially an-
ticipated (Wertelecki and Gerald 1971).

Specific regions could be implicated in some clinical
manifestations. Regions 2-4 appear to be of greatest
significance with respect to brain growth and neuro-
logic status, especially with regard to level of develop-
mental achievement. Terminal deletions that include
region 4 seem to produce the major features associated
with this syndrome. This region will need to be further
analyzed in order to determine the validity of the phe-
notypic mapping. Deletions of 18q that encompass re-
gions 4-7 could be significant for producing some de-
gree of male genital hypoplasia but appear to have no
effect on female development. Changes in somatic
growth did not appear to correlate with a specific re-
gion. Growth hormone deficiency, seen in one of our
mildly affected patients, has been documented in only
one previous report of an 18q deletion (Abusrewil et al.
1988). No chromosomal region could be implicated in
producing the extremity anomalies, deafness, and sei-
zures.
An undetected low level of mosaicism could contrib-

ute to variation in presentation, but this is less likely
when the chromosome abnormality is fully present in
the lymphocytes. Karyotyping of skin fibroblasts could
be performed to further ascertain this aspect but, again,
may not be conclusive.

Parental origin of de novo deletions can be deter-
mined by procuring parental samples and performing
molecular analysis using RFLPs. The importance of this
has been demonstrated in other partial aneuploidy syn-
dromes. Deletions in patients with Prader-Willi syn-
drome are of paternal origin, whereas maternally de-
rived deletions of the same chromosomal region lead to
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Angelman syndrome (Butler and Palmer 1983; Knoll et
al. 1989; Williams et al. 1990). In contrast, although
most of the de novo deletions seen with the cri-du-chat
syndrome are paternal in origin, no difference in the
severity of phenotype is seen between these patients
and patients with maternally derived deletions (Over-
hauser et al. 1990). It should be possible to determine
whether the parental origin of the chromosome 18 with
the 18q deletion correlates with the clinical findings of
studies using standard RFLPs or microsatellite markers
located on the distal portion of 18q (Straub et al., in
press).

Variation in genetic background can be investigated
using families in which one parent carries a balanced
translocation and multiple offspring inherit an 18q de-
letion. However, at present, no such family is available.
The analysis of multiple affected offspring resulting
from the unbalanced inheritance of a balanced translo-
cation involving other chromosomal regions has shown
variations in clinical severity (Overhauser et al. 1989).
From the analysis of these seven individuals, it ap-

pears that subtle differences in the size of deletions on
the long arm of chromosome 18 may have great impact
on prognosis. On the basis of this limited number of
patients, a brain MRI scan may be one diagnostic test in
determining the degree of involvement and prognosis
of a patient with an 18q deletion. Developmental as-
sessments would also be helpful. Clinical and molecular
analysis of additional patients will be crucial. Further
studies on the subregions determined, especially region
4, will provide clarification of their significance.

Acknowledgments
We would like to thank Laird G. Jackson, M.D., for the

cytogenetic analysis. We acknowledge the help of Martha
Young, Yukari Kuma, and Margaret Sherwood in the cytoge-
netic laboratory. We also would like to thank Kenneth Fisch-
beck, M.D., for his clinical contribution, as well as the
Chromosome 18 Registry and Research Society, for its partici-
pation. This project was supported by NIH grant HG-00167.
A.D.K. was supported in part by NIH grant 5T32HD07075-
15.

References
Abusrewil SS, McDermott A, Savage DCL (1988) Growth
hormone, suspected gonadotrophin deficiency, and ring 18
chromosome. Arch Dis Child 63:1090-1091

Boylan KB, Ayres TM, Popko B, Takahashi N, Hood LE,
Prusiner SB (1990) Repetitive DNA (TGGA)n 5' to the hu-
man myelin basic protein gene: a new form of oligonucleo-

tide repetitive sequence showing length polymorphism. Ge-
nomics 6:16-22

Buchwald M (1984) Use of cultured human cells for biochemi-
cal analysis. Clin Biochem 17:143-150

Butler MG, Palmer CG (1983) Parental origin of chromosome
15 deletion in Prader-Willi syndrome. Lancet 1:1285-1286

Cirullo RE, Arredondo-Vega FX, Smith M, Wasmuth JJ
(1983) Isolation and characterization of interspecific heat-
resistant hybrids between a temperature-sensitive Chinese
hamster cell asparaginyl-tRNA synthetase mutant and nor-
mal human leukocytes: assignment of human asnS gene to
chromosome 18. Somat Cell Genet 9:215-233

Dana S, Wasmuth JJ (1982) Selection linkage disruption in
human-Chinese hamster cell hybrids: deletion mapping of
the leuS, HexB, emtB, and chr genes on human chromo-
some 5. Mol Cell Biol 2:1220-1228

Driscoll DA, Budarf ML, Emanuel BS (1992) A genetic etiol-
ogy for DiGeorge syndrome: consistent deletions and mi-
crodeletions of 22ql 1. Am J Hum Genet 50:924-933

Faed MJW, Whyte R, Paterson CR, McCathie M, Robertson
J (1972) Deletion of the long arm of chromosome 18
(46,XX,18q-) associated with absence of IgA and hypothy-
roidism in an adult. J Med Genet 9:102-105

Faulkner KW, Lewis LB, Steinfeld A, Abroms IF (1983) A
child with 18q- syndrome and cerebellar astrocytoma. J
Pediatr 103:600-602

Fearon ER, Cho KR, Nigro JM, Kern SE, Simons JW, Rup-
pert JM, Hamilton SR, et al (1990) Identification of a chro-
mosome 18q gene that is altered in colorectal cancers.
Science 247:49-56

Feinberg AP, Vogelstein B (1983) A technique for radiolabe-
ling DNA restriction endonuclease fragments to high spe-
cific activity. Anal Biochem 132:6-13

Felding I, Kristoffersson U, Sjostrom H, Noren 0 (1987)
Contribution to the 18q- syndrome: a patient with
del(18)(q22.3qter). Clin Genet 31:206-210

Fraccaro M, Hulten M, Ivemark BI, Lindsten J, Tiepolo L,
Zetterqvist P (1971) Structural abnormalities of chromo-
some 18. 1. A case of 18q-, with autopsy findings. Ann
Genet 14:275-280

Fryns JP, Logghe N, van Eygen M, van den Berghe H (1979)
18q- syndrome in mother and daughter. Eur J Pediatr
130:189-192

Hoo JJ (1986) Routine application of high resolution chro-
mosome analysis. Am J Med Genet 24:533-537

Kamholz J, Spielman R, Gogolin K, Modi W, O'Brien S, Laz-
zarini R (1987) The human myelin-basic-protein gene: chro-
mosomal localization and RFLP analysis. Am J Hum Genet
40:365-373

Kline AD, Rojas K, Mewar R, Moshinsky D, Overhauser J
(1992) Somatic cell hybrid deletion map of human chromo-
some 18. Genomics 13:1-6

Knoll JHM, Nicholls RD, Magenis RE, Graham JM Jr, La-
Lande M, Latt SA (1989) Angelman and Prader-Willi syn-
dromes share a common chromosome 15 deletion but



906 Kline et al.

differ in parental origin of the deletion. Am J Med Genet
32:285-290

Law EM, Masterson JG (1969) Familial 18q- syndrome. Ann
Genet 12:215-222

Lebacq-Verheyden AM, Bertness V, Kirsch I, Hollis GF,
McBride OW, Battey J (1987) Human gastrin-releasing
peptide gene maps to chromosome band 18q21. Somat
Cell Mol Genet 13:81-86

Miller G, Mowrey PN, Hopper KD, Frankel CA, Ladda RL
(1990) Neurologic manifestations in 18q- syndrome. AmJ
Med Genet 37:128-132

Overhauser J, Beaudet AL, Wasmuth JJ (1986) A fine struc-
ture physical map of the short arm of chromosome 5. Am J
Hum Genet 39:562-572

Overhauser J, Bengtsson U, McMahon J, Ulm J, Butler MG,
Santiago L, Wasmuth JJ (1989) Prenatal diagnosis and car-
rier detection of a cryptic translocation by using DNA
markers from the short arm of chromosome 5. Am J Med
Genet 45:296-303

Overhauser J, McMahon J, Overlender S, Carlin ME, Nie-
buhr E, Wasmuth JJ, Lee-Chen J (1990) Parental origin of
chromosome 5 deletions in the cri-du-chat syndrome. Am J
Med Genet 37:83-86

Sambrook J, Fritsch EF, Maniatis T (1989) Molecular clon-
ing: a laboratory manual, 2d ed. Cold Spring Harbor Labo-
ratory, Cold Spring Harbor, NY, pp 9.31-9.58

Schinzel A (1984) Catalogue of unbalanced chromosome
aberrations in man. Walter de Gruyter, New York, pp 319-
324

Silverman GA, Jockel JI, Domer PH, Mohr RM, Taillon-
Miller P, Korsmeyer SJ (1991) Yeast artificial chromosome
cloning of a two-megabase-size contig within chromo-
somal band 18q21 establishes physical linkage between
BCL2 and plasminogen activator inhibitor type-2. Geno-
mics 9:219-228

Straub RE, Speer MC, Luo Y, Rojas K, Overhauser J, Ott J,

Gilliam C. A microsatellite genetic linkage map of human
chromosome 18. Genomics (in press)

Subrt I, Pokorny J (1970) Familial occurrence of 18q-. Hu-
mangenetik 10:181-187

Tsujimoto Y, Finger LR, Yuris J, Nowell PC, Croce CM
(1984) Cloning of the chromosome breakpoint of neoplas-
tic B cells with the t(14;18) chromosome translocation.
Science 226:1097-1099

vanTuinen P, Dobyns WB, Rich DC, Summers KM, Robin-
son TJ, Nakamura Y, Ledbetter DH (1988) Molecular de-
tection of microscopic and submicroscopic deletions asso-
ciated with Miller-Dieker syndrome. Am J Hum Genet
43:587-596

Vogel H, Urich H, Horoupian DS, Wertelecki W (1990) The
brain in the 18q- syndrome. Dev Med Child Neurol
32:725-742

Weiss BJ, Kamholz J, Ritter A, Zackai EH, McDonald-Mc-
Ginn DM, Emanuel B, Fischbeck KH (1991) Segmental spi-
nal muscular atrophy and dermatological findings in a
patient with chromosome 18q deletion. Ann Neurol
30:419-423

Wertelecki W. Gerald PS (1971) Clinical and chromosomal
studies of the 18q- syndrome. J Pediatr 78:44-52

Williams CA, Zori RT, Stone JW, Gray BA, Cantu ES, Ostrer
H (1990) Maternal origin of 18q11-13 deletions in Angel-
man syndrome suggests a role for genomic imprinting. Am
J Med Genet 35:350-353

Wilson MG, Towner JW, Forsman I, Siris E (1979) Syn-
dromes associated with deletion of the long arm of chro-
mosome 18 [del(18q)]. Am J Med Genet 3:155-174

Worton R, Duff C (1979) Karyotyping. Methods Enzymol
58:322-344

Ye RD, Ahearn SM, LeBeau MM, Lebo RV, SadlerJE (1988)
Structure of the gene for human plasminogen activator in-
hibitor-2. J Biol Chem 264:5495-5502

Yunis JJ (1976) High resolution of human chromosomes.
Science 191:1268-1270


