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Summary. Clinical and cytogenetic studies are reported on 13
patients with Wolf-Hirschhorn syndrome. The oldest of the
living twelve probands is 24 years of age. Three of these patients
had a translocation involving the short arm of chromosome 4,
and in one of these the anomalous chromosome was inherited
from the father. Another three patients were believed, on the
basis of GTG-staining, to have a translocation although the
origin of the translocated chromatin could not be identified. In
the remaining seven patients the anomalous chromosome
appeared to be a simple deletion, although in two cases a
translocation could not be ruled out. Cytogenetic studies in these
patients suggest that the critical deletion involved in Wolf-
Hirschhorn syndrome is within 4p16.

In 1965 Wolf et al. and Hirschhorn et al. described the syndrome
of delayed growth and development and congenital anomalies
associated with partial deletion of the short arm of chromo-
some 4. At the present time the literature includes about 60
documented cases of Wolf-Hirschhorn syndrome, which is now
accepted as a clinically recognizable entity.

When Giemsa-banding studies became available, attempts
were made to localize the deletion involved in Wolf-Hirschhorn
syndrome. Generally the deleted segment has been reported to
involve bands 4p15 or 4p16, although to date there have not been
sufficiently detailed cytogenetic studies to be sure about the
critical deletion.

The purpose of this paper is to present clinical and cyto-
genetic findings from 13 patients with Wolf-Hirschhorn syn-
drome, and to localize the deleted segment in chromosome 4
typically associated with it.

Ten of these patients are described for the first time, Three
were reported previously; two of these (SMA and GW) were
described initially as having a new syndrome (Coffin 1968), and
were later found to have del(4p) (Coffin and Wilson 1971).
Patient DW showed an unusual abnormality of chromosome 4,
most likely representing an unbalanced translocation in which
translocated chromatin obscured the deletion of the short arm
(Wilson et al. 1970). Banding cytogenetic studies from these 13
patients are reported in this paper for the first time.

Supported in part by Grant No. 286 from the Maternal and Child Health
Service, United States Public Health Service
Offprint requests to: M. G. Wilson

Clinical Data

These patients are eight females and five males, ranging in age
from newly born to 24 years, eleven Caucasian and two Oriental.
Family and birth data are listed in Table 1. All infants had
remarkably low birth weights for their gestational ages. Four
infants were premature (G.A. < 37 weeks) by reported dates, and
five were post-term (G.A. 42 or more weeks). The mean birth
weight of all 13 infants was 1,872 g; the mean birth weight of the
nine infants who were term or post-term was 2,062 g.

The mean maternal age was 27 years, and the mean paternal
age was 31 years. These ages are similar to the average parental
ages in the general population. The mothers of the probands
reported various abnormalities during pregnancy, particularly
inadequate weight gain or actual weight loss. Prior obstetrical
history was not remarkable. A balanced translocation was
segregating in the family of EC (Fig.I). In that family four
paternal relatives who had died in infancy showed multiple
congenital anomalies, including craniofacial defects. The family
histories of other probands were not remarkable.

All the patients in this report were first identified in infancy
or early childhood. Seven of the patients were ascertained in a
state hospital for the mentally retarded. One patient (ME) died in
the neonatal period. The others are still surviving, and the oldest,
a male, is now 24 years of age. All the surviving patients have
developed convulsions, which have often been difficult to
control. The onset of convulsions varied from shortly after birth
to 2 years of age. All these patients have severe or profound
mental retardation.

The patients showed a characteristic craniofacial appearance
consisting of microcephaly, prominent glabella, highly arched
eyebrows, hypertelorism, slanted palpebral fissures—usually
slanting downwards, strabismus, iris defects (coloboma or
ectopic pupil), a broad malformed nose, large and simple low-set
ears, a carp-shaped mouth with downturned corners, often a
cleft lip or cleft palate, and micrognathia (Fig. 2). Hemangioma,
scalp defects, preauricular skin tags or pits, and skin dimpling
elsewhere on the body (including deep sacral dimples), and hypo-
plastic or inverted nipples were often seen. Congenital lesions of
the heart (with various anomalies) were found in fewer than half
of the patients. Most of the males had anomalous genitalia,
primarily cryptorchidism and hypospadias. The one patient
(ME) examined at autopsy showed a number of internal genital
abnormalities, although generally the external genitalia in the
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females were normal. A variety of skeletal anomalies was found
in the majority of the cases, primarily clinodactyly, equinovarus
deformities of the feet, malformed toes, scoliosis, and kyphosis.
Roentgen examination showed small, delicate bone structure
and severely retarded bone age. Delayed closure of the anterior
fontanel was sometimes noted. Detailed clinical findings are
summarized in Table 2.

Fig.1. Family pedigree of EC. Carriers for the balanced translocation
(1q:4p) are the father of the proband. the paternal aunt, paternal
grandmother, and paternal great aunt. One person in generation I is
presumed to be a carrier. In generation II, the 4 children who died in
infancy were said to have abnormal facial features

Fig. 2. Photographs of the 13 patients, illustrating features of the Wolf-Hirschhorn syndrome
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Table 3. Dermatoglyphics

Patient Sex  TFRC Fingers Axial triradius atd angle a-b count
%)

L5 14 L3 L2 Ll Rl R2 R3 R4 R3 R L R L R L
BP F 128 U U A U U U A U U U 15 45 42 70° 37 41
RE M ? 7 A A ? W ? A U U U
ML M 144 U wqyg widy wiwityg widy 27 19 59° 520 37 37
KK F 123 U U A R R W U A U U 16 13 47 430 43 41
SMA F 176 U U wi R wiwidpr wd wdy 22 25 56° 540 40 36
sS F 164 U owdowdowdl wdowdt o wdl wel g 39 47 73° 103° 38 53
PR F 41 U A A A WPwiA A U U 28 30 65° 63° 40 4]
EE F 151 u wtu wUu U R U WPU 23 25 55 71° 40 49
GW M 188 U U U wPwlw R U W U 12 13 4% 5% 49 60
MH F 170 U W U W W W W U U U 8 14 36° 47° 38 38
DW M 82 U U U A WWwW A U U U 18 18 52 53° 35 41
EC M 107 U wuUu U U W A U W U 19 18 50° 50° 4] 42
Dermatoglyphics follows: either an interstitial deletion of a segment 4p15.2to p16,

Dermatoglyphics of 12 patients were analyzed (Table 3). Digital
arches were slightly increased although the mean total finger
ridge count (TFRC) was only slightly low for the males (130,
excluding patient RE who had incomplete data), and very
slightly above average for the females (136). This latter finding is
contrary to the findings of other published cases which show a
low TFRC. Nine patients showed at least one axial triradius
displaced distally.

Of the 24 palms of the 12 patients, six showed a Sydney
crease, seven showed bridged transverse creases (described
by Alter 1970 as a thenar slanting connection), and only two
showed simian creases. Published reports emphasize the pre-
sence of simian creases in Wolf-Hirschhorn syndrome.

The most marked feature in patients with Wolf-Hirschhorn
syndrome is ridge dissociation, seen in ten of twelve patients
reported here. Ridge dissociation is sometimes so extreme that a
complete analysis is impossible, as in patient RE.

Genetic Studies

Giemsa-banding (GTG) was done using a modification of the
method described by Seabright (1971, 1972). The banding
patterns were examined to localize the breakpoints in the
abnormal chromosome 4.

Quinacrine fluorescence studies with the use of quinacrine
dihydrochloride, modified from the method described by
Caspersson and associates (1971), verified that the anomalous
chromosome was 4, but were not informative regarding the
position of the breakpoints.

Chromosome analyses from eleven patients (BP, RE, ML,
KK, SMA, SS, PR, EE, GW, MH, EC) showed a shortened 4p
(Figs. 3 and 4). The other two patients (ME, DW) showed an
elongated 4p presumably due to translocated chromatin. The
proximal breakpoint in the short arm of chromosome 4 occurred
usually within pl4, possibly in pl5 in two patients, and once
in plé6.

In SS and PR the determination of the proximal breakpoint
could not be made with certainty. Two interpretations are as

or a deletion of pl4 to the termination. In the latter instance the
GTG stain of the termination of the short arm of the anomalous
chromosome resembled the short arm of the anomalous chromo-
some in the known translocation der(4) of EC. On the basis of
this morphological evidence, a translocation of nonidentified
chromatin to the short arm of 4 could not be ruled out. The distal
end of the short arm of the anomalous chromosome 4 in EE,
GW, and MH was more intensely stained than is typical for the
pl6 region of normal 4, suggesting a translocation rather than a
simple deletion. The anomalous 4 in EE, GW, and MH was
strikingly similar to the der(4) of the carrier paternal aunt of EC
(Fig. 3).

A translocation was thought to be present in the anomalous
chromosome in three patients (ME, DW, EC). The origin of the
chromatin translocated to 4p could not be identified in ME or
DW. In ME the breakpoint in the short arm of 4 was at p16, thus
indicating that the deletion responsible for the Wolf-Hirschhorn
syndrome is within the segment of 4p16 to the termination. The
parents of ME were unavailable for study, so in this instance it
was not known whether the presumed translocation was
sporadic or inherited. More complex rearrangements possible in
this instance of ME include a segmental duplication of a portion
of 4p, i.e., a mirror duplication of the segment 4p12—pl6,—an
interpretation consistent with the cytogenetics. In this regard,
the appearance of the patient did not resemble the reported
phenotype for partial trisomy of 4p (Wilson et al. 1970; Rethoré
et al. 1974). Karyotypes from parents of DW were normal, thus
the translocation was de novo.

Patient EC had inherited a deleted chromosome 4 from his
carrier father, who had a reciprocal translocation between the
long arm of 1 and the short arm of 4. Presumably the proband
was partially trisomic for the distal portion of the long arm of 1
(from g42 to the termination) as well as monosomic for 4p14 to
the end of the short arm of 4. The phenotype was consistent with
Wolf-Hirschhorn syndrome. The family pedigree of proband EC
is illustrated in Fig. 1.

Except for the chromosome anomalies stated above, the
karyotypes from these 13 probands were normal and conformed
to the phenotypic sex. Results from chromosome analyses are
summarized in Table 4.
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Palmar formula

Palmar creases Ridge dissociation

Right Left R L
11.7.7.3-t-A".0.0.0.L/0 11.7.7.5-t,'-1".0.0.0.L/0 Sydney Bridged -
Simian Simian +
9.7.5 . 1-t-A"/A°.0.0.0.L 11.X.7.1-t-A".0.0.0.0 Sydney Normal +
11.0.7.3-t-A".0.0.0.0 9.7.5 .3-t-A".0.0.0.L Normal Normal +
9.7.5 3-t-A".V.0.0.L/0 8.6.5 . 1-t-A"/A°.V.0.0.L Normal Bridged +
11.11.9.3-t-1".0.0.W.0 11.9.7.1-tt"-1*.0.0.L.0 Normal Normal +
11.9.7.5-t-A"VA*.0.0.L. 11.10.8.5-tA"/A*.0.0.L.0 Bridged Bridged +
11.9.7. 1-t-A"/A" . I*'/L".0.L.0 11.9.7.1-t-A.0.0.0/L .0 Normal Normal +
11/10.X.6 . 1--A".0.0.0.0 7.5, 3. 1-t-A".0.0.0.L Normal Bridged +
11.7.7.3-+A".0.0.0.L 9/9.0.5". 1-t-A*.0.0.0.D Sydney Sydney +
9.7.5.3-t-A".0.0.0.L 7.5.5.3-¢-A*.0.0.0.L Sydney Sydney -
7.5.9.3-¢-0.0.0.0.L 7.5.5.1-t=2.7V.0.0.L Bridged Bridged +

Chromosome Measurements

In the 11 patients with shortened 4p, the short arm was about
58-89% of the length of the short arm of the normal chromo-
some 4 (Table 5). In patient EE, the shortened arm (estimated as
89% of its normal length) was detected in only about one-half of
the cells examined. As a check on the accuracy of the visual
identification in this instance, selection of the shortened chromo-
some was made from a karyotype employing only standard
stains, and was always found to be 4 as identified by tritiated
thymidine labeling; in no instance was 5 selected. This finding
supported the validity of visual selection of a short arm 4 of
about 89% of its normal length.

The centromeric index (C.1.), representing the ratio of the
short arm to the total length of the chromosome, was determined
for the anomalous chromosome in the eleven patients with
shortened 4p. The C.I. for the shortened chromosome 4 ranged
from 0.18 to 0.26, as compared to a range of 0.27 to 0.29 for the
normal 4 (Table 6).

Gene Marker Studies

A battery of tests of blood cell types, serum types, and blood cell
enzyme activity was done from patients BP, KK, SMA, PR, EE,
GW, and DW. No evidence for gene deletion was found from the
informative child-parent combinations. Heterozygosity in the
proband was demonstrated for the following: red blood cell
antigens of Rhesus, MNSs, Kidd, and Duffy; red blood cell acid
phosphatase; and Gc and Gm serum types. Consequently, those
genetic loci are presumed not to be within the deleted segment.

Discussion

In 1976 Johnson et al. found 42 cases of Wolf-Hirschhorn
syndrome in the literature and reported an additional case. The
authors noted that all cases were de novo occurrences. Since 1975
there have been at least 15 new cases in the literature (Bernstein et
al. 1978; Chavin-Colin et al. 1977; del Mazo et al. 1978; Fraisse et
al. 1977; Fryns et al. 1979; Hedner et al. 1977; Lambert et al.

1979: Levy et al. 1976; Mortimer et al. 1978; Neu et al. 1975;
Nielsen et al. 1977; Perez-Castillo and Abrisqueta 1977; Stoll et
al. 1981; Taillemite et al. 1977; Zizka et al. 1975). At this time the
clinical findings are well delineated, although more data are
needed regarding internal anomalies and findings at autopsy.

In a recent review of the cytogenetics of Wolf-Hirschhorn
syndrome, Lurie et al. (1980) found that 14 patients, of ap-
proximately 100 cases of the syndrome (accumulated through
personal communication as well as literature reports) had rings,
translocations, mosaicism, or other unusual cytogenetic find-
ings. When deletions occurred, most cases showed a deletion of
about one-half of the short arm. Other chromosome anomalies
or variants in proband or parent have occasionally been
reported, such as translocation(13qldq) (Lambert et al. 1979;
Fryns et al. 1979).

In instances of Wolf-Hirschhorn syndrome due to an
inherited translocation, Lurie et al. (1980) found that the mother
was the carrier in about half of the cases, and the father in the
other half. The authors suggested that about 13% of all instances
of Wolf-Hirschhorn syndrome are due to translocations, corre-
sponding to an estimated 15% translocations in other deletion
syndromes.

Other chromosomes involved in inherited translocations
with chromosome 4, resulting in Wolf-Hirschhorn syndrome,
include the following: long arm 1 (Patyutko et al. 1978; Stoll et
al. 1981); long arm 2 (Ohdo et al. 1976); short arm 9 (Aurias et
al. 1978); short arm 10 (Rolland et al. 1977); long arm 10
(Hedner et al. 1977); short arm 12 (Mortimer et al. 1978; John-
son et al. 1978; Carlin and Norman 1978); long arm 12 (Levy
et al. 1976); short arm or long arm 19 (Neu et al. 1975); short
arm 20 (Lejeune et al. 1975); short arm 22 (Lurie et al. 1980),
arm unspecified of 22 (Schwanitz and Grosse 1973); arm un-
specified of G (Francois et al. 1975).

Reports of del(4p) associated with Wolf-Hirschhorn syn-
drome in which the investigators specified the breakpoints are
as follows. Levy et al. (1976) reported monozygotic twins, both
affected by the syndrome, who inherited del(4p)mat. Their
mother had a translocation between the short arm of 4 and the
long arm of 12. She had mild retardation but no somatic
abnormalities. The deletion of the short arm was described as
juxtacentromeric.
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Fig.3. GTG-banded No.4 chromosomes of 13 patients and a balanced translocation(1;4) from a carrier paternal aunt of EC. The anomalous
chromosome is on the right side of each pair, except for EC that has a normal 1 pair. In ME and DW the No. 4 chromosomes from 2 cells each
are shown. The aberrations in the first row are simple deletions. The aberrations in SS and PR are either interstitial deletions or unbalanced
translocations; note the similarity to der(4) in EC. All other patients have unbalanced translocations with breakpoints indicated by dashed lines.

Origin of the translocated chromatin on der(4) is known only in EC

Mortimer et al. (1978) described a family with an inherited
translocation between the short arm of 4 and the short arm of
12. Balanced carriers and persons with unbalanced trans-
location products were found in the family. One severely
retarded person with somatic abnormalities had a partial
trisomy for the short arm of chromosome 4, and an infant with
Wolf-Hirschhorn syndrome showed deletion of bands 4p15 and
4plé.

Francke (1980) described a girl with the Wolf-Hirschhorn
syndrome who had a deletion of the distal band 4p16 detectable
in high resolution banding of premetaphase chromosomes. No
report was given of the parents’ karyotypes.

Stoll et al. (1981) described an affected girl who had
inherited an unbalanced chromosome constitution from her
mother. The mother had a translocation t(1;4)(q11;p16). The
karyotypes of mother and child were similar except that band
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Fig. 4. Diagram of the segments deleted from chromosome 4 in 13 pa-
tients. The deletions of BP, RE, ML, KK, and SMA may be interpreted
as either interstitial or terminal. The anomalous No.4 in SS and PR
may be interpreted as interstitial deletion or translocation. All others
are interpreted as unbalanced translocation derivatives

4pl6 (translocated to the long arm of 1) was not evident in the
child’s karyotype. The deficiency was explained on the basis of
unequal crossing-over occurring between two homologues that
have not paired exactly. A similar explanation presumably

Table 4. Chromosome analyses
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accounted for the case of Wolf-Hirschhorn syndrome reported
by Neu et al. (1975) in which an infant had inherited an
unbalanced translocation resulting in del(4p). The mother had
a balanced translocation between the short arm of 4 and the
short or long arm of 19.

Zizka et al. (1975) reported that the deletion in Wolf-
Hirschhorn syndrome involved 4pl5 or 4p16, and Lejeune et al.
(1975) described a deletion of 4pl6 and part of 4pl5.

Additional studies reporting the localization of the deletion
include the following. Nielsen et al. (1977) described a 13-year-
old girl with Wolf-Hirschhorn syndrome and deletion of bands
4pl2 to 4p15 by R-banding. Breg et al. (1977) reported that the
patient first described by Wolf et al. (1965) had a deletion of
segment 4pter to pl4. Fryns et al. (1979) described an affected
patient who had a deletion of the terminal band 4pl6. Hedner
et al. (1977) reported an affected girl who had a translocation
between the short arm of 4 and the short arm of 10. The short
arm distal to 4pl3 appeared to be deleted. A typical patient
described by Centerwall et al. (1975) had chromatin from the
long arm of 22 translocated to 4p. The authors interpreted
approximately 50 percent of the distal short arm to be deleted.

Del Mazo et al. (1978) described a female with Wolf-Hirsch-
horn syndrome who had a ring chromosome 4. By means of the
GTG-banding technique, the ring was believed to have a
portion of p16 and q35 deleted. The authors concluded that loss
of the distal part of the 4p16 band may produce Wolf-Hirsch-
horn syndrome.

Patient Tissue No. cells Stain Analysis®
BP Blood only 45 GTG 46,XX,del(4)(pl4pl6) or (pl4)
RE Blood only 30 GTG 46,XY,del(4)(pl4pl6) or (pl4)
ML Blood only 35 GTG 46, XY ,del(4)(pl4p16) or (pl4)
KK Blood 46 GTG 46,XX,del(4)(pl4p16) or (p14)
Skin 3 Unbanded 46,XX.Bp—
SMA Blood 36 HT® 46,XX,del(4p)
Skin 15 GTG 46,XX,del(4)(p14p16) or (pl4)
SS Blood only 15 GTG 46,XX,del(4)(p15.2p16) or 46, XX,—4.+der(4),t(4;7)(p14;7)
PR Blood 90 GTG 46,XX,del(4)(p15.2p16) or 46,XX ,~4,+der(d),t(4;N(pl4:)
Skin 5 Unbanded 46,XX,Bp—
EE Blood only 89 GTG 46,XX,—4,+der(4);t(4;N(p14:7)
GW Blood 68 GTG 46,XY,—4,+der{4);t(4:D(pl4:?)
Skin 4 Unbanded 46,XY.Bp—
MH Blood 35 GTG 46.XX,—4,+der(4),t(4N(p14:7)
Skin 5 TUnbanded 46,XX,Bp—
ME Blood 12 GTG 46,XX ,—4+der(4),t(4;N(pl6:7)
Skin 18 GTG 46,XX.~4+der(4).t(4:N(p16;7)
DW Blood 94 *HT 46,XY,4p+
Skin 35 GTG 46,XY,~4.+der(4).t(4;N(p14;?)
EC Blood 20 GTG 46,XY,—4,+der(4),t(1;4)(q42;p14)pat
Skin N Unbanded 46,XY,Bp—
Father Blood 5 GTG 46,XY,t(1;4)(q42;p14)
Pat. Aunt Blood 25 GTG 46,XX,t(1;4)(q42;p14)
Pat. Grandmother Blood 10 GTG 46,XX,t(1:4)(q42;p14)
Pat. Great Aunt Blood 10 GTG 46,XX,t(1:4)(g42:p14)

* When two interpretations are shown, the first is preferred
® Tritiated thymidine

Note: The karyotypes from blood cultures of all parents showed normal results with three exceptions: the parents of SS and ME were not available,

and the father of EC had abnormal results as shown above
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Table 5. Length of the short arm of the anomalous 4 compared to
normal 4p

Patient No. cells %"
BP 4 58
RE 10 59
ML 10 62
KK 4 65
SMA 4 61
SS 10 82
PR 4 80
EE 4 89
GW 4 81
MH 10 80
EC 10 89

* Length of the anomalous 4p as a percent of normal 4p

Table 6. Mean centromeric index (short arm/total length)

Patient No. cells Anomalous 4p Normal 4p
BP 4 0.18 0.28
RE 10 0.19 0.28
ML 9 0.20 0.28
KK 4 0.20 0.28
SMA 4 0.19 0.29
SS 10 0.24 0.28
PR 4 0.23 0.27
EE 4 0.26 0.28
GW 4 0.24 0.28
MH 10 0.24 0.28
EC 10 0.26 0.29

In three other instances of ring chromosome 4 and the Wolf-
Hirschhorn syndrome (Perez-Castillo and Abrisqueta 1977;
Fraisse et al. 1977; Chavin-Colin et al. 1977), the investigators
believed that banding studies showed that 4p16 was deleted.

Francke et al. (1977) reported a patient with a proximal
deletion of the short arm of 4 who had different and less
marked clinical findings from Wolf-Hirschhorn syndrome. The
patient had an interstitial deletion from pll to p15.2. The
authors concluded that the deletion responsible for Wolf-
Hirschhorn syndrome was distal to p15.2.

The cytogenetic findings reported in this paper suggest that
the localization of the deleted segment in Wolf-Hirschhorn
syndrome is within 4pl6. The usual site for the proximal
breakpoint was within 4p14, resulting in deletion of about one-
half of the short arm. These variations in deletions of the short
arm did not result in detectable differences in the phenotype.

Various cytogenetic mechanisms involved in the production
of Wolf-Hirschhorn syndrome were found in these patients.
Simple deletions, either interstitial or terminal, and trans-
locations were found. Moreover, some patients in whom a
simple deletion appeared to be present on first evaluation were
found on closer examination to have translocated chromatin on
the end of the aberrant short arm. For exampile, in patients EE,
GW, and MH, neither an interstitial nor terminal deletion
could account for the GTG-staining of the shortened short arm.

Acknowledgments. The authors acknowledge with gratitude the gene
marker studies done by Robert S. Sparkes, M.D., and Eloise R. Giblett,
M.D.; the assistance of the many physicians involved in the referral
and management of these patients: and the editorial assistance of
Blanche G. Bobbitt. Ph.D.

References

Alter M (1970) Variation in palmar creases. Am J Dis Child 120:424-
431

Aurias A, Prieur M, Dutrillaux B, Lejeune J (1978) Systematic analysis
of 95 reciprocal translocations of autosomes. Hum Genet 45:259-
282

Bernstein R, Milne AT, Jenkins T (1978) Translocation of chromo-
some 4 and 9 with ring formation of chromosome 4 short arm.
J Med Genet 15:310-314

Breg WR, Aronson MM, Greene AE, Coriell LL (1977) Deletion of the
short arm of chromosome 4 from a subject with Wolf’s syndrome.
Repository identification No. GM-72. Cytogenet Cell Genet 18:
307-308

Carlin ME, Norman C (1978) Case report: Partial trisomy 12p associated
with 4p deletion due to paternal t(12p—;4p+) translocation. In:
Bergsma D (ed) Birth defects original article series XIV/6C. New
York, Alan R.Liss, Inc., pp 399-406

Caspersson T, Lomakka G, Zech L (1971) The 24 fluorescence patterns
of human metaphase chromosomes — distinguishing characters and
variability, Hereditas 67:89-102

Centerwall WR, Thompson WP, Allen IE, Fobes CD (1975) Trans-
location 4p— syndrome: A general review. Am J Dis Child 129:
366-370

Chavin-Colin F, Turleau C, Limal JM, de Grouchy J (1977) Anneau du
chromosome 4. II. Sans dysmorphie faciale. Ann Génét 20:105~109

Coffin GS (1968) A syndrome of retarded development with charac-
teristic appearance., Am J Dis Child 115:698-702

Coffin GS, Wilson MG (1971) Wolf-Hirschhorn syndrome. Am J Dis
Child 121:265

Del Mazo J, Abrisqueta JA, Perez-Castillo A, Aller V, Lucas MAM,
De Torres ML, Martin MJ (1978) Partial deletion of 4pl6 band in a
ring chromosome and Wolf syndrome. Hum Genet 44:105-108

Fraisse J, Lauras B, Couturier J, Freycon F (1977) Anneau du chromo-
some 4. L.-Avec phenotype 4p. Ann Génét 20: 101-104

Frangois J, Berger R, Saraux H (1975) Chromosomal aberrations in
Ophthalmology. Van Gorcum, Assen/Amsterdam, pp 123-129

Francke U, Arias DE, Nyhan WL (1977) Proximal 4p— deletion: Pheno-
type differs from classical 4p— syndrome. J Pediatr 90:250-252

Francke U (1980) Role of high-resolution chromosome banding in the
evaluation of mentally retarded individuals. In: McCormack MK
(ed) Prevention of mental retardation and other developmental
disabilities. Marcel Dekker, New York Basel, pp 113-133

Fryns JP, Frangois B, Timmermans J, Emmery L, Speybrouck J, Van
den Berghe H (1979) The Wolf-Hirschhorn syndrome. Deletion of
the short arm of chromosome 4. Acta Paediatr Belg 32:135-139

Hedner K, Carlsson E, Mitelman F (1977) Wolf-Hirschhorn syndrome
and balanced (4;10) translocation in the father. Clin Genet 12:
101-103

Hirschhorn K, Cooper HL, Firschein IL (1965) Deletion of short arms of
chromosome 4-5 in a child with defects of midline fusion. Human-
genetik 1:479-482

Johnson VP, Mulder RD, Hosen R (1976) The Wolf-Hirschhorn (4p-—)
syndrome. Clin Genet 10:104-112

Lambert J-C, Rovinski J, Mattei J-F, Carvi M, Ferrari M, Galiana A,
Ayraud N (1979) Monosomie 4p associée a une translocation
t(13;14)(p11;p11) paternelle. Pédiatrie 34:167-174

Lejeune J, Rethoré M-O, Dutrillaux B, Lafourcade J, Cruveiller J,
Drillon P (1975) Syndrome 4p— par translocation paternelle
t(4:20)(p15;p12). Lyon Méd 233:271-274

Levy M, Noel B, Viola D (1976) Wolf’s syndrome in twins — trans-
location in the mother. Acta Genet Med Gemellol 25:267-270

Lurie IW, Lazjuk GI, Ussova YI, Presman EB, Gurevich DB (1980)
The Wolf-Hirschhorn syndrome. I. Genetics. Clin Genet 17:375-
384



Mortimer JG, Chewings W, Miethke P, Smith GF (1978) Trisomy 4p
and deletion 4p— in a family having a translocation t(4p—;12p+).
Hum Hered 28:132-140

Neu RL, Shott RJ, Gardner LI (1975) 4p— phenotype in an infant with
t(4p—;19p— or—> g+)mat translocation. Am J Dis Child 129:363-
365

Nielsen J, Fischer O, Rasmussen K, Sillesen I, Bernsen A, Saldafia-
Garcia P (1977) A 13-year-old girl with Wolf's syndrome and karyo-
type 46,XX del(4)pter—plS::pl2—qter), 9qh+. Increased risk of
structural chromosome abnormalities in the progeny of mothers
with 9gh+. J Ment Defic Res 21:119-126

Ohdo S, Tkeda T, Ogata H (1976) Cytogenetic studies of a case of 4p—
syndrome and her mother with balanced translocation 46,XX,t(2:4)
(q37:pl4). Acta Med Univ Kagoshima 18: -8

Patyutko RS, Kulieva LM, Egolina NA (1978) The case of partial trisomy
4p due to a paternal balanced translocation. Genetika (Moscow)
14:1653-1657

Pérez-Castillo A, Abrisqueta JA (1977) Ring chromosome 4 and Wolf
syndrome. Hum Genet 37:87-91

Rethoré M-O, Dutrillaux B, Giovanelli G, Forabosco A, Dallapiccola B,
Lejeune J (1974) La trisomie 4p. Ann Génét 17:125-128

Rolland M, Bourrouillou G, Elana G, Colombies P, Regnier C (1977)
Trisomie 10p partielle d’origine paternelle. Deux nouvelles observa-
tions dans deux familles differentes. Ann Génét 20:209-213

Schwanitz G, Grosse KP (1973) Partial trisomy 4p with translocation
4p—:22p+ in the father. Ann Génét 16:263-266

307

Seabright M (1971) A rapid banding technique for human chromosomes.
Lancet 2:971-972

Seabright M (1972) The use of proteolytic enzymes for the mapping of
structural rearrangements in the chromosomes of man. Chromo-
soma 36:204-210

Stoll C, Pennerath A, Lausecker Ch (1981) 4p— syndrome in a girl with
translocation t(1;4)(ql1;pl6)ymat. Hum Genet 56:413-415

Taillemite JL, Tufferaud G, Hazael-Massieuz Ph, Baheux-Morlier G,
Roux Ch (1977) Deletion partielle du bras court du chromosome 4.
A propos de trois observation. Ann Génét 20:93-100

Wilson MG, Towner JW, Negus LD (1970) Wolf-Hirschhorn syndrome
associated with an unusual abnormality of chromosome no.4. J
Med Genet 7:164-170

Wilson MG, Towner JW, Coffin GS, Forsman I (1970) Inherited
pericentric inversion of chromosome no.4. Am J Hum Genet 22:
679-690

Wolf U, Reinwein H, Porsch R, Schréter R, Baitsch H (1965) Defizienz
an den kurze Armen eines Chromosoms Nr.4. Humangenetik 1:
397-413

Zizka J, Nielsen J, Balicek P, Lichy J (1975) The clinical and cytogenetic
manifestations of four cases with partial deletion of the short arm
of one of the chromosomes of group B. Zbornik Vedeckych Poraci
Lekarske Fakulty Karlovy University, Suppl. 18:167-175

Received June 8 / Revised July 27, 1981



