The long, flexible neck which makes
it possible for a lophophore to bend
away from chimneys in cheilostomes is
essentially absent in modern steno-
laemates, in which the lophophore sel-
dom protrudes far from the skeletal
aperture (8). This suggests that if
chimneys analogous to those in Mem-
branipora exist in stenolaemates, their
location would be reflected in some
modification of the skeleton.

We propose that monticules in fos-
sil stenolaemate Bryozoa are skeletal
reflections of areas in which functional
lophophores were absent or modified
so as not to resist the excurrent flow
of water. This hypothesis would ex-
plain a number of observations. (i)
The consistency of distances between
monticules would be expected if the
number of cilia per unit area of colony
surface is approximately equal among
species possessing monticules. (i) A
rhombic arrangement of monticules
would be expected, since water move-
ment would be most facilitated by
having lophophores located no farther
than some relatively constant distance
from a chimney. (iii) The sizes of
monticules would be expected to be
roughly consistent if assumption (i) is
correct. Too big a chimney would take
up too much space that could other-
wise be occupied by a feeding lopho-
phore; too small a chimney would re-
duce feeding efficiency. (iv) The heter-
ogeneity of structures comprising mon-
ticules among taxa of fossil stenolae-
mates can be explained because monti-
cules could be comprised of a variety
of structures, depending on the evolu-
tionary backgrounds of the taxa. For
chimneys to be functional the only
requirement is that no zoids effective-
ly resist the excurrent water stream.
(v) Monticules would be expected to
develop only in the exozone where
functional polypides were present. (vi)
One would expect monticules to de-
velop some distance from a growing
edge, where lophophores were not yet
functional and water could escape. Deli-
cate colonies would therefore lack
monticules.

Many Recent and fossil cheilostomes
with robust colonies possess regularly
distributed mammillate areas which re-
semble monticules in gross appearance.
Perhaps such structures represent skele-
tal reflections of chimneys. One genus
with many such protuberances, Hip-
poporidra, was studied by Cook (10),
who reported that in some species the
areas contain specialized zoids (called
“cortical zoids”) with reduced aper-
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tures. In H. senegambiensis, cortical
zoids possess only half the usual num-
ber of tentacles and lack cilia al-
together. This suggests that protuber-
ances are areas in which excurrent
water flow is not resisted by functional
lophophores. In view of later research
(11), it seems likely that such zoids
are males which release sperm into the
water to be carried to other colonies
for fertilization. If the protuberances
represent chimneys, male zoids would
be in a suitable location for sperm dis-
persal.

The hypothesis proposed here does
not necessarily exclude previous theo-
ries. In some species, for example,
monticules may have been brooding or
budding regions and still represent
chimneys.

The hypothesis suggests similar ex-
planations for some Bryozoa with un-
usual colony forms. Colonies of Scal-
aripora, Glyptopora, Evactinopora,
Radiofascigera, Centronia (12), and
others have regularly arranged regions
which apparently lacked functional
autozoids in life. These regions may
represent avenues for excurrent water,
and it may be that providing for efficient
water circulation has had an important
effect on colony form in Bryozoa.

W. C. BANTA
Department of Biology,
American University,
Washington, D.C. 20016

F. K. McKINNEY

Department of Geology,
Appalachian State University,
Boone, North Carolina 28607

R. L. ZIMMER
Santa Catalina Marine Biological
Laboratory, Avalon, California 90704

References and Notes

1. R. S. Bassler, Smithson. Inst. Annu. Rep. 1920
(1922), p. 36.

2. E. O. Ulrich, Palaeozoic Bryozoa (Illinois
Geological Survey, 1890), vol. 8.

3. J. Utgaard, in Animal Colonies: Their De-

velopment and Function through Time, R. S.

Boardman, A. H. Cheetham, W. A. Oliver,

Eds. (Dowden, Hutchinson & Ross, Strouds-

burg, Pa., 1973), p. 342.

R. L. Anstey and D. A. Delmet, Science 171,

1000 (1972).

Photographs of 96 longitudinal thin sections

of about 80 species of Paleozoic stenolaemate

Bryozoa exhibiting recognizable monticules

were examined at random. Eleven specimens

(11.4 percent) exhibited budding in monticular

regions and were counted as supporting the

theory of Anstey and Delmet (4) even if
budding was common elsewhere in the
section.

6. The distance between monticules (2 to 3
mm) was more nearly constant among
Ordovician Trepostomata than among any of
20 other variates measured in 24 species [F.

McKinney, Bull. "Am. Paleontol. 60, 218
(1971)]. We measured numerous specimens
from 20 species of cystoporates and crypto-
stomes chosen at random from the reference
collections at the Smithsonian Institution,
Washington, D.C. Monticule diameter is
difficult to measure because monticules
ordinarily blend into the colony surface with-
out a definite border. Within the limits of
precision of measurement (% 0.2 mm), monti-
cule diameter in any one species is constant;
the diameter varies from 1 to 2 mm among
taxa in Cystoporata and Cryptostomata.

7. E. O. Ulrich, On Lower Silurian Bryozoa of

Minnesota (Minnesota Geological Survey,

1895), vol. 3, pp. 96-332; R. S. Bassler,

Smithson. Inst. Annu. Rep. 1920 (1922), p.

360.

F. Borg, Zool. Bidr. Upps. 10, 321 (1926).

. J. W. Bishop and L. M. Bahr, in Animal

Colonies: Their Development and Function

through Time, R. S. Boardman, A. H. Cheet-
ham, W. A. Oliver, Eds. (Dowden, Hutchin-
son & Ross, Stroudsburg, Pa., 1973), p. 435.

10. P. L. Cook, Bull. Br. Mus. (Nat. Hist)
Zool. 12, 22 (1964).

11. L. Silén, Ophelia 3, 113 (1966); P. L. Cook,
Atti. Soc. Ital. Sci. Nat. Mus. Civ. Stor.
Nat. Milano 108, 155 (1968); D. P. Gordon,
Nature (Lond.) 219, 633 (1968).

12. R. S. Bassler, Bryozoa, part G of Treatise on
Invertebrate Paleontology, R. C. Moore, Ed.
(Geological Society of America and Univ. of
Kansas Press, Lawrence, 1953).

13. We thank R. S. Boardman and A. H. Cheet-
ham for much help and discussion. The
research was partly supported by a Smith-
sonian postdoctoral fellowship to F.K.M.

27 March 1974; revised 18 June 1974 ]

@n >

o ®

Computer-Assisted Analysis of Chromosomal Abnormalities:

Detection of a Deletion in Aniridia/Wilms’ Tumor Syndrome

Abstract. A chromosome translocation, t(8p +;11q —), in a patient with aniridia
and Wilms' tumor, appeared balanced by standard techniques, including trypsin
banding. Computer analysis of optical microscope scanning profiles of chromosome
pairs 8 and 11 revealed an interstitial deletion of the short arm of 8. Computer
analysis coupled to the new banding techniques provides greater resolution for
the detection of subtle chromosomal variations not recognized by banding

methods alone.

Newly developed chromosomal band-
ing techniques not only permit ready
identification of all human metaphase
chromosomes, but also assist in the
detection of complex chromosomal re-
arrangements (/—4). However, varia-
tion in the state of chromosome con-

traction (or elongation) within and
among metaphase preparations may
obscure subtle translocations or dele-
tions when they are analyzed by visual
scanning alone. Neurath and colleagues
(5) have developed a high-resolution
microscope scanning system coupled
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to a computer which is programmed
to analyze and compare size, area, and
banding patterns of human metaphase
chromosomes. An initial study of band-
ed chromosomes from normal individ-
uals, including monozygotic twins, in-
dicates that these measurements appear
to have a genetic basis and may serve
as useful genetic markers (5). This
report describes a child with severe
sporadic aniridia and Wilms’ tumor who
was discovered to have a chromosomal
translocation, t(8p+;11q—), which
appeared balanced by routine tech-
niques. Further study included comput-
er analysis of trypsin. banded prepara-
tions and permitted detection of a small
deletion of the short arm of chromo-
some 8. This study illustrates the value
of computer analysis of human meta-
phase chromosomes as a means of
detecting subtle chromosomal anomalies
unrecognized by methods currently in
common use.

T.M. (MGH 167-19-15) was born
with bilateral aniridia and was found
to have bilateral glaucoma, megacor-
neas, and anterior polar cataracts shortly
thereafter. No other malformations
were apparent except for partial mal-
rotation of the right kidney, as shown
by an intravenous pyelogram. The child
was reexamined at 2- to 3-month inter-
vals. Abdominal x-ray at 14 months was
considered normal, but during an
admission at 19 months the abdomen
appeared prominent and a right-sided
mass was palpated. A unilateral Wilms’
tumor was removed without complica-
tions, and chemotherapy was instituted.
The child is now 34 months of age,
and, although motor development has
been normal, speech has been severely
delayed. Family history and examina-
tion of parents and siblings revealed no
similarly affected individuals.

Initial standard metaphase spreads
prepared prior to chemotherapy re-
vealed a translocation, which appeared
to be balanced, of a portion of the
long arm of chromosome 11 to the
short arm of chromosome 8. Subse-
quent study of peripheral leukocyte and
skin fibroblast cultures with a modifi-
cation of the trypsin banding technique
of Seabright (6) further suggested that
a portion of the short arm of chromo-
some 8 remained unaccounted for, but
the exact segment could not be deter-
mined by visual inspection (Fig. 1).

Ten high-quality trypsin banded
metaphase preparations of chromosomes
8 and 11 were scanned optically by
the PIQANT system (5) which is con-
nected to a general-purpose computer
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Fig. 1. Trypsin-Giemsa treated chromo-
some pairs 8 and 11.

programmed to measure and compare
chromosome pairs (5, 7). The averaged
computer-optical scanning profiles of
the normal and abnormal trypsin band-
ed chromosomes 8 and 11 are repre-
sented in Fig. 2. Total length of the
chromosomes studied was normalized
to 200 units with each unit equal to
approximately 0.14 um in a typical
metaphase (7). Relative lengths of
chromosomes 8 and 11 are summarized

Ng
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Fig. 2. Computer profiles of optical scans
of normal (N), translocated (7T'), and de-
leted (D) chromosomes 8 and 11. Note the
additional “hump” in the short arm of T8
(represented by asterisk), which is the in-
terstitial deletion of the long arm of Du.
Location of centromere is denoted by ar-
row C.

in (8). Inherent variability of the state
of chromosome contraction and band-
ing is normalized by the computer, so
that the values for length of chromo-
some pairs and banding peaks are
equalized from cell to cell. Thus, the
deleted 11 is 11.96 units shorter than
the normal 11, and the abnormal 8
only 4.02 units longer than the normal
8. The sum of the abnormal chromo-
somes 8 and 11 is 7.94 units less than
the combined lengths of the normals,
indicating a loss of 14.6 percent of
chromosome 8. No significant differ-
ences in the measurements of the pa-
rental chromosome 8 homologs were
found to account for this discrepancy.
Inspection of the optical profiles and
comparison of bands by superimposition
supports as a possible explanation of
this complex translocation and deletion
a four-break interstitial deletion and
translocation event (see Fig. 3). Breaks
in 11q apparently occurred at bands
1121 and 11q24. The distal portion
of 11q reattached to the more prox-
imal 11q21 break point, resulting in
the abnormal 11, designated del 11
(11pter—11q21::11q24—11qter) (3).
Breaks in 8p apparently occurred at
two points, one break between bands
8p12 and 8p21 and one in band 8p22.
Intercalation of the inverted 11 (:11q21
—11q24:) segment occurred in 8p,
resulting in 8(8pter—8p22::11q24—
11q21::8p12 or 8p21—8qter). Segment
8(:8p12—8p22:) appears to be deleted.
Therefore this karyotype shows an un-
balanced interstitial translocation with
monosomy for a portion of 8p.

All 250 cells studied in leukocyte
and skin fibroblast cultures contained
the unbalanced karyotype. Both parents
and five siblings had balanced karyo-
types.

We know of no previous report of
monosomy for a portion of the short
arm of 8. Niebuhr (9) reported a
familial translocation, t(6p+ ;8q—),
resulting in multiple spontaneous abor-
tions, presumably because of the lethal-
ity of monosomy for a large portion
of the long arm of 8 in the unbalanced
fetus. In Niebuhr’s case, approximately
90 percent of the long arm was missing
in the unbalanced state. In our case
approximately one-third of the short
arm of 8 is missing, which accounts at
most for a loss of about 15 percent of
the entire chromosome.

Epidemiological studies have estab-
lished that the association of aniridia
and Wilms’ tumor occurs much more
frequently than expected by chance
alone (7/0). Thus Miller et al. (10)
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studied 440 cases of Wilms' tumor and
found aniridia in 1:73, in comparison
to the occurrence of aniridia in the
general population of about 1:50,000.
Aniridia alone is known to be trans-
mitted as an autosomal dominant
trait (/7). A similar genetic causation
is- suspected for isolated Wilms' tumor
from reports of twin concordance and
sib aggregation (/0). Characteristically
the aniridia associated with Wilms'
tumor is almost always sporadic and
very severe, often accompanied by
glaucoma and cataracts (/2). Fraumeni
and Glass (/2) estimated that about
33 percent of patients with severe spo-
radic aniridia developed Wilms’ tumor
within the first year of life. In a de-
tailed statistical analysis of cases of
Wilms’ tumor, Knudson and Strong (/3)
concluded that the association of aniri-
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dia and Wilms’ tumor fits a mutational
model essentially identical to isolated
inherited Wilms’ tumor. According to
their * analysis, “the mutation causing
aniridia could be an unusual aniridic
allele which also results in Wilms’ tu-
mor or . . . the mutation could be a
chromosomal abnormality involving
more than one genetic locus—one locus
relating to aniridia and the other to
Wilms’ tumor.” The question posed by
our case is, does the defined chromo-
somal mutation, partial deletion of 8p,
represent a unique biological event
supporting the latter hypothesis? One
can only speculate that certain critical
genetic loci are located within or near
this particular segment of 8p, namely,
segment 8(:8p12—8p22). Further chro-
mosome banding studies in patients
with Wilms’ tumor with and without

Fig. 3. Schematic representation of the probable four-point break interstitial deletipns
and insertion between chromosomes 8 and 11. Based on Paris Conference Standardiza-

tion of Chromosome Nomenclature (3).
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aniridia will be essential before linkage
can be suggested. Unfortunately, at the
present time lack of linkage assignments
to chromosome 8 prevents further test-
ing of this possible association. Thus
it is possible that the occurrence of the
chromosome abnormality in this one
patient may be completely coincidental
and have no relationship to the ab-
normal phenotype.

Although chromosome banding has
greatly extended our ability to detect
chromosome anomalies unrecognized
by older methods, this case of aniridia
and Wilms’ tumor stresses the impor-
tance of the need for further precision
in our analysis. The combined approach
of banding and computer-assisted scan-
ning adds yet a new dimension in hu-
man chromosome analysis. Application
of these analytic tools to the large
group of patients with malformations
and no abnormality on standard anal-
ysis is expected to reveal new defects.
Furthermore, the sensitivity of this
system to detect variation in chromo-
some banding profiles now permits for
the first time the means to search for
familial banding polymorphisms which
may prove useful in genetic counseling
and prenatal diagnosis (5).
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Toxic Polyneuropathy Produced by Methyl N-Butyl Ketone

Abstract. A polyneuropathy affecting a large number of workers was recently
observed at a plant producing plastic-coated and color-printed fabrics. Epidemio-
logical data suggested strongly that methyl N-butyl ketone (MBK) was responsi-
ble for the outbreak. This hypothesis is now supported by the development of a
peripheral neuropathy in chickens, rats, and cats exposed to MBK at atmospheric
concentrations of 200 to 600 parts per million, 24 hours per day, 7 days per week.
Although the animals were exposed continuously and the affected workers were
exposed intermittently, the averages of the total number of hours of exposure for
development of the peripheral neuropathy in the animals and workers were

remarkably close.

In June 1973, one worker from a
plant producing plastic-coated and
color-printed fabrics was examined at
Ohio State University Hospital and
found to have a polyneuropathy. Ex-
tensive screening of 1161 employees
from that plant confirmed that there
were 79 persons with clinical evidence
of polyneuropathy and 182 persons
with abnormal electrodiagnostic exam-
inations (7). In all cases the onset of
the disease was insidious. In severely
affected individuals, symmetrical distal
muscle weakness and loss of deep ten-
don reflexes were present in upper and
lower extremities. Sensory impairment
consisted of loss of sensitivity to super-
ficial pain, temperature change, and
light touch and vibration stimuli in toes,
feet, and fingers. Electromyographic
(EMG) findings consisted regularly of
prolonged insertional activity, numer-
ous positive waves, and fibrillations.
Moderate slowing of nerve conduction
velocities (NCV) were frequently ob-
served. Workers with clinical periph-
eral neuropathy were found to have
been regularly exposed to methyl N-
butyl ketone (MBK) used as a dye
solvent and cleaning agent. This solvent
was introduced into the plant in Au-
gust 1972, and reached full use by
December 1972. No cases of poly-
neuropathy appeared prior to Decem-
ber 1972. Attack rates were highest in
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the work area with greatest usage of
this solvent and were also correlated
with increasing hours of exposure.
These data suggested that MBK was
related to the development of this poly-
neuropathy. On this basis laboratory
studies were designed to simulate the
environmental conditions of the af-
fected workers by exposing animals to
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an atmosphere containing MBK at a
concentration of 200 to 600 ppm, 24
hours per day, for 7 days per week.
The results of these studies have dem-
onstrated that several species of ani-
mals exposed to MBK under these
conditions consistently developed a pe-
ripheral neuropathy as judged by clini-
cal, physiological, and morphological
criteria.

Animals used in our study included
five domestic chickens, four Sprague-
Dawley rats, and four domestic cats.
They were held in environmental cham-
bers with a volume close to 1000 liters.
Delivery of room air at approximately
200 liter/min through the chamber
maintained a normal environment with
respect to O, (21 percent), CO, (less
than 0.2 percent), relative humidity
(less than 60 percent), and temperature
(within 1° and 2°C of the normal 21°
to 25°C). Solvent vapor was added to
the chamber by diverting a metered
portion of the airflow through the head-
space of a container of MBK before it
entered the chamber. Concentrations of
MBK monitored by gas chromatog-
raphy were initially at 200 ppm for
chickens and 600 ppm for rats and
cats. Food and water intake and body
weights were measured regularly, and
the MBK concentration was adjusted to
100 and 400 ppm, respectively, to mini-
mize complications from inanition and
weight loss. Pair-fed controls were
killed when the exposed animals were
killed.

To date we have observed the de-
velopment of a peripheral neuropathy
in all rats, cats, and chickens tested.
The earliest development of overt clini-
cal signs occurred at 4 to 5 weeks in
chickens that showed an inability to
stand on their legs. The cats were next
to develop clinical weakness, as mani-
fested at 5 to 8 weeks by dragging of
their hind limbs and later by forelimb

Fig 1. (A) Train of positive waves in
anterior tibialis after 5 weeks of MBK
exposure. Vertical scale, 200 uv; horizon-
tal scale, 10 msec. (B) Fibrillation po-
tentials (arrow) in gastrocnemius after
9 weeks of MBK exposure. Vertical scale,
200 wv; horizontal scale, 5 msec. (C;)
Control recording showing stimulus arti-
fact (arrow) and recorded footpad muscle
action potential (arrows) from stimulation
of ulnar nerve (wrist to footpad); (C.)
control recording from elbow joint to foot-
pad; (Cs) prolonged latency between stim-
ulus and recorded muscle action potential
from ulnar nerve stimulation (wrist to
footpad); and (C.) prolonged latency of
ulnar nerve conduction from elbow joint to
footpad.

787



