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ABSTRACT

To study the molecular origin of the altered regulation of butyrylchol-
inesterase (BuChE) in nervous system tumors, BuChE complementary
DNA (cDNA) sequences from human glioblastoma and neuroblastoma
cDNA libraries were compared with BuChE cDNAs from normal fetal
and adult tissues. A single 2.6-kilobase BuChE cDNA sequence was
found in all normal tissues, whereas an additional alternatively terminated
BuChE cDNA clone was found in both tumor libraries. The tumor-
specific cDNA contained a 3', 0.7-kilobase nontranslatable extension, as

well as several nucleotide alterations in the normal polyadenylation site.
Single-base mutations in the coding region of this unusual BuChE cDNA
infer two amino acid substitutions: Asp70â€”¿�Â»Gly and Ser425â€”¿�Â»Pro. The
Asp70â€”¿�Â»Glychange has recently been implicated with "atypical" BuChE,

which is deficient in its capacity to hydrolyze succinylcholine. The 3.6-
kilobase mRNA was less abundant in RNA blot hybridization than the
2.6-kilobase mRNA, which is in agreement with the low ratios between
the 3.6- and 2.6-kilobase BuChE cDNA clones in glioblastoma and
neuroblastoma libraries. Furthermore, size fractionation and microinjec-
tion of glioblastoma polyadenylated RNA, followed by enzyme activity
and selective inhibition measurements, demonstrated two peaks of func
tional BuChE mRNA, the heavier one probably reflecting the longer
transcripts. Chromosomal mapping of the 0.7-kilobase 3' fragment by in

situ hybridization localized it to a unique 3q26-ter position, where we
recently found an inheritably amplified "silent" defective CHE gene in a

family exposed to the cholinesterase inhibitor methyl parathion. Our
findings confirm previous genetic linkage mapping of the functional CHE
gene to the 3q26-ter position and demonstrate that extended functional
mRNA transcripts encoding a BuChE form with two modified amino
acids are produced from this gene in glioblastoma and neuroblastoma
cells.

INTRODUCTION

BuChE4 (acylcholine acylhydrolase, EC 3.1.1.8) is a plasma

protein of unknown function found in the nervous system of
multiple animal species (for recent reviews see Refs. 1 and 2)
including primates (3) and humans (4-6). BuChE is present in
particularly high levels in embryonic and fetal human brain (7,
8), as well as in nervous system tumors such as glioblastomas,
neuroblastomas, and meningiomas (9-12). In the serum of
patients with various carcinomas, it displays characteristic bio-
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chemical alterations (13). The ubiquitous expression of BuChE
in early differentiation suggests development-related func-
tion(s) for this protein (14, 15).

Genetic linkage analyses of the CHE gene encoding serum
BuChE indicated a 3q25-ter position (16, 17) on the long arm
of chromosome 3, close to the transferrin-receptor gene (18).
The defective succinylcholine-insensitive atypical BuChE (19)
and the catalytically inactive "silent" BuChE (20) were both

linked to the same position (16). Weaker linkage was reported
between the rare fast migrating C5 form of BuChE (21) and the
haptoglobin gene on chromosome 16 (22).

Following the cloning of BuChE cDNA (23, 24), gene map
ping by in situ hybridization to adult (25) and fetal (26) chro
mosomes revealed binding of ["S]BuChE cDNA to two neigh

boring sites on chromosome 3, at positions 3q21 and q26, in
addition to a 16q 12-24 site on chromosome 16. cDNA hybrid
ization to three distinct chromosomal locations could indicate
three distinct functional CHE genes or reflect the presence of
inactive pseudogenes or other homologous sequences. There
fore, it remained unclear which of these loci encode for brain
BuChE and whether tumor BuChE originates from the same
site(s).

Microinjection of Xenopus oocytes with size-fractionated
mRNA from pooled glioblastoma tumors revealed two main
peaks of translatable BuChE mRNA. These sedimented as
approximately 2.5 and 4.0 kilobases in length (10). Molecular
cloning of BuChE cDNA from fetal human brain and liver later
enabled the isolation of a unique 2.5-kilobase-long clone (24).
Screening of a neonate brain library produced a slightly 5'-
extended 2.6-kilobase-long BuChE cDNA, essentially identical
with the other one (with two allelic differences; 27). Thus, the
4.0-kilobase functional BuChE mRNA species observed in glio
blastoma RNA preparations remained unaccounted for.

Here, we confirm the existence of long BuChE mRNA tran
scripts in nervous system tumors and reveal their molecular
and chromosomal origin. Our results demonstrate the expres
sion of both "normal" 2.5 and novel 3'-extended "unusual"

3.6-kilobase-long functional BuChE mRNA chains in glioblas
toma and neuroblastoma cells. These unusual cDNAs carry the
nucleotide change characteristic of the atypical CHE genotype
(28) in addition to other modifications and map uniquely to the
3q26-ter position, a chromosomal region that is nonrandomly
aberrated (29) in tumors of neuronal and glial origin.

MATERIALS AND METHODS

cDNA Libraries. Healthy human fetal liver, brain, and muscle, as
well as Gb libraries were prepared from poly(A)* RNA preparations

found to contain intact BuChE mRNA by microinjection bioassay using
Xenopus oocytes (10, 24). cDNA libraries from adult liver and lympho
cytes were received from Dr. Y. Yarden, Rehovot, Israel. The human
Nb library from IMR32 cells was purchased from Clonetech. In all of
these cases, cDNA was inserted into the EcoRI site of X-GT10 phage
DNA. The cDNA from newborn brain was prepared by Dr. P. Lazzarini
in X-gt11 phages and donated to the American Type Culture Collection.
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Screening of Libraries and Analysis of Isolated Clones. Phages (5 x
IO5) from each library were plated on 15-cm Lb-magnesium plates (3
x IO4phages per plate) using Escherichia coli LE392 as host. Screening

was performed essentially as previously detailed (23, 24, 30). cDNA
inserts from positive clones were excised by EcoRI digestion and directly
subcloned into the single-strand sequencing vector M13mp 18. Sequenc
ing was performed using the Amersham M13 and United States Bio-
chemicals Sequenase kits.

In Situ Hybridization to Human Chromosomes. Mapping of specific
DNA fragments to spread mitotic chromosomes was performed as
detailed elsewhere (25, 26), using peripheral blood lymphocytes from
several individuals with apparently normal BuChE phenotypes.

RNA Blot Hybridization and Size Fractionation. Glioblastoma
poly(A)+ RNA was prepared as previously described (10). Neuro

blastoma IMR32 cell RNA was gratefully received from Dr. F. Clementi
(Milan, Italy). Ten-jig samples of poly(A)+ RNA were used for RNA
blot hybridization with ["PIBuChE cDNA probes (see Ref. 24 for
details of the hybridization procedure). Size fractionation of poly(A)*

RNA (300 Mg)from the same glioblastoma tumor which served for the
RNA blot hybridization and the cDNA library construction was per
formed by sucrose gradient centrifugation as previously detailed (10).

Xenopus Oocyte Microinjection and Enzyme Assays. Sucrose gra
dient-fractionated poly(A)* RNA (30 fractions) was precipitated with
ethanol, Â«dissolved in 5-^1 H:O/fraction, and microinjected in separate
fractions into groups of 10 Xenopus oocytes (50 nl/oocyte) as previously
detailed (10). BuChE activity was assayed 18 h postinjection by pH]-
acetylcholine hydrolysis (31) and as detailed previously (11). Selective
inhibitors (BW and iO) were used to distinguish between BuChE and
AChE activities in the oocyte extracts.
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Fig. 1. Molecular properties of Gb5 cDNA clones, a, schematic characteriza
tion of the Gb5 cDNA clones. The originally isolated BuChE cDNA clones (24)
(top line) were found to be expressed in fetal and neonatal brain, in fetal and
adult liver, in fetal muscle, and in adult lymphocytes (normal tissues). These were
all 2400 nucleotides long and identical in all details and included A and T residues
in positions 368 and 1432 (where nucleotide 1 corresponds to the first residue in
the original FBChE 12 clone (23). The Gb5 cDNA clones (bottom line) were only
found in libraries from glioblastoma and neuroblastoma origins. Six such clones
were fully sequenced and their coding regions were found to be similar to those
of the original BuChE cDNA clones in most details, except that they included G
and C residues in positions 368 and 1432. These alterations conferred two changes
in amino acid residues (Asp70 â€”¿�Â»Gly and Ser*" â€”¿�â€¢Pro, where residue 1 is the

first one in the mature protein (see Ref. 27). Additional differences included
several altered nucleotides at the 3'-nontranslated region (*) and a 3'. 0.7-kilobase

extension linked by a CGCGAATTC oligonucleotide (D). b, detailed nucleotide
differences in Gb5 clones. Nucleotide differences (*) between usual BuChE cDNA
from brain, liver, and lymphocytes (normal) and the mutated ones found in
tumorous tissues such as Gb and Nb are represented. Nucleotides are numbered
according to the published BuChE cDNA sequence and amino acids are marked

RESULTS

Identification of an Unusual Tumor-specific BuChE cDNA.
Variable BuChE cDNA clones were searched for in cDNA
libraries from several human tissue origins. These included fetal
brain, liver, and muscle (17, 24, and 21 weeks of gestation,
respectively), neonatal brain, and adult liver and lymphocytes.
The number of BuChE cDNA clones isolated varied from 3 in
the fetal brain library screen up to 40 in the fetal liver one.
These were all apparently derived from the same BuChE mRNA
transcript, which was identical with the 2.5-kilobase clones
previously reported (24, 27) as determined by restriction pattern
analyses and partial DNA-sequencing experiments (32).

In contrast with the invariant nature of BuChE cDNA clones
from multiple normal tissue origins, libraries from both primary
glioblastoma and neuroblastoma cells appeared to include two
types of BuChE cDNA sequences. Nine of the 10 clones char
acterized in the glioblastoma library and 6 of the 9 characterized
in the neuroblastoma one were identical with the clones isolated
from normal tissue sources. However, the remaining clones
from both libraries, termed Gb5, displayed several unique fea
tures (Fig. la).

according to the mature protein sequence. The changes in the nontranslated
region appeared approximately 20 nucleotides upstream of the consensus region
for polyadenylation and might explain the shift in the poly(A) site of the Gb5
cDNA clones, c. Sequencing strategy. The variable cDN A inserts encoding BuChE
that were isolated from the glioblastoma and neuroblastoma libraries and their
restriction endonuclease EcoRI fragments were subcloned in the sequencing
vectors M13mpl8 and \113mpl9 (Amersham). DNA sequencing of the resulting
recombinants was performed with the universal 17-mer primer (Amersham, no.
4511, * at the beginning of an arrow) or with unique 17-mer primers chemically
synthesized from a previously confirmed BuChE cDNA sequence (30; arrows
without *). Confirmed sequences were obtained from both strands of the cDNA

as indicated by arrow length and direction for a representative GbS cDNA clone
of glioblastoma origin. Sequence data were managed by using computer programs
as detailed elsewhere (30). Restriction sites for several nucleases were located by
computer analysis of the sequence data and confirmed experimentally. The 5'

end of clone Gb5 was localized at nucleotide 250 of the originally isolated brain
FBChE12 clone (23. 24). d. primary structure of the 3'. 0.7-kilobase fragment in
Gb5 cDNA clones. The 0.7-kilobase nucleotide sequence of the Gb5 cDNA clones
was numbered in the 5' to 3' direction, with the Â£roRIsite presented in a and ft

in nucleotide 20. The sequence does not include any long open reading frame and
is not homologous to available sequences in the EMBL databank.
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Unusual BuChE cDNA Characterized by Alternative Termi
nation and Point Mutations in the Coding Region. All of the GbS
clones were characterized by a 0.7-kilobase EcoRI-excisable 3'

extension in the position where normal BuChE cDNA contains
a poly(A) tail. Four adenosine residues in the consensus poly-
adenylation site were found to be deleted and a fifth modified
into thymidine (Fig. \b). In the coding region, two point mu
tations (A368 -Â»G and T1432 -> C) appeared in the Gb5
clones. These inferred changes in two amino acid residues,
Aspâ„¢into Gly and Ser425into Pro (Fig. \b). Interestingly, the
Asp70 â€”¿�Â»Gly change has recently been found to repetitively

occur in the CHE gene of individuals with the atypical CHE
phenotype (28).

DNA sequencing of the 3'-extended 0.7-kilobase fragment of

the Gb5 clones (Fig. 1, c and d) revealed that it did not contain
any long open reading frame, displayed no homologies to
available sequences in the data bank, and included 57% content
of A,T residues, similar to the general A,T-rich nucleotide
content of BuChE cDNA (30).

3'-extended BuChE cDNA Maps to Chromosome 3q26-ter.
The unique sequence of the 3'-extended 0.7-kilobase DNA

fragment characteristic of the Gb5 BuChE cDNA clones made
it an appropriate probe for chromosomal mapping by in situ
hybridization. When labeled with 35S, it hybridized preferen

tially to a unique site on the long arm of chromosome 3, with
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Fig. 2. Chromosomal mapping of the Gb5 clones by in situ hybridization, a,
Gb5 cDNA hybridizes with chromosome 3 but not 16. Distribution of silver
grains scored over chromosomes 3 and 16 from 52 Q- or R-banded metaphase
spreads hybridized with the usual BuChE cDNA (CHE) or from 21 G- or R-
banded metaphase spreads hybridized with the 0.7-kilobase fragment from Gb5
cDNA are presented, together with a representative R-banded chromosome spread
after hybridization with |"S]Gb5 cDNA and autoradiography (exposure, 7 days).
Note labeling of both chromosomes 3 at their 3q26-terminal sites with the Gb5
probe, which tends to label chromosome 3 but not 16. whereas the CHE probe
labels both, b, unique position of Gb5 sequences over the human genome.
Cumulative scores of silver grains are presented for G- or R-banded metaphase
spreads hybridized with [33S]Gb5cDNA. In a total of 28 cells from three unrelated

volunteers having normal karyotypes which were scored. 21 copies of chromosome
3 in 19 cells (37% of no. 3 chromosomes) gave positive hybridization signals out
of a total of 97 grains which were associated with chromosomes, while labeling
on all other chromosomes was insignificant. Sixty-six % of the grains on chro
mosome 3 Â»ereconcentrated within the region 3q26-ter. On chromosome 16,
radioactive labeling remained at the background level. Statistical evaluation of
the number of silver grains/unit chromosome length, assuming a Poisson distri
bution, indicated that the localization on chromosome 3q26-ter was the only one
to be significant (P < 0.025).

GBS mRNA _

CHE mRNA â€”¿�

Fig. 3. Blot hybridization and in ovo translation of butyrylcholinesterase-
encoding mRNAs from tumor and normal tissues, a, RNA blot hybridization
with "P-labeled BuChE cDNA. Blot hybridization with the usual BuChE cDNA
was performed as previously detailed (24). Briefly, I0-/jg samples of poly(A)*

RNA from primary Gb, from IMR32 Nb cells, and from fetal liver (Li) were
separated by gel electrophoresis. blotted onto a "Genescreen" filter (New England
Nuclear), hybridized with the 3!P-labeled DNA probe, and washed (60"C in 0.45

M NaCI/0.045 M sodium citrate/0.1% sodium dodecyl sylfate). Exposure was for
10 days with a Cawo intensifying screen. Electrophoretic migration of RNA
markers (5.0 and 2.0 kilobases) is marked, b, two size classes of mRNAs from
glioblastoma induce the biosynthesis of butyrylcholinesterase activity in microin-
jected Xenopus oocytes. Three hundred ng of poly(A)-containing RNA, prepared
from a primary glioblastoma tumor overexpressing BuChE activity (RÃ©f.Il,
sample 16 in Table 2), was fractionated by sucrose gradient centrifugation (see
Ref. 10 for details). Fractionated RNA was injected into oocytes and acetylcho-
line-hydrolyzing activities were separately determined radiometrically in triplicate
in the presence of O.I mw iO or BW to account for the biosynthesis of AChE or
BuChE, respectively. Spontaneous release of ['H]acetate and activity in control

oocytes were subtracted. Arrow, sedimentation direction. Note the appearance of
a heavy, rapidly migrating peak of BuChE-inducing mRNA in addition to the
major 20 S one.

most of the silver grains concentrated at the 3q26-ter position.
This pattern of binding (Fig. 2a) differed significantly from the
distribution of grains obtained with the full-length BuChE
cDNA probe, which equally labeled two sites, termed CHELI
and CHEL2, on the long arm of chromosome 3. These peaked
at positions 3q21 and 3q26, respectively. In addition, normal
BuChE cDNA labeled significantly the long arm of chromo
some 16 at a third site termed CHEL3 (25). In contrast, the
hybridization signal obtained with the Gb5 probe on chromo
some 16 was negligible. An example of autoradiographed R-
banded chromosomes after hybridization with the 0.7-kilobase
fragment from Gb5 cDNA is also displayed in Fig. 2A.

The cumulative distribution of autoradiographic silver grains
observed over photographed chromosome spreads hybridized
with the Gb5-specific probe was plotted on a histogram repre
senting the haploid human genome and divided into equal units
scaled to the average diameter of a silver grain (0.35 /um; Fig.
2o). This analysis revealed a unique localization of the Gb5-
specific probe, which shares no homologies with other known
genes in our data bank, onto the 3q26-ter position where we
previously localized an amplified defective CHE alÃele(33).

3'-extended Tumor BuChE mRNA Transcripts Are Func

tional. Previous RNA blot hybridization experiments, using the
full length BuChE cDNA as a probe, demonstrated a single
2.4- to 2.6-kilobase-long transcript in both brain and liver (24).
When poly(A)+ RNA from the same primary glioblastoma

tumor which served to make the library and from IMR32
neuroblastoma cells was similarly examined, an additional faint
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band of 3.6 kilobase in length was observed (Fig. 3a). Its
abundance in glioblastoma mRNA, relative to the 2.6-kilobase
normal transcript, termed CHE, was in good agreement with
the 1:10 Gb5:CHE ratio observed among cDNA clones. The
total intensity of labeling in lanes loaded with glioblastoma
mRNA was considerably higher than in neuroblastoma, which
is in agreement with our previous findings of BuChE over-
expression in glioblastomas (11) and with the relatively low
levels of BuChE in neuroblastoma cells (9).

Because of the difficulties in associating specific bands in
tumor Northern blots with defined cDNAs in libraries, partic
ularly when rare species of mRNA are pursued, we searched
for unrelated experimental approaches to examine whether Gb5
mRNA transcripts in glioblastoma tissue are functional. For
this purpose poly(A)+ RNA from such tumors was size frac

tionated by sucrose gradient centrifugation and microinjected
into Xenopus oocytes. The acetylcholine hydrolyzing activities
produced in the oocytes were measured in the presence of
selective inhibitors which distinguish between BuChE and the
related enzyme AChE. Induced BuChE activities, measured in
the presence of 0.1 mivi of the AChE-specific inhibitor BW,
were associated with two distinct mRNA size fractions.

These sedimented as 20 and 24 S (approximately 2.5 and 4.0
kilobases long, respectively). Activity associated with the faster
sedimenting mRNA peak was considerably smaller in height
(Fig. 3b). Both peaks associated with BuChE activities could
clearly be distinguished from the AChE-encoding ones, which
were measured in the presence of the BuChE-specific inhibitor
iO. The mRNAs inducing AChE displayed peaks of 20 and 9
S, approximately 2.5 and 0.3 kilobases long, respectively. It
should be noted in this respect that parallel analyses with fetal
brain mRNA only detected a single BuChE mRNA peak (10)
suggesting that the heavy functional BuChE mRNA species
was specific to the nervous system tumor.

DISCUSSION

Functional, 3.6-kilobase-long unusual Gb5 BuChE mRNA
transcripts including the mutation characteristic of the atypical
CHE alÃelewere detected by cDNA screening, RNA blot hy
bridization, and Xenopus oocyte translation in glioblastoma and
neuroblastoma cells but not in fetal or adult normal tissues.
The use of alternative polyadenylation sites and production of
long, 3'-extended mRNA transcripts in tumor cells has been

previously noted for other genes, such as the DHFR gene coding
for dihydrofolate reducÃase(34) and was generally assumed to
reflect enhanced transcription rates and "readthrougrT mech

anisms for these genes in cells subject to rapid proliferation and
growth (35). In contrast, the extended BuChE cDNA clones
include modified polyadenylation signals that may account for
the readthrough and alternative termination of the correspond
ing transcription. It should be noted that some of the modifi
cations observed in the Gb5 clones appeared in a BuChE cDNA
sequenced by others (27), perhaps indicating that gradual alter
ations occur in this gene by a genetic drift mechanism. Fur
thermore, the CHE gene does not include any introns at the 3'

sites where sequence alterations were detected in the Gb5 clones
(28). Also, no evidence for alternative splicing of BuChE
mRNAs has been demonstrated. Therefore, we conclude that
the Gb5 transcripts are most probably the result of several point
mutations within the 3'-nontranslated region of a novel type of

the atypical CHE gene, creating the correct conditions for
alternative termination. It is highly unlikely that the Gb5 clones
resulted from artifactual recombination during library construc
tion, since the same artifact would not have occurred twice in

two unrelated libraries and would not have mapped to the same
chromosomal position as the CHE gene.

When used as a probe for chromosomal mapping by in situ
hybridization, the Gb5 3'-0.7 kilobase fragment bound exclu

sively to the unique 3q26-ter position and did not significantly
label the additional 3q21 or 16q 12-24 sites that are also labeled
with full length BuChE cDNA (25). The unique mapping site
suggests that the functional Gb5 transcripts originate from the
3q26-ter site, termed CHEL2 (36). This confirms and refines
previous genetic linkage mapping which localized the CHE
locus to 3q25-ter (16, 17) but does not exclude the possibility
that other BuChE mRNA transcripts might be produced, per
haps in other cell types, from the 3q21 (CHELI) or 16q 12-24
(CHEL3) sites.

Interestingly, we found low numbers of 3'-extended Gb5

BuChE cDNA clones as compared with the normally termi
nated ones, similar to the low intensities of their corresponding
bands in the glioblastoma RNA blots. The fraction of translat
able BuChE mRNA observed in the oocytes injected with slowly
sedimenting mRNA was also relatively small. Altogether, this
indicates that the 3'-extended BuChE mRNA transcripts are

functional but does not prove whether their protein product is
similarly active to the normal ones. Both Gb5 mRNA stability
or the amino acid modifications could be putative explanations
for BuChE overexpression in nervous system tumors and should
be further examined. In addition, tumor-specific mRNAs could
potentially affect the efficiency and mode of expression of the
Gb5 BuChE mRNA transcripts contributing to the altered
levels of the enzyme in nervous system tumors (7, 11, 12) and
to the production of BW and iO-sensitive BuChE dimers in the
patients' serum (13).

Tissue-specific mRNAs do affect the expression and mode of
assembly of nascent, clone-produced BuChE polypeptides in
microinjected Xenopus oocytes (37, 38). The 9 S size fraction
of glioblastoma mRNA which induces AChE expression in the
oocytes but is clearly too small to encode the catalytic subunit
could be an example for such processes. Further studies will be
required to prove whether similar mechanisms control the
overexpression of BuChE during embryogenesis (8, 39).

Normal, nonextended BuChE cDNA clones in the tumor
libraries were found to either include the wild-type nucleotide
sequence or the atypical one, implying heterozygosity for the
individuals having these tumors. In contrast, all six Gb5 clones
that were sequenced displayed the atypical Aspâ„¢â€”¿�Â»Gly muta
tion as well as the alteration Ser425â€”¿�Â»Pro, an additional and

yet unreported polymorphism in the coding region. The effects
of these mutations on the biochemical properties of BuChE
produced from the Gb5 sequence are currently unknown but
can be further examined by expressing Gb5c DNA in a heter-
ologous expression system such as Xenopus oocytes (37) or
transfected cultured cells. In particular, properties such as sub
strate specificity and sensitivity to selective inhibitors (e.g.,
succinylcholine and organophosphorous poisons) should be
examined.

An additional possibility which should be considered is that
the Gb5 transcripts originate from amplified CHE genes and
that the altered expression of BuChE in tumors reflects this
amplification. We have recently found a family of farmers with
a defective CHE phenotype who have long been exposed to the
organophorsphorous insecticide parathion and developed an
inheritable de novo amplification of the CHE gene at position
3q26-ter (33). More recently, we found the CHE gene to be
frequently amplified in patients with leukemias and platelet
disorders (40). The finding of a modified transcription pattern
from another defective alÃeleof the same gene in brain tumors
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raises the question whether this as well reflects gene amplifi
cation events. Experiments aimed to reveal whether the atypical
alÃeleof the CHE gene is amplified in brain tumors are in
progress, and the effects of exposure to organophosphorous
poisons on the normal and the atypical human CHE genes are
currently being examined in various expression systems and
transgenic mice.

BuChE overexpression in brain tumors (11), its altered prop
erties in carcinoma patients (13), its early production during
embryogenesis (8, 15, 39) and cell proliferation (14), and the
amplification of the CHE gene in hemopoietic disorders (40)
are all suggestive of a developmental role for this protein. The
exceptional A,T- rich nature of BuChE cDNA (30), including
the 3'-Gb5 extension, is further support for this hypothesis.

A,T-rich genes have been noted to be ubiquitously expressed in
various tissues, to reside on chromosomal bands which remain
unstained by Giemsa, and to be transcribed early in the cell
cycle (41). In view of this, it would be interesting to examine
the possibility that mutation(s) and/or amplification of this
gene are causally involved with the development of nervous
system tumors and their rapid rate of progression.
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