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6-Phosphogluconate Dehydrogenase:
Hemizygous Manifestation in a Patient with Leukemia

Abstract. In a study of 41 patients with chronic myelocytic leukemia, two were
found to have the 6-phosphogluconate dehydrogenase heterozygous phenotype
A-B, and two had the phenotype characteristic of PA® homozygosity. Since one of
the two with Pd® homozygosity was the mother of two children with the A pheno-
type, it was presumed that she carried a Pd* gene not expressed in her blood cells.
This was confirmed by electrophoretic analysis of her fibroblasts, which had the
A-B phenotypic pattern. Gene deletion is considered to be the most likely explana-

tion.

In patients with chronic myelocytic
leukemia (CML), the myelogenous cells
have the Philadelphia! (Ph') chromo-
some, a G-group chromosome with a
deletion of the long arm involving about
a third of its DNA (/). Cytogenetic (2)
and genetic evidence (3) support a
“clonal origin of red cells and granulo-
cytes in patients with this disease; thus,
both of these cell types from CML
patients can be used for deletion map-
ping of the involved G chromosome.
During such a study of markers for 15
autosomal loci in 41 patients with CML
(4) and 29 members of their families,
we found one patient with a 6-phos-
phogluconate dehydrogenase (6PGD)
(E.C. 1.1.1.44) anomaly which forms
the basis for this report.

The starch-gel electrophoretic pattern
(Fig. 1) of 6PGD in granulocytes of nor-
mal subjects homozygous for either the
common allele, Pd4 (5-7) or its less
common allele, PdE, shows a single
band with characteristic mobility (8).
The electrophoretic pattern of the
heterozygous phenotype has both A
and B enzyme bands as well as a band
with intermediate mobility which prob-
ably represents a hybrid of A and B
subunits (8). Of the 41 patients with
CML, 37 had A, two had A-B, and
two had B phenotypes indistinguishable
- from those of normal subjects. Com-
parison of the phenotype frequencies in
this small sample with those in the
general population is difficult because
the sample was drawn from a very
heterogeneous population.

In the family of one of the patients
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(Mrs. 1), the husband and both children
had the A phenotype typical of Pd4
homozygosity. Nevertheless, both the
red cells and granulocytes of Mrs. I
had the' B phenotype typical of Pd*®
homozygosity. The same results were
obtained from two subsequent analyses
at 2-month intervals. Mrs. I, in com-
plete remission on busulfan therapy, had
never undergone transfusion. The re-
sults of other genetic marker tests sup-
ported her assertion that she was the
mother of her children. Thus, she had
to be a carrier of the Pd4 gene, even
though this gene was not expressed in
her granulocytes or red cells. That she
was the carrier was confirmed by analy-
sis of her cultured skin fibroblasts,
which revealed an A-B phenotype char-

Leukocytes

acteristic of cells from a Pd4/Pd®
heterozygote (Fig. 1).

No other examples of anomalous
inheritance were found in our study.
In the one other patient with the blood
cell B phenotype, the same type was
found in cultured fibroblasts; also, her
children had type A-B. She was there-
fore presumed to be a Pd® homozy-
gote.

There are several possible explana-
tions for the discordance of 6PGD
types between the myelogenous and
nonmyelogenous cells of Mrs. I. For
example, the electrophoretic migration
of the enzyme might be altered as a
consequence of CML or its treatment.
However, none of the other patients
on busulfan therapy had an unexpected
isozyme pattern. Thus, it seems more
likely that Mrs. I's anomaly is due to
a genetic event in a stem cell, occurring
early in embryogenesis or later in the
single stem cell from which the leu-
kemia arose.

There have been no examples of un-
usual 6PGD inheritance in studies of
several hundred families of nonleukemic
subjects (7-9). Therefore, since the as-
sociation of CML and discordant 6PGD
phenotype in Mrs. I is apparently not
fortuitous, the responsible genetic event
probably occurred in the leukemic stem
cell. This event could have been somatic
mutation or recombination, or genetic
inactivation, or—more likely—deletion.

From the observations reported here,
the site of the assumed deletion cannot
be determined. If it is part of the de-
leted segment of Mrs. I's  Ph! chromo-
some, then one must account for the
presence of the blood cell A-B pheno-

Fibroblasts -

Fig. 1. Starch-gel electrophoresis of 6-phosphogluconate dehydrogenase. From left:

slot 1,

granulocytes from a normal subject

homozygous for the Pd* gene;

slot 2, granulocytes from a normal subject heterozygous for the Pd* and Pd® genes;
slot 3, granulocytes from a normal subject homozygous for the Pd® gene;.slot 4, granu-
locytes from Mrs. I; slot 5, cultured skin fibroblasts from Mrs. I; slot 6, cultured skin
fibroblasts from a normal subject heterozygous for the Pd* and Pd® genes.
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type in two other patients with the
Ph' chromosome. It may be that the
Ph! deletion varies in size or location
from one CML patient to another, or
that Mrs. I has an inversion on this
chromosome so that the 6PGD locus
is deleted. Alternatively, the deletion of
the 6PGD locus might affect another
chromosome, but the deletion is too
small to be detected with currently
available cytogenetic techniques.

Other less likely genetic mechanisms
include gene inactivation or generalized
hypermutability. Inactivation, such as
that occurring at X-linked loci, does not
occur normally at the 6PGD locus (10).
Furthermore, the two CML patients
with A-B types show that inactivation
is not a general phenomenon of this
disease, since the intermediate electro-
phoretic band represents a hybrid of A
and B subunits produced within indi-
vidual cells. Hypermutability was not
observed at any other loci, and there
were no apparent changes in ABH anti-
gens, such as are observed in some cases
of acute leukemia.

If similar results should be obtained
in other patients with CML who have
the Ph' chromosome, the argument for
localization of the 6PGD locus on the
G-group  chromosome would be
strengthened. However, only one-half
of the A-B heterozygotes with the postu-
lated deletion of the 6PGD locus would
be hemizygous for Pd®. The other half
would be hemizygous for Pd4 and
would only be detected if there were an
anomalous inheritance pattern in their
parents or children. Study of 6PGD in
patients with trisomy-21 who have A-B
phenotypes has potential value in re-
solving the problem, provided the Pht!
chromosome is the “21st” chromosome.

The observed aberration appears to
involve all (or a great majority) of Mrs.
I’s red blood cells and granulocytes.
Since the most likely explanation for
this aberration lies in a genetic mech-
anism, the observation provides addi-
tional support for the earlier conclusion
(3) that CML has a clonal origin and
that granulocytes and red blood cells
have a common precursor cell which
is the site of the malignant transforma-
tion.

P. J. FiaLkow, R. LISKER, J. DETTER,

ELoisE R. GIBLETT, C. ZAVALA
Departments of Medicine and Genetics,
University of Washington, and King
County Central Blood Bank, Seattle,
and Department of Genetics, Instituto
Nacional de la Nutricién, México, D.F.

10 JANUARY 1969

References and Notes

1. P. C. Nowell and D. A. Hungerford, Science
132, 1497 (1960); G. T. Rudkin, D. A.
Hungerford and P. C. Nowell, ibid. 144 1229
(1964).

2. I. M. Tough, P. A. Jacobs, W. M. Court
Brown, A. G. Baikie, E. R. D. Williamson,
Lancet 1963-1, 844 (1963); J. Whang, E. Frei,
III1, J. H. T]lO P. P. Carbone, G. Brecher,
Blood 22, 664 (1963); J. M. Trujillo and S.
Ohno, Acta Haematol. (Basel) 29, 311 (1963);
J. M. Rastrick, P. H. Fitzgerald, F. W. Gunz,
Brit. Med. J. 1 96 (1968).

3. P. J. Fialkow, S. M. Gartler, A. Yoshida,
Proc. Nat. Acad. Sci. U.S. 58, 1468 (1967).

4, Blood was obtained from 41 patients with
CML in Seattle, Baltimore, and several cities
in Mexico. Only four patients had undergone
transfusion within 4 months of testing, and
they each had the common 6PGD A pheno-

type.

. Starch-gel electrophoresis was performed ac-
cording to the method of Fildes and Parr

(6). The nomenclature descrlbmg 6PGD pheno-
types and genotypes is that used by Bow-
man et al. (7).

w

6. R. A. Fildes and C. W. Parr, Nature 200,
890 (1963).

7. J. E. Bowman, P. E. Carson, H. Frischer,
A. L. de Garay, ibid. 210, 811 (1966).

8. C. W. Parr and L. 1. Fitch, Ann. Hum. Genet.
30, 339 (1967); N. D. Carter, R. A. Fildes,
L. I. Fitch, C. W. Parr, Acta Genet. Statis.
Med. 18, 109 (1968).

9. C. W. Parr, Nature 210, 487 (1966); E. R.
Giblett, unpublished observations.

10. R. G. Davxdson A. M. Glen-Bott, H. Harris,
presented at the American Society of Human
Genetics Meetmg, Seattle, Washington, 1965.

11. Supported in part by PHS grant GM 15253,
AM 09745, and 5 ROS TW00312. We thank
Drs. R. JiJi and B. Sigman in Baltimore, F.
Romero in Guadalajara, A. Gémez-Leal and
G. Rico in Monterrey, S. Ibarra in Puebla,
E. Torre in San Luis Potosi, and E. Arecha-
vala, A. Becerra, M. Cordova, L. Duarte, R.
Frid, R. Gonzilez, L. Sanchez-Medal and J.
Silva in México City for allowing us to study
and for providing material from their patients.
We thank Misses N. Scott, J. Anderson, T.
Zenzes, T. Fonseca and A. Cobo for their
technical assistance.

9 September 1968 n

Pars Intermedia: Unitary Electrical Activity

Regulated by Light

Abstract. In the pars intermedia of frogs in the dark two types of spontaneously
firing neuronal units have been found; one can be inhibited by and the other is
indifferent to increases in illumination. The receptor for the light-inhibited units
appears to be the pineal organ. Transection experiments indicate that the axons
to the two kinds of units in the pars intermedia are separately grouped in the

infundibular floor.

Pigmentary adaptation in vertebrates
requires a system that couples changes
in values of environmental light with

eventual responses of pigment cells in

the skin. The best explored phase of
this system involves the release of
intermedin or melanocyte stimulating
hormone (MSH) from the pars inter-
media of the pituitary gland. This hor-
mone directly evokes adaptive changes
(darkening) in integumentary pigment
cells (1), and its action has been well
explored. However, the coupling of
MSH secretion and release to photo-
receptive and other nervous mecha-
nisms is not so well understood. Cur-
rent research indicates that release of
MSH may be under direct inhibitory
control of monoaminergic axons that
innervate the pars intermedia and
synapse with secretory cells (2). Stim-
ulatory as well as inhibitory relations
of innervation to secretion of MSH
have been claimed (3), but most ex-
perimental evidence in Amphibia, at
least, favors a tonic type of inhibitory
control.

Since current hypotheses concerning
control of MSH release require that
neurons link photoreceptive function
and the pars intermedia, and since elec-

tron microscopy reveals numerous syn-
apses between neurons and secretory
cells (4), we elected to examine the
gland for unitary neuronal electrical
activity in frogs.

We recorded such unitary activity
from the pars intermedia through mi-
croelectrodes (Fig. 1, A and B) and
established a lack of this activity in
the other large epithelial lobe of the
pituitary gland, the pars distalis (Fig.
1C). Furthermore, some of the pars
intermedia electrical potentials were
shown early in this analysis to be re-
sponsive to changes in background il-
lumination (Figs. 1B and 2A).

Seventy-eight adult frogs (Rana
pipiens) of both sexes, weighing 25 to
60 g, were used. Each frog was lightly
anesthetized with ether, immobilized by
intramuscular d-tubocurarine chloride
(1.0 mg per 100 g of body weight),
and placed on its back in a transparent
plastic frame. Bone and connective tis-
sue were quickly removed from the
ventral hypothalamic region under a
dissecting microscope, and with mini-
mal bleeding.

A stainless steel microelectrode [elec-
trolytically sharpened, insulated except
at the tip (5)] led electrical impulses
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