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Summary

We have evaluated the hypothesis of a negative association between glucose 6-phosphate dehydrogenase
(G6PD) deficiency and cancer in a cohort of 481 Sardinian males with hematological malignancies. The
frequency of G6PD deficiency in the patients was not different from the incidence in a group of 16,219
controls. The same conclusion resulted from the comparison of the frequency of expression of the GdB gene
in 23 heterozygous women having a clonal hematologic disease and a control group of 37 healthy heterozy-
gotes. Therefore at present there is no evidence that G6PD deficiency has a protective effect against devel-
opment of hematologic neoplasms.

Introduction
The identification of congenital factors predisposing
to-or protecting from-development of cancer has
raised considerable interest in recent years. Although
a negative correlation between glucose 6-phosphate
dehydrogenase (G6PD) deficiency and neoplasia has
been suggested for both the Mediterranean (Sulis
1972) and the A- variants (Naik and Anderson
1970, 1971), no convincing evidence to support this
view has been so far reported. Since extensive epide-
miological investigations on this topic were lacking,
we evaluated the incidence of G6PD deficiency in a
population of 481 Sardinian males with hematolog-
ical neoplasms and compared it with the incidence in
the general population, derived from the results of a
screening program for G6PD deficiency in Sardinia.

If there is a negative association between G6PD
deficiency and cancer, we ought to assume that cells
carrying the active GdMed allele are less susceptible to
the mutational event(s) leading to neoplasia. To test
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this hypothesis, we examined 23 GdB/GdMed women
with a clonal hematological disease to determine
whether, compared with the expected frequency of
the GdB gene in the heterozygous population, there
was an excess of leukemias expressing the B-type en-
zyme.
We then decided to reevaluate the theory of vari-

ability of the GdB/GdMed phenotype within normal
heterozygotes, a variability that was suggested to re-
sult from events subsequent to X inactivation and to
cause a selective advantage for the cells bearing the
active GdB allele in some mature tissues (Rinaldi et al.
1976; Luzzatto et al. 1979). To this end, we deter-
mined GdB/GdMed mosaicism in hemopoietic and
nonhemopoietic cells of 37 healthy heterozygous fe-
males. Ascertainment of mosaicism can be performed
with various methods. For several years, we have
been using the 2-deoxy glucose 6-phosphate (2dG6P)
technique-a technique based on the different af-
finity for 2dG6P (an analogue of the normal sub-
strate) of the B enzyme versus the Mediterranean
variant-to determine, with a high degree of accu-
racy, G6PD mosaicism in hemopoietic and nonhemo-
poietic cells (Ferraris et al. 1981). With this technique
we have been able to demonstrate clonality of
hemopoietic cell populations in several subjects with
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hematological malignancies (Gaetani et al. 1982; Fer-
raris et al. 1984, 1985).
The purpose of this study is therefore to provide

adequate epidemiological and statistical data to (1)
critically assess the hypothesis of a protective effect of
G6PD deficiency against neoplasms of the hemo-
p6ietic system and (2) better define the role of events
subsequent to X inactivation in determining the adult
GdB/GdMed phenotype of healthy heterozygotes.

Material and Methods

Data on normal males were provided by the Re-
gional Administration of Sardinia 1981 Campaign
against Favism; G6PD analysis was performed with
the fluorescent spot test.
The medical records of all male patients admitted

at the Ospedale Oncologico, Cagliari, between Janu-
ary 1977 and June 1986 for hematological disorders
were reviewed; erythrocyte G6PD had been deter-
mined in 481 cases by means of quantitative spec-
trophotometric assay.

In our laboratory, blood samples were obtained
from 33 normal males, 20 G6PD Mediterranean
men, and 37 heterozygotes, the latter being defined
as women of Sardinian origin who had a G6PD-
deficient father or son. Cell purification procedures
were performed as described elsewhere for erythro-
cytes, granulocytes, platelets, lymphocytes, and
monocytes (Gaetani et al. 1982). Scalp hair roots
were examined in all heterozygotes and in -50% of
the normal and G6PD-deficient subjects.

Samples of skin, hair follicles, and peripheral blood
were examined at diagnosis in 23 heterozygous
women with various hematologic disorders. They
were 23 consecutive patients in whom heterozygosity
was demonstrated on the basis of skin or hair-follicle
study with the 2dG6P technique. Results of seven
cases have been published (Ferraris et al. 1983, 1984,
1985). Techniques used for skin fibroblast culture,
hemopoietic cell separation, and preparation of cell
extracts have been described elsewhere (Gaetani et al.
1982).

All purified cell preparations were tested for
2dG6P utilization according to the method of Fer-
raris et al. (1981).

Results

During the 1981 regional screening program for
favism 16,219 healthy volunteer men were tested for

Table I

G6PD Type of Patients and Controls, Stratified According
to Province of Origin

CONTROLS PATIENTS

PROVINCE G6PD B G6PD Med G6PD B G6PD Med

Cagliari .... 5,894 1,328 239 59
Nuoro ..... 5,061 628 65 11
Oristano ... 896 319 47 19
Sassari ..... 1,923 170 36 4

Total .... 13,774 2,445 387 93

G6PD activity in 345 Sardinian villages and towns.
The overall incidence of G6PD deficiency was
15.1%; however, results showed significant varia-
tions between the four provinces, ranging from 8.1%
in the province of Sassari to 26.3% in the province of
Oristano. Results are shown in table 1 and are in
good agreement with previous reports on the high
variability of the frequency of the GdMed gene in dif-
ferent areas of Sardinia (Salvidio et al. 1969).

In 538 male patients admitted between 1977 and
1986 with a diagnosis of hematologic malignancy,
erythrocyte G6PD activity had been determined in
481 cases as part of routine laboratory investigation.
All medical records were reviewed by two of us; we
considered as neoplasms of the hemopoietic system
the following disorders, in which a clonal develop-
ment of hemopoietic lineages has been demonstrated
with different approaches (Fialkow 1976, 1985; Ar-
nold et al. 1983; Ferraris et al. 1983, 1984, 1985):
chronic myelogenous leukemia (CML), essential
thrombocythemia (ET), polycythemia vera (PV), ag-
nogenic myeloid metaplasia (AMM), refractory
anemia (RA), myelodysplastic syndromes (MDS),
aplastic anemia (AA), acute lymphoblastic leukemia
(ALL), acute nonlymphocytic leukemia (ANLL),
chronic lymphocytic leukemia (CLL), multiple my-
eloma (MM), and non-Hodgkin lymphoma (NHL).
We also included all cases of hairy-cell leukemia
(HCL) and Hodgkin disease (HD). Table 2 shows the
distribution of normal and G6PD-deficient cases ac-
cording to diagnosis. The overall incidence of G6PD
deficiency was 19.3%; however, because of the high
variability of the GdMcd gene in different areas of Sar-
dinia, 480 patients (no information on the place of
birth of one subject was available) were subdivided
into four groups according to the province of origin.
Results of this analysis are also reported in table 1.
We compared the observed frequency of G6PD defi-
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Table 2 Table 3

Distribution of 481 Male Patients with Hematological
Malignancies, According to Disease and G6PD Type

Total (%
Disease G6PD B G6PD Med G6PD Med)

CML ....... 32 8 40 (20.0)
PV ........ 4 0 4(0)
ET ........ 3 0 3 (0)
AMM ...... 5 2 7 (28.6)
MDS ....... 13 8 21 (38.1)
RA ........ 6 1 7 (14.3)
AA ........ 3 1 4 (25.0)
ALL ........ 39 5 44 (11.4)
ANLL ...... 34 7 41 (17.1)
CLL ........ 44 15 59 (25.4)
MM ........ 30 9 39 (23.1)
HCL ....... 5 1 6 (16.7)
NHL ....... 106 25 131 (19.1)
HD ........ 64 11 75 (14.7)

ciency in the four groups of patients with the fre-
quency determined for normal subjects in each prov-
ince included in the study described above. As
represented in figure 1, for the provinces of Cagliari,
Oristano, Nuoro, and Sassari, the incidence of G6PD
deficiency in patients with hematological disorders
was not different from the frequency observed in the
normal population. Significance levels were evaluated
with Fisher's exact test and with the X2-test for differ-
ences among proportions.

Percentages of 2dG6P utilization of GdB, GdMed,
and GdB/GdMed healthy subjects are reported in table
3. The difference between the arithmetic means for
the 2dG6P values of the three groups is statistically

G6PDB G6PDMED G6PD B G6PD MED
CO NTR OLS PATIENTS PATIENTS

- 1 ~.. -

Relative 2dG6P Utilization of Controls

Mean + SD 2dG6P
Control Group (N) (%)

Gd B (33) .......................... 4.1 ± 0.9
Gd Med (20) ........................ 37.8 + 7.3
Gd B/Gd Med (37) .................. 13.2 ± 4.9

significant (P < .0005). Of the 37 healthy heterozy-
gotes, various hemopoietic and nonhemopoietic tis-
sues were examined with the 2dG6P method, and no
variability in G6PD mosaicism between different cell
populations within the same individual was observed
(correlation coefficient [r] = .95; range .76-1.00).

In table 4 are summarized some clinical and labo-
ratory data of the 23 heterozygous women having
a clonal hematologic disease. Relative utilization of
2dG6P in nonhemopoietic tissues of heterozygote pa-
tients and controls are compared in figure 2. The
distribution of 2dG6P values is skewed in favor of a

Table 4

Relative 2dG6P Utilization of 23 GdB/Gdm" Women
with Cional Hematologic Disorders

2dG6P UTILIZATION
(%)

Nonhemopoietic Neoplastic
PATIENT (Age), DISEASE Cells Clone

VN (73), ET ............... 11.2 31.3
MM (16), ANLL ........... 11.3 4.8
CM (2), ALL .............. 11.4 29.7
PM (68), ET ............... 10.0 41.7
RA (45), NHL ............. 8.7 2.9
MA (60), CLL ............. 19.1 48.6
GG (68), ANLL 8.7 32.7
CL (61), ET ............... 11.7 3.6
ML (63), ANLL ............ 10.9 5.4
IG (55), ALL ............... 15.4 4.7
FC (9), ALL ............... 11.5 3.0
CS (48), ANLL ............. 7.4 5.0
DG (50), AMM ............ 7.4 3.5
NL (25), CML ............. 15.2 2.3
PM (31), CML ............. 9.1 5.1
PA (38), ANLL ............. 10.3 5.1
SG (40), CML ............. 7.9 4.9
LP (40), ANLL ............. 20.0 4.9
PS (51), PV ................ 15.5 4.8
FL (36), RA ............... 12.9 43.8
PP (11), ALL ............... 17.8 26.9
VM (44), ANLL ............ 12.3 5.3
PG (62), CML ............. 9.8 36.5

CAGUARI ORISTANO NUORO SASSARI

Figure I Percentage distribution of G6PD type in patients
and controls, stratified according to the province of origin.
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Figure 2 Degree of G6PD mosaicism, expressed as 2dG6P
relative utilization of nonhemopoietic tissues, of heterozygous pa-

tients and controls.

prevalent expression of G6PD B, thus indicating a

preferential inactivation of the GdMed allele in the
heterozygous population. Therefore, the finding that
the leukemic clone expressed G6PD Med in eight pa-

tients and G6PD B in 15 is not significantly different
from the expected frequency (P < .25; x2 binomial
test of proportions).

It must be pointed out, however, that although the
deviation from the null hypothesis is not significant,
the sample studied is too small to provide a definite
confirmation of the null hypothesis on the basis of
this evidence only.

Discussion

After a few mainly anecdotal reports suggesting an

inverse relationship between G6PD deficiency and
the incidence of cancer (Naik et al. 1970, 1971; Sulis
1972), no comprehensive studies have been pub-
lished. In the present report the number of subjects
studied and the application of appropriate statistical
tests allow for the first time an adequate evaluation of
the hypothesis of an inverse correlation between
G6PD deficiency and cancer. The investigation of
481 patients with hematologic neoplasms clearly
shows that the incidence of G6PD deficiency in
leukemic subjects is not different from the incidence
in the normal population. An important factor is rep-

resented by the variability of frequency of G6PD
deficiency in different areas of Sardinia. We therefore
thought it appropriate to compare separately patients
and controls from each of the four provinces, and,

on doing so, found the same percentage of G6PD
deficiency for the four subgroups (fig. 1). There is,
then, no evidence to suggest that G6PD-deficient sub-
jects have a lower incidence of hematologic neo-
plasms. This conclusion is further strengthened by
the possibility of a slight overestimation of the per-
centage of G6PD-deficient subjects in the normal
population. Since the data that we used were col-
lected through a regional campaign screening for fav-
ism, it is conceivable that subjects with a family or
personal history of hemolytic crises may have been
more eager to volunteer for testing. On the other
hand, some GdMed patients with hematological disor-
ders may have gone undetected: whenever the G6PD
assay is performed in hemolysate from a G6PD-
deficient leukemic subject with a high white cell
count, contamination with nucleated cells that con-
tain an appreciable amount of enzyme may easily
occur, leading to an erroneously normal result for the
test. In table 2 the frequency of G6PD deficiency in
the various groups of diseases is detailed, and the
overall incidence is not different from the expected
incidence. However, the higher percentage of G6PD
deficiency observed in the myelodysplastic-syn-
dromes group and in the chronic-lymphoproliferative-
disorders group is easily explained, since most of
these patients came from the provinces of Cagliari
and Oristano, where the incidence of G6PD defi-
ciency is higher. Conversely, most of the cases with
ALL were from the province of Sassari, and that ac-
counts for the slightly lower incidence of G6PD defi-
ciency in the acute-leukemias group (table 1).
That the presence of the mutated GdMed gene on

the active X chromosome does not confer a dimin-
ished susceptibility to cancer development is further
demonstrated by the study of the 23 heterozygous
women with a clonal hematological disease, since the
percentage of leukemias expressing the G6PD B phe-
notype did not exceed the expected frequency of the
Gd gene in the heterozygous population.
As a final point, we believe that, as a general rule,

events subsequent to X inactivation cannot play an
important role in the determination of the heterozy-
gous phenotype. The lack of variability in G6PD
mosaicism between hemopoietic and nonhemopoietic
cell populations of the 37 healthy heterozygous
women studied strongly argues against the theory of
a selective phenomenon acting in differentiated tis-
sues (Rinaldi et al. 1976; Luzzatto et al. 1979; Beut-
ler 1984). The finding of a preferential expression of
the GdB allele in GdB/GdMed heterozygotes is more
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compatible with the hypothesis that a selective event
causes inactivation of the GdMed-bearing X chromo-
some at the first stages of embryogenesis. However,
the undisputable role played by host defenses in the
development of cancer deserves to be further ex-
plored.
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