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Extract

Erythrocyte sodium transport was studied in five families of patients with hereditary
spheroeytosis (HS). Values for ouabain-insensitive sodium efilux in the group with
HS (mean = 19.9% of cellular sodium-22/hr, so = ±2.7) were significantly greater
(P < 0.001) than those found in the normal group (mean = 13.8%, SD = ±2.7).
No clinical evidence of HS was found in the parents; however, 4 of the 10 parents had
ouabain-insensitive erythrocyte sodium-22 efilux rates in the HS range in comparison
to 3 of 30 control subjects, a statistically significant difference (x ! = 4.67; P < 0.05).

Speculation

The finding of high erythrocyte, ouabain-insensitive sodium efilux rates in hemato-
logically normal parents of patients with hereditary spheroeytosis (HS) suggests that
the shortened erythrocyte life span in patients with HS is unrelated to the increased
erythrocyte sodium permeability and that the gene for HS may manifest itself merely
as an increase in erythrocyte sodium permeability with no other hematological ab-
normality.

Introduction

In hereditary splierocytosis (HS) the erythrocyte mem-
brane is abnormally permeable to sodium [1, 4, 6, 8];
this tlefcct has been suggested as being responsible for
the shortened erythrocyte life span in IIS [6]. In this
study, we present evidence contrary to this theory by
describing several subjects with little or no evidence of
IIS in whom erythrocyte sodium transport is identical
to that found in this condition. Furthermore, our data
suggest that the gene for HS may manifest itself merely
as an increase in sodium permeability with no other
hcmalologic abnormality.

Methods

Routine hcmatologic techniques were carried out as
described by Dacie [3, 14]. Chromium-51 survival stud-
ies were performed by standard techniques [9].

Studies of sodium-22 efflux and sodium concentra-
tion were performed by methods described in the litera-
ture [8, 10] and involved prcincubation (1 hr at 37°)
of washed crythrocytes in a Tris-KCl buffer (150 HIM
KC1, 10 HIM Tris, 10 niM glucose, pH 7.45) containing
sodium-22 chloride to load the cells. These cells were
then washed and resuspended in buffer (10 ITIM glucose,
135 HIM NaCl, 15 HIM KCI, 10 HIM Tris, pH 7.45) with
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or without added ouabain (0.05 HIM). Sodium-22 efflux
from these suspensions was determined and ouabain-
sensitive and ouabain-insensitive efflux was calculated.
The average difference in day-to-day analysis of 13 con-
trol and test subjects was 0.85% (SD ± 0.85%), ex-
pressed as percentage of cellular sodium-22/hr.

Following the initial two bulfer washes, sodium con-
centrations were determined on erythrocytes by direct
analysis of packed red cell columns, as described by
Zipursky et al. [13]. Since the cells had been washed
and resuspended in Tris-KCl buffer, no correction was
made for trapped fluids.

Results

Five families formed the experimental unit for these
studies. Hereditary spherocytosis had been diagnosed
in one child from each of four families and in two
children in the fifth family.

Diagnostic features in the affected children included
anemia, reticulocytosis, abnormal osmotic fragility and
autohemolysis, microspherocytosis, and cure of the he-
molytic process by splenectomy.

The families were unusual in that no clinical evi-
dence of HS was found in the parents; normal results
were found in each case for hemoglobin concentration,
reticulocyte count, serum bilirubin, incubated and
nonincubated osmotic fragility, autohemolysis, and
morphology of the red blood cells.

Rate constants for ouabain-insensitive sodium-22 ef-
flux for erythrocytes from normal subjects and those
witli HS are shown in Figure 1.

The values found in the group with HS (mean —
19.9% of cellular sodium-22/hr, SD = ±2.7) were
significantly greater (P < 0.001) than those observed in
the normal group (mean — 13.8, SD = ±2.7). It
should be noted, however, that three subjects in the
normal group had rate constant values in the HS
range.

Studies of ouabain-insensitive sodium-22 efllux in 4
of the 10 parents were in the HS range (Fig. 1). The
values in these parents, expressed as 22Na efflux/hr,
were: Mr. J: 20.3, 19.9; Mr. M: 17.9, 18.3; Mrs. B: 20.3,
20.8, 20.8; and Mr. B: 18.0. The last two represent the
parents of one family. In two families, K and /•", eryth-
rocyte sodium efflux was normal in both parents.
Thus, 4 of 10 parents had rate constants in the HS
range in comparison to 3 of 30 control subjects, a
statistically significant difference (X'J = 4.67; P < 0.05).

Three parents were studied further to determine
whether any other evidence of HS could be detected.
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Fig. 1. Erythrocyte ouabain-insensitive sodium-22 efflux values
in normals and patients with hereditary spherocytosis (in remis-
sion, postsplenectomy). The spherocytic group included four
children from the five families studied, as well as seven patients
with a classical family history of hereditary spherocytosis. Hema-
tologically normal parents of the patients with hereditary sphero-
cytosis in the present study arc also shown.

As noted earlier, hematologic measurements were nor-
mal, and chromium-51 erythrocyte survivals were the
following (50% survival time): Mr. J: 26 days; Mr. M:
23 days; and Mrs. B: 25.5 days. These survivals are
low-normal or slightly below the normal range of
25-40 days [9].

Ouabain-insensitive rates of sodium efflux were de-
termined on two of these subjects, Mr. M and Mrs. B,
and the results are shown in Figure 2. These data are
divided on the basis of sex because of previous observa-
tions which show that erythrocyte sodium values in
men are significantly higher than in women [7]. Our
data do indicate that ouabain-insensitive sodium efflux
rates in men (mean = 1.13 mEq sodium/liter cells/hr;
SD ± 0.15) are significantly greater (P < 0.001) than in
women (mean = 0.82 mEq sodium/liter cells/hr; SD
± 0.18). These data appear to reflect the higher sodium
concentrations in men (mean = 8.2 mEq/liter cells; SD
± l.G), than in women (mean = 6.3 mEq/liter SD ±
0.8). The difference between these two concentrations
is also significant (P < 0.001).

Sodium values in the present study were lower than
those in fresh, unwashed erythrocytes [8]. Presumably,
the washes in sodium-free buffer lower the sodium con-
tent.

The ouabain-insensitive efflux rates for five males
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Fig. 2. Erytlirocytc ouabaiii-inscnsilive scxlium efflux rates in
niiiinals, patients with hereditary spherocytosis (in remission,
postsplcucctomy), and two lieniatologUally normal parents. The
\alues for the parents, Mrs. 11 and Mr. M, arc shown as asterisks
on the graph for women and men, respectively.

with MS were 1.49 mEq/liter cclls/hr (SD ± 0.30),
values significantly greater than those for normal
males, cited above (P < 0.05). Similarly, sodium efllux
rates for six females were 1.10 inEq/liter cells/hr (SD ±
0.12), values significantly greater than those for normal
females (/' < 0.001). The sodium efllux rates in Mr. M
were 1.38 and in Mrs. li, 1.2(5, values clearly in the MS
range.

Erythrocyte sodium concentrations and ouabain-scn-
sitive elllux, sodium-potassium pump, however, were
normal in all 10 parents.

Discussion

The data in Figures 1 and 2 indicate that ouabain-in-
sensitive sodium transport in patients with HS is sig-
nificantly greater than in normal subjects (P < 0.001).
Ouabain-inscnsitive sodium efllux includes the move-
ment of sodium both by diffusion and by a recently
described active process, "pump II" [5], Our data do
not indicate which of these components is increased in
MS. This matter is dealt with in greater detail else-
where [8]. Our findings, however, are consistent with
previous observations [1, 4, 6] which suggest that so-
dium permeability is increased in the erythrocyte mem-
brane in patients with HS.

Certain normal subjects, as well as several parents of
patients with IIS, showed ouabain-insensitivc sodium
efllux in the MS range, and yet there was little or no
evidence of a hcmolylic process. These observations on
normal subjects arc consistent with the studies of
Wiley [11], who reported recently that there was no
correlation between sodium influx (presumably meas-
uring permeability) and erythrocyte survival in pa-
tients with HS. These findings are inconsistent with
the thesis that the increased sodium permeability of
erythrocytes of patients with HS plays a central role in
the pathogenesis of the hemolytic anemia in this dis-
ease [6]. It is more likely the case that the increased
sodium permeability characteristic of HS merely re-
flects an erythrocyte membrane defect in this particu-
lar disease.

Classically, MS is inherited as a Mendelian domi-
nant. In the five families described in this report, there
was no evidence of MS in any of the parents. These
families are similar to those described by Dacie [2] and
Young [12]. In one family described by Young [12],
one parent had abnormal erythrocyte morphology and
osmotic fragility with no evidence of disease.

None of the parents of the five families in this study
had abnormal erythrocyte osmotic fragility. Of consid-
erable interest, however, is the fact that 4 of the 10
parents had efflux rates in the MS range, as opposed to
a significantly lower incidence (3/30) in the control
group (P < 0.05). Although this is a small series, and
therefore the results must be interpreted with caution,
this observation suggests that some of these parents
carried the gene for MS which manifested in them only
as an increase in erythrocyte ouabain-insensitive so-
dium efflux, or membrane permeability. Finally, it
should be noted that in two of the families, A' and /•",
membrane permeability was normal in both parents;
in them there was no demonstrable expression of the
gene for HS. In one of these families, F, two of four
children had HS, suggesting that the disease, in these
children, did not represent a mutation but had been
transmitted from one or both of the unaffected par-
ents.

We have interpreted these findings to mean that in
addition to classical cases with hemolytic disease, the
gene for MS may express itself either as an abnormal-
ity in erythrocyte morphology with a normal erythro-
cyte life span or as an increase in membrane perinea-
bility with normal erythrocyte morphology and life
span. In some instances no hematologic abnormalities
can be found in presumed carriers of the HS gene.

The reasons for these differences in genetic expres-
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sion are unknown and will remain so until we under-
stand, more fully, the erythrocyte abnormality in HS.

Si / mmary

In hereditary spherocytosis (HS), erythrocyte ouabain-
insensitive sodium efllux is greater than normal. In the
present study, however, normal subjects are described
in whom erythrocyte sodium efflux is in the HS range.
These findings contradict the hypothesis that an in-
crease in erythrocyte sodium permeability is responsi-
ble for the shortened erythrocyte life span in HS. The
finding in the present study of a greater incidence of
high efflux rates in hematologically normal parents of
patients with HS suggests that the gene for HS may be
expressed as an abnormality in erythrocyte sodium ef-
flux with little or no evidence of hcmatologic disease.

References and Notes

1. HF.RTI.ES, J. E.: Sodium transport across the surface membrane
of red blood cells in hereditary sphcrocytosis. J. Clin. Invest.,
36: 816 (1957).

2. DACIE, J. V.: The Hacmolytic Anemias, Tart I. The Congeni-
tal Anaemias. (Grune and Stratton, New York, 19G0).

3. DACIE, J. V., AND LEWIS, S. M.: Practical Hcmuiology, cd. 3
(Churchill, London, 1963).

I. HARRIS, E. J., AND PRANKERD, T. A. J.: The rate of sodium
extrusion from human crythrocytes. J. Physiol., 121: 470
(1953).

5. HOFFMAN, J. I\, AND KRECFNOW, F. M.: The characterization
of new energy dependent cation transport processes in red
blood cells. Ann. N.Y. Acad. Sci., 137: 5f>6 (19GG).

6. jAcon, H. S., AND JANDI., J. H.: Increased cell membrane
permeability in the pathogenesis of hereditary sphcrocytosis.
J. Clin. Invest., 43: 1704 (1964).

7. KF.ITF.L, H. G., HERMAN, H., JONES, H., AND MACLACIH.AN, D.:
The chemical composition of normal human red blood cells
including variability among centrifuged cells. Blood, 10: 370
(1955).

8. MAYMAN, D., ISRAELS, L. G., AND ZIPURSKY, A.: Hereditary
spherocytosis: The metabolism of erythrocytes in the periph-
eral blood and in the splenic pulp. To be published.

9. OWEN, C. A., JK.: Diagnostic Radioisotopes, p. 183 (Thomas,
Springfield, III., 1959).

10. PETERS, J. C, ROWLAND, M., ZIPURSKY, A., AND ISRAELS, L. G.:
Erythrocyte sodium transport in hereditary elliptocytosis.
Can. J. Physiol. Pharmacol., 44: 817 (19GG).

11. WILEY, J. S.: Red cell survival studies in hereditary sphcrocy-
tosis. J. Clin. Invest., 49: 6G6 (1970).

12. YOUNG, L. E.: Observations on inheritance and heterogeneity
of chronic sphcrocytosis. Trans. Ass. Ainer. Physicians, 6S:
141 (1955).

13. ZIPURSKY, A., LARUE, T., AND ISRAELS, L. G.: The in vitro

metabolism of erythrocytes from newborn infants. Can.
J. Riochcm. Physiol., 3S: 727 (1960).

14. Informed consent was obtained for all studies in accordance
with the provisions set forth in the Declaration of Helsinki.

15. We should like to acknowledge the skilled technical assistance
of Miss Diane Blakcly, Miss Alice Vust, and Mrs. M. Ste-
phens, and the clerical assistance of Mrs. Alma Fraser.

16. Presented in part at the Annual Meeting of the Society for
Pcdiatric Research, Atlantic City, N.J., May, 1970.

17. Supported by a grant from the Medical Research Council of
Canada.

18. Requests for reprints should be addressed to: AI.VIN ZIPURSKY,
M.D., Department of Pediatrics, McMaster University,
Hamilton, Ontario, Canada.

19. Accepted for publication January 7, 1971.

Copyright Q 1971 International Pediatric Research Foundation, Inc. Printed in USA.


	Significance of Erythrocyte Sodium Flux in the Pathophysiology and Genetic Expression of Hereditary Spheroeytosis
	Introduction
	Methods
	Results
	Discussion
	Summary
	References and Notes


