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correcting the red cell defect. Both HS and HE are
inherited as an autosomal dominant trait.

Microspherocytes from HS patients present a num-
ber of abnormalities, one of them being a characteristic
increase in osmotic fragility, i.e., when suspended in
hypotonic solutions, they lyse at higher molarities
than normal cells2—-%. The normal bidiscoidal erythro-
cyte has an excess of surface area for a given cell
volume and, when in hypotonic media, is able to take
up considerable amounts of water until the limiting
-spherical shape is reached at a volume increase of
60-70%,. Any further increase beyond this critical
hemolytic volume stretches the membrane and induces
hemolysis.

HS cells have usually a normal corpuscular volume
but a much smaller surface area and as a consequence,
when suspended in hypotonic media, the critical
hemolytic volume is reached at a volume increase of
only about 209,. The cells appear therefore much more
vulnerable to osmotic hemolysis®. HE cells have in-
creased osmotic fragility only in patients with overt
hemolysis.

JAcoB attributes the spherical shape of HS cells
to a deficiency in surface area, in other words, the
cells would have less membrane material. Reports on
a decreased total lipid content in HS cells® support
this view but since that would only partially account
for the loss in area, membrane protein is probably
also decreased. As yet there are no available data on
the amount of membrane protein in HS cells. The
tendency of HS cells to loose pieces of membrane
during in vitro incubation might be significant. When
incubated in the absence of glucose, HS cells hemolyze
sooner than normal cells. Prior to hemolysis the mem-
brane is budding assuming a blistered appearance and
~ whole pieces of membrane are eventually lost2. The
loss of lipid is symmetrical involving all lipid classes.
There are no data as to the extent of loss in membrane
protein. As for the osmotic fragility, the incubation
fragility of HS cells is increased only in the hemolytic
form of the disease. Another characteristic abnormality
of HS erythrocytes is their diminished deformability,
this being a critical property in assisting the passage
of red cells through narrow capillaries and openings
in the basement membranes.

There are more than one known causes leading to
diminished red cell deformability. One is a corollary
of the spheroidicity or decreased surface area/volume
ratio?. Another cause might be the alteration of a
membrane component causing intrinsic rigidity as
induced by ATP depletion or by calcium8, Since red
cell ghosts from HS cells are intrinsically stiffer than
normal4 the rigidity of HS cells might be the result of
both mechanisms. It is noteworthy that also stromas
from HE cells remain elliptical in shape®.

In addition to the defects described above, a basic
functional deficiency of HS cells is their increased
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permeability to Na ions as demonstrated by a signifi-
cant Na* accumulation during incubation. In normal
cells permeability to Nat is low enough to allow
maintenance of an important chemical gradient against
the high plasma concentrations by means of active
Nat outward transport. HS cells oppose the equilibra-
tion of Nat by an increased rate of active transport
coupled with increased ATP generation by glycolysis.
The survival of HS cells is therefore critically depen-
dent on the energy supply. When glucose supply is
limited and ATP becomes depleated, Nat accumulates
within the cell and colloid-osmotic hemolysis follows.
Such a situation may occur in the stagnant circulation
through the spleen or upon in vitro incubation.

Investigating the metabolism of HS erythrocytes in
peripheral blood and in splenic pulp MAvyMAN and
ZIPURSKY10 demonstrated that the red <cells in peri-
pheral blood have a normal Na+ pump with increased
activity as a response to changes in environmental ion
distribution. The pump ATPase of these cells is also
normal. The splenic cells however have a decreased
Na* pump as well as ouabain sensitive ATPase activ-
ity. It is of interest that permeability to Na* does not
increase in either splenic or in vitro incubated HS
cells as compared to the peripheral ones. The failure
of the Na+ pump in splenic cells was accompanied by
alteration in glycolysis but the levels of ATP were
found normal. Thus, the authors support the assump-
tion of a reduced Na* pump activity in these cells
being the consequence of structural changes in the
membrane.

The HS characteristics such as spheroidicity, in-
creased osmotic fragility, autohemolysis and excessive
permeability to Na* point to a primary structural
defect of the membrane. The earliest investigations on
the defective HS membrane focused on the lipid com-
ponents. Their exclusive association with the red cell
membrane and a well developed methodology allowed
their study well before that of the membrane proteins.
The lipid distribution in HS cells was found normal,
but the total lipid content slightly decreased1-12.
Splenectomy rises the total lipid content to normal
values which however are lower than the post-sple-
nectomy levels in patients without HSS6. The fact that
HS cells continue to present even after splenectomy
their specific characteristics in spite of a normal lipid
content, pointed to a factor other than the lipid
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deficiency per se as a primary defect. However, a
difference in lipid composition has been recently dem-
onstrated in HS cells, namely the disappearance of
the long chain fatty acids in the lecithin, sphyngomye-
lin and phosphatidyl serine fractions!3. This difference
in fatty acid’ €dmposition has been linked with the
increased osmotic fragility of HS cells!s.

For the study of the membrane proteins a number
-of difficulties such as preparation of hemoglobin-free
membranes, solubilization and fractionation of the
material had to be solved. One of the first such at-
tempts has been made by SCHNEIDERMANNIA, Stromas
were solubilized in a mixture of Triton x-100, urea
and p-mercaptoethanol and subjected to electro-
phoresis on polyacrylamide gels at basic pH. Staining
for protein revealed a number of bands which, in the
case of stromas derived from HS and HE cells, de-
viated grossly from the normal pattern. A different
conclusion was reached by ZaiL and JOUBERTI.
Analyzing partially solubilized stromas by starch-gel
electrophoresis they observed no qualitative differ-
ences between the patterns of normal, HS and PNH
cells, However, total solubilization of membranes by a
mixture of phenol, urea and acetic acid followed by
electrophoresis on acrylamide gel without sodium do-
decyl sulfate (SDS) led LiMBER et al.16 to the finding
that a specific protein band which is constant in
normals, varies greately in HS cells. Similar results
were reported by Havasur et al.l? following analysis
of the erythrocyte membrane proteins from 15 patients
with  hereditary spherocytosis. Polyacrylamide gel
electrophoresis in 0.1%, SDS buffer revealed almost
complete deficiency in protein band IVb of a Mol wt.
~75,000 in 4 cases and a small but significant de-
crease in most of the other cases. Because of differ-
ences in gel composition it is difficult to ascertain
whether the band IVb of Havasa! and the band C of
LiMBER represent the same or different membrane

proteins. Nozawa et al.1® who studied a HS patient-

with severe anemia confirmed the absence of protein
band IVb and clarified the conflicting results reported
from various laboratories who used acrylamide gel
electrophoresis in presence of SDS. It appears that the
absence of band IVDb can be demonstrated only in
0.19, SDS while in the presence of 1%, SDS there is
no difference between normal and pathological mem-
branes. The IVDb protein of hereditary spherocytes
might be more resistant to dissociation by SDS than
that of normal cells. ]

Further proof for an abnormal protein in membranes
of HS erythrocytes has been provided by the studies
of GOoMPERTS et al.19.20, These authors compared re-
sults obtained by using two different solubilization
techniques: an acetic and extraction, which solubilizes
about 309, of the membrane protein, and a butanol/
water partition which yields about 809, of the protein
in solution. Protein characterization was achieved by
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starch and polyacrylamide gel electrophoresis in the
presence of urea. Whereas following the more exten-
sive butanol solubilization, there were no differences
in the pattern of extracted protein from normal and
HS membranes, the protein extracted by acetic acid
showed that two of the slowest moving bands were
absent in all the HS cases investigated. Applying the
acetic acid extraction to HE membranes, the authors
found that a protein pattern alteration consisting in
the absence of either 2 or 4 of the slowest moving
bands appeared only in those cases associated with
severe hemolysis. The nonhemolytic HE cases had a
normal protein pattern. Protein patterns similar to
HS were also found in cells from autoimmune hemo-
lytic anemias.

The authors further found that both the sulfhydril
inhibitor PMB applied to red cells and the reducing
agent 2-ME applied to the membrane protein affected
mainly the slowest moving group of protein bands,
suggesting that they have a significant sulfhydril com-
ponent.

The findings of GOMPERTs et al.1%20 strongly suggest
that the abnormal electrophoretic patterns in HS and
HE may not result from the in vivo absence of certain
membrane proteins but rather from their different
solubility properties. The same possibility was also
considered by LIMBER et al.16. In confirmation of this
view are the results of KiTtao et al.2! and of Borvin
and GALANDZ2. Using a standard method of ghost
preparation which minimizes the loss of water soluble
membrane protein followed by total solubilization of
the membranes, the protein pattern of HS membranes
on SDS-acrylamide gel electrophoresis in 19, SDS
buffer appeared normal. Moreover, proteolytic diges-
tion of the major protein components revealed no
significant difference in electrophoretic pattern be-
tween normal and HS cells?3. Interestingly, a patient
suffering from a mild hemolytic anemia of unknown
causes presented an altered protein pattern indicating
extensive proteolysis.
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ones®. This correlates with the existence of two cell
populations in PNH, a short lived, deficient one and
another with longer survival. A striking difference
appears in this respect between PNH cells and cells
from patients affected by autoimmune hemolytic
anemia. In the latter case the cells are also ACHE
deficient, but the enzyme activity declines sharply
with the cell age43.

Jackson and WHITTAKER* confirmed both the low
acetylcholinesterase activity of PNH cells, as well as
their abnormally low density previously observed by
LEwis and ViNcENT?5. The low density could not be
correlated with either a change in lipid content, which
was found normal, or with increased permeability,
their osmotic fragility being also normal4s.

An abnormal membrane protein pattern obtained
by SDS-polyacrylamide gel electrophoresis was found
in a PNH patient which was severely aplastic. Other
PNH cases, as well as the same patient in a hyper-
plastic phase, gave normal protein patterns#i.

Electron micvoscopy in PNH

Numerous efforts have been made to visualize the
initial acquired lesion in PNH cells by electron micro-
scopy, but these attempts have produced conflicting
results with some investigators claiming to find lesions
and others finding essentially normal red cell mem-
brane ultrastructure. WEINSTEIN and WILLIAMS#6
criticize the technique used in these studies as pro-
ducing drying artifacts, and studied the membrane in
intact PNH cells and in the ghosts derived from them
by the freeze cleaving technique. Their results failed
to confirm previously reported lesions, and the authors
suggest that they were either artifacts of drying, or
they reflect structural differences revealed by drying.
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Hemolysis associated with altered phospholipid composi-
tion of the erythrocyte

A familial nonspherocytic hemolytic aneria asso-
ciated with abnormalities in membrane lipids was
described by JAFrFE and GOTTFRIED in 1968%7. The
patient’s erythrocytes showed an absolute increase in
lecithin content while the plasma lipid distribution
was normal. The unusual lipid abnormality seemed to
be related to the hemolysis. Later, SHOHAT et al.48
studied the mechanism of lecithin accumulation in the
erythrocytes of such patients and concluded that
lecithin increases because a defect in the catabolism of
actively incorporated lecithin fatty acids. This defect
appears to be a block in the transfer of fatty acids
from lecithin to phosphatidyl ethanolamine prior to
final release from the cell. The passive exchange path-
ways and the active anabolic acylase in the erythro-
cytes of such patients were not abnormal“s,

This familial hemolytic disease with abnormal lipid
composition results from an inherent membrane de-
fect and differs from other similar states in which the
primary defect is in the serum.

43 F, Herz, E. KarrLax and E. S. Scueve, Clin. chim. Acta 38, 301
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4 D, Jackson and M. WHITTAKER, Clin. chim. Acta 47, 299 (1972).
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46 R, S, WeinstEIN and R. A. Wrrriams, Blood 30, 785 (1967).

47 F. R. JarrE and E. L. GorTFRIED, J. clin. Invest. 47, 1371 (1968).

48 S, B. SHOHET, B. M. L1vERMORE, D. G. NATHAN and E. R, JAFFE,
Blood 39, 445 (1971).
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Summary. The early development and implantatjon of the mammalian egg is described for various species and the
differing and often contradictory solutions proposed by different authors for the many problems arising from their

investigations are exposed, compared and discussed.

The early development and implantation of the
mammalian egg has received much attention and an
immense quantity of literature has been accumulating,
continuously increasing during the last decades.
Nevertheléss many problems are still not clear and
for most of them the solutions proposed by different
investigators differ widely and are often contra-
dictory. It would be quite impossible to give an overall

survey of the work dealing with the subject. The pre-
sent review, which is far from. complete, attempts to
expose some of the problems and their solutions.

There are great differences between species, and
even between strains, and although the mouse has
been my main experimental animal, observations in
other species will be cited when necessary.



