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ABSTRACT

Acanthocytosis represen ts an unusually  pathological variant o f red  cell 
m orphology w hich  is encoun te red  in a diverse group o f inherited  and ac
quired  disease states. W hile the m orphological features are sim ilar in all 
instances, the biochem ical lesions frequently  differ. M ost dem onstrable 
abnorm alities involve lip ids although those acanthocytes associated w ith 
the M cLeod pheno type are probably due to an alteration  in a m em brane 
protein. A canthocytes, regardless of their etiology, usually  have a decreased  
survival in  the  circulation ow ing to splenic sequestration  and  destruction.

In troduction

A great deal o f  in terest has b een  gener
ated  by observation of the w ide array of 
pathological and physiological forms that 
can be assum ed by the norm ally b icon
cave hum an red  blood cell, the discocyte. 
To survive its norm al 100 to 120 days’ life 
span, the red  ce ll m ust undertake a con
tinuous circulatory journey , approxim at
in g  175 m ile s , f r e q u e n tly  r e q u ir in g  
n eg o tia tio n  of c ap illa rie s  and  slit-like  
spaces as small as 1/20 its diam eter. Its 
b ico n cav e  co n fig u ra tio n  w ith  op tim al 
su rfa ce - to -v o lu m e  ra tio  e n h a n c e s  its 
ready  deform ability  to nego tia te  those 
tigh t spaces w ithout dam age, and  also b es t 
serves its gas exchange function w ith  its 
free ly  m ovable m o lecu lar hem og lob in  
con ten t (figure 1).

Young red  cells, know n as reticulocytes, 
w ith  a freq u en tly  fo lded  excess m em 
brane, persist approxim ately two days in 
th e  p e r ip h e ra l b lood  w h ile  th e ir cy to
plasm ic organelles are discharged, and 
each undergoes rem odeling  w ith  sym 
m etrica l m em b ran e  loss to  assum e its 
norm al d iscocyte configuration. As the 
cell ages, a series o f changes occur includ
ing additional m em brane loss, increased 
co rp u scu la r hem o g lo b in  co n cen tra tio n  
b ecau se  o f w a te r and  ca tion  loss, d e 
c re a s e d  en z y m e  a c tiv ity , in c re a s e d  
m ethem oglob in  con ten t and  d ecreased  
deform ability. I t is probably largely be
cause o f the latter that these senescen t 
p rim arily  now  spherical cells are detec ted  
and destroyed by the  sp leen  as they  at
tem pt to pass its narrow  passages. T he vast 
m ajority o f norm al circulating cells are, 

238
0091-7370/80/0500-0238 $01.80 © Institute for Clinical Science, Inc.



ACANTHOCYTOSIS 2 3 9

F ig u r e  1. T h e  m a rk e d  
a lte ra tio n  o f  sh a p e  is p o r 
t r a y e d  a s  a  n o r m a l ly  
d e f o r m a b le  e r y th r o c y te  
n e g o tia te s  a  t ig h t  in te re n -  
d o th e lia l  c e l l  sp a ce  o f  th e  
sp le e n  (10 ,000  x ).

how ever,  d iscocytes  w hich, w h en  o b 
served while flowing in vivo, assume a 
vast variety of dynam ic transitions in form 
largely re lated to flow rates and  vessel 
size.31

The following discussion pertains to d e
formed red  cells which are spicu la ted  and 
s p e c if ic a l ly  k n o w n  as a c a n th o c y te s .  
These  must be differentiated from a vari
ety of red cells known to have one or more 
spiny projections. Many of these  cells are 
of well def ined  pathogenesis, e.g., sickle 
cells associated with sickle cell hem oglo
bin; schizocytes (helmet, fragmented or 
triangular cells), associated w ith  micro
angiopathic hemolytic anem ia w here  the 
cells are injured by intravascular fibrin 
strands, d iseased  vessel walls, or by car
diac valve prostheses; and tear drop cells 
(dacrocytes), typ ically  assoc ia ted  w ith  
myelofibrosis or abnormal hematopoiesis. 
Lastly, there is the echinocyte, (burr, cre- 
nated or berry cell), which is an ovoid or 
sp h e r ic a l  ce ll  w ith  10 to 30 sp icu le s  
evenly d istributed  over its surface.

The report of Brecher and  Bessis9 has 
well illustrated the stages o f  discocyte- 
ee h in o c y te  t ransfo rm ation  an d  e lluc i-  
dated  many of the factors associated with 
ech inocy te  formation. Extrinsic factors 
causing crenation include plasma incu
bated  at 37°C for 24 hours, lysolecithin, 
high levels of fatty acid and many others. 
Intrinsic factors include aging of red cells 
which is probably related to depressed  
adenosine  triphosphate, (ATP) and  w ash
ing cells in saline and the “ glass effect” of 
observing cells betw een  slide and  cover 
slip. Brecher and Bessis feel that echino- 
cytes probably occur in various diseases 
but that previous reports of such m ust be 
carefully reevaluated  by examination of 
fresh cells be tw een  plastic cover slips to 
exclude artifactual crenation.

Acanthocytes (spur or aeanthoid  cells), 
on the other hand, are distinctly different 
cells having 5 to 10 spicules of varying 
length irregularly d istributed over the red 
cell surface (figure 2). T he ind iv idua l 
spicules have knobby ends. U n d e r  the
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F ig u r e  2. A rtis tic  c o m p o s ite  i l lu s tra tin g  a  c e n 
tra lly  p la c e d  d isc o c y te  w ith  a c a n th o c y te s  a t th e  12 ,2 , 
a n d  7 o ’c lo ck  p o s itio n s  a n d  e c h in o c y te s  a t  4 a n d  9 
o ’clock.

light microscope on an air d ried  smear, 
acanthocytes and echinocytes may occa
sionally be difficult to differentiate. H ow
ever, typical echinocytes have a serrated 
outline with small projections more or less 
evenly  spaced over the circumference of 
the red cells while acanthocytes have a 
few spicules of varying length and thick
ness projecting irregularly from the cell 
surface.

W et preparations have the advantage of 
allowing more of a three dim ensional ap
pearance, which is often helpful. Brecher 
a n d  B e s s i s 9 also  su g g e s t  a d d in g  an 
e c h in o c y to g e n ic  s u b s ta n c e ,  su ch  as 
p lasm a w ith  ly so lec i th in ,  in doub tfu l  
cases. This will convert the discocytes to

TABLE I

Diseases Associated with Acanthocytosis

Majority of red cells are acanthocytes
1. Spur cell anemia with severe liver disease
2. Abetalipoproteinemia
3. Homozygous hypobetalipoproteinemia
4. McLeod phenotype

Minority of red cells are acanthocytes
1. Certain neurological disorders without lipid

abnormalities
2. Infantile pyknocytosis - vitamin E deficiency
3. Miscellaneous conditions

echinocytes which will then  stand out in 
sharp contrast to acanthocytes which will 
be  converted  to acantho-echinocytes, rec
ognizable by bifurcation of the spicules. 
Lastly, scanning electron microscopy fol
lowing im m ediate  fixation of fresh blood 
has provided the  reference standard by 
which the subtle diferences in spiculated 
cells have b een  defined.4

While originally described  as one of the 
d iag n o s t ic  h a l lm arks  o f  a b e ta l ip o p ro 
teinem ia (ABL),3 acanthocytes have been  
described  in a num ber of seemingly re
lated  and  u n re la ted  conditions, w hich  
will be  d iscussed (see table I). Regardless 
of their etiology, they almost invariably 
have a decreased  life span although this 
m ay  ra n g e  from  a s e v e re  h e m o ly t ic  
anem ia requ ir ing  transfusions to a mild, 
barely detec tab le  com pensated  hem olytic 
state. For a thorough discussion of the im
plications of altered  red cell shape, their 
m em branes, deformability, and hemolytic 
anemia, the reader is referred to the fol
lowing com prehensive  reviews; W eed,54 
Shohet  a n d  N ess ,48 Lessin  e t  a l 31 and  
Mohandas e t al.39

Red Cell M em branes— General 
Background

The basic lesion in the acanthocyte ap
pears to be limited to its m em brane since, 
to date, there has been  no abnormality 
d e m o n s t r a t e d  in h e m o g lo b in ,  c a t io n  
transport, red  cell antibodies or glu ta
thione and ATP levels.26 The more com
m o n ly  e n c o u n te r e d  form s o f  a c a n 
thocytosis exhibit rather marked altera
tions of the red cell m em brane lipids al
though there is increasing evidence that 
proteins play a major role in m em brane 
properties.

To da te ,  m e th o d s  for iso la tion  and  
charac terization  of m em brane  proteins 
are less well deve loped  than those for 
lipids, so our information regarding pro
te ins  is less co m p le te .45 H ence, w h ile  
most o f  the  fo llow ing  d iscuss ion  will



ACANTHOCYTOSIS 241

dw ell upon lip id  alterations, it should  be 
borne in m ind that p ro teins may also be 
changed e ith e r prim arily  or secondarily. 
To illustrate this point, one instance of 
a c a n th o c y to s is  is c i te d ,  n a m e ly  th e  
M cLeod phenotype, w here a p ro tein  alt
eration is the probable p rincip le  or p ri
mary lesion.

T he red  cell m em brane is com posed of 
lip id  and p ro tein  in  approxim ately equal 
am ounts by w eight. P hospho lip ids and  
free cholesterol constitu te  nearly  95 p e r
cen t of the total lip id  and, on a m olar basis, 
phospholip ids and cholesterol are p resen t 
in nearly  equal am ounts.45 T he m olecular 
a rran g em en t of th e  m em b ran es is u n 
know n although the various studies have 
generally  ev o lv ed  in to  tw o basic  con 
cep ts , n am e ly ; th e  m e m b ra n e  is v is 
ualized as a sea o f lip id  contain ing islands 
of p ro te in 47 or as a p ro tein  m em branous 
skeleton containing lakes o f lip id .35 Both 
concepts suggest tha t the zones of fluid 
lip id  w ithin the  m em brane form the en v i
ronm ent for m em brane pro teins. M uch of 
this lip id  is in the form of a b ilam elar leaf
le t w ith  the hydrophilic  portions o f the 
phospholip ids facing the aqueous en v i
ro n m e n t on e i th e r  s id e , an d  th e  h y 
drophobic portions situ a ted  w ith in  the 
central core of the  b ilayer.11

T he m em brane phospholip ids consist 
predom inatly  o f four classes w hich are 
asym m etrically  d is tr ib u te d . Phosphati- 
dylethanolam ine and  phosphatidy lserine 
are p referen tia lly  on the  in n er lam ella, 
and  p h o sphatidy lcho line  (lec ith in) and  
sphingom yelin on the  ou ter lam ella. F ree 
cholesterol is env isioned  as being  packed 
w ith in  the lip id  phase of the m em brane in 
an in term ediate position b e tw een  parts of 
bo th  the head groups and the  hydrocarbon 
ta ils  o f th e  p h o s p h o lip id s , se rv in g  to 
“ tigh ten-up” the  lip id  core. C holesterol 
and  phospholip ids are not synthesized  by 
th e  red  cells, and  the  m em branes and 
serum  lipoproteins are in  general eq u ilib 
rium  so that the  m em brane lip ids reflect 
th e ir plasm a counterparts. For details of

th e  various theories of m em brane struc
tu re  and lip id  exchange, the read er is re
ferred  to several excellen t recen t review s 
of the subject.11,35,45,54

Spur C ell A nem ia

Abnorm alities in serum  lipopro teins are 
know n to induce secondary changes in 
red  cells by  m odifying the equ ilib rium  of 
the passive exchange o f lip ids b e tw een  
plasm a and  erythrocytes.45 In  liver d isease 
of bo th  the  obstructive or hepatocellu lar 
type, the  red  cells may becom e laden  w ith  
cholesterol and, to a lesser extent, phos
pholip id . Thus, the  m em branes exh ib it a 
m arked increase in the  cholesterol-phos- 
pho lip id  (C/P), ratio. W hen exam ined  on 
a ir -d r ie d  b lo o d  sm ears , th e y  a re  fre 
quen tly  “ targe ted ,” reflecting the acquisi
tion of m em brane surface area caused  by  
the  added  cholesterol.

U sing osm otic fragility as an ind irec t 
m easure of m em brane surface, it has b ee n  
found that th ese  cells exhibit increased  
osm otic resistance as expected. To this ex
ten t th ese  changes are u sually  of little  
c lin ica l s ign ificance. H ow ever, in  fu l
m inating  hepatocellu lar d isease, particu 
larly tha t of advanced alcoholic cirrhosis, 
th is process m ay be  exaggerated leading  
to m assive accum ulation o f cholestero l in 
excess of phospho lip id  lead ing  to acan
th o cy te  fo rm atio n  (sp u r ce lls ). U n d e r 
these circum stances, red  cell survival is 
m ark ed ly  d ec re a se d  and  is a sso c ia ted  
clin ically  w ith  hem oly tic  anem ia. T h e  
studies of C ooper et a l16 have ind icated  
tha t th is abnorm ality is acq u ired  by  m a
tu re  e ry th ro cy tes  d u rin g  e q u ilib ra tio n  
w ith  serum  lipoproteins w hich, because 
of h ep a tic  dysfunction, are lad en  w ith  
free cholesterol.

C ooper et a l16 suggest th a t the  p roduc
tion of spur cells (acanthocytes) occurs in 
two phases. F irst is the  selective acquisi
tion  of cholesterol w hich increases the  
m em brane surface area and  causes d e 
v e lo p m en t o f  a sca llo p ed  o r reg u la rly
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sp icu lated  contour. This occurs in 12 to 24 
hours and  can be  dem onstrated  in  vivo  or 
in  vitro  by  incubation  of norm al cells in 
se ru m  from  p a tie n ts  w ith  sp u r  c e ll  
anem ia. T he second phase has b een  re
ferred  to as “ sp len ic  cond ition ing” and 
consists o f nonspecific loss o f m em brane 
surface accom panied by transform ation of 
th e  spicules into a b izarre and  irregular 
contour in six to eigh t days. This occurs in  
v ivo  only in conjunction w ith  a function
ing  spleen.

W hile the cholesterol laden  regularly  
sp iculated  or targeted  red  cells are osmot- 
ica lly  re s is ta n t  re f le c tiv e  o f  th e ir  in 
c reased  m em b ran e  area, acan th o cy tes  
w hen  form ed are osm otically norm al. This 
is probably a resu lt o f “ splenic condition
in g ” w ith  n o n sp ec ific  m em b ran e  loss 
and /o r perhaps m uch of the m em brane 
excess is co n ta in e d  in  th e  p e r ip h e ra l  
spikes o f the  acanthocytes, and is unavail
ab le  for cell expansion  u n d er osm otic 
th re a t .45 F o llo w in g  sp len ec to m y , th e  
cholesterol laden  cells of such cases m ain
tain  th e ir o rderly  spiculation, are osm oti
cally resistant, and do not develop the 
b izarre m orphology o f acanthocytes.16

S e v e ra l m e c h a n ism s  h av e  b e e n  
suggested  for th e  m assive accum ulation  of 
m em brane ch o leste ro l associa ted  w ith  
severe liver disease. T hese include d e
c reased  le c ith in -ch o le s te ro l acy ltrans- 
ferase (LCAT) activity ow ing to increased 
surface active b ile ac ids15 and the p res
e n c e  of an  a b n o rm a l l ip o p ro te in  in  
obstructive liver d isease.49 Interestingly , 
in the  rare fam ilial disorder, LCAT defi
c iency , th e re  is an eq u a lly  g rea t free 
cholesterol accum ulation by the red  cell 
m em branes, b u t these red  cells rem ain 
targeted  and do not develop  spicules. O b
viously, cholesterol accum ulation alone 
cannot fully explain acanthocyte forma
tion in  severe liver disease.

D eform ability  is a specific functional 
characteristic o f red  cell m em branes th a t 
allows the red  cell to undergo extrem e 
c h a n g es  in  sh ap e  d u r in g  c irc u la tio n

through the vascular tree, includ ing  cap il
laries having lum ens considerab ly  sm al
le r than  the  cell itself. This feature is par
t ic u la r ly  im p o r ta n t  d u r in g  p a ssa g e  
th rough  the  sp leen  w hen red  cells are 
forced to traverse narrow in terendo the lia l 
clefts or slits (approxim ately 0.5 to 1.0 m 
w ide). Norm ally, deform able hum an red  
cells are able to move through the  slits, 
b u t any reduction  in deform ability  owing 
to m em brane changes, alteration in the 
cytoplasm ic state, or reduction in th e  sur
face area-to -vo lum e ratio  of th e  cells, 
m akes this passage difficult and leads to 
splenic sequestration and destruction .39 
R educed  deform ability o f spur cells from 
severe alcoholic cirrhosis cases has been  
dem onstrated  using  viscom etric and  m ic
ropore filtration techn iques.36

Splenic sequestration , particularly  as
sociated w ith  the congestive sp lenom eg
aly o f cirrhosis, has b een  show n to b e  the 
dom inan t factor in th e ir reduced  survival. 
S im ila r ly , C o o p e r’s p a t i e n t s 16 w ho  
show ed a 55 percen t increase in  red  ce ll 
m em brane free cholestero l w ith  essen 
tia lly  no change in p hospho lip id  have 
show n decreased  deform ability o f the red  
cells before and  after splenectom y, as in 
d icated  by  increased  filtration tim e. It is 
suggested  that the increased m icroviscos
ity o f the spur cell m em brane may explain 
w hy the passage of these cells is re ta rded  
both  th rough  filters of small pore size in  
vitro  and th rough the sp leen  in  vivo  and  it, 
therefore, appears to rep resen t the  m ini
m al cell defect responsible for hem olysis 
in this disorder. Since the m em brane m ic
ro v isc o s ity  is d ire c tly  re la te d  to th e  
d isp ro p o rtio n a te  excess o f m em b ran e  
cholesterol, the m agnitude o f the choles
terol balance w ould  be an tic ipated  to cor
relate, in tu rn , w ith the degree of anemia. 
T h is co rre la tio n  was d em o n s tra te d  in 
C ooper’s patien ts  w ith  spur ce lls.16

W ith  in c re a s in g  e v id e n c e  th a t th e  
m em brane proteins play a dom inant role 
in the  regulation  of m em brane properties 
w hile lip ids contribu te only m inim ally,
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M ohandas et a l39 have found it d ifficult to 
rationalize the  correlation b e tw een  d e
creased lip id  fluidity and  red u ced  cellu lar 
deform ability. O n the o ther hand, Lux35 
c ited  ev idence  tha t the p ro te in  m em brane 
skeleton  m ight no t be invo lved  in  the 
acanthocytes o f ABL and  spur cell anemia. 
H e has no ted  tha t m em brane skeletons 
always re ta in  the shape o f th e  ghosts from 
w hich th ey  w ere prepared.

F or exam ple, th e  ghosts and  skeletons o f 
sickled cells, hered itary  ellip tocytes and 
hered itary  pyropoikilocytes re ta in  the ab
norm al ce llu lar shape o f the  p aren t cell. 
Thus, the  m em brane skeleton seem s to be 
the m ajor determ in an t o f shape in  norm al 
and som e pathologic red  cells. H ow ever, 
w hen  ghosts and  skeletons o f acantho
cytes of ABL and spur cell anem ia w ere 
p rep ared  by the  Triton extraction proce
dure, they  rev erted  to the usual round 
shape. T hus it w ould  appear that the ab
norm ality  in  the lip id  b ilayer is the more 
im portant or only change.

A betalipoprote inem ia

A canthocytes w ere first dem onstrated  
in 1950, in association w ith  ABL, and re
m ain one of the characteristic hallm arks of 
that rare in h erited  d isease .3 As o f 1978, 
over 40 cases o f ABL had  b een  reported  
and  sum m arized,26 w ith  the  em ergence of 
th e  c la s s ic a l  c l in ic a l  p re s e n ta t io n  o f 
m alabsorption of fat, re tin itis  pigm entosa, 
severe neuropathy  and  acanthocytic red  
b lood  cells. T h e  term s “ abe ta lipopro - 
te in em ia” and “A poB -deficiency” 30 re 
flect the  u n ique feature of the  disease, 
nam ely, the absence o f and  apparen t ina
b ility  to synthesize A polipoprotein B (Apo 
B). C onsequently , these patien ts w ith  no 
trace o f betalipopro tein  in th e ir plasm a 
are unable to elaborate chylom icrons and 
very low density  lipopro teins (VLDL) and 
exhib it m arked hypocholestero lem ia and 
hypotriglyceridem ia.

Acanthocytes constitu te the m ajority of 
the red  cells in patients w ith  ABL, ranging

from 50 to 90 percent. The exact m echa
nism  of form ation of acanthocytes is u n 
k n o w n  a lth o u g h  th e  d e m o n s tra te d  
b iochem ical abnorm alities have b ee n  lim 
ited  to the cell m em branes. T he studies of 
Ways e t al in 1963 dem onstrated  red  cell 
and plasm a lip id  abnorm alities in  th ree 
cases o f ABL.52 T hese show ed essentially  
norm al values for total lipid, cholesterol 
and phospho lip id  in  the red  ce ll m em 
branes, b u t an increase in  sphingom yelin  
and  a d ec rea se  in  le c ith in , (rev e rse d  
sphingom yelin /lecith in  [S/L] ratio). Total 
plasm a phospholip ids w ere less than  20 
percen t o f norm al values w ith  a com para
b le  reversed  S /L  ratio ow ing to a propor
tional increase in  sphingom yelin  and  a 
corresponding decrease in lecith in .

Ways e t a l52 also no ted  a profound defi
ciency in lino le ic  acid in the  acanthocytic 
m em brane and  plasm a lip ids. L ino le ic  
acid norm ally accounts for 10 to 14 p e r
cen t o f  the  esterified  fatty acids in  the red  
cell m em brane, w hereas only 2 to 3 p e r
cen t w ere found in  acanthocytes. This re 
duction is m ost no tab le  in  th a t lino le ic  
acid is esterified  in  lecithin.

A ttem pting to find a uniform  m echa
nism, M cBride and  Jacob36 stu d ied  acan
thocytes from hum an ABL, experim ental 
ABL of rats fed  orotic acid, rabbits on high 
ch o leste ro l d iets an d  hum an sp u r cell 
anem ia. E lev a ted  ch o leste ro l and  C /P  
ratios w ere found in  all types o f acantho
cytes. W hile cholesterol norm ally flows 
b id irec tio n ally  b e tw een  re d  ce ll m em 
branes and  plasm a lipoproteins, plasm a 
from th ese  in stances of acanthocytosis 
w ere uniform ly inefficient in accepting  
cholestero l flux from the affected erythro
cy tes. T h is  ineffic iency  c o u ld  b e  cor
rected  by  addition o f concentrated  hum an 
beta lip o p ro te in  to the ABL plasm a.

M cBride and Jaco b 36 also dem onstrated  
increased  rigidity  and  resistance to flow of 
the  acan thocy tes as m an ife sted  by in 
c re a s e d  v isc o s ity  in  c o n e -p la te  v is- 
cosim eters and  d im in ish ed  filterab ility  
through m icropore filters. W hile acknow
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ledging differences such as the reversed  
S/L  ratio in ABL acanthocytes, it was con
cluded that a uniform  m echanism  could 
b e  app lied  to the  formation o f acantho
cytes, nam ely , accum ulation of, and even  
more im portantly, stagnation of choles
terol on the  red  cell m em branes.

W hen  s tu d y in g  ABL ac an th o c y te s , 
C ooper et a l12,13 reported  that m em brane 
cholesterol was w ith in  the high lim its of 
norm al and  phospolip ids w ere w ith in  the 
low  limits o f norm al resulting  in a slight 
increase in C /P  ratio. T hese values w ere 
m ore com parable to those o f m ost p revi
ous investigators.52 A m arked increase in 
sphingom yelin  w ith  a decrease in lecith in  
was also dem onstrated, as w ell as poor de- 
form ability o f the acanthocytes to the in
creased  S /L  ratio. Sim ilar resu lts w ere 
no ted  in the  m icroviscosity o f liposom es 
o f varying S /L  m ole ratios p repared  from 
b ra in  sp h in g o m y elin  an d  egg lec ith in  
w ith  eq u im o lar cho lestero l. C ooper et 
a l12,13 concluded  that the increased  S/L 
ratio  was responsib le  for the  decreased  
m em brane flu id ity  of the  ABL acantho
cy te s , w h e re a s  it w as th e  in c re a s e d  
cholesterol and C /P  ratio that was respon
sib le  for decreased  m em brane flu id ity  in 
spur cells associated w ith  liver disease.

ABL acanthocytes have an increased  
rate of autohem olysis w hich can be  cor
rected  by add ition  of norm al serum . Ways 
and  S im on53 have show n that the protec
tive factor(s) in serum  are contained in low 
density  lipopro tein  (LDL) and high d en 
sity  lipoprotein  (HDL). V itam in E, in its 
role as a biological antioxidant, appears to 
be re la ted  to the ten d en cy  tow ard au
tohem olysis o f acanthocytes. Kayden and 
S ilb er18 have show n that the major lipo
protein for plasma transport of vitamin E is 
th e  L D L  1.006 to 1.063 fraction , (be- 
talipoprotein). Lacking betalipopro tein , 
vitam in E levels in ABL patien ts are the 
low est recorded  in all hum an diseases. 
T hose small am ounts of detectab le vita
m in E in these  patien ts are predom inantly  
carried  by H D L. I t  has also been  shown

that the  autohem olysis te s t can be cor
rec ted  in  vitro  by adding vitam in  E to 
acanthocytes or in vivo  by p aren tera l in 
jections to  ABL patien ts.29

O ne o f the earliest m anifestations of 
V itam in E deficiency is the production  o f 
hem olysis by  exposure o f red  ce lls  to 
small am ounts of hydrogen peroxide (i.e., 
hydrogen peroxide hem olysis test). This 
te s t is strikingly positive in  ABL patien ts, 
b u t it can be corrected  by addition  o f vit
am in E .20 A canthocyte m icroviscosity is 
no t re la ted  to vitam in E levels,12 nor is 
acan thocy te m orphology a lte red  by its 
o ra l ad m in is tra tio n  to ABL p a tie n ts .5 
H ow ever, it has b een  im possible to d e
term ine w hich features o f ABL are due  to 
genetic alterations and  how  m any may be 
due to deficiency of absorption o f essen 
tial substances in the d ie t such as vitam in 
E. M uscular w eakness and  dystrophy, 
c e n tr a l  n e rv o u s  sy s tem  le s io n s  an d  
ophthalm ic changes, includ ing  retinal d e 
struction and increased  hem olysis o f red 
cells, are all features of experim ental vit
am in  E d e f ic ie n c y  in  an im als . If, as 
suggested, the major role o f vitam in E is as 
an antioxidant, it  may be that the  central 
nervous system  and  opthalm ic lesions of 
ABL are also re la ted  to vitam in E defi
ciency.29 Reports of the  benefit of long 
term  vitam in E therapy in ABL hold  prom 
ise that it may delay the  developm en t or 
progression of the neurological and  re ti
nal lesions.40

R ed cell survival in ABL is usually  shor
ten ed  and patien ts have frequently  show n 
m ild  anem ia, decreased  haptoglobin , re- 
ticulocytosis and bone m arrow erythroid  
h y p e rp la s ia .  A c an th o cy te s  h av e  d e 
creased m em brane flu id ity  and increased 
m icroviscosity ow ing to an increase in the 
S /L  ra tio . I t  seem s l ik e ly  th a t th e s e  
changes account for the  p rem ature d e
struction of the ABL acanthocytes, par
ticularly  o lder ones, by the sp leen. W hile 
the hem olytic state is never so m arked as 
th a t associated w ith  spur cell anem ia, this 
may be accounted for by the absence of
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co n g estiv e  sp len o m eg a ly  w h ich  is so 
,characteristic o f severe liver d isease w ith 
portal hypertension . O therw ise, it seem s 
likely that the  sp leen  behaves as has b een  
p rev io u s ly  d e m o n s tra te d  in  sp u r ce ll 
anem ia, tha t is, condition ing  the  acantho
cytes to transform  them  from a scalloped 
contour to a thorny  shape and  th en  finally 
destroying th em .12

H ypobetalipopro te inem ia

F a m ilia l  h y p o b e ta l ip o p ro te in e m ia  
(HBL) is an in h erited  d isorder o f lip id  m e
tabolism  w hich has b ee n  reported  in ap
proxim ately 12 fam ilies.26 T he heterozy
gous state seem s to be  characterized  by re
duction in the rate o f synethesis of struc
turally  norm al L D L 33 and  clin ically  is 
usually  asym ptom atic although some pa
tients have had  neurological problem s.37 
A can thocy tes a re  e i th e r  ab se n t or in 
freq u en tly  s e e n .7 M ars e t a l37 d em on
s tra te d  “ a c a n th o c y te s ”  in  a p p a re n t  
heterozygotes who had serum  cholesterol 
of less than  100 mg p er d l after incubation 
in tissue cu lture  m edia and autologous 
serum , b u t they  w ere no t no ted  spontane
ously on p eripheral blood sm ears. In  addi
tion, they  reverted  to norm al shape upon 
addition  o f hyperlipem ic or hypercholes- 
terolem ic serum , suggesting to some that 
they  may not have b een  true acanthocytes. 
L ipid  analysis o f  red  cell ghosts has shown 
norm al to ta l ch o leste ro l, p h o sp h o lip id  
and S/L ratio.37

T he hom ozygous state o f HBL is clin i
cally and  b iochem ically  ind istinguishable 
from classical ABL.6,7,17,26,42 Acanthocytes 
a re  fu lly  as n u m ero u s in  hom ozygous 
HBL as in classical ABL. T he red  cell 
lipids from Salt’s42 patien ts w ere studied  
by Shacklady e t a l44 who reported  results 
that w ere ind istingu ishab le  from those of 
classical ABL, i.e., increased  cholesterol 
and sphingom yelin  con ten t and reduced  
lino leic acid and  increased  oleic acid es- 
terified  to phosphatidy lcholine.

Secondary or acqu ired  HBL has been  
reported  in a w ide variety of m alabsorp

tion states and has occurred  bo th  w ith  
and  w ith o u t acanthocytosis. G racey e t 
aj 24,25 cjte n jne instances of m alnutrition  
and  in testinal m alabsorption in  Australian 
aboriginal infants w ith  p rom inent acan
thocytosis and HBL. T he acanthocytosis 
proved to b e  transien t, d isappearing  w hen  
g en e ra l n u tritio n  and  serum  b e ta lip o - 
proteins re tu rn ed  to normal. T he possib le 
role of vitam in E deficiency in the  infants 
w as n o t in v e s t ig a te d  b u t  w a rra n ts  
consideration.

Acanthocytosis w ith  N eurological 
D isease in  th e  A bsence of P lasm a 
L ip id  A bnorm alities

Acanthocytosis has been  reported  in  a 
n u m b er of fam ilies in  association w ith  
neurological d isease b u t w ithou t d iscer
n ib le  serum  lip id  abnorm alities.2,8,18,19,21, 
32,34 T he neurological abnorm alities have 
b een  ra ther varied, suggesting sim ilarities 
to H u n ting ton ’s chorea, C harcot M arie- 
T o o th  D is e a s e  a n d  th e  G il le s  d e  la  
T ourette  syndrom e rather than  the  long 
tract signs w ith  ataxia usually associated 
w ith  ABL. C ritch ley  e t a l19 described  the 
d istinctive clinical features as an extra- 
pyram idal m ovem ent d iso rder w ith  dys- 
ton ic , ch o re ifo rm  an d  a th e to id  m o v e
m ents, and  a w ide variety o f oro-facial tics. 
T he m ode o f inheritance has appeared  to 
be  both  autosom al dom inant and  reces
sive. T he acanthocytes have had typical 
m orphology, bu t are quantitatively  less 
than  those seen  in ABL, having b e e n  re 
ported  as up  to 50 p ercen t of the  red  cell 
population, bu t m ore often less than 20 
percent. All of the  cases have had  norm al 
serum  lip ids. S tudies o fth e  red  ce ll lipids 
have re v ea led  norm al ch o les te ro l an d  
phospho lip id  w ith  no change in  the  S/L 
ratio.2,8,21

L inoleic acid content was d esc rib ed  as 
norm al by Estes e t a l21 and d ecreased  by 
25 p e rcen t by B ird et al.8 A nu m b er of 
instances w ere  rep o rted  w here  norm al 
red  cells w ere converted  to acanthocytes
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w hen incubated  in  p a tien t’s com patible 
serum , suggesting tha t som e serum  factor 
m ay b e  re s p o n s ib le  fo r th e  a c a n th o 
cytosis.2' 21

In fan tile  Pyknocytosis— Vitam in E 
D eficiency

In  1959, Tuffy e t a l80 first described  a 
brisk hem olytic anem ia in infants in as
sociation w ith up  to 50 percen t d istorted 
and  contracted  erythrocytes w hich w ere 
referrred  to as pyknocytes. Com parison 
was draw n to the  acanthocytes in  ABL 
from w hich th e ir  “pyknocytes” could  not 
b e  d ifferen tiated  on a m orphologic basis. 
T he etiology o f the  anem ia was u n d e te r
m ined, b u t it was transien t and responded  
to transfusion therapy. Sim ilarly in 1967, 
Oski and  B arness41 reported  a hem olytic 
anem ia in  11 low b irth  w eight infants at 
six to 11 w eeks o f age, w hich they attri
b u ted  to vitam in E deficiency. T hese in
fants had  “ pyknocytes” th a t w ere sim ilar 
to those o f Tuffy e t a l,50 abnorm al hy
drogen peroxide hem olysis tests and low 
vitam in E serum  levels. T he hem olytic 
state and acanthocytosis w ere corrected 
by  adm inistration  o f vitam in E. It was 
suggested  th a t inadequate serum  vitam in 
E, a know n po ten t antioxidant, was as
socia ted  w ith  p ero x id a tio n  o f red  cell 
lip ids w hich bound  free sulfhydryl groups 
leading to  decreased  red  cell life span.

This m echanism  has b een  supported  by 
the  com prehensive studies o f vitam in E 
defic ien t rats by Jacob and  Lux.28 T he 
ca ses  o f a c an th o cy to s is  sec o n d ary  to 
m a la b so rp tio n  a n d  h y p o b e ta lip o p ro -  
te inem ia repo rted  by Gracey e ta l24,25 bear 
g reat sim ilarity to those o f infantile pyk
nocytosis, suggesting  tha t these  infants 
m ay also have had vitam in E deficiency.

M cLeod P heno type of the  K ell Blood 
G roup System

In 1961, A llen e t a l1 repo rted  a new  Kell 
blood  group system  phenotype w hich was

designated  M cLeod. T he report of W im er 
e t a l55 in 1977 drew  attention  to th e  fact 
th a t  th e  re d  c e lls  in  th e  M cL eo d  
p h e n o ty p e  s h o w e d  p ro m in e n t  a c a n 
thocytosis and  w ere  associa ted  w ith  a 
com pensated  hem olytic process. In  study
ing the  p ropositus’s peripheral b lood  over 
a period  o f several m onths, the proportion 
o f acanthocytes varied from e ig h t to 85 
p ercen t w ith  approxim ately 25 p ercen t 
found w ith  im m ediate  fixation as used  for 
sc a n n in g  e le c tro n  m icroscopy . S erum  
trig lycerides, lipopro teins and cholesterol 
w ere perform ed ru ling  ou t the possibility  
o f ABL. T h ere  was ev idence o f a com pen
sated  hem olytic state w ith  m oderate re- 
ticulocytosis, decreased  serum  haptoglo
b in  and slight splenom egaly w ith  norm al 
osm otic fragility and  autohem olysis. T he 
p ro p o situ s’ m o th er an d  tw o dau g h ters  
w ere m osiacs w h en  te s ted  in  the  K ell 
blood group, and  they  also had up  to 10 
percen t acanthocytes. T heir reticulocytes 
w ere also slightly  e levated . T he w ork o f 
M a rs h 38 has d e m o n s tra te d  th a t  th e  
M cL eod p h en o ty p e  is in h e rite d  as an  
X -linked characteristic and their red  cells 
lack Kx, a precursor-like substance, that 
appears to be  necessary  for the  p roper 
b iosynthesis o f Kell antigens. M arsh also 
rep o rted  th a t norm al phagocytic leuko
cytes have Kx an tigen  w hereas the leuko
c y te s  o f  m a le  p a t ie n ts  w ith  ch ro n ic  
granulom atous disease (CGD) do not.

B ecause of the Lyon phenom enon of X 
chrom osom e inactivation, fem ale carriers 
o f th e  M cLeod p h eno type and C G D  have 
m osiac popula tions o f Kx positive and 
n eg a tiv e  red  ce lls , or Kx positive and 
n egative leukocy tes, respectively . I t  is 
p roposed  that, the com m on allele called 
X Jk orders synthesis of Kx by phagocytic 
le u k o c y te s  a n d  re d  c e lls  in  h e a lth y  
peop le, w hereas inheritance of a variant 
Xk allele  leads to absence of Kx on leuko
cytes and C G D , absence of Kx on red  cells 
and the M cLeod syndrom e or absence of 
Kx on both  leukocytes and red  cells in 
p atien ts w ith  both  d iseases.38
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The m osiacism  o f fem ales proves that 
the Kx is a property  of the  red  cells them 
selves and is not acqu ired  by passive ab
sorption from plasm a. T his is further sup
ported  by the  inability  to convert M cLeod 
acanthocytes to norm al m orphology by in 
cubation  in norm al p lasm a or convert 
norm al cells to acanthocytes by incuba
tion in M cLeod plasm a.22 Galey e t a l22 in 
stu d y in g  M cL eod  acan th o cy tes  found  
them  to have norm al m em brane lipids, 
m icroviscosity an d  electro ly te transport, 
bu t osm otic w ater perm eability  was 30 
percen t below  normal.

L ittle is know n of the b iochem ical na
ture of the an tigen ic determ inan t of the 
Kell system. In d irec t evidence, how ever, 
suggests tha t the  Kell an tigen  system  may 
be attribu tab le to a polysaccharide, and it 
has b een  suggested  that the Kx antigen 
may be a m arker on a structural p ro tein  to 
w h ich  th e  K ell spec ific  sugars are a t
tached.38 Galey e t al also cite ind irec t ev i
dence  re la ted  to th e  dem onstra ted  d e 
creased osm otic w ater perm eability  and 
its know n association w ith  a ltered  sulf- 
hydryl bonds to suggest that the  M cLeod 
cell abnorm ality  is due to a pro tein  altera
tion. O bviously, confirm ation m ust aw ait 
a deta iled  study o f its m em brane proteins.

In  any even t, M cL eod acanthocytes, 
w hich are m orphologically ind istingu ish
ab le  from all o th e r  a can th o cy tes , are 
so m ew h a t u n iq u e  in  th a t w h ile  m ost 
others have som e dem onstrable lip id  ab
norm ality , th ese , instead , have norm al 
lipids and  a high probability  of a prim ary 
m em brane p ro te in  alteration. Such an as
sociation o f an a lte red  m em brane struc
tural p ro tein  w ith  acanthocytosis w ould 
be com parable to th a t stom ato-sphero- 
cytosis and hem olytic anem ia show n to be 
characteristic o f  th e  Rh null blood type.48 
As recently  suggested  by Schm idt,43 the 
p o ss ib il i ty  o f  f in d in g  a d d itio n a l n u ll 
blood types in a w ide variety  of hem olytic 
states w ith  a ltered  red  ce ll morphology, 
may be a fertile field  for investigation in 
the future.

M iscellaneous C onditions

A canthocytes have also b een  reported  
in a num ber o f d iverse clinical situations. 
B recher e t a l10 have noted  two to 10 per
cen t acan thocy tes in  post-sp lenec tom y 
patients. It is suggested  that these  cells 
a re  p ro b a b ly  c o n tin u a lly  m ad e  a n d  
prom ptly  rem oved by the spleen. N oting 
tha t th e ir num bers gradually increase for 
several w eeks follow ing splenectom y, it 
appears that th ey  then  enjoy a longer sur
vival un til a stab le  p lateau is reached . 
Two to five p ercen t acanthocytes w ere 
found in hypothyroidism , re ticu lum  cell 
sarcoma, psoriatic skin lesions and in one 
infant w ith  unexp lained  possibly congen
ital hem oly tic  anem ia. H orton et a l27 re
ported  rare acanthocytes in 19 percen t of 
th e ir patien ts w ith  hypothyroidism . T h eir 
incidence could  no t be correlated  w ith  the 
level of serum  cholesterol or thyroxine, 
b u t they  felt that they  tended  to b e  as
sociated w ith  the  m ore advanced cases of 
hypothy ro idi s m .

For the m ost part, the acanthocytes d is
appeared  follow ing response to therapy. 
W ardrop an d  H u tch in so n ,51 w h ile  n o t 
specifically referring  to them  as acantho
cytes, repo rted  the association o f sim ilar 
ce lls  in  h y p o th y ro id ism . O th e r  c i te d  
conditions in  w hich  acanthocytes have 
b e e n  found  in c lu d e  anorexia nervosa , 
p a n h y p o p itu i ta r is m , c a rc in o id  tu m o r 
m etastatic to the  liver w ith hem olysis and 
h y p o p las tic  a n e m ia .14 T hey  h av e  also 
b een  found in dogs in association w ith 
sp len ic neoplasm s consisting o f hem an
giomas or hem angiosarcom as.23

T he com m on feature shared by all of the 
th ese  conditions is that those acan tho
cytes w hich  w ere no ted  have form ed a 
m inor p ro p o rtio n  o f th e  to tal re d  ce ll 
p o p u la tio n . In  th o se  in stan ces w h e re  
m em brane lip ids have been  m easured , 
they  have b een  norm al. Furtherm ore, i t  is 
no t en tire ly  clear from the p u b lish ed  re 
ports w he ther all of the cells have been  
true acanthocytes. Clearly, the  possib ility
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o f e c h in o c y te s , sch izo cy tes  an d  n o n 
specific poikilocytes may no t have been
com pletely excluded.
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