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How Old Are Dense Red Blood Cells? The Dog’s Tale

To the Editor: was biotinylated, as with dog 794, where the most dense fraction was
95% B-RBC at the same time point. Even at day 93, the densest fraction
Decades ago it was observed that young cohorts of radiolabeledf dog 794 RBC was still 84% B-RBC, demonstrating a remarkable
human red blood cells (RBC) became progressively enriched in thesnrichment of old RBC in this highly dense fraction.
more dense cell fractions as the cohorts agedias also shown that the Our results clearly provide greater justification for use of density
most dense cells were short-lived in circulation after reinfusion into thegradient centrifugation for isolation of senescent RBC than previous
donor? Consequently, density gradient centrifugation has served as thetudies using rabbit biotinylated cells have indicatéd.least part of
cornerstone methodology for the isolation and study of senescenthe difference between the two studies may be due to the different
human RBC. However, such studies have not quantitatively assessaflethods used for identifying B-RBC. The purity of the rabbit's most
the degree of enrichment for old cells in dense fractions, and thedense fractions was likely underestimated, because the bead-binding
observed dispersion of RBC cohorts of any particular age throughoukssay used in that study is much less sensitive than flow cytometry to the
the entire density gradient has been bothersome to fany. presence of the biotin lab&Also, the high percentage of random RBC
Quantitative studies of this issue in animals have generally intensifiedemoval in the rabbit and most rodeRé! raises questions whether the
the controversy. Experiments on hypertransfused rats have shown thatsenescent cell recognition mechanism is similar to humans and dogs in
progression of cells to higher densities (measured by mean corpusculaiese smaller species. Finally, differences in the centrifugation media
hemoglobin concentration [MCHC]) occurs early in the RBC life span, (Percoll-Hypaquer arabinogalactan) could have significantly affected the
suggesting that density changes in rats are associated primarily with

maturation rather than senesceh@milarly, hypertransfused mice have 100
been shown to display minimal age-associated changes across RBC dens
fractions>® Analysis of biotinylated rabbit RBC (B-RBC) cohorts during 80
their last 10 days of survival has shown an enrichment of only twofold to O
threefold over unmarked (younger) cells in the most dense fracdtiandg, @ 60
these senescent B-RBC comprise ofyof the RBC in the dense Cb
fraction. Such results have tended to raise questions regarding th « 4q
validity of density fractionation as a tool for isolating senescent RBC. %
We have been evaluating RBC senescence in the dog based on tl % 20
conviction that the dog is a more appropriate model of human RBC A
senescence than are small laboratory mammals. This assumption 0 ' 3
justified by strong similarities between human and dog RBC in 0 20 40 60 80 100

important features such as their comparatively long life spaid( to

120 days) and their low amounts of random RBC loss. We have A. DOg 331
validated the biotinylation system for use in the dog and have showr

that cells greater than 104 days exhibit many characteristics o 100
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senescent human cells (manuscript submitted), including increase
autologous IgG bindin§We have now used this unequivocal method of O 80~
retrieving aged dog RBC to address two important questions: (1) a M
what cell age do RBC become a significant component of the mos QF 60
dense fraction of cells? and (2) what is the approximate age distributior  Q
of the 1% most dense cells in circulation? We predicted that cellsinall & 40
fractions would be~100% biotinylated at day 1 and that, with time, the 8
percentage of nonbiotinylated cells would increase, beginning in the &5 20
lightest fraction and progressing to the most dense fraction. A
As shown in Fig 1, isolation of dog RBC on arabinogalactan density 0
gradients resulted in a crude cell age-based separation, with younge 0
unlabeled cells usually but not invariably entering fractions of increas- B, Dog 794 Days
ing density consecutively. Further, unlabeled RBC entering circulation
after biotinylation were generally excluded from the most dense—A— Unfractionated --@-- Fraction 2 —— Fraction 4
fraction for much of the RBC life span (see hatched squares in Fig 1) O Fraction 1 --[}-- Fraction3

Thus, dog 331 showed 6% nonbiotinylated cells in this fraction until
after day 72, but contained25% of the younger cells at day 86 (Fig  Fig1. Two mature male beagles were infused intravenously with
1A, Table 1). Dog 794 showedg5% nonbiotinylated cells until day 86 N hydroxysuccinimido (NHS)-biotin (35 mg/kg body weight in di-
and wasn't significantly contaminated with younger cells until betweenmethyl sulfoxide) to biotinylate all circulating RBC (99% each), as
days 93 and 100 (Fig 1B, Table 1). described.® One dog (794) was recovering from an idiopathic anemia
The separations between days 72 and 105 allowed us to characteri28d had @ low normal hematocrit of 37% at labeling that increased to
the approximate age distribution of the 1% most dense RBC (Table 1).52% by day 48, resuiting in a partial cohort effect. The other dog (33.’1)
. . L . was assessed to be completely normal. Blood was taken for density
For instance, analysis of dog 331 cells at postblotlnylfdtlon day 86gradient centrifugation at roughly 2-week intervals initially and then
showed that the most dense fraction contained 76% biotinylated RBCyyeekly from day 86 to 105 to determine the proportions of B-RBC in

indicating that only 24% of the RBC were younger than 86 days old. Aeach density fraction (by flow cytometry) with increasing mean cell
sharper age dependency was obtained when a younger cohort of celige. Fraction 4 contains the densest 1% of RBC.
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Table 1. Age Distribution and Purity of In Vivo Aged, Michael Rettig
Biotinylated RBC in the Most Dense Fraction of Arabinogalactan Philip S. Low
Fractionated Dog Cells Department of Chemistry
- Purdue University
gs:tnsgt]:cej Post-Biotinylation Day West Lafayette, IN
RBC Population 72 86 93 100 105
Agg range (d): 72-115 86-115 93-115 100-115 105-115 REFERENCES
Estimated mean cell
age (d)* 94 101 104 108 110 1. Borun ER, Figueroa WG, Perry SM: The distribution of Fe59
Purity (% biotinylated tagged human erythrocytes in centrifuged specimens as a function of
cells) cell age. J Clin Invest 36:676, 1957
Dog 331 (random 2. TenBrinke M, Regt JD?!Cr-half life of heavy and light human
age) 94 76 56 42 33 erythrocytes. Scand J Haematol 7:336, 1970
Dog 794 (partial 3. Clark MR: Senescence of red blood cells: Progress and problems.
cohort) 98 95 84 60 45 Physiol Rev 68:503, 1988

4. Ganzoni AM, Oakes R, Hillman RS: Red cell agingivo.J Clin
Invest 50:1373, 1971
5. Morrison M, Jackson CW, Mueller TJ, Huang T, Dockter ME,

results, because in our hands arabinogalactan gradients yield a hi h\e/\r/a”«_:‘r WS, Singer JA, Edwards HH: Does cell density correlate with
' 9 9 M 9 d cell age? Biomed Biochim Acta 42:5107, 1983 (suppl)

; ) f
percentage of senescent cells in the dense fraction than do Percol?e. Mueller TJ, Jackson CW. Dockter ME, Morrison M: Membrane

gradients. skeletal alterations durinig vivo mouse red cell aging, increase in the
) o ,
In summary, these results confirm that tsd% most dense RBC 4.12:4.1b ratio. J Clin Invest 79:492, 1987

from dogs represent a predominantly aged population of cells. Labeling 7. Dale GL, Norenberg SL: Density fractionation of erythrocytes by

a cohort of young cells further enhances the enrichment for old RBC in_ *° ' T . )

this fraction. To the extent that canine RBC serve as an accurate mod Fiercoll/hypaque results in only a slight enrichment for aged cells.
%iochim Biophys Acta 1036:183, 1990

8. Christian JA, Rebar AH, Boon GD, Low PS: Senescence of canine

for human RBC, it can be concluded that the changes that occur late in

the human RBC life span and trigger RBC removal can be studied by . ~: : L
biotinylated erythrocytes: Increased autologous immunoglobulin bind-

ing occurs on erythrocytes agéa vivo for 104 to 110 days. Blood

fractionating the cells on arabinogalactan density gradients.
82:3469, 1993
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Reduced Spectrin-Ankyrin Binding in a South African Hereditary Elliptocytosis Kindred
Homozygous for Spectrin St Claude

To the Editor: spectrin dimer self-association deféctwo probands from a white
South African kindred with severe HE, characterized by partial spectrin
Attached to and supporting the inner leaflet of the erythrocytedeficiency in the membrane, 25% spectrin dinfesnd severely
membrane is a two-dimensional network of spectrin filaments thatdecreased spectrin-ankyrin bindihgiere further investigated to iden-
crosslink actin. Spectrin heterodimers consist otxaand@ monomer  tify the underlying spectrin mutation. The close association of spectrin
closely associated in an antiparallel fashion. Spectrin is divided into fivesubunits in the heterodimer allows a defect in one chain to manifest
a (I-V) and four B (I-IV) spectrin structural domains by tryptic itself as an alteration observed in the second chain. To identify the
digestion! The primary structures of both chains are dominated by defective proband spectrin subunit, reconstituted hybrid spectrin dimers
tandemly repeated 106-amino acid homologous repeat rhttésfold prepared from control (C) and proband (P) monoherere assayed.
into triple helical bundles. Spectrin attaches to the lipid bilayer throughThe hybrid spectrin-ankyrin binding assays in Fig 1 show the effect of
an association with the integral band 3 protein via ankyrin, which bindsincreasing amounts of hybrid spectrin dimer competitor on the amount
repeats 15 and 16 d§ spectrin. Spectrin dimers self-associate into of control'23-labeled spectrin dimers bound to spectrin depleted inside
tetramers in a head-to-head fashion via reciprocal interactions of the out vesicles. QCg and GPg were better able to compete with the
spectrin repeat’ with repeat 17 of spectrint labeled control spectrin for free ankyrin binding sites tha€dfand
Hereditary elliptocytosis (HE) is a disorder characterized by ellipto- P,Ps. Thus, a proband spectrin defect reduces the ankyrin binding of
cytes on peripheral blood smears and is most commonly caused by the adjacenf3 spectrin. Quantitation of hybrid spectrin dimer self-
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