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Ab ·tract 
The numher of erythrocytes fell when co-cuJtured with cell preparati ns derived from m u e pleen. thymu . bone marrow, 

or peritoneal exudate PE) cells. Erythr cyte-depletion activitie (EDA) of different leukocyte preparation were in the order 
PE > pleen > thymu > bone marrow. Adherent, nonadherent. T-depleted, and T-enriched cell ubp pulations had compara­
ble EDA. Spleen cell from athymic nude mice, however. lacked significant EDA. In addition, EDA wa boosted by on­
canavalin A (Con A) but not by lipopolysaccharide. indicating that T cells may play a crucial r le in inducing EDA in pleen 
cell . Paraformaldehyde-fixed spleen or PE cell as weU a membrane preparations i olated from pleen cells, efficiently ly ed 
erythrocytes. Erythrocyte ghost membrane inhibited erythrocyte lysis by control or paraformaldehyde-fixed pleen cell . 
1reatment with hamster anti-mou e Fas r anti-mou e tumor necro i factor receptor ('JNFR) antibouy ould op onize ery­
throcyte for fa ter depletion by spleen cell suggesting an expression of Fas and TNFR on erythrocyte . TNFcx could l e 
erythro yte in a do e-dependent fa hion. Additionally, enhanced spleen cell EDA induced in response to uccenyl Con-A 
could be blocked by anti-TNFcx antibodies. Our result provide evidence for a direct cell-mediated cytotoxicity (CM ) of 
erythrocyte by leukocytes. A role of molecule of Fas and the TNF family in CMC of erythroc te ha al o been ugge ted. 
Further work is needed to understand if. and to what extent, CMC f erythrocytes contribute t erythrocyte de truction in 
vivo and to determine it patho-physiologjcal significance. Inc J Hematol. 2000;71:227-237 
©2000 The Japane e Society of Hematology 
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1. lntrodul1 ion 

The human body has 3 to 5 x 1011 erythrocyt in circu­
lation . It is e timated that the average life span of erythro­
cytes i about 100 days (50 days in rodent [1.2). About 
1 % of aJI erythrocytes (2% in rodents) must therefore e 
killed each day, and in order to sustain the levels of circu­
lating erythrocytes an equal number mu t be added daily 
t the circuJation. Processes of erythropoiesis and erythr • 
cyte destruct.ion must be finely balanced to ensure that the 
equircd number of erythrocyte stay in circulation, and 

they must be flexible enough to meet contingencie arising 
from sudden lo of bl od or increased demand in oxygen-
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carrying capacity in hypoxic condition . umbers of ery­
thro yte can change and remain high (polycythemia) o r 
low (anemia), and the e hifts must be accounted for by 
altered rates of erythrocyte generation and/or de truction. 
In order to understand the homeosta i of erytbr cyte , 
mechani ms involved in their generation and destruction 
must be clearly understood. Although a great de I is 
known about the proce s of erythrop ie is and the r le 
played by a variety f cyt kin s and growth factor in this 
process [3-6J, the mechani ms involved in the destruction 
of erythr cyte: are not well understood. It i believed that 
aging erythro ytes are trapped in the spleen and bone 
marrow, where phagocytic cells of the reticul endothelial 
sy tern remove the e cells [7,8]. How aging erythr cyte 
are recognized by the phagocytes is not clear, alth ugh 
there are everal speculation in the literature about the 
proces of enescen e of erythrocytes and the changes that 
may lead to their recognition by the reticuJoendothelial 
system [ -12]. Opsonization of ene cent erythr cytes by 
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antibodies and complement to faci!i1ate their phagocyto­
i h al O been uggested rl3 14]. 

Although erythrocyte turnover has been accurate! 
assessed in vivo [l 2J elucidation of various mechanism 
directly involved in erythro yte de lructio11 in vivo are not 
fully under lo d. It is also n t clear if mechanisms other than 
phagocyto is participate in erylhro yte destruction in vivo. 
In the presenl study. we have used an in vitro co-culture ys­
tem to examine the mechanism of erythrocyte destruction 
by leukocyt . Evidence has been obtained for direct cell­
mediated cytotoxicity (CMC) of erythrocytes by leukocyte 
which, to our knowledge, has not been demonstrated o far. 
In addition , our results al o suggest that the tumor necrosi 
factor (TNF) fami ly of molecules may be involved in the 
mechanism of erythrocyte ly is by leukocyte . 

2. Materials and Methods 

2.1. Animal 

Inbred female C57Bl/6 mice ( to 12 weeks old) used in 
this tudy were bred and maintained in the animal b u e 
facility in Jawaharlal ebrn Univer ity, New Delhi. India. 

ude (nu/nu) mice were obtained from the National ln ti­
tute of utritioo ( rN). Hyderabad, India. 

2.2. Culture Medium 

oless otherwise pecified, all the cullw·e work wa done 
in RPMI-164 from Sigma (St. Loui MO, USA) upple­
m nted with 10% fetal caJf serum F 'S), 2 x 10- M 2-mer­
captoethanol (ME), 300 µg/mL glutamine, and 60 µg/mL 
gentamicin (complete medium or CM). 

2.3. Reagents and Other upplies 

pecial reagent u ed in thi study and their ources are a 
follow . Lympholyte M (Cedarlane Laboratorie , Canada ; 
Paraf rmaldehyde (S. D. me HEM. India); Carbonyl iron, 
Concanavalin A (Con A), succenyl Con-A (SCA). and Jipo­
poly accharide (LPS) ( igma); purified hamster anti-mouse 
Fas monoclonal antibody (PharMingen, San biego, A 
USA : purified anti-TNF receptor antibody (Genzyme, 
Cambridge, MA, USA); hamster immunoglobulin (IgG: 
Organoo Teknika, West Che ter, UK); 1NFcx, anti-TNFa 
antibody (R&D Sy rem , Minneapolis. MN, USA); DCCM2 
serum-free culture medium (Biological Industries, Oshrat, 
l rael); and all plastic disposable culture ware (Coming 

ostar, Bodenheim, Germany). 

2.4. Effector Cells 

Isolation of arious mou e leuko yte preparation ha 
been described before [1 ]. To get erytnrocyte-free pleen 
cells, erythrocytes wer r mo ed by hypotonic hock. Spleen 
cell were pelleted (1800 rpm x 5 minute ), and 500 µL of 
sterile water was added to the pelle1 drop by drop and the 
tub was vortexed for 15 econds followed immediately by 
the addition of an equal volume of 2x phosphate buffered 
sal ine (PBS). The effector cell were fixed by adding 500 µL 

of I% paraformaldehyde to loosened the cell pellet. CeJJ. 
were washed 4 time with medium (RPMl-1640 + 2% F S) 
and u pended at desired concentrations in CM. 

2.5. Targer Cells 

Mouse blood wa collected aseptically by eye bleed. Th 
blood wa ollected into a tube containing sterile PBS. The 
ells were washed thrice using sterile PBS. The erythrocyte 

pellet wa then su pended in M. These cell preparation 
Wt!re >99.9% erythrocyte , and were used as such. In some 
experiments, a purer preparation of erythrocytes wa 
obtained by layering the erythrocyte uspen ion on 500 µL f 
Lympbolyte M, followed by centrifugation t 1500 rpm for 
20 minutes. Pelleted erythrocytes were washed 4 time with 
RPMl-1640 medium containing 2% FCS and uspended in 

M at the desired concentration. 

2.6. Fractionation of Mou e Spleen. Cells 

Spleen cell preparati ns were depleted of adherent and 
phag ytic cells by pla tic adherence and carbonyl iron and 
magnet treatment, or enriched for cells by pa age through a 
nylon wool column (NWC),a de cribed previously [15).NWC­
pa · d cells were >75% positive for D3, a essed by flow 
cytometry. For depleting cells by anti-Thy-1 + C treatment 
[16), 120 x 106 spleen cell were u p oded in 6 mL f Ox 
concentrated supernatant of hybridoma TIB99 (anti-TI1y-l 
antibody) and incubated oo ice for 30 mjnute Rabbit erum in 
the amount o{ 1.8 m L wa added a the source of complement. 
and incubation proceeded at 37°C for 1 hour. Cells were 
wa bed 3 times and suspended in CM. By flow cytometr . 
T-depleted preparation had fewer tban 2% CD3-po itive cell 

2. 7. Preparation of Spleen Cell Membrane 

Spleen cells (25 x 106) were su pended in buffer A (0.01 I 
tris HCI. pH 7.4 0.001 M MgCl2, O.OOIM KCI) and frozen at 
-70°C for 15 minutes. The uspen ion was frozen ano 
thawed repeatedly (5 to 6 time ) to break the cells. Cell us­
pensions were checked under Lbe micro cope to ensure that 
all the cell were ly ed. The pH of the usp n ion was 
adju ted to 8.0 with tri base, and the uspension wa tined 
at 4°C (or tO minute . The uspen ion was then centrifuged 
al 1500 g for 5 minute , nd sup rnatant was coJlected in a 
terile tube. The p llet wa wa hed repeatedly with buffer B 

(0.15 M aCl, 0.01 M tri HCI, p .0) until the supernatant 
was clear. The combined upernatant was centrifuged at 
2000 g for 10 minutes lo remove the debris and then at 
105,000 g for 1 hour to pellet the membranes. The mem­
brane was suspended in terile PBS or RPMI-1640 (plain 
m dium and kept frozen at -70°C. 

2.8. Preparation of Erythrocyte Gho l · 

To erythrocyte pelle (30 x 106 ell ), 25 m f aH2PO• 
wa added (10 mM NaH2P04• pH was adjusted to 7.4 by l 

a OH). The suspension wa centrifuged at 20,000 g for 40 min­
ute . 1l1e process was repeated 3 to 4 time until the super-
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oatant wa colorless or a faint pink. The pellet wa again 
wa hed in PBS, and erythrocyte gho t were su pend d in CM. 

2.9 Determinauon of EDA of Different Effector Agents 

Erythro ytes (5 x 106/mL) were c -cultured with diff rent 
type f leukocytes membranes, or TNF at indicated con­
centrations for up to 3 days at 37° in a CO2 incubator. At 
different time points, residual erythrocytes in cultnre were 
e timated by counting in a hemocytometer. A ay well were 
generally set in duplicates or triplicates. For each assay well, 
at least 200 erythrocyte were counted in the hemocytome­
ter, and variation within replicates were generally within 
%. For the ake of clarity, mean counts of surviving ery­

throcyte ha e been plotted as percentage of erythrocyte 
added in the beginning of th culture (5 x l(Yi/mL until oth· 
erwi e mentioned). Each experiment was done 4 to 6 time 
and repre entative data have been shown in each ca e. 

2.10. Chromium Release As ay of C totoxicity 

Erythrocyte were labeled ith sodium chromate 
(Cr51) for l hour, washed 3 times, and suspended in CM 
(10 x 106/mL) . Effector cell at d ired concentration were 
distributed in 96-well microte t plate (0 1 mL/well). 
Labeled erythr cyte were added (0.1 mUwell), and pJates 
were centrifuged (400 rpm x 5 minutes) and incubated in a 
CO2 incubator for 1 or 2 days. Spontaneous relea e of 
chromium from rythrocytes was 30% to 40% on day 1 and 
40% to 50% on da 2. Maximum release of chromium by 
water ly is was about 95%. Calculation of lysis from 
cbrornium-relea e data as done a before [17]. 

3. Results 

3.1. Depletion of Erythrocyte Co-Cultured With 
Leukocyte Preparations 

ffect of leukocytes derived fr m different lymphoid 
organ on t he survival of erythrocyte in vitro was tudied. 
Erythrocyte-free cell preparation from spleen, thymus, bone 
marrow. and peritoneal Javage were c -cuJtured with blood­
derived erythrocyte for 3 days. The numbers of e1ythrocyte 
that urvived on days l, 2, and 3 of the culture were asse ed 
by counting in a hemocytometer. R e ults of a typical e peri­
ment are shown in Figure 1. About 80% of the erythrocytes 
urvived when cultured aJone for 3 day Co-culturing with 

different leukocyte preparations resulted in a loss of erythro­
cytes. PeritoneaJ exudate (PB) elJs were most efficient in 
removing erythrocytes (no erythrocytes survived in this case 
even on econd day). In general, the erythrocyte-depletion 
ctivily (EDA) of different leukocyte preparations was in the 

following order: PE > spleen > thymus > bone marrow. 

3.2. EDA of Spleen Cell ubpopulations 

Becau e phagocytos1 is believed to be the primary 
mechani m of erytbro yte de tru ti n. EDA a sociated with 
leukocytes ould be due to the presence f phagocytic cell 
like macrophages in the effector cell preparations. Removal 
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Figrue 1. urvival of erythrocytes co-cultured with different prepara­
llOn of leukocyte C57BV6 erythrocytes (S Y l06/mL) were mixed with 
an equal number of cells derived from erythrocyte-depicted spleen. 
bone marrow. thymocytes, and peritoneal eimdate cells and cultured in 
complete medium for 3 days. The urvivsng erythrocytes were deter­
mined on days L, 2, and 3 of the ulture. ach point on the graph repre­
sent th mean of 2 replicate observation . 

of macrophage and ther phagocytic cells should, in that 
case. lower the EDA of effector cell preparation . Result m 
Figure 2A, however, how that the EDA of adherent spleen 
cells ( enriched in macrophage ·) was not higher than that of 
unfractiooated spleen cells. In addition, plastic nonadherent 
pleen cell . further depleted of phagocytic cells by CoFe 

and magnet treatment (>90% depletion), not only retained 
their EDA but were more efficient than uofractionated 
pleen c JI on the econd day of culture Figure 28). In 

these exp riments, enrichment or depletion of macrophages 
was confinned by direct morphological examination, a well 
a by esterase taining criteria. 

Spleen cell passed th rough an WC (enriched forTcells) 
were le efficient than unfractionated spleen cells (Figure 
2C). Depletion of T cells by anti-Thy-1 + C treatment had 
no effect oo EDA (Figure 2D . These re ults uggest that 
adherent , nonadherent, T-depleted. and T-enriched subp p­
ulati n may au contribut to the EDA of spleen cells. 
Interestingly, however, spleen cells from athymic nude mice 
had vi rtually no EDA (Figure 3), indicating that T cells 
may be required for the generation of EDA in spleen celJs, 
even th ugh they are unlikely to be exclusive mediators of 
erythrocyte depletion. 
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Figure 2. Effec1 of co-culturing wilh control. pla tic adherent, plastic nooadherent, T-enriched, and T-depleted pleen cell on the survival of ery· 
throcyte ·. Erythrocyte from C57BU6 mice (5 x 1()6 ceUs/mL) were cultured in complete medium with or without equal numbers of effector cells 
(unfractionated or plastic adhtiren1 spleen cells [panel AJ, nonadherent pfoen cells [panel BJ, T-enriched spleen cell passed through a nylon wool 
column (panel CJ, r anti-Thy 1 + - treated spleen cells (panel DJ). Surviving erythrocytes in cullure wer determined on days l. 2, and 3 of the cul­
ture. Each point on the graph depicts a mean of 2 replicate culture wells. 

3.3. Augmentation of EDA by T-Cell Mitogen 

Addition of -cell mitogen Con-A resulted in a marked 
boosting of EDA in spleen-, thymus-, and bone marrow­
derived cells, whereas B-cell mitogen LPS did not activate 
EDA in spleen cells (Figure 4). Con-A. being a tetrameric 
molecule with 4 carbohydrate binding sites, i known to agglu­
tinate cells. The effect of Con-A on EDA vas. however, not 
attributable to a bridging of effector and target cell becau e 
SCA, a monomeric form of Con-A had effects similar to 
tetrameric Con-A (re ults not hown). The e results also sug­
gest that T cell may have a role in inducing EDA. 

3.4. Evidence for the Involvement of a Non ecretory 
Pathway of Cytotoxicity in Killing of Erythrocytes 

Results o far uggested that noophagocytic effector cell 
may contribute to the EDA of pJeeO cells. The secretion of 

erythrolytic factors by control or Con-A- activated spleen 
cells, a a possible mechani m o EDA, was con idered. Cul­
ture superaatants from control or Con-A-activated spleen 
cell preparations had no erythrolytic effect (results not 
shown). This finding indicated that control or mitogen-acti­
vated pleen cells did not release any erythrolytic mediator. 
Some soluble mediator of lysis, like cytoly in and it com­
plements, require the presence of calcium ions f r mediating 
their effect [18,19]. EDTA at a concentration that chelate all 
free calcium in the culture medium had no protecti e effect 
on erythrocytes, indicating that calcium ion were not 
required for erythrolytic effect of spleen cells (Table 1). In 
these experiment a erum-free culture medium was used 
because the presence of serum would add an unspecified 
amount of calcium ions to the medium. The possibility of 
some other soluble erythrolytic mediator(s) was also exam­
ined hy using the culture y tern in which spleen effector 
cell and erythrocytes were eparated by semipermeable 
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Figure 3. Dose response of the ery1hrocidal effecr or pleen cells from euthymi and athymic mice. rythrocytes (5 x 10° cell /mL) were co-cultured 
with different given concentrations of spleen cells (rom euthymic or nude athymic mice. The number of surviving erythrocytes was detennined on day 
I and 2 of cuU-ure. Each point on the gr, ph represents the mean of 2 replicate culture wells. 

membrane (Co tar Tran well ). Also in these experimenL 
no evidence of erythrocyte killing by spleen cell separated by 
semipermeable membranes wa obtained (re ults not bown). 
The ere ults negate the p sibil ity of involvement of soluble 
faclor mediating erythrolytic effect and sugge t that a direct 
cell-to-cell interaction ma be needed for erythrolysis. 

Re ult in Figur 5 show that fixing of effector cell prepa­
rations by parafonnaldehyde did not abrogate the EDA of 
spleen cell . Indeed. spleen EDA wa ignificantly enhanced 

if the eff ctor ceU were paraformaldehyde fixed. Fixing of 
spleen cells from athymic nude mice had no effect on their 
E DA, whi h remained very low (result not shown). TI1e fix­
ing of peritoneal exudate cells. which would abrogate their 
phagocyiic activity, reduced but did not abol i b their EDA 
(Figure 5). Similar results were btained if other fixatives 
were u ed, such as glutarnldehyde and formaldehyde (results 
not shown). Lysis of erythrocyte by paraformald hyde-fixed 
spleen cells was also examined by chromjum-releas assay of 

Open symbols, Controls 

U) 100 100 Cl) - Spleen >, 
CJ cells 0 ... 80 ± Con-A 80 .c ->, ... 
Cl) AGO B 60 -0 

CV 
> 
> 

40 40 
... 
:J 
Ill 20 20 -C 
Cl) 
u ... 0 0 Cl) 
a. 0 2 3 4 0 

Closed symbols, +Con-A 

100 
Thymocytes !:Jone Marrow 

± Con-A ce Is ± Con-A 
80 

C 60 

40 

20 

0 
2 3 4 0 2 3 

Days 

100 

80 

D 60 

40 

20 

4 
0 

0 2 

Spleen 
cells 

LPS 

3 4 

Figure 4. Clearance of erythrocytes from culwres of control and on A- treated plccn, thymu , bone marrow. and peritoneal exudate cell from 
C57Bl/6 mice. A mi,cturc of effector cell preparations derived from sple n, thymus, and bone marrow incubated wi th erythrocyte from C5781/6 mice 
(l :J ratio. 5 x JQ6 ceU /rnL each) wa cultured wi th or without · on A for 3 d11ys (Panels A, B. and ). pleen cells were also cultured wi th erythro­
cyte · in the presence ur absence of lipopoly accharidc (Panel D). rhe number of surviving erythrocytes was determined after I_ 2, and 3 days of cul­
ture. Each polnt on t!Je graph represents lhe mean o[ 2 replicate cultw·e wells. 
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able L 
Effect of EDTA on the Survival of Erythrocytes• ----

Percentage Survival of Erythrocytes 

Cultures EDTA (mM) Day 1 Day 2 Day 3 

Erythrocytes alone None 92.4 84.4 69.9 
Do 1.0 95.3 84.8 66.8 
Do 2.0 943 85.7 54.0 
Do 5.0 92.8 79.0 50.0 
Eryth1ocytes -t- spleen cells None 66.6 43 .8 19.2 
Do 1.0 54.3 43.8 21.0 
Do 2.0 56.1 44 .7 21.4 
Do 5.0 58.7 42.9 18.4 - -

"EDTA indicates ethylenediamine tetraacelic acid. Eryth rocytes (5 x 106/ml) were cultured for 3 days in the presence (1:1 ratio) or absence of 
spleen cells, in DCCM 2 serum-free medium containing different given concentrations of EDTA. Surviving erythrocytes were counted on days 1, 2 , 
and 3. Each value Is a mean of 2 replicate values. Three-day survival of erythrocytes cultured alone is relatively poor in this experiment, as compared 
to other experiments, because serum-free culture medium was used In this experlment 

cytotoxicity. Results in Figure 6 show a dose-dependent 
lysis of erythrocyte by paraformaldehyde-fixed spleen cell 
in 1 or 2 day with chromium-release assay. Further evi­
dence for involvement of a nonsecretory pathway for ery­
thr Jysi was obtained in experiments in which celJ mem­
branes prepared from spleen c lls wer found to lyse 
erythrocytes efficienU, in a dose- and time-dependent man­
ner (Figure 7). Tn addition. erythrocyte gho t membranes 
competitively inhibited the ki ll ing of erythrocytes by nonnal 
or parafonnaldehyde-fixed spleen effect r cells (Figure 8). 
Toes result ugge t that interaction at the Level of mem­
branes were ufficient to kill erythrocyte . 

3.5. Involvement of Fas/TN F Family of Molecules in 
EDA of Spleen Cells 

Over the last decade, a family of molecules compri ing 
Fas/Fas ligand molecules and their homologue has been 
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shown to media te target ly is without the invol ement of sol­
uble cytotoxic molecules [20-23]. The role of such molecules 
in pleen cell EDA was considered. Our repeated attempt lo 
detect the expre ion of Fa and TNF receptor (TNFR) on 
erythrocytes by flow cytometry failed, ven though fa.int stain­
ing wit h anti-Fa and anti- antib die was occa ioually 
obtained (result not hown). However, an indirect indication 
of Fas and TNFR expres ion on erythrocyte was obtained in 
experiments in which anti-Fas and an ti-TNFR antibodie 
could op onize erythrocyte . R ults shown in Figure 9 indi­
cate that pretreatment of erythrocyte with harn ter anti­
mouse Fas or TN FR antibodies (and not control hamster lg). 
enhanced their depletion by p leen cell Th.is effect was not 
att ributabl to non pecific membran perturbation in anti­
Fas-treated erythrocytes because pretreatment of erytbro­
c..-ytes with SCA (which binds erythrocyte ) did not modulate 
their susceptibility to pleen (result not hown). The direct 
effect ofTNF on the survival of erythrocytes was examined. 

E + Spleen cells 

ml E + Fixed Spleen cells 

• E + PE cells 

~ E + Fixed PE cells 

Day 2 

Figure 5. Killing of erythrocytes (E) by oonnal, paraformaldehyde-fixed spleen, and peritoneal exudate (PE) cell . Erythrocytes were incubal d 
with erythroc te-Cree spleen or PE cell or paraformaldehyde-fixed pleen or P cells ( 1:1 ratio, 5 x 106 ce ll lmL each) for 3 d ys. The number f sur­
viving erythrocyteS in clllture was determi ned after l (left panel and 2 (right panel) day of ~ulture. 
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Figure 6. Lysi of erythroc Les by paraformaldehyde-fixed spleen cells in chromium relca e assay. rythrocyte were labeled with sodium chromute 
( r51) and incubat d ( l(Y>/a.%ay well in 02 m.L complete medium), with fixed spleen cells at different t:fft:ct rltarget ratios for 1 or 2 days. Each alue 

r erythrocyte lysis is a mean + of 3 replicate assa wells. Results of 2 representative experiments are ~hown. 

Results of a repre entative experiment, shown in Figure 10, 
show that a significant dose-dependent lysis of erythr cyte 
was induced by TNFa. Because TNF can lyse erythrocyt s 
directly, it is po sible that EDA of spleen cells may be medi­
ated by a membrane-expressed form of T . Blocking of 
spleen EDA by anti-TNF antibodies wa attempted. Our 
results indicated that anti- antibody did not block the 
EDA of unstimulated spleen cell but could do o with 
SCA-induced enhancement of EDA (Figure 11 ). 

4. Discussion 

Erythrocyte numbers fell rapidly if they were co-cultur d 
with different preparati ns of leukocyte . Because leukocyte 
preparations derived from different lymphoid organ have 
variable numbers of macrophage it wa likely that the 
phagocyto i was the cause of erythrocyte depletion in co­
cultures. Accordingly. we found that PE cells having the high­
est concentration of macrophages had the maximum EDA. 
Spleen cell had moderate EDA, and thym cytes and bone 
marrow cells bad low but sigruficant EDA. However, plastic­
adherent cells (macrophage enriched) derived from pleen 
cells were n t enriched in EDA, wherea nonadherenl pleeo 
cell devoid of phagocyt-ic cells had equal or more EDA Lhan 
unfractionated spleen cells. Moreover, spl en cells depleted 
of macrophages (>90% depletion) did not how a concomi­
tant decline in DA. Thus, the EDA of fractionated cell 
preparations did not correlate well with the number of 
macrophage in them. Thi· ob ervation suggested that non­
phagocytic mechanism may al o contribute to DA 

wo observations indicated that T c lls play a role in the 
EDA of leukocyte preparations: (1) very poor EDA in spleen 

70 
SURVIVA ON DAY 1 

(/) 
-- SURVIVAL ON DAY l GI 

>, 
u 
0 60 ... 
.c -~ 
GI -0 

ii 50 
> ·~ 
::::I 
11' - 40 I: 
GI 
u ... 
Cl) 

11. 

30 ..__..._~ ........ - ~ _ ....... ~~-~ 
0 2 4 6 8 10 12 

Membranes (µ.g protein/ml) 

Figure 7. D e response of th erythrocidal effect of pleen cell mem 
brane preparation The erythrocytes (5 x 1~ cells/ml) from 7Bl6 
mice were cultured with different concentrations of spleen cell-<lerived 
membran preparation for 2 day Perce ntage survival of erythrocyte 
wa determined after 1 or 2 days of culture. Each point on the graph 
represents the mean of 2 replicate obs rvations. ln the ab ence of mem­
branes. survival of erythrocytes was >90% on both days. 
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Erythrocyte Ghosts ( 106/rnL) 

Figure 8. lnh1b1t1on of erythrocidal acuvity of normal and fixed spleen cells by erythrocyte ghost cells. Different numb1;,rs of erythrocyk ghost were 
added lo 1: L mixtur of erythrocytes (5 x J()l\/mL) and normal (left panel) or fixed right panel) spleen cells trom C57Bl16 mice fol' 3 days. he spleen 
cell were fixed by using 1 % paraformaldehyde, ttnd erythrocyte gh ·ts were prepared as de cribed In • terials and ethods. The axis d notes the 

equivalent of erythrocyte numbers from which gho ·t membranes were derivi:d. Toe number of surviving erythrocyte wa determined on days l, 2, 
and 3 of culture:.. Each p int on 1hi: graph depict the mean of2 replicate ob ervati n 

cell prepa(ation from athymic nude mice aod (2) activation 
of EDA by Con-A or SCA (T-cell rnitog n ) but not by LPS 
B-cell rnitogen ). Direct lysis of e thr cyte b cells may 

explain these b ·ervati n ome other observations, how­
ever, do uot support an exclusive role of ceUs in thi r gard. 
For example, enrichment ofT cell by passage thr ugh NWC 
did not enrich EDA f pleen cells. In addition,deplcti n ofT 
cell from spleen cell b anli-Thy-1 + treatment did not 
deplete DA Although a direct erythrolytic activity ofT cells 
may not be ruled ut by these results, it i po sibie that T cell 
are required to induce DA in other effector cell popula­
tion(s) in pleen ceJls. K cell also do not seem to have an 
exclusive role in lysing erythrocytes, because IL-2-activated 
spleen cells, with very high NK activity again t tumor target 
cell l24J, had poor EDA (re ults not shown . Our re ults indi­
cate that DA of spleen cells may not be a ociated with dis­
crete ubpopulations of pleen cells but may be distributed 
over many ubpopulati.on . 

EDA of leukocytes could either be mediated by soluble 
lytic factor secreted by leukocyte or b direct CMC of 
erythr cyt s. We found no evidence for the former p si­
bility, because culture supernatant from control or Con­
A- activated spleen cells were con isten!ly devoid o f any 
lyti activity against erythrocytes. SeveraJ lines of evidence, 
however, upport direct M of erythrocyles. Paraformalde­
byde-nxeu leukocyte p pulations, which can neither phago­
cyto e nor release mediators, efficiently Jy ed erythrocyte a 
assessed by direct counting of residual erythrocytes or 

cbromium-relea e assays of cytotoxicity. E DA associated 
with pleen cells increa ed by fixing th cells. Inter stingly, 
fixing resulted in a r duction but not elimination of the EDA 
of PE cell . This re ·ult indicates that EDA of phagocytic cells 
uch as PE ceU may al ·o have a direct CMC component. 

Direct MC of erythrocyte was al o upp rted by our 
re ulLs demon trating an efficient ly is of erythrocytes by cell 
mem ranes i olated from pleen cell . Thi observation sug­
ge ts that interaction between erythrocyte and certain 
membrane-expressed molecule on effector cell may be u[­

ficient for the lysi o the former. Further evidence of such an 
interaction was obtained from competition experiments in 
which erythrocyte ghost membrane could inhibit the ery­
tbrocidal activity of normal and fixed spleen cell 

Tn recent year evidence has accumulated for a nonsecre­
tory pathway of MC involving molecules belonging to the 
Fas and Fas ligand FasL) families [20-23]. In this m del, the 
expres ion of trimeric molecule like FasL and TNF on yto­
toxic effector cells interact with their corresponding ligands 
( as and TNFR, respectively oo the target cells and trans­
mits a lytic signal [22.25). It is als known that parafonnalde­
hyde-fixed effector cells expressing a membrane form of the 
TNF family of molecule can till kill target cells expressing 
corresp nding m lecuJe of the T R family [26-2 ]. If this 
mechani m has a role in direct MC of erythrocytes, an 
e pre ion of Fas/TNFR on erythrocyte bould be demon­
strated. U ing flow cytometry, we could oat convincingly 
demonstrate the expression ofTNFR or Fas on erythrocyt 
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Fjgure 9. Ly is susceptibility of c ntr J or hamster a nu-m use Fa -

monoclonal antibody pretreated erythrocytes t spleen cell The ery• 
throcytes from 7Bl/6 mice were treated with hamst r anti-mou e a , 
anti-mou e tumor necrosi fa or receptor (TNFR) antib dy, or cnntrc I 
hamster immunogl bulin (all 2.5 µ!?,110 µL) and washed as described in 
Mate[ials and Methods. Mixtures of nonnal e.rythrocyt anti-Fns, r 
!hrocytes treated with anti-lNFR antibody wer cultured with pleen 

cells from C57Bl/6 mice (1 :1 ratio, 5 x let cells/mL each). The number of 
urviving erythrocytes was determined on days 1 and 2 of the culture. 

Each point on the groph represents the mean of 2 replicate bservations. 

ll is po sible thal the expre i n of these moJecules was too 
low to be detected by direct taining. It should be noted, how­
ever, that reticulocytes, the precursor nucleated cells for ery­
throcytes, are known to expre Fas and TNFR (29,30], and it 
is not unlikely that ome of these molecule may b retained 
on mature erythrocytes. Indirect evidence for uch expre ion 
was provided by our experiments in which Lrearment with 
hamster anti-mouse Fas or TNFR antib dies opsonized ery­
throcytes for more effi ient d truction by spleen cell in 
vitro and enhanced clearance in vivo. This effect was pecific 
becau e treatment with control ham ter IgG had no effect on 
erythrocyte de truction. Anti-Fas or anti-TNFR antibodies 
must be specifically bound t erythrocyte for the opsoniza­
Lion effect to occur, indicating ome expres ion of th corre­
sp nding molecule on erythrocytes. Further evidence f 
involvement ofTNF m erythrolytic activity was indi ated b 
(1) direct lysis of erythrocyt by TNF and (2) blockage of 
uccenyl Con-A-induced EDA in spleen cells by anti-TNl:. 

antibodies. lntere tingly, TNF i known to indu e anemia 
[ 1-33]; in view of our present re ults, direct killing of ry­
throcytes by TNF may be a fa tor in mduction of anemia. 

Taken together, our result provide evidence for the p si­
bility of direct CMC of erythrocytes by leukocyte and impli-

cate tb F family f molecule in th.i effect. ln nucleated 
target ceUs, there are elaborate cytopla m1c and nuclear path­
wa leading to cell death in response t TNF or to the Fa 
ligand [34,35]. Because such intercellular machinery may be 
lacking in erythrocyte the mechani m of ly i of erythrocytes 
in re ponse to the TNF family of molecule may be indepen­
dent f the pre ently known interacellular pathways. Another 
possibility is that the role of and FasL molecules may be 
limited to ringing t gether erythrocytes and effector cell Tt 
is interesting to note that enucleated tumor targets are ffi­
ciently ly ed by a non ecretory pathway [36,37], indicating 
that the pre enc of a nucleus may not be nee.es ary foT the 
induction of cell death through Fa -related mechanism 

Although there is trong evidence in the literature for 
phagocyto i as a mechanism of destruction of erythrocytes in 
vivo, alternative mechanisms of erythr cyte degradation may 
also operate. This may be especially true for certain patho­
logical conditions as ociated with anemfas. In a recent tudy, 
an enhanced in vi:vo clearance rate for deformed erythrocytes 
could not be a cribed l phagocytic activity. ugge ting alter­
native mechanisms of erythrocyte lo in vivo [38]. ln certain 
forms of hemolytic an mia, anti-erythrocyte auto-antibodie 
may be involved in the mechani m of erythrocyt lo s (39] . 
TNF r I ased in large amounts may cau e anemia by acting 
at the lev l of erythropoiesis or also by increasing the rate of 
degradation f erythrocyte [40]. We have provided in vitro 
evidence for the possibility of CMC a a novel mechanism 
of erythr le destructi n. The e re ult may have special 

--o- Erythrocytes 5 million/rnL 

-+- Erythrocytes lO million/mL 

I( I --.-~~~~~~~~~~~ 
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Figure 10. Do e response of murine tumor necrosis factor-a (TNFa) on 

the urvival of erythrocyte "rylhrocytes fr m C57Bl/6 mice were cuJ­
tlired at 5 r LO .x IO" cells/m with or without different doses of murine 
lNFa for 1 day, after which the number of UJ"\li ing eryt.hr yte were 

counted. ach point on the graph is a mean o! 2 replicate observation . 
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Figure 11. Bl king of uccenyl con-a-induced erythrocyte depletion activities {eda) in spleen ccUs by anti- tumor necrosis factor-a (lnfa) antibody. 
Blood-derived erythrocytes and erythrocyte-free spleen mononuclear cell from C57BU6 mice were co-cultured (5 x 10°/mL each in complec.e 
medium) fo_r 3 days. Succenyl Con-A ( · 5 µg/mL) and/or anti-TNFc:t antibody (5 µg/mL) was added to the culture, as indicated in the table. Sur­
viving erythrocytes at the end of the culture period wel'e determined by hemocytometer. Each value is a mean of duplicate assay wells. Re.suits of 3 
independent experiment are hown (panels A, B, and C'). SCA or anti-TNF antibody by tbemselve had no effect on eryOuocyte survival, which was 

above 80% in the absence of spleen ceUs. Normal goat immunoglobulin used a control had no protective effect. 

implications in certain types of idiopathic anem ia, ome of 
which may be attributable to augmented CMC of erythro­
cytes. Th possibility, however, remains to be examined. 
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