
Erythrocyte Mucoids in Acquired Autoitninune

Heinolytic Anemia

By CARSON H. TISHKOFF

T HE PRECISE MEChANISM of red cell injury in acquired autoimmune

hemolytic anemia ( AHA ) has not been defined. Various concepts of

red cell injury have 1)een proposed and these have been reviewed critically l)y

Dacie.’ Two hypotheses have been emphasized:1�1 ( 1 ) Hemolysis is related to

alteration of the red cell surface structures by certain injurious agents ( virus,

1)acterial enzymes or other products, or chemicals ) and ( 2 ) antibodies are

formed against miormal red cells as a result of an aberration of certain antibody-

producing clones. Since both concepts imply that alterations in the red cell

surface structure play a major role in AHA, either by protein-chemical or

protein-protein interaction, it is reasonable to assume that changes in mem-

I)ramie composition may occur in patients with these disorders.

Yachnin and Gardner have compared the red cell mucoid composition in

normal sul)jects amid 1)atiemits with various hernolytic anemias.4 Their findings,

which were limited to the red cell siahic acid content, demonstrated an increase

in mean corpuscular siahic acid apparently related directly to the degree of

reticulocytosis. No attempt was made by these investigators to compare

Coombs’ positive and negative hemolytic anemias, with the exception of

paroxysmal noctuirnal hemoglobinuria, with comparable reticulocytosis.

In this report, the erythrocyte mucoid composition has been compared in

normal sul)jects amid in pittients with AHA. As suitable controls, patients with

various types of Coornhs’ negative hernolytic or blood-loss anemia with reticu-

locytosis were included. In addition, the relationship of serology, blood group

phenotype, and leukocvte contaminatiomi to membrane mucoid composition

was also investigated.

M ETHODS

Clinical Material. Normal red cells were obtained froni \otmng niales with no hematologic

(lisorder. The control stmbjects cOml)rised 1 1 in(livi(lualS with various types of Coombs’

twgati�e anelilia. 1uV() deterniinations were niade on subjects Sp and Le froni 1)100(1

oh)taine(l On (liflerent (hl’�’5 which resulted in a total of 13 determinations from this group.

Simbjects with AHA were selected on the basis of a strongly positive Coombs’ test.

sigmiificant anemimia and the presence of appreciable reticumlocytosis. This group was com-

posed of 6 patients with secondary hemolvtic anemia (lymphatic leukemia, reticimhimni cell

From time Department of Medicine, University of California Center for the Health

Sciences, Los Angeles, Calif.
Presented in abstract form at the meeting of the American Federation of Clinical

Research, Atlantic City, April 28, 1963.
These incestigations supported in part by a grant-in-aid from the U.S. Public Health

Seruice (HE-06021-04).

I’irst submitted Sept. 20, 1.96.5; accepted for publication Dec. 10, 1.96.5.

CAmisos 1-I. TISHKOFF, M.D.. Pii.D.: Associate Professor of Medicine (in residence),

University of California Center for the Health Sciences, Los Angeles, Calif.

229

BLoom, Vom.. 28, No. 2 (AucusT), 1966

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/28/2/229/573124/229.pdf by guest on 19 M

ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V28.2.229.229&domain=pdf&date_stamp=1966-08-01


230 CARSON H. TISHKOFF

sarcoma and collagen disease) and one with idiopathic AHA. Three patients (Ma. Li, Co)

had significant elevation of cold agglutinin titer and were classified as cold-type AHA; the
renmaining 4 had warm agglutimiins. Several subjects with AHA were studied on 2 or 3

differemit occasions so that a total of 10 determinations were made for the entire group.

Complete blood counts were performed by usual methods.5 Reticulocytes were enumer-

ated b� the method of Brecher, employing new methylene blue.6 The direct and indirect

Coombs tests, cold agglutinin titers, and autoagglutinations were determined by previously

described methods.7 Hematologic data are briefly summarized in Tables 1 and 2.

Isolation of Red-Cell Stroma. Forty ml. of blood was withdrawn into a 50 mul. pyrex tube

containing 1 ml. of heparin (Upjohn heparin, 1000 units/ml.). In severely anemic subjects,

80 nil. of blood was emnployed. Blood counts were obtained on the heparinized blood. This
procedure was niodifled in subjects with WBC of 40,000 or greater by initially removing

white cells by sedimentation with polyvinylpyrrolidone (PVP).8 The sedimented red cells

were then restored to their original volume by addition of isotonic saline and blood counts

were obtained. The blood was centrifuged in a refrigerated centrifuge at 1800 g at 4 C. for

35 minutes. The supernatant plasma and buffy coat were removed by gentle aspiration with

a 20 miii. syringe. Four ml. ahiqouts of red cells were carefully washed in cold saline and the

supernatant removed by gentle aspiration. The pipette was washed free of cells by repeated

rinsing with cold isotonic saline and then each ahiquot was diluted to approximately 45 ml.

with cold saline solution. Each tube was stirred with a glass rod and centrifuged in the

cold at 1800 g for 10 minutes. The supernatant was removed by gentle aspiration. The
washing step was eliminated in some individuals with potent cold hemolysins since consid-

erable hemolysis occurred during the washing procedure.

The stromal fraction was isolated from hypotonic hemolysed red cells by the method of

Tishkoff and his associates1’ essentially as described, except that only 2 washings of the

stromimal miiaterial were made.

Hydrolysis of Stromal Mucoids. Chemical analyses were limited to ftmcose, siahic acid and

protein residue of the stromal mucoids. Svennerholm,1#{176} Yachnin and Gardner,4 i

and Evlar and his co-workers’2 have demonstrated that the terminally positioned siahic acid

is split (�tmantitatively from glycoproteins by hydrolysis with dilute acid. Likewise, Winzleri3

has demonstrated that fucose is split from glycoproteins under similar condition of mild

acid hydrolysis. Although 100 per cent of the red-cell sialic acid can be recovered under

these conditions. it is not known whether total fucose is split from the carbohydrate moiety

l)y dilute acid hydrolysis.tm1 It is possible that fucose located within the mucoid structure or

in a bridge position may not be rendered soluble.

Duplicate stromal preparations derived from 4 ml. aliquots of red cells were suspended

in 5 ml. of 10 per cent (w/v) trichloracetic acid (TCA) and transferred quantitatively to a
15 ml. graduated conical centrifuge tube. The tubes were immersed in boiling water for 15

mmiinutes. It was necessary to stir frequently with a glass rod to avoid severe bumping and

to disperse the coagulated proteins. The tubes were cooled in running tap water and

diluted to 12.5 ml. with distilled water. Both duplicate samples were then combined by

filtering through a single high-retentive, low-nitrogen filter paper. The TCA filtrate from the

comnbined preparations (approximately 25 in1.) was employed for fucose and sialic acid

analyses.

TCA insoluble protein material was allowed to dry overnight on the filter paper. The

paper was then carefully folded in a manner to retain the dried protein, stapled and

defatted by consecutive extractions with alcohol-ether and chloroform-petroleum ether, as

previously described.” The defatted protein was then air-dried and digested for total

nitrogen determination.

Isolation of Leukocytes. Lymnphocytes and granulocytes essentially free of red cells were

isolated from subjects with chronic lymphocytic and chronic granulocytic leukemia. Hepar-

inized blood was sedimented in the presence of excess fibrinogen. The leukocyte-rich

plasma was removed, centrifuged at 1800 g and the leukocyte pellet extracted with an
equal volume of 10 per cent TCA in boiling water for 15 minutes. Chemical determinations

were performed on the TCA filtrate.
Chemical Analyses. Fucose was assayed by the method of Dische and Shettles14 with L
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ERYTHROCYTE MUCOIDS IN ACQUIRED HEMOLYTIC ANEMIA 231

(-)-fucose as a reference standard. The duplicate variability was ±2.5 per cent. Control
sttmdies established the fucose to be stable tinder the conditions of hydrolysis. Siahic acid

was determined by the thiobarbituric acid method of rr1 employing a Beckman DU
spectrophotometer. It was found necessary to correct for the presence of 2-deoxyribose in

the TCA extracts derived from WBC contamination. This correction was made by obtaining

absorbancy ( O.D. ) values of the chromophore at 549 mpi and 532 ni� and employing equa-

tion 2 of Warren. However, the constants of this equation were revised since the molar cx-

tinction coefficient of crystalline siahic acid at 549 m� of 68.000 was not identical to that

observed by Warren. The following equation was umsed:

�smoles of sialic acid 0.076 X O.D.�)4() - 0.033 X O.D..,(.

Conversion of micromoles to micrograms was obtained by multiplying by 309. A ratio of

O.D.5411/O.D.�:�., of less than 2 indicated appreciable contamination with 2-deoxyribose

derived froni WBC nuclear material. The duplicate variability of the assay was ± 1 .5 per

cent.

Qualitative identification of individual sugars in the TCA extracts was made by paper

Partition chromatographic methods. Solvents employed were tert-butyl alcohol, methyleth-
�lketone. formic acid, water (40:30: 15: 15:) and n-butanol, acetic acid, water (50: 12:25). The

following monosaccharides were identified in TCA extracts of membranes prepared from

reticimlocvte-rich red cells free of leukocytes: fucose. ribose, sialic acid and traces of hexose.
Total stromal protein nitrogen (N) was determined by the Kjeldahl method. Protein was

calculated from protein-N by employing a factor of 6.25.

RESULTS

Variation,i in Erythrocyte Mucoid Composition in Subjects with Different

Anemias (Coombs’ Negative). Table 1 shows the results of 13 determinations

from 1 1 hospitalized patients with various hemolytic and blood-loss anemias.

Analytical values are expressed on a weight basis of strorna derived from 1 ml.

packed RBC. The ratios of sialic acid and fucose to stromal protein are also

included, thereby minimizing errors resulting from variations in mean corpus-

cular volume incurred during washing procedure, enumeration of red cells,

and loss of stromal constituents due to chemical manipulations. Protein content

was greater than normal, ranging from 8.6 to 16 mg./ml. RBC, the mean being

1 1 .2 mg./ml. RBC. This increase in mean protein value paralleled the reticulo-

cyte count. The mean values of siahic acid and fucose were identical to the

values observed in normal subjects, although considerable variation about the

mean was observed in individual subjects. The largest sialic acid and fucose

values were seen in subjects with PK deficiency and sickle cell thalassemia

disease. In these two diseases, the mean ratios of sialic acid to protein and

fucose to protein were significantly reduced reflecting the elevated content of

strornal protein. A direct correlation could be demonstrated between sialic acid

and protein (r = 0.9073) and fucose and protein (r = 0.6693). These latter

observations indicate that a quantitative relationship probably exists between

individual components within the membrane mucopolysaccharide structures.

There was no apparent correlation between analytical values and blood group

phenotype.

The sialic acid content of normal human red cells is in close accord with the

values reported by Eylar and co-workers12 and Yachnin and Gardner.4 Some-

what higher values have been reported by Manfredi15 and M#{228}kel#{228}and co-

workers,16 and lower values have been reported by Yokoyama and Trams.�
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ERYTHROCYTE MUCOIDS IN ACQUIRED HEMOLYTIC ANEMIA 233

These data shown in Table 1 in subjects with various anemias are in general

agreement with analytical values reported by Yachnin and Gardner4 in sub-

jects with paroxysmal nocturnal hemoglohinuria, Brunetti and his �

iii PK (leficiency, and Brunetti and Puxeddu’” in thalassemia.

?%IUCOi(1 Composition in Subjects with AFIA (Coonths’ Positive). The analyt-

ical results of 10 determimiations in 7 subjects with AHA are shown in Table 2.

The protein content ranged from 10.1 to 17.5 mg./ml. RBC, the mean value

l)eing 12.8 mg./ml. RBC. As noted in the control anemia group, the protein

(omitent paralled the reticulocyte count. The siahic acid and fucose content

were riot significantly different from normal. The mean protein, siahic acid and

fucose values and standard deviation about the means are compared in Table 2

with the control amiemia subjects; it is of interest that no statistically significant

differences were noted between these groups of patients.

As seen in Table 2 and also in Figures 1 and 2, these data did show a

statistically significaiit decrease in the ratio of sialic acid to protein and fucose

to protein in sul)jects with AHA as compared with the control anemia group.

The largest decrease was ol)served in the fucose to protein ratio. Fucose values

��‘ere ��‘ell correlated with stromal protein ( r = 0.8070 ) , but a poor correlation

was observed between sialic acid and protein (r 0.1275).

Ami attempt was made to correlate serology, blood group phenotype, and

mucoid composition in subjects with AHA. Comparison of subjects with warm

amid cold type of hemolytic disease revealed no differences in analytical values.

These data suggested a greater incidence of blood group 0, Rh-positive. The

greater incidence of group 0 phenotype in subjects with AHA has been re-

ported by Hunt and Lucia,2#{176}although not confirmed by other studies.2’

Sialic Acid and Fucose Content of Isolated Leukocytes. A study was made

of the possible contribution of WBC contamination to red cell mucoid compo-

sition. Jandl and Tomlinson22 have demonstrated leukocyte adherence to anti-

body-coated cells, and Bazin and Delaunay23 have shown a relatively high

content of sialic acid in neutrophils. An approximation of leukocyte contamina-

tion was obtained from the ratio O.1).a49/O.D.532 of the thiobarbituric acid

chromophore (see Methods). Stroma obtained from subjects with AHA, and

particularly subjects with chronic leukemia, evidenced appreciable concentra-

tions of 2-deoxyribose derived from leukocytes. Chemical analysis of isolated

leukocytes established the presence of relatively large content of mucopolysac-

charide substances ( Table 3 ) . Leukocyte mucopolysaccharides were particu-

larly rich in fucose (in relation to siahic acid) as compared with red cells. The

ratio of sialic acid to fucose was approximately 2.5/1 for leukocytes and 8/1 for

red cells (Table 1 and 2). Since the red-cell ratio of sialic acid to fucose was

constant between normal subjects, AHA, and the control anemia groups, it was

concluded that leukocyte contribution to red-cell mucoid composition was

insignificant.

DISCUSSION

The changes observed in this study related to reticulocytosis deserve com-

ment. An increase in stromal protein was seen in all subjects with reticulocyto-
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Fig. 1.-Comparison of erythrocyte stromal sialic acid to protein ratio in 11
subjects with Coombs’ negative hemolytic or blood loss anemia and in 7 subjects
with acquired Coombs’ positive hemolytic anemia. The mean and one standard

(leviation are indicated.

sis, whether Coombs’ negative or positive. This increase in stromal protein

appears to be related in part to an increase in red cell surface area associated

��‘itli an increase in cell size of young red cells.4 Likewise, red cells with

reduced mean corpuscular volume and mean corpuscular hemoglobin contain

the largest (�uantity of stroma for each volume of packed red cells. These

relationships were evident in subjects with markedly elevated reticulocyte

coumits ( PK deficiency ) and marked leptocytosis ( sickle cell thalassemia); these

subjects showed the highest values ( Table 1 ). Similar changes in protein

values were observed in a simple blood-loss anemia by Tishkoff and his asso-

ciates.” The chamiges in stromal protein may reflect, in part, the rihosomal

proteimi and/or transferrin content of reticulocytes.

The data show again the previous findings of Yachnin and Gardner4 that

reticulocytosis is associated with alteration in stromal carbohydrate composi-

tion. It is thus imperative to take into account the reticulocyte values when

comparing chaiiges iii stromal carbohydrate composition which may occur in

various types of hemolytic anemias. The data show that there is a change in

mucoid composition in subjects with Coombs’ positive hemolytic anemia; the
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Fig. 2.-Comparison of erythrocyte stromal fucose to protein ratio in 1 1 subjects
with Coombs’ negative hemolytic or blood loss anemia and in 7 subjects with
acquired Coombs’ positive hemolytic anemia. The mean and one standard deviation
are indicated.

fucose to protein ratio was smaller in subjects with AHA than in normal or

control anemia patiemits, with lesser changes observed in the sialic acid to

protein ratio.
These data leiid support to the possibility that Coombs’ positive red cells are

l)iochemicallv different from Coombs’ negative cells. We consider it unlikely

that the lo�ver fucose to protein ratio observed in AHA subjects is attributable

sOle!!, to the reticulocytosis ( �vith resultamit elevation of stromnal proteimi values)

for the following reasons: The mean reticulocyte counts and stromal protein

values were identical in the two groups of subjects (Table 2). Furthermore,

the differemices ol)served in subjects with AHA were limited primarily to the

fucose/protein ratio with little change in the sialic acid/protein ratio.

The differences cannot be explained by simple adsorption of proteins to the

red cell membrane, whether derived from antibody, plasma proteins,24’25 or

hemoglobin contamination.2”27 Adsorption of proteimis of low carbohydrate

contciit (i.e., hemoglobin) should result in a comparable decrease in sialic

acid/protein ratios; that this was riot observed would exclude appreciable

adsorption of carbohydrate-poor protein. On the other hand, adsorption of
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Table 3.-Sialic Acid and Fucose Content of TCA-Soluble Extracts of
Isolated Leukocytes

Sialic Acid
Sialic Acid Fucose

pg/mi. WBC pg./mi. WBC Fucose

306 157 2.0Lymphocytes#{176}

Granulocytesf 470 150 3.1

0 Isolated from a subject with chronic lymphocytic leukemia.

I Isolated from a subject with chronic granulocytic letmkemia.

carbohydrate-rich proteins could conceivably alter the red-cell mucoid compo-

sitioii. The carbohydrate composition of the various globulins have 1)een well

characterized.28 The calculated fucose/protein ratio of y G and ‘y M immuno-

globulins are 2.2 and 2.9 x 10�, respectively. Therefore, simple adsorption of

globulins to the cell surface should result in an increase in the fucose/protein

ratio. Furthermore, quantitative studies of red cell interaction with incomplete

antibody have established the quantity of adsorbed globulins to be of the

magnitude of micrograms per ml. of packed red cel1s,29�32 a quantity of protein

which we consider unlikely to influence the red cell membrane mucoid compo-

sition.

The nature of the red cell lesion in AHA remains unexplained. Red cell

autosurvival studies in subjects with AHA have failed to demonstrate a correla-

tion between the quantity of cell coating globulins and red cell lifespan.a�

Coombs’ positive cells may survive normally when transfused into normal

recipients.��” Normal red cells sensitized in vitro with incomplete antibody

may have a normal survival, although the sensitized cells evidence a strongly

positive Coombs’ te5t.t�,i5 Not infrequently, splenectomy and corticosteroids

induce a clinical remission, although the Coombs’ test remains positive. These

observations strongly suggest that undetermined factors in addition to red cell

coating globulins influence the regulation of red cell destruction.2

The finding that the fucose/protein ratio (and to a lesser extent the sialic

acid/protein ratio) is reduced-a finding which cannot be explained by reticu-

locytosis or nonspecific adsorption of globulins-suggests an alteration in the

carbohydrate moiety of red cell membranes. This may be relevant to the

shorter lifespan of the red cells. The changes observed in red cell mucosub-

stances could result from the selective action of enzymes such as proteases or

mucopolysaccharases. It is also possible that certain proteases contained in the

cell membrane may become activated.36’37 This concept would not be inconsis-

tent with an underlying immunologic mechanism, since one mechanism of

enzyme activation may result from interaction of antigen and antibody on the

red cell surface structure.38

SUMMARY

Erythrocvte membrane mucoid composition has been quantitated in 13 nor-

mal subjects, 11 subjects with Coombs’ negative hemolytic or blood-loss ane-

mia with reticulocytosis and 7 subjects with acquired autoimmune hemolytic

anemia. The stromal protein value was increased in all subjects with anemia
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238 CARSON H. TISHKOFF

and reticulocytosis. The increase in protein paralleled the reticulocyte count.

An abnormality of the erythrocyte mucoid composition was observed in ac-

(1uired autoimmune hemolytic anemia as evidenced by a significant decrease in

the fucose to protein ratio. A lesser change was observed in the sialic acid to

protein ratio. It is speculated that these changes in membrane mucoid compo-

sition may be related to the selective modification of certain red cell, fucose-

containing receptors by endogenous enzymes, possibly activated by antigen-

antibody interaction.

SUMMARIO IN INTERLINCUA

Le composition mucoide del membrana erythrocytic esseva quantificate

in 13 subjectos normal, in 11 subjectos con anemia hemolytic o a perdita

de samiguine Coombs-negative e reticulocytosis, e in 7 subjectos con acquirite

anemia hemolytic autoimmun. In omne Ic subjectos con anemia e reticulocy-

tosis, Ic valores pro proteina stromal esseva augmentate. Le augmentos in pro-

teina esseva in parallela con Ic numerationes reticulocytic. Un anormalitate del

composition mtmcoide del erythrocytos esseva observate in acquirite anemia

hemolytic autoimmun, evidentiate per un declino significative in Ic proportion

(IC fucosa a proteina. Un minus marcate alteration esseva observate in Ic pro-

p�rtiom1 de acido sialic a proteina. Es speculate que iste alterationes in le com-
position mucoide del membrana es possibilemente relationate con Ic modifica-

tion selective de certe receptores erythrocytic a contento de fucosa sub Ic

influentia de enzymas endogene Ic (Ilmales es forsan activate per Ic interaction

(le antigeno e anticorpore.
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