
p11 Dependent Hemolytic Systems. II. Serum Factors

Involved in Red Cell Lysis

By STANLEY YACHNIN AND FRANK H. GARDNER

F OLLOWING THE observations of Thomsen and Friedenreich1 that red

cells became panagglutinable in compatible human serum after treatment

with certain bacterial filtrates, other agents ( viruses:2 periodate ions,3 and

trypsin4 ) have been found capable of producing this phenomenon. During an

investigation of the mechanisms of hemolysis in paroxysnial nocturnal hemo-

globinuria ( PNH ) , a series of agents were studied that not only caused panag-

glutination but also hemolysis of altered normal human red cells in acidified

human serum.5 The kinetics of hemolysis for these red cells with altered mcm-

branes were similar to PNH red cell lysis with regard to pH, heat lability, cation,

complement and properdin dependency, and dextran inhibition. W7hile human

sera had varying capacities for PNH red cell hemolvsis, no serum was

studied that was devoid of lytic activity. In contrast, sera varied widely in

their capacity to lyse artificially altered red cells, some sera wholly lacking

this property, others showing slight or moderate hemolysis, and some possess-

ing the ability for complete hemolysis. The present investigation was under-

taken to define further the serum factors involved in the hemolysis of altered

red cells and to determine if they were related to PNH red cell lysis. Corollary

studies were done to evaluate the role of complement and properdin in these

hemolytic systems.

MATERIALS AND METHODS

Reagents. Sera were obtained from normal, polycythemic and hospitalized patients with

normal hematologic findings. Venous blood was allowed to clot for several hours at room

temperature, and the serum separated by centrifugation at 4#{176}C.Serum was either used on

the day of collection or stored at -70#{176}C. Human red cells from 0 Rh+ or 0 Rh- normal

donors were collected into acid citrate dextrose anticoagulant ( ACD ) . Usually red cells

were drawn daily, but in certain instances the cells were stored in ACD solution up to 1

week at 4#{176}C.Red cells were obtained from two PNH patients in the same manner.

The following altering agents were used in treatment of red cells:

papain trypsin ficin

bromelin cholera vibrio culture filtrate (RDE)

Na104 influenza virus (JAP 308)
The detailed technique for pretreatment of red cells with these various agents has been

described elsewhere.� Since previous work showed that the amount of hemolysis in acidified

serum was related both to time of pretreatment with and concentration of the altering

agents, great care was taken to maintain these factors constant in daily preparation of the

red cells.
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SERUM FACTORS IN RED CELL LYSIS 475

Human serum depleted of properdin ( R.P. ) , complement ( all components ) and
cations ( Ca+ + and Mg+ + ) was prepared as described previously5 and used as out-

lined In the protocols ( infra ride ) . In sonic experiments stoichiometric amounts of ethylene

diamine tetra acetate sodium anhydride ( Na�EDTA ) were added to sera to hind Mg+ +

amid Ca+ + . Purified properdin prepared by zyrnosan binding00 and ethanol fractionation7f

was used. Complement titers of sera were measured by a 50 per cent hemolysis technique.8

Absorbed human sera were prepared by incubation of specific types of altered red cells

with 5 volumes of serum at 0-2#{176}C. for 45 minutes with frequent gentle inversion. Care

was taken to bring cells and serum to this temperature separately prior to mixing to avoid
hemolysis which is negligible at 2�C. Usually 2 al)sorptions were carried out, each with a

fresh aliquot of altered red cells. Following the second absorption, the serum-cell suspen-

sioll was centrifuged at 4#{176}C.for 10 milinutes at 1200 C. The serum, designated as absorbed

serum, was pipetted and saved. The red cells from the first absorption were washed 3

times with large volumes of cold phosphate buffered saline ( pH 7.4 ) . These red cells,

designated as coated cells, were used as such in certain experiments; in other experiments

eluates were prepared from them by the method of Landsteiner,9 eluting into 5 volumes

of saline.

Serum hemolysis experinients were performed as previously described,t and were carried

out at pH 6.5 ± 0.02. In certain hemiiolysis experinients the eluates were used in one

of two ways: ( a ) 0.25 cc. climate was added to .05 cc. of a 20 per cent suspension of altered

cells in a cuvette and allowed to stand at room temperature for 15 minutes. The cells were

then washed 3 times with buffered saline and acidified serum was added for the actual

hemolysis experiment. (h) Alternatively, .75 cc. serum + 0.25 cc. eluate were mixed and

used directly for hemolysis of altered cells. In the latter case an appropriate blank and

control serum were used.

Minor variations in the intensity of hemolysis were noted between altered red cells pre-

pared on different days. Therefore, in all experiments the hemolytic capacity of the serum

used ( inclurling R.P. and other modifications ) was compared with hemolysis of unmodified
serum for each altered red cell studied. Only systems in which the normal unmodified

serum gave greater than 10 per cent hemolysis were used in these comparative studies.

Agglutinin titers were performed by preparing serial two-fold dilutions of 0.5 cc. of

eluate or serum in normal saline. To each dilution was added 0.5 cc. of a 10 per cent

suspension of the appropriate altered cell. After 1 hour incubation at room temperature the

cells were spun down for 30 seconds in a serologic centrifuge. The highest dilution showing
macroscopic agglutination was used as an end point.

RESULTS

Seventy-six human sera were observed for their capacity to hemolyze a panel

of artificially altered red cells. Many of these sera were simultaneously tested

for their agglutinin titer against the panel. The results of this survey are

graphically shown in figure 1. Most sera showed moderate to intense hemolysis

of papain, trypsin and RDE treated red cells, while only the minority of sera

had moderate or intense hemolysis when tested with bromelin and ficin treated

red cells. The pattern of serum lytic capacity against periodate treated red

cells was intermediate between these two groups.

The relationship between serum agglutinin titer and hemolytic capacity for

the various cell types is shown in figure 2. Although there is no consistent

relationship between the two, certain trends can be elucidated. For RDE and

#{176}Kindlysupplied by Dr. C. F. Hinz, \Vestern Reserve University School of Medicine.

�Kind1y supplied by Dr. B. E. Sanders, Merck Institute for Therapeutic Research, West

Point, Pa.
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Fig. 1.-This figure demonstrates the varying capacity of a panel of 76 human
sera to hemolyze the several types of artificially altered red cells under study.
Note the similarity of the curves for trypsin and RDE treated red cells, as well as
the similarity between bromelin and ficin treated red cells (see text).

periodate treated red cells there is some correlation; namely, those sera with

the highest agglutinin titer also had the most intense hemolytic capacity.

Bromelin and ficin treated red cells show this correlation at the highest ag-

glutinin and hemolysis level, but there is a wide scatter in the hemolytic ca-

pacity of serum in the lower agglutinin range. The papain and trypsin treated

red cells show no correlation between these two parameters. While the lowest

average agglutinin titers were observed with trypsin altered red cells, they

showed intense and widely prevalent acid serum hemolysis.

Very early in this investigation it was found that those sera which lysed

ficin treated red cells would usually produce excellent lysis of bromelin treated

red cells as well. However, certain sera appeared as very definite exceptions

to this generalization in that they gave excellent hemolysis with either one or

the other type of altered red cell but not with both. Although serum hemolytic

capacity for RDE and trypsin treated red cells appeared similar, an attempt at

graphic correlation showed wide scatter (fig. 3).
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AGGLUTININ TITER

Fig. 2.-The hemolytic capacity of individual sera is plotted against their ag-

glutinin titers for variously altered red cells (see text).

Various experimental designs were used to establish the relationship of

these serum hemolysins and agglutinins to each other and to other known

serum factors involved in altered red cell lysis.

Correlation with Co-mpl-enient Titer

No correlation was noted between the capacity for altered red cell lysis by

various sera and their individual complement titers. Absorption of serum

with altered red cells substantially inhibited the absorbed serum for further

hemolysis with the specific red cell type used for absorption (vide infra)

but did not alter the complement titer.

Correlation with Capacity for PNH Red Cell Lysis

No relationship was found between the ability of serum to produce PN�H red

cell lysis and lysis of any of the artificially altered red cells of our panel.
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Fig. 3.-In general, a high degree of correlation was noted in individual sera
between their ability to lyse bromelin and ficin treated red cells. Note, however, that
there are striking exceptions to this rule. No correlation was found between serum

capacity for lysis of trypsin and RDE red cell lysis. The suspected relationship
between the latter two red cell types seen in Figure 1 is not borne out by analysis

of data for individual sera as shown here.

Absorption of Serum Factors by Specific Altered Red Cell Types

The exposure of serum to altered red cells at 2CC. inhibited hemolvsis but

allowed fixation to the red cell of certain serum factors involved in such lysis.

This absorption almost invariably impaired the absorbed serum in its lytic

capacity for the specific altered erythrocyte. Usually some hemolytic activity

remained ( fig. 4 ) . In certain experiments it was noted that repeated absorption

at 2’C. with altered red cells ( up to 6 times ) would eliminate residual hemoly-

sis. Two absorptions were arbitrarily used for the sake of convenience. The

specific absorbed serum was tested for residual hemolytic activity against:

( 1 ) the panel of other altered red cells, ( 2) PNH erythrocytes, and ( 3) non-

compatible ABO red cells. These observations demonstrated some specificity in

the hemolytic systems but also defined several major cross reactions between

the different treated red cells. PNH lysis and group A and B isohemolysis were

not influenced by prior absorption of sera with altered red cells. The most

consistent cross reaction inhibition was observed among red cells altered with

bromelin, ficin and papain ( fig. 5) . A similar relationship was observed ( not

charted) between the hemolysis for RDE and influenza virus (JAP 308)

treated erythrocytes. Despite these cross reactions in absorption of hemolytic

factors from serum, in every instance the greatest inhibition of hemolysLs in a

serum absorbed with a specific altered cell was for that particular altered cell.

Analysis of agglutinin titers in normal and specifically absorbed sera gave

results similar to those noted for hemolysis inhibition. Usually agglutination

was inhibited to the greatest extent in the homologous cell system. However,

hemolysis inhibition was a more sensitive index of identity. The two absorptions

used were rarely adequate to eliminate homologous agglutination completely

(table 1).
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Fig. 4.-Sera absorbed twice with various altered red cells at 2#{176}C.were tested
for residual hemolytic capacity against the same red cell type used for the
absorption. The results are plotted as per cent of residual hemolvsis in the absorbed
serum when compared with native serum as control (100 per cent). Each bar

represents an average of 8 or more individual experiments. Note that in the case of

PNH red cells no reduction of hemolytic capacity was observed in the absorbed
serum.
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Reconstitution of Hemolysis in ABSORBED Serum with COATED Red CelLs�

In the following experiments, the altered red cells utilized in the first absorp-

lion of serum at 2CC. were washed in buffered saline and used to determine if

such coated red cells would undergo increased lysis in an absorbed serum when

compared with the hemolysis of uncoated altered cells. Each comparison in-

volved 3 actual hemolysis experiments: (1) altered red cells and normal serum;

(2) altered red cells and absorbed serum; (3) altered coated red cells and

absorbed serum. The results in table 2 show that with all red cells used,

significant, but not complete, restoration of hemolysis in absorbed serum was

demonstrated using specifically coated altered red cells. In addition, sera

incapable of lysing a certain altered red cell will support hemolysis of a coated

altered red cell, presumably by contributing complement and properdin to the

hemolytic system.

Heat Lability of Hemolysin: Differentiation from Complement Dependent

Heat Labile Factors

Previous observations have shown that removal from serum of any one of

the 4 components of complement destroys its capacity for altered red cell

lysis. Heating serum at 56� for 30 minutes produces the same effect.5 However,
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Fig. 5.-The experimental conditions were the same as for figure 4, save that each
absorbed serum was tested for residual hemolytic capacity not only against the red
cell type used for the absorption, but also against a panel of various red cell types
as shown in the legend, as well as for residual complement titer. Note that in every
instance the greatest inhibition of hemolysis in a serum absorbed with a specific

altered red cell was for that particular altered cell type. Each bar represents the

average of 8 or more experiments.

there is flO change in agglutinin titer for altered red cells in heated serum. We

have previously assumed that such inhibition by heating was caused entirely

by inactivation of the complement system necessary for altered red cell lysis.

However, altered red cells coated in heated serum undergo less hemolysis when

placed in acidified absorbed unheated serum than the same altered red cell
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Table 1.-The Effect of Absorbing Various Sera with Specific Altered Red Cells

Upon the Subsequent Agglutinin Titers of the Absorbed Serum for a Panel
of Altered Red Cell Types Is Shown, and Is Compared with the

---------- - Agglutinin Titer of the Unabsorhed Normal Serum

Cells

RDE Periodate Trypsin Bromelin Ficin Papi�iri

Serum I
normal 64 512 1 2 8 -

R1)EABS 1 512 1 2 8 --

ficin ABS 64 512 1 2 4 -

bronielin ABS 64 512 1 1 8 -

periodate ABS 32 2 1 2 4 -

trypsin ABS 32 -- 1 2 4 -

Serum II
normal 128 32 128 .312 512 512

Papam ABS 128 32 4 [28 128 4

Serum III

normal 128 16 1 2 8 8

RDEABS 2 16 1 2 4 -

1km ABS 128 16 1 2 1 -

l)romelin ABS 128 8 1 2 4 -

I)eriOdatc ABS 64 2 1 2 8 -

trypsin ABS 128 16 1 2 8 -

papain ABS 128 8 1 1 � 2

Serum IV

normal 512 64 8 8 8

RDEABS 4 64 4 16 8

ficin ABS 512 64 2 16 2

l)romelin ABS 512 64 1 8 8

Periodate ABS 512 4 4 8 8

trypsin ABS 256 64 2 8 8

Scrwn V

normal 128 16 8 64 64 128

I)aPaifl ABS 64 16 8 64 8 8
Serum VI

normal 64 128 2 32 64 32

papain ABS 16 64 2 4 8 2

ABS = absorbed serum; - = not (lone’.

coated in normal unheated serum (table 3). \Vhen altered red cells coated in

unheated serum are mixed with heated absorbed or heated unabsorbed serum,

no hemolysis occurs. Such coated red cells would ordinarily hemolyze in

both native or absorbed sera prior to heating. Hence, the hemolysin is possibly

dependent on two heat labile factors: (1) the coating hemolysin, and (2)

non-specific substances, probably complement. The poorer reconstitution of

hemolysis in absorbed serum of altered red cells coated in heated sera may

be related to: (1) decreased activity (thermolabile) of a single serum hemo-

lysin, (2) a separate thermolabile contributing hemolysin, or (3) the need for

complement to assure maximal attachment of the hemolysin to the red cell

membrane. The fact that saline eluates of coated cells were also heat labile

in their capacity to restore hemolysis in absorbed serum (vide infra) favors

the first explanation.
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Table 2.-Coated and Uncoated Cell Hemolysis (as Per Cent of Control)

in Absorbed Serum

Serum absorbed with Uncoated cells Coated normal serum

RDE 19.5 52.4

periodate 17.0 46.0

trypsin 45.0 97.0

ficin 12.0 54.0

bromelin 43.0 60.0

papain 19.0 39.0

Each value represents the average of several determinations with different scra (see text).

Table 3.-Coated and Uncoated Cell Hemolysis (as Per Cent of Control)

in Absorbed Serum

Serum absorbed with Uncoated cells Coated normal serum Coated heated serum

RDE . 10.0 43.0 20.0

periodate 5.0 25.0 15.0

trypsin 38.0 98.0 55.0

ficin 12.0 55.0 16.0

bromelin 52.0 71.0 59.0

Each value represent s the average of severa 1 determinations with di iferent sera (see text).

Relationship of the Hemolysin to the Properdin System

Previously it was noted that these hemolytic systems were partially properdin

dependent in that R.P. serum would not support lysis of the altered red cells.5

On the other hand, while the addition of purified properdin to ncrmal serum

frequently increased serum lytic capacity for altered red cells, addition of

purified properdin to R.P. serum rarely restored hemolysis.� In the present in-

vestigation the role of properdin in the function of these specific serum sub-

stances was evaluated. Some of the pertinent findings are described:

1. There was no reduction in the agglutinin titer of altered red cells in R.P.

sera.

2. Purified properdin preparations in concentrations of 10 units/mI. did

not display any agglutinins for altered red cells.

3. The preparation of specifically absorbed sera did not favor fixation of

properdin because of the low temperature ( 2#{176}C.) used. Removal of Ca + +

and Mg+ + from sera made this even more unlikely. However, cells coated

in Mg+ + and Ca + + deficient serum hemolyzed in absorbed serum as well

as cells coated in normal serum ( table 4 ) . The known dependence of properdin

fixation on Mg+ + ion#{176}and the known dependence of complement fixation

on both Ca� + and Mg+ +1O indicate that it is unlikely that loss of either

properdin or complement is responsible for the diminished lytic capacity of

absorbed serum, or that these factors are present on coated cells. Rather,

such cells are able to undergo lysis in absorbed serum because of the presence

of properdin and complement.

4. PNH red cell lysis is dependent on properdin for hemolysis.11 In no in-

stance did absorption of serum with altered cells reduce the lytic capacity

of the absorbed serum for PNH red cells (fig. 5).
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Table 4.-Coated and Uncoated Cell Ilemolysis (as Per Cent of Control)

in Absorbed Serum

Serum absorbed with Uncoated cells Coated normal serum
Coated Ca�Mg��

free serum

ficin 1.0 69.0 73.0

bromelin 1.0 48.0 45.0

Table 5.-Coated and Uncoated Cell Hemolysis (as Per Cent of Control)
in Absorbed Serum

Serum absorbed with Uncoated cells Coated normal serum Coated R.P. serum

bromelin 20.0 36.0 38.0

ficin 19.0 66.0 66.0

periodate 28.0 46.0 47.0

RDE 24.0 46.0 30.0

trypsin 41.0 90.0 54.0

Each value represents th e average of several determinations with duff erent sera (see text).

5. It is possible that the inhibition of altered red cell lysis in R.P. serum is

associated with removal, not only of properdin, but also of the hemolysin by

zymosan. To evaluate this concept, red cells altered with bromelin, ficin and

periodate were coated with normal and R.P. serum ( table 5 ) . When such

coated cells were washed and placed in their respective types of normal ab-

sorbed serum, restoration of hemolysis was equal for both types of prepared

red cells. RDE altered red cells coated in R.P. serum were hemolyzed less ef-

fectively than similar cells coated in normal serum. The discrepancy was most

marked for trypsin in that trypsin altered red cells were poorly coated in R.P.

serum. The conclusions to be drawn from this experiment are: ( 1 ) ficin, brome-

lin and periodate treated red cells may be coated in R.P. serum and attach

the hemolysin to the red cell membrane; ( 2 ) trypsin and to a certain extent,

RDE treated red cells, do not “absorb” their respective hemolysins in R.P.

serum; ( 3 ) zymosan treatment of serum results not only in effective removal

of properdin, but also in removal or inactivation of the specific hemolysin con-

cerned for RDE and trypsin treated red cells; ( 4 ) properdin probably is not

necessary for attachment of hemolysin to the red cell membrane but if it is

necessary at all, acts in the second or hemolysis phase. This latter conclusion

is supported by the fact that trvpsin treated red cells coated with hemolysin

from normal serum did not lyse in R.P. serum; thus, properdin appears to be

necessary in this particular instance for altered coated red cell lysis. These

findings, at least for trypsin and RDE treated red cells, may help to explain

the lack of restoration of hemolysis in R.P. serum by the addition of purilled

properdin5 (i.e., lack of a specific hemolysin in the system. ). On the other

hand, hemolysis in normal serum is increased by the addition of properdin5

because hemolysin is present in the system.

6. Addition of purified properdin to various absorbed sera did not result

in restoration of lysis in any system except that of the trypsin treated cell-

trypsin cell absorbed serum. In this instance, at least, the properdin preparation

(prepared by ethanol fractionation of plasma) was presumed to contain active

hemolysin.
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investigation of Specific Serum Factors by the Use of Red Cell Eluates

To clarify the role of these serum hemolysins and agglutinins in lysis of

altered red cells these serum factors were isolated from the altered coated red

cells in saline media by elution. The agglutinin titers of eluates prepared from

different types of altered red cells against the panel of altered red cells are

shown in table 6. The ability of such eluates to agglutinate these cells is not

limited to the altered red cell type used for absorption, but rather there is a

wide range of cross reactions. As a general observation concerning the spec-

ificity of these agglutinins, the highest agglutinin titer of any eluate is against

its homologous altered cell type. The strongest and most consistent cross re-

actions in eluate agglutinins are again in the triad of papain, bromelin and

ficin treated red cells. To a lesser extent, certain cross reactions are noted

between these three eluates and red cell types and RDE treated red cells and

eluates.

Greater evidence of specificity was obtained when these eluates were used

to reconstitute the hemolysis of altered red cells in various absorbed sera.

Eluates prepared from a specific altered red cell type were most effective in

restoring hemolysis for that red cell type in homologous absorbed serum. How-

ever, cross reactions of eluates from bromelin and ficin altered red cells were

noted. Thus, the use of eluates for hemolysis rather than agglutination again

permits a greater degree of differentiation amongst the various cell types as

regards specificity of the serum factors involved and confirms the previous

findings with coated cells.

The appropriate use of eluates prepared from specifically altered red cell

types has confirmed the serologic findings previously noted using coated red

cells prepared from whole sera as regards : ( 1 ) heat stability of agglutinins;

( 2) heat lability of hemolysin; ( 3 ) differentiation of eluate substances from

complement factors and properdin in serum; ( 4 ) failure of these eluates to

affect PNH hemolysis or to agglutinate PNH cells; ( 5 ) distinctness of these

eluate factors from ABO isoagglutinins or hemolysins.

Constancy of individual Serum Paftern�

The ability of serum from a certain individual to hemolyze these artificially

altered red cells is a constant property when measured over many months

(table 7).

DIscussIoN

Thomsen and Friedenreich in their original description of the “T” agglutinin

phenomenon showed that the serum of certain lower animals was capable not

only of agglutinating but also of lysing “T” transformed homologous red cells.1

More recently, human serum factors involved in agglutination of human red

cells transformed by RDE and influenza virus have been recognized.2 In addi-

tion, human panagglutinins for periodate3 and trypsin4 treated human red

cells have been described. The latter agglutination has been described as a

reversible phenomenon at 37#{176}C.,a finding not confirmed in this report. A sim-

ilar, non-reversible agglutinin in pooled human serum has been reported by
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from serum Periodate

Table 6

Type of cell

Trypsin RDE Bromelin Ficin Papain

4 neg

8 neg

32 2

2 1

1�!8 neg

32 neg

Type of
eluate

periodate

trypsin

ficin

brornelin

RDE

Y

K

F

M

Mu

Mi 2

Y

K

F

M

Mi!

Mi 2

Y

K

F

M

Mi 1
Mi 2

Y

K
F

M

Mu

Mi 2

Y

K

F

M

Mu

Mi 2

1 neg 2 -

1 neg neg -

4 4 4 -.

4 neg 1

1 1 1 -

neg neg neg neg

neg neg I -

2 2 neg neg -

4 8 4 4 -

8 neg 4 -

4 1 1 -

neg neg �cg neg

2 1 4

2 1 2 -

16 4 16 --

32 128 128 -

4 4 8 -

neg 2 4

8 1 1 -

4 2 1 -

32 4 4 -

32 128 128 -

4 4 4 -

1 8 4 2

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

neg

1

neg

1

neg

4

8

neg

neg

neg

1

1

8

neg

neg

neg

neg

neg

neg

neg

neg

neg

4

neg

neg

neg

1

neg

1

2

64 64 64

128 128 128

neg neg 1

neg neg 2

16 8 64

8 8 8

were prepared. The agglutinin titers of
these specific eluates against the panel of altered red cells is shown. ( - = not done)

Makinodan and Macns.’2 Sporadic reports of hemolysis of human enzyme

treated red cells by homologous serum have appeared,’4 and generally such

hemolysis has been regarded as a pathologic phenomenon.’4 The observations

reported herein emphasize that hemolysis of treated red cells is not limited
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papain

Y

M

K

K
Bel
Ber

Eluates from various

neg neg

neg neg

neg neg

neg neg

neg neg

2 2

coated altered red cells

32 neg

32 1

128 8

16 1

32 2

32 2

neg -

8 -

1 -

4 -

1 neg
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Serum Date

Table 7.-Cell_Type (Various Cell Preparations)

Bromelin Ficin Trypsin RDE
% Hem. Agg. % Hem. Agg. % Hem. Agg. % Hem. Agg.

Periodate
% Hem. Agg.

Y 4/11/59 2 - 4 - 63 - 60 - 87 -

6/26/59 5 - 15 - 18 - 74 - 100 -

11/17/59 6 2 16 4 34 - 62 - 96 -

1/20/60 8 4 24 2 62 4 81 64 100 256

1/24/60 6 2 20 8 31 1 61 64 96 512

Cell Type (Same Cell Preparations)

Serum Date
Bromelin Ficin Trypsin RDE
� Hem. % Hem. % Hem. % Hem.

Periodate PNH
% Hem. % Hem.

A 8/11/59 96 0 9 18 3 24

8/14/59 97 0 20 29 4 22
B 8,’14/59 69 94 93 42 84 25

8,24/59 74 95 92 41 95 26

C 8/5/59 0 1 22 93 29 24

8/18/59 1 1 17 27 31 24

The ability of serum taken from the same individual over varying periods of time to

hemolyze and/or agglutinate the panel of artificially altered red cells is shown. The minor
variations seen in this property of serum from the same individual over extended periods

of time can probably be ascribed to unavoidable minor alterations in the length of ex-

posure of red cells to an enzyme, or to slight differences in potency of the several lots of

enzyme used, particularly in the case of trypsin and RDE. The latter factor is less im-

portant for bromelin, papain, ficin, and periodate, because the same initial supply of these

substances was used throughout these experiments. ( - not done)

to experimental animals nor pathologic changes of human sera. The failure

of previous workers to encounter this phenomenon is probably because of

the very sensitive pH dependency of these hemolytic systems.5

As has just been emphasized, there are varying degrees of cross reaction

amongst the serum factors involved in several of these agglutinating hemolytic

systems when examined in large numbers of sera. The two most closely re-

lated are the RDE-virus group and the bromelin-ficin group. Diagramatically

the relationships may be outlined as follows: (The arrow indicates to what

extent serum factors absorbed by or eluted from the cell type at the origin

affect that at the head.)

RDE .i4___ bromelin

virus -� ficin

papain

‘a � �::± periodate

trypsin

These cross reactions are not always present, for sera have been encountered

which hemolyze bromelin treated red cells almost completely but not ficin

treated red cells ( fig. 3 ), or both ficin and bromelin treated red cells but not

papain treated red cells. The frequency and extent of crossover may be related

to the type and degree of change effected in the red cell membrane mosaic pat-
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tern by the specific altering agent. Further work is needed to clarify whether,

in the molecular sense, the serum factors involved are always separate or have,

as in the case of certain cross reacting antibodies of the ABO system, a spec-

ificity for one locus on the same “antibody” molecule.15

These hemolytic systems appear to be partially dependent upon properdin

for lysis;5 so far as we have been able to find, this observation is the first

demonstration of a properdin requirement in what resembles a specific antigen

antibody system.* Perhaps the absorption or inactivation of the trypsin and

RDE hemolysin by zymosan at 15#{176}C.supports Nelson’s concept’#{176} that properdin

actually represents a mixture of natural antibodies of varying specificity.

These various systems allow certain distinctions to be made between the

properties of various agglutinins and hemolysins in human serum. Thus, (1)

there is no necessary correlation bet�veen hemolytic capacity and agglutinin

titer; ( 2 ) hemolysins are more easily absorbed from sera than aggliitinins and

generally display greater specificity; (3 ) hemolysins are labile at 56#{176}whereas

agglutinins are stable under these conditions. Abelson has also shown that the

isohemolysins elute from DEAE cellulose columns differently than (10 isoag-

glutinins’7

Of greater practical importance is the bearing which these findings have

On the use of enzyme treated red cells in the detection of incomplete anti-

bodies, both as to possible mechanism and as to potential hazards. The fact

that certain sera may contain very potent agglutinins for red cells treated

with ficin, bromelin or papain explains the previously noted high incidence of

false positive reactions in the use of enzyme treated cells for the detection of

incomplete antibodies.4’18’1#{176} Since sera vary widely in their agglutinating

capacity, the use of a control serum may be misleading, as such a serum may

be low in agglutinin titer while the serum under test may be high in enzyme

treated red cell agglutinins. Hence, such measurements would not necessarily

signify the presence of other antibodies. In searching for specific subgroup

antibodies, an enzyme treated red cell control lacking the specific antigen

being sought may be helpful, but if the antibody being sought is non-specific

( as in many cases of acquired hemolytic anemia ) , such a control would be of

no value. These hazards suggest that the antihuman globulin serum technique

( Cocmbs test) is still the procedure of choice for the detection of incomplete

antibodies of any variety. In addition, the demonstration of hemolysins in

human serum vs. enzyme treated red cells is to be viewed with some skepticism

for pathologic significance. particularly if conditions of pH are not well con-

trolled.

Various theories have been advanced to explain the agglutination of

enzyme treated red cells in the presence of incomplete antibodies.1#{176} Pirofsky

has described a heat stable plasma factor for agglutination of brome-

un treated red cells.20 It may be that the same serum factors involved

in panagglutination and panhemolysin activity of normal serum against

compatible enzyme treated red cells contribute to the ability of serum to ag-

#{176}Asimilar phenomenon has recently been reported (\Vedgwood, R. J.: Antibody Re-

quirement for Interaction of Properdin and Bacteria. Fed. Proc. 14:79, 1960).

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/17/4/474/570080/474.pdf by guest on 19 M

ay 2023



488 YACHNIN AND GARDNER

glutinate enzyme treated red cells in the presence of incomplete antibodies.

Possibly neither factor alone is able to effect such agglutination but a sum-

mation of two nonagglutinating red cell-antibody attractive forces is sufficient

to cause macroscopic clumping of the cells. Enzyme treatment of red cells21

as well as treatment with heavy metals22 and phenylhydrazine compounds23

may allow coating of such red cells by serum proteins even in the absence of

visible agglutination.

Although there are many similarities between the PNFI hemolytic system

and hemolysis of altered red cells, no specific serum factors have been dem-

onstrated in PNH red cell lysis similar to those which participate in altered

red cell lysis. However, the PNH red cell emerging into the circulation with an

altered membrane, could conceivably become maximally “coated” with a

specific serum substance occupying all available red cell sites and preventing

agglutination, a type of in vico prozone phenomenon. Although PNH cells

usually have a negative Coombs test, a number of reports have described the

�tppe�trance of a positive, direct Coombs test during the evolution of the dis-

ease.24 The incidence of this finding in PNH patients is much higher than it

would be if this were purely a random occurrence causing some authors to

question whether or not PNH may be an immunologic � Conceivably

only certain Coombs sera might be capable of reacting with this coating sub-

stance. We have been unable to demonstrate a positive Coomhs test with PNH

cells using a rabbit anti-properdin antibody.

Some cases of acquired hemolytic anemia with pan- or polyagglutinability

of the patients’ red cells in human serum have been reported.2#{176} Most of these

cases have been associated with moderate to overwhelming infection. in a

few instances the serum factor involved has been shown to resemble the “T”

agglutinin for RDE or influenza virus treated red cells. More recently, a

case has been observed involving a previously unrecognized serum factor

designated as Tn.2T In these patients serum factors resembling those described

in this report appear to play some part in the production of increased blood

destruction. It is conceivable also that these serum factors could participate

in those symptomatic hemolytic anemias more commonly associated with var-

iotls infectious states, where no red cell alterations are demonstrable. Here one

would postulate that only a certain proportion of the circulating red cells was

altered by the infecting agent or its enzymatic products, and following union

with similar antibody-like factors, was quickly removed from the circulation.

SUMMARY

An analysis of the serum factors involved in the lysis and agglutination of

artificially altered red cells in compatible human serum has been presented.

Human sera have been found to vary widely in their capacity to hemolyze a

panel of artificially altered red cells.

These differences have been shown to be the result of a multiplicity of more

or less specific serum factors for each altered red cell type. These factors have

many of the properties commonly associated with classical antibody.

These serum factors are different from complement and properdin.
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SERUM FACTORS IN RED CELL LYSIS 489

The range of specificity and the degree of cross reaction for these various

serum factors have been analyzed.

These serum factors are important in the consideration of the use of enzyme

treated red cells for the detection of incomplete antibodies, and of certain

acquired hemolytic states in man.

SUMMAII1O IN INTERLINGUA

Es presentate un analyse del factores interessate in Ic lyse e le agglutination

de artificialmente alterate erythrocytos in sero human de provenientia compat-

ibile. Esseva trovate que seros human varia extensemente in br capacitate de

hemolysar tin batteria de artificialmente alterate erythrocytos.

Esseva demonstrate que iste differentias resulta de tin multiplicitate de plus

0 minus specific factores seral pro omne typo individual de cellula alterate. Iste

factores ha multes del proprietates que es communmente associate con anti-

corpore classic.

Iste factores seral es differente ab complemento e ab properdina.

Le area de specificitate e le grado de reaction cruciate pro iste vane factores

seral es analysate.

Iste factores seral es importante ab Ic puncto de vista del uso de erythrocytos

tractate con enzymas in le detection de anticorpores incomplete e de certe

acquirite statos hemolytic in patientes human.
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