
Globulin Coating of Neoplastic Lymphocytes in

Chronic Lymphocytic Leukemia

By JEROME I. BRODY AND LAWRENCE H. BEIZER

T HE PURPOSE OF THIS STUDY was to determine whether the globulins

which coat erythrocytes and react with antihuman ( Coombs ) globulin in

chronic lymphocytic leukemia also coat and dissociate from leukemic lympho-

cytes. This investigation appeared pertinent because of information which in-

(licates that the normal lymphocyte is associated actively with a number of

specific immunologic phenomena not usually induced by humoral antibody.�6

In an analogous manner, the observation that abnormal globulins are present

on leukemic lymphocytes7 may indicate a more direct participation of this

cell in the acquired hemolytic anemia of chronic lymphocytic leukemia.

In order to test this hypothesis the technic of specific mixed cell agglutina-

tion (SMCA) was employed to detect modifications of the leukemic lymphocyte

surface and, in addition, to delineate mobility characteristics of the abnormal

proteins. The surface antigenic structure of normal and neoplastic cells pre-

viously has been studied by this method.8�3 For example, using type A or B

erythrocytes as indicators, unknown cells will be linked to the indicator red

cells with anti-A or anti-B type specific sera if both cells possess the specific

common antigen. In the present investigation, the procedure was altered so

that naturally sensitized red cells from Coombs-positive patients or experi-

mentally sensitized, Coombs-negative, normal erythrocytes serve as indicators

and, in the presence of antihuman globulin, form in vitro mixed agglutinates

with leukemic lymphocytes only if the latter cells are coated with antibody

globulin. The concept is illustrated diagrammatically in figures 1 and 2. This

technic has an advantage over the conventional Coombs test to indicate globti-

lin coating because it circumvents the problem of non-specific, spontaneous

agglutination of the unknown cell.

EXPERIMENTAL MATERIAL AND METHODS

A. Clinical Patients

The study group consisted of 11 patients who, applying the cumulative criteria of age,

appearance of the peripheral blood and hone marrow, clinical course and response to treat-

ment, had chronic lymphocytic leukemia. Seven patients had received neither blood trans-

fusions nor specific antileukemic therapy before being included in the study. Prednisone

and chlorambucil were administered to four patients during the investigation, one of

whom had received prior external splenic x-irradiation. Studies on this last patient also

were performed following therapy-induced remission. In addition, one of the patients had

received vincaleukoblastine initially for the leukemia. At the outset, seven patients were
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140 BRODY AND BEIZEII

Fig. 1.-Schematic representation of autologous SMCA. In this instance, both
cells are obtained from the same, Coombs-positive leukemic P�1tie1t. Lymphocytes
(stippled nuclei) and ervthrocvtes (open circles), both coated with globulins (solid

rectangles) , will form mixed lvmphocvted-red cell agglutinates upon the addition

of antihuman globulin. (1-f).

Fig. 2.-Schematic representation of homologous SMCA. The symbols are the

same as those in the previous figure. In this experiment, the lymphocytes are taken
from a Coombs-positive patient and incubated with normal, Coombs-negative ervth-
rocvtes. Partial dissociation of antibody globulin occurs with subsequent coating of
the normal red cells. SMCA takes place following addition of Coombs antiserum

because flOW both cell types have been coated during the in vitro incubation and

are bridged by the antihuman globulin.

Coombs-positive and four had negative Coombs reactions. During the course of the study

two of the patients who were Coombs-negative became Coombs-positive. One patient had

a strongly positive Coombs test which dmunished in intensity after chemotherapy. The

experimental procedures were repeated whenever changes in Coombs reactivity occurred.

For experimental purposes, 1)eripheral blood lymphocytes were obtained from eight pa-

tients, lymph node lymphocytes from two and both peripheral blood and lymph miode

lymphocytes from one patient. These data are summarized in table 1.
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GLOBULIN COATING OF NEOPLASTIC LYMPHOCYTES 141

Table 1.-Clinical Feature8 of Study Patients

Lymphocytes Used

Patient Coombs Test Treatment Peripheral blood Lymph node

1 #{176} 0 iione + 0

+2

0 none + 0

+2

3 +4 5l)lenic x-irradiation + 0

+1 (at) prednisone

clilorambucil

4$ +3 prednisone 0 +

clilo)ran)hucil

5 -1-3 1)01W + 0

6 0 none + 0

7$ +3 prednisonc 1) +
chlorambucil

8 0 none + 0

9$ +3 vincaleukohlastine + +

prednison�

cliloraml )itcil

10 +2 none + 0

11 +4 none + 0

at = after therapy.

#{176}Spontaneous change.

Lymph nodes obtained at autopsy.

B. Laboratory Procedures and Reactants

1. Glassware. All glassware was acid-cleaned, thoroughly rinsed in tap anti distilled

water and siliconized#{176} to avoid adhesion of the cellular elements to) laboratory utensils.

2. Antihunian globulin. The Coombs reagent was a broad spectrum, commercial anti-

human globulin prepared by the Ortho Research Foundation, Raritan, N. J., used full
strength, undiluted, in all assays. A special Ortho investigational antiserum was employed

initially but it offered no particular advantage and, therefore, the former reagent W�i5

used in all subsequent assays.

3. Complement. Normal, human type AB, Rh negative serum was the complement source.

This was kept at -70 C., as 1 ml. aliquots in screw top vials and, after quick-thawing,

always was used without dilution.

4. Lymphocytes. Peripheral blood leukemic lymphocytes were prepared as previously

described in detail.7 After aspiration into a 10 ml. syringe, the blood was expressed into

a 25 ml. Erlenmeyer flask and defibrinated by agitation with 20 glass beads. The lympho-

cytes were harvested by sedimentation and differential centrifugation at 4 C. and then

washed five times with cold, normal saline. Lymph node lymphocytes were prepared from

autopsy specimens by gently dissecting away the lymph node connective tissue capsule

and cutting the node into slices 2 mm. thick with a sharp scalpel.14 These were suspended

in cold, normal saline and agitated to dislodge the lymphocytes. The suspension was filtered

through moderately fine gauze to remove the larger tissue fragments and the cells washed
five times with cold saline. Both peripheral blood and lymph node lymphocytes were

handled in the identical manner in the specific mixed cell agglutination assays. A 2 per

cent suspension of packed lymphocytes was made in saline, this to be considered “full

strength” suspension. From this suspension, 3:4, 2:4 and 1:4 dilutions were made in

5Siliclad, Clay-Adams Inc., New York, N. Y.
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142 BRODY AND BEIZER

saline so that, when combined with erythrocytes in proportions described below, constant,

reproducable decreasing lymphocyte-red cell ratios would result.

5. Erythrocytes. Autologous ( patient ) erythrocytes were obtained by fragmenting a blood

clot in native serum with a wooden applicator anti washing the cells five times with cold,

normal saline. Homologous ( normal ) erythrocytes were obtained by aspirating blood direct-

ly into cold Alsever’s solution ( 2 parts Alsever’s to 1 part blood ) and similarly washing

the red cells. In both instances 1 per cent red cell suspensions were made in normal saline

an(l used in this constant concentration in all the assays. By chamber count it had been

calculated that a 1 per cent suspension of packed red cells anti a 2 per cent suspension

of packed leukemic lymphocytes equal a 1 : 1 ratio.

C. Specific Mixed Cell Agglutination (SMCA) Assays

1 . Standard procedures. Assays, employing autologous lymphocyte anti erythrocyte mix-

tures from either Coombs-positive or Coombs-negative leukeinic patients were made to)

determine whether lymphocyte globulin coating is concordant with red cell Coombs re-

activity. Homologous studies, to determine globulin dissociability, were performed using

leukemic lymphocytes from Coombs-positive or Coombs-negative patients in combination

with normal, Coomi)s-negative erythrocytes. In contrast to peripheral blood lymphocytes,

lymph node lymphocytes were employed only in homologous assays. In all instances the

oiuantities anti proportions o)f the reactants were identical. The technic consisted of adding

0.1 ml. of a constant 1 per cent red cell suspension to 10 x 75 mm. seroiogio test tubes,

each containing 0.8 ml. of the individual lymphocyte concentrations previously described.

After the addition of 0. 1 ml. fresh serum (complement), the lymphocyte-red cell ratios
would equal 8:1, 6: 1, 4:1 and 2: 1, respectively, in a total reacting volume of 1 ml. When

serum was omitted, normal saline was substituted to maintain the constant total volume.

The assays were made in duplicate so that in one instance the Coombs reagent was added

after 15 minutes incubation anti similarly after a 2-hour incubation period. Mixtures were

incubated at 4 C., room temperature, and 37 C. Following incubation all reactants were

centrifuged in a clinical centrifuge for 3 minutes at 1500 rpm, washed five times with

normal saline, the supernatant removed, anti 0.2 ml. antihuman globulin added to each

tube. After 5 minutes at room temperature the initial 1 ml. reacting volume was restored

with normal saline and the tubes centrifuged at 500 rpm for 1 minute. The supernatant

again was removed and wet coverslip preparations were evaluated under dark-field micro-

scopy in terms of mixed lymphocyte-red cell aggregates (SMCA), individual clumping of

erythrocytes and separate agglutination of leukemic lymphocytes. It should be stated that

this was a semi-quantitative method of recording, similar to that for the conventional Coomubs

test, in which cell pairs were graded as +1, short chains of 4-8 cells as +2, small clumps
of cells as +3, and large aggregates indicated a +4 reaction. Control tubes, included in

every assay, were treated in a manner identical to the test reactants except that no anti-

globulin was added. An example of this type of procedure is illustrated in table 2.

2. Modified procedures. In order to investigate additional aspects of these proteins, homo-

logous assays were made using leukemic lymphocytes from Coombs-positive patients in

combination with normal erythrocytes with the following modifications:

a. Assays without serum (complement) and with heat-inactivated0 lymphocytes (HIL).

b. Assays with the addition of heat-inactivated serum (HIS) and heat-inactivated lympho-

cytes.

c. Assays with fresh serum and heat-inactivated lymphocytes.

The lymphocytes were heat-inactivated on the basis that, being freshly isolated, they might

contain serum (complement) on their surfaces in addition to the globulins. This procedure

did not visibly alter the lymphocytes.

0 Kept at 56 C. for 30 minutes. -
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GLOBULIN COATING OF NEOPLASTIC LYMPHOCYTES 143

Table 2.-Homologous SMCA with Coombs-positive Lymphocytes
______________ and Normal Red Cells

Lymphocyte-Rod Cell Ratios 8 : 1 6 : 1 4 : I 2:1

Coombs agglutination

SMCA#{176} +4 +3 +1 +1

Red cells +2 +2 +3 +4

Lymphocytes +4 +3 + 1 0

Control tubef

SMCA 0 0 0 0

Red cells 0 0 0 0

Lymphocytes 0 0 0 0

#{176}I)enotes mixed lymphocyte-red cell clumping.

Reactants and procedures identical except no antiglobulin added.

RESULTS

A. Autologous Studies

The rcsults described are those observed at 37 C. because reactivity at 4

C. was not detectable and that at room temperature, although present, was

minimal and inconsistently reproduced. Specific mixed cell agglutination and

lymphocyte and red cell clumping were observed when autologous lymphocytes

and erythrocytes from Coombs-positive patients were reacted in combination

with antihuman globulin (fig. 3). These reactions had the following char-

acteristics. The degree of agglutination of all assay components usually, but

not always, could be correlated with the degree of erythrocyte reactivity as

determined by the conventional Coombs test. When the direct Coombs test

was +4, SMCA, lymphocyte and erythrocyte agglutinations approximated this

value. Discrepancies involved greater lymphocyte agglutination than was

consonant with the Coombs reaction, and might be explained Iw the inherent

tendency of lymphocytes to clump spontaneously during incubation.

The reactivity following both incubation periods was similar and did not

appear to be influenced by the time factor. Furthermore, agglutination pat-

terns were static and did not change with the varying ratios of lymphocyte-red

cell suspensions. Identical incubations of autologous cells from Coombs-nega-

tive leukemic patients did not produce cellular agglutinations. These results

are summarized in table 3. Control tubes without antihuman globulin also

were non-reactive (fig. 4).

B. Homologous Studies

The homologous studies with peripheral blood and lymph node lymphocytes

from Coombs-positive patients in the standard protocol were both similar to

(fig. 5) and different from the autologous assays. As with the autologous as-

says, maximum reactivity of all test components was related to the erythro-

cyte antiglobulin positivity of the patient from whom the leukemic lympho-

cytes were obtained. In the case of lymphocytes from a patient with a +2

Coonibs test, for example, the maximum cellular agglutinations approximated
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144 BRODY AND BEIZER

ho agglutination.

Fig. 3.-Autologous SMCA and red cell clumping occurring when both the
lymphocytes and red cells are obtained from the same Coombs-positive leukemic

patient. The presence of mixed lvniphoc�’te-red cell agglutinates following addition

of the antihuman globulin is consistent with antibody coating of both cells.

Fig. 4.-Representative appearance of assays employing leukemic lymphocytes
from a Coombs-negative donor. Note the homogeneous dispersal of the refulgent

red cells and the lymphocytes. Control tubes, without antiglobulin, also revealed
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Fig. 5.-Homologous SMCA and induced red cell coating resulting from the
combination of Coombs.positive leukemic lymphocytes and normal red cells.
Of particular interest are the chains of erythrocytes suggesting that a portion of the

lymphocyte globulin has reassociated on the erythrocytes.

GLOBULIN (;OATINC OF NEOI’LASTIC LYMPHOCYTES 145

+ 1 or +2. In contrast to autologous studies, the short 15-minute incubation

period with normal erythrocytes produced merely weak SMCA and red cell

agglutinations. The intensity of the reactions, however, approached those

predicted by the Coombs reaction after 2 hours of incubation. Moreover,

variations in the lymphocyte-red cell ratios altered cellular agglutination pat-

terns so that, in general, as this proportion decreased, SMCA decreased or

remained approximately the same, red cell agglutination increased, and lym-

phocyte clumping became less intense. In these instances the strongest SMCA

was obtained when the lymphocyte-red cell ratios were 8:1 or 6:1 and

induced red cell agglutination was most marked when the lymphocyte-red

cell proportions were 4:1 and 2:1. When peripheral blood leukemic lympho-

cytes from Coombs-negative patients were incubated with homologous, nor-

mal erythrocytes, no cellular clumping was observed, a result in accord with

similar autologous experiments. Table 4 is a condensed, representative sum-

mary of this experiment.

C. Modified Procedures

Homologous assays were performed on peripheral blood lymphocytes from

eight patients and lymph node lymphocytes from three patients, all of whom

were Coombs-positive, to determine whether complement or a related heat-

labile factor facilitates globulin dissociation from the leukemic lymphocyte

and reassociation on the normal red cell. In one patient, both PeriPheral blood

and lymph node lymphocytes were employed in the test. In 10 patients the
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GLOBULIN COATING OF NEOPLASTIC LYMPhOCYTES 147

cellular agglutinability of all components reverted from positive to negative

when serum was not included in combination with heat-inactivated lympho-

cytes. Similar results were obtained when both heat-inactivated serum and

heat-inactivated lymphocytes were used simultaneously in the assays. How-

ever, ill this experiment, isolated lymphocyte agglutination was observed in

two patients and most probably represented non-specific lymphocyte clump-

ing. Addition of fresh human serum to the reacting mixtures in the presence

of heat-inactivated cells restored, either completely or partially, the original

agglutination patterns of the standard assays. Specifically, the reactivity of

all components in four patients was restored completely. In four, lymphocyte

agglutination returned entirely but SMCA and red cell agglutination reverted

only to a limited degree. The reactivity of all three components was restored

to a diminished degree in two assays. These results are summarized in table 5.

The modified procedures were done twice on patient No. 3, once when his

Coombs reaction was +4 and again following its decrease subsequent to

specific antileukemic therapy. In the assays performed when the Coombs test

was strongly positive the protocol changes did not appear to influence the

reactivity of the cells. However, when the Coombs test became +1 the same

experimental conditions produced a diminution, but not a disappearance, of

cellular agglutinations.

DISCUSSION

There are two major, related observations derived from this investigation.

First, the occurrence of specific mixed cell agglutination (SMCA) when anti-

human globulin was added to incubated, proportional mixtures of autologous

lymphocytes and red cells from Coombs-positive leukemic patients indicates

that neoplastic lymphocytes, as well as erythrocytes, may be coated with ab�

normal globulins. The second, and perhaps more important principal observa-

tion of SMCA and red cell agglutination with homologous lymphocytes from

Coombs-positive patients and Coombs-negative erythrocytes strongly sug-

gests that these proteins dissociate from the leukemic lymphocyte and may

reassociate on previously normal red cells. In these respects, the neoplastic

lymphocyte may resemble its normal counterpart since the latter cell mediates

or is instrumental in homograft rejection,1’3’5 tuberculin reactivity2 and the

transfer of allergic encephalomyelitis.4 Although it is realized that this compari-

son is not completely in parallel because it refers largely to “fixed” or tissue

antibodies, and the cell-coating globulins of chronic lymphocytic leukemia

are considered circulating antibodies, it is conceivable that the leukemic

lymphocyte may have a functional role during in vivo erythrocyte coating.

The demonstration that lymph node lymphocytes react similarly to peripheral

blood lymphocytes in SMCA supports, hut does not confirm, this theory since

these cells, which may be coated prior to their release into the peripheral

blood, originate from foci where both lymphocyte proliferation and antibody

synthesis are said to take place.15’11

The failure to form mixed agglutinates with autologous anti homologous

lymphocyte-red cell mixtures from Coombs-negative patients, as noted in
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Table_5.-Agglutination_Patterns with Serum and Lymphocyte Modifications#{176}

Experimental Serum + Without serum HIS + Serum +
Conditions ILt + HIL HIL HIL

5+ SO SO SO S+ S� S�

Agghmtimlatio)ml R± R 0 R 0 R 0 R+ R � R �

L+ LO LO LI L+ L+ L�

Nmmmnbt-r 11$ 10 8 2 4 4 2

� Synlbols S, H, L, �ts Oemmmmctl in table 3. + demlotes full reactivity, 0 denotes no reactivity,

I (lemlotes prest’iit but climninished reactivity.

t IL = Intact lymliphocytes.

I Patient No. 3 included in this colimmun only.

tal)les 3 arid 4, indicates that these reactions will occur only when 1)0th cells

are globulin-coated and the 1)atielit is detectably Coombs-positive. This as-

sumption is supported by the parallel changes of both the Coombs and mixed

cell agglutinations in the two patients who reverted from Coombs-negative to

1)ositive (luring the course of their disease. This observation is of singular
importance because it is evidence that SMCA does not take place as a form of

“non-specific trapping” and conforms to the principles outlined previously for

this immunologic phenomenon.172 Moreover, similar persistently negative

reactions in control tubes not containing antihuman globulin, as noted in

table 2, is evidence that SMCA does not occur merely as the result of the

physical process of centrifugation.

The associated observations regarding the mobility characteristics of these

proteins also are of considerable interest. The lack of reactivity at 4 C. and

room temperature indicates that these reactions are temperature dependent

and occur best at 37 C. The constant agglutination patterns in the autologous

studies following the short and long incubation periods and with the changing

lymphocyte-red! cell ratios suggest that a saturation equilibrium may exist

between the two cells. In this instance, both the red and white cell surfaces

may have achieved relatively complete antibody saturation in vivo or in vitro,

resulting in constant reactivity patterns. These patterns may develop according

to the laws of mass action as described for other antigen-antibody inter-

change.2’

The situation was somewhat different in the homologous studies. The

short incubation of 15 minutes produced slight SMCA and red cell agglutina-

tion. On the other hand, following the 2-hour incubation period, reactivity

approximated that observed in the autologous studies. These results, as noted

in table 4, suggest that an interval may be required for in vitro antibody dis-

sociation and reassociation. This type of reaction may be similar to, but not

identical with, in vitro intererythrocyte dissociation of anti-D antibody22 and

the erythrocyte-coating globulins of acquired hemolytic anemia.23 The varia-

tion in agglutination patterns with decreasing lymphocyte-red cell ratios may

be in keeping with a dynamic equilibrium concept, although the specific

quantitative kinetics of these reactions cannot be delineated at present.
The absence or diminution of agglutination, as noted in table 5, when no

serum, heat-inactivated serum, or heat-inactivated cells were used in 10 of
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GLOBULIN COATING OF NEOPLASTIC LYMPHOCYTES 149

11 assays suggests that antibody dissociation and reassociation may, to some

degree, be augmented by complement or another heat-labile serum or cell

factor. The behavior of the cells in patient number 3 suggest that, under cer-

tam circumstances, the need for complement may vary with the strength of

the Coombs test. These results are compatible with recent experiments in

which complement or related factor also was required, at times, for optimum

in vitro globulin reactivity.23 The incomplete return of reactivity with addition

of fresh human serum in the system utilizing heat-inactivated lymphocytes

suggests that the heating procedure resulted in partial antibody dissociation

from the lymphocyte, perhaps similar to that observed when sensitized

erythrocytes are heated to this temperature.24 This thesis is supported by the

observation that supematant fluid following lymphocyte heat-inactivation W�S

able to recoat normal red cells in vitro and cause them to be agglutinated by

antihuman globulin.25

These experiments raise further luestions concerning this type of ac1uired

hemolytic anemia. The presence of abnormal proteins on the leukemic lvmpho-

cyte surface does not indicate whether these globulins are also contained intra-

cellularly or if they are endogenous metabolic products of the neoplastic cell.

These problems may be resolved by more precisely defining the place of the

leukemic lymphocyte in the development of immunity in general�#{176} and in

the pathogenesis of autoimmune disease.27 Tue observations do imply, how-

ever, that neoplastic lymphocytes may have an active in vivo immunologic

function in chronic lymphocytic leukemia, albeit one which is abnormal, dis-

torted and not beneficial to the patient.

SUMMARY

1. Employing the technic of specific mixed cell agglutination (SMCA), it

has been demonstrated that leukemic lymphocytes, as well as red cells, may

be coated with globulins which are reactive with antihuman (Coomhs) serum.

2. Moreover, in vitro, these proteins may dissociate from neoplastic lympho-

cytes and reassociate on normal erythrocytes rendering them Coombs-positive.

3. The dissociation-reassociation phenomenon appears to he time- and

temperature-dependent and may be augmented by complement or a related

heat-labile serum or cell factor.

4. It is suggested, by analogy to instances in which the narmal lymphocv�e

mediates certain immunologic reactions, that the neoplastic lymphocyte ma�’

participate actively in the acquired hemolytic anemia of chronic lymphocytic

leukemia.

SUMMARIO IN INTERLINGUA

1. Con le uso del technica de specific agglutination de cellulas mixte ii ha

essite demonstrate que lymphocytos leucemic, tanto ben como erythrocytos,

pote esser revestite de globulinas que es reactive con sero antihuman (de

Coombs).

2. In plus, in vitro iste proteinas pote dissociar se ab lymphocytos neoplastic

e re-associar se con erythrocytos normal con le resultato que illos deveni

Coombs-positive.
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150 BRODY AND BEIZER

3. Le phenomeno del dissociation sequite de re-association pare depender

de tempore e temperatura e pote esser augmentate per complemento o un

relationate factor thermo-labile de sero o de cellula.

4. Es formulate le these-per analogia con casos in que le lymphocyto

normal es un mediator pro certe reactiones immunologic-que le lymphocyto

neoplastic pote participar activemente in le acquirite anemia hemolytic de

chronic leucemia lymphocytic.
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