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INTRODUCTION

Numerous reports in the literature indicate that there 

are immunosuppressive components in the alpha globulin 

fractions of human and murine sera (1, 2, 3, 4, 5, 6 , 7, 8 ,
9). These investigations shed new insights on the mechan

isms controlling immune responses in normal individuals, and 

may elucidate the specific mechanisms involved in producing 

immune deficiency disorders.

At least two possible mechanisms for immune suppression 

by serum alpha globulins have been proposed. The first hy

pothesis suggests that alpha globulins may coat immune lymph

ocytes , thereby preventing these cells from recognizing and 

reacting to antigens (2, 3, 4, 10, 11). Evidence for this 

hypothesis is based on experimental results in which the 

survival of skin homografts and transplanted tumors were 

prolonged in mice treated with homologous alpha globulins at 

the same time or shortly after the transplants were performed.

The second hypothesis postulates that immunoregulatory

alpha globulin (IRA) prevents DNA synthesis (6). Supporting

evidence for this mechanism stems from in vitro studies of 
3H thymidine uptake by human lymphocytes following stimulation

with either phytohemagglutinin (PHA) or specfic antigens.
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This present study was undertaken to evaluate the effects 

of human alpha globulins (Cohn Fraction IV) and/or sera from 

donors with a variety of pathological conditions on the re

sponse of cultured murine splenic lymphocytes to stimulation 

with either sheep erythrocytes (SRBC) or Concanavalin A (Con A). 

After establishing that alpha globulin did interfere with normal 

immune functioning of murine lymphocytes, the following addi

tional questions were proposed: 1) is the alpha globulin toxic 

to murine lymphocytes; 2) does alpha globulin bind to the mito

gen (SRBC or Con A), the lymphocyte, or both, thereby, inter

fering with their interaction; 3) does alpha globulin directly 

block DNA synthesis; if so, when during the mitogenic response 

does the suppression occur?

The rationale in determining the presence of immunosup

pressive activity in patient sera was supported by reports (1 2 , 
13, 14) of impaired immune function in individuals with ele

vated levels of serum alpha globulins. Since the results of 

preliminary studies in our laboratory indicate that alpha glob

ulin interferes with the normal immune functioning of murine 

lymphocytes, it seemed likely that such an assay system might 

prove to be of value in clinically screening patients' sera for 

such activity.
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LITERATURE REVIEW 

Lymphocytes in the Immune Response

T and B lymphocytes

The role of B lymphocytes in antibody production The in

itial step in the humoral immune response involves contact of 

antigen with specific receptors on the surface of certain lymph

ocytes, derived from bone marrow, the so-called B lymphocytes 

(16, 17, 18, 19). This contact with antigen may occur after 

the antigen has been processed by macrophages. It alters the 

expression of B lymphocyte genes, setting in motion a series 

of events during which the cells divide and differentiate.

The B cell evolves from one that is specialized for responding 

to environmental stimuli to one that is uniquely adapted for 

the synthesis and secretion of antibody molecules. These two 

types of B cells, the undifferentiated small or "virgin" lymph

ocyte and the plasma cell, represent the initiation and termin

ation of the process of lymphocyte differentiation. The number 

of cell divisions during the course of differentiation is un

known, but it is established that there is a progressive de

crease in the number of immunoglobulin-like cell receptors on 

each cell.

Role of T lymphocytes in cellular immunity Accumulated 

evidence indicates that the principal lymphoid cells involved



in cell mediated or delayed hypersensitivity responses are thy

mus-dependent T cells (17, 18, 19, 20, 21, 22, 23). In the 

mouse, as well as in the human, phytohemagglutinin (PEA), a 

known T cell mitogen, stimulates the majority of peripheral 

blood lymphocytes to divide. Blast cell responses in vitro, 

however, have also been observed in association with antibody 

production, which is a function ascribed to B cells (18). In 

cultures of peripheral blood lymphocytes, stimulated with pollen 

antigen, the onset of IgE production occurred concurrently with 

the appearance of blast cells. Such evidence suggests that the 

mitogenic response likely represents the activity by populations 

of antigen serisitive cells involved in both cellular immunity 

and antibody production. Varying conditions, however, may 

well favor events more closely related to a cellular response, 

especially if suspensions rich in T cells are studied.

Following stimulation with either specific antigens or 

non-specific mitogens, lymphocytes produce a number of factors 

(lymphokines), all of which appear to be significant in immune 

function (18, 23). Among these factors are included immuno

globulins, migratory inhibition factor (MIF), cytotoxic factor, 

skin reactive factor, blastogénie factors, chemotactic factors 

for mononuclear cells, interferon, and macrophage aggregating 

factor (MAF). Some of these mediators are considered to be 

a means of communication between antigen sensitive lymphocytes

4
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and macrophages and perhaps other cells involved in the cellular 

immune response (20).
Interactions between T and B lymphocytes Certain antigens 

require the cooperation of both T and B cells for the induction 

of antibody synthesis by B cells. The mechanism by which T 

cells participate in the activation of B cell proliferation and 

differentiation into antibody producing cells is unknown, but 

three hypotheses have been proposed: (18, 19) 1) T cells may

bind antigen molecules and present them to B cells in such a 

way that the latter are activated; 2) T cells may activate B 

cells through the release of certain humoral factors; and 3) 
a direct surfdce interaction between T and B cells may occur 

mediated through their mutual attachment to the same antigen. 

Presently, the use of mitogens such as PHA or Con A provides 

the best models for studying the mechanism by which T and B 

cells are activated (17, 18, 20, 24, 25).

Andersson et_ al. (26) suggest that there are at least 2 

pathways by which B cells can be activated. If one function of 

T cells is to release factors which make B cells responsive 

to induction by mitogens or antigens, T and B cell cooperation 

in antibody synthesis is to a certain extent, nonspecific. This 

is in apparent disaggreement with findings demonstrating the 

specificity of T and B cell interaction in vivo. However, if

the T cell factors only act over a short distance, and if both



T and B cells must Interact with the antigen, the specificity 

would be preserved.

6

Role of lymphocyte receptors in the immune response

Rosette forming cells Evidence for the existence of specific 

membrane receptors for antigen on lymphocytes comes from studies 

involving rosette formation (27, 28), a phenomenon whereby lym

phoid cells can fix antigenic erythrocytes to their cell surface. 

The number of erythrocytes surrounding the nucleated lymphoid 

cell in rosettes may vary from only a few bound directly to the 

cell surface to several layers of agglutinated erythrocytes which 

obscure the nucleated cell. Also, the distribution of erythro

cytes adhering to the cell surface is, in some cases, not random 

but may be polar. A lymphocyte has been designated as a rosette 

forming cell (RFC) if it has attached to it an arbitrarily de

termined minimum number of 5 erythrocytes (20, 21).

Classification of RFC Rosette formation provides a simple 

and rapid test for evaluating the antigen binding capability of 

lymphoid cells, and it seems that for SRBC, the specific antigen- 

reactive cells (ARC) of both T and B types can bind antigen in 

this manner. However, although both T and B cells bear specific 

antigen binding receptors, these receptors may differ chemically.

B cells bind considerably more antigen than T cells (29), and 

quantitation of cellular antigen binding by observing rosette 

formation by T and B cells has facilitated their identification
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and classification. Two subpopulations of T cells, (T-l, T-2), 

have been identified, both having low antigen binding proper

ties and forming unstable rosettes unless chemically fixed. B 

cell RFC are stable without fixation, and have been classified 

into B-l (precursor) and B-2 (secretor) cells (18, 24, 25, 30, 

31, 32, 33, 34, 35, 36).

The rosette test has been used extensively for the study 

of antibody forming cells (35, 36, 37, 38), but few data are 

available on rosette formation in unimmunized animals. Most 

spontaneous rosette forming cells in the spleens of unimmunized 

mice are small lymphocytes bearing immunoglobulin receptors 

for specific antigen. RFC against chicken erythrocytes (CRBC) 

are present before birth, and there is no correlation between 

the number of RFC and the level of corresponding humoral anti

bodies (27, 28).

Immunological basis for RFC Rosettes formed by lymphocytes 

from nonimmunized mice are due to antibody forming cells (31).

An immunological basis for rosette formation is supported by 

the failure of lymphocytes to form rosettes with autologous red 

cells, by the very low numbers of rosettes formed by T cells, 

and by the small number of mixed rosettes (lymphocytes binding 

both SRBC and CRBC). This low level of mixed rosettes also 

suggests that the majority of rosettes do not result from the 

binding of cytophilic antibody to lymphocytes.
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Bach, et al. (35), in studies using Ficol and Triosil grad

ients, showed that in unimmunized mice a small specific cell 

population exists, which is responsive to heterologous red blood 

cells, and which is necessary for the immune response to these 

antigens. These "nonimmune" RFC appear to be involved in anti

gen recognition and possibly in antibody formation. In un

immunized animals, these antigen sensitive RFC might also include 

a few natural antibody forming cells, but in immunized animals, 

the antibody forming cells would represent a higher proportion.

Lymphocyte response to antigenic stimulation

Mitogens The mitogen stimulated lymphocyte provides a good 

model for studying in vitro cell transformation, and is also 

used as a means for detecting immune responses to cellular anti

gens. Different mitogens vary in their ability to induce DNA 

synthesis in T and B lymphocytes, e.g., Con A and PHA only stimu

late T cells from the thymus and peripheral lymphoid tissues, 

whereas other mitogens selectively stimulate B cells. It has 

conclusively been shown that both T and B cells possess receptors 

for these mitogens in approximately equal numbers, but the cells 

differ in their responsiveness (16, 17, 18, 39).
Properties of plant mitogens Con A (Canavalia ensiformis) 

and PHA (Phaseolus vulgaris) both agglutinate erythrocytes and 

induce transformation of lymphocytes in culture. The agglutin

ating and mitogenic properties of these proteins are due to their



interaction with specific but apparently different carbohydrate 

moieties on cell surfaces. Alterations in the immunogenicity of 

some cellular antigens can be produced by treatment with bac

terial lipopolysaccharides, Con A, or neuraminidase (Vibrio 

cholera). Both the Con A and PHA intereact with chemical groups 

on the cell surface and apparently interfere with the capacity 

of specific complement fixing alloantibody to bind to the histo

compatibility antigens located on the cell surface, since they 

strongly mask these antigens on mouse lymphoid cells (40, 41,

42).

Con A reacts with neutral polysaccharides by binding speci

fically to thç C3, C4, and C5 hydroxyl positions on terminal glu- 

copyranose or mannopyranose residues of highly branched poly

saccharides (43). Con A also can react with mucopolysaccharides, 

galactan sulfate, glycoproteins, and lipopolysaccharides (40). 

There is evidence indicating that firm binding to the cell surface 

takes place and that the Interaction is not transient (40, 42). 

Carbohydrate receptors for both Con A and PHA are in some way 

related or linked to histocompatibility antigens which are recog- 

ni-zed by specific alloantibodies of the cell surface. Phytomito— 

gens on the cell surface may serve to increase or decrease re

sponses to cellular antigens depending on their binding affinity 

and the concentrations of phytomitogens utilized (43).

9
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■F_ormation of antibody (PFC studies) The production of hemo

lytic, presumably 19S, antibody by single lymphoid cells follow

ing immunization of mice with SRBC, as indicated by the ability 

of such cells to produce zones of hemolysis, or plaques, in agar 

plates containing specific antigen, was first demonstrated by 

Jerne and Nordin in 1963 (44). Experiments showed that, with 

mixed cell populations, the number of plaques obtained was pro

portional to the number of lymphocytes plated, and that each 

plaque was due to the activity of a single cell. This technique 

has been used primarily to enumerate antibody producing cells 

during the first days following stimulation with erythrocyte anti

gens (44, 45).

In 1967, Mischell and Dutton described a cell culture svstem 

for studying the factors that control and regulate cellular events 

in the humoral immune response (46). They showed that spleen 

cells from normal mice could be immunized in vitro to heterologous 

erythrocytes, the response being measureable as an increase in 

the number of hemolytic plaque forming cells and elevated antibody 

levels in the culture supernatants.

Role of immunosuppressive agents

Alkylating agents These compounds act directly on protein 

and DNA molecules causing denaturation and affecting the consti

tuents of the cell nucleus (19, 48, 49, 50). They are powerful 

lympholytic agents with a similar action in some ways to x-rays
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(radiomimetic drugs), and are effective in blocking the induc

tive phase of antibody production. When the alkylating agent 

is given after antigen stimulation, there is no effect, but when 

given before or together with the antigen, there is a marked de

pression of antibody production. These agents block the proges- 

sion of guanosine monophosphate to the triphosphate and thus the 

formation of purine. They may also cause blocking of messenger, 

transfer, or ribosomal RNA that feeds in at adenine triphosphate 

to DNA and cytidine triphosphate that feeds directly into DNA 

from pyrimidine metabolism. Cyclophosphamide, unlike other alkylat

ing agents, is effective not only at the latent or induction 

period, but will also suppress antibody production when it is 

administered several days after injection of the antigen (48).

Antimetabolites These include purine analogues such as 6- 
mercaptopurine (6MP) and its derivatives as well as the halo- 
genated pyrimidines. Purine analogues block the interconversion 

of nucleosides and are effective at the step in the formation of 

adenylic acid from inosinic, thereby interfering with nucleic 

acid and protein synthesis (19, 49, 50, 51, 52, 53). 6MP is 
effective in vivo if it is given at the same time or immediately 

following antigen. There is, however, no effect if it is given 

before the injection of antigen. Antimetabolites act at a later 

stage of induction than alkylating agents. The linear dose re

sponse of 6MP indicates that its action is not due to an inhibi
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tion of mitosis but to a suppression of a first order biochemical 

process which is essential to the induction of antibody produc

tion. Pyrimidine analogues (FUDR, BUDR, 5-FU) are either incor

porated directly into DNA to produce molecules that cannot support 

mitosis or compete with normal substrates for enzymatic sites. 

Antimetabolites are important as carcinostatic and virostatic 

compounds but are too toxic for suppressing the immune response 

.ill y.ivo• Also, it is possible to get an increased immune response, 

comparable to that seen with endotoxin, if FUDR is administered 

between one hr before and 4 days after the injection of antigen 

(19).

B~3 thiepyalalanine is, like 6MP, most effective in vivo if 
given with or shortly after antigen, but it is inefficient if 

given at a later time. B-3 thienyalalanine acts by blocking RNA 

synthesis and subsequent RNA dependent synthesis of antibody (49, 

52, 53, 54).

Antibiotics Puromycin is similar to the amino acid bearing 

end of sRNA, and therefore, competes with sRNA for sites on the 

ribosomes (49). It is a specific inhibitor of protein synthesis. 

Mitomycin C depolymerizes DNA, thereby preventing its replication 

(41). This compound also acts as an alkylating agent and inhi

bits RNA and protein synthesis. Actinomycin inhibits DNA dependent 

RNA synthesis by binding quanidine residues of DNA (49). It is 

also lympholytic, antigen stimulated cells being the most sensi
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tive. Chloramphenicol is similar to puromycin since both inhibit 

the transfer of amino acids to ribosomes, thereby inhibiting 

protein synthesis.

Steroids This group of compounds, especially the corti

costeroids, are lympholytic agents and may be inhibitory to the 

afferent limb of the immune response (uptake and processing of 

antigen)(19). The efferent limb of the immune response may also 

be suppressed by the anticomplementary action of steroids, and this 

property may be at least partly responsible for its effectiveness 

in prolonging organ transplants.

An investigation into the mechanism of immunosuppression by 

progesteroids was carried out because of the many reports of 

successful induction of tumors and prolonged skin and kidney homo

graft survival in individuals treated with steroids (55). Rhesus 

monkeys were treated once daily with 25 mg/kg of progesterone 

for 2 months. Hemograms, serum globulins, plasma cortisol, and 

progesterone levels were monitored. No significant differences 

from pretreatment levels were found in serum gamma globulin, leuko

cyte counts, or plasma cortisol, measured weekly during treatment. 

On the other hand, the serum alpha-2 and beta globulin levels 

were elevated significantly 2-3 weeks after the onset of treatment. 

Similar results were obtained in normal male subjects who received 

180 b.i.d. medroxy-progesterone treatment orally for 2 months. In 

these subjects, adrenal function was elevated during and after
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progesterone. It was postulated that the elevation of alpha-2 

globulin observed in these studies may in part reflect the immuno

suppressive effect of progesteroids.

Vitamin antagonists Folic acid antagonists such as aminop- 

terin and methotrexate act by inhibiting the activity of dihydro- 

folic reductase, an enzyme required to effect the production of 

protein and nucleic acid by means of transmethylation of folic 

acid (19).

Endogenous serum factors

Immunoregulatory alpha globulin (IRA) An immunosuppressive 

factor has been extracted from the alpha globulin containing frac

tion of human plasma and has been called immunoregulatory alpha 

globulin (IRA)(56, 57, 58). Cohn Fraction IV contains this mater

ial, which has been assayed by its ability to inhibit PHA stimu

lation of human blood lymphocytes in vitro. In one experiment,

IRA was effective in reducing PHA induced DNA synthesis by 74% 

by as little as 0.2 mg/ml Fraction IV in cultures containing 106 
cells. Most fractions, however, were active only at 2-3 mg/ml. 

Cooperband (58) reported that IRA also suppressed lymphocyte pro

liferation induced by antihuman thymocyte serum and specific anti

gens. The concentration of IRA necessary to inhibit these weaker 

mitogenic stimuli was less than that necessary to inhibit the 

response to PHA.
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Glaser ejt al. (38) Isolated and fractionated alpha globulin 

from the plasma of normal humans, and it was reported to suppress 

both PFC and rosette formation in vitro. A reduction in the 

number of plaques was always observed in preparations to which 

alpha globulin was added, and similarly, there was a marked re

duction in the number of rosettes formed. The protein concentra

tion in the active alpha globulin was equivalent to 1 .5-8 .5% of 
that in normal sera. Alpha globulin appeared to act at the 

plasma membrane of the lymphocyte, but it was not firmly bound, 

since washing of treated cells prior to addition of SRBC removed 

all suppressive activity. These results indicate an interference 

with antigen recognition.

Treatment of rats with 20 mg of alpha globulin (Cohn Fraction 

IV) depressed both 19S and 7S primary and secondary responses to 

SRBC(37). Alpha globulin apparently reduces the immune response 

even after the interaction of antigen and lymphocytes, and it 

was also active when added to phagocytic cells prior to or shortly 

after their interaction with antigen; therefore, it may have more 

than one role in exerting its effect on the immune response.

Activity of alpha globulin fractions Kamrin (59) and Mowbray 

(2) initiated the earliest work with fractionated alpha-2  globu
lins. Mowbray reported that intraperitoneal injections of alpha- 

2 glycoproteins, obtained from rat, rabbit, human, or bovine sera 
prolong the survival of skin homografts in rats. In rabbits,
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the homologous glycoprotein fraction was more effective than 

similar fractions prepared from human or bovine sera. It appeared 

that graft survival resulted from interference with early stages 

in the development of homograft immunity. Sera were fractionated 

on DEAE cellulose columns into Fractions A, B, and C. Treatment 

of rats with Fraction C resulted in the survival or 35% of skin 

grafts for 30 days and for 8 months in 20% of the grafts. Injec

tion of whole donor blood into recipients produced some degree 

of homograft tolerance. However, prolonged survival of grafts 

was not common using this technique. If the first injection of 

Fraction C was given 0-30 min after application of the graft, 35% 

of the grafts survived for 30 days, but if the injection was de

layed for 4 hr, there was no prolongation. According to Mowbray, 

the Fraction C must be concerned with the earliest stages of the 

rejection mechanism. As it does not affect the second set re

jection, it would appear that it cannot alter an established 

immune state. Mowbray obtained an active material, which he 

called Fraction C by elution from normal serum in DEAE columns 

with 0.5 M acetate buffer, and injection of this material into 

rats induced prolonged survival of skin allografts and depressed 

the formation of circulating antibody to standard antigens.

In 1967, Mannick and Schmid (4) studied the prolongation of 

allograft survival by an alpha globulin isolated from normal 

blood, using a method similar to that described by Mowbray except
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that they eluted with 0.03 M acetate instead of 0.5 M. They 

obtained fractions, which they designated as A, B, and C, with 

Fraction B consisting largely of alpha-1 and alpha-2 globulins. 

Mowbray's Fraction C appeared, by electrophoresis, to be quite 

similar to Manmck and Schmid's Fraction B. However, Mowbray's 

Fraction C contained more, alpha-2 and alpha-1. Both of these 

fractions, Mowbray's Fraction C and Mannick and Schmid's Fraction 

B, were effective in prolonging the survival of skin allografts.

Nelken (60) and Nelken and Glaser (61) have recently isolated 

a fraction from human plasma which is active in prolonging skin 

allograft survival times in mice and prolonging the survival of 

rat to mouse xenografts. This is the same fraction previously 

isolated by other investigators (2, 3, 4, 5, 6 , 11, 59, 62). It 

migrates with the alpha globulin bands in acrylamide gel electro

phoresis, and Nelken now calls it normal immunosuppressive pro

tein (NIP). He found no cytotoxic effects by NIP as determined 

from trypan blue exclusion studies. However, although the per

centage of viable cells did not decrease, no data were given 

indicating actual numbers of viable cells.

Possible mechanism of immunosuppression Mowbray (2) and 

Milton (63) postulated that the immunosuppressive substance in 

alpha globulin is a ribonucléase which interferes in some way 

with the processing of antigen by the RES. Other investigators 

(4, 5, 10, 64) have disagreed with Milton and Mowbray, and have
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shown that inactivation of the ribonucléase activity does not des

troy the immunosuppressive action. Rabbit alpha globulin was 

more effective than rat or bovine alpha globulin in suppressing 

the immune response in rabbits, and although this finding does 

not rule out allotypic competition, it makes such a mechanism less 

likely (2, 4).

In studying the effect of immunoregulatory alpha globulin 

(IRA) on tumor immunity, Glasgow and Mannick (10) found that mice 

treated with IRA developed tumors, e.g., 10/16 in animals treated 

with IRA, only 1/16 in those treated with normal human plasma and 

0/16 of the untreated animals developed tumors. In a second exper

iment, 6/20 IRA treated animals developed tumors, and none from 

the control groups. This study indicates that IRA, a naturally 

occurring human serum fraction, impairs tumor resistance and 

immune surveillance in mice, and suggests that it may play a role 

in the survival of human tumors.

Ashikawa et al, (11) conducted an immunological analysis 

of serum alpha globulins in tumor bearing mice. These investi

gators reported: 1) an increase in serum levels of alpha globu

lins and mucoproteins in tumor bearing hosts; 2) tumor bearing 

mice showed thymic atrophy and leukopenia with progressive tumor 

growth; 3) skin graft survival was prolonged in mice to whom 

alpha globulin was administered; 4) the mean survival time of 

tumor bearing hosts was shortened by administration of alpha glob
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ulin; and 5) lymphoid cells, obtained from normal parental mice 

and incubated in vitro with alpha globulin, did not produce a 

graft versus host reaction when transferred to hybrid newborn 

mice. The graft versus host reaction was also suppressed when 

lymphocytes were transferred to newborn recipients from tumor 

bearing donors. It was concluded (8 , 11) that alpha globulin 
in tumor bearing mice coats immune lymphocytes and weakens anti

genic recognition. These and other observations (2, 3, 4, 8 ,
1 1» 62 » have led to the conclusion that the immunosuppression 

produced by serum alpha globulin is due to an inhibition of anti

gen recognition by lymphoid cells.

Although alpha globulin interferes with the lymphocyte re

sponse to PHA, the effect can be overcome by increasing the dose 

of mitogen. Cooperband et al. (5) reported that the suppressive 

effect of alpha globulin was not demonstrable if it was added 

24 hr after the addition of PHA. It was therefore, again pro

posed that alpha globulin was blocking the recognition of lympho

cytes competitively and was postulated to be the humoral factor 

(65, 66) regulating immunoreactivity and preventing cell prolifer
ation.

In 1972, Cooperband et a h  (58) stated that IRA does not act 

by cytotoxicity, contains no cortisol, and does not appear to 

interact sterically with the stimulating agents. They also found 

that the IRA does not bind firmly to lymphocytes. In inhibiting
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the PHA response, these investigators believe that IRA behaves as 

a non-competitive antagonist of early metabolic events leading 

to "lymphocyte activation." It has not been established, how

ever , whether or not cells can be rendered unresponsive to anti

gens by prior exposure to IRA, and IRA does not appear to alter 

the cellular responses which occur after lymphocytes have under

gone activation. It was concluded that IRA acts at the time of 

the activation of lymphocytes. It was postulated that IRA antag

onism of lymphocyte activation results from an interaction of the 

IRA with receptors located on the plasma membrane.

Other investigators (56, 57, 67) studied the in vitro effect 

of IRA on the proliferative response of human lymphocytes from 

sensitized donors to specific antigen or mitogen. Davis jet al.

(3) also studied the effect of IRA on the production of migration 

inhibitory factor (MIF) by antigen stimulated lymphocytes. The 

production of MIF, as measured by its ability to inhibit the mi

gration of guinea pig macrophages from capillary tubes, is accepted 

as an in vitro measure of delayed hypersensitivity in vivo. It 

has been demonstrated that antigen specific inhibition of macro

phage migration requires the presence of a small number of sen

sitized lymphocytes in the cell population. The studies of Davis 

and Cooperband <̂ t al. (5) and Cooperband e_t al. (67) showed that 

both guinea pig and human IRA interfered with antigen induced 

inhibition of macrophage migration.
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The work of Carpenter e_t al. (6) does not agree with others 
(2, 3, 4, 5, 11, 58, 67) who believe that the suppression is due 

to interference with antigen recognition by the cell, and postu

late that it involves an interference with DNA synthesis. They 

found that the immunosuppressive alpha globulin (Fraction C) 

extracted from bovine thymus, when compared to bovine serum Frac

tion C, was similar, when added within 24 hr with regard to effects 

on PHA induced blast cell formation, on synthetic events in the 

stimulated cells, and on the generation of migration inhibitory 

factor (MIF). However, when added 24 hr after PHA stimulation, 

Fraction C did not prevent blast cell transformation, although it 

was still capable of profound antiproliferative effects as measured 

by DNA synthetic rates. In this last study, RNA synthesis was 

quantitatively normal while protein and phospholipid synthetic 

rates were normal or depressed. Furthermore, generation of MIF 

by peritoneal exudate cells from tuberculin sensitized guinea pigs, 

in the presence of antigen, was not blocked by large doses of 

Fraction C. It was concluded that this partially purified natural 

globulin exerts its modulating effect on the immune response by 

preventing new DNA synthesis in the stimulated cell and not by 

blocking the early recognition or response to the antigen. The 

effect of bovine alpha globulin on PHA stimulated lymphocytes was 

then said to be a selective one, involving DNA synthesis with

out suppression of blast cell transformation.
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Clinical Models

Patients with elevated alpha globulins

Serum or plasma factors which block lymphocyte responses 

to PHA have been reported in sera from patients with cancer, 

Hodgkin's disease, active tuberculosis, hepatic cirrhosis, ataxia 

telangiectasia, ragweed allergy, and allergic rhinitis (65). The 

nature of these depressive factors is not clear. Nelson (68) 
has postulated that they are not new disease specific factors, 

but merely elevated levels of normal serum components, which 

perhaps serve an overall homeostatic function in cell mediated 

immunity. This suggestion is consistent with the reported pres

ence of depressive activity in the alpha globulin fraction 

(Fraction IV) of normal sera (5, 59, 62, 67), and is further 

supported by the known wide variation in the capacity of dif

ferent normal sera to support lymphocyte transformation (65, 66).
Alpha fetal-protein (AFP) This is a serum alpha globulin 

found in high concentrations early in fetal development which is 

also detectable in some cases of hepatic carcinoma. Using non

specific antisera, relatively high levels of this protein were 

found in the blood of Buffalo rats bearing Morris hepatoma 7777. 

Little is known about the function of AFP, although its role as 

an immunoregulator has been suggested. AFP containing sera from 

hepatoma bearing rats have been examined in PHA stimulated lymph

ocyte cultures as a preliminary means of elucidating its biolog
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ical function. Addition of such sera to cultures prior to mito- 

stimulation, resulted in the inhibition of the normal pro

liferative response. Upon fractionation of sera with 50% sat

urated ammonium sulfate, both the inhibitory activity and the 

AFP could be isolated in the supernatant. Corresponding frac

tions from similarly treated normal rat serum did not inhibit 

mitogen stimulation. Further purification by Sephadex chroma

tography yielded a fraction which consisted primarily of albumin 

and AFP. This material retained the ability to inhibit PHA 

when re-examined in culture. Samples containing as little as 

30 pg of rat AFP, as determined by radioimmunoassay, have been 

shown to fully inhibit PHA stimulation of rat lymphocyte cultures. 

Similarly, fractionated normal rat sera have not shown an in

hibitory effect (69).

The normal fetus represents a successful allograft of his- 

toincompatible tissue, but the factors that serve to prevent 

fetal rejection are unclear. Attempts to demonstrate immuno

suppressive activity in cord sera have produced variable results. 

The human fetus produces an alpha globulin not normally detect

able in the sera of healthy adults. A fraction containing hu

man alpha fetal-protein (AFP) was prepared by Caldwell (70) 

usi.tig ammonium sulfate fractionation of cord plasma and assayed 

for immunosuppressive activity. The AFP fraction was not cyto

toxic, but suppressed H3thymidine incorporation in PHA stimulated
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and allogeneic one-way mixed lymphocyte cultures. Similar quan

tities of fractionated adult plasma or commercially prepared 

albumin were not suppressive. The AFP fraction also suppressed 

in vitro spontaneous rosette formation by human lymphocytes and 

SRBC. Although is it not possible to exclude the possibility 

that other factors in cord blood may be responsible for immuno

suppression, immunoelectrophoretic patterns of adult and cord 

fractions differ only in the presence of AFP.

Alpha globulins in pregnancy Alpha globulin is a physio

logical constituent of plasma, and it has been reported to be 

elevated in pregnancy and in various forms of malignancy (1 2 ,
13, 71). The fetus has histocompatibility antigens inherited 

from the father, and it has been confirmed that effective trans

plantation antigens are present very early in embryonic life.

The possible reasons why the fetus is not rejected include var

ious hypotheses such as the possibility that a physiologic bar

rier might exist between the mother and the fetus or that there 

may be a reduction in the immune reactivity of the mother. The 

latter hypothesis has been suggested by reports of prolonged sur

vival of skin allografts in pregnant women (72, 73, 74).
One of the ways to assess the immunologic status of preg

nant women is to measure the in vitro response of their lympho

cytes to histocompatibility antigens in mixed lymphocyte cultures 

(MLC). Kasakura (74) used this approach to study the reactivity
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of maternal lymphocytes stimulated by leukocytes from their new

born infants. The effects of pregnancy and fetal plasma on the 

MLC reactivity of both maternal-newborn pairs and unrelated 

pairs were studied. Control plasma was taken from an adult 

female with no previous history of pregnancy or blood trans

fusions and also from non-pregnant primaparas. The study showed 

that: 1) MLC from both maternal-newborn pairs and unrelated 

adult pairs had consistently diminished reactions when cultures 

contained pregnancy plasma than they did when control plasma was 

used; 2) pregnancy plasma obtained later in gestation was more 

inhibitory; 3) this inhibition reached a maximum at parturition 

and disappeared a few days later; 4) plasmas from non-pregnant 

primaparas were not inhibitory; and 5) fetal plasma also sup

pressed the MLR reaction in maternal-newborn pairs, but in con

trast to maternal plasma, fetal plasma did not significantly 

suppress MLC containing unrelated adult pairs.

A unique alpha-2 macroglobulin (A2M) with a molecular weight 
of 5 x 106 occurs in the sera of pregnant women. Levels of this 

protein, termed alpha- 2 pregnoglobulin, have been measured by 
radial immunodiffusion, using antisera produced in goats (71). 

Elevated pregnoglobulin levels were reported to occur during 

pregnancy, and it was noted that in cases of choriocarcinoma, 

levels were even higher. Also, it was noted that levels of 

alpha- 2  pregnoglobulin were high among users of oral estrogen-
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progestogen contraceptives. Interestingly, this material is not 

detectable in cord blood. Pregnancy associated globulin has been 

detected in the sera of patients with a variety of diseases, in

cluding biliary cirrhosis and malignancies. However, when com

pared with late pregnancy, the serum levels have been low. Pre

liminary studies failed to demonstrate that this globulin pos

sesses immunosuppressive properties (1 2, 13).
A slight non-specific depression of primary immune re

sponses and occasionally of second set responses in pregnant 

rabbits and mice has been reported (73). Also, depression of 

delayed skin tests to purified protein derivative (PPD) in the 

human is associated with an elevation of a lymphocyte depressing 

factor (LDF) in serum. Among normal subjects, the factor does 

not exceed a 1:60 titer, and it is raised only when immunization 

has taken place. The rise in LDF in pregnancy might be an im

portant factor in temporarily damping down immunological reac

tivity.

Alpha globulins in cancer patients Patients with advanced 

malignant disease show an apparent lesser degree of lymphocyte 

sensitization to cancer antigens when tested under standard 

conditions than do early cases (15, 75, 76, 77). There appears 

to be an inverse relationship between this reactivity and the 

level of an inhibitory factor in the serum. This factor, which 

is also present in normal sera, is strikingly elevated in patients
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with sarcoidosis, multiple sclerosis, and especially in advanced 

cancer, and the Hellstroms regard it as part of an "accelerator/ 

brake" mechanism that adjusts the immune response (75).
In the sera of cancer patients, a lymphocyte response de

pressing factor has been found which increased in titer as the 

neoplasms became more extensive. The low lymphocyte response 

in vitro to tumor antigens seen in patients with advanced can

cers was not, however, directly referable to this rise in de

pressive factor, but to the removal by the tumor mass of spe

cifically sensitized cells from the lymphocyte pool. Increasing 

the number of cells under testing conditions restored the response 

to levels found in moderately sized cancers. This "absorptive 

capacity" of large tumors for circulating sensitized lymphocytes 

was greater than could be provided by natural immunization with 

the tumor. Active immunization with a tumor antigen could be 

expected, therefore, to increase the lymphocyte associated de

fense against cancer (15, 76, 77, 78, 79).

There are difficulties encountered when evaluating the pos

sible contribution of cellular immunity in resistance to neo

plasia as indicated by the presence or absence of cells sensi

tive to tumor or tumor associated antigens in man (52, 53).
A dissociation of mediator production and antigen—induced pro

liferation was reported by Levin _et al. (80) and Chaparas et al.

(81), whose experiments suggest that antigen sensitive subpopu
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lations of thymus dependent lymphocytes exist. In a recent re

port, streptokinase-streptodornase specific proliferating cells 

were eliminated with bromodeoxyuridine without diminishing MIF 

production to streptokinase-streptodornase (82), suggesting that 

the mediators could be produced without cell proliferation and 

furthermore, that the proliferating and mediator producing cells 

were separate populations. These are some of the difficulties 

encountered in attempting to evaluate cellular hypersensitivity 

or immunity in human disease.

In patients with renal carcinoma, serum abnormalities in

cluded a prominent alpha2 globulin peak on electrophoresis. A 

diagnosis of multiple myeloma was discarded when this globulin 

proved to be a haptoglobin. There is a propensity in early renal 

carcinoma to produce constitutional symptoms, and increased levels 

of any one of a variety of proteins may result in alpha2 globulin 
peaks on electrophoresis. Haptoglobinemia is one such systemic 

manifestation. It is also seen in cases of chronic infection or 

inflammation, and it is, therefore, not diagnostic of cancer. Al

so, haptoglobin levels may be normal or elevated in either local

ized or disseminated cancer (83).

Patients with normal alpha globulins

Asthmatics Most asthmatics are atopic and develop antibodies 

to substances that are not usually immunogenic (84, 85). This
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suggests that perhaps the immune response is hyperactive in such 

individuals.

The manifestations of asthma are believed to be due to one 

or more chemical mediators acting at the cellular level and are 

modulated by the autonomic nervous system. In normal individuals, 

a balance exists in the bronchial tree between alpha and beta re

ceptors on bronchial smooth muscle cells. This normal balance 

favors the beta response, resulting in epinephrine mediated re

laxation of bronchial smooth muscles. Asthma is believed to be 

caused by a partial blockade of the beta receptors, and with the 

relatively increased activity of alpha receptors, bronchial con

striction occurs instead of the usual relaxation. Also, bacter

ial endo- or exotoxins, locally released as the result of bron

chial infections, might sensitize alpha receptors, and produce 

the same result (86).
Adenyl cyclase, the enzyme which converts ATP to cyclic AMP 

has been measured in intact lymphocytes and cell homogenates (70). 

Increased activity of this enzyme may be stimulated by fluoride, 

isoproterenol, prostaglandin, and PHA. Since adenyl cyclase is 

localized in the external cell membrane, These findings are con

sistent with an initial mode of action of PHA at this level.

Low concentrations (1-10 ju moles/liter) of cyclic AMP pro

duced a slight increase in H3thymidine uptake in unstimilated 

lymphocytes. This effect was quite small, however, when com—
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pared with that seen in cells stimulated with PHA. Attempts to 

demonstrate thymidine uptake 48 hr after pulsing the lymphocytes 

with aminophylline or isoproterenol were unsuccessful. A rela

tionship of these observations to a possible regulatory role for 

cyclic AMP in PHA stimulated lymphocytes exists (81, 8 6 , 88).
Although an imbalance in the sympathetic and parasympathetic 

nervous systems is thought to occur in asthma, alterations in 

adrenergic responsiveness may involve only beta receptors. How

ever, catecholamine stimulated glucose release from the liver re

quires both alpha and beta receptors. Individuals with asthma 

are able to mobilize large amounts of catecholamine in response to 

intravenous infusion of gram-negative endotoxin or insulin, al

though some fail to exhibit increases in response to other types 

of stress. Beta adrenergic responses to catecholamine appear to 

be mediated through an increase in tissue cyclic AMP concentrations, 

and this raises the possibility that the cyclic nucleotide response 

might be altered in individuals with asthma. Disturbances in 

adrenergic responsiveness in asthmatic patients involves decreased 

cyclic AMP formation. Tissue culture studies have provided evi

dence for abnormal adrenergic responsiveness in the lymphocytes 

from asthmatic donors. Sustained increases in lymphocyte cyclic 

AMP concentration ordinarily inhibit DNA synthesis when the lympho

cytes are stimulated by antigen or non-specific mitogen. The 

ability of beta adrenergic agents to inhibit DNA synthesis in PHA
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stimulated lymphocytes from normal and asthmatic donors has been 

studied, and it was found that there was less inhibition of tri

tia ted thymidine incorporation in cells from asthmatic donors 

when compared to the normals. Resting (unstimulated) cyclic AMP 

concentrations are low in cells from asthmatic donors, and it 

has been proposed that in the asthmatic there is a congenital 

alteration of the beta adrenergic responsiveness (89).

The results of Braun and Rega (90) show immunoenhancing and 

immunosuppressive effects of synthetic polynucleotides due to 

the ability of these compounds to stimulate adenyl cyclase, i.e., 

activity of the enzyme response for cyclic AMP formation, show

ing that modest stimulation enhanced the activity of the immuno

competent cells, while excessive stimulation reduced it. They 

also showed that isoproterenol and epinephrine, known cyclase 

stimulators in other cell systems, also stimulate antibody for

mation to SRBC in mice, when given in low concentrations ; high 

concentrations, however, reduce the response. Enhancement by 

isoproterenol is dependent on simultaneous administration of 

low amounts of poly A-U, which alone has little effect on anti

body formation. As has been found in hormone dependent systems, 

these isoproterenol effects are antagonized by propranolol.

These workers were able to reinterpret previous and present re

sults on non-specific activation of memory cells (B-cells in 

this case) on the basis of cyclic AMP mediated amplification of
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the events in previously specifically, but non—productively ac

tivated lymphocytes (91).

Lymphocytes are the principle target of poly A-U and cyclic 

AMP in the process of stimulation. The modification of anti

body production, in vitro, can be attributed to an alteration 

of cyclic AMP mediated events, particularly since cyclic AMP 

itself, as well as the supplementation of poly A-U with theophyl

line (a known stabilizer of cyclic AMP levels), can increase the 

number of antibody forming cells that can be activated in vitro 

in the presence of a given amount of antigen (91, 92).

Emphysema Important host resistant factors are impaired in 

emphysema, resulting in persistence of bacteria, intercurrent 

infections, and inflammatory exudates (93). It has been shown 

that humoral immunity is not involved in the etiology of COPD 

(94, 95, 96), and it is rational, therefore, to turn to cellular 

immunity for a possible mechanism. Data, though limited, are 

suggestive of the presence of immunologic processes occurring 

either as contributory factors to, or in consequence of, the 

as yet unknown pathenogenesis of emphysema. Antibodies, reactive 

with extracts of human lung and bronchial mucous membrane, have 

been demonstrated in patients with asthma, chronic bronchitis, 

and other chronic bronchopulmonary diseases. Perhaps, some immune 

or autoimmune mechanism is involved in these diseases. As anti

nuclear antibodies (ANA) are known to accompany many chronic
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diseases, characterized by cell destruction, they have been 

considered by many as non-specific markers, possibly pointing

to the presence of other aberrations of the immunologic system
(88).

Chronic bronchopulmonary infection has been identified as 

one of the manifestations of hypogammaglobulinemia and has been 

particularly associated with decreasing concentration of IgA in 

both serum and external secretions. However, increased, rather 

than decreased serum concentrations of IgA have been found in

a small group of adults with chronic bronchitis and emphysema 

(95, 96).

The immunoglobulin concentration varies with age, sex, race, 

corticosteroid therapy, as well as with pulmonary function. Serum 

IgG is depressed in patients who receive corticosteroid therapy

and other suppressive effects of steroids on lymphoid tissue are 

well known (94).
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MATERIALS AND METHODS 

Experimentáis

Mice

Male LAFj/J mice, ranging in age from 8 to 12 weeks (Jackson 
Laboratories, Bar Harbor, Maine) were used in all animal experi

ments. The mice were housed in wire cages located in the ani

mal quarters and received food (Purina Chow, Carnation Company, 

Los Angeles, California) and water ac[ libitum.

Patient volunteers

The blood samples obtained for this study came from patients 

with a variety of pathological conditions in which one might ex

pect elevated serum alpha globulin levels (Table I). The asth

matic group consisted of 10 volunteers from the "Family Asthma 

Study directed by Dr. Robert G . Townley (Creighton Clinic,

Omaha, Nebraska). The 5 male patients ranged in age from 37- 

55 years, whereas the remaining female patients were 20-44 years 

old.

Serum samples were also obtained from 10 females in their 

last trimester of pregnancy through the cooperation of Dr. Robert 

J. Luby (Creighton Clinic, Omaha, Nebraska). These patients 

ranged in age from 15-25 years.

Sera from 8 male emphysema patients were obtained from 
patients at Douglas County, Omaha Veterans, and Creighton Memor



ial St. Joseph Hospitals and the Creighton Clinic. The ages in 

this group ranged from 49-75 years.

The cancer sera were obtained from 8 male and 2 female 
patients at Omaha Veterans and Douglas County Hospitals. These 

patients were being treated for a variety of neoplastic diseases, 

and ranged in age from 20-78 years.

The normal volunteers consisted of members of the faculty, 

staff, and students at Creighton University School of Medicine, 

Omaha, Nebraska. This group included 4 males and 6 females with 
the ages ranging from 22-52 years.

Questionnaires (Appendix 1) were completed by each volun
teer, and when appropriate, chart data were obtained from the 

hospital or clinic where patients were under treatment.

Cell Preparations

Preparation of mouse spleen cell suspensions

Animals were sacrificed by cervical dislocation, and splen- 

ectomized under aseptic conditions. The spleen cells were teased 

from the excised spleens using small forceps and immediately 

suspended in tissue medium (46, 47)(Appendix 2). The cell sus

pension was sedimented by centrifugation at 150 x G, for 10 min) 
and resuspended in fresh medium. This procedure of sedimentation 

and resuspension in fresh medium was repeated twice. The cells 

were finally suspended in 1 ml of medium per spleen, e.g., the
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cells obtained from 5 spleens were resuspended in 5 ml, and the 

concentration of nucleated cells in the suspension was deter

mined by direct hemacytometer counts with a phase microscope.

Cell viability was assessed by the trypan blue exclusion method.

Cell viability

Cells were considered viable if they failed to take up the 

trypan blue. In this procedure, the cells were diluted with 

physiological saline or Auto—Pow medium (Flow Laboratory, Rock

ville, Maryland) to a concentration of approximately 2-20 x 10^ 

cells/ml. A 0.05 ml sample of this suspension was then combined 

with 0.85 ml of Auto-Pow medium plus 1.0 ml of a 0.4% solution 

of trypan blue and mixed thoroughly. After at least 5 but no 

more than 15 min, the numbers of both stained and unstained cells 

were counted using phase light microscopy. The unstained cells 

were scored as viable, and those which absorbed the dye appear

ing dark blue or black were presumed non-viable. The results 

were expressed as % viable cells (106).

Rosette formation

Mice were injected intravenously with 0.5 ml of a 4.0% sus

pension of washed sheep erythrocytes (SRBC). On day 4 after 

injection, the mice were sacrificed and splenectomized. The 

splenic lymphocytes were teased free into 1 ml of tissue cul
ture medium per spleen with small forceps, counted in the hema

36
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cytometer and diluted with culture medium to contain 2 . 0 x 10  ̂

cells/ml. Approximately a 1% suspension of washed SRBC was also 

prepared and diluted with medium to contain 8 . 0  x 107 cells/ml.
Plastic culture tubes (Falcon Plastics, Los Angeles, Cali

fornia, 17 x 100 mm) containing the immune lymphocytes (1.0 ml 

total volume) were incubated at 37°C in a water bath for 1 hr. 

After incubation, aliquots (0.5 ml) of the lymphocyte suspen

sions (1 x 107 cells) were combined with 0.5 ml of SRBC (4 x 107 
cells), and the mixtures were incubated in a 37°C water bath for 

2 hr. Following incubation, the suspensions were diluted either 

1:2 or 1:4 and microscopically examined for rosette formation. 

Counts were made and the number of rosettes/ml was determined.

The remaining 0.5 ml from each lymphocyte suspension was eval

uated for the presence of plaque forming cells.

Jerne plaque determination

The Jerne plaque technique (44) detects immunocytes releas

ing 19S, IgM antibody, and was performed on splenic lymphocytes 

obtained from mice 4 days after immunization with SRBC or from 

cells cultured in the presence of SRBC antigen. In this method, 

0.1 ml of lymphocytes and 0.1 ml of washed SRBC (20% suspension 

determined volumetrically) were added to 2 . 0 ml of "soft" agarose 
(0.7% in Earles BSS), mixed by inversion of the test tube and 

layered onto a hard (1.4%) pre-warmed agar layer in a petri plate 

(100 x 15 mm). The "soft" agarose layer was allowed to harden,
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and the plates were placed in a 37°C incubator (5% C02, 95% air) 

for 2 hr. Guinea pig complement (Texas Biologicals, Fort Worth, 

Texas) was diluted 1:5 with Earles BSS (Grand Island Biological, 

Grand Island, dew York), and 2.0 ml was added to each petri 

plate at the end of the 2 hr incubation period. After an addi

tional 30 min incubation period, the plaques were counted with 

the aid of an overhead projector.

Culturing of lymphocytes

Suspensions of splenic lymphocytes, prepared as previously 

described, were diluted to a final concentration 2 x 10  ̂ cells/ml. 

Aliquots (1.0 ml) of this suspension were transferred to 35 x 

10 mm culture dishes (Falcon 3001, Falcon Plastics, Los Angeles, 

California) and incubated on a gently rocking platform (8 -10  
cycles/min) at 37°C in an atmosphere containing 7% 02, 10% C02, 

and 83% N2. Antigenically stimulated cultures of lymphocytes 

received 6 x 1 0  SRBC (0.03 ml of a 1% suspension). Daily, a 

0.1 ml Dutton cocktail," containing supplementary nutrients 

(Appendix 2), was added to each culture.
An alternate tissue culture method (99, 100) was used in 

some experiments. In this procedure, the lymphocytes were dilu

ted to a final concentration of 2 . 0 x 106 cells/ml and 1 . 0 ml 
aliquots were culture in 12 x 75 mm plastic tubes (Falcon 2001, 

Falcon Plastics, Los Angeles, California). The tubes were 

loosely capped and incubated at 37°C in a humid atmosphere con-
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allowed to incubate without agitation and without addition of 

supplementary nutrients.

39

In the present study, the Con A solution (1.0-3.0 mg %) 

was prepared in Earles BSS and millipore filtered to exclude 

bacterial contamination. The desired concentration in culture 

(1•0—3.0/jg/ml) was achieved by adding 0 . 1 ml of the appro
priate stock solution.

3
Methyl II thymidine (New England Nuclear, Boston, Massachu

setts), specific activity 2 . 0 c/mM, was used to pulse the cul
tures. The stock solution (0.25 mc/0.50 ml) was diluted 1:50 

with sterile Earles BSS, and 50 jjl of this diluted solution 

(0.5 /ic) was added to each culture. Petri dish cultures were 

pulsed from 24-48 hr and tube cultures were pulsed from 48-72 hr. 

When harvested, the cells were killed by the addition of 1.0 ml 

of cold 10% trichloroacetic acid (TCA).

The DNA was extracted from the cells by a method adapted 

from that used in other laboratories (99, 100, 101, 102). The 

precipitated cultures were frozen and thawed, and after an initial 

centrifugation, were then washed 3 times with 5% cold TCA followed 

by centrifuging at 200 x G (1400 rpm) for 20 min. The final pre

cipitate was solubilized by the addition of 0.5 ml of 0.3 N NaOH 

and incubated for 20 min at 37°C. Next, 0.5 ml of hot 20% TCA 

was added and the tubes were capped loosely and incubated at 85-



40

90°C for 20 min. After cooling to room temperature, the samples 

were centrifuged at 1500 rpm for 20 min and 0.5 ml of superna

tant from each sample was added to 10 ml of Aquasol (New England 

Nuclear, Boston, Massachusetts) in scintillation vials. Samples 

were counted for 10 min (counting efficiency = 33 .0 + 0 .1%) in 
a Packard liquid scintillation counter.

Serum and Serum Factors

Patient sera

Blood samples (10-20 ml), obtained from patient volunteers 

by venipuncture, using either vacutainer or syringe, were placed 

in glass test tubes and left at room temperature for 4 hr. After 

clot formation, the samples were centrifuged in a swinging bucket 

head at 250 x G for 10 min (International EC Model PR-6). The 

sera were removed immediately by pipette or decantation and 

stored at —5 C until used. Before addition to cultures, the 

sera were diluted 1:4 with medium and passed through a millipore 

filter.

Protein determination

The patients' sera were diluted 1:50 with saline, and pro

tein concentrations were determined by means of the Biuret test 

(105). The Biuret reagent contained 1.5 mg CuS0z.*5H20, 6.0 gm

NaKC^H^Og•4H20 and 30 gm NaOH in 1.0 liter of reagent. The
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O.D. was read on a spectrophotometer at 520 nyu, and compared with 

a standard curve prepared using dilutions of human serum albumin.

Human Fraction IV

Lyophilized human alpha globulins (Cohn Fraction IV) were 

obtained from Pentex Corporation, Kankakee, Illinois, and stored 

at -5°C until used. Alpha globulin solutions were prepared immed

iately before use by suspending the powder in Earles BSS, cen

trifuging at 10,000 rpm in a Sorvall centrifuge at 0-4°C and 

sterilization by passage through a millipore membrane. Some 

preparations were batch absorbed with Sephadex G-200 (Pharmacia 

Fine Chemicals, Piscataway, New Jersey) to remove small molecular 

weight materials. The final preparation migrated electrophoreti- 

cally in the alpha-2 region at pH 8 .6 , and was used in a concen
tration of 3.6 mg protein/ml as determined by the Biuret pro

cedure.

Electrophoresis

Human alpha globulins (Fraction IV) and patient sera were 

analyzed using the Beckman cellulose acetate microzone electro

phoresis system (Beckman Instruments, Fullerton, California). 

Samples were run in pH 8 . 6 barbital buffer (ionic strength—
0.075) for 20 min at 250 volts and 3.5-4.5 milliamperes.

Quantitation of alpha-2 macroglobulin

The amount of alpha-2 macroglobulin in the sera from patient
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volunteers was determined by the radial immunodiffusion technique 

of Mancini (103), using Behringwerke Ag M-Partigen plates (Behring 

Diagnostics, Somerville, New Jersey). In this procedure, wells 

in the agar plate were filled with the sera to be tested. When 

antigen diffuses into the agar it encounters specific antibody 

(anti-alpha- 2 macroglobulin) and forms a precipitate ring sur
rounding the well. The diameter of this ring is directly related 

to the concentration of the test antigen, and the concentration 

of the alpha- 2 macroglobulin in an unknown sample was determined 
by referring to a standard curve.

Titration of heterophil antibodies

Patients’ sera were inactivated by heating in a water bath 

at 56°C for 30 min and serial dilutions were made in normal saline 

with a tenth tube serving as the saline control. Dilutions were 

started at 1:7 and proceeded through and including 1:1792 with 

all tubes containing 0.35 ml. To each tube was then added 0.1 

ml of a 2% suspension of washed (3x) SRBC. The tubes were shaken 

to mix the contents and incubated at room temperature for 2 hr. 
Each tube was then examined macroscopically for agglutination of 

SRBC, and the highest positive dilution was reported as the titer 

(104).
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Immunosuppressive Activity of Human Alpha Globulins

Analysis of alpha globulin fractions

It was determined that human alpha globulin (Cohn Fraction 

IV) fractions, prepared as previously described and used in the 

present study, contained over 90% alpha2~globulin as determined 
by cellulose acetate electrophoresis at pH 8 .6 . Radial immuno

diffusion analysis shoxved that 10% of the total protein in this 
material was alpha2~macroglobulin.

Effect on in vitro response to sheep erythrocytes

Human Fraction IV was found to suppress the immune response 

of murine spleen cells to sheep red blood cells (SRBC) in 5-day 

Dutton cultures. In cultures containing 3.0 mg alpha globulin/ 

ml, the PFC/ml was reduced 64.3% (Table II) and in those con

taining 30 /ig of alpha globulin, the response was reduced 28.6%. 

Lower concentrations (3.0 /jg and 0.3 jug) were not inhibitory.

At all concentration, except 3.0 /ig, the PFC/106 cells 
remained the same as in stimulated controls, and at 3 . 0 yug 
alpha globulin, there was a two-fold increase in the PFC/10^ 

cells. Cell viability determinations by the trypan blue exclu

sion method revealed little or no decrease in the percentage of 

viable cells. However, the actual number of viable cells/ml 

in cultures containing 3.0 mg alpha globulin was decreased bv

RESULTS



63% when compared to antigen stimulated controls. The 3.0 jug 

cultures showed a 52% decrease in the number of viable cells, 

and the other concentrations of alpha globulin (0 . 3 mg, 30 pg,
0*3 PR) reduced the number of viable cells by approximately 35%.

Effect on cell viability

The effect of human alpha globulin on the actual numbers of 

viable cells in cultures was further explored because of its 

possible relevance to the immunosuppressive effect. Using basic 

Dutton tissue culture techniques, 2.0 x 107 viable splenic lympho- 
cytes were placed in 1 . 0 ml cultures• Appropriate cultures re— 

ceived 0.03 ml of 1% SRBC (6 x 10^ cells) and/or 3.0 mg alpha 
globulin as previously described. Cultures were removed each 

day for total cell counts and viabilities. On the final day 

(day 5), Jerne plaque assays were also done.

It was found (Table IIJ)that although the percentage of 

viable cells remained reasonably constant, absolute cell numbers 

decreased markedly in cultures containing alpha globulin and 

did not return to control levels. Both the PFC/ml and PFC/106 
cells in these cultures were decreased to background levels, 

and the SRBC did not stimulate them to pre—treatment levels.

When alpha globulin was added to unstimulated lymphocytes, there 

was initially only a slight decrease in cell viability (4-9%), 
but on the 4th day, there was a 67% decrease in the number of 

viable cells. There was, however, also a 49% decrease on day 4
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in those cell cultures receiving SRBC but not containing alpha 

globulin and a 26% decrease in the number of cells in cultures 

containing only untreated lymphocytes. When SRBC and alpha glob

ulin were both present, there was an 18% decrease in cell number 

on day 2, a 52% decrease on day 3, and a larger 79% decrease on 

day 4. The PFC/ml were reduced 93% in antigen stimulated cul

tures, and this involved a 69% reduction in the number of PFC/10^ 

viable cells.

Action on receptor sites

The possibility of competition between alpha globulin and 

SRBC for specific receptor sites on the lymphocyte was next in

vestigated. Different concentrations of SRBC were added to lymph

ocyte cultures containing 3.0 mg/ml of alpha globulin. Increas

ing the concentration of SRBC antigen did not overcome the inhib

itory effect of alpha globulin (cf., Table IV ).

In a second experiment, SRBC were preincubated for 30 min 

in 3.0 mg % alpha globulin, washed in Earles BSS and added to 

cultures. As the data in Table IV , indicates, there was a 

slight decrease (30%) in the number of PFC/ml but no significant 

change in the number of PFC/10^ viable cells, suggesting that the 

effect was not due to an interference at the receptor level. 

Microscopic examination of the cells at various stages revealed 

no detectable changes in the cell membrane which might be re

lated to the presence of alpha globulin in the cultures.

45
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Effect on rosette and plaque formation by immune spleen cells 

Immune rosettes and plaque assays were next performed on 

splenic lymphocytes obtained from mice 4 days after immunization 

with SRBC. There was a suppression of plaque formation (Table 

V) when these cells were incubated for 30 min in medium con

taining alpha globulin before preparing the Jerne plates. A 

similar incubation in normal human serum was not inhibitory. 

Conversely, human sera were found to be more effective inhibi

tors of rosette formation than alpha globulin. Sera from preg

nant women could not be distinguished from that of controls in 

their ability to suppress rosette and plaque formation. The 

relative ineffectiveness of alpha globulin in preventing rosette 

formation argues against its possibly inhibiting PFC formation 

by selectively coating lymphocytes to prevent their interacting 

with antigen. If this were the case, alpha globulin should have 

been a more effective inhibitor of rosette formation than whole 

sera. In only one experiment, the inhibition of rosette forma

tion correlated with increasing concentrations of alpha globulin.

Effect on mitogenic response to Concanavalin A

The same concentration of alpha globulin (3.0 mg/ml) was 

found to be the minimum needed to suppress tritiated thymidine 

uptake by Concanavalin A (Con A) stimulated splenic lymphocytes 

(Table VI). Con A, prepared as a 1.0 mg % solution in fresh
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Earles BSS, was added to each culture to give a final concentra

tion of 1.0/ig/ml. In Con A stimulated cultures containing 3.0 

mg of alpha globulin, H3thymidine uptake was reduced 65%. Cul

tures containing 0.3 mg were reduced 19% and lower concentra

tions of alpha globulin did not inhibit.

The 1.0 jug/ml final concentration of Con A was adopted for 

petri dish cultures in this study because it had given good stim

ulation in previous experiments. It was noted, however, that 

2.0jug/ml gives an even higher response (cf., Table VIIA) . The 

optimum concentration of Con A for stimulating lymphocytes in 

test tube cultures was determined to be 3.0 jug/ml (cf., Table VIIB).

The addition of 3.0 mg/ml alpha globulin to Con A stimulated

tube cultures suppressed H3thymidine uptake by 39-48% (Table VIIB),

but 0.3 mg/ml was not consistently inhibitory. It was noted that

increasing the concentration of Con A in the cultures resulted in 
2increased H thymidine incorporation even in the presence of an 

inhibitory concentration of alpha globulin.

Action of Con A receptors

Experiments were next designed to determine whether or not 

preincubation of splenic lymphocytes with alpha globulin would 

interfere with their subsequent stimulation with Con A. For 

preincubation, cell suspensions were prepared as follows: 1)
9.0 ml spleen cells (2.0 x 106 cells/ml); 2) 9.0 ml spleen cells
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(2.0 x 106 cells/ml) plus 0.9 ml of 3.0 gm % alpha globulin.
The tubes were tightly capped and rocked gently for 30 min at 

37 C. The cells were then washed twice with medium, resuspended 

in 9.0 ml and divided into 1.0 ml aliquots in culture tubes. 

Cultures were stimulated with Con A immediately and pulsed from 

42-48 hr with H3thymidine. The data clearly demonstrate (Table 

VIII)that preincubation of the cells with 3.0 mg/ml alpha glob- 

u3-*-n f°r 30 min did not significantly reduce their response to 

subsequent stimulation with Con A.

P^sincubation of spleen cells with Con A was carried out in 

a similar experiment. The suspensions were prepared as follows: 

1) 6 . 0 ml spleen cells (2 . 0  x 106 cell/ml); 2) 6 . 0 ml spleen
cells (2.0 x 106 cells/ml) plus 0.6 ml of 3.0 mg % Con A. After 

rocking, washing, and resuspension in fresh medium, the cells 

were cultured with or without the addition of alpha globulin (3 . 0  
mg/ml). The results (Table IX ) indicate that alpha globulin 

inhibits the mitogenic response even when the cells have been prc 

incubated with Con A for 30 min, suggesting that its mechanism 

of action is not one of competition for Con A receptors on the 

lymphocytes. The decreased response in those cultures preincu— 

bated with Con A without added alpha globulin, as compared with 

those receiving the mitogen when cultures were established, is 

probably due to differences in the length of time the cells were 

exposed to Con A.
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-Effect: of adding alpha globulin to cultures at different times 

Since the previous results indicated that alpha globulin 

was inhibitory even when added subsequent to stimulation of 

splenic lymphocytes with Con A, an experiment was designed in 

which alpha globulin was introduced into tube cultures at dif

ferent time intervals following stimulation with Con A to deter

mine how long and at what specific times it had to be present 

for suppression of H3thymidine to occur. As can be seen from the 

data in Table X, alpha globulin was most suppressive (56%) when 

it was present in cultures for the duration of the experiment 

(72 hr). Slightly lesser degrees of inhibition were seen when 

alpha globulin was present from 0-48 and 0-24 hr; it was slightly 

suppressive (13-16%) when present in cultures from 24-72 hr, but 

produced no suppression when it was added at 48 hr. These data 

indicate that alpha globulin acts early, predominantly during the 

first 24 hr of culture. Since maximum incorporation of II3thymidine 

occurs later, the mechanism of suppression probably is not due 

to a direct inhibition of DNA synthesis, but rather due to 

interference with some earlier step in the mitogenic response.

Alpha Globulin Levels and Immunosuppressive Activity of Human Sera

Analysis of sera

Forty—eight sera from patients and healthy volunteers, rep

resenting 5 different groups were gathered. These consisted of:
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asthmatics (10); cancer patients (11); emphysema patients (S); 
pregnant women (10); and healthy volunteers (10). After proces

sing as described in the Materials and Methods section, total 

serum protein concentrations in mg/ml were determined by the 

Biuret method, and serum alpha2~macroglobulin levels were mea
sured by radial immunodiffusion. Heterophil antibody titers 

against SRBC were also determined, since, because of the experi

mental system used, i.e., murine lymphocytes and human sera, it 

was necessary to consider the possibility that such antibodies 

might be a possible cause for any suppressive effect seen.

Measurement of serum alpl^-macroglobulin levels revealed 

a significant elevation of this protein in only one group, the 

pregnant women (Table XI). It was noted, however, that indivi

duals with levels of alphap-macroglobulin above 300 mg % were also 

found in the asthmatic and cancer groups. Total serum protein 

determinations showed that pregnant sera were low (6.32 gm %) 

when compared to normals (7.37 gm %). All other groups had serum 

protein levels comparable to the normals (cf., Table XI).

Heterophil antibody titers varied from 0 to 1:56, and could 

not be related to the source of the sera.

Effect on mitogenesis

This part of the study was divided into 5 experiments, iden

tical in design, but differing in the sera being tested. Sera 

from every group were irfcluded in each experiment, and the accumu
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lated data were evalutated by means of the ranked sign test (107). 

As expected, all human sera inhibited H3thymidine incorporation 

to some degree ( c f T a b l e s  XII-XVI), but statistical analysis 

of the data revealed that, when the different patient groups 

were compared to those containing normal sera, only one group 

was significantly different. Cultures containing sera from 

asthma patients incorporated more thymidine (median stimulated 

cpm minus backgrounds .66 x 103) than those containing normal 
sera (7.44 x 103 cpm). It was noted, however, that although not 

significant with the small sample sizes used, 2 other groups, 
the pregnant women and the cancer patients, do suggest greater 

suppressive activity than that seen with normal sera. Such a 

difference might be expected because of reports in the literature 

which relate immunosuppression in such patients to elevated levels 

of serum alpha globulins.

Examination of patient chart data (Tables XII-XVI) on the 

patients in this study revealed that they had been receiving 

a variety of medications, but no correlations with suppressed 

thymidine incorporation could be drawn.
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DISCUSSION

Mechanism of Immunosuppression by Alpha Globulins

The results of this study indicate that the addition of 3.0

mg/ml of human alpha globulins (Cohn Fraction IV) to cultures of

murine spleen cells effectively suppressed the production of

plaque forming cells (PFC) in response to stimulation with SRBC

( Tables II, III, and IV). In similar cultures stimulated with
3Con A, the incorporation of H thymidine was also inhibited by 

the addition of Fraction IV (Table VI).

Interference with lymphocyte stimulation One biological role of 

an immunosuppressive glycoprotein, such as those found in Cohn 

Fraction IV, might involve the masking of antigenic determinants. 

The presence of certain carbohydrate moieties, e.g., sialic acid 

on polysaccharides, proteoglycans, and glycoproteins would en

hance their capacity to bind water and form gels. Antigenic 

determinants might thereby be repressed by mechanisms involving 

coulombic repulsion, competitive binding, and macromolecular 

exclusion. Through such mechanisms, glycoproteins might play an 

essential role in regulating the immune response.

In spite of their somatic antigens, some parasites, tumors, 

and normal allogeneic cells sometimes defy rejection by other

wise immunologically competent hosts. Specific immunological 

tolerance is not adequate to explain these cases. The lack of
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rejection by the host has, therefore, been attributed to an ab

sence, reduction in number, or decrease in immunogenicity of 

those antigenic determinants which ordinarily elicit immune 

responses. Data which suggest that antigenic determinants 

may be concealed by carbohydrate moieties or by proteins rich 

in associative carbohydrates have been reported which would 

support such an hypothesis (107).

In the present study, several experiments were designed to 

determine whether such a masking of antigenic determinants, or 

alternatively, the coating of specific receptors on the lymph

ocyte, might be the mechanism for suppression by serum alpha 

globulin. The data clearly indicate, however, that preincubation 

of SRBC for 30 min in a solution of human Fraction IV did not 

reduce their ability to induce PFC formation by mouse spleen 

cells in vitro (Table IV). Also, it was not possible to over

come the suppressive effect by increasing the concentration of 

SRBC. It was concluded that alpha globulin probably does not 

act by masking antigenic receptors on the SRBC.

The possibility that alpha globulin might be blocking re

ceptors on the lymphocyte was evaluated by preincubating murine 

spleen cells for 30 min in a solution of human Fraction IV be

fore stimulation with Con A (Table VIII). This treatment did 

not inhibit the incorporation of H thymidine by stimulated cells. 

Furthermore, Fraction IV was still inhibitory when added to cul
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tures containing cells which had been preincubated for 30 min 

with Con A (Table IX). These results clearly indicate that 

immunosuppression by alpha globulin is not due to a physical 

blockade of lymphocyte receptors, as has been postulated by a 

number of previous investigators (2, 3, 4, 5, 11, 58, 67). These 

earlier experiments, however, which were done predominantly on 

intact animals, provided very little direct evidence concerning 

the mechansim of action of alpha globulin.

Cytotoxicity The action of alpha globulin may be similar to that 

of x-rays or radiomimetic drugs, which act primarily by destroy

ing antigen sensitive cells. In the present study, the percentage 

of viable cells in lymphocyte cultures, to which alpha globulin 

(Fraction IV) had been added, remained high, as determined by 

the trypan blue exclusion method, but the absolute number of 

cells became drastically reduced with time (Table III). However, 

cultures not containing Fraction IV also showed a decrease in 

cellularity with time, although not at the same rate, and it 

is not possible to exclude cytotoxicity as a possible mechanism 

for suppression.

J-n.ter^er6nce with DNA synthesis The failure of Fraction IV, 

when added 24 hr or more after the initiation of cultures, to 

suppress H3thymidine incorporation (Table X) suggests that its ac

tion may involve some mechanism other than the direct blockade of



DNA synthesis. It is known that when cells are exposed to x— 

rays, there is a loss of reproductive integrity in those cells 

which survive immediate death, even though synthesis of DNA,

£er se, is not radiosensitive (19). Alpha globulin is most 

likely acting in a similar manner, involving some mechanism in 

which the replication of DNA in the cell is inhibited or delayed 

through interference with other earlier processes in the cell 

cycle. Such a mechanism is supported by our finding that the 

inhibitory effect does not depend on the continued presence of 

alpha globulin in cultures during the time of DNA synthesis 

(Table X).

Immunosuppressive Activity in Patients' Sera 

In a variety of human diseases as diverse as alcoholic cir

rhosis of the liver and lepromatous leprosy, serum or plasma fac

tors are present which depress mitogen induced lymphocyte trans

formation jin vitro (84, 85). It has been suggested that, in such 

cases, normal serum factors are responsible, and that these fac

tors control the development and expression of cell mediated im

munity. Several investigators have shown convincingly that a 

serum alpha globulin can function as an immunoregulatory factor 

(2, 3, 4, 5, 6 , 7, 10, 11) and these findings have been confirmed 
in the present study of human Fraction IV.

-T-0t-al serilm. J.r°teins Serum protein determinations of patient vol-

65.767
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unteers (Table XI) revealed significantly depressed levels in 

only one group, the pregnant women, and this finding is commonly 

observed in such individuals. The level of total serum proteins 

in all other patients was within the normal range, with no indi

cations of hyperproteinemia in any group. The history of patient 

illness or drug treatment did not appear to have any marked in

fluence on total serum protein levels, although the levels of 

individual serum proteins may vary considerably.

A j ^ 2_macroglobulin Alpha2 macroglobulin, a glycoprotein with a 
molecular weight of 820,000 represents a major component of the 

serum alpha globulins, and is normally present at levels ranging 

from 175-400 mg%. It is well known that the serum alpha2 globu
lins become elevated in a number of conditions which may or may 

not be associated with anergy, including acute inflammation, 

tissue destruction and necrosis, neoplasms, and pregnancy (108).

In the present study, it was anticipated that any suppressive 

activity in sera from a number of different patients, measured 

as a decreased response of murine spleen cells to Con A when cul

tured in such sera, might be related to elevated levels of alpha 

macroglobulin. However, alpha2 macroglobulin determinations re
vealed consistently elevated levels in only one group, the preg

nant women (Table XI), and these sera did not show significant 

suppressive activity when compared to normal control sera (Tables
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XII-XVI). Also, although high levels of serum alpha2 macroglobu
lins were found in a few individuals from other experimental 

groups, concomitantly increased suppressive activity was never 

observed (Tables XII-XVI).

Suppressive_ activity It was noted that some individual sera, 

when added to Con A stimulated murine spleen cells, did have 

considerable suppressive activity (Tables XII-XVI). Those sera 

with the greatest activity were found among the cancer patients, 

pregnant women, and emphysema patients. (It is of interest to 

note that the two emphysema patients with greatest suppressive 

activity were post operative carcinoma patients.) However, ex

cept for the asthmatics, which showed the least suppressive ac

tivity, there was no significant pattern which could be related 

to a particular patient group. All sera were titrated for hetero

phil antibodies against SRBC, since such antibodies might be 

toxic for murine cells, which possess the Forssman antigen. Al

though the heterophil titers varied from 0 to 1:56 (Tables XII- 

XVI), they showed no relationship to either the source of the 

sera or their suppressive activity.

The relative absence of suppression by sera from asthmatics 

might be expected, since such individuals are known to be immuno- 

logically hyperreactive to ubiquitous substances which are not 

ordinarily immunogenic. In normal individuals, an immunoregu- 

latory alpha globulin might act by stimulating adenyl cyclase or
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inhibiting phosphodiesterase activity, thereby increasing the 

amount of cyclic AMP and blocking the release of histamine and 

slow reacting substance (SRS-A). It is known that the rate and 

extent of histamine release from mast cells is enhanced when 

intracellular cyclic AMP levels are low and reduced when levels 

are high (86). Also, decreased levels of cyclic AMP have been 

associated with an increase in DNA synthesis and antibody pro

duction (89, 90). In 1973, Parker and Small (109) showed that 

lymphocytes from asthmatic subjects have a decreased cyclic AMP 

response to beta adrenergic agents (isoproterenol, norepinephrine, 

and epinephrine) when compared with normal control cells. This 

depressed response was most evident during severe active asthma, 

and returned toward normal during periods of remission. The same 

authors reported that beta adrenergic agents inhibited DNA syn

thesis by PHA stimulated lymphocytes from asthmatics less effec

tively than they did lymphocytes from normal donors. Also, low 

concentrations of isoproterenol, epinephrine, and hydrocortisone 

stimulate immunoglobulin synthesis in normal human lymphocytes, 

but not in cells from asthmatic patients. Such findings as these 

might easily be due to a reduction in the level of some regula

tory protein, presumably alpha globulin, in the serum.

Although study of sera from patients in this research pro

ject revealed no pattern of suppression which could be related 

to a particular pathological condition, the data obtained might
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possibly aid the clinician or epidemiologist in making a prognosis. 

This can only be determined by continuing to follow the progress 

of disease in these patients. Future work on the laboratory por

tion of this problem would include quantitation, isolation, and 

evaluation of other serum alpha globulins, since it is clear from 

the present study that alpha2 macroglobulin levels show no rela
tionship to the suppressive effect seen. Further study of the 

mode of action of immunoregulatory alpha globulin would be direc

ted at determining the exact step in the cell cycle leading up 

to DNA synthesis in Con A stimulated lymphocytes which is being 

blocked. This could be accomplished by following the incorpor

ation of radioactive precursors into RNA and proteins.
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SUMMARY

The results of this study show that the addition of human 

alpha globulins (Cohn Fraction IV) to cultures of murine spleen 

cells effectively suppressed the production of plaque forming 

cells in response to stimulation with SRBC. In similar cul

tures stimulated with Con A, the incorporation of H3thymidine was 

also inhibited by the addition of Fraction IV. This effect does 

not result from the masking of antigenic determinants on the 

SRBC or the coating of specific receptors on the lymphocyte. It 

appears to involve some mechanism in which replication of DNA in 

the cell is inhibited or delayed through interference with other 

earlier processes in the cell cycle.

Although individual patient sera showed suppressive activity 

when added to Con A stimulated murine spleen cells, no signifi

cant pattern could be related to a particular patient group. 

Neither could the suppression be correlated with total serum 

protein levels, alpha2 macroglobulin levels, or heterophil anti
body titers against SRBC. It was noted, however, that the

least suppression was seen in cultures containing sera from 
asthma patients.



TABLE I

Subject distribution: pathologic conditions

Condition Males Age Range Females Age Range
Asthma 5 37-55 5 20-44
Normal 4 23-49 6 22-52
Emphysema 8 49-75 0
Last trimester 
of pregnancy 0 10 15-25
Metastatic
cancer 20-78 2 54-66



TABLE II

Effect of different concentrations of alpha globulin 
on plaque-forming cell production in 5-day Dutton cultures

Spleen cells 
Spleen cells + SRBC
Spleen cells + SRBC + 3 mg <*-globulin*
Spleen cells + SRBC + 0.3 mg ^  globulin
Spleen cells + SRBC + 30.0 jag <xglobulin
Spleen cells + SRBC + 3.0 jag ^globulin
Spleen cells + SRBC + 0.3 >ug ©«.globulin

Viable Cells 
x 106/ml % Viability PFC/ml

PFC/106 
Viable Cells

3310.3 85% 357
10.3 91% 2100 209
3.8 90% 730 2036.4 85% 1507 253
7.1 88% 1503 230
4.9 78% 2245 465
6.7 88% 1942 295

*alpha globulin (human Fraction IV) concentrâtion/ml culture medium



TABLE III

Effect of alpha globulin on cell viability 
in 5-day Dutton cultures

Treatment pay

2 3 4 5
Viable
Cells
(1)

%
Viable

Viable
Cells
(1)

%
Viable

Viable
Cells
(1)

%
Viable

Viable
Cells
(1)

%
Viable PFC/ml 

(2)
PFC/106 

Viable Cells 
(2)

Spleen cells 12.9 94 12 .8 95 7.9 94 9.5 90 2.4 0.3Spleen
Spleen

cells + SRBC 
cells

13.9 94 13.4 97 14.9 96 7.2 85 26.3 3.6
+ 3 

Spleen
mg o< globulin 
cells + SRBC

(3)8.5 88 7.7 90 5.5 95 2 . 8 89 1 . 8 0 . 6
+ 3 mg <=*. globulin 7.9 89 6.5 95 3.8 94 1.7 91 1 .8 1 . 1

(1) viable cells x 10^/ml
(2) (PFC/ml) x 101 2 3; (PFC/106 viable cells) x 102
(3) alpha globulin concentration = 3 mg/ml culture medium



TABLE IV
Effect of varying the antigen concentration on plaque-forming cell production 

in 5-day Dutton cultures containing alpha globulin

(PFC/ml) x 101 2 + SE (PFC/10^ viable cells) x 10^ + SE
Spleen cells 
Spleen cells + 
Spleen cells + 
Spleen cells + 
Spleen cells + 
Spleen cells + 
Spleen cells + 
Spleen cells + 
Spleen cells +

c< globulin 
1% SRBC + globulin 

(2)
+ c< globulin

1% SRBC 
5% SRBC 
5% SRBC 

10% SRBC 
10% SRBC 
1% SRBC

(1)

+ ck globulin

(preincubated SRBC with ©<globulin)

2.73 + 0.5 
0.83 + 0.4 
5.15 + 1.8 

20.83 + 3.2 
8.17 + 1.4 

17.70 + 1.8 
3.03 + 0.5 

11 .2 0 + 1.08
14.05 + 1.08

0.31 + 0.06 
0.26 + 0.17 
1.42 + 0.54 
2.38 + 0.49 
2.62 + 0.64 
2.90 + 0.66 
0.96 + 0.12 
2.28 + 0.26

3.22 + 0.86

(1) concentration of o< globulin = 3 mg/ml culture medium
(2) SRBC added to cultures in 0.03 ml diluent (1% suspension - 6 x 106 cells/0.03 ml)

4N



TABLE V

Effect of alpha globulin and human sera 
on rosette and plaque formation by immune spleen cells

I* II* III* IV* v*
Rosette PEG Rosette PEG Rosette PEC Rosette PEC Rosette PEC

Alpha globulin
0.3 mg/ml — — 11.5 14.3 — — 10.5 22.3 — —

1 . 0 mg/ml 12.5 — — 7.5 32.4 — — — —

3.0 mg/ml 3.8 10 .0 15.2 — — 9.3 16.5 — —

6 . 0 mg/ml 2.5 — — — — 11 .2 11 .2 — —

1 0 . 0 mg/ml 0 . 0 — — — — — — — —

Earles — 30.0 14.6 30.0 13.4 22 .0 12 .6 15.0 17.1
HSA (1) — 13.0 15.6 13.0 16.1 15.0 9.9 48.0 12 .8
Pregnant sera (2) 10 .0 5.0 46.0 7.5 46.6 2.5 55.5 60.0 16.5
Normal sera (3) 7.9 5.0 46.0 5.0 48.3 4.0 63.0 40.0 7,8

(1) human serum albumin - 0 . 1 ml of a 1 mg/ml solution added to cultures
(2) pregnant sera - 0 . 1 ml of a 1 :10 dilution added to cultures
(3) normal sera - 0 . 1 ml of a 1 :10 dilution added to cultures
* all counts x 10^/ml
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TABLE VI

Effects of various concentrations of alpha globulin 
on incorporation of thymidine in 32 hour Dutton cultures

(cpm + SE)xl03
Spleen cells
Spleen cells + 1 jug Con A (1)
Spleen cells + 1 jug Con A + 3 mg globulin (2)
Spleen cells + 1 jug Con A + 0.3 mg c< globulin
Spleen cells + 1 jag Con A + 30.0 jug ocglobulin
Spleen cells + 1 jag Con A + 3 /ag »¿.globulin
Spleen cells + 1 .jag Con A + 0.3 jug ©¿.globulin

7.73 + 0.03 
11.67 + 1.13 
3.90 + 0.17 
9.47 + 0.46 

12.13 + 0.35 
12.28 + 0.18 
12.30 + 0.41

(1) Con A concentration = 1 >ug/ml culture medium
(2) alpha globulin concentration/ml of culture medium
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TABLE VII

A. Optimum concentration of Con A in 32 hr Dutton cultures

Concentration of Con A/ml culture media*
0.1 0.5 jig 1.0 jug 1.5 jug 2.0 >ig

1.85+0.23 2.30+0.08 6.39+0.17 6.15+0.31 10.53+0.60 11.16+1.00

B. Optimum concentration of Con A and effect of o< globulin
in 48 hr tube cultures

Treatment Concentration of Con A/ml of culture media*

1 Mg 2 pg 3 jug

+0.3 mg <X globulin** 
+3.0 mg c<globulin**

3.73+0.35 9.44+0.79 18.38+1.45 20.12+3.88 
2.51+0.22 9.44+1.66 16.41+0.55 20.97+2.30 
1.95+0.41 4.89+0.54 9.49+0.19 12.19+0.32

* all numbers expressed (cpm + SE) x 10^
** alpha globulin concentration/ml of culture media
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Action of Con A on incorporation of H3thymidine 
by spleen cells preincubated with alpha globulin

TABLE VIII

(cpm + SE)xl03
Preincubated spleen cells 3 .4 3 + 0 .1 7
Preincubated spleen cells + Con A (1) 19.*10 + 0!96

Preincubated spleen cells with o4globulin 2.88 + 0.24
Preincubated spleen cells with c< globulin + Con A 17.82 + 4.30

(1) concentration of Con A = 3 jug/ml culture medium



TABLE IX

Action of alpha globulin on incorporation of H3thymidine 
by spleen cells preincubated with Con A

Spleen cells
Spleen cells + 3 mg cxf globulin (1)
Spleen cells + Con A (2)
Spleen cells + Con A + 3 mg cxglobulin

P reincubated spleen cells
Preincubated spleen cells + 3 mg cx globulin 
Preincubated spleen cells with Con A
Preincubated spleen cells with Con A + 3 mg cKglobulin 1 2

(cpm + SE)xl06

8.41 + 0.19 
2.67 + 0.36 
27.89 + 4.25 
11.67 + 3.38

7.71 + 0.68 
2.83 + 0.39 
14.24 + 0.71 
4.98 + 0.32

(1) alpha globulin concentration = 3 mg/ml culture medium
(2) Con A concentration = 3 yug/mi culture medium



TABLE X

Effect of alpha globulin added for different time intervals to Con A stimulated cells 
on the incorporation of H1 2 3thymidine in 72-hour tube cultures

Time of Addition Time of Change
of Con A Cl) of Medium (2)

Time c< Globulin is
Present in Culture (3) ( cpm ±  SE) x 103

0 hour
0 hour 24th0 hour 48th0 hour 24th0 hour 48th0 hour
0 hour 4 8 th0 hour
0 hour

hour
hour
hour 0-24th hour
hour 0-48th hour

0-72nd hour
hour 24th-43th hour

24th-72nd hour
48th-72nd hour

15.81 + 0.88 
40.52 + 1.13
44.30 + 1.30
54.31 + 1.35 
23.62 + 0.57 
28.24 + 1.57 
17.77 + 0.74
47.07 + 0.83
34.07 + 0.38 
41.83 + 1.01

(1) Con A concentration = 3 Aig/ml culture medium
(2) starting medium replaced with fresh medium not containing Con A or o<globulin
(3) alpha globulin concentration - 3 mg/ml culture medium

" x Jo



TABLE XI

Total serum protein and alpha2 macroglobulin concentrations
in human sera

Normals

Asthma patients 

Emphysema patients 

Cancer patients 

Pregnant women

Total Serum Protein (gm % + SE)

7.85 + 0.45 

8.26 + 0.57 

7.99 + 0.50 

7.92 + 0.77 

6.32 + 0.33

c< 2 Macroglobulin (mg % + SE)

163.6 + 16.5

212.6 + 27.8 

181.2 + 16.4 

234.9 + 46.1

270.6 + 43.4



TABLE XII

Effect of various patient sera on incorporation of H3thymidine by murine spleen cells
Experiment I

Condition
Male or 
female

Background
(cpmfSE)xlO3

Normal^ male 5.08 + 0.41

Normal2 female 1.05 + 0.00

As thma^ female 1.08 + 0.18

As thma2 female 0.79 + 0.06

Emphysema^ male 1.20+0.09
Cancer^ male 1.31 + 0.10

Cancer2 male 1.29 + 0.05

Pregnant^ female 2.09 + 0.20

Pregnant2 female 7.38 + 0.41

No serum control 7.50 + 0.10

+ Con A 
(cpm±SE)xl03 Serum total 

protein gm%

Alpha2
macroglob

mg%

31.68 + 5.45 6.85 116
15.21 + 1.51 8 .0 0 180

24.06 + 2.05 7.40 164
24.44 + 1.22 6.40 144

21.43 + 3.49 7.00 240

17.97 + 1.62 9.25 156
17.03 + 0.99 4.85 200
25.42 + 1.16 8 .0 0 - 470
31.32 + 7.23 6.90 146
32.60 + 0.24



TABLE XII(continued)
Heterophil

Condition antibody titer Clinical status Drugs and treatment*
Normal^ 7

Normal2 56 hypertension
Asthma^ 56

Asthn^ 28 bronchitis

Emphysema^ 0 bronchitis Choledyl, Tedral
Cancer^ 14 TB, (past syphilis), 

pneumonia, heart 
disease, bronchitis

antibiotic

Cancer,, 7 reticulo-cell lymphoma Prednisone, radiotherapy, 
sulfadiazine, folenic acid, 
antibiotic, Pyrametham, 
Pentamidine

Pregnant2 56

Pregnant2 14 no delivery, no fetus, Ornade, Phenergan, Robitussinfetus on x-ray antibiotic

*on"?.Hri,fherier i e,PatUn';! ™ i e birth contro1 Pi U s = «sthmatlcs, were, as a group,on Tedral, Choledyl, or other bronchodllators; all cancer patients were "metastatic."



TABLE XIII

Effect of various patient sera on incorporation of H3thymidine by murine spleen cells

Experiment II
Alpha2

macroglobulin
mg%Condition

Male or 
female

Background
(cpmdhSE)xlO3

+Con A 
(cpn±SE)xl03

Serum total 
protein gm%

Normal^ female 5.67 + 0.34 13.36 + 0.52 7.50 152
Normal,4 male 4.64 + 0.32 13.26 + 2.11 8 .0 0 158
Asthma2 male 1.53 + 0.12 14.03 + 1.19 11 .0 0 138
Asthma^ male 4.44 + 0.47 17.25 + 2.53 7.70 134
Emphysema2 male 5.92 + 0.24 11.40 + 1.50 10.40 124
Emphysema^ male 3.92 + 0.32 10.87 ± 1.15 8.40 196
Cancer^ male 2.50 + 0.15 6.73 + 0.77 6.70 118
Cancer,4 male 1.96 + 0.17 7.82 + 0.68 6 . 0 0 206

Pregnant^ female 6.12 + 0.73 10.51 + 1.40 6.25 280
Pregnant^ female 5.36 + 0.63 11.30 + 1.20 6.40 200
No serum control 10.49 + 0.72 33.16 + 6.95



TABLE XIII(continued)
Heterophil

Condition antibody titer

Normal^ 0
Normal,* 4 56

Asthma^ 28

Asthma^ 14

Emphysen^ 28

Emphysema^ 28

Cancer^ 7

Cancer^ 28

Pregnant^ 28

Pregnant^, 14

Clinical status 

bronchitis 

bronchitis 

hayfever

chronic alcoholic, 
pneumonia, heart disease

chronic alcoholic

transition cell cancer, 
lung cancer, COPD

pancreas cancer, hyperten
sion

Drugs and treatment*

Robitussin, Choledyl

chemotherapy, narcotics, 
radiotherapy

antibiotic

antibiotic, Robitussin, 
Ornade, Phenergan

antibiotic, Robitussin, 
Ornade, Phenergan

*None of the female patients were on birth control pills; asthmatics were, as a group,
on Tedral, Choledyl, or other bronchodilators; all cancer patients were "metastatic."



TABLE XIV

Effect of various patient sera on incorporation of thymidine by murine spleen cells

Experiment III

Condition
Male or 
female

Background
(cpnttSE)xlO3 + Con A 

(cpnttSE)xlO3 Serum total 
protein gm%

Alpha-
macroglobulin

Normal^ male 8.20+0.17 10.91 + 1.98 8.75 147
Normal^ female 1 . 2 0 + 0.03 4.56+0.72 10.90 232
Asthma^ male 0.77 + 0.17 9.16 + 1.23 10.75. 300
Asthmag female 1.43 + 0.17 22.50 + 3.62 9.85 166
Emphysema,4 male 0.17 + 0.00 0 . 2 2 + 0 . 0 0 8.40 200
Emphysema^ male 0.17 + 0.00 0.58 + 0.18 8 .0 0 142
Cancer^ male 0.41 + 0.00 3.31 + 0.10 13.95 406
Cancer^ male 0.53 + 0.09 5.06 + 1.56 8.50 112
Pregnant^ female 0.18 + 0 . 0 0 1.37 + 0.13 5.50 280
Pregnant,b female 0.19 + 0.00 11.30 + 0.36 5.60 110
No serum control 12.57 + 0.11 4.57 + 0.64



TABLE XIV (continued)
Heterophil

Condition antibody titer 

Normal5 56

Normal^ 28

Asthma^ 28

Asthma^ 56

Emphysema^ 28

Emphysema^ 7
Cancer^ 28

Cancer^ o

P regnant^ 14
Pregnant^ 56

*None of the female patients 
on Tedral, Choledyl

Clinical status

hives, bronchitis 

hives

post-op carcinoma

diabetes, post-op carcinoma 

lung cancer

pneumonia, hypertension, 
esophageal cancer

Drugs and treatment*

Prednisone, Tedral, Choledyl 
Aminophyline

Choledyl

radiotherapy, folenic acid

iron

antibiotic, Robitussin, 
Ornade, Phenergan

were on birth control pills; asthmatics were, as a group, 
or other bronchodilators; all cancer patients were "metastatic."



TABLE XV

Effect of various patient sera on incorporation of H3thymidine by murine spleen cells

Experiment IV

Condition
Male or 
female

Background
(cpnchSE)xlO3 + Con A 

(cpm±SE)xl03 Serum total 
protein gm%

macrogloBulin
mg%

Normaly female 5.37 + 1.07 35.98 +11.54 6.60 156
Normalg male 0.44 + 0.31 4.70 + 1.71 8.25 120
Asthma7 female 6.90 + 1.50 37.66 + 9.36 5.60 360
Asthmag male 7.74 + 0.47 14.90 + 2.21 7.90 220
Emphysema,o male 2.54 + 0.09 13.73 + 2.73 5.75 136
Emphysema^ male 5.92 + 0.14 13.80 + 2.59 7.10 168
Cancer7 male 5.05 + 0.55 13.94 + 1.28 6.40 580
Cancerg female 0.72 + 0.29 0.53 + 0.14 10 .00 380
Pregnanty female 11.87 + 0.14 17.71 + 1.78 6.90 540
PregnantO female 1.34 + 0.18 8.55 + 0.15 7.50 280
No serum control 18.78 + 0.36 79.16 + 7.89



TABLE XV (continued)
Heterophil

Condition antibody titer Clinical status Drugs and treatment*
Normal^ 14

Normalg 14

Asthma^ 28 hayfever

Asthmag 56 hayfever, eczema

Emphysema,u 14 bronchitis Tedral
Emphysema^ 7 bronchitis

Cancery 28 pneumonia, hayfever, bronchi
tis, duodenal cancer,

tranquilizer, antibiotic

CancerQO 28 squamous cell lymph node 
cancer

radiotherapy, narcotic, 
antibiotic

Pregnant^ 56 iron
Pregnantg 56 asthma iron

*N°ne of the female patients were on birth control pills; asthmatics were, as a group,
on Tedral, Choledyl, or other bronchodilators; all cancer patients were "metastatic."



TABLE XVI

Effect of various patient sera on incorporation of thymidine by murine spleen cells

Experiment V

Condition
Male or 
female

Background « 
(cpm±SE)xlO

+ Con A 
(cpm+SE)xl0^

Serum total 
protein gm%

Alpha
macroglol

mg %
Normalg female 2.13 + 0.16 9.31 + 0.43 5.60 260
Normal jiQ female 3.24 + 0.12 9.08 + 1.03 8.25 88
Asthmag female 1.24 + 0.13 12.05 + 1.14 8.90. 340
Asthma^Q male 3.21 + 0.30 12.42 + 1.62 7.10 160
Emphysemag male 2 .2 2 + 0.18 11.09 + 2.41 8.90 244
Cancerg male 1.57 + 0.15 5.36 + 0.84 8.25 172
Cancer^Q male 3.34 + 0.22 11.72 + 1.42 5.75 112
Cancer-Q female 0.69 + 0.11 1.23 ± 0.00 7.50 142
Pregnantg female 4.03 + 0.54 10.95 ± 1.73 5.55 180
Pregnant1Q female 3.29 + 0.34 7.86 + 0.22 4.60 220
No serum control 17.83 + 0.27 20.26 + 3.52

COo



TABLE XVI(continued)
Heterophil

Condition antibody titer Clinical status Drugs and treatment*
Normal9 7 hayfever antihistamine
Normally 56 hypertension

Asthma^ 56 hayfever, bronchitis

Asthma^Q 0
Emphysemag 14

Cancer^ 14 diabetes, lung cancer, 
heart disease

Cancer.10 0 hypertension, esophageal 
cancer, pneumonia

radiotherapy, folinic acid

Cancer^ 14 breast cancer tranquilizer, antibiotic
Pregnantg 14 bronchitis antibiotic, Robitussin, 

Ornade, Phenergan
Pregnant^ 14 antibiotic, Robitussin, 

Ornade, Phenergan

*None of the female patients were on birth control pills; asthmatics were, as a group,
on Tedral, Choledyl, or other bronchodilators; all cancer patients were "metastatic."
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APPENDIX 1

Medical History Questionnaire

Name _____
Last First

No

____ ________ Date
Initial

Address

Phone

Street City

Age

State 

Sex M
Birthdate

Mo Day

Social Security Number_

Family Physician_______

Address

Year
JBirthplace

Phone

Street City State

Zip

Zip
A. Have you enjoyed good health within the past year? Yes No

If no, did you see a doctor? Yes No
If yes, what did he say was wrong?

B. Have you ever been treated for any of the following condi
tions? If yes, give dates and describe.

Yes No Date Describe
Asthma
Hayfever
Eczema
Bronchitis
Emphysema
Heart disease
Tuberculosis
Kidney disease
Anemia
High blood pressure 
Dermatitis 
Kidney disease 
Arthritis 
Dysentery
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Questionnaire 2
B. (Continued)

Yes No Date Describe
Varicosities
Diabetes
Goiter
Severe liver disease
Cancer (include Hodgkin's disease)
Other chronic diseases 
Others you care to mention

C. Social History

1 .
2 .
3.
4.
5.

Do you smoke? Yes No
cigarettes pipe cigars stopped
How many years have you been smoking? yea
How many cigarettes do you smoke daily? (packs) 1 , 2, 3 
Do you regularly drink alcoholic beverages?
What is your occupation?
Present1
Previous______

6 . Are you exposed to fumes or chemicals of any kind in your 
occupation? Yes No

D. Have you had any operations (surgery) in the past? Yes No 
y&s, please list below in order of occurrence:

Operation Date Hospital City/State

E. Do you take any headache medication more than once/week? Yes No

F. Women Patients

1 * Are Y°u taking any hormones: estrogen, birth control pills
- ®tc,? Yes No2 . Are you now pregnant? Yes No
3. How many children have you?
4. How many miscarriages have you had?
5. How many stillbirths have you had?
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APPENDIX 2

Composition of A) Dutton's Complete Medium 
and B) Dutton's Cocktail (46,47)

A) Medium Milliliters
Auto-Pow MeM* (w/o glutamine)-0.94 gm in 

pyrogen-free water 95.6
Penicillin G (10,000 units/ml) 0.1
Glutamine (100 x or 200 mM) 1.0
Non-essential amino acids (100 x) 1.0
Sodium bicarbonate (7.5%) 3.0
Sodium pyruvate (100 mM) 1.0
Fetal calf serum 10 .0
The Auto-Pow was added to 95.6 ml of water in a 
and autoclaved; the rest of the ingredients were 
prior to use.

100 ml bottle 
added just

B) Cocktail Milliliters
Auto-Pow MeM* (0.74 gm in 95.6 ml pyrogen- 

free water) 35.0
Dextrose (50% solution) 1.0
Essential amino acids (50 x) 5.0
Non-essential amino acids (100 x) 2.5
Glutamine (100 x or 200 mM) 3.5
5.0 N NaOH (need not be autoclaved) 0.25
Sodium bicarbonate (7.5% solution) 7.5

*Flow Laboratory, Rockville, Maryland
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APPENDIX 2 
(Continued)

B) (Continued)

i. Combine the first 5 ingredients, using sterile techniques, 
just the pH with NaOH to a peach color, and add the 

sodium bicarbonate (final pH 7.3).

2* the adjusted medium in freezer in 3 . 0  ml aliquots and
prior’t o ^ s ^  Calf Serum t 0 each 3.0 ml aliquot, just
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