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ABSTRACT 

In vivo and in vitro properties of the Transfer Factor (TF) and Migration Inhibition 

Factor (MIF) obtained from 2,4-dinitrofluorobenzene (2,4-DNFB) and tuberculin systems were 

studied simultaneously. Purified fractions of TF and MIF were obtained by Geon-Pevikon block 

electrophoresis and Sephadex G-200 exclusion chromatography. The physical and biological 

properties of these purified fractions were compared by in vivo and in vitro procedures. 

Transfer factors obtained from either the chemical or tuberculin system caused inhibi

tion in the Migration Inhibition Factor-test (MIF-test) with normal guinea pig peritoneal exudate 

cells. When antigen was added to the crude transfer factors in the MIF-test there was an in

creased inhibition of macrophage migration. 

Local cutaneous passive transfer of hypersensitivity in normal guinea pigs with TF and 

MIF from 2,4-DNFB system was unsuccessful, but local passive transfer sites of TF and MIF 

from the tuberculin system showed positive reactions. 

There was a distinctive difference in optical density patterns at 215 mp from Sephadex 

G-200 chromatographic fractionation of chemical and tuberculin migration inhibition factors. 

Analysis of the tuberculin system showed two 215 m// peaks whereas the Sephadex G-200 fraction

ation of MIF from the chemical system resulted in only one 215 mfi peak which was equivalent 

to the second peak in the tuberculin system. 

Geon-Pevikon block electrophoretic fractionation of MIF did not resolve in vivo and in 

vitro biological activity into specific fractions. The biological activities extended from one 

fraction to another. 

The dialysis of crude transfer factor from chemical and tuberculin sensitive guinea 

pig peritoneal exudate cells resulted in a nondialyzable and a dialyzable TF. The dialysis of 
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crude migration inhibition factor rendered a dialyzable factor with in vivo and in vitro biological 

activities similar to the dialyzable TF. 

Sephadex G-200 chromatographic separation of MIF from either chemical or tuberculin 

guinea pig peritoneal exudate cells resolved an in vivo and in vitro biological active fraction 

associated with serum albumin fraction. The Sephadex G-200 purification of MIF rendered a 

biological active fraction of seemingly less molecular weight than the active fraction from TF 

separation. In addition Sephadex G-200 purification of MIF made with serum showed biological 

active fractions associated with gamma globulin fractions. 

This work has demonstrated the similarities and differences between migration inhibi

tion factors and transfer factors obtained from two different systems. Furthermore, it has shown 

that in vitro procedures using chemical protein conjugates can be used to detect states of hyper

sensitivity in animals sensitized by topical application of sensitizing chemicals. 



INTRODUCTION 

The mechanism involved in the phenomenon called delayed hypersensitivity has been 

sought since Koch produced the tuberculosis lesions in tuberculin sensitized guinea pigs. In

vestigation of the mechanism has taken new approaches in the past 12 years but still complete 

understanding of delayed hypersensitivity remains an event for the future. Our present knowledge 

of this phenomenon can be presented as a general definition and an abbreviated discussion of the 

concepts and experimentations that have taken place. 

The phrase delayed hypersensitivity, to most investigators, suggests an acquired 

condition of exaggerated responsiveness of cells and tissues of an individual towards a specific 

agent with which this individual has had prior experience (1). The state of exaggerated or height

ened responsiveness can be detected by a number of signs. These include an indurated papular 

type reaction which becomes evident within hours following reexposure to the allergen (2). The 

duration of this reaction may last for days or weeks and then disappear. Histological examination 

of the skin reaction shows an infiltration of mononuclear cells (3) and experimental work has 

shown that delayed hypersensitivity can be passively transferred to a nonsensitive recipient with 

lymphoid cells but not serum of the sensitized subject (4, 5). The reactivity of the reaction may 

decline over a period of time and may be suppressed with cortisone treatment (6). The classical 

model of delayed hypersensitivity is the skin reaction to tuberculin observed in 1890 by Koch in 

animals sensitized by injection with tubercle bacilli (1, 7, 8). 

There are three basic theories which attempt to explain delayed hypersensitivity. They 

are the "stage in the formation of antibody," "Self-Plus X," and "high-affinity antibody" 

theories. 

1 
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In the early 1930s it was suggested that delayed hypersensitivity is a stage in the 

formation of antibody (3, 3, 9, 10, 11). This proposal was partially based on observations that 

delayed skin reactivity occurred in immunized rabbits before the detection of circulating antibody. 

The evidence cited in the literature does not prove that the development of delayed 

hypersensitivity is a stage in the development of antibody formation (12). It is not known whether 

the same cell that mediates hypersensitivity goes on to form antibody or whether two distinct 

cell populations are responsible for these two parameters of immune responsiveness. The latter 

possibility is consistent, however, with studies of immunological competency in chickens that 

have undergone embryonic bursectomy or neonatal thymectomy (13, 14, 15). Results indicated that 

the primary effect of bursectomy was to depress the chicken's capacity to form antibody, whereas 

thymectomy primarily affected transplantation immunity (16, 17). These findings suggest that the 

two types of immune responses were mediated by different cell populations. 

Lawrence (18) proposed the "Self-Plus X" theory of delayed hypersensitivity based on 

earlier speculations by Thomas (19) in which delayed hypersensitivity is regarded as being in

duced by infectipus agents that exist primarily intracellular^. Lawrence suggests that bacilli 

formed a complex with somatic cells, which change the cells formerly recognized by the host's 

immune mechanism as "Self" to a "Self-Plus X" complex. This theory suggests that a relation

ship between exogenous protein and "Self" molecules may be analogous to the relationship 

observed between hapten and carrier protein. However, protein antigens can not form covalent 

bonds with host proteins, and the exogenous protein antigens appear to account fully for the 

specificity of delayed reactions. 

Karush and Eisen (20) formulated the high-affinity antibody theory of delayed hyper

sensitivity. In theory, the high-affinity antibody at a low undetectable concentration forms a 

stable union with its homologous antigen. There is no evidence to date that disproves the Karush-

Eisen theory; however, the weak point of the hypothesis is that delayed hypersensitivity can not 

be passively transferred with serum. 
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Delayed hypersensitivity may be beneficial to the host. The first evidence that sug

gested delayed hypersensitivity may be a protective mechanism was provided by Enders et al (21). 

They demonstrated that persons exhibiting delayed-type skin reactions to inactivated mumps 

virus were usually resistant to mumps infections, whether or not complement-fixing antibodies 

were detectable. A literature review by Arnason and Waksman (22) shows that protection to 

microbial infection is generally associated with a state of hypersensitivity, but proof that hyper

sensitivity is a necessary condition for immunity is lacking. 

Delayed hypersensitivity may be relatively unimportant in the development of specific 

acquired immunity to some infectious agents, but there is considerable evidence that delayed-

type allergic response may be harmful to the host, examples include lymphocytic choriomeningitis 

(23) and experimental immunologic uveitis (24, 25). Experimental auto-allergies affecting the 

lens protein, uvea, central nervous system, peripheral nervous system, testis, thyroid gland, or 

the adrenal gland are readily produced in experimental animals by immunization with homologous 

and heterologous tissues (26). 

Immune responses mediated by circulating antibodies can be readily transferred by 

injection of serum from sensitized animals to normal recipients. All attempts to transfer delayed 

hypersensitivity by this method have failed. Landsteiner and Chase (4) in 1942, however, reported 

successful passive transfer of picryl chloride contact hypersensitivity in guinea pigs by using 

living sensitized peritoneal exudate cells from donor animals. In 1945 Chase (5) reported a 

passive transfer of tuberculin hypersensitivity in guinea pigs using peritoneal exudate cells. 

Peripheral blood leukocytes in sufficient quantity will also transfer tuberculin hypersensitivity 

(27). These results have been confirmed and extended in a variety of delayed hypersensitivity 

systems (28, 29, 30, 31, 32, 33, 34). 

Cellular transfers of hypersensitivity with peripheral blood leukocytes have been con

ducted in human beings, using donors hypersensitive to tuberculin (32) or to streptococcal 

products (35). There are quantitative differences between passive transfer of delayed hyper

sensitivity in human beings and animals (32). A smaller dose of sensitized leukocytes relative 
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to body surface area is required for positive transfer in man. The transferred hypersensitivity is 

more intense and of longer duration in man (usually months to years as compared to weeks in 

animals). To obtain maximum results in human beings the donor need not be challenged with the 

respective antigen. 

Jeter, Tremaine and Seebohm (36) in 1954 described the passive transfer of 2,4-dinitro-

chlorobenzene contact sensitivity with extracts of peritoneal cells from guinea pigs. Lawrence 

(37) in 1954 showed that extracts of leukocytes from hypersensitive human beings prepared by 

distilled water lysis, or alternate freezing and thawing were equally effective in transferring 

delayed-type hypersensitivity. He called this cellular extract "transfer factor." The important 

implication of these findings stimulated further experiments by Jeter, Lawrence, Pappenheimer 

(38, 39, 40, 41) and others (42, 43, 44, 45, 46, 47). 

Another problem in the study of delayed hypersensitivity is the interplay between the 

lymphocyte and the macrophage. These mononuclear cells appear to have two major roles in 

providing immunity to disease: the phagocytosis of microorganisms and other particulate material; 

and involvement in the formation of antibody. The former was established by Metchnikoff at the 

turn of the century when he was working first with the water flea, Daphia, and then with mamma

lian cells (48). He described two kinds of phagocytic cells, the microphages of polymorphonuclear 

leukocytes, and the macrophages or large mononuclear cells, which occur both free and as fixed 

tissue cells. 

Aschoff in 1924 (48) grouped the cells involved in body defense as the reticuloendothe

lial system which in the broad sense, includes the various fixed tissue macrophages occurring in 

the inflammatory process. A more inclusive term for the reticuloendothelial system is the lymph

oid-macrophage system which includes the hemic and lymphatic system (48, 49). 

The inflammatory response in delayed hypersensitive reactions is made up predomi

nantly of mononuclear cells (50, 51). The early population of infiltrating mononuclear cells 

consists of both small lymphocytes and macrophages. However, at a later time, few small 
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lymphocytes are seen (52). Histological analysis cannot determine the origin or fate of the various 

types of lymphoid cells found in the lesion. 

Hie interplay between lymphocytes and macrophages in delayed hypersensitivity has 

yet to be determined. However, there is an increasing realization that these cells may play 

different roles in the development of the delayed skin reaction. In 1938, Rich and Lewis (53) 

showed that cells, now known to be mainly macrophages, could grow out of an explant of spleen 

cultured in vitro. If the spleen was from a tuberculous animal, the reaction was inhibited by the 

presence of tuberculin. George and Vaughan in 1962 (54) demonstrated that the migration of 

tuberculin sensitive macrophages from capillary tubes was inhibited by tuberculin. In 1963, Nelson 

and Boyden (55) showed that if tuberculin was injected intraperitoneally into tuberculin sensitive 

guinea pigs, the macrophages become aggregated on the surface of the peritoneum. 

The question was asked, "What part does delayed hypersensitivity play in the defense 

of the body against infection?" Direct investigation of the role of cells from hypersensitive 

animals in defense against infection was started by Lurie in 1942 (56). Lurie demonstrated that 

macrophages from immunized rabbits were capable of inhibiting the growth of tubercle bacilli. 

The immunity seemed to be due to the changes that occurred in the macrophages during the first 

histological changes associated with delayed hypersensitivity. 

The studies of Rich, Lewis, George, Vaughan, Nelson and Boyden on macrophage 

inhibition reactions had suggested the strong probability that the competent cell involved in 

delayed hypersensitivity was a macrophage. The work of Blazkovec et al (57) in 1965 supported 

this idea. They found that peritoneal exudate cells or spleen cell populations rich in macrophages 

gave better local passive transfer of tuberculin hypersensitivity than did lymph node cells. David 

et al (58) showed that in vitro migration of macrophages was inhibited by 2.5% peritoneal exudate 

cells from sensitized donors. Bloom and Bennett (59) separated peritoneal exudate cell popula

tions into two major component cell types; lymphocytes and macrophages. The results showed 

that the lymphocyte possessed the immunological information for the in vitro migration inhibition 

test and that the macrophage served as an indicator cell. 
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Quantitative studies of cellular transfer in vivo have been restricted to measuring the 

intensity of the skin reaction. In in vivo delayed hypersensitivity reactions, however, one can not 

ascertain how cells pass information from one to another, become sensitized, function and cause 

skin reactivity. This has prompted a study of delayed hypersensitivity using in vitro methods. 

Two methods which have been accepted are the Migration Inhibition Factor-test (MIF-test) (54) 

and the blastogenic test (60, 61). Both tests contain features common to the in vivo delayed-type 

reaction. The function of the MIF-test is based upon two-cell types, lymphocytes and macro

phages, which are involved in the in vivo response (62). The blastogenic test depends upon 

antigen stimulation of sensitive lymphocytes resulting in transformation of small lymphocytes 

into larger lymphoblasts (63). 

In vitro work has led to the finding of effector biological substances released by the 

sensitized lymphocytes incubated with specific antigens. These biological factors are Transfer 

Factor (TF), Migration Inhibition Factor (MIF), Lymphotoxic Factor (LT), Skin-reactive Factor 

(SRF), Chemotactic Factor (CF), Mitogenic Factor (MF), Macrophage Agglutination Factor (MAF) 

and Growth Inhibiting Factor (GIF). A question of major concern is, "Are these biological factors 

actually independent identities or are they different manifestations of the same factor?" 

The first biological factor to be reported was Transfer Factor (TF), a soluble sub

stance found in or elaborated by sensitive leukocytes. The TF can be obtained from sensitive 

leukocytes of animals and human beings by cell disruption (36, 37, 38, 39, 47) or by incubation 

of cells either with or without antigen (40, 44, 45, 46). Two fractions from tuberculin hypersensi

tive human white blood cell lysates have been found capable of transferring tuberculin delayed 

hypersensitivity de novo (64, 65, 66). One is a dialyzable factor and the other nondialyzable. 

In human beings, however, l-fluoro-2,4-dinitrobenzene (2,4-DNFB) contact hypersensitivity can 

be only transferred with nondialyzable fractions or whole cells (67). The dialyzable fraction from 

guinea pig leukocyte lysates has been shown to transfer tuberculin and 2,4-DNFB contact hyper

sensitivity (44, 45). 
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Hie dialyzable human transfer factor is heat labile and has a molecular weight less 

than 10,000. This factor is not immunogenic, contains no protein and has a polypeptide/poly

nucleotide composition which contains no uridine. The factor is orcinol positive and is not 

sensitive to pancreatic ribonuclease (65, 66). The dialyzable guinea pig transfer factor differs 

from the dialyzable human transfer factor in that it is heat stable, immunogenic, and it contains 

protein (45). 

The nondialyzable human transfer factor purified by Sephadex G-200 chromatography 

is in the 7S fraction, has a molecular weight of around 150,000 and possesses yG-globulin and 

probably yt lipoprotein as well as ribose indicating the presence of RNA (68). 

A second biological substance elaborated into the medium when sensitive lymphocytes 

are incubated in the presence of antigen is the Migration Inhibition Factor (MIF). The effector 

substance inhibits the migration of macrophages in vitro (54, 69, 70, 71). The MIF is a heat 

stable, nondialyzable protein with a molecular weight of 60-70,000. Puromycin or Mitomycin-c will 

prevent the elaboration of this material into the medium (72). Thor (73) has described an RNA 

extract obtained from coccidioidin sensitive guinea pig leukocytes which is capable of con

ferring specific inhibition of migration under controlled conditions. Human sensitive blood lympho

cytes, when cultured with specific antigen, produce MIF which inhibit the migration of normal 

guinea pig peritoneal exudate cells (74, 75). 

Intradermal injection of 10-30/jg of MIF will cause an indurated-erythematous reaction 

similar to the delayed-type reaction. This reaction is apparent in three hours and reaches its 

maximal intensity at 6-10 hours and disappears in 30 hours. This reaction is believed to be a 

response to a Skin Reactive Factor associated with MIF (76). 

Lymphotoxin (LT) is another cell-free biological factor released by antigen-activated 

immune cells (77). Lymphocytes can release LT when cultured in vitro with any of the varied 

array of agents that induce cellular transformation, such as Purified Protein Derivative (PPD), 

Histoplasmin and cellular antigens (78, 79). The presence of LT is manifested by the cytolysis 

of normal cells in vitro (80, 81). 
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The LT has a molecular weight around 80,000, is a protein and is probably not com-

plexed to other moieties (81). Cytotoxic activity of this factor is not destroyed by RNase or DNase, 

but it is phenol sensitive. Production of this factor by immune cells is blocked by inhibitors of 

protein synthesis but is not affected by inhibitors of cell division. This factor released by cells 

from human beings is heat labile and moves as a slow beta or fast gamma globulin in an immuno-

electrophoretic field whereas animal (mouse) LT is heat stabile and migrates in association with 

serum albumin. 

A Chemotactic Factor (CF) is released into the culture medium of cultures containing 

allogenic cells (82). Elaboration of CF appears to be influenced by an immunologically specific 

process and is manifested in vivo by accumulating granulocytes at the site of injection. CF is 

extremely heat labile; however, little work has been done on its biochemical characterization. 

Mitogenic Factor (MF) is another biological substance produced in cultures of mixed 

lymphocytes and antigen stimulated sensitive lymphocytes (60, 61). MF is a substance which 

stimulates lymphocyte transformation producing enlargement of a small lymphocyte to a larger 

lymphoblast in vitro (63). These transforming cells manifest a marked increase in protein (83), 

RNA (84, 85) and DNA (86) synthesis culminating in mitosis of the transformed lymphocytes. This 

material is a heat stable protein with a molecular weight of 25,000 (87). 

The Macrophage Agglutination Factor (MAF) is a biological factor isolated from the 

supernatant fluid of sensitized lymphocyte cultures after stimulation with specific antigen (55, 

88, 89). This factor causes aggregation of nonsensitive peritoneal exudate cells in the presence 

of specific antigen. Little work has been done on characterization of this factor. 

Growth Inhibiting Factor (GIF) is an active effector substance released from sensitized 

macrophages, which suppresses the growth of a second cellular overlay such as mouse fibroblast. 

Weiser et al (90) suggested that GIF may be a complex composed of antigen, antibody plus com

plement components, or alternatively some other unknown agents with specificity for target cells. 
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The GIF is heat labile, nondialyzable and percipitable with 50% saturation of ammonium sulfate. 

It appears to be gamma globulin when compared with serum proteins. 

Evaluation of the literature does not provide the answer to the pertinent question, 

"Are these factors different, similar or identical?" Part of the difficulty can be attributed to lack 

of controlled experiments in which a factor has been tested under both in vivo and in vitro con

ditions. Furthermore, two different factors have not been studied simultaneously under in vivo 

and in vitro conditions. 

The purpose of this dissertation is to compare the in vivo and in vitro properties of the 

migration inhibition factor and the transfer factor from the tuberculin and 2,4-DNFB-chemical 

system; and to compare the physical and biological properties of fractions from these factors 

when obtained by Geon-Pevikon block electrophoresis and Sephadex exclusion chromatography. 



MATERIALS AND METHODS 

Animals 

Random bred albino male and female guinea pigs of the Rockefeller strain from a 

departmental colony weighing 700-1000 grams, were employed as donors of peritoneal exudate 

cells (PEC) throughout this study. 

Animals were housed in separate cages and fed Purina guinea pig chow and tap water 

supplemented with 0.3% ascorbic acid (Merck and Company, Inc., Phino, New Jersey) ad libitum. 

Raw cabbage was provided daily. The environment was controlled; temperature (74 + 2F) and 

relative humidity (50% + 5%). 

Procedure for Active Sensitization of Guinea Pigs 

Guinea pigs were sensitized with heat killed Mycobacterium tuberculosis, H37RV strain. 

Each animal received 0.75 mg of dried tubercle bacilli in one ml vaseline-paraffin oil mixture (5) 

(mixture consisted of three parts vaseline plus 12 parts of paraffin oil) injected subcutaneously in 

the nape of the neck; and one ml volume was divided equally into five sites, 0.2 ml per site. The 

guinea pigs were skin tested four weeks after sensitization. 

Guinea pigs were sensitized by topic application of 5-6 drops of 2% l-fluoro-2,4-dinitro-

benzene (2,4-DNFB) in ethyl alcohol (Eastman Organic Chemical Co.) (6). The chemical was 

recrystallized three times from absolute ethyl alcohol at -20C and stored at room temperature. 

The sensitizing doses of 2,4-DNFB were spread over a 10 cm3 shaved area on the nape of the 

neck for six consecutive days, and the animals were skin tested 11 days after the last sensitizing 

dose. 

Procedure for Skin Testing the Actively Sensitized Guinea Pigs 

Skin tests were performed on shaved areas in the flanks of the animals. 

10 
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Tuberculin sensitive animals were skin tested intracutaneously with l^g tuberculin 

purified protein derivative (PPD, Parke, Davis and Company, Detroit), in 0.1 ml of 0.15M NaCl. 

The diameter of the induration-erythema of each dermal reaction was read and scored; 24 hours 

after skin testing, according to the following scheme (91): 

Score Skin Reaction 
Diameter (mm) of Induration-

Erythema 
negative <5.0 

1+ 5-7 
2+ 8-10 
3+ 11-13 
4+ >13 

2,4-DNFB sensitive guinea pigs were skin tested topically with one drop of 0.5% 

2,4-DNFB in olive oil spread over an area 10 cm3 with a polished bent glass rod. 2,4-DNFB skin 

reactions were read and scored 24 hours after skin testing by method of Seebohm, Tremaine and 

Jeter (6). Reactions are recorded as stated: 

— no detectable reaction 
1+ patchy erythema 
2+ homogenous erythema 
3+ homogenous erythema, induration 
4+ homogenous erythema, induration, edema 

Procurement of Peritoneal Exudate Cells (PEC) 

The procedure employed in collecting peritoneal exudate cells was that Qf Jeter et al 

(36). Twenty-four hours after the skin test the animals were injected intraperitoneally with 20 ml 

of sterile light paraffin oil (Gray Cross), 48 hours later the animals were killed by cervical dis

location. The peritoneal exudate was collected in 200 ml of Hanks' Balanced Salt Solution (HBSS) 

(92) with 340 mg NaH2C03 per liter, pH 7.2, and 10 units heparin per ml. 

The cells were packed by centrifugation at 170 x g for 10 minutes and washed two 

times with HBSS. Total and viable white cell counts were made with standard techniques and the 

Spencer Bright-line hemacytometer. Viability was determined by dye exclusion utilizing trypan 



blue (93). Differential counts of each cell population were made, employing the Neutral Red Janus-

Green supravital and Wright's Giemsa stains (94). The cells were resuspended in the desired 

medium for in vitro and in vivo analysis. 

Preparation of Transfer Factor 

The transfer factors for tuberculin and DNFB sensitivity were prepared by incubating 

1 x 10® sensitized peritoneal exudate cells for four hours at 37C in 7.5 ml of HBSS with NaH2C03 

at pH 7.2 (44, 46). The fluid phase was clarified at 1200 x g for 15 minutes. Crude transfer factors 

were stored at -20C. 

The transfer factors were purified for in vivo and in vitro studies by Geon-Pevikon 

block electrophoresis procedure as described by Fahey and McLaughlin (95) and by Sephadex 

G-200 chromatography column (Pharmacia Fine Chemicals Inc., New Jersey) using 0.1 M Tris-HCl 

buffer system, pH 8.0 in 1.0 M NaCl. 

Transfer factors were dialyzed in the cold against 5-10 fold volumes of HBSS. The 

dialysates were concentrated by lyophilization. The dialysates and dialyzed materials were used 

in in vivo and in vitro studies. 

Studies of heat lability of transfer factor were done with materials heated at 56C for 

30 minutes. 

Preparation of Migration Inhibition Factor 

The migration inhibition factors were prepared by the method of Bennett and Bloom (96). 

Twenty-five million sensitized peritoneal exudate cells per ml of TC199 medium (Grand Island 

Biological Company, Cat. No. Ell) containing 100/jg/ml streptomycin and 100 units/ml of peni

cillin were incubated for 24 hours at 37C in the presence of the antigen. Tuberculin sensitive 

cells were incubated with 10/tg PPD per ml medium, and 2,4-DNFB sensitized cells were incu

bated with 50pg protein of 2,4-DNFB guinea pig serum albumin conjugate (DNP-GPA) per ml 

medium. The supernatant fluids containing the MIF were clarified by centrifugation at 1200 x g for 
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15 minutes. The crude migration inhibition factors were stored at -20C. Crude migration inhibition 

factors were also prepared with 15% normal guinea pig serum added to the medium. 

The migration inhibition factors were purified by the same methods used for the puri

fication of transfer factors. 

Migration inhibition factors were dialyzed in the cold against five tenfold volumes of 

HBSS. The dialysates were concentrated by lyophilization. The dialysates and dialyzed materials 

were used in in vivo and in vitro studies. 

Studies of heat lability of MIF were done with materials heated at 56C for 30 minutes. 

Procedure for Passive Sensitization of Guinea Pigs 

Guinea pigs, weighing 450-500 grams, were passively sensitized with whole cells by 

injecting each with 1 x 109 sensitized peritoneal exudate cells suspended in 7.5 ml of HBSS. 

Animals of the same size were used as recipients for passive sensitization with TF and MIF. 

Each guinea pig was sensitized passively by intraperitoneal injection of TF obtained from the 

incubation of 1 x 109 peritoneal exudate cells or with 7 mg protein of MIF, which is equivalent to 

the protein concentration of the TF transferred. The passively sensitized animals were skin 

tested 48 hours after sensitization. 

Procedure for Skin Testing the Passively Sensitized Guinea Pigs 

Passively sensitized animals were skin tested employing the same procedure used in 

skin testing the actively sensitized guinea pigs. The only exception was in the tuberculin system 

where the concentration of PPD was increased to 5/ig. 

Procedure for Intracutaneous Reaction of Migration Inhibition Factor and Transfer Factor in 
Guinea Pigs 

Bennett and Bloom (96) reported that the active fraction of purified MIF prepared with

out serum produced dermal reactions in normal guinea pigs. Purified fractions were injected 

intracutaneously into normal guinea pigs and reactions were scored employing the scheme used 
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for the tuberculin reaction in actively sensitized animals. Twenty-five fig protein of MIF, TF and 

purified fractions were used in the intradermal reaction test. 

Purification of Guinea Pig Serum Albumin (GPA) 

GPA was purified by Geon-Pevikon block electrophoresis procedure as described by 

Fahey and McLaughlin (95). Fractions from the block were analyzed by Immunoelectrophoresis 

and those containing pure albumin were pooled and used for this work. Protein determination was 

done by the method of Lowry (97). 

Preparation of 2.4-DNFB Guinea Pig Serum Albumin Conjugate (DNP-GPA) 

DNP-GPA was prepared by the method of Sanger (98). Two tenths ml of 2,4-DNFB 

(0.28 mg) was added to a solution of 500 mg GPA in 100 ml of 0.15 M NaCl and adjusted to pH 8.0 

with NaHjC03, stirred with a magnetic stirrer for four hours at room temperature and held for 18 

hours at 4C. The conjugate was separated from excess 2,4-DNFB by elution through a Sephadex 

G-25 column with phosphate buffered saline at pH 7.0, and sterilized by filtration through a 0.45^ 

HA Millipore filter. Chemical analysis of the prepared conjugate showed 2.6 mg protein per ml 

(Lowry procedure) and 2.44 fiM DNP- per mg protein (99). 

Preparation of Antisera 

Antisera against guinea pig serum, guinea pig serum albumin and DNP-GPA conjugate 

were prepared in rabbits. Each rabbit was immunized one or more times at 20 day intervals, with 

30 mg protein in equal volumes of incomplete Freund's adjuvant. One half of the suspension was 

injected subcutaneously in five sites, and the other half was injected intraperitoneally. Antibody 

concentration was determined by a ring test and the titers of 2560 for whole guinea pig serum and 

640 for lg% guinea pig serum albumin and lg% DNP-GPA conjugate were obtained. 

Migration Inhibition Test 

The macrophage migration inhibition activities of migration inhibition factors and 

transfer factors were determined by a modification of the Migration Inhibition Test of George and 



Vaughan (54). Peritoneal exudate cells (2.5 x 107/ml) were exposed to the test factors and antigen 

for one hour in TC199 medium containing 15% normal guinea pig serum (NGPS), lOOpg/ml strepto

mycin and 100 units/ml of penicillin. The cell suspension was drawn up into glass capillary 

tubes (75mm x 0.4-0.6mm) plugged with a core of 2% Noble saline agar and placed agar tip down 

into small glass tubes which contained one-half ml of melted agar. After the agar had solidified, 

the tubes were centrifuged for three minutes at 125 x g, then cut at the cell-medium interface and 

placed into chambers for incubation. 

The chamber employed for the Migration Inhibition Test is illustrated in Fig. 1. The 

capillary tubes were contained within a rubber o-ring which was sealed between two glass plates 

held together with two large binder clips. The capillaries were held in place with a short length 

of rubber tubing pressed between the two panes of glass. Chambers were filled by syringe and 

needle with TC199 medium, 15% NGPS, 100/ig/ml streptomycin, 100 units/ml of penicillin and 

various concentrations of factor and antigen. The air displaced by the medium was removed by 

passage through a second needle. 

The chambers with the capillaries were incubated for 36 hours at 37G, at which time 

photographs of the areas of cell migration were recorded on Kodak high contrast film using a 

Leitz Orthomat microscope camera. The outline of the area was traced from the negative onto 

unlined paper with the aid of a photographic enlarger. The area of the tracing was determined by 

planimetric measurement. Percentage of inhibition was calculated by using the following formula: 

\J average area of migration with treatment 

% Inhibition = 1 - X 100 

^ average area of migration without treatment 

Data were subjected to an analysis of variance. Random designed experiments with 

subsamples were used to assess the variability between chambers as well as capillary to capil

lary variability within chambers (100). A program, written by Grace L.G. Reed, was used to com

pute the experimental data on a Control Data Computer, Model 6400. 
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Figure 1. Migration Inhibition Test Chamber 

A. Large binder clips 

B. Plate glass 

C. Capillary tubes 

D. Rubber tubing 

E. Rubber o-ring 
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Procedure for the Cytotoxicity Test 

The cytotoxicity of TF and MIF was determined by incubating 10 and lOOpg of the 

factor, with or without antigen, and 2.5 x 10® normal guinea pig peritoneal exudate cells for 24 

hours at 37C in one ml of TC199 medium (15% NGPS, 100/ig/ml streptomycin, 100 units/ml peni

cillin). In the tuberculin system, a final dilution of 1:266 Old Tuberculin (OT, Eli Lilly and 

Company, Indianapolis, Ind., V-802 control 2LP41B) was used and in the 2,4-DNFB system, 50/ig 

DNP-GPA/ml was used. Percent viability was determined by Trypan Blue exclusion technique. 

Procedure for Hemolytic Assay with Rabbit Erythrocytes 

Hemolytic activity of the MIF and TF was determined by a modification of a method 

described by Plate and Amos (101). A one percent suspension of fresh rabbit erythrocytes in 

0.03 M phosphate buffer containing 0.08 M NaCl, pH 7.0, was mixed with equal volumes of diluted 

MIF and TF, and incubated for one hour at 37C. The mixtures were centrifuged and the optical 

density of the supernatant fluid was determined at 541.5 mp. 

Hemolytic units were determined from a standard concentration curve of hemoglobin 

obtained from lysed erythrocytes. One hemolytic unit is that concentration of factor which causes 

a release of 50% of the hemoglobin from a 1% rabbit red blood cell suspension. 



RESULTS 

Animals sensitized with either 2,4-DNFB or heat killed tubercle bacilli showed 3-4+ 

skin reactions. Peritoneal cells from these guinea pigs showed a differential cell count of 54-68% 

macrophages, 24-32% lymphocytes (60-80% small lymphocytes), 9-13% polymorphonuclear leuko

cytes and 1-4% eosinophils. When 1 x 10° sensitive peritoneal exudate cells were passively 

transferred by the intraperitoneal route into normal guinea pigs, these animals showed 2-3+ skin 

reactions when skin tested with specific antigen 48 hours later. 

Migration of macrophages from 2,4-DNFB sensitive guinea pigs was inhibited up to 48% 

when DNP-GPA conjugate was added to the culture medium (Figure 2). These results are com

parable to those obtained with cells from animals sensitized with DNP-GPA conjugate (58, 71). 

Seventy-five ftg protein DNP-GPA per ml medium gave the maximum inhibition but the value was 

not significantly different than 50pg which was chosen for the in vitro studies. Conjugate in 

amounts greater than 75pg were not as effective as 50pg in inhibiting the migration of macrophages. 

The migration of macrophages from tuberculin sensitive animals was inhibited when 

Old Tuberculin (O.T.) was added to the culture medium (Figure 3). O.T. at dilutions of 1:2128 to 

1:133 were compared and the maximum inhibition was found when using a final dilution of 1:266. 

Greater concentrations of O.T. caused less inhibition of macrophage migration. This reduced 

inhibition of macrophage migration with higher concentrations of antigen was comparable to that 

observed in the chemical system. A 1:266 final dilution of O.T. was selected as the optimal con

centration of O.T. for future in vitro studies. 

Intraperitoneal passive transfer of 2,4-DNFB contact and tuberculin hypersensitivity 

with crude Transfer Factor (TF) and Migration Inhibition Factor (MIF) to normal guinea pigs 

showed 2-3+ skin reactivity (Table 1). 
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Figure 2. Effect of DNP-GPA conjugate on migration of macrophages from 2,4-DNFB sensitive 
peritoneal exudate cells from guinea pigs. 

Vertical lines represent 95% confidence intervals. 
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Figure 3. Effect of Old Tuberculin (O.T.) and PPD on migration of macrophages ftom tuberculin 
sensitive peritoneal exudate cells from guinea pigs, 2.5xl07 cells/ml. 

Vertical lines represent 95% confidence intervals. 
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TABLE 1 

In vivo biological activity of TP and MIF from 2,4-DNFB and tuberculin sensitive cells. 

ID passive transfer of factorb Skin test of ID 

Crude Dialyzed Dialysate Passive transfer 

factor factor of factor of crude factor ° 

TF21 (DNFB) 2 + negative 1 + 4 + negative 

TF24 (Tb) 3+ .2+ 2+ 4+ 4 + 

MIF21 (DNFB) 2+ 1+ 2+ 3+ negative 

MIF24 (Tb) 2+ 3+ 4+ 3+ 4 + 

IP passive 

transfer of factora 

a. 7 mg Protein were injected IP. Skin tested 48 hours later. 2,4-DNFB system; one 
drop 0.5% 2,4-DNFB in olive oil was applied to the skin. Reactions were graded 24 hours later by 
method of Seebohm, Tremaine and Jeter (6). Tb system; 5//g PPD was injected ID. Reactions were 
graded 24 hours later on basis of erythema with induration: negative 5mm diameter or less; 1+, 
5-7mm; 2+, 8-10mm; 3+, ll-13mm; 4+, 7-13mm. 

b. 25/ig Protein was injected ID. Reactions were graded six hours later using methods 
stated in a. 

c. ID sites injected with crude factor were skin tested 30 hours later with 5pg PPD 
ID in the Tb system and with 10 pg protein DNP-GPA ID or a topic application of one drop of 
0.5% DNFB in olive oil for the 2,4-DNFB system. 
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Intradermal injections of crude transfer factor from tuberculin sensitive peritoneal 

exudate cells gave a 2+ skin reaction in normal guinea pigs but the skin reactions associated 

with injections of 2,4-DNFB sensitive TF were negative (Table 1). The maximum intensity of the 

reaction occurred in 6 hours and remained for 30 hours. Intradermal injections of M1F from the 

2,4-DNFB and tuberculin systems showed positive skin reactions, however, the reaction in the 

tuberculin system was stronger (Table 1). 

Skin reactions obtained with dialyzed TF and MIF from both chemical and tuberculin 

systems showed little difference from that obtained with crude factors. The dialysate of the 

factors, however, showed a marked increase in skin reactivity, especially in the chemical system. 

The intradermally injected sites of the crude factors were skin tested 30 hours after 

injection. The 2,4-DNFB passively sensitized skin sites were negative when skin tested with 

intradermal injections of lOjig protein DNP-GPA conjugate or topically with one drop of 0.5% 

2,4-DNFB in olive oil. In comparison to the chemical system, injection of antigen into the sites 

passively sensitized with TF and MIF of the tuberculin system caused positive reactions which 

were greater than the skin reactions obtained with crude factor at 6 hours. 

In vitro passive transfer studies of 2,4-DNFB chemical and tuberculin delayed hyper

sensitivities were done with the MIF-test using 10 and lOO^g protein of TF and MIF per 2.5 x 10' 

normal guinea pig peritoneal exudate cells. Table 2 depicts data obtained when lOOpg of factor 

was employed. 

Transfer factors from the 2,4-DNFB and tuberculin systems produced up to 29% inhibi

tion of normal macrophage migration. Addition of antigen to the crude transfer factor caused a 

two-tenfold increase in inhibition of macrophage migration as compared to cultures receiving just 

TF. Migration inhibition factors tested with and without antigen showed a comparable inhibition of 

macrophage migration, ranging from 21-45% inhibition. Only in the tuberculin system made without 

serum (MIF 19) did the addition of antigen cause an increased inhibition. 
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The factors possessed little if any cytotoxicity for normal guinea pig peritoneal exudate 

cells even when the concentration of the factor was increased tenfold over that amount employed 

in the MIF-test. 

Hemolytic tests were performed using fresh rabbit erythrocytes with 10, 100 and 1000/zg 

protein of the factors. In one of the tuberculin systems (TF 24 and MIF 24) hemolytic destruction 

of the erythrocytes was observed with 1000/*g protein of the factors (Table 2). 

There was no apparent direct correlation between the migration inhibition, cytotoxicity 

and hemolytic activities of the factors. 

Heat treatment of the crude transfer factor and migration inhibition factor had no dele

terious effect on the MIF-test activity. Both factors, with or without antigen, showed 33-64% 

inhibition of macrophage migration (Table 3). 

A comparison of crude factors and dialyzed crude material showed similar inhibition of 

macrophage migration. The dialysates of these factors, however, showed an increased inhibitory 

activity of 70-90% which was due in part to the 44% inhibitory action of the concentrated HBSS in 

the lyophilized dialysates. The dialysates were found to be heat labile as evidenced by the loss 

in inhibitory activity. After correcting for the 44% inhibition caused by the concentrated HBSS, 

the non-heat treated dialysates inhibited 40-46% of the macrophage migration compared to 23-26% 

inhibition caused by the heat treated dialysates. 

TC199 medium with normal guinea pig serum was separated into four major fractions by 

Geon-Pevikon block electrophoresis (Figure 4). Immunoelectrophoretic studies of fractionated 

normal serum showed that peak I was equivalent to y-globulin, peak II possessed alpha-beta 

globulins and peak III was equivalent to albumin. Peak IV which contained the phenol red indica

tor did not react with rabbit anti guinea pig serum in the immunoelectrophoretic studies and was 

found in Geon-Pevikon block fraction of TC199 medium without serum. 

The electrophoretic separation of TF resulted in two protein fractions which were 

comparable to peaks II and III of normal serum-medium (Figure 4). 
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TABLE 2 

In vivo biological activity of TP and MIF from 2,4-DNFB and tuberculin sensitive cells. 

MIF-testa Cytotoxicity testb Hemolytic test0 

100/ig 

factor/ml 

100/ig 

factor/ml 
+Agd 

100/ig 

factor/ml 

100/ig 

factor/ml 
+Ag 

1000/ig factor/ml 

TF12 (DNFB) 27 e 54® 76 90 0.11 

TF21 (DNFB) 3 34 93 93 0.20 

TF19 (Tb) 29 53 95 86 0.11 

TF24 (Tb) 7 e 28 e 94 94 1.00 

MIF12 (DNFB)f 44 45 94 77 0.13 

MIF21 (DNFB) 33 36 92 93 0.27 

MIF19 (Tb)f 28 41 92 93 0.25 

MIF24 (Tb) 45 21 93 90 2.00 

a. MIF-test. Values expressed as percent inhibition of migration of normal guinea pig 
peritoneal exudate cells with 100/ig factor per 2.5x10' cells per ml, values significant at the 95% 
confidence level. 

b. Cytotoxicity test. Values expressed as percent viable cells at 24 hours determined 
by trypan blue dye exclusion. 100/ig factor was added to 2.5xl06 cells. 

c. Hemolytic test. Values expressed in hemolytic units; one unit equals 50 percent 
release of hemoglobin from a 1% rabbit red blood cell suspension. 

d. 2,4-DNFB chemical system, 50/ig DNP-GPA per ml was used and in the tuberculin 
system a final dilution of 1.266 O.T. was employed. 

e. Values for 10pg factor per ml. 

f. MIF released in medium containing serum. 
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TABLE 3 

Migration inhibition testa of dialyzed and heat-treated TF and MIF from 2,4-DNFB 
and tuberculin sensitive cells. 

Crude 

factor 

Heat-treated b 

factor 

Dialyzed 0 

factor 

Dialysate 

factor"1 

Heat-treated 
dialysate 

of factord 

100/ig 100/ig 100/ig bX> O
 

o
 

H
 100/ig 100/ig 100/ig 

$
 

o
 

o
 100/ig 100/ig 

factor factor factor factor factor factor factor factor factor factor 

/ml /ml /ml /ml /ml /ml /ml /ml /ml /ml 

+Age +Ag +Ag +Ag +Ag 

TF21 (DNFB) 35 36 39 47 31 37 89 88 67 68 

TF24 (Tb) 38 43 36 52 35 41 84 82 71 75 

MIF21 (DNFB) 29 31 36 33 39 29 90 84 70 7i 

MIF24 (Tb) 29 41 36 33 41 47 89 85 71 62 

a. ;MIF-test. Values expressed as in Table 2, footnote a. 

b. The factor was heated for 30 minutes at 56C. 

c. Dialyzed with four changes of 25 ml of HBSS over a 24-hour period at 4C. 

d. The percent inhibition includes 44% due to the increased HBSS concentration in 
the lyophilized dialysate. The percent inhibition caused by concentrated HBSS is the average 
percent inhibition of cell migration from four capillaries duplicated in four chambers. 

e. Same as Table 2, footnote d. 
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Figure 4. Geon-Pevikon block fractionation of TC199 medium (15% NGPS and 50/xg DNP-GPA/ml) 
and supernatant from culture of 2,4-DNFB sensitive peritoneal exudate cells in HBSS, 
1x10' cells/7.5ml. 

Sample patterns show O.D. at 280m//. 
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Migration inhibition factor made with and without serum was separated into four protein 

fractions by Geon-Pevikon block electrophoresis (Figures 5 and 6). The four electrophoretic 

fractions were similar to the fractions obtained from TC199 medium with serum. There was no 

obvious difference between the electrophoretic patterns of 2,4-DNFB and tuberculin sensitive 

MIF. The major difference between these patterns is due to the presence of serum which causes 

an increase in total protein concentration, and an increase in peaks I and m. 

Transfer factor from 2,4-DNFB and tuberculin systems could be fractionated into five 

protein fractions by Sephadex G-200 chromatography (Figures 7 and 8). 

Results obtained from Sephadex G-200 chromatographic fractionation of MIF made from 

the chemical and tuberculin sensitive peritoneal exudate cells with and without serum showed 

three protein peaks comparable to peaks I, II and IV found in the fractionation of TF (Figures 9 

and 10). However, the data from Sephadex G-200 purification of 2,4-DNFB sensitive MIF 21 made 

without serum showed only one peak equivalent to peak IV in the fractionation of TF (Figure 9). 

Migration inhibition factor collection in the absence of serum demonstrated one major 

fraction equivalent to peak IV following separation by Sephadex G-200 chromatography. In addi

tion, MIF 24 possessed some additional activity equivalent to peaks I and III. 

Patterns at 215 mpi from chemical sensitive TF separated by Sephadex G-200 showed 

only (Hie peak comparable to fraction III in the patterns at 280 m/*; however, in the tuberculin 

system there was an additional small peak at 215 mfi equivalent to peak IV in the patterns ob

tained at 280 m/i. The patterns at 215 mp from Sephadex G-200 fractionation of the chemical and 

tuberculin sensitive MIF were comparable to the separations of the TF except for the second 215 

mii peak (peak IV at 280 mp) in the tuberculin system which was much larger (Figures 7, 8, 9 and 

10). 

The MIF-test was done with fractions of TF and MIF obtained by Geon-Pevikon block 

electrophoresis (Table 4). Fractions in of TF 12 was the only fraction of purified TF tested. 

This (taction caused 30% inhibition of normal macrophage migration and' the addition of antigen 

caused no apparent increase in the inhibition. Fractions I and II of the MIF from the 2,4-DNFB 
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Figure 5. Geon-Pevikon block fractionation of migration inhibition factors from 2,4-DNFB sensi
tive peritoneal exudate cells cultured with and without normal guinea pig serum. 

Sample patterns show O.D. at 280mp. 
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Figure 6. Geon-Pevikon block fractionation of migration inhibition factors from tuberculin sensi
tive peritoneal exudate cells cultured with and without normal guinea pig serum. 

Sample patterns show O.D. at 280mpt. 
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Figure 7. Sephadex G-200 fractionation of transfer factors from 2,4-DNFB sensitive peritoneal 
exudate cells. 

Sample patterns show O.D. at 215mp, O.D. at 260m/t and O.D. at 280mp. 
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Figure 8. Sephadex G-200 fractionation of transfer factors from tuberculin sensitive peritoneal 
exudate cells. 

Sample patterns show O.D. at 215m/x, O.D. at 260m^t and O.D. at 280mft. 
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Figure 9. Sephadex G-200 fractionation of migration inhibition factors from 2,4-DNFB sensitive 
peritoneal exudate cells, cultured with and without normal guinea pig serum. 

Sample patterns show O.I), at 215m/x, O.D. at 260m/i and O.D. at 280ityi. 
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Figure 10. Sephadex G-200 fractionation of migration inhibition factors from tuberculin sensitive 
peritoneal exudate cells, cultured with and without normal guinea pig serum. 

Sample patterns show O.D. at 215m//, O.D. at 260m// and O.D. at 280m//. 
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TABLE 4 

Migration inhibition testa of TF and MIF Geon-Pevikon block fractions from 2,4-DNFB 
and tuberculin sensitive cells. 

Geon-Pevikon 

fraction I 

100/ig 100/ig 

fraction/ fraction/ 

ml ml1 +Ag 

Geon-Pevikon 

fraction II 

100/ig lOO^/g 

fraction/ fraction/ 

ml ml +Ag 

Geon-Pevikon 

fraction III 

100/ig 100/zg 

fraction/ fraction/ 

ml ml +Ag 

TF12 (DNFB) 

MIF12 (DNFB)C 

MIF21 (DNFB) 

MIF19 (Tb)c 

MIF24 (Tb) 

0 43 

16 0 

36 32 

56 43 

0 22 

13 0 

14 36 

10 39 

32 28 

57 42 

a. MIF-test. Values expressed as in Table 2, footnote a. 

b. Antigens employed as in Table 2, footnote d. 

c. Same as Table 2, footnote f. 
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system made with serum showed an increase in migration inhibition activity when antigen was 

added, 0 to 43% and 0 to 22% respectively. Fraction III, however, possessed the strongest in

hibitory activity, and addition of antigen had no enhanced effect on inhibition of macrophage 

migration. The fractions of MIF obtained from the tuberculin system, made in the presence or 

absence of serum, demonstrated the same type of activity in the MIF-test. Fraction I depicted 

30-50% inhibition of macrophage migration, whereas fraction II showed enhanced inhibition when 

the antigen was added to the fractions in the MIF-test. Fraction III in MIF 19, 21 and 24 was not 

done because of the shortage of material. 

Cytotoxicity of the Geon-Pevikon fractions of TF and MIF was determined using normal 

guinea pig peritoneal exudate cells. Fraction III from TF 12 was not toxic to the peritoneal exu

date cells. In the 2,4-DNFB chemical system, MIF made with serum was not toxic to normal 

peritoneal exudate cells but fractions I and II from the factor collected in the absence of serum 

demonstrated cytotoxicity (56-65% viability). In the tuberculin system only fraction I of MIF 

prepared in absence of serum possessed any cytotoxic effect (Table 5). 

The hemolytic activity of the Geon-Pevikon block fractions of TF and MIF were tested 

with a 1% fresh rabbit red blood cell suspension (Table 6). Fraction III of the purified TF demon

strated hemolytic activity equivalent to 1.25 hemolytic units. The results from fractions of MIF 

were variable, but the greatest and most consistent hemolytic activity occurred with fractions I 

and n of the MIF from the tuberculin system collected in the absence of serum. 

The MIF-test was done with fractions of TF and MIF obtained by Sephadex G-200 

chromatography (Table 7). Fraction III of TF from the chemical and tuberculin system inhibited 

migration of macrophages from normal guinea pig peritoneal exudate cells. The addition of antigen 

to fraction in caused no enhancement of macrophage inhibition. The inhibition caused by 100/ig 

of fraction III was 2-3 times greater than inhibition caused by lOOpg of crude transfer factor, 

3-50% compared to 40-90%. Fractions II and IV demonstrated some activity which may be due to 

contamination from fraction III. In contrast fraction IV of the purified MIF from the 2,4-DNFB 



TABLE 5 

Cytotoxicity testa of TF and MIF Geon-Pevikon block fractions from 2,4-DNFB and 
tuberculin sensitive cells. 

Geon-Pevikon 

fraction I 

lOfyg 100f/g 

fraction/ fraction/ 

ml ml +Ag 

Geon-Pevikon 

fraction II 

100/ng 100/i/g 

fraction/ fraction/ 

ml ml +Ag 

Geon-Pevikon 

fraction III 

100/ig 100/ig 

fraction/ fraction/ 

ml ml +Ag 

TF12 (DNFB) 88 96 

MIF12 (DNFB)c 

MIF21 (DNFB) 

MIF19 (Tb) 0 

MIF24 (Tb) 

96 97 

56 65 

95 95 

48 56 

97 96 

59 65 

83 82 

97 96 

96 96 

a. Cytotoxicity test. Values expressed as percent viable cells at 24 hours determined 
by trypan blue dye exclusion. 100/ig of the fraction was added to 2.5x10' cells. 

b. Antigens employed as in Table 2, footnote d. 

c. Same as Table 2, footnote f. 
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TABLE 6 

Hemolytic test® of TF and MIF Geon-Pevikon block fractions from 2,4-DNFB and tuber
culin sensitive cells. 

Geon-Pevikon Geon-Pevikon Geon-Pevikon 

fraction I fraction II fraction III 

lOOO^g fraction/ 1000/zg fraction/ 1000/ig fraction/ 

ml ml ml 

TF12 (DNFB) 1.25 

MIF 12 (DNFB)b 0.25 0.00 0.00 

MIF21 (DNFB) NDC 0.50 

MIF 19 (Tb)b 0.75 0.00 

MIF24 (Tb) 1.00 1.75d 

a. Hemolytic test. Values expressed in hemolytic units, one unit equals 50% release 
of the hemoglobin from a 1% suspension of fresh rabbit red blood cells. 

b. Same as Table 2, footnote f. 

c. ND, not done. 

d. 500/zg Fractions per ml was used in place of lOOOpg. 
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TABLE 7 

Migration inhibition testa of TF and MIF Sephadex G-200 fractions from 2,4-DNFB 
and tuberculin sensitive cells. 

Sephadex Sephadex Sephadex Sephadex Sephadex 

G-200 G-200 G-200 G-200 G-200 

fraction I fraction II fraction III fraction IV fraction V 

lOO^g fraction lC%g fraction lOO^g fraction 100/zg fraction lOO^g fraction 

/ml /ml /ml /ml /ml /ml /ml /ml /ml /ml 

+Agb +Ag +Ag +Ag +Ag 

TF12 (DNFB) 0 5 31 37 55 40 50 39 83 80 

TF21 (DNFB) 87 90 

TF19 (Tb) 57 53 

TF24 (Tb) 85 68 75 55 33 50 

MIF12 (DNFB)0 25 20 7 13 89 88 

MIF21 (DNFB) 88 90 

MIF19 (Tb)° 0 25 6 35 89 86 

MIF24 (Tb) 76 32 49 66 67 83 0 0 

a. MIF-test. Values expressed as in Table 2, footnote a. 

b. Antigens employed as in Table 2, footnote d. 

c. Same as Table 2, footnote f. 
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chemical and tuberculin systems possessed inhibitory activity of 60-90%, which was two times 

greater than the inhibition obtained with lOOpg of crude migration inhibition factor, 28-46%. The ad

dition of antigen to fraction IV did not enhance the effect. Fractions I and II, for the most part, did 

not show any consistent pattern of inhibition and the degree of inhibition was not enhanced over 

that obtained by lOOpg of crude MIF. In the tuberculin system (MIF 19), however, the addition of 

antigen to lOOj/g of fractions I and II caused enhanced inhibition of migration, 0-25% and 6-35% 

respectively. 

Cytotoxicity of Sephadex G-200 fractions of TF and MIF for normal guinea pig perito

neal exudate calls is depicted in Table 8. Fractions of purified TF showed no apparent pattern 

and possessed very little cytotoxicity. In the tuberculin systems, fractions II and III showed 

toxicity which was not apparent when antigen was added. Fraction IV of the purified MIF with but 

one exception demonstrated approximately 50% lethality to the cells. The cytotoxicity of the MIF 

fractions was greater than that observed with the crude material. The cytotoxicity of the Sephadex 

fractions had no correlation with the cytotoxicity of fractions obtained by Geon-Pevikon block 

electrophoresis. 

Hemolytic activity of purified TF and MIF obtained by Sephadex chromatography was 

determined using a 1% fresh rabbit red blood cell suspension (Table 9). There was no consistent 

hemolytic activity, however, in contrast to cytotoxicity, fractions II, III and IV of the purified TF 

demonstrated hemolytic activity. Fractions I, III and IV of the purified MIF possessed hemolytic 

activity ranging from 1.0 to 2.0 hemolytic units. The purified fractions showed greater hemolytic 

activity than that demonstrated by'the crude material. 

The results from in vivo studies of Geon-Pevikon block electrophoretic and Sephadex 

G-200 chromatographic fractions of TF and MIF in normal guinea pigs are depicted in Table 10. 

Geon-Pevikon block electrophoretic fraction III from TF 12, 2,4-DNFB chemical system, showed a 

strong intradermal reaction but when the site was skin tested at 30 hours and results recorded 

24 hours later the reaction was less. Fraction III transferred by the intraperitoneal route resulted 
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TABLE 8 

Cytotoxicity testa of TF and MIF Sephadex G-200 fractions from 2,4-DNFB and tuber
culin sensitive cells. 

Sephadex Sephadex Sephadex Sephadex Sephadex 
G-200 G-200 G-200 G-200 G-200 

fraction I fraction II fraction III fraction IV fraction V 

100f/g fraction 100/ig fraction 100//g fraction lOOpg fraction lOOpg fraction 
/ml /ml /ml /ml /ml /ml /ml /ml /ml /ml 

+Agb +Ag +Ag +Ag +Ag 

TF12 (DNFB) 95 94 92 93 93 93 88 84 78 75 

TF21 (DNFB) 70 71 

TF19 (Tb) 52 80 

TF24 (Tb) 54 86 86 76 84 86 

MIF12 (DNFB)0 93 95 92 95 50 52 

MIF21 (DNFB) 55 57 

MIF19 (Tb)° 93 95 96 95 54 54 

MIF24 (Tb) 92 94 74 74 82 84 78 84 

a. 

b. 

c. 

Cytotoxicity test. Values expressed as in Table 5, footnote a. 

Antigens employed as in Table 2, footnote d. 

Same as Table 2, footnote f. 
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TABLE 9 

Hemolytic testaof TF and MIF Sephadex G-200 fractions from 2,4-DNFB and tuberculin 
sensitive cells. 

Sephadex 

G-200 

fraction I 

Sephadex 

G-200 

fraction II 

Sephadex 

G-200 

fraction III 

Sephadex 

G-200 

fraction IV 

Sephadex 

G-200 

fraction V 

lOOOpg 
fraction/ml 

1000/ig 
fraction/ml 

lOOOfzg 
fraction/ml 

1000/jg 
fraction/ml 

1000/zg 
fraction/ml 

TF12 (DNFB)b 

TF21 (DNFB) 

TF19 (Tb)b 

TF24 (Tb) 

0.50 1.00 

1.25 

ND 

0.25 

ND 

1.50 

1.75 

1.00 

ND 

MIF12 (DNFB) 

MIF21 (DNFB) 

MIF19 (Tb) 

MIF24 (Tb) 

0.00 

1.50 

ND 

0.00 

0.00 

1.25 

0.00 

1.00 

0.00 

2.00 2.00 

a. Hemolytic test. Values expressed as in Table 6, footnote a. 

b. Antigen employed as in Table 2, footnote d. 
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TABLE 10 

In vivo studies of Geon-Pevikon block and Sephadex G-200 chromatographic fractions 
of TF and MIF from 2,4-DNFB and tuberculin sensitive guinea pig peritoneal exudate cells. 

ID passive transfer of fractions a Skin test of ID IP passive transfer 

6 hour 24 hour passive transferb of fractionsc 

Geon-Pevikon 
fractions I II III I II III I II III I II III 

TF12 (DNFB) _d 
- 4 + - - 4+ - - 3+ - - 2 + 

MIF12 (DNFB) 3 + - 1 + 3 + neg neg neg neg neg neg - — 

MIF21 (DNFB) 3+ 4+ 2+ 4+ 4 + 2+ 3+ 3+ 3+ - - -

MIF 19 (Tb) 4 + 3 + 3+ 2 + 3 + neg 4+ 3+ 3+ 2 + 2+ 4 + 

MIF24 (TB) 4 + 3 + 2+ 3 + 2+ neg neg 2+ neg - neg 4+ 

Sephadex G-200 
fractions I II III IV I II III IV I II III IV J II III IV 

TF12 (DNFB) - - 4+ - - - 4+ - - - neg - - - 2+ -

TF21 (DNFB) - - 2+ - - - 1+ - - - neg - - - 2+ -

TF19 (Tb) - - 2+ - - - 2+ - - - 3+ - ____ 

TF24 (Tb) - - 2+ - - - 2+ - - - 4+ - - - 4+ -

MIF12 (DNFB) 3+ 2+ - 2+ 3+ 2+ - 2+ neg neg - 3+ 3+ 3+ - 3+ 

MIF21 (DNFB) - - - 1+ - - - 2+ - - - 3+ - - - 3+ 

MIF19 (Tb) 3+ 1+ - neg neg neg - 2+ 3+ 2+ - 3+ 4+ - - 3+ 

MIF24 (Tb) 3+ - 3+ 1+ neg - 3+ 2+ 1+ - 2+ neg - - - 2+ 

a. Same as Table 1, footnote b, except that 3 mg of purified fraction was transferred. 

b. ID sites injected with purified (tactions 30 hours after passive transfer were skin 
tested with 5/jg PPD ID or with atopic application of one drop of 0.5% DNFB in olive oil. 

c. Same as Table 1, footnote a. 

d. Not done. 



in a positive passive transfer of hypersensitivity. The Geon-Pevikon block electrophoretic 

fractionation of MIF did not establish a pattern of in vivo activity. In the tuberculin system 

(MIF 19 and 24), however, fraction in demonstrated strong activity in the intraperitoneal passive 

transfer studies comparable to fraction III of TF 12. 

The results from Sephadex G-200 fraction ni of TF showed positive intradermal re

actions in normal guinea pigs but when these sites were skin tested 30 hours after injection and 

results recorded 24 hours later, only the tuberculin system showed positive results. The negative 

intradermal passive transfer of 2,4-DNFB contact hypersensitivity with fraction in was comparable 

with results obtained from crude material. The results from Sephadex G-200 purification of MIF 

showed that fractions I, II and IV from 2,4-DNFB system had intradermal activity and fraction IV 

passively transferred 2,4-DNFB contact hypersensitivity by the intradermal and intraperitoneal 

route. 

In the tuberculin system, fractions I and II from MIF 19, collected in the presence of 

serum, showed 3+ and 1+ intradermal reactions respectively in 6 hours, but were negative in 24 

hours. When these sites were skin tested results were positive, 3+ and 2+. Fraction IV showed 

a negative intradermal reaction in 6 hours but in 24 hours a positive reaction. Skin test of this 

site was positive. Fractions I and IV transferred by the intraperitoneal route caused passive 

transfer of hypersensitivity. The results of the in vivo studies of fractions from MIF 24, made 

without serum, were similar to that of MIF 19, except purification of MIF 24 resulted in one addi

tional fraction which seems to be equivalent to the third fraction found in the transfer factor. The 

intraperitoneal passive transfer studies of fraction III from MIF 24 was not done because of the 

shortage of material. 



DISCUSSION 

The study of delayed hypersensitivity responses have been facilitated by the develop

ment of in vitro methods. These methods have been helpful in separating cell-mediated responses 

from those consequent to humoral antibody and have demonstrated the presence of distinctive 

biological factors that are associated with delayed hypersensitivity reactions. 

In the work presented here two biological factors, crude and purified transfer factors 

and migration inhibition factors from 2,4-DNFB and tuberculin sensitive guinea pig peritoneal 

exudate cells, were compared using both in vivo and in vitro reactions. 

The successful peritoneal passive transfer of chemical and tuberculin hypersensitivity 

with cells and TF were comparable to previous reports (4, 5, 29, 36, 38, 39, 44, 45). When the 

crude migration inhibition factors from chemical and tuberculin sensitive peritoneal exudate cells 

were transferred by the intraperitoneal route to normal animals the animals became passively 

sensitized to the respective antigens. The results of positive peritoneal transfer of hypersensi

tivity with MIF which are similar to those obtained with TF, have not been reported before. 

We must keep in mind, however, that MIF was prepared in vitro in the presence of antigen, con

sequently this positive transfer of hypersensitivity may represent active sensitization caused by 

the passive transfer of antigen that induced the formation of MIF in vitro. 

The positive inhibition of migration of macrophages from chemical and tuberculin 

sensitive guinea pig peritoneal exudate cell populations incubated with antigen was similar to 

that reported earlier (54, 68, 69, 70, 71, 76, 96). Transfer factors obtained from chemical and 

tuberculin sensitive peritoneal exudate cells caused inhibition alone in the MIF-test with normal 

cells. When antigen was added to the TF from chemical or tuberculin system in the MIF-test there 

was a significant increased inhibition. These latter results are comparable to those reported by 

Paque et al (102) with human leukocyte lysates from strongly histoplasmin, coccidioidin, or PPD 

44 
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skin test-positive individuals. The TF can transfer to "nonsensitized" cells the capacity to re

lease, in the presence of specific antigen, a substance which inhibits the migration of guinea pig 

macrophages. The inhibition of macrophage migration by TF alone may be caused by the presence 

of MIF in the crude transfer factors. The presence of MIF in crude transfer factor preparation may 

be the result of in vivo production of MIF due to the sensitized lymphocytes prolonged contact 

with antigen during the sensitization period of skin testing. 

In contrast to the peritoneal passive transfer, local passive transfer with TF and MIF 

from the chemical system was unsuccessful. Skin tests with respective antigens at the intradermal 

test sites of crude transfer factor and migration inhibition factor resulted in negative reactions 

in the chemical system and 3+ reactions in the tuberculin system. This difference in local passive 

transfer between the chemical and tuberculin systems may be related to a difference shown in 

the patterns of 215 m^ from Sephadex G-200 chromatographic fractionation. For example, the pat

terns at 215 r% for the MIF of the tuberculin system showed two distinct peaks with strongest in 

vitro and in vivo biological activity associated in the second peak, which was equivalent to peak 

IV in the 280 m/x pattern. This is comparable to the work reported by Bennett and Bloom (96). In 

contrast, the Sephadex G-200 separation of MIF of the chemical system rendered only one peak at 

215 m^i comparable to the second peak in the tuberculin system. The lack of the first 215 m^ peak 

in the chemical system, equivalent to peak II in the 280 mp pattern, may be the cause of negative 

dermal passive sensitization. The peak II at 280 m/x was comparable to the globulin region in 

serum proteins separated by Sephadex chromatography. Perhaps a protein complex is needed for 

the local passive transfer of hypersensitivity. 

The Geon-Pevikon block electrophoretic fractionation of migration factors did not 

result in fractions with specific in vivo and in vitro biological activity, although fraction III 

appeared to have the strongest activity. Fraction III from chemical TF had an immunoelectro-

phoretic pattern similar to that described by Baram and Mosko (65) which showed percipitin bands 
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near the albumin fraction of serum protein. This fraction III from the chemical TF showed in vitro 

and in vivo biological activities similar to fraction III from the chemical MIF. The addition of 

antigen to the gamma and alpha-beta region of chemical and tuberculin MIF obtained by Geon-

Pevikon block separation showed increased inhibition of macrophage migration, this may be caused 

by an antigen-antibody complex whose activity is similar to that described by Spitler et al (103). 

Results of the dialysis of crude transfer factors did not compare with previous reports 

(44, 64). The dialysis of crude transfer factor from the chemical or tuberculin sensitive guinea pig 

peritoneal exudate cells did not diminish the in vivo or in vitro biological activity in the crude 

material, both dialysate and dialyzed material at equal protein concentrations had equal biological 

activity. This may be in agreement with Baram et al, who have reported nondialyzable and dia-

lyzable transfer factors from leukocytes obtained from human beings and animals (65, 66). 

The Sephadex G-200 chromatographic separation of migration inhibition factors from 

chemical and tuberculin sensitive cells rendered an active fraction of seemingly less molecular 

weight than the biologically active fraction III associated with TF. This fraction IV from MIF 

showed the strongest in vivo and in vitro biological activity. However, MIF fractions I and II 

made with serum possessed activity in vivo and in vitro. This is probably similar to the activity 

associated with fractions I and II from the Geon-Pevikon separation. 

The apparent difference between the ability to sensitize skin by passive transfer of 

tuberculin and 2,4-DNFB sensitive TF needs further study. This inability to sensitize passively 

locally with chemical sensitive TF may be the reason for unsuccessful attempts in human chemi

cal hypersensitivity transfer studies. 

Previous reports have found in vivo transfer activity in a dialyzable factor from 2,4-

DNFB and tuberculin sensitive guinea pig peritoneal exudate cells (44, 45). The TF biological 

activity reported from our work has been found to reside in a dialyzable and nondialyzable 

fraction of incubation fluids from 2,4-DNFB and tuberculin sensitive guinea pig peritoneal exudate 

cells. Further studies should be done to compare the nondialyzable TF with the dialyzable TF. 
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Can native transfer factor be dialyzed to yield two biological active substances which can be 

called dialyzable TF and nondialyzable TF? Or, are these transfer factors which vary in molecu

lar weight and structure within or among species? 

The Geon-Pevikon block electrophoretic separation was not a good method to be used 

singly for complete separation of the TF and MIF. It may, however, be a good procedure for the 

initial separation of these factors because it can separate 20 times more protein than Sephadex 

chromatography. 

The incomplete separation of biological activities between MIF and TF may be be

cause of mixtures of the two substances, or because the nondialyzable TF has properties closely 

akin to MIF. Further purification of the fractions by gel filtration may separate this overlapping 

of activity. 

Most of the in vitro studies of chemical delayed hypersensitivity have been done with 

cells from animals sensitized with chemical conjugates. This work reports passive transfer of 

hypersensitization with whole cells and cellular biological factors from guinea pigs sensitized 

topically with the chemical. The results of the in vitro test (MIF-test) have shown that topical 

chemical sensitization can be detected with a chemical conjugate. Previous work has shown there 

was carrier specificity in the in vitro test when animals were sensitized with conjugates (104). 

Studies should be done to see what the immunological specificity is with biological factors 

produced by cells from topically sensitized animals. 
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