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CHAPTER I 

INTRODUCTION 

The concept of hypersensitivity is defined as an 

altered or heightened immunological response to a specific 

allergen which may be manifested in the form of tissue damage 

within the body, and which usually occurs as the result 

of a prior experience and sensitization with such an allergen. 

Zinsser (1925) classified hypersensitive responses into 

two categories: immediate (humoral) and delayed (cellular). 

Immediate hypersensitivity is a phenomenon mediated by 

antibody, and consequently transferable by serum. These 

reactions are demonstrated "immediately" upon contact with 

the sensitizing allergen, and include such responses as 

anaphylaxis, the Arthus reaction, and atopic allergic conditions. 

Delayed hypersensitivity, is an allergic condition 

characterized by a delay between contact of the subject 

with the allergen, and the appearance of the reaction. This 

form of hypersensitivity has been clearly shown to be 

mediated by lymphoid cells in passive transfer experiments„ 

first described in the classical study of Landsteiner and 
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Chase (1942). However, serum from hypersensitive donors 

has been shown to lack this transfer capacity. Although 

several workers have achieved passive transfer of delayed 

hypersensitivity with extracts of hypersensitive cells, there 

are reports to the contrary. Hypersensitivities of the 

delayed type include the allergies of infections, e.g. 

tuberculosis; contact allergies, e.g. poison ivy? and, 

transplantation immunity to both normal and neoplastic tissue. 

All of these delayed allergic reactions, particularly 

the infectious and chemical contact types, have been 

considered to be identical. They all have been shown to 

share many of the characteristics of the rlolsyed hyper-

sensitive phenomenon which differ from the immediate form 

of hypersensitivity. 

Some workers have been able to draw distinctions between 

the various manifestations of delayed hypersensitivity. For 

example, Raffel and Newel (1958) have suggested that delayed 

h y p i." 0 i} ** 1. C 1. V .1. i..y' L O £ _ i J . L J. d O O J-il c;ii U.S. 'j w*.i o X S i*U J- J s - O C X O c i X 

with bacterial allergy as exemplified by the tuberculin reaction, 

Additionally, Turk (1967) has pointed out that a similar case 

could easily be made in respect to the chemicctl contact type 

of delayed hypersensitivity versus the homograft reaction. 



However, such a distinction is absent in the literature 

between the contact and the infectious forms of delayed 

allergy, particularly in respect to the passive transfer 

mechanisms of the two hypersensitive states. 

The only formal linkage of these two types of hyper-

sensitivity stems from the beginning experiments of Land-

steiner. and Chase (1942) and Chase (1945) in the guinea pig. 

In the former work, passive transfer of delayed hyper-

sensitivity to picryl chloride by peritoneal exudate cells 

was .acheived. Chase, in the latter paper, described the 

passive transfer of the tuberculin reaction by preparations of 

similar whole cell exudates. However, to date ;ao attempt 

has been made to critically characterize the actual 

similarities or differences in the mechanism of the passive 

transfer capacity of such cells from both of these delayed 

hypersensitive systems in the guinea pig. 

This present- investigation was made to fulfill such a 

purpose, and to chat end the study has involved icaelr with 

a four-phase approach: 

1. A study of allergen dose and time after sensitization 

as factors influencing passive transfer of delayed hyper-

sensitivity using whole cells and cell extracts from donor 

guinea pigs sensitized to tuberculin; and a comparison of the 



tuberculin system to the time-dependent chemical contact 

transfer system described by Guthrie ejt aJL. (1966) who, used 

the simple chemical allergen 1-fluoro-2,4-dinitrobenzene 

(DNFB). 

2. An in vivo characterization of the release of 

"transfer factors" in the tuberculin and chemical contact 

(DNFB) delayed allergy systems by surgically implanting, into 

normal recipient guinea pigs, membrane diffusion chambers 

of varying pore sizes which contained hypersensitive 

lymphocytic cells from donor guinea pigs sensitized to either 

DNFB, tuberculin, or to both allergens. 

3. An in vitro characterisation of release of "transfer 

factors" by incubating, either in the presence or absence of 

the specific allergens, peritoneal exudate cells from all 

three groups of sensitized donor animals. 

4. Isolation and partial characterization of the 

biologically active substances involved in the mediation of 

both the tuberculin and chemical contact forms of delayed 

hypersensitivity; and a comparison of these transfer 

factors, primarily relative to their release mechanisms, as 

demonstrated by the in vivo and in vitro passive transfer 

studies. 

Hence, the experimental approach of this investigation 
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has embodied an attempt to detect and contrast the mechanism 

responsible for the mediation of two delayed forms of 

hypersensitivity in the guinea pig, chemical contact and 

tuberculin hypersensitivities, by a critical characterization 

of the passive transfer systems of each of these delayed 

allergies. 



CHAPTER II 

REVIEW OF LITERATURE 

Delayed hypersensitivity? historical aspects (Bloom and Chase, 
1967) 

Helmholtz (1909) was the first to claim successful 

transfer of hypersensitivity in the guinea pig. In his 

experiments, skin reactivity to Old Tuberculin was noticed 

two days after transfer in recipients that received defibrinated 

blood from donors demonstrating a heavy tuberculosis infection. 

Bail in (1910) reported transfer of tuberculin sensitivity 

by intraperitoneal injection of saline homogenates of lymph 

nodes and spleens from tuberculous animals into normal guinea' 

pigs. One day later, the animals were challenged with Old 

Tuberculin intrapleurally, subcutaneously, or intraperitoneally. 

Systemic shock, usually resulting in death, was generally 

observed. Additionally, Bail injected normal animals with liver 

and serum from infected animals, and observed no reactions upon 

challenge, indicating that the type of tissue transferred 

(lymphoid) was important, and that the phenomenon was not 

produced by a circulating antibody. These results were 

confirmed by Onaka (1910) and Joseph (1910), but the latter 



worker felt that the toxicity of the transferred tissue in 

Bail's experiment, and the high challenge doses of Old 

Tuberculin (O.T.) might have accounted for the death of 

the animals. Massol et aJL. (1913) stated that transfer of 

ground organs to recipients caused an increase in the recipient 

animal's body temperature upon challenge with Old Tuberculin, 

but not systemic shock and death. Zinsser and Mueller (1925) 

in a treatise on bacterial allergies noted that serum was 

unable to transfer tuberculin sensitivity, and that successful 

transfer with filtrates of crushed tuberculous tissue was a 

result of active sensitization by products of the tubercle 

bacilli present in the filtrate. 

Passive transfer of delayed hypersensitivity in animals 

In 1942, Landsteiner and Chase reported the passive transfer 

of chemical contact hypersensitivity to picryl chloride in 

guinea pigs with viable peritoneal exudate cells. Attempts 

by these workers to passively transfer delayed hypersensitivity 

with cells heated to 48 C for 15 minutes, or frozen and 

thawed cells were all negative. The experiments were preceded 

by those of Landsteiner and Jacobs (1935, 1936) and Landsteiner 

and Chase (1937, 1940) who attempted to explain the mechanism 

of development of chemical contact hypersensitivity in 

a n i m a l s ~b R P1 rl r m n h o o r u n f ^ ̂  ~ - — - ~ J * ' ' 
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chemical ©^-dinitrophenol employed by Fruraess (1934) in humans. 

The former workers, using 2,4-dinitrochlorobenzene and other 

similar compounds, suggested that the mechanism of this reaction 

was a union of the simple chemical compound with protein in the 

animal's body to form a conjugate which then acted as an 

antigen. The latter workers (Landsteiner and Chase) sub-

sequently produced delayed hypersensitivity by intraperitoneal 

injection of conjugates made with homologous erythrocyte 

stromata and simple chemicals. 

Chase (1945) passively transferred cutaneous tuberculin 

hypersensitivity with peritoneal exudate cells as well as with 

lyirph node and :;ploon cells. la thia xopa.-t, chase duiuonstraLed 

that the intensity of the transfer reactions in recipients 

varied with the amount of cells transferred, and with the 

degree of sensitivity of the cell donors. A later experiment 

by the same worker (Chase, 1946) pointed to the fact that 

recipient animals acquired sensitivity after a latent period 

of one or two days a£fcer transfer, and chat ehis hyper-

sensitivity to the allergen was short-lived, receding 

approximately four or five days after it was initially 

demonstrated in the recipient. These results were confirmed by 

Kirchheimer and Weiser (1947), but they found spleen cells to 

be less effective than peritoneal exudates. 
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Metaxas and Metaxas-Buhler (1955), employing the techniques 

of Chase, also observed that transferred sensitivity only lasted 

five to seven days after cell transfer. Additionally, they 

showed that sensitized cells, that were passively transferred 

by an intraperitoneal route, failed to render the recipient 

positive when skin tested 12 hours after the transfer. In 

contrast to this observation, Metaxas and Metaxas-Buhler 

pointed out that recipient guinea pigs demonstrated positive 

reactions within 4 hours when skin tested 24 hours before an 

intravenous injection of tuberculin sensitized cells. This 

latter result led the authors to postulate that the transferred 

cells must be involved in the reaction with tuberculin, 

but that 4 hours is too short a time for the few cells 

transferred to secrete an antibody-like factor into the 

circulation at a sufficiently high enough concentration to 

be responsible for the observed reactions. 

Chase and Battisto (1955), with passive transfer of 

contact hypersensitivity, and Turk (1961), with passive 

transfer of tuberculin hypersensitivity, noted that persistence 

of sensitivity was the'result of repeated skin testing of 

recipients, and hence active sensitization of the recipient. 

These results reaffirmed the original observation of Chase 

(1946) regarding the short life of- sensitivity in a recipient 
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animal. However, as pointed out by Turk (1967), lymphoid 

cells will not confer passive sensitivity if the histo-

compatibility barrier between the donor and the recipient 

animal is too great. 

Passive transfer of delayed hypersensitivity in man 

Lawrence (1949) adapted the guinea pig cellular transfer 

technique of delayed hypersensitivity to man,using peripheral 

blood as the source of leucocytes to transfer tuberculin 

hypersensitivity. The leucocytes, which were separated from 

the erythrocytes by the addition of fibrinogen, were injected 

intradermally into pre-skin-tested tuberculin negative subjects. 

In contrast to the guinea pig, only small cell volumes, e.g. 

0.1 ml of packed cells, were necessary for successful passive 

transfer. It was also observed that sensitization of the 

recipient lasted for long periods of time (e.g.,months to years) 

In other studies, Lawrence (1952) and Lawrence and 

Pappenheimer (1956) transferred hypersensitivity to hemolytic 

streptococci and diphtheria toxoid in man. Fazio and Calciati 

(1962) transferred quantities of cells to human subjects, 

approximating those used in the guinea pig system, and 

obtained maximal reactions in all of the recipient subjects 

tested. 
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Bloom and Chase (1967) cited several earlier reports 

claiming successful transfer of contact dermatitis in man, 

but noted that these claims have not been confirmed. Moreover, 

the majority of recent attempts to passively transfer chemical 

contact hypersensitivity in man have been negative, and the few 

isolated cases where positive results were observed have 

been attributed to either active sensitization of the recipient, 

or use of toxic concentrations (1%) of the chemical allergens 

for skin testing purposes (Epstein and Kligman, 1957; Baer 

and Sulzberger, 1952; Harber and Baer, 1961; Haxthausen, 1952) 

Passive transfer of delayed hypersensitivity with extracts of 
semait3,z.?d cells 

Until 1954, the passive transfer of tuberculin or chemical 

contact hypersensitivity was accomplished by use of viable 

lymphocytic cells (Landsteiner and Chase, 1942). Sensitized 

cells that had been given a freeze-thawed or heated treatment 

lost their ability to passively transfer. 

u'eter ei. a_i. (1954) employed sonic vibration as a "gentler 

physical method of treatment" for cell distruption. Using 

peritoneal exudate from donor guinea pigs hypersensitive to 

dinitrochlorobenzene, Jeter and coworkers found that passive 

transfer was accomplished with the centrifugate supernatant, 

and that the sediment was essentially incapable of transferring 
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the phenomenon. The only report of a successful transfer 

with lysates prior to this time was made by Crepea and 

Cooke (1948). These workers stated that transfer of dermatitis 

veneata was acheived to Rhus radicans (poison ivy) in guinea 

pigs with saline lysates of spleen, serum (2 ml), and washings 

of hypersensitive cells. However, their use of a chemical 

depilatory as well as an observation of passive transfer with 

serum has resulted in controversy over the validity of their 

results. Cummings ejt _al. (1956) reported passive transfer of 

tuberculin hypersensitivity with sonically disrupted peritoneal 

exudate cells and spleen cells. In their work, the spleen 

extract preparation v/r>3 found to "be .l/rvja cffc-"t.'.vo l:han 

peritoneal exudate cell extracts for transfer. 

Jeter et aJL. (1957) reported that lysates of sensitized 

cells were not only effective in transfer of delayed hyper-

sensitivity to dinitrochlorobenzene and tuberculin in guinea 

pigs, but that these materials, upon electrophoretic analysis, 

contained an alpha global!*! uoL present in exudate cells from 

normal animals. This report was preceeded by the work of 

Cole and Favour (1955), who reported that an alpha globulin 

fraction of plasma (IV-10), from guinea pigs highly sensitized 

to tuberculin, would passively transfer a delayed skin 

sensitivity to normal recipients. However, Rauch and Favour 
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(1960), in a paper on passive transfer of allergic reaction 

to tuberculin with plasma protein fractions from guinea pigs, 

demonstrated minimal reactions to purified protein derivative 

of tuberculin (PPD) when the alpha globulin fraction IV-10 

was transferred. Later, Ehrenkrany and Waksrnan (1956) were 

also unsuccessful in passive transfer of tuberculin hyper-

sensitivity with alpha globulins or other plasma fractions. 

More recently, Rothman and Linden (1965) have indicated that a 

fraction having electrophoretic mobility of an alpha-1-globulin 

was found in lymphocytic tissue from guinea pigs sensitized to 

dinitrochlorobenzene (DNCB) as determined by polyacrylamide 

disc electrophoresis. However, in a later communication Rothman 

(1965) related that the active material, originally identified 

as an alpha-l-globulin, was an IgA fraction, and that this 

fraction isolated from serum was also capable of successful 

passive transfer (Rothman, 1966). However, upon transfer 

followed by skin testing of the recipient guinea pigs with 

DNCB 6 hours later, the animals demonstrated a positive 

response within 12 hours, which reached maximum upon 24 hours. 

Biopsy of these sites after 48 hours demonstrated an infiltration 

of polymorphonuclear cells and some mononuclear cells. Such 

an observation is in contrast to the criterion of a local 
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delayed reaction established by Zinsser (1925), but more 

readily fits the criterion of an immediate reaction. 

Eisen (1959) and Bloom et aJL. (1961) reported a failure 

of transfer of contact hypersensitivity to chemical allergens 

with lymph node cell lysates, while Turk (1961) reported success 

in transferring the state of hypersensitivity to picryl 

chloride in guinea pigs by these means. The latter investigator 

retracted his initial observation in a later communication 

(Turk and Asherson, 1962), stating that this hypersensitive 

state was not specific, but was a manifestation of increased 

cutaneous irritation to picryl chloride. 

Kochan a.ad Bendcl (19G6) not only d aiuon a t r a ted passive . 

transfer of hypersensitivity to tuberculin with whole cells 

and cell lysates in guinea pigs, but also stated than an 

in vitro incubation of sensitive cells with PPD for 4 hours 

induced the release of "transfer factor", and that the 

surrounding medium gained the property of transferring 

delayed hyper^ensitivity. Kochan and Bendel also described 

the release of an active transfer material into the blood 

stream of tuberculous guinea pigs after challenge of these 

animals with a "strong dose of O.T." rendering passive 

transfer with serum possible. However, in their studies, 

guinea pigs were skin tested with a 0.1 ml of a 1:10 dilution 
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of O.T. before their use to verify a lack of skin reactivity. 

Recipient animals were additionally skin tested "at various 

periods" after the passive transfer of the preparations 

described above. These milti-skin testing procedures suggest 

active sensitization of recipient animals, particularly since 

the workers reported the maintenance of sensitivity in recipients 

for three to four weeks. Such an observation is in direct 

contrast to work previously reported, particularly that of 

Metaxas and Metaxas-Buhler (1955). 

Pick and Feldman (1968) reported that the sera from guinea 

pigs, which had been immunized with tubercle bacilli and 

challenged intracardially 4 hours before .saerifioo vith 0.5 

ml of 1:100 dilution of O.T., were effective in transferring 

cutaneous hypersensitivity to normal animals. The mediator 

of the transfer was identified as a ^G^-immunoglobulin. 

The cutaneous lesions observed after O.T. skin testing, however, 

were considered to be the result of an antigen-antibody reaction 

of an Arthus or cutaneous aiiaphyiaxia type rather than oi: a 

delayed hypersensitive type. 

Guthrie _et _al. (1966) , in a study on the effect of time 

on passive transfer after active donor guinea pig sensitization 

to the chemical allergen dinitrofluorobenzene (DNPB), reported 
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that lymph node cells and sonically prepared lysates of these 

cells were effective in their capacity to transfer early 

(thirteen days) after the period of sensitization. The 

authors suggested that these data may explain the reports of 

inconsistent passive transfer of chemical contact hypersensitivity 

with similar preparations of lymph node cells as mentioned 

earlier (Turk and Asherson, 1962; Bloom _et jal., 1961; and 

Eisen,1959). These workers also showed that peritoneal exudate 

cells were ineffective in transferring at the thirteen-day 

period, but were more effective than lymph node cells for 

transfer at the end of a' seventeen-day period. In a latter 

report, Guthrie et *1. (1967) reiterated the failure of passive 

transfer with lysates of peritoneal exudate cells collected 

thirteen days after sensitization of.the donors to DNFB. 

Additionally, the investigators demonstrated the release of a 

factor upon incubation of DNFB hypersensitive cells (seventeen 

day) in balanced salts solution alone. The active principle 

v/;u3 characterised as a noiV-aiitibody moxecy, since the factor 

was neither neutralized nor bound when incubated in the presence 

of the specific hapten in the form of a congugate. Upon 

concentration of the incubation supernatant, Guthrie et al. 

(1967) failed to observe the ability of the factor to produce 

positive reactions in precipitation, hemagglutination, 
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passive cutaneous anaphylaxis, and passive systemic ana-

phylaxis reactions. 

Recently, Burger and Jeter (1969) have confirmed the 

results obtained by Guthrie and coworkers on the release of an 

active transfer factor during jln vitro incubation of cells 

hypersensitive to dinitrochlorobenzene or dinitrofluorobenzene 

in balanced salts solution. Analysis by these workers 

showed the "transfer factor" to be a dialyzable protein. 

Lawrence (1954) reported that peripheral leucocytes, 

disrupted by either distilled water lysis or freeze-thawing, 

could passively transfer delayed type hypersensitivity to 

tuberculin in man, ThJn procedure waj rcpo.v.!;cd Ly Lnwronoe 

(1955), and was found to also be effective in the passage of 

delayed skin sensitivity to streptococcal M substance. 

Passive transfer to diphtheria toxoid in humans gave weakly 

positive results (Lawrence and Pappenheimer, 1956). In the 

latter report, virtually none of the recipient subjects 

produced aiiy de Leu cable antibody, indicating that antigenic 

material was not transferred in the whole cell extracts. The 

term "transfer factor" was chosen to designate the active 

material present in the leucocytic whole cell extracts which 

was capable of transferring sensitivity to normal recipients 

(Pappenheimer, 1958). Freedman et al. (1957) were the first 
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workers to confirm the passive transfer of delayed hyper-

sensitivity in humans using similar extracts of human 

leucocytic cells. 

Lawrence (1959) found that transfer factor was not 

affected by exposure of cell extracts to deoxyribonuclease, 

ribonuclease, and trypsin, indicating that it was not DNA, RNA 

or a typical protein. Later, Lawrence et al̂ . (1963) found that 

the active factor was capable of passage through dialysis 

membranes. He characterized the active principle as having a 

molecular weight of 10,000 or less. Lawrence and Pappenheimer 

(1957) found that transfer factor was released into the medium 

when peripheral leucocytic cells from a sensitized subject 

were incubated with PPD (25 jag) for 1 hour at 37 C. Whole 

cell extracts of the incubated cells were not capable of passive 

transfer. Lawrence (1959), using cells from a donor subject 

showing delayed hypersensitivity to both tuberculin and diphtheria 

toxoid, found that incubation of such cells with PPD resulted 

in a loss of ability of these cells to passively transfer tuber-

culin hypersensitivity, while the capacity to transfer delayed 

hypersensitivity to th& diphtheria toxoid.remained. However, 

the incubation supernatant was found to be effective in 

passively transferring tuberculin hypersensitivity. This 

indicated that the presence of tuberculin in the incubation 
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medium "triggered" the release of a transfer factor. 

Baram and Mosko (1965) reported two substances in human 

peripheral white blood cells capable of transferring tuberculin 

hypersensitivity. One was dialyzable, the other nondialyzable. 

Baram ej: ai]L. (1966) in a further purification of these two 

factors found one to be a polynucleotide containing adenine, 

guanine, and cytosine,but no uracil. The second factor was 

contained in a fraction having YG-globulin and other globulins 

and lipoprotein, as well as ribose indicating RNA. A macro-

globulin fraction isolated by these workers was unable to 

transfer delayed hypersensitivity. 

Ar a 1 a - 0 h 3"/ a n et nl, (1967) reported that tuberculin 

positive leucocyte extracts when subjected to fractionation 

rendered a substance of very slow gamma-globulins. However, 

this moiety failed to react with antisera against immuno-

globulins. Also, these workers noted no obvious differences 

in composition between leucocyte extracts from tuberculin 

positive and negative donor subjects. 

Fireman et al. (1967) , using mitogenic activity as an 

assay system, estimated the molecular weight of "transfer 

factor" at 700 to 4000. Thor (1967) reported successful 

transfer by an RNA extract having 8 S to 12 S value, suggesting 

a molecular weight = 80,000. In his assay, Thor used the 
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capillary tube cell migration technique of David et al. (1964). 

Later, Thor and Dray (1968) reported a conversion of human, 

nonsensitive, lymph node cells to sensitive cells with an RNA 

extract. In their assay, the tube migration inhibition technique 

served as the in vitro index for "delayed hypersensitivity". 

Recently, Paque et a3L. (1969) reported a sensitization of 

non-sensitive human peripheral leucocytes by incubation of 

these cells with specific antigen and specific cell lysates 

obtained from strongly skin-test-positive histoplasmin, 

coccidiodin, or tuberculin skin test donors. The "sensitization 

assay" made use of the iri vitro capillary tube cell migration 

technique. In this report, the workers discussed the fact 

that a 5000 molecular weight polynucleotide (Baram ejt al̂ . (1966) 

would appear to be too small to act as a "messenger" RNA 

capable of coding for a protein having immunological specificity 

of transfer, since such a moiety could only code for a 

peptide consisting of about five or six amino acids. However, 

the non-dialyzable moiety (Mw = 150,000) of Baram et al. (1966) 

could function as a "messenger" in converting nonsensitive to 

sensitive cells in vitr®. 

In the tuberculin system in guinea pigs, as early as 

1932, Rich and Lewis demonstrated that tuberculin inhibited 
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the migration of cells taken from animals with delayed 

hypersensitivity to tuberculin, and that such an exposure of 

hypersensitive cells to the specific allergen caused cytotoxic 

changes in these cells. Since this early report, many 

workers have described some form of iri vitro interaction of 

tuberculin hypersensitive cells with the sensitizing antigen, 

usually in the form of PPD, and have elaborated upon the 

original finding of Rich and Lewis; e.<j,Heilman (1963). 

David (1966) demonstrated a capillary tube cell migration 

technique for in vitro measurement of delayed hypersensitivityi 

This investigator noted a specific inhibition of peritoneal 

exudate oelln fr-rr.i guinea pigs hyperncncitiya to tuberculin . 

when PPD was present, and an absence of inhibition with the 

absence of antigen. The mediation of delayed hypersensitivity 

in vitro by a cell-free substance formed by lymphoid cell-

antigen interaction was also reported by David. 

Bloom and Bennett (1966) demonstrated that inhibition of 

raiyracioi'x was tho resale of the imiuuiio logical activity of 

the lymphocytes present within a sensitized peritoneal exudate 

population. These authors further found that when peritoneal 

macrophages were removed from the lymphocytes of a population 

by tissue culture methods, the macrophages alone were no longer 

inhibited from migrating when antigen was present. However, 
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addition of a small number of lymphocytes to these macrophages 

resulted in the inhibition of their migration in vitro. 

Futhermore, this macrophage inhibition was found to be mediated 

by a soluble material that was elaborated by the lymphocytes 

upon specific interaction with antigen. Hence, the term 

migration inhibitory factor (MIF) was introduced (Bennett and 

Bloom, 1967). Additionally, during incubation of lymph node 

cells from sensitized animals with specific antigen _in vitro, 

biologically active substances were also recognized as being 

released which were capable of inhibiting the migration of 

mesenchymal cells from norma], non-sensitized animals (Svejcar 

et al,,, 1967) , 

Bennett and Bloom (1968) reported that supernatant^,resulting 

from PPD exposure to tuberculin-hypersensitive cells after 24 

hours of culturing, rendered erythema and induration in normal 

animals when administered intradermally in 0.1 ml amounts. 

Upon Sephadex G-100 gel fractionation of these supernatant 

materials, the fraction having Mil? activity was clutcd in the 

range of albumin (Mw = 68,000). 

Krejci jet al. (1969) also tested for the iri vivo activities 

of the supernatants produced by incubation of hypersensitive 

rabbit lymph node cells with specific antigen (PPD) iri vitro. 

The authors used high (100 ;ag) or low (1 ;ug) concentrations 
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of PPD, and noticed distinctly unique results. Hypersensitive 

lymph node cells incubated with a large dose of antigen caused 

pallor and produced lesions, resembling a delayed hypersensitive 

reaction in vivo, when injected intradermally. Such supernatants 

also inhibited cell migration jln vitro. Krejci et aJL. suggested 

that this substance was different from the lymph node perme-

ability. factor (LNPF) suggested by Willoughby et aJL. (1962, 

1964) and Spector and Willoughby (1964) as the pharmacological 

mediator of delayed hypersensitivity, since it had a reverse 

effect on vascular permeability when administered intradermally. 

The supernatant resulting from sensitized lymph node cells in 

low antigen conccntrot:ir-ns vns seen ho liav-^ much lenis nativity 

than the former supernatant when injected intradermally. 

Heise and Weiser (1969) studied the cyototxins produced 

from highly purified lymphocyte and macrophage populations 

from normal and tuberculin sensitive guinea pigs whe'n cultured 

in vitro with PPD. They suggested that the observation of 

I3u.vxd ot J.. *•) , c11t_'iL. psin ex*LiiioiiL Luci 

susceptibility of tuberculin-sensitive peritoneal exudate 

cells to migration inhibition with PPD, suggests that a 

cytophilic antibody may be required for the release of cytotoxin 

from the immune macrophages observed in their study. 
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Most recently, Pick et aji. (1969) have studied the jln vitro 

interaction between antigen and sensitized lymphocytes from the 

guinea pig. Peritoneal exudate lymphocytes and lymph node cells 

from guinea pigs immunized with tubercle bacilli were cultured 

for 24 hours in serum-free medium with and without PPD. After 

incubation and upon injection of the material into the skin 

of normal guinea pigs, supernatants from both cell types 

produced erythema and induration which appeared histologically 

as a mixed polymorphonuclear-mononuclear' infiltrate in the 

dermis. Upon fractionation and immunoelectrophoretic analysis, 

a slow o4-globulin was detected as well as a protein-PPD 

complex. The ]at tor fraction waa capable d precipitation by 

anti- ̂ G antiserum. However, the relationship of such materials 

to skin reactivity, and their respective release or synthesis 

by sensitized lymphocytes incubated in the presence of antigen, 

was unanswered by the authors. 



CHAPTER III 

MATERIALS AND METHODS 

Experimental animals 

Over 1000 albino guinea pigs of the random-bred Hartley 

strain, weighing 350-500 grams,were used throughout this study 

(John Fields, Griffin, Georgia). The animals were housed in 

metal cages in air-conditioned quarters, and were fed 

Vitamin C supplemented Purina Guinea Pig Chow (Ralston 

Purina Co., Inc., St. Louis, Missouri), and water ac3 libitum. 

Allergens 

The chemical l-fluoro-2,4-dinitrobenzene (DNFB), 

obtained from Matheson Chemical Company, was twice re-

crystallized in absolute ethanol, and used as the contact 

allergen throughout the experimentation. Mycobacterium 

tuberculosis H37 Ra (Difco, Detroit, Michigan) was employed 

as the infectious allergen, 

Guinea pig sensitization 

Tuberculin Sensitization 

Prior to sensitization of donor guinea pigs to M. 

tuberculosis H37 Ra, the nape of the neck was clipped 

free of hair with an Oster clipper (Milwaukee, Wisconsin) 

25 
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employing a Model A-2 small head. The neck was cleansed with 

95% ethanol and the animals were injected subcutaneously with 

concentrations of either 5 or 10 mg dry weight of cells per 

ml of Freund's incomplete adjuvant (Difco, Detroit, Michigan), 

or 1 mg of cells per 0.6 ml of an emulsion containing 0.1 ml 

Freund's incomplete adjuvant and 0.85% sterile saline. 

Chemical (DNFB) Sensitization 

Sensitization of donor animals to the chemical 1-

fluoro-2,4-dinitrobenzene (DNFB) was by the method of Guthrie 

et al. (1966, 1967). This procedure involved the depilation 

of the nape of the neck of guinea pigs by clipping, followed 

by the painting of a 2% solution of DNFB absolute ethyl 

alcohol onto the skin. This sensitization was accomplished 

by applying five drops of the solution to the skin surface, 

and gently rubbing the chemical into the skin with a polished 

glass rod. This application was repeated daily for six 

ccnsocutive on cnoh donor animal. In norao Instances# 

"booster" applications of the chemical allergen were administered 

on the 10th and 11th day after the onset of donor sensitization 

to DNFB. 

Dual Sensitization 

In the combined sensitization procedure, animals were 

prepared by clipping hair from the neck and shoulder regions. 
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One mg of M. tuberculosis H37 Ra cells, in 0.6 ml of Freund's 

incomplete- adjuvant-sterile saline emulsion as previously 

described, was then injected subcutaneously in the upper part 

of the neck. One week later, the 2% DNFB treatment was 

carried out for six consecutive days on the same donors by 

carefully applying 5 drops of the chemical solution to the 

shoulder region, and gently rubbing the chemical into the 

skin. The two sensitization sites, on the neck and shoulder 

of the animals, were not overlapped. 

Skin testing of donor guinea pigs 

For determination of the degree of sensitization of 

actively sensitized donors, hair was removed from the animal's 

flank by mechanical clipping approximately 2-5 hours prior 

to the skin testing procedure. This allowed recovery of the 

skin from any irritation resulting from the clipping. At 

no time was shaving or a chemical depilatory used on the test 

animals. 

Tuberculin Donors 

At various time intervals following the sensitization 

injection, dependent on the particular study involved (i.e., 

time study, 1-8 weeks; in vivo in vitro release studies, 

4 weeks), the donor animals of the tuberculin system were 

skin-tested by intradermal injections into their flanks of 
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0.1 ml of the following reagents. 

Old Tuberculin 

A 1:40 dilution of stock Old Tuberculin (OT) (Texas 

State Department of Public Health, Austin, Texas), stored in 

50% glycerin at 4 C, was prepared with sterile 0.85% saline 

prior to use. The stock OT material was equivalent to 

National Institute of Health reference Old Tuberculin (1: 

100 dilution of the stock being equal to 1.0 mg of tuber-

culoprotein per 0.1 ml). 

Purified Protein Derivative of Tuberculin (PPD) 

Standard solutions of 50 >ug per ml of Purified Protein 

Derivative of Tuberculin (Parke, Davis and Co., Detroit, 

Michigan) were prepared prior to use by making 1:20 dilution 

in sterile 0.85% saline of a stock 1000 yug per ml standard 

protein solution. 

"**? r » . . . . ^ f'n -i \ 
,~L ; . • > • *...i v ... --1 ; l : , u t i \ • O - ^ / 

Stock solutions of 1000 ;ug per ml of BSA Fraction V 

(Nutritional Biochemicals Corporation, Cleveland, Ohio) 

were prepared in sterile 0.85% saline, and diluted 1:20 to 

obtain a 50 jug per ml concentration prior to the reagent's 

use for skin testing. This protein was employed to show 
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specificity of skin test to the tuberculoprotein allergens 

of OT and PPD respectively. 

Saline 

A 0.85% sodium chloride solution was prepared by 

dissolving 8,5 g of sodium chloride in 500 ml of distilled 

water and adding enough distilled water to yield a volume of 

1.0 liter. The saline was then distributed into 4 oz prescription 

bottles, 100 ml per bottle, and autoclaved at 121 C for 15 

minutes. Sterile saline, hereafter referred to as saline, 

was stored at room temperature, and dispensed into sterile 

serum bottles prior to its use. 

DNFB Donors 

Guinea pigs actively sensitized to DNFB were skin tested 

on the 13th or 15th day after initial contact according to 

the procedures described by Guthrie et_ al_. (1966) . This 

involved the application of one drop each of 0.75%' and 

0.50% DNFB in olive oil onto the skin, followed by a 

gentle rubbing with a polished glass rod. In this procedure, 

extreme care was taken to prevent rubbing against the grain 

of the hair, and also to avoid overlap of the different 

concentration sites of the allergen. Olive oil alone was 

applied separately as a control skin test reagent. 
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Dual Donors 

Guinea pigs dually sensitized to both tuberculin and 

DNFB were skin tested with tuberculin (OT and PPD) and the 

appropriate control reagents on one flank, and with the 

different percentages of DNFB in olive oil with olive oil 

as the control skin test reagent on the latter flank. These 

methods, have been previously outlined. 

Reading of the skin test 

At 24-and 48-hour intervals following skin testing of 

tuberculin and DNFB donors, the reactions were read according to 

the following criteria: 

Protein Allergens 

OT, PPD, and BSA skin test reactions were graded on the 

basis of diameter in millimeters of the erythemic, indurated 

skin test sites. 

Chemical Allergens 

DNFB skin test reactions were graded upon the criteria 

established by Guthrie et al. (1967);i.e.,++++, marked homogeneous 

erythema; +++, homogenous erythema; ++, patchy-erythema* + , 

slight erythema; (-) no reaction. An additional designation 

of (±) to indicate minimal reactions was also used. 
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Dual Allergens 

Dual donor skin tests were each graded according to the 

criteria described above for the protein and chemical allergens, 

respectively. 

Collection of cells 

Seventy-two hours prior to cell collection, the hair of 

all donor animals was clipped from the abdominal surface. 

The skin was swabbed with 95% ethanol, and the animals 

injected intraperitoneally with 30 ml of light mineral oil 

(E.H. Sargent and Co., Dallas, Texas; 80/90 Saybolt viscosity) 

which had been pre-sterilized by autoclaving at 121 C for 1 hour, 

After 72 hours the animals were exsanguinated by intra-

cardial puncture. The peritoneal cavity was opened and 

washed aseptically at least three times with a sterile, 

modified Hanks balanced solution not containing gelatin, here-

after termed Hanks. The basal salt solutions listed in Table 

1 v/ero prcpnrnd -eparately, and sterilised at 121 C for 20 

minutes. Solutions B, C, and D were mixed with A immediately 

prior to use, and the final mixture had a pH of 7.2 * 0.1. The 

washing protocol was facilitated by using a sterile aluminum 

wire gauze strainer to separate the exudate from the intestines. 

Cells were collected using a 10 ml pipette with a wide-bore tip. 
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Table 1. Hanks balanced salt solution 

Flask A 

NaCl 

KCl 

Na2HP04 

KH2P°4 

Glucose 

Flask B 

CaCl2 

Flask C 

MgSC>4 

Flask D 

NaHCO-

32.000 g 

1.600 g 

0.400 g 

0.400 g 

8.000 g 

0.800 g 

0.800 g 

1.360 g 

2800 ml* 

400 ml 

400 ml 

400 ml 

* Distilled water 



33 

All washings were transferred aseptically to wide-mouth 500 ml 

polyethylene screw-cap collection bottles which were maintained 

in ice water baths during cell collection, and later centrifuged 

at 2000 rpm for 10 minutes at room temperature in a size 2 

International Centrifuge (International Equipment Co., Boston, 

Massachusetts), The supernatants were discarded, and the packed 

cells were pooled, and washed two additional times with Hanks 

in sterile graduated conical centrifuge tubes by alternating 

centrifugations and resuspensions. An International Clinical 

Centrifuge (International Equipment Co., Needham Hts, 

Massachusetts) at 2000 rpm for 10 minutes at room temperature 

was used to pack the colls. 

The entire scheme from donor sensitization to cell harvest 

is diagrammed in Figure 1. 

Differential cell counts, viability, and total cell counts 
of peritoneal exudates. 

Following washing, the packed cell volumes were adjusted 

to 1.0 ml. To couixt Lnis scandaru ceii volume, Llie celld were 

resuspended and diluted appropriately with Hanks to bring the 

cell number to a countable range (between 100-200 cells). 

Prior to counting, 0.1 ml of a 0.1% Trypan Blue solution 

(Allied Chemical, Morristown, N.J.) in saline was added to 

the diluted suspension, and the suspension was mixed gently 



34 

Tuberculin 

Hartley Strain 

Guinea Pigs 

Sensitization 

DNFB 

Donor 

Skin Testing 

Cell Harvest 

Figure 1. Schematic diagram of the treatment of guinea 
pigs from donor sensitization to cell harvest, 
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by pipetting. This suspension was incubated at room tem-

perature for 5 minutes, after which a total and viable cell 

count was made. The cells were counted with a Spencer 

Bright Line Hemocytometer (American Optical Co., Buffalo, 

New York). A total of 10 large squares, the 4 corner squares 

and the middle square in each chamber, were counted (Merchant 

et _al.# 1964) . The cells which excluded the dye were con-

sidered viable, and results were expressed as per cent 

viable cells. 

The formula used in calculating cell counts was as 

follows: number of cells per ml = total number of counted 

cells in 10 squares X 1000 X reciprocal of the dilution made. 

Differential cell counts were made during total cell 

determinations by identifying 100 different cells, and 

designating them as lymphocytes (large or small), and 

macrophages. Each cell type was expressed as the percent of 

the total. 

The resulting standardized cell suspensions were then 

used in passive transfer experiments as described below. 

I. The effect of 'time after donor sensitization to 
tuberculin as a factor in passive transfer. 

In this phase of the study, only peritoneal exudate 

cells from donor animals sensitized to 1, 2.5, 5, or 10 mg of 
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M. tuberculosis H37 Ra were employed. Guthrie et â l. (1966) 

had demonstrated that a time sequence occurred in chemical 

contact (DNFB) hypersensitivity in guinea pigs which permitted 

passive transfer with crude cell lysates, in comparison to 

whole cells, at one interval and not at another. Therefore, 

this initial phase of the investigation was made to determine 

if such a sequence for capacity to passively transfer whole 

cells and lysates of peritoneal exudate cells existed in the 

tuberculin hypersensitivity system. 

Groups of 20 donor animals, sensitized to each of the 

three concentrations of M, tuberculosis H37 Ra cells, were 

used for the harvest of exudates. Collections wore made at • 

one-week intervals for a total of six to eight weeks. 

Harvested cells, at each weekly interval for each donor 

sensitization dose, were handled as outlined in Figure 2. 

Standardized 1 ml volumes of peritoneal exudate cells 

resuspended to 5 ml in Hanks were A) injected whole and 

untreated into a normal recipient guinea pig; or, B) sonicated 

for 30 seconds in a polyethylene container placed in an ice 

bath using a Branson LS-75 sonifer (Branson Instruments, Inc., 

Stamford, Connecticut) at 7 amperes. Such treatment was 

found to be effective in accomplishing complete disruption of 

cells at the minimum time interval of 30 seconds. The 
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Peritoneal Exudate Cells 

Cells injected (A) Cells sonicated (B) 

Supernatant Sediment washed 
injected (C) (IX) and injected (D) 

Figure 2. Procedures for handling peritoneal exudate 
cells for the tuberculin time study (Part 1) 
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sonified material was centrifuged at 2000 rpm for 10 minutes 

at room temperature. The supernatant (C) was injected into an 

additional normal recipient. The sediment was washed once 

in Hanks, resuspended, and centrifuged at 2000 rpm for 10 

minutes. The washed sediment was then resuspendsd to 5 ml, 

with Hanks and injected into a third recipient animal (D). 

I1- ZH. vivo release of transfer factor by passive 
transfer of membrane diffusion chambers containing hyper-
sensitive cells. 

In order to compare and contrast the jijn vivo release of a 

passive transfer capacity by peritoneal exudate cells 

hypersensitive to tuberculin or the contact allergen DNFB, 

the membrane diffusion chamber technique formerly employed 

in transplantation immunity studies (Najarian and Feldman, 

1962) and homotransplantation or autotransplantation studies 

of lymphocytes (Holub, 1962) was used. The application 

of this membrane diffusion technique was even more desirable for 

the contrasting of the two delayed hypersensitive systems being 

studied in this investigation, since Najarian and Feldman 

(1962) negated the possibility of passively transferring 

tuberculin hypersensitivity by membrane chambers, citing 

unpublished results.. Also Kind £t _al. (1965) failed to achieve 

passive transfer of chemical contact hypersensitivity to 
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2,4-dinitrochlorobenzene (DNCB) using cells isolated in 

membrane chambers. However, these latter workers reported 

results using only three chamber recipients. 

In these present experiments, both peritoneal exudate 

cells (collected as previously described) and axillary lymph 

nodes from tuberculin (1 mg), DNFB (2%), and guinea pig 

donors sensitized to both allergens wejre employed. The experi-

mental design for this phase of the study is given in Figure 

3. One ml of packed cells was resuspended to 5 ml with Hanks 

and injected into a normal recipient (A). This recipient 

served as the whole cell control. A second 1 ml volume of cells 

was likewise resuspended and sonicated as already described. 

One normal guinea pig received the resulting supernatant (B), 

and the other the washed sediment (C) . A third 1 ml packed 

volume of peritoneal exudate cells (D) was resuspended up to 

2 ml aseptically in Hanks, and then injected into a hole in 

the plexiglass ring of a 2.2 ml volume capacity diffusion 

chamber having either a 10 or 100 nyu pore size membrane 

(Millipore Corporation, Bedford, Massachusetts). Figure 4 

diagrams the make-up of the membrane chambers used. The 

chambers were pre-sterilized by ethylene oxide exposure overnight 

(American Sterilizer Co. Erie, Pennsylvania). Upon loading, 

the diffusion chambers were then aseptically sealed with 
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Peritoneal exudate 
cells 

Axillary 
lymph nodes 

Cells untreated Cells in 
diffusion chamber(D) 

Quartered 
nodes 
(E) 

Diffusion 
chamber 

Cells injected(A) Cells sonicated 

Supernatant 
injected(B) 

Sediment washed IX 
and injected (C) 

Figure 3. Procedures for handling peritoneal exudate cells 
and axillary lymph nodes for in vivo studies 
(Part II). 
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A 15 mm 
2.5mm 

10 orlOOmp 

25mm 

Figure 4. Dlagraig of membrane diffusion chamber. A. 
Plexiglass washer. B. Millinnrp filter." 
C. Plexiglass cup. " 1 
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nylon thread and millipore filter cement, and surgically 

implanted into the peritoneal cavity of normal recipient 

guinea pigs. 

The implantation procedure involved a pre-shaving of the 

recipient's abdominal area by mechanical clipping,followed by 

ethyl ether (anesthesia grade) administration to the animal. 

The skin area was then cleansed with a 1:750 aqueous solution 

of Zephiran (Winthrop Laboratories, New York), and approximately 

a 2 to 3 cm incision was made through the skin layer with a 

sterile scapel. The skin was grasped with a hemostat to 

expose the muscle layer below, and a second similar incision 

was made through the muaolo and peritoneal tissue to open the 

body cavity- Particular care was taken to prevent damage to 

the abdominal organs. The loaded and sealed chamber was then 

aseptically transferred from a sterile petri dish, and placed 

through the incision into the peritoneal cavity. The incision 

through the muscle layer was then closed with sterile 7.5 mm 

Justrite wound clips (Clay Adams, Inc. New York), and the skin 

closed with sterile 11.0 mm wound clips. 

Sham control operations were also performed. These 

operations involved the implantation of membrane diffusion 

chambers containing equal volumes of peritoneal exudate 

cells from normal, non-sensitized guinea pigs, and membrane 
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chambers with 2 ml of Hanks alone. 

All chamber-implanted guinea pigs were given 5 mg per lb 

of body weight of tetracycline intramuscularly (i.m) (Nutritional 

Biochemicals, Cleveland, Ohio). 

Axillary lymph nodes, when employed in these membrane 

diffusion chamber studies, were first dissected from the 

sacrificed donor animals and placed in Hanks. They were 

then trimmed free of fat and blood, and washed whole in a 

500 U-500 jag per ml concentration of a Penicillin-Strepto-

mycin (Difco, Detroit, Michigan) saline solution. The nodes 

were transferred to sterile weighing paper on a Sartorius 

analytical balance, and a gram wet weight of nodes was obtained. 

The weighed axillary nodes were placed in a sterile 

petri dish, and quartered with a sterile scapel. The 

quartered nodes were then aseptically transferred under UV 

light (Ultra-violet products Inc., San Gabriel, California) 

into the pre-sterilized cup portions of the membrane chambers 

(Aloe Scientific, St. Louis, Missouri), and the chambers 

aseptically sealed under UV light with pre-sterilized membranes 

(10 or 100 nyu pore size), using the MF cement. These chambers 

were also surgically implanted into normal recipient guinea 

pigs as described above. 
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III. The release of transfer factor by incubation of 
hypersensitive cells in vitro. 

Guthrie et al. (1967) have reported that the incubation in 

Hanks balanced salt solution at 37 C of peritoneal exudate 

cells from DNFB hypersensitive donors caused the release of 

a factor into the solution which was capable of specifically 

transferring contact hypersensitivity to DNFB. Therefore, it was 

of interest to more fully analyze the criteria affecting the 

release of an active factor from tuberculin-hypersensitive cells. 

Peritoneal exudates were harvested and standardized as 

outlined previously from guinea pigs sensitized to tuberculin 

(1 mg), DNFB (2%), and to both allergens. The handling of 

tuberculin and DNFB hypersensitive cells is given in Figure 5. 

One ml volumes of whole cells were either resuspended up to 

5 ml in Hanks and injected i.p. into a normal recipient (A). 

Cells were also sonicated as described earlier with-the resulting 

sonicate supernatant being injected into a second recipient 

(B) , and the v,-/ashed sadjmerit being .injected .into a third normal 

recipient guinea pig (C). Such preparations served as whole and 

sonic extract controls for the other recipients of the scheme (D-K). 
» 

One ml of cells was gently resuspended up to 5 ml, in 

Hanks solution, and then incubated at 37 C for 1 hour. The 
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cells were then sedimented by centrifugation at 2000 rpm for 

10 minutes at room temperature. The resulting supernatant 

was decanted into a second conical tube and centrifuged at 

2000 rpm for 10 minutes. The supernatant was injected i.p. 

into a recipient animal (D). The cells from above were washed 

in Hanks by resuspension and centrifugation. This was 

followed by an addition of fresh Hanks up to a volume of 

5 ml. This suspension of cells was either injected i . p . 

into a recipient guinea pig (E), or sonicated, with the sonicate 

supernate (F), and washed sediment (G), being each injected 

separately into recipient guinea pigs. An additional 1.0 

ml of cells was used for incubation ia Lhe presence of the 

specific sensitizing allergen. 

For DNFB sensitized cells, the chemical allergen was 

conjugated to normal guinea pig serum (NGPS) according to 

the methods described by Guthrie et al. (1970). This method 

involved the adjustment of pooled normal guinea pig serum to 

a protein concentration of 5 rug per mi in 0.15 M sodium 

chloride using the biuret test (Gornall et a_l. 1949) . To 

50 ml of the protein solution, 0.2 ml of recrystallized DNFB 

was added according to the procedure of Kabat and Mayer 

(1961), and the mixture was adjusted to pH 8.0 by the addition 

of sodium bicarbonate. The alkaline preparation was incubated 
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for 2-4 hours at room temperature, and at 4 C overnight, during 

which time.the materials were mixed by means of a magnetic 

stirrer (E.H. Sargent and Co., Dallas, Texas). After the 

incubation period the preparation was dialyzed (Cellulose 

Dialyzer Tubing, Arthur H. Thomas Co., Philadelphia, Pa.) 

against 40 volumes of 0.15 M sodium chloride at 4 C. The 

dialysis bath was changed at 4 to 8 hour intervals for a total 

of 12 changes. Following dialysis for removal of the uncoupled 

DNFB, the volume of the conjugate was restored to 50 ml by 

pervaporation (Holmes, 1944; Grogan and Robox, 1955). 

For further clarification of the serum conjugate after dialysis, 

3 mi of the material was applied to a 2.0 X 35.0 cm column of 

Sephadex G-50(fine) (Pharmacia Fine Chemicals, Inc., New Jersey), 

equilibrated with 0.1 M phosphate buffered saline (pH 7.0), 

and eluted at room temperature in 5 ml fractions with the same 

buffer, at an operating pressure of about 100 cm. The sample 

applied was'"^3.6% of the bed volume of the column. The 

conjugate was easily traced through the column bed by virture 

of its yellow DNFB moiety. It was noted that upon elution, 

the sample separated into two bands on the column, and that 

dialysis did not completely remove all of the excess DNFB. The 

faster-moving band, which was voided by the gel, was the 

conjugate. This was collected and.determined to be diluted by 
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a factor of 1:4. The second band, which was retarded by the 

gel, contained unconjugated DNFB, Upon collection, the eluted 

conjugate was pervaporated back to the original volume of 

3.0 ml which contained 5 mg of conjugated protein per ml. 

This preparation was then appropriately diluted in Hanks to 

a protein concentration of either 25 or 50 /ig per ml. This 

was used in incubation studies with peritoneal exudate cells 

collected from DNFB-sensitized donor guinea pigs,as shown in 

Figure 5. • 

Following incubation of the DNFB-hypersensitive cells 

with the prepared conjugate, the cells were collected by 

low-speed centrifugation (2000 ipiu-20 .ninutes) and the 

resulting supernatant injected i.p. into a normal recipient 

animal (H). The cells were washed twice with two 4 ml volumes 

of Hanks by resuspensions and subsequent centrifugations. 

The washings were discarded, and the cells then brought up 

to a volume of 5 ml with Hanks, and either injected i.p. into 

a recipient guinea pig (1), or sonicated as already described. 

The sonicate and washed sediment were injected i.p. into normal 

recipient animals (J and K), It should be particularly 

noted that in these incubation experiments, controls consisted 

of i.p. injections into recipient animals of whole, normal, 

peritoneal exudate cells, and lysates of these cells 
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equivalent to the administed amounts of hypersensitive cell 

preparations. Controls of whole, normal cell incubations in 

DNP-serum conjugate, normal guinea pig serum (25-50 /ig of 

protein per ml of Hanks), and Hanks alone were also performed 

at 37 C for 1 hour. Following incubation the control materials 

were handled as described in Figure 5, parts D through K, 

For the incubation of tuberculin-hypersensitive exudate 

cells in the presence of the specific allergen PPD, one ml 

cell volumes were employed from donor animals sensitized by 

the injection of 1 mg of M. tuberculosis H37 Ra. Such a cell 

volume was resuspended to 5 ml with Hanks, and incubated for 

1 hour at 37 C, while an additional ml of colla.was resuspended 

to 5 ml with a solution containing either 25 jag or 50 /ag of 

PPD per ml of Hanks. These preparations were also incubated 

for 1 hour at 37 C. After incubation, the cells and super-

natants were treated in a fashion equivalent to that described 

above for DNFB-hypersensitive and incubated cells. The 

incubation of collected peritoneal exudates from normal guinea 

pigs in Hanks solution alone,and inPPD-Hanks was also performed. 

Again, recipient animals received cells and supernatants 

respectively. 

Incubation of dually sensitized peritoneal exudates was 

also exercised. The experimental design of this phase of 
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the investigation involved a replication of the scheme as 

given in Figure 5; i.e.,cells were either untreated (A-C), 

incubated in Hanks (D-G), or incubated in the presence of each 

allergen, PPD and DNP-normal guinea pig serum conjugate 

separately (H-K). A 1 ml volume of these "dually sensitized" 

cells was also incubated for 1 hour in 4 ml of Hanks balanced 

salt solution containing both allergens (PPD and DNP-NGPS) 

in concentrations of either 25 or 50 /ag per ml each. The 

outline describing the handling of this incubation procedure 

is given in Figure 5. Controls for this latter experimentation 

consisted of incubation of an equivalent volume of normal 

peritoneal exudate cells with the allergen mixfcure, followed, 

by similar treatment of these cells as shown in Figure 5 for 

the hypersensitive incubated cells. All materials were 

injected i.p. into recipient guinea pigs. 

Handling of recipient guinea pigs 

All preparations for passive transfer to normal recipient 

guinea pigs in phases I, II, and III of this study were 

injected within at least five hours after exsanguination of 

donor animals. All recipient animals, other than membrane 

diffusion chamber recipients, were skin tested 48 hours after 

intraperitoneal injection of the transferred materials. 
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Chamber recipients were skin tested 96 hours after implant-

ation of the diffusion chamber. 

Each recipient guinea pig was skin tested with the 

reagents and techniques described for use with actively 

sensitized donor animals. The recipient skin tests were 

read after 24 hours, and graded according to the criteria 

outlined earlier., 

IV. Isolation and partial characterization of biologically 
active transfer factors from tuberculin and DNFB peritoneal 
exudate cells. 

Handling of tuberculin hypersensitive cells. 

Peritoneal exudate cells collected from actively sensitized 

tuberculin (1 mg) donor guinea pigs, as described earlier, 

were divided into three equal volumes (1 ml) of cells. 

These were examined for viability and differential cell count 

according to previously outlined methods. One ml of these 

cells was suspended to 5 ml in Hanks and injected i,p. into 

a normal guinea pig. This recipient served as a whole cell 

control, and a reference index for "activity" of passive 

transfer capacity by the collected peritoneal exudate cells. 

A second aliquot of cells was likewise resuspended, and 

sonicated for 30 seconds at 4 C with a Branson LS-75 sonifer 
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at.7 amperes. The sonicated preparation was centrifuged at 

10,000 rpm (16,300 X g) at 4 C in a Sorval RC2-B centrifuge 

for 30 minutes. The resulting cell supernatcint was filtered 

through a millipore filter (Millipore Filter Corporation, 

Bedford, Massachusetts) with a 25 mm HA (0.45 pore size) 

membrane, and was stored at-15 C, This was used later in 

fractionation studies employing Sephadex G-200 gel chrom-

atography. The sediment was washed once in Hanks, centrifuged 

(10,000 rpm-10 minutes at 4 C), resuspended, and injected 

intraperitoneally into a second recipient. 

The third ml volume of exudate cells was resuspended to 

a final volume of 5 ml in Hanks balanced salts solution 

containing 50 jag of PPD per ml, and was incubated at 37 C 

for 1 hour. This procedure was performed, since Krejci et al. 

(1969) had reported the demonstration of an inflammatory 

activity by the supernatant of tuberculin hypersensitive 

lymph node cells incubated with a high dose of the antigen in 

the form of PPD (100 jag per ml). Following the incubation, the 

cells were collected by centrifugation at 2000 rpm for 20 

minutes. The supernatant was filtered as above, and stored at-

15 C to be later fractionated on a Sephadex G-200 gel filtration 

column* The incubated cells were resuspended and washed 
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twice in Hanks. The washed cells were then brought to 5 ml 

with Hanks, and injected i.p. into a third recipient guinea pig. 

One ml of normal exudate cells incubated in PPD-Hanks served 

as a control. The supernatant was decanted, filtered, and 

stored at -15 C. whereas the cells were washed, resuspended, 

and injected as above. 

The millipore-filtered incubation supernatants, derived 

from the incubation of both tuberculin-hypersensitive and 

normal peritoneal exudate cells in Hanks containing 50 jag per 

ml PPD, were each scanned from 300 np to 240 iiyj on a Coleman 

Hitachi 124 UV-Visible Double Beam Spectrophotometer (Maywood, 

Illinois), and recorded on a Coleman Hitachi 165 recorder at a 

recorder input voltage of 10 mv and a chart speed of 60 mm 

per minute. This procedure was carried out by placing 3 ml 

of 50 jag per ml PPD into the sample and reference cuvettes 

in the respective beams of the spectrophotometer, and standard-

izing the apparatus at 300 mju to 0 optical density and 100% 

transmittance respectively. Then the 3 ml of 50 fig per ml 

PPD-Hanks in the sample cuvette was discarded, the cuvette 

washed, and 3 ml of the incubation sample added and scanned as 

described. This scanning sequence was performed on each 

of the supernatants. These comparative scans were performed, 

since as early as 1932, Rich and Lewis pointed to the 
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cytotoxicity of tuberculin for lymphocytic cells of specifically 

hypersensitized animals; and since Lawrence and Pappenheimer 

(1957), using leucocytic cells from human tuberculin donors, 

reported that such an antigen-cell interaction released a 

"transfer factor into the medium capable of transferring the 

hypersensitivity to normal individuals". The release of such 

a transfer factor has been refuted by Bloom and Chase (1967) 

in their guinea pig studies. 

Handling of DNFB hypersensitive cells 

For the isolation of a biologically active factor 

capable of transferring contact hypersensitivity to DNFB, 

peritoneal exudate cells were harvested from DNFB-actively-

sensitized guinea pigs, and adjusted to three 1 ml volumes 

using materials and methods previously described. One ml of 

these cells, resuspended to 5 ml in Hanks, was injected i.p. 

into a normal animal which served as the whole cell control 

and index of passive transfer capacity of these cells, A 

1 ml volume of the DNFB hypersensitive cells was sonicated as 

previously described, following its resuspension to 5 ml in 
* 

Hanks. After centrifugation of the sonicated preparation 

at 4 C and 10,000 rpm (16,300 X g) for 20 minutes , the cell 

supernatant was decanted and filtered through a millipore HA 
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filter, and stored at -15 C to be later used in gel chroma-

tography studies. The sediment was washed once, resuspended, 

and injected i.p. into a recipient. A third ml of cells was 

adjusted to 5 ml in Hanks alone, and incubated at 37 C for 1 

hour with an equivalent volume of normal peritoneal exudate 

cells from non-sensitized donor guinea pigs. This incubation 

was performed^ since Guthrie (196*3 and Burger and Jeter 

(1969) had described the release of a factor from DNFB-

hypersensitive cells into the balance salts solution incubation 

menstrum which could passively transfer the chemical contact 

delayed hypersensitive state to a normal recipient guinea pig. 

After the incubation period, the suspension was centrifuged at 

2000 rpm for 20 minutes. The supernatants were decanted, 

filtered as before, and stored at -15 C. Both the normal 

control cells and the DNFB-hypersensitive cells were prepared 

to a volume of 5 ml, and each was injected i.p. into recipient 

animals. 

The supernatants were then thawed and individually 

scanned from 300 lyi to 240 rtjju in the Coleman spectrophotometer. 

The spectrophotometer was zeroed to 0 optical density and 100% 

transmittance with 3 ml of Hanks in the reference and sample 

beam cuvettes. Three ml of each sample were scanned. The 

scans were recorded on the Coleman recorder at a voltage 
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input of 10 rav and a chart speed of 60 nun per minute. 

Sephadex G-200 chromatography of prepared.extracts and 
incubated supernatants from hypersensitive cells 

One ml aliquots of sonic extracts of tuberculin and DNFB 

hypersensitive cells#as well as incubation supernatants, were 

each chromatographed through a Sephadex K 15/90 column 

(1.5 cm X 90.0 cm) containing Sephadex G-200 gel which had 

been eguilibrated with 0.1 M phosphate-buffered saline 

(pH 7.0). Pour ml fractions were eluted with the same buffer 

at a hydrostatic operating pressure of about 65 cm. The void 

volume of the column,.determined by Blue Dextran (0.2% w/v) 

elution, was 61 ml. Fractions T./erc collected on a Miaco 

fraction collector (Micro Chemical Specialities Co., Berkeley, 

California), All fractions were stored at 4 C until read at 

280 wp and 260 mju wavelengths on the Coleman UV-visible 

spectrophotometer to determine protein concentrations of each 

fraction (Bennett and Bloom, 1968). Fractions, represented 

by peak3 obtained by plotting fraction number vs optical 

densities at the two wavelengths used, were pooled. Peaks 

were pooled if more than one tube made up a peak. The pooled 

samples were dialyzed for 24 hours at 4 C against distilled 

water, with magnetic stirring. After centrifugation and 

millipore filtration, the dialysis water (diffusate) and the 
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dialysate were both concentrated, using Lyphogel (Gelman 

Instrument Company, Ann Arbor, Michigan). These concentrates 

were each read spectrophotometrically for 280 rrp and 260 nyi 

absorbance, and protein concentrations determined, using the 

following formula of Warburg and Christian (1941): 

Mg protein/ml = Dilution factor (Reading at 280 wi X 1.45)-

(Reading at 260 itiu X 0.74) 

Similar prepared and clarified extracts of normal, non-

sensitized, peritoneal exudate cells were also fractionated 

on the G-200 column for comparative purposes. 

Animal assay of G-200 fractions 

Tuberculin Assay 

Fractions from G-200 chromatography of lysates of tuberculin 

hypersensitive peritoneal exudate cells, as well as fractions 

derived from chromatography performed on supernatant^ material 

of tuberculin hypersensitive cells in PPD-Hanks, were assayed 

in normal guinea pigs,using modifications of local passive 

transfer techniques described by Metaxas and Metaxas-Buhler 

(1955), and Segre and Sharp (1965). 

In the former method, an animal was clipped free of hair 

from either flank, and 0.1 ml aliquot of the respective 

fractions injected intradermally on one side of the animal. 

This was followed by identical injection of the; same fractions 
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on the contralateral flank. Then, 0-1 ml (5 /ig) of PPD was 

injected intradermally into the same fraction injection sites 

located on one flank, followed by intradermal injection of 

0.1 ml of 0.85% sterile saline into the other fraction sites 

on the contralateral flank of the animal. Saline alone served 

as a control. The skin test reactions, read in mm at 90 degree 

angles, were observed at 8, 16, and 24 hour intervals to 

discern time development, as a factor indicative of the 

type of reaction observed. 

Additionally, the fractions were assayed for activity 

in guinea pigs by modification of the method of Segre and 

Sharp (1965). 'i'hiu InvolveJ the intradermal injection of 

0.1 ml aliquots of the fraction materials into individual 

sites on.the clipped flanks of two guinea pigs. This was 

followed by an intracardial injection of one animal with 1 ml 

of 50 ja<3 per ml PPD in sterile saline, and the other with 

1 ml of sterile saline alone. The skin test reactions, 

measured as described above, were aldo read at 8, 16, and 

24 hour intervals. 

DNPB Assay 

To determine activity of the Sephadex G-200 chromatographic 

fractions from extracts of DNFB hypersensitive peritoneal 
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exudate cells, and from incubated supernatants of such cells, 

two similar methods were employed . A normal recipient 

guinea pig was either challenged intracardially (i.e.) or 

injected intraperitoneally (i.p.) with the sterile fraction. 

This was followed 24 hours later by the skin testing of the 

animal on a clipped flank with 0.1% and 0.5% DNFB in olive 

oil, using olive oil as the control. An additional guinea pig# 

injected either i.e. or i.p. with an equal volume of saline, and 

skin tested as above, was used as a control. 

Reactions were read at the end of 24 hours after the 

allergen contact, and graded according to reaction intensity 

(Guthrie at al., 1967). 

Gel immuno-diffusion 

Sephadex gel chromatography fractions which demonstrated 

activity in animal assays were tested by immuno-diffusion 

methods similar to those described by Outchterlony (1962). 

In the performance of this technique, rabbit anti-guinea pig 

globulin (Mann Research Laboratories, Inc,, New York, N.Y.) 

and goat anti-guinea pig whole serum anti-serum (Colorado 

Serum Company, Denver, Colorado) were used as the known test 

reagents. The gel diffusion medium for the test plates 

was prepared by addition of Oxford Ionagar number 2 (Oxford 
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Ltd., London) to a final concentration of 1-0% in pH 7.4 

phosphate bufTfer. Phenol in a final concentration of 0.5% 

served as tke preservative. After autoclaving at 121 C for 

10 minutes, ±he agar was cooled to 50 C, and poured into 60 

X 15 ram plastic petri dishes (Falcon Plastics, Division of 

B-D Laboratories Inc., Los Angeles, California). Wells were 

cut in the agar by means of a Grafer Gel Punch Assembly 

(Grafar icorporation, Detroit, Michigan), which consisted of a 

central well jsurrounded by, and equidistant from six peripheral 

wells. 

The center well received a known antiserum, while two 

pairs of adjacent wells, directly opposite from each other 

in the well pattern, were all filled with the same fraction 

material. The remaining two wells received phosphate-buffered 

saline as the control. Therefore, each active fraction was 

qualitatively assayed for capacity to react specifically, in 

the form of a visible precipitin band, with each of the 

known antisera. 

Control gel diffusion plates received the known anti-

serum in the center well, with phosphate-buffered saline, 

and normal guinea pig serum (NGPS) being added to the 

peripheral wells. This control was performed to insure 

reliability of the test reagents employed in producing 
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observable precipitin bands with a known reacting antigen 

(NGPS) . 

Disc Electrophoresis 

Sephadex fractions which demonstrated activity in normal 

guinea pigs, in respect to their capacity to produce positive 

skin test reactions in the challenged animals, were subjected 

to disc electrophoretic analysis by a modification of the 

method described by Davis (1964). This procedure involved 

the use of a 1% acrylamide gel for separation, and a pH 

8.3 tris-glycine buffer. The major modifications to the 

Davis technique, used to permit the assay of very dilute 

protein solutions, consisted of the use of 4.5 cm tubes 

containing the gels. This provided longer gel columns for 

maximum separation. Also the preparation of the gel was in 

such a fashion as to permit direct application of 0.4 ml of 

the dilute protein sample to the top of the stacking gel, 

in contrast to the usual procedure of incorporation of the 

sample into a gel layer,which would result in further 

dilution of the protein, 

The electrophoresis was performed in a Canalco Model-6 

chamber (Rockville, Maryland), using a Canalco Model 200 

Electrophoresis Constant Range Source. Electrophoresis was 
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continued at 1 ma per tube until the tracking dye, brom 

phenol blue (0.001%), was well into the stacking gel. Then 

the current was increased to 3 ma per tube until completion of 

the run. This was followed by staining of the gels with 

amido black (1.0% in 7.0% acetic acid), and subsequent 

destaining. 

Molecular weight determinations of active fractions by 
gel filtration 

Determann and Michel (1965), as cited by Determann (1968), 

described the linear dependence of the elution volume (Ve) 

on the logarithm of the molecular weight for the determination 

of protein molecular weight values by gel filtration chrom-

atography. Using a molecular weight calibration curve for 

Sephadex G-200, given by Determann (1968), molecular weights 

of active fractions from G-200 gel filtration chromatography 

were estimated by deriving ratios of elution volumes of the 

active fractions (Ve) with the void volume (Vo) of a substance 

completely excluded from the gei, Blue DexLi.ait (0.2%). With 

known Ve./Vo ratios, the molecular weight was extrapolated from 

the G-200 calibration curve. 

For a more accurate molecular weight determination on an 

isolated and purified active protein factor a calibrated 

G-100 Sephadex column was prepared. The column, which was 
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1,0 cm X 60.0 cm, was packed with G-100 gel which had been 

equilibrated with 0.1 M phosphate-buffered saline (pH 7.0), 

The bed volume of the column was 50.0 ml and the operating 

pressure was equal to 90.0 cm. The void volume (Vo) of the 

gel column was determined to be 23.0 ml by 0.2% Blue Dextran 

elution. Proteins of known molecular weights (Mw) were 

applied, separately to the column in sample concentrations 

equivalent to that of the unknown active protein isolated 

and concentrated from the G-200 Sephadex gel elution and 

dialysis procedures. The proteins used were Ribonuclease A 

(Mw = 13,600), Ovalalbumin (Mw = 45,000), and Bovine Albumin 

Fraction V (Mw - 68,000). All of the proteins wore obtained 

from Nutritional Biochemicals Corporation (Cleveland, Ohio), 

and were prepared in 100 /ug per ml concentrations. Two ml 

of each of the known protein solutions (200 jug) were applied 

and eluted individually from the column. This was followed 

by the addition of 2 ml of the unknown protein sample which 

was calculated to contain 25b /ug of protein by the 260 n>u and 

280 nju absorption formula of Warburg and Christian (1941) 

given previously. 

All collected fractions (3 ml per tube), derived from 

the G-100 chromatography procedures, were assayed for eluted 

protein by the Lowry method (Lowry jet al. 1951), using a 
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Klett-Summerson Colorimeter (Klett. Mfg. Co., Inc., New York) 

with a 660 ityu filter. This form of protein analysis was 

performed to insure sensitivity of determinations of low 

protein concentrations eluted from the column. Table 2 

gives the reagents used in the Lowry method. 

The assay procedure involved the addition of 5.0 ml of 

reagent C to test tubes containing 1 ml aliquots of all 

fractions eluted from the column for each protein sample 

applied. These tubes were mixed and incubated for 10 minutes 

at room temperature. Reagent D was then prepared, and 0.5 ml 

of it added and mixed immediately upon its addition to each 

tube. All tubes were incubated at 45 C for 10 minutes, and 

cooled before reading in the Klett. 

Klett units were converted to /xq of protein per ml by 

extrapolation from a standard curve prepared using the 

procedure given above and dilutions of Bovine Serum Albumin 

(Nutritional Biochemicals Corporation, Cleveland, Ohio) as 

the protein standard. 

By plotting protein concentration vs fraction number, 

the elution volume (Ve) was obtained for each protein sample 

of known molecular weight applied to the column. Prom 

these data, Ve/Vo ratios were calculated and plotted against the 
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Table 22. Composition of the Lowry reagents for protein 
determination 

Reagents 

.-A 2.Q% Ua2C03 in 0.1 N NaOH 

B 0,5% CuSO. in 1% sodium tartrate 
4-

50 ml A + 1 ml B 

D Folin-Phenol diluted 1:1 with 
distilled water 
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logarithm of the molecular weights of the known proteins. 

This produced a standard curve for the molecular weight 

calibration of the G-100 column employed. Therefore, from 

a determination of the Ve of the unknown active protein, a 

Ve/Vo ratio was capable of being obtained and extrapolated 

from the standard curve to yield a molecular weight value 

for the active factor. 

Enzyme treatment of active factors 

Biologically active factors, which were capable of pro-

ducing a true delayed or mixed hypersensitive reaction in 

recipient guinea pigs to tuberculin (PPD) avid DNFB, were 

further characterized by determination of the factor's 

activity, through animal assay, before and after exposure of 

the material to various enzyme treatments as given below: 

Ribonuclease Ribonuclease A (Nutritional Biochemicals 

Corporation, Cleveland, Ohio) previously heated for 10 

minutes at 60 C, waa prepared in 0.1 A phosphate buffer 

(pH 7.2) to a concentration of 20 m<3 per ml. To a tube 

containing 0.5 ml of the factor (100/ag), 0.5 ml of the 
» 

enzyme preparation was added and incubated for 1 hour at 37 C. 

Deoxyribonuclease Deoxyribonuclease (B grade, bovine 

pancreas) (California Biochemicals, Inc., Los Angeles) was 
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prepared to a 20 A.ig per ml concentration in 0.01 M MgSO^ 

-0.5 M sodium acetate buffer (pH 5.5). To 0.5 ml of the 

factor (100 /ig), 0.5 ml of the enzyme was added and incubated 

for 1 hour at 37 C. 

Trypsin Trypsin (Grand Island Biological Company, 

G.I., New York) was obtained in the concentration of 2.5 mg 

per ml. To 0.5 ml of the factor, 0.5 ml of the enzyme in 

pH 7.6 phosphate buffer was added, and incubated for 6 hours 

at 37 C. 

All three enzyme preparations in 0.5 ml aliquots were 

also incubated in 0.5 ml of their respective buffers at 37 C 

for an identical time period as used in the assay. 

Additionally, 0.5 ml of the factor, with 0.5 ml of 

0.1 ml phosphate buffer alone, was incubated at 37 C for 1 

hour. 

For animal assay of the effect of enzyme treatment 

described above on an active passive transfer factor from the 

DNFB system, a new localized skin testing technique was 

employed. Two hours prior to skin testing the flanks of four 

normal guinea pigs were clipped of hair. The cleared flank in 

each animal was then numbered with a marking pencil in separate 

locations as 1,2, and 3 respectively. Then, one drop of 

0.5% of the chemical DNFB in olive oil was applied onto the 
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areas 1 and 2 of the skin on each guinea pig, and gently rubbed 

into the skin with a polished glass rod. Olive oil alone 

was applied onto area 3, and likewise rubbed into the skin 

of each guinea pig. Next, intradermal injections of the 

preparations were administered into the different sites# as 

follows: Area 1 on three of the guinea pigs received 0.1 ml 

of a different enzyme-treated preparation of the active factor, 

while the fourth animal received 0.1 ml of the factor 

incubated in buffer alone. Area 2 on three guinea pigs received 

0.1 ml of each different enzyme that had been incubated in 

buffer alone. These latter skin test, served as enzyme 

controls to those in area 1. Finally, buffer controls were 

performed in area 3 of each of three guinea pigs, by in-

tradermal injection of 0.1 ml of each buffer, while the 

fourth animal received 0.1 ml of the active factor into the 

skin site having olive oil alone. 

Skin tests were read at the end of 24 hours,and graded 

on reaction intensity as outlined earlier. 

For animal assay of the effect of enzyme treatment on 

an active factor from the tuberculin system, the animals were 

clipped and injected intradermally in the same fashion with 

0.1 ml of similar preparations as described above; however, 
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these animals obviously lacked the application of the chemical 

allergen DNFB in olive oil onto the skin-test sites. 

Instead, following the injection series on the prepared 

flank of the four guinea pigs, each animal was challenged 

intracardially with 1 ml of 50 /ag per ml solution of PPD in 

sterile saline (Segre and Sharp, 1965). 

The animals were read at the end of 24 hours, and reactions 

graded on the mm size of the erythemic, indurated, skin-test 

reaction site. 

Histology 

Biopsies of tissue were taken front skin-test reaction 

sites of animals receiving active factors, 24 hours after the 

skin testing of these animals. Control biopsies consisted 

of tissue from positive skin-test sites of recipient animals 

that had been injected intraperitoneally with whole peritoneal 

exudate cells hypersensitive to either the tuberculin or DNFB 

allergen. All tiiiaues were gently rinsed in 0.15 M saline 

to free them from blood, and fixed in formol (Merck and Co,, 

Inc. Rahway, N0J0)0 The tissue was then dehydrated in a 

graded series of ethanol, cleared, embedded in paraffin, and 

cut into sections of approximately 10 /i. The sections were 

stained with haematoxylin and eosin respectively, and mounted 



70 

on slides. 

This histological procedure was carried out, since 

Zinnser (1925), in his characterization of an immediate 

from a true delayed hypersensitive response, stated that one 

criterion for delayed hypersensitivity was the presence of a 

mononuclear cell infiltrate at the site of the local reaction. 

Study of the antigenicity of transfer; Precipitin production 
and Passive Cutaneous Anaphylaxis Reaction 

Since an active transfer factor was isolated from 

DNFB hypersensitive peritoneal exudate cells which was 

characterized to be a low molecular weight moiety (<C10,000), 

it was considered of interest to characterize the antigenicity 

of this factor. Generally, antigens posses a molecular 

weight of 10,000 or greater, although there are reports of 

production of precipitins with moieties of about 15,000 and 

5,000 molecular weights (Gutman, 1938). 

The transfer factor, derived from dialysis, was con-

centrated by the use of Lyphogel from 6 ml to 2.5 ml. This 

concentrate was calculated to contain 360 jag of protein per 

ml, using the 280-260 rtyu absorption techniques of Warburg and 

Christian (1941). The 2.5 ml volume of the factor was 

emulsified in 2.5 ml of Freund's incomplete adjuvant, and 
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injected subcutaneously in 1.0 ml portions into 5 separate 

areas on the back of a male albino rabbit. In total, the 

animal received 0.9 mg of the transfer factor protein. 

One month later, the rabbit was test bled by intracardial 

puncture, and 5.0 ml of blood collected. The blood was 

allowed to stand and clot for 1 hour at room temperature, and 

then refigerated at 4 C for 24 hours. The serum was 

separated from the clot, and centrifuged at 2000 rpm for 10 

minutes for further separation from the blood cells. The 

resulting serum was then tested for the presence of 

precipitating antibody by the Oudin interfacial ring technique 

(1946). 

The serum was also checked for passive cutaneous 

anaphylaxis (PCA) activity by methods similar to those 

described by Ovary ejt a_l. (1963) . This involved an intradermal 

injection of 0.1 ml aliquot of whole and diluted antiserum into 

the clipped back of a guinea pig, followed 12 hours later by 

i.e. challenge of the animal with 1 ml of a saline mixture of 

the transfer factor (65 Aig) in 0.5% Evan's Blue (J„T„ Baker 

Chemical Co. Phillipsbury, New Jersey). Accumulation of dye 

at the injected skin site was considered a positive reaction 

for PCA activity. 
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Electron Microscopy 

Sulitzeanu (1968), in a review article on the affinity 

of an antigen for white cells, cited several workers, e.g., 

Martin et al_. (1964) and Turk (I960), who have noted a 

definite indication of antigen interaction with sensitized 

lymphoid cells. Furthermore, he pointed out the fact that 

following such an interaction, the lymphocytes became 

desensitized (Asherson and Stone, 1967), and released an 

in vitro macrophage blocking agent (Bloom and Bennett, 1966). . 

From preliminary in vitro incubation studies performed 

on tuberculin and DNFB hypersensitive cells, it was found that 

hypersensitive cells released a transfer factor in the absence 

of the specific allergen in the DNFB system, but that tuberculo-

protein, in the form of PPD, was necessary for the release 

of a transfer factor into the incubation medium from 

sensitized peritoneal exudate cells of the tuberculin system. 

This latter observation suggested an antigen (PPD) sensitized 

cell interaction. Therefore, sixice Pappuiiheiraer (1951)) had 

postulated that a cell-bound antibody was involved in the 

mediation of a delayed-hypersensitive reaction via an antigen-

sensitized mononuclear cell interaction, it was of interest 

to attempt to demonstrate such an in_ vitro interaction by 

electron microscopy; particularly, since observation of this 
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interaction was not demonstrated by previous studies 

(Sabesin and Friedman, 1965; Goldberg et al, 1962). To 

accomplish this, animals were sensitized to the electron dense 

molecule ferritin under the guise of tubercle bacilli as 

follows: 

Equine ferritin (6 X recrystallized and cadmium free, 

California Biochemical Associates, Los Angeles) was prepared 

in a concentration of 1 mg per ml of a mixture of sterile 

saline-Freund's complete adjuvant emulsion in a 1:1 (V/V) 

ratio. Ten guinea pigs were injected with 1 ml of the 

preparation (1 mg) subcutaneously into a pre-clipped region 

on the nape of the neck. 

Additionally, two control groups of animals were 

employed. One group consisted of ten "dually" sensitized 

animals which were sensitized using materials and methods 

described previously. This tuberculin-DNFB dual sensitization 

system was employed as a control, since previous studies 

(Guthrie and Nunez, 1969) demonstrated that such donors exhibited 

exaggerated sensitization to both allergens, and since peritoneal 

exudate cells derived from these donors were found to render 

optimum passive transfer to normal recipients. Hence, peritoneal 

exudate cells from "dually" hypersensitive donors would serve 
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as an adequate control to the specificity of ferritin uptake 

by sensitized exudate cells from ferritin sensitized guinea 

pigs. The second control group consisted of guinea pigs which 

were injected with 1 ml of Freund's incomplete adjuvant-

saline emulsion alone. 

Ferritin donors were skin tested on the twenty-first • 

day after sensitization by intradermal injection of 0.1 ml 

amounts of the following reagents in saline at different pre-

clipped sites on the animal's flank: 5 Aig ferritin, 5 >ug 

PPD, 5 /ig BSA, and saline. The control group of donors, which 

received no allergen, underwent similar skin test. Tuberculin-

DNFB donors were skin tested on the twenty-four til day following 

sensitization by injection of 0.1 ml aliquots of these test 

solutions into the prepared flanks of the animal: 5 /ag of 

ferritin, 1:40 dilution O.T., 5>ug PPD, and saline? on the 

opposite flank 0.5% and 0.75% DNFB in olive oil was topically 

applied, and gently rubbed into the skin. Olive oil alone 

served as a control reagent. All reactions were read at the 

end of 24 hours. 

Peritoneal exudate cells in all three donor groups were 

provoked by an intraperitoneal injection of sterile light 

mineral oil, and harvested separately by washing the peritoneal 

cavity with Hanks solution as outlined earlier. Collected 
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cells from each guinea pig sensitization group were washed 

2 X in Hanks by resuspension and subsequent centrifugations 

at 2000 rpm for 10 minutes in graduated conical tubes. All 

cell suspensions were adjusted to render 0.25 ml packed cell 

volumes and were checked for viability by the Trypan blue dye 

exclusion method. 

A packed cell volume of ferritin sensitized cells was 

resuspended to a volume of 5 ml in Hanks containing 100 Axg 

of ferritin per ml as shown in Figure 6. Initially, con-

centrations of ferritin ranging from 25-500 yug per ml of Hanks 

were investigated for use in incubation studies to determine 

the optimal concentration of ferritin for viewing in the 

electron microscope. The entire assay was controlled by 

incubating: A) ferritin-hypersensitive exudeite cells in 

Hanks solution aione; B) dually-sensitized exudate cells in 

100 /ig per ml of ferritin. Incubation for all of the above 

cell suspensions'was performed for 45 minutes at 37 C. 

After the incubation period, the cells were washed 3 X 

with Hanks by resuspensions and subsequent centrifugations. 

The cells were then pre-fixed in 0.06 M cacodylate-buffered 

3% gluteraldehyde at pH 7.2 for 1 hour at 4 C. They were 

subsequently washed 3 X in 0.2 M cacodylate buffer alone, and 

then fixed in 0.06 M cacodylate-buffered 1.0% Osmium for 2 
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Figure 6. Diagram of the handling of ferritin, dually 
seasifcized, dad control cells for electron 
microscopy. 
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hours at the same temperature and pH as above. After 

fixation, the cells were dehydrated in graded series of ethanol, 

exposed to three changes of propylene oxide, and embedded 

in Epon. The resulting materials were sectioned on a Sorvall 

MT-2 ultramicrotome (Ivan Sorvall Inc., Norwalk, Connecticut) 

and examined in an RCA EMU-3 G Electron Microscope (R.C0A. 

Camden, New Jersey) operating at 50 K.V. 

All cells were initially examined before they were post-

stained with Uranium and Lead in order to facilitate the 

viewing of the ferritin molecules, and to negate the 

possibility of observation and interpertation of post-staining 

artifacts as ferritin uptake. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The presentation of these results is divided in accordance 

with the four phase approach of this investigation as described 

in the introduction and as delineated in the materials and methods. 

Donor skin test reactions 

Representative guinea pig donors sensitized to tuberculin 

demonstrated skin reactivity to OT and PPD skin test reagents 

with reactions ranging from 10 to 25 mm. DNFB sensitized donor 

animals showed a range of skin reactivity to 0 o5% and 0.75% 

DNFB reagent testing of a +++ to ++++ respectively. "Dually 

sensitized" donor guinea pigs normally demonstrated a more 

intense reactivity to OT and PPD of 20 to 30 mm,and to 0.5% 

and 0.75% DNFB of ++++. At no time did skin test reactions 

result with the control reagents of BSA, saline, and olive oil, 

thus indicating the specificity of allergen reactivity of all 

donor animals employed in the study,, 

Differential cell counts and viability 

Peritoneal exudate cells upon collection demonstrated 

a mean viability of 87.0%, and consisted of a population of 
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approximately 60-70% large monocytes and about 30-40% lymphocytes. 

The mean cell count of the standard peritoneal exudate cell 

suspension employed for passive transfer to recipient guinea 

7 
pigs was 3.10 X 10 cells per ml. 

I. The effect of time after donor sensitization to 
tuberculin as a factor in passive transfer. 

Initially, in this phase of the study, preliminary 

experiments were performed to determine the most effective 

allergen preparation for donor animal sensitization to 

Mycobacterium tuberculosis such as: 1) the strain of M. 

tuberculosis cells used; 2) the type of adjuvant employed; 

and, 3) the concentration of cells injected. 

Early tests demonstrated that the H37 Ra strain of M. 

tuberculosis in contrast to the BCG strain was best for use in 

donor sensitization. Additionally, Freund's incomplete 

adjuvant (Arlacel A + paraffin oil) was found to be better for 

use than sterile paraffin oil alone. 

These optimal materials were therefore employed for allergen 

preparations at different dose levels in an attempt to study 

if a time sequence existed after tuberculin sensitization of 

guinea pigs which affected the passive transfer capacity of 

whole peritoneal exudate cells and extracts of these cells 

as described by Guthrie et al. (1966) with similar cell 
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preparations derived from donor animals sensitized to the 

contact allergen DNFB. 

Hence, the tuberculin skin test reaction served as the 

criterion of the degree of passive transfer capacity achieved in 

recipient guinea pigs receiving the described preparations of 

hypersensitive cells at various time intervals following 

donor challenge with the allergen. 

Figure 7. summarizes the data obtained when 5 mg of M. 

tuberculosis H37 Ra cells per ml of Freund's incomplete adjuvant 

was injected as the allergen for donor sensitization. The 

results given in Figure 7. represent the use of 500 donor 

animals in 25 individual experiments performed using more 

than 75 recipient guinea pigs. All points in Figure 7. reflect 

a mean value of results obtained with separate recipient 

animals in three individual experiments at each time interval 

except those of the five and eight week periods. The point 

representing skin test reactions to tuberculin in recipients 

receiving whole cell and cell extract preparations from five 

week donors is a mean value of six individual experiments. The 

eight week point is a nfean value derived from two separate 

recipient skin test reactions to tuberculin. 

Of particular note in Figure 7. is that passive transfer 

was not achieved in two attempts with whole cellsand cell 
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extracts from donors which had been sensitized one week prior 

to collection of the peritoneal exudate cells. In fact, whole 

cell transfer to tuberculin at the end of two weeks was at 

best minimal, and peritoneal exudate cell extracts completely 

failed to passively transfer at this time interval. Therefore, 

it would appear that the time of two weeks after donor challenge 

is the minimum interval necessary for the production of passive 

transfer capacity using this mode of donor sensitization ( 5 mg 

M. tuberculosis H37 Ra cells per ml of Freund's incomplete 

adjuvant). After three weeks, however, whole cells demonstrated 

their maximum transfer reactions to tuberculin in recipient 

guinea pig*5 while passive} transfer with esonically prepared 

extracts was only initially achieved. Although whole cell 

transfer fell off gradually with time after the three week 

period, at no time following this interval did cellular 

extracts consistently fail to transfer tuberculin hyper-

sensitivity. 

Attempts to increase donor sensitization and sub-

sequent passive transfer capacity to recipients was tried by 

use of an allergen preparation containing 10 mg M. tuberculosis 

H37 Ra cells per ml of Freund's incomplete adjuvant. Four groups 

of 20 guinea pigs each were injected as previously described, 

and harvested for peritoneal exudates after four, five, six, and 
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seven week intervals. ,These exudate cells were also injected 

intraperitoneally into normal recipient animals in.the form of 

whole cell and cell extract preparations. The resulting 

recipients were skin tested for tuberculin skin reactivity 24 

hours later. However, at none of the time intervals tested, 

did this increased dose of allergen for active sensitization 

of donor guinea pigs result in an increased capacity to 

passively transfer tuberculin sensitivity to normal recipients. 

The maximum skin test reaction of erythema and induration 

observed to tuberculin was 4 mm at the four week interval. 

Skin test reactions of recipients receiving donor cell 

preparations after longer time intervals showed a steady 

decline in skin reactivity to tuberculin. 

In a similar fashion, preliminary experiments demonstrated 

that 2.5 mg of M. tuberculosis H37 Ra cells in 1 ml of Freund's 

incomplete adjuvant alone, was not as effective as the 5 mg 

of cells per ml of incomplete adjuvant dose for donor sen-

sitization. 

Therefore, since a manipulation of the concentrations of 

M. tuberculosis H37 Ra cells per ml of Freund's incomplete 

adjuvant did not seem to appreciably affect donor sensitization 

and subsequent passive transfer to recipients, a modification 

of the vehicle of the allergen-the.adjuvant-seemed warranted. 
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This. was accomplished by application of a modification of 

an adjuvant-antigen (M. tuberculosis) ratio described by 

Falhberg (personal communication) for the production of 

experimental allergic encephalomyelitis (EAE). This procedure 

made use of lower concentrations of M. tuberculosis H37 Ra 

cells in 0.60 ml of a heavy oil-water emulsion containing 

0.1 ml of Freund's incomplete adjuvant.per 0.5 ml of sterile 

saline. 

Figure 8. illustrates.the results obtained when this 

preparation was used for donor guinea pig sensitization. 

These results represent the use of 240 donor animals and over 

36 recipients in 12 individual experiments. All values in 

Figure 8. are mean determinations of tuberculin skin test 

reactions of two recipients at each time interval for each 

cell preparation passively transferred. 

These data indicate that the latter donor sensitization 

procedure of 1 mg per 0.6 ml of a saline-incomplete adjuvant 

emulsion was more effective in producing maximum passive 

transfer reaction in recipients in size (7 mm) and intensity. 

However this was achieved at the four week interval in contrast 

to maximum skin test reactions of about 5 mm. observed at the 

three week interval for the 5 mg allergen dose. Also of note 

in these results, is the fact that the time sequence for 
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passive transfer was made earlier with the 1 rag sensitization 

procedure insofar as minimal skin test reactions to tuberculin 

were achieved with both whole peritoneal exudate cells and cell 

extracts after only one week, and was consistently demonstrated 

in subsequent time intervals. This occurrence is in contrast 

to the 5 mg donor sensitization system, since only minimal 

reactions to tuberculin with whole cell transfer was capable 

of being demonstrated after two weeks, and only after three 

weeks was extract transfer demonstrated in the 5 mg sensitization 

system. 

From these data, it would appear that there is a definite 

difference between the mechanisms involved in the transfer 

capacity of tuberculin hypersensitive cells from sensitized 

cells of the chemical contact delayed allergy system as 

reported by Guthrie et al. (1966), and as confirmed by control 

runs of thirteen and seventeen day DNFB hypersensitive cells 

performed concomitantly with the tuberculin study. ' 

The results obtained in the DNFB control study, and those 

reported by Guthrie and coworkers both indicate that sonically 

prepared extracts of peritoneal exudate cells, harvested at 

thirteen days following donor animal sensitization, were uniform 

in their failure to passively transfer contact hypersensitivity 

to DNFB in recipient guinea pigs. However extract preparations 
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of peritoneal exudate cells derived on the seventeenth day 

after donor sensitization were uniformly positive in their 

capability to passiveLLy transfer chemical contact hyper-

sensitivity to recipient animals. 

Therefore, while positive passive transfers were accomplished 

with whole peritoneal exudate cells and -with crude sonic 

extracts of such ocells in both delayed allergy systems, these 

results do not demonstrate any interval of cyclic or periodic 

transfer when soriical'ly prepared cell extracts consistently 

failed to passively transfer tuberculin hypersensitivity to 

normal recipient animals as was observed with extracts of 

DNFB iieiliaiLizuu xiclls.. 

Moreover, the inability to produce positive passive transfer 

with cell extracts any earlier than three weeks in the 5 mg 

tuberculin sensitization system, appears to be a factor of the 

composition and preparation of the vehicle employed, i.e. , 

the adjuvant used for carry of M. tuberculosis H37 Ra cells 

in donor sensitization; particularly since 1 mg of these cells 

in a saline—Freund1s incomplete adjuvant emulsion demonstrated 

the capacity to passively transfer with sonic extracts as soon 

as one week after donor challenge with the allergen. 

Hence, the 1 mg M. tuberculosis H37 Ra preparation was 

selected for use in the sensitization of donor animals to be 
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used in all latter phases of this study. Such donors were 

harvested four weeks after sensitization. This is in keeping 

with the results given in Figure 8. that demonstrate this 

collection period for cells as optimum for achievement of 

passive transfer. 

In a similar fashion, peritoneal exudates from donor 

animals sensitized to DNFB for use in the latter study phases 

were harvested seventeen days after initiation of the allergen 

application. 

From the basis of this first comparative phase of the 

study, it must be concluded that there is a difference in 

the sequence of events involved in Lna development: of 

delayed hypersensitivity in lymphocytic cells of donor guinea 

pigs sensitized to tuberculin and chemical (DNFB) contact 

allergens. This is reflected in their respective capacity to 

passively transfer these allergic phenomena to normal animals 

at various time intervals after donor sensitization. 

II- vivo release of transfer factor by passive transfer 
of membrane diffusion chambers containing hypersensitive cells. 

Tuberculin transfer 

The results of comparative passive transfer of tuberculin 

hypersensitivity by whole peritoneal exudate cells, cell 

extracts, and cells in membrane diffusion chambers are given in 
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Table 3. Each test recorded in the table represents experiments 

involving the use of 20 guinea pig donors sensitized to M. 

tuberculosis H37 Ra (1 mg). The column designated "Cell 

Treatment" refers to the type of cell preparation that each 

recipient animal received for a respective run. 

Prom these data, it is apparent that tuberculin sensitized 

cells, enclosed in membrane diffusion chambers of either 10 

or 100 rtyu pore sizes, were not capable of achieving passive 

transfer in recipients comparable to that obtained with whole 

cells and sonic extracts. Minimal skin test reactions, 

occasionally observed in some chamber recipients, were considered 

negative, since such reactions did not reflect the degree of 

erythema and induration noted in positive transfer reactions. 

Hence, these minimal reactions may be attributed to inflamatory 

reactions on the basis of similar types of reactions occasionally 

observed in normal recipient animal skin testing. 

In general, strong reactions to the 1:40 O.T. and 5 /ig 

PPD reagents were seen in all experiments with both whole cells 

and sonic extracts of whole cells. However, a difference in 

skin test reactivity was apparent when the latter reactions 

were compared with whole cell transfers. Such a result is in 

agreement with the data presented in the first phase of the 

investigation dealing with the effects of time on the passive 
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Table 3. 
pigs to tuberculin using membrane chamber 
implantation transfer 

Cell Reactions (mm) 
Test treatment OT PPD BSA Saline 

1 Whole cells 10 8 0 0 
Sonic extract 4 4 0 0 

. Chamber cells*3 2 2 0 0 
Chamber cellsa 2 2 0 0 

2 Whole cells 5 5 0 0 
Sonic extract 4 3 0 0 
Chamber cells*3 0 0 0 0 
Chamber cells*3 0 0 0 0 
Chamber cellsa 0 0 0 0 

3 Whole cells 5 * 0 0 
Sonic extract 4 J. 0 0 
Chamber cells*3 3 ± 0 0 
Chamber nodes*5 0 0 0 0 
Chamber nodes*3 2 0 0 0 

4 Whole cells 5 5 0 0 
Sonic extract 4 4 0 0 
Chamber cells*3 2 2 0 0 
Chamber cells*3 2 2 0 0 

5 Whole cells 5 6 0 0 
Sonic extract 4 4 0 .. o 
Chamber c e l l a ^ • 2 2 0 0 
Chamber cells 2 2. 0 0 

6 Whole cells 10 8 0 0 
Sonic extract 4 3 0 0 
Chamber cellsa 3 3 0 0 
Chamber cells*3 3 3 0 0 
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7 Whole cells 5 5 0 0 
Sonic extract 4 3 0 0 
Chamber cellsa 0 0 0 0 
Chamber cells*3 0 0 0 0 
Chamber cells*3 0 0 0 0 

8 Whole cells 3 3 0 0 
Chamber cells*5 + + 0 0 
Chamber cells*3 0 0 0 0 

9 Whole cells 10 8 . ' 0 0 
Chamber cells*3 2 2 0 0 

Control Normal cells 0 0 0 0 
Normal extract 0 0 0 0 
Normal chamber*3 0 0 0 0 

a10 millimicron pore size 
^lOO millimicron pore size 
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transfer of tuberculin hypersensitivity. Cell extracts, as 

shown in Figures 7 and 8, were noted to be uniformly less 

effective than whole cells in producing passive sensitization 

of a normal recipient, regardless of the transfer time 

interval employed after donor sensitization. 

Additionally, all control recipient animals and "sham" 

chamber implantation recipients (Table 3) were consistently 

negative to tuberculin skin testing. This indicates that 

neither the type of cell preparation passively transferred 

(e0g<,, sonic extracts) nor the manner of transfer (e.g., membrane 

diffusion chambers) was responsible for any non-specific 

tuberculin reactions. Therefore, all observed reactions are 

reflections of successful passive transfers in recipients. 

The failure to passively transfer delayed hypersensitivity 

to tuberculin with cells enclosed in membrane chambers is in 

agreement with the unpublished results of Najarian and 

t 

Feldman cited by these workers in 1962 in a communication on 

the passive transfer of transplantation immunity, although these 

investigators did not report any data to support this statement. 

DNFB transfer 

Table 4 gives the results obtained in passive transfer 

experiments to DNFB with whole cells, sonic extracts, and 
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Table 4. Skin test reactions of recipient guinea 
pigs to DNFB membrane chamber implantation 
transfer 

Cells Reactions 
Test treatment 0.5% 0.75% olive oil 

1 Whole cells + + 
Sonic extract + + 

• Chamber cells*5 + + -

2 Whole cells +++ ++++ — 

Chamber cells +++ +++ — 

Chamber nodes 
V + ++ — 

Chamber nodes ++ ++ -

3 Whole cells ++ +++ — 

Sonic extract^ + ++ — 

Chamber cells + ++ 
Chamber celisa ++ H-+ — 

Chamber cells3 ++ +++ 

4 Whole cells ++ +++ — 

Chamber cells*3 ++ +++ — 

Chamber cells +++ +++ 

5 Whole cells ++ ++ — 

Sonic extract + + • — 

Chamber cellsa ++ +++ — 

Chamber' cells,3 ++ 4-4-4- — 

Chamber cells + ++ — 

6 Whole cells HI—h +++ — 

Sonic extract +++ +++ — 

Chamber cells3 ++ ++ 
Chamber cells^ ++ ++ -
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Table 4 — -Continued 

7 Whole cells +++ + + + 
LI M 

Chamber cells*3 ++ ++4- — 

8 Whole cells + + -

Sonic extract^ + + -

Chamber cells + + -

Chamber cells*5 ± + — 

Control Normal cells - -

Normal extracts - -

Normal chamber*3 — — — 

a 10 millimicron pore size 
^100 millimicron pore size 
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chamber enclosed cells. As in Table 3, each of the 8 test 

experiments listed in Table 4 gives the treatment of the cell 

preparation, collected from 20 donor animals, which was 

transferred to normal recipients. 

With respect to the DNFB contact allergen, the results 

demonstrate a consistent and comparable ability of successful 

passive transfer by means of diffusion chamber enclosed cells 

as opposed to intraperitoneally injected, whole, untreated, 

hypersensitive cells. And, of particular note, is that 

transfer was achieved regardless of the membrane pore size 

employed. 

Again, a reduction in skin test reactivity, was observed 

with sonic extract transfer, but at no time was failure 

observed. 

The observation of successful passive transfer with 

membrane chamber enclosed cells to a chemical contact allergen 

shown in Table 4, is in contrast to the report of Kind et al. 

(1965) who reported a failure of such passive transfer with 

cells from lymph node and thymus tissue of guinea pigs 

sensitized to dinitrochlorobenzene (DNCB), and cells from 

thymus tissue of animals sensitized to paraphenylenediamine 

(PPDA). However, in this report the workers used small chambers 
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(15 X 8 mm), and therefore had to add heavy cell suspensions in 

small aliquots (0.2 ml). Also, about 4 to 5 chambers had to 

be implanted into each recipient animal in order to obtain 

the numbers of cells comparable to that used for whole cell 

transfer. Another feature of their experiment, is that they 

skin tested all chamber recipient animals 24 hours after 

implantation. 

In this study, larger chambers (15 X 25 mm) were 

employed having a 2.2 ml volume capacity, this allowed for a 

larger concentration of cells to be employed so that only 

one chamber was required for implantation. However, the most 

striking contrast between this report and that of Kind et al. 

(1965) is that, from preliminary studies, it was found to be 

necessary not to skin test chamber recipient animals until 

96 hours after implantation. After this time interval, these 

recipients demonstrated skin test reactivity comparable to 

that observed in recipients which received whole, untreated 

i.p. injected cells. In chambers which were recovered from 

some recipient animals, viability after four days of 

implantation remained a't a range of 50 to 70%. • 

This observation denotes a time requirement for release 

of a factor diffusible through the implanted chamber's 
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membrane for passive sensitization of the recipient; and not 

active sensitization. If such an occurrence was attributable 

to an active sensitization of the recipient, one would 

expect a longer interval than 96 hours to be required to 

induce such a significant delayed skin test reactivity in 

these animals. Active recipient sensitization would denote the 

need for the presence of allergen in the donor cell pre-

parations used for passive transfer. This assumption is 

negated by the fact that rabbit anti-GP-DNP will not produce 

a demonstrable precipitin reaction with extracts of such cells# 

and also these extracts fail to produce an anti-guinea pig DNP 

when injected into a rabbit. 

These results point out a distinct difference between the 

tuberculin and DNFB iri vivo passive transfer mechanisms, and 

transfer factors ellicted in these hypersensitive states. The 

factor released from contact sensitized cells is able to diffuse 

through a membrane to passively sensitize a recipient animal, 

while that from tuberculin sensitized cells either is not 

readily "released" from the cells, or is not capable of 

passage through a 10 or 100 mp membrane pore size. 

Dual transfer 

To test the validity of the results seen in the two 

former experiments, the dual sensitization system was 
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incorporated. These test are recorded in Table 5. Again, each 

test represents 20 donor guinea pigs. 

From the results shown with whole cell transfer in Table 

5v it is apparent that each cell aliquot has the potential to 

passively transfer both tuberculin and DNFB chemical contact 

hypersensitivity to a recipient. As observed in these results, 

passive transfer of tuberculin hypersensitivity is essentially 

blocked by enclosure of cells in membrane chambers of any pore 

size less than 450 nyu. It is assumed that such porosity is 

large enough to permit "escape" of intact cells from diffusion 

chambers as is suggested from the results obtained in Test 6 of 

Table 5. Of particular note, however, is that DNFB sensitivity 

was capable of being transferred by means of the same cells 

with use of chamber membranes of any pore size tested. 

These data from recipients of the dual sensitization 

system are in agreement with results derived with either of 

the two individual sensitization systems. Since a'450 nj/u 

pore size membrane of a diffusion chamber appears to be the 

only one capable of successful chamber transfer to tuberculin 

to some extent, it may be that a sensitized cell-antigen 

(PPD) reaction is required for mediation of tuberculin hyper-

sensitivity via an "escape" of hypersensitive cells from such 

membrane chambers. This would result in the reaction of these 
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Table 5. Skin test reactions of recipient guinea pigs 
to tuberculin and DNFB by membrane chamber 
transfer with cells from dually sensitized 
animals. 

Cell DNFB Reactions Tuberculin Reactions 
Test treatment 0.5% 0.15% olive OT PPD Saline BSA 

oil 

1 Whole cells +++ 4444 mmm 9 9 0 0 
Sonic extract + 44 - 5 5 0 0 
Chamber cells*3 -f++ 444 - 2 2 0 0 
Chamber cellsa ++ +44 — 2 2 0 0 

2 Whole cells ++ 444 - 6 5 0 0 
Sonic extract ± 4 - 6 5 0 0 
Chamber cells*5 +++ 444 - 2 3 0 0 
Chamber cells3 +++ 444 — ± 2 0 0 

3 Whole cells 4 44 - 4 0 0 0 
Chamber cells3 4 44 — 2 4 0 0 

4 Whole cells 44 444 - 8 4 0 0 
Sonic extract 44 444 - 9 4 0 0 
Chamber cells3 44 444 — 2 ± 0 0 

5 Whole cells 444 444 - 9 6 0 0 
Sonic extract 4 44 - 8 9 0 0 
Chamber cells 444 44+ - 2 2 0 0 

"IT Whole cells 44 444 . _ 9 ± 0 
Chamber cellsc 44 44 - 2 0 0 0 
Chamber cells^ 4 44 — 5 3 0 0 

3 10 millimicron pore size 
^100 millimicron pore size -

c220 millimicron pore size 
^450 millimicron pore size 
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cells with antigen in the form of PPD deposited at the local 

skin test site. 

Attempts to determine such an interaction of tuberculin 

hypersensitive cells and PPD was investigated iri vitro, and the 

results are reported in the following studies. 

III. The release of transfer factor by incubation of 
hypersensitive cells in vitro. 

Tuberculin transfer 

Table 6 gives the results obtained when tuberculin 

sensitized, whole, peritoneal exudate cells were incubated 

in vitro either in the presence or absence of the sensitizing 

allergen PPD. In this table, such test represents the use of 

10 or 20 actively sensitized tuberculin donors, and each 

recipient skin test reaction demonstrates the passive transfer 

capacity of the various preparations based on their reactivity 

comparative to that observed in the whole cell control 

recipient. 

As seen in Table 6. cells incubated in Hanks balanced 

salt solution alone (la and 2a) for 1 hour at 37 C, retain the 

"maximum" passive transfer ability, and the resulting cell 

free supernatant is at best "minimal" for transfer after 

incubation. This observation is in contrast to tuberculin 

hypersensitive cells incubated in PPD. These cells, following. 
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exudate cells and supernatant Hanks 
or PPD-Hanks after incubation 

Cell Reactions (mm) 
Test treatment OT PPD BSA Saline 
1 Whole cells 10 10 0 0 

Sonic extract 5 5 0 0 

Incubated cells3 9 9 0 0 
Supernatant3 2 2 0 0 

2 Whole cells 8 8 0 0 

Incubated cellsa 6 6 0 0 
Supernatant9 2 2 0 0 

Incubated cells*3 4 4 0 0 
Superna Lctn t*3 6 6 0 0 

3 Whole cells 5 5 0 0 

Incubated cell extract3 4 4 0 0 
Supernatant9 2 2 0 0 

Incubated cell extract*3 2 + 0 0 
Supernatant*5 4 3 0 0 

4 Whole cell's 10 9 0 0 
Sonic extract 7 7 0 0 

Incubated cells^ 4 4 0 0 
Supernatant''3 6 6 0 0 

Incubated cells , 2 2 0 0 
Supernatant0 8 8 0 0 . 
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Table 6—Continued 

5 Whole cells 10 10 0 0 

Incubated cellsc 2 2 0 0 
Supernatantc 9 8 0 0 

Incubated cell extract^ 2 2 0 0 
Supernatant*3 5 5 0 0 

Control Normal cells 0 0 0 0 
• Normal incubated cellsc + 0 0 0 
Supernatantc + 0 0 0 

aCells or supernatant resulting from whole cell incubation 
at 37 C for 1 hour in Hanks. 

Cells or supernatant resulting from whole cell incubation 
at 37 C for 1 hour in 25 Aig per ml PPD-Hanks. 

Same as above, but in 50 Mq per ml PPD-Hanks. 



103 

PPD incubation and appropriate washing, retained some transfer 

capacity, but incubation supernatants were capable of significant 

transfer capacity (e.g. supernatant b of test 4). 

It also appears that incubation of cells with higher 

concentrations of PPD (e.g. 50 jag per ml) results in better 

transfer when subsequent supernatants are passed. This is in 

keeping with the report by Krejci et aJL. (1969) on the effects 

of high concentrations of PPD upon incubation of tuberculin 

hypersensitive lymph node cells. Examples of such activity is 

shown with the supernatants (c) of test 4 and 5. The fact 

that the incubation of normal peritoneal exudate cells with 50 

jag of PPD per ml of Hanks solution does not render supernatants 

capable of passive transfer, precludes any non-specific reactions 

or active sensitization possibilities with PPD present in the 

transferred supernatant. 

Therefore, it appears that the sequence of events in 

the tuberculin transfer system requires the presence of the 

sensitizing allergen (PPD) in the incubation menstrum. This 

results in an interaction of sensitized cell and allergen 

causing release of a biologically active component into the 

incubation supernatant. 

These results are in agreement with the investigations 

of several workers who have reported cytotoxic effects of PPD 
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on tuberculin hypersensitive cells (Richard and Lewis, 1932) 

Carpenter 1963? Favour, 1957; and Dutton, 1967), and are also 

in agreement with the "transfer factor" released from human 

lymphocytic cells incubated with PPD described by Lawrence and 

Pappenheimer (1957). 

However, Bloom and Chase (1967) reported a failure to 

transfer hypersensitivity in the guinea pig using incubation 

supernatant following exposure of tuberculin sensitized cells 

to PPD. In their experiments, cells were harvested from donors 

which had been sensitized seventeen days prior to 1.5 mg tubercle 

bacilli. These cells were then incubated in 3.3 /ig of PPD 

per ml. In a recent report, Krejci et _al. (1969) reported 

that the incubation of tuberculin hypersensitive lymph node 

cells with low concentrations of PPD (1 /ag) was much less 

effective jln vitro than high doses of allergen (e.g. 100 /ig of 

PPD) for the production of supernatants that had MIF activity, 

and which were also active in the development of skin reactivity 

in normal recipients. 

Also in Bloom and Chase's experiments, actively sensitized 

donors were not skin tested to determine their degree of 

sensitization, but cells were nonetheless harvested on the 

seventeenth day after sensitization. These procedures and 

results of Bloom and Chase contrast with those given in part 1 
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of this study in which donors sensitized to 1 mg did not 

demonstrate a maximum passive transfer capacity until the 

twenty-eighth day after donor sensitization. 

An additional point of interest in these present data is 

that supernatants from sonicated solutions were capable of 

transfer (Test 1 and 4). 

Cells incubated in Hanks solution alone were observed 

to maintain their transfer capacity after incubation, and 

sonicates of these cells (Test 3 a) also successfully 

transferred. In contrast to this latter result sensitized 

cells incubated in PPD and later treated to sonication 

demonstrated minimal transfer capacity (Test 3 b), but the 

incubation supernatant from these cells did transfer hyper-

sensitivity. 

Therefore, as in all former experiments, extracts 

demonstrated a positive, but less effective transfer capacity 

than whole cell preparations. 

DNFB transfer 

Table 7 shows the data resulting from an in vitro 

incubation of hypersensitive peritoneal exudate cells in the 

presence and absence of the specific allergen (DNFB) conjugated 

to normal serum. As before, each experiment consisted of 10 

to 20 guinea pigs sensitized seventeen days prior to cell 
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Table 7. Skin test reactions to 0,5% and 0.75% 
DNFB in recipients receiving peritoneal 
exudate cells and supernatant Hanks or 
DNP serum conjugate - Hanks after in-
cubation at 37 C 

Cell Reactions 
Test treatment 0.5% 0 • 75% olive oil 

1 Whole cells +++ +++ -

Incubated cells3 

Supernatant3 
++ 
+ 

++ + -

Incubated cells0 

Supernatant0 
++ +++ 

-

2 Whole cells 
Sonic extract 

+++ ++ +++ ++ 

Incubated cells3 

Supernatant9 
+ ++ ++ ++ -

3 Whole cells ++ ++ -

cl 
Incubated cell extract 
Supernatant3 

+ ± + + -

4 Whole cells +4-4- +++ -

ct 
Incubated cells 
Supernatanta 

++ + ++ ++ -

Incubated cells'3 
b 

Supernatant 
4-4-+ +++ 

+ 
-
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Whole cells -f.-f.-f. 

Incubated cells 
Supernatant9 

+ 
+ 

++ 
+++ 

Incubated cells 
Supernatant^3 

++ ++ 
+ 

Incubated cells 
Supernatant0 

++ +++ 

Control Normal cells 

Normal incubated cells 
Supernatant0 < + > 

Normal cells in NGPS 
Supernatant 

aCells or supernatant resulting from whole cell 
incubation at 37 C for 1 hour in Hanks solution along. 

Cells or supernatant resulting from whole cell 
incubation at 37 C for 1 hour in 2 5 p.g per ml NGPS-DNP 
in Hanks. 

cSame as above, but in 50 jug per ml NGPS-DNP in Hanks, 
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collection and transfer to recipients. 

As demonstrated in Table 7, DNFB hypersensitive cells were 

capable of release of a "transfer factor" into the incubation 

menstrum only in the absence of the sensitizing allergen 

(NGPS-DNP) and not in its presence (e.g. Test 1 and 4). The 

only exception to this observation was seen in Test 5 b in 

which cells incubated in 25 /ig per ml NGPS-DNP did render a 

supernatant capable of producing a (+) reaction to the 0.75% 

skin test reagent in a normal recipient.' However, use of 50 jag 

per ml NGPS-DNP (Test 5 c) demonstrated a complete inhibition 

vitro release as determined by positive transfer with the 

cells following incubation. The resulting incubation supernatant 

(5 c) had no transfer capacity. 

Control recipients, receiving either normal cells 

incubated in 50 jag NGPS-DNP or in 50 jag NGPS alone were all 

negative. An additional two control recipients, which 

received cells and supernatant respectively from the incubation 

of DNFB sensitized cells in 50 fig NGPS per ml of Hanks solution 

were both skin test positive {++)„ This demonstrated that the 

DNP hapten carrier (NGPS) was not responsible for the ob-

servation of inhibition of release with NGPS-DNP, but that 

inhibition was a factor of the DNP moiety. 
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These data are in agreement with Guthrie ejt al_. (1967) 

who reported transfer of delayed hypersensitivity to DNFB in 

recipient guinea pigs that received supernatant from sensitized 

exudate cells incubated at 37 C for 30 minutes. The results 

are also in agreement with the data given in part II using 

DNFB hypersensitive cells enclosed in 10 or 100 nyi pore size 

diffusion chambers. Use of such passive transfer conditions 

demonstrated positive transfer capacity regardless of the mem-

brane pore size employed on the chamber. This indicates that DNFB 

hypersensitive cells readily release a transfer substance in the 

absence of the specific allergen which has the capacxty to 

diffuse through a limiting membrane, and subsequently sensitize 

a normal recipient. This is in contrast to the action of tuber-

culin sensitized exudate cells which cannot transfer hyper-

sensitivity by membrane chamber implantation, and which demonstrate 

"release" of a transfer factor only in the presence of the 

sensitizing allergen (PPD). 

Therefore in respect to the mechanism of release, the 

tuberculin and chemical contact (DNFB) transfer systems are 

in direct contrast to each other. To confirm this observation 

the dual sensitization system was employed. 

Dual transfer 

Table 8 gives the results obtained with the in vitro 
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incubation of peritoneal exudate cells from dually sensitized 

guinea pigs. 

As seen in this table, the incubation of dually sensitized 

cells in Hanks alone (e.g. Test 2 a) results in some loss 

of incubated cell transfer to DNFB, but transfer of tuberculin 

hypersensitivity with such cells is maintained. The supernatant 

from incubation of "dually" sensitized cells in Hanks will 

transfer contact sensitivity, but not tuberculin sensitivity. 

This observation is in accordance with the results obtained in 

the singularly sensitized systems. 

When dually sensitized cells are incubated in PPD-Hanks 

different results are obtained. From Test 1, 2, and 3 of 

Table 8., it can be seen that presence of the PPD allergen 

in the incubation medium of dually sensitized cells does 

initiate the "release" of a factor into the medium capable 

of tuberculin transfer, but no transfer to DNFB is observed 

with these supernatants. 

The corollary to this observation was not seen in Test 

4 c which demonstrated an inhibition of "release" when NGPS-

DNP was used as the incubating allergen. Although this par-

ticular supernatant (4 c) did not transfer sensitivity to 

either allergen (PPD or DNFB), the incubated cells retained their 

capacity to transfer delayed hypersensitivity to both allergens. 
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Table 8. Skin test reactions to tuberculin and 
DNFB in recipients receiving dually-
sensitized peritoneal exudate cells and 
supernatant from in vitro incubation 

Cell DNFB Reactions Tuberculin Reactions 
Test treatment 0.5% 0.75% olive 

oil 
OT PPD Saline 

1 Whole cells ++ +++ - 5 4 0 

i. 
Incubated cells 
Supernatant*5 

+ +-b - 0 
10 

0 
8 

0 
0 

2 Whole cells +++ - 10 11 0 

Incubated cellsa 

Supernatant3 
¥ 
+ 

+ 
++ 

- 4 
2 

4 
2 

0 
0 

Xncubiihod Cell 
Supernatant*5 

- -

- - -

5 
7 

5 
10 

0 
0 

3 Incubated cells 
Supernatant^ 

+ ++ 2 
8 

2 
8 

0 
0 

St 
Incubated cells 
Supernatant3 

++ 

+-f- -

6 
2 . 

6 
2 

0 
0 

4 Whole cells 4*~1—h - 10 9 0 

Incubated cellsc 

Supernatant' 
++ +++ 

± -

5 
2 

5 
2 

0 
0 

Incubated cells^ 
Supernatant^ 

— , — 

± + 
-

4 
6 

4 
7 

0 
0 

5 Whole cells +++ +++ - 9 8 •0 

Incubated cells^ 
rl 

Supernatamtu 
+ ++ - 4 

5 
4 
5 

0 
0 
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Table 8—Continued 

Control Normal incubation*^ - - - 0 0 0 
Supernatant*^ - - 0 0 0 

aCells or supernatant resulting from whole cell incubation 
at 3.j7 C for 1 hour in Hanks alone. 

Same as above, but in 50 /ag per ml PPD. 
cSame as above, but in 50 jug per ml DNP-NGSP. 
dCells or supernatant resulting from whole cell incubation 

at 37 C for 1 hour in 50 /ag per ml of both PPD and DNP-NGPS. 
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Finally, when both allergens were present in the in-

cubation medium (Test 4 d and 5 d) the only form of transfer 

not achieved was to DNFB in transfer attempts with the 

incubation supernatant. These latter two results a re similar 

to those obtained in each singular sensitization system upon 

incubation of such cells with their respective sensitizing 

allergen. 

At present, the lack of release of DNFB transfer factor 

upon exposure of dually sensitized cells to PPD is not fully 

understood. It may be that in the dual-sensitization system, 

only one "clone" of cells out of a total exudate population 

is responsible for the mediation of the delayed hypersensitivity 

phenomenon to both allergens, rather than a single clone of 

hypersensitive cells for either allergen. From the results of 

the in vitro release studies with each singularly sensitized 

system, it would appear that a transfer factor to DNFB is 

being synthesized and released from the hypersensitive cells. 

This is in contrast to transfer to tuberculin which requires 

the presence of the sensitizing allergen for the "induction" 

of release. * 

Therefore, as will be illustrated in a latter phase of 

this study, PPD interaction with tuberculin hypersensitive 
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cells res.ults in cell disruption (cytotoxic effect) . If a 

single cell type is responsible for production of both 

"transfer factors", disruption of the cell due to tuberculin 

(PPD)-cell interaction would result in a cessation of 

synthesis and release of transfer to DNFB. However, the 

production of a transfer factor to tuberculin would be 

initiated due to the action of a biologically active "trans-

forming factor "released" from the disrupted cells, and this 

would influence other cells of a normal population to produce 

a tuberculin "transfer factor" 

Such an hypothesis is in keeping with the data concerning 

in vitro release observed in this study, and with the report 

of Bloom and Bennett (1967) who described the cytodynamics of 

migration inhibitory factor (MIF) production following 

incubation of tuberculin hypersensitive cells with PPD. 

These workers reported that MIF was a synthesized rather than 

a pre-formed substance, and that peritoneal lymphocytes cultured 

in the presence of PPD for 2 days revealed morphologic alterations 

of a "blast-cell" transformation. 

Additionally, Pague et aJL. (1969) have recently reported 

a sensitization of non-sensitive human peripheral leucocytes 

by incubation of these cells with specific antigen and specific 

cell free lysates resulting from exposure of tuberculin 
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sensitized leucocytes with PPD. 

In summary, it would appear that after specific interaction 

of dually -sensitized cells with PPD, disruption occurs. This 

results in a .cessation of DNFB "transfer factor" production. 

However, the disrupted cell material in the passively trans-

ferred supernatant appeared to contain a "transforming factor" 

capable, of causing "blast cell" transformations in normal 

cells of the recipient causing sensitization of these cells, and 

subsequent passive sensitization of the recipient animal. 

Axelrad (1968) has pointed to a possible precursor cell 

responsible for both delayed hypersensitivity and antibody 

formation. Along the no snrae line £3, therefore, the supposition 

of a common cell clone for the two delayed hypersensitive forms 

in the same animal would not be unique. 

IV. Isolation and partial characterization of biologically 
active transfer factors from tuberculin and DNFB peritoneal 
exudate cells. 

Tuberculin sensitized cells . 

Figure 9. demonstrates the Sephadex G-200 fractionation 

of sonic extracts of tuberculin sensitized cells, and supernatant 

resulting from PPD (50 /ig per ml) incubation of such cells 

for 1 hour at 37 C. 

Both fractionations yielded three major peaks eluted in 
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Figure 9. Chromatography on Sephadex G-200 (1.5 X 
90 oa coluian) of JOH I.,ally p-.-'ê-arcci lysabo 
of peritoneal exudate cells from M. tuberculosis 
H37 Ra (1 mg) sensitized donors (m—® 260 nyu; 
o o 280 irj/u) ; and supernatant from in vitro 
incubation of tuberculin hypersensitive cells 
and PPD 280 nyu) . Pooled fractions 

j,ng skin reacj-ivity in normal guinea pigs 
moderate; intense). 
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the same range. The first appeared within the void volume, 

whereas the second and third broad peaks of material were 

retarded by the gel column. Although G-200 chromatography of 

normal cell extracts demonstrated a similiar elution profile 

(Figure 10.), only the first voided peak was identical in 

elution volume; and, on the basis of the calculated Ve/Vo 

ratios and subsequent extrapolation from the standard curve 

given by Determann and Michel (1966) for Sephadex G-200, the 

first voided peak corresponded to a macroglobulin in molecular 

weight (Mw = 400,000), whereas the second peak for both the 

lysate and incubation supernatant profiles was equivalent to that 

of a Y —globulin (Mw = 160,000). A third smaller peak in both 

elutions ranged around that of albumin (Mw = 68,000). 

Animal assay of G-200 fractions 

All pooled fractions which represented peaks (a,b, and c) 

were assayed for activity according to the techniques of 

Metaxas and Metaxas-Buhlor (1955), and Segrn ?.nd -Sharp (1965) 

as described in the materials and methods. 

The former method involved the local I.D. injection of the 

fractions (0.1 ml) on either clipped flank of the normal 

animal, followed by the injection into the same sites of 

5 jag PPD (0.1 ml) into a fraction series on one of the flanks. 

A control consisted of 0.1 ml saline administered into the latter 
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119 

flank fraction injection sites. 

Pooled fractions (a) gave 6 X 6 mm reactions after 

24 hours and fractions (b) and (c) gave 12 X 12 mm reactions 

respectively in the presence of PPD. On the latter control 

flank, which had received fractions (a), (b), and (c) and 

saline alone, all three sites measured approximately 4 X 4 mm 

after 24 hours. This was attributed to trauma inflamation. 

Additional control injections of 5 yug PPD per 0.1 ml and 

saline were both negative. Hence, the control reactions 

(4 X 4) were considered as base line in intensity, and all 

reactions in excess of 4 X 4 mm in the presence of PPD were 

considered significant. On the basis of this assay, pooled 

fractions (b) and (c) contained the majority of activity 

whereas (a) was negligible. 

The methods of Segre and Sharp (1965) were also used 

for fraction assay. This procedure involved I.D. injections 

of 0.1 ml of each pooled fraction into the prepared flanks of 

two normal animals, followed by intracardial challenge of one 

animal with 1 ml of 50 jag per ml PPD in sterile saline, and the 

second with 1 ml of stefrile saline alone. 

Pooled fraction (a) after 24 hours yielded a 6 X 7 mm 

reaction in the PPD challenged recipient, whereas (b) and (c) 

gave reactions of 10 X 10 respectively on the same recipient. 
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All reaction sites on the control recipient were measured as 

approximately 4 X 4 mm after 24 hours, and therefore 

reaction sizes beyond that of the control were considered 

positive responses in the recipient. 

On this basis, the results from both assay procedures 

are in agreement, insofar as pooled fractions (b) and (c) 

were effective in producing pronounced erythemic and indurated 

test reactions in the skin of normal recipient guinea pigs. 

Additionally, each skin test reaction (b- and c) was 

specifically increased in the presence of PPD administered 

either by a local or systemic injection route. 

Of particular interact with the so ruactionj, however, 

was that although they did demonstrate common characteristics 

of a classical delayed hypersensitive skin test, they developed 

sooner. Also, they did not show a pronounced cellular infil-

tration when histological sections were prepared from the 24 

hour test site (Figure 11 A) and compared to a section of normal 

guinea pig skin (Figure 11 B). 

The cellular infiltrate, observed after 24 hours, contained 

considerably more polymorphonuclear (PMN) cells than that 

found when sectioned tissue of a true 24 hour delayed 

hypersensitive skin test was studied. Moreover, it is 

probable that observation of: a more intense PMN infiltrate 
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Figure 11. A. Histological picture of an inflammatory 
reaction 24 hours after the intradermal in-
jection (0.i ml) of tuberculin fraction B into 
the skin of a normal guinea pig. H & E, X 450. 
PMN cells are illustrated. B. Histological 
H & E preparation of normal guinea pig skin, 
X 450. 
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would have been made if the reaction sites had been excised sooner. 

Hence it appears that both factors (b) and (c) have the 

capacity to induce a "mixed" type of inflammatory reaction in 

the skin of normal animals. 

Gel immuno-diffusion of active tuberculin fractions 

Only fractions (b) and (c), which demonstrated maximum skin 

reactivity in normal recipients, were, tested by gel immuno-

diffusion for ^production of precipitin reactions with rabbit 

anti-guinea pig Y -globulin or goat anti-guinea pig whole 

serum anti-serum. Fraction (b) did not react with either anti-

serum, and therefore, does not appear to be a normal serum 

protein component, even though it was calculated to have a 

molecular weight in the range of V -globulin. Fraction (c), 

which was eluted in the albumin range, formed a faint precipitin 

band with the goat anti-guinea pig whole serum anti-serum. 

Normal guinea pig serum (NGPS) demonstrated appropriate 

precipitin bands when reacted with each respective known 

antiserum. These served as reagent controls. 

Disc electrophoresis of active tuberculin fractions 

Upon acrylamide gel electrophoresis of fractions (b) 

and (c) and normal guinea pig serum, fraction (b) was 
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observed to consist of. two faint bands in the range of -

globulin when compared to the typical bands observed in the gel 

electrophoresis of normal guinea pig serum. The "albumin" 

fraction (c) appeared as a "slow" migrating oC,-globulin 

insofar as it appeared in the 0^,-globulin range as noted on the 

normal serum scan. Therefore, although fraction (c) had the 

molecular weight range of albumin on G-200 Sephadex elution 

(Mw = 68,000), the protein of this fraction was not as 

electrophoretically mobile as the albumin band of normal guinea 

pig serum, and was consequently not considered to be an albumin 

moiety. 

Enzyme treatment of active tuberculin fractions 

The effect of specific enzyme treatment on the activity of 

fractions (b) and (c) is given in Table 9. As shown in Table 

9. incubation of both fractions (b and c) with the proteolytic 

enzyme trypsin did depress the activity of the fractions, 

particularly their ability to produce erythema in normal skin. 

However, both fractions appeared to be totally insensitive to 

ribonuclease and deoxyribonuclease treatment. 
t 

A consideration of results obtained with active tuberculin 
fractions _____ ______ 

The G-200 Sephadex fractionation of sensitized peritoneal 

exudate cell extract and incubation supernatant (Figure 9.) 
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Table 9. Influence of ribonuclease, deoxyribonuclease and 
trypsin on skin reactivity of active tuberculin 
fractions 

Enzyme 
Diameter of erythema (mm) 

Fraction b Fraction c 
PPD 

challenged 
animal 

control* 
PPD 

challenged control* 
animal 

Ribonuc lease"'" 10 X 9 2 X 2 10 X 10 2 X 2 

Deoxyribonuclease^ 10 X 10 2 X 2 10 X 10 2 X 2 

Trypsin-* 5 X 5 2 X 3 4 X 4 2 X 2 

Fraction + phosphate 
buffer 

10 X 10 (-) 10 X 10 (-) 

*Enzyme + buffer alone incubated for 1 hour at 37 C. 

•*"0.1 ml injected I.D. of a 1 ml mixture of 100 jug of 
factor b or c + 10 >ug of enzyme in 0.1 M phosphate buffer 
(pH 7.2) incubated for 1 hour at 37 C. 

2 
0.1 ml injected I.D. of a 1 ml mixture of 100 jo.g of 

factor b or c + 10/ig of enzyme inO.OlM MgS04-0.5 M.-sodium 
acetate buffer (pH 5.5) incubated for 1 hour at 37 C. 

3 . 
0.1 ml injected I.D. of a 1 ml mixture of 100 >ug of 

factor b or c -f- 1.25 mg of enzyme in pll 7.6 phocphata buffer 
incubated for 6 hours at 37 C. 
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from exposure of cells to PPD, yielded three peaks in the elution 

profile for both chromatographed samples. Each of the peaks 

for the sensitized cell extract and incubation supernatant 

were identical in their Ve. 

Upon animal assay by two methods, the latter two peaks 

(b and c) contained the majority of the activity, which 

produced skin reactions. Fraction (b).was calculated to have 

a molecular weight of about 160,000 or ^-globulin, whereas 

fraction (c) had a molecular weight in the range of albumin-

about 68,000. Upon immuno-diffusion with known rabbit anti-

guinea pig -globulin and goat anti-guinea pig whole serum 

anti-sera, only fraction (c) demonstrated a precipitin band 

with the latter reagent. Disc electrophoretic analysis 

demonstrated fraction (c) to have the electrophoretic mobility 

of an OC,-globulin and not that of albumin. Fraction (b) was 

found to consist of 2 faintly staining bands in the range 

of V -globulin. 

Both fractions (b) and (c) demonstrated some succeptibility 

to trypsin treatment, whereas neither fraction was affected by 

ribonuclease or deoxyribonuclease exposure. 

Histological preparations of either fraction (b or c) 

demonstrating skin reactivity after 24 hours, illustrated a 

less pronounced cellular infiltrate than would be anticipated 



126 

in a typical delayed skin test, and PMN's were observed. 

Additionally, the reactions were noticed to develop earlier 

than delayed reactions. 

From these data, it would appear that both active fractions 

(b) and (c) are involved in skin inflamation in normal recipients. 

Additionally, both fractions are present in sonically 

prepared extracts of tuberculin hypersensitive cells; and 

incubation of whole, sensitized, exudate cells in vitro with 

the specific allergen (PPD) causes cell break down (cytotoxic 

activity), and subsequent release of these active fractions 

into the incubation medium. 

Fraction (b) is similar to the cytotoxic factor described 

by Heise and Weiser (1969) in a study dealing with lymphocyte 

and macrophage cytotoxins in the tuberculin reaction. In 

their report G-200 fractionation of lymphocyte and macrophage 

cytotoxic supernatants yielded a fraction which was the most 

active in the elution range of bovine -globulin marker. 

Fraction (c) appears to be similar in make up and 

activity as the factor described by Bennett and Bloom (1968) 

having MIF acitivty. However, their only characterization of 

the MIF factor was that G-100 fractionation of the active 

component yielded elution in the range of albumin. Pick et: al. 

(1969) reported an active fraction eluted in peak III of a 
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Sephadex G-200 fractionation of supernatant from tuberculin 

hypersensitive lymphocytes which had been tissue cultured in 

the presence of low concentrations of PPD for 8-24 hours at 

37 C. Immunoelectrophoretic analysis of this fraction by 

these investigators yielded identification of the factor as an 

<X-globulin. 

Therefore from the results obtained in the present inves-

tigation, it appears that incubation of tuberculin hyper-

sensitive peritoneal exudate cells with PPD causes a specific 

"release" of a V -globulin-like moiety, and a Ot,-globulin into 

the incubation medium from these cells. These factors are active 

in inducing an inflammatory type of reaction in the skin of 

normal guinea pigs, particularly in the presence of PPD. 

The role of this inflammatory reaction will be better under-

stood when correlated with the results of the electron 

microscopy study of antigen (PPD)-sensitized cell interactions. 

Electron microscopy 

As described in the materials and methods, guinea pigs 

were sensitized to ferritin in the presence of tubercle bacilli, 

whereas control groups consisted of animals given dual 

sensitization (tuberculin and DNFB), and animals given Freund's 

incomplete adjuvant alone. 
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The skin test reactions of these donors is shown in 

Table 10. It is sufficient to note in Table 10 that each 

test group responded to its homologous skin test allergen with 

no cross-reactions to ferritin. 

Cells collected from each of the donor groups were incubated 

in 100 yug per ml of ferritin in Hanks solution for 45 minutes 

at 37 C, followed by appropriate fixation, embedding, and 

sectioning techniques of the materials for observation in the 

electron microscope. 

Ultra-thin sections of over 150 different cells were 

observed for each type of cell preparation. Figure 12. points 

out the margin of a cell apparently in the act of phagocytosis 

of ferritin, and Figure 13. illustrates a phagosome containing 

ferritin with indications of it being membrane bound. In 

ferritin sensitized and incubated cells this observation was 

made at about a 10% frequency. Cells not sensitized to 

ferritin were rarely observed to be involved in the process 

of ferritin phagocytosis. Although deliberate avoidance of 

the post staining of these cells caused a lack of definite 

criteria for their positive identification, such cells were 

tentatively identified as macrophages which is in accord with 

their observed activity. 



129 

Table 10. Average sT<in test reactions of peritoneal exudate 
cell donors 

Test Group Reactions to • 
Ferritin1 OT2 PPD1 BSAl Saline DNFB3 Olive 

oil 

Ferritin 15 x 15 mm + + 0 0 

Dual 0 25 x 25 mm 0 0 ++++ . -

Control 0 0 0 0 0 -

^5 jaq per 0.1 ml 

^1/40 dilution 

30.5% and 0.75% 
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Figure 13. Histiocyte (no post staining) having 
electron dense segregations of ferritin 
granules in phagosomes. 
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Figure 14. points' out an additional finding in ferritin 

sensitized and incubated cells. Mononuclear cells tentatively 

identified as lymphocytes were found to have ferritin bound-to 

or absorbed-onto the cell membrane. This observation was 

seen to occur in approximately 5% of the ferritin sensitized 

exudate cell population. Of particular note is the fact that 

control cells from both of the two groups failed to reveal 

any such membrane binding of ferritin. Also* a loss of 

cellular integrity was observed to be associated with the 

binding of ferritin which seemed to result in cell disruption 

as depicted in Figure 15. JOf particular interest in this 

poststained, low magnification, electron micrograph is the 

tortuous ferritin-bound cytoplasmic membrane and associated 

cellular debris, in a field demonstrating intact, well-

perserved monocytes not showing any associated ferritin. 

Figure 16. gives a magnified view of one area of Figure 15. 

demonstrating a ferritin bound membrane. 

The observation in this study of membrane binding of 

ferritin by 5% of the total exudate cell population exemplifies 

the suggestion of Goldberg et al. (1962) for the pathogenesis 

of a delayed reaction, insofar as a given antigen causes the 

sensitization of only a small fraction of the reticuloendo-

thelial cell population. 
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Figure 14. Peripheral view of a non post-stained 
mononuclear cell sensitized to ferritin which 
is demonstrating a binding of ferritin to the 
cytoplasmic membrane. 
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Figure 15. Full field electron micrograph of a post-
stained peritoneal exudate cell population, 
sensitized to ferritin which had been incubated 
in ferritin (100 >uq per ml) for 45 minutes at 
37 C. Of particular note is the observation 
of disrupted cells demonstrating ferritin 
binding in a field also showing well preserved 
cells not involved in any ferritin interactions. 
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Figure 16. Enlarged view of an area of Figure 15. 
demonstrating the extent of ferritin 
binding to the membrane. 
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The observation o.f antigen-sensitized cell binding ill vitro 

also appears to be in keeping with the cell bound antibody 

postulated by Pappenheimer (1958) and Rauch and Raffel (1965). 

Moreover, the subsequent disruption of the cell following antigen 

binding is in accordance with the works of Asherson and Stone 

(1967), and Bloom and Bennett (1966) who respectively noted 

that following an antigen-sensitized cell interaction, the 

lymphocytes became desensitized, and released an JLn vitro 

macrophage blocking agent. 

Sensitized cell disruption via a cytophilic antibody-

antigen reaction on the membrane appears to be caused by pits 

in the cell membrane at the reaction site (unpublished 

observations), causing a loss of cellular integrity, and 

ultimate cell disruption. 

The "release" observed in the in vitro study upon 

tuberculin sensitized cell-PPD interaction also appears to 

be in accord with the electron microscopy results. 

Fractions (a), (b), and (c), found in sonically prepared 

extracts of tuberculin hypersensitive cells upon G-200 

Sephadex fractionation were also found in lower concentrations 

in supernatants from tuberculin sensitized cell-PPD incubation 

probably due to the cytophilic antibody-antigen (PPD) reaction 

resulting in disruption of 5% of t.he total exudate population 
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as observed in the electron microscopy study. 

It would therefore appear that the active fractions 

(b and c) found in both these materials (cell extracts and 

incubation supernatant)play a role in the inflammatory process 

in the recipient animal with the subsequent result of release 

and influx of lymphocytic cells from the RES system of the 

recipient into the area. It would be reasonable to assume, 

therefore, that the recipient cells would take up a "transforming 

factor" from the disrupted cells which could sensitize the 

recipient's cells. Such a factor might be an RNA as described 

by Thor and Dray (1968) which was described as capable of 

converting non-sensitized human lymph node cells to sensitive 

cells in vitro, and as suggested by Plaque et al. (1969) to 

be responsible for _in vitro conversion of nonsensitive to 

sensitive cells. 

Such an hypothesis is in keeping with the data, but has 

yet to be completely proven. Nonetheless, the tuberculin 

system appears to work on a dual level i.e. sensitized cells 

containing cytophilic antibody react with their specific 

antigen. This reaction results in cell disruption and ultimate 

release of active factors capable of influencing the sensitization 

of a normal recipient animal (in vivo) or non-sensitized cells 

in vitro. 
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Most recently, Eisen (1969) has demonstrated a localization 

of radioactive antigen to the cytoplasmic membrane of specifically 

sensitized mononuclear cells by autoradiography. Such an 

observation is in complete agreement with the data just 

presented. 

DNFB sensitized cells 

Figure 17. gives the Sephadex G-200 fractionation profiles 

of sonic extracts of DNFB sensitized cells, and supernatant 

resulting from incubation of such cells in Hanks solution 

alone for 1 hour at 37 C. 

Essentially three major peaks were obtained in the G-

200 elution of sonic extract supernatant from the hyper-

sensitive peritoneal exudate cells. The first peak consisted 

of material eluted within the void volume of the column, 

whereas the second rather broad peak of material, arxd third 

sharply eluted peak were both retarded by the gel. 

Chromatography of +-hn irtcubattotn supernatant yielded one 

major peak which had approximately the same Ve as that of the 

third eluted peak of the sonic extract sample. 
I 

Normal cell extract G-200 fractionation profile (Figure 10.) 

demonstrated two major fractions eluted in approximately the 

same range as those of the DNFB sensitized cell extract. 
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of peritoneal exudate cells from DNFB donors 
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Animal assay of G-200 fractions 

Using the assay procedure described previously in the 

materials and methods for pooled fractions of DNFB hyper-

sensitive cell extracts or incubation supernatants, it was 

determined that fraction (c) (Figure 17.) was the only material 

which had true passive transfer capacity. Figure 18. shows 

approximately a ++• reaction of one such recipient to 0.5% 

DNFB in olive oil. The animal represented in Figure 18. had 

been injected intracardially with 1 ml (252 yug) of the fraction, 

and skin tested 24 hours later. A control recipient that 

received 1 ml of phosphate buffered saline alone was negative. 

By calculation of the Ve/Vo ratio of this active peak, 

and extrapolation from the standard molecular weight curve for 

a Sephadex G-200 column (Determann and Michel, 1966), it was 

determined that the active principle had a molecular weight 

of approximately 9,000. Upon dialysis of the material for 

24 hours at 4 C, the factor was found to be dialyzable, i.e. 

capable of passage through the dialysis membrane into the 

diffusate. Upon concentration of the protein to 250 yug per ml 

with lyphogel, the dialyzable factor was found to be active 

in passive transfer capacity to the contact allergen, DNFB, 

in a normal recipient animal. 
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Figure 18. Illustration of a normal recipient guinea 
pig which is demonstrating a ++ reaction to 
0.5% DNFB. The recipient had received the 
low molecular weight "transfer factor" 48 
hours earlier> 
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Upon excision and histological preparation of tissue from 

the (++) skin test reaction to 0.5% DNFB of the recipient animal 

that was given the dialyzable factor, an intense mononuclear cell 

infiltrate was observed (Figure 19). In fact, this infiltrate 

was almost equivalent to that observed in histological reactions 

of a +++ reaction to 0.5% DNFB in a recipient which had 

received whole sensitized peritoneal exudate cells (Figure 20). 

Molecular weight determination of the DNFB transfer factor by 
use of a calibrated G-100 gel filtration column 

To acquire a more accurate molecular weight determination 

on the active dialyzable factor, molecular weight calibration 

of a Sephadex G-100 column was performed as outlined in the 

materials and methods. The elution curves for the three 

molecular weight standards employed from the G-100 column are 

given in Figure 21 A. 

From the calculated Ve of the three known proteins 

(Bovine Albumin, Egg Albumin, and Ribonuclease A), a straight 

line standard curve was prepared (Figure 21 B). 

Following calibration of the G-100 column and development 

of the standard curve, the elution profile of the dialyzable 

DNFB transfer factor was determined (Figure 21 A). 

By plotting its elution volume (Ve) on the standard curve 

the molecular weight of the factor was calculated to be 8,800. 
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Figure 19. Histological picture (H & E preparation) 
of the mononuclear cell infiltrate observed 
in the ++ skin test reaction site of the 
transfer factor recipient illustrated in 
Figure 18. (X 450). 
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Figure 20. Histological view of a ±±±_ skin- test reaction 
to 0.5% DNFB in a recipient animal that had 
received DNFB sensitized whole peritoneal 
exudate cells. An intense mononuclear cell 
infiltrate is demonstrated. (H & E preparation, 
X 450). 
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This result is in agreement with the estimation of a 9,000 

molecular weight for the third active peak from the Sephadex 

G-200 fractionation of sonic extract and incubation supernatant 

of DNPB sensitized cells given earlier. 

Gel immuno-diffusion of the active DNFB transfer factor 

The active small molecular weight transfer factor did not 

produce precipitin reactions when tested by gel diffusion 

techniques using specific antiserum in the form of rabbit 

anti-guinea pig Y -globulin or goat anti-guinea pig whole serum 

anti-serum. Therefore, it appears that this active transfer 

moiety is not part of the spectrum of normal guinea pig plasma 

proteins. 

Disc electrophoresis of the DNFB transfer factor 

Acrylamide gel electrophoresis of the factor performed 

simultaneously with normal guinea pig serum yielded a sharp 

single band in the 1% gel which migrated just behind that of 

albumin on the normal guinea pig serum scan. 

Enzyme treatment of the DNFB transfer factor 

The effect of specific enzymes on the activity of the low 

molecular weight transfer factor protein is given in Table 11. 

The assay procedure employed, as given in the materials and 
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Table 11. Influence of ribonuclease, deoxyribonuclease and 

transfer factor 

Enzyme Local skin test reaction 
0.5% DNFB Olive oil Control* 

Ribonulcease-'- +++ ± ± 

Deoxyribonuclease +++ (-) (-) 

3 
Trypsin ++ (±) (±) 

Transfer factor + 
phosphate buffer +++ (-) (-) 

"0.1 ml injected I.D. into 0.5% DNFB site of enzyme-
buffer mixture pre-incubated for 1 hour at 37 C. 

"'"0.1 ml injected I.D. into 0.5% DNFB and olive oil sites 
of a 1 ml mixture of 100 /ig of transfer factor + 10 jag of 
enzyme in 0.1 M phosphate buffer (pH. 7.2) incubated for 1 
hour at 37 C. 

2 
0.1 ml injected I.D. into 0.5% DNFB and olive oil sites 

of a 1 ml mixture of 100 >ug of transfer factor + 10 yag of 
enzyme in 0.01 M MgS04~0.5 M sodium acetate buffer (pH. 5.5) 
incubated for 1 hour at 37 C. 

3 
0.1 ml injected I 0D 0 into 0.5% DNFB and olive oil sites 

of 1 ml mixture of 100 /iq transfer factor + 1.25 mg of enzyme 
in pH 7.6 phosphate buffer incubated for 6 hours at 37 C. 
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methods, .utilized a "local" passive transfer procedure. This 

involved I.D. injection of 0.1 ml of the enzyme treated factor 

into skin sites on normal recipient guinea pigs which had been 

previously painted, at different clipped areas on the flanks 

of the animal, with 0.5% DNFB in olive oil and olive oil alone. 

Similar injections of the transfer factor alone and the enzyme 

mixture alone into allergen applied sites were also performed as 

controls. 

From these data it is apparent that the factor, a low 

molecular weight protein molecule, is not affected by ribo-

nuclease or deoxyribonuclease, since treatment of the factor 

with either of the two nuclease enzymes yielded a -f++ fraction 

(homogeneous erythema) comparable to that observed with transfer 

factor alone (+-f+) . 

However, the factor was slightly succeptible to trypsin 

digestion, since following treatment with the proteolytic 

enzyme, the skin test reaction with the factor was ++ (spotted 

erythema). 

Precipitin production and passive cutaneous anaphylaxis (PCA) 
reaction 

Serum from the rabbit immunized with transfer factor in 

complete adjuvant yielded a faint precipitin reaction when 

assayed with the factor by the Oudin ihterfacial ring test (1946) 
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Observation of a precipitin band with diluted antigen (e.g. 

1:2) was negative. 

Therefore, only a low titered antibody was capable of being 

prepared in the rabbit. This was interperted as a reflection, 

in part, of the factor's low molecular weight, since materials 

with a molecular weight of less than 10,000 are usually non-

antigenic or weakly antigenic at most (Weiser et al., 1969). 

Attempts to produce observable PCA reactions in the skin 

of guinea pigs with diluted preparations of the rabbit anti-

transfer factor antiserum were unsuccessful. Positive PCA 

reactions were only obtained by use of the whole antiserum. 

Normal rabbit serum was negative for a PCA reaction. This 

served as the control to the positive PCA reaction observed 

with the whole antiserum. 

The production of a low titered PCA reaction, which is a 

very sensitive testing procedure for dilute concentrations of 

antibody in serum, illustrates the low titer of the rabbit 

anti-transfer factor antiserum; and therefore, the "poor" 

antigenicity of this low molecular weight DNFB transfer factor. 

A consideration of results obtained with the DNFB transfer factor 

In contrast to the tuberculin system, G-200 chromato-

graphy of DNFB sensitized peritoneal exudate cell extract and 
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incubation supernatant resulted in the elution of an active 

transfer factor in a third small molecular weight peak. The 

factor was found to be dialyzable. 

Calculation of the molecular weight via a calibrated 

G-100 column yielded a determination of the factor as a 8,800 

molecular weight protein. 

Passive transfer with this factor resulted in true delayed 

reactions of ++ intensity in normal recipients. Histological 

preparations of the reaction sites demonstrated an intense 

mononuclear cell infiltrate. 

These two observations fulfill the criteria of a true 

delayed hypersensitive reaction as described by Zinnser 

(1925), indicating that the low molecular weight moiety is 

a biologically active molecule for the mediation of this 

delayed immunological phenomenon. 

Attempts to further characterize the active principle by 

disc electrophoresis, gel immuno-diffusion, and enzyme treat-

ment, resulted in identification of the factor as a highly 

electrophoretically mobile protein which is not a normal 

component of guinea pig serum. 

Minimal success in attempts to produce precipitating 

antibody in rabbits, and subsequent PCA reactions in the skin 

of normal guinea pigs attested to the poor antigenicity of 
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the transfer molecule .which was interperted as a reflection 

of its low molecular weight. 

The finding of a low molecular weight transfer factor in 

the DNFB contact allergy transfer system is in agreement with 

the in vivo release data obtained with diffusion chamber 

implantation, since successful passive transfer with chambers 

was achieved even with DNFB sensitized cells enclosed in implanted 

membrane chambers having a 10 np pore size. Such a result is 

in direct contrast to the tuberculin delayed hypersensitive 

system as discussed previously. 

Conclusion of.,this study 

On the basis of all these data it is concluded that there 

is a distinct difference between the tuberculin and chemical 

contact forms of hypersensitivity in the guinea pig, particularly 

in respect to the cellular mechanism of passive transfer of 

these delayed allergies. 

It would therefore appear, that beyond the fact that these 

two allergic states share the common features of delayed 

hypersensitivity which separates them from the immediate forms 

of allergy (Zinnser, 1925), tuberculin and chemical contact-

hypersensitivities are two distinct immunological phenomena. 



CHAPTER V 

SUMMARY 

This study has been concerned with a critical comparison 

of the passive transfer mechanisms of tuberculin and chemical 

contact hypersensitivities in the guinea pig by use of a four 

phase experimental approach which yielded the following results: 

1. In studying allergen dose and time after sensitization . 

as factors influencing passive transfer of tuberculin hyper-

sensitivity it was found that concentrations of 2.5, 5.0, or 

10.0 mg of M. tuberculosis H37 Ra cells per ml of Freund's 

incomplete adjuvant were not effective in producing maximum 

sensitization of donor animals. 

In the 5.0 mg sensitization system, successful passive 

transfer to recipient animals was not achieved until two weeks 

following the injection of donors, and this transfer was only 

possible with whole peritoneal exudate cells, and not cell 

lysates. Maximum transfer was achieved after three weeks with 

whole cells, whereas successful transfer with lysates was only 

initially achieved at this time period. 

Adjustment of the allergen-adjuvant ratio to 1 mg of 

M. tuberculosis H37 Ra cells per 0.6 ml of a Freund's incomplete 

adjuvant saline emulsion proved to be the optimum sensitization 

152 
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mixture. And, although maximum passive transfer was attained 

at the four week interval following donor sensitization, at no 

time from one to six weeks was transfer with extract found to be 

negative. 

In comparing these results to the time dependent chemical 

contact hypersensitive system in the guinea pig as reported 

by Guthrie et al.(1966), it was found that there was a difference 

in the sequence of events involved in the development of 

hypersensitive cells in the two delayed allergy systems. 

In the tuberculin system, the time of successful passive 

transfer in recipient animals was observed to be affected by, 

and a subsequent reflection of, the dose and type of sensitizing 

preparation used for donor guinea pigs. The tuberculin system 

was also generally slower in its development of transfer 

capacity. 

This was in contrast to an early development of donor 

sensitization and consequent transfer capacity with the DNFB 

allergy system. Moreover, the chemical contact allergy system 

reflected a "cyclic" passive transfer capacity not observed 

in the tuberculin hypersensitivity system. 

2„ With diffusion chamber studies for the characterization 

ill vivo "release" by the two delayed allergy systems, it 

was found that successful passive transfer was achieved with 
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DNFB sensitized cells regardless of the pore size of the membrane 

employed (10 or 100 nyu). Tuberculin sensitized cells did not 

demonstrate such transfer capacity. Use of dually sensitized 

cells yielded the same results as obtained with each singularly 

sensitized system. 

3„ In characterizing _in vitro release, it was observed 

that tuberculin sensitized cells only released "transfer factor'*" 

into the incubation medium in the presence of the specific 

allergen PPD. This was in direct contrast to DNFB sensitized 

cells which released a "transfer factor" into the incubation 

medium only in the absence of the specific allergen in the form 

of a conjugate with normal guinea pig serum (DNP-GPS). 

4. Partial characterization of the active factors 

involved in the mediation of delayed hypersensitivity to both 

tuberculin and DNFB was performed by gel filtration fractionation 

of lysates of sensitized cells, and active incubation supernatants 

for the two systems, followed by further characterization of 

the isolated fractions through animal assays, disc electrophoresis, 

immuno-gel diffusion, enzyme treatment, and histological 

studies. • 

A small molecular weight protein (8,800) was found to be 

active in the passive transfer of contact hypersensitivity 

to DNFB. The protein was found to be highly mobile in an 
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electrophoretic field, and was not part of the normal spectrum 

of guinea pig plasma proteins. 

The tuberculin transfer system by electron microscopy 

study was found to be initiated by an interaction of cells 

containing cell bound antibody (cytophilic antibody) and the 

allergen (PPD) which resulted in disruption of the cell 

(cytotoxic effect). Upon fractionation of such supernatants 

three fractions were obtained which were also found to be present 

in extracts of these cells. Only the latter two fractions 

which were identified as jf-globulin-like fractions, and 

-globulin were found to have skin reactivity. Their 

production of a "mixed" type of skin reaction resulted in 

identification of these moieties as being involved in the 

development of inflammation. The possible importance of this 

inflammatory role by these factors was discussed. 
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