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When Lewis Thomas came to New York University Medical Center in the midfifties, 
the search to isolate and characterize transfer factor had moved from the analysis of 
crude leukocyte extracts, never very popular with the immunological establishment, 
to leukocyte dialysates and the pursuit of an elusive dialysable moiety. It did not 
seem like a very promising advance and yet that was where the problem lead right 
up against a stone wall of all paradigms and sage wisdom of the day, particularly 
cogent reservations concerning how such a small molecule could convey so much 
specific immunological information. 

Yet none of this bothered Lew, then Chairman of our Department of Medicine, 
who espoused the cause with enthusiasm and accepted the whole idea as one ahead 
of its time and an important challenge to our philosophy. He gave unstinting support, 
encouragement, ideas, and even donated his blood to make preparations of transfer 
factor. Then to see its in vivo potency gave him delight, me reassurance, and the 
nonimmune recipient an intense delayed cutaneous reaction to tuberculin, thanks 
to Lew’s powerful immunological remembrance of things past. 

Lew exerted a pervasive influence for the good and despite the communal disdain 
the mere mention of transfer factor evoked, he remained a staunch and loyal friend 
and supporter who encouraged me to continue the quest with conviction and resolve, 
come what may. 

Such bleak winds of skepticism were quite understandable when viewed in per- 
spective and tempered by the distance of time. We were studying delayed-type hy- 
persensitivity-a mere stepchild of immunology in the best of times. Yet, who could 
have known that Lew’s introduction of George and Vaughan’s (1) capillary migration 
technique to our laboratory would result in John David’s (2, 3) and Bloom and 
Bennett’s independent (3a), discovery of the first lymphokine, migration inhibitory 
factor (MIF), and spark a whole new vocabulary in the language of cells. 

* This paper was presented at the Symposium, “Infection, Immunity and the Language of Cells: A 
Meeting in Honor of Lewis Thomas”, held at New York University Medical Center, on November 22, 
1982. 

’ The work presented here was supported in part by United States Public Health Service Research Grant 
1 ROl-Al-1963902, American Cancer Society Grant IM-286, and in part by the Cancer Immunotherapy 
Research Foundation. 
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The discovery of transfer factor and migration inhibitory factor provided the first 
suggestions that immunocompetent cells could communicate effectively with each 
other across distances in the language of soluble messengers other than immuno- 
globulin. In some ways it appeared to be a foreign language at the time and like that 
of most immigrants evoked suspicion and distrust, which only time and assimilation 
have ameliorated. 

And who could foretell that such in vitro studies on delayed-type hypersensitivity 
would flourish and contribute to the evolution of a new discipline called cellular 
immunology, or that the current state of work on a plethora of antigen-specific soluble 
factors derived from murine T-helper and T-suppressor cells would emerge, gain 
widespread acceptance, and provide ample evidence for their critical contribution to 
immunoregulation. 

There were more things in our philosophy than even Lew, at his most prescient, 
or any of us dreamed of at the time. Oh, but only to think of all the fun we had 
charting an area yet to be defined, bereft of current technological wizardry yet unborn. 

And so I am greatly indebted to Lewis Thomas whom we are gathered here to 
honor today. It is a treasured debt acknowledged with pride and one which I hope 
will be in part justified by the subsequent progress which we have made. It is fitting 
then on this happy occasion to summarize recent work from our laboratory which 
has begun to provide a rational conceptual framework for understanding the form 
and functions of transfer factor. 

THE NATURE OF THE PROBLEM 

Progress in understanding the nature and mechanism of action of transfer factor 
suffered from the lack of a rational conceptual framework for which an antigen- 
specific dialysable product of immune lymphocytes could qualify (4-6). This pre- 
dicament was heightened by the lack of an experimental animal model or a reproducible 
in vitro assay to allow for a resolution of the questions posed; particularly those relating 
to antigen-specific vs nonspecific adjuvant effects of transfer factor administration in 
vivo (7-9). 

We reported initially that the material(s) in leukocyte extracts responsible for the 
transfer of cutaneous DTH was dialysable, orcinol positive, biuret positive, resistant 
to DNase, pancreatic RNase, and trypsin, and could be eluted following passage 
through Sephadex G-25 under a broad 260/280 peak in the region of molecules of 
< 10,000 Da (10). This report was followed by extensive confirmation of the findings 
using Sephadex fractionation of the dialysate which was then widely adopted by many 
other investigators (11-13). It was subsequently appreciated that the active material 
in the dialysate bound to Sephadex and this property led to conflicting reports on 
the appearance of the active fraction in different void volumes and smearing or 
displacement of the activity resulted, rather than elution of a single molecular species 
under one peak (IO, 11). Additionally (6, 13, 14) other small pharmacologically active 
molecules with nonspecific stimulating or suppressive activities for lymphocyte function 
were detected in dialysates containing the antigen-specific activity (e.g., serotonin, 
histamine, bradykinin, ascorbate, nicotinamide, cyclic nucleotides, prostaglandins. 
and most recently, thymosin ~yl (15, 16). The contamination of one small molecule 
with such other small molecules thus provided a daunting challenge for the separation 
and isolation of the active antigen-specific moiety. 
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NEW CLUES TO THE STRUCTURE AND FUNCTION 
OF TRANSFER FACTOR 

Our recent adaptation of the direct leukocyte migration inhibition (LMI)3 test as 
a reproducible in vitro assay for the antigen-specific activity in dialysates of human 
leukocyte extracts (DLE) containing transfer factor has revealed two opposing antigen- 
specific activities to be present in the same dialysate (17). One activity possessed of 
inducer/helper function we have termed inducer factor and the other activity possessed 
of suppressor function we have termed suppressor factor. Inducer factor functions to 
convert nonimmune cells to a state of antigen-specific immune reactivity in a dose- 
dependent fashion, resulting in the inhibition of migration in the presence of the 
related antigen. Suppressor factor functions to abrogate the response of immune cells 
in the presence of the related antigen and thereby negate the anticipated inhibition 
of migration. Our subsequent studies have been directed at the further isolation, 
recovery, and characterization of these two opposing antigen-specific activities freed 
from other molecules present in leukocyte dialysates. 

INDUCER FACTOR 

Nature and Properties 

In early experiments we found that the inducer factor detected in the <12,000-Da 
dialysate could be further separated upon redialysis in tubing with a nominal 3500- 
Da cutoff. Inducer factor activity was detected in the >3500, <12,000-Da dialysis 
fraction and not in the <3500-Da fraction (17). The latter fraction contains the very 
low molecular weight constituents associated with nonspecific adjuvant activity (e.g., 
serotonin, histamine, bradykinin, ascorbate, nicotinamide), which can be effectively 
excluded by this maneuver. 

Subsequent studies sought to determine whether inducer factor bound to the related 
antigen or to the related antibody ( 18, 19). To accomplish this, crude dialysate was 
prepared from donors immune to diphtheria toxoid or to candida and subjected to 
immunoadsorption by specific antigen bound to polystyrene plates prior to assay of 
the eluate in the LMI test. 

It was observed that aliquots of candida-immune dialysate were depleted of inducer 
activity for candida following immunoadsorption with candida-coated polystyrene 
and aliquots of toxoid-immune dialysate were depleted of inducer activity for toxoid 
following immunoadsorption with toxoid-coated polystyrene. 

To test for fragments of antigen on inducer factor, toxoid-immune dialysate was 
absorbed with antitoxin IgG-coated polystyrene and the activity did not bind to its 
respective antibody. Moreover, when the toxoid-coated polystyrene immunoadsorbant 
was additionally coated with antitoxin IgG prior to exposure of the toxoid-immune 
dialysate, the binding of inducer factor to antigen was blocked. 

Studies designed to test the specificity of these findings employed aliquots of dialysate 
prepared from a single donor with intense cutaneous DTH reactivity to both candida 
and diphtheria toxoid. Immunoadsorption of the candida-immune, toxoid-immune 
dialysate with candida-coated polystyrene depleted the candida inducer activity from 

3 Abbreviations used: LMI, leukocyte migration inhibition test; DLE, dialyzable leukocyte extract; DTH, 
delayed-type hypersensitivity; MI, migration index; TF, transfer factor; TH, T helper cell; Ts. T suppressor 
cell; TOX, diphtheria toxoid; CAN, candida antigen; PPD, purified protein derivative of tuberculin. 
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the dialysate while the toxoid inducer activity remained in the eluate. Conversely, 
immunoadsorption of aliquots of the same dialysate with toxoid-coated polystyrene 
depleted the toxoid inducer activity from the dialysate while the candida inducer 
activity remained in the eluate. These results are summarized in Table 1 ( 19). 

Finally, the immunoadsorbant-bound toxoid inducer factor and candida inducer 
factor, respectively, could be recovered following treatment with 8 M urea, and the 
purified factor for each specificity was active in converting nonimmune cells to a 
state of immune reactivity to the respective antigen in the LMI assay (19). 

We interpreted these findings to suggest that the antigen-specific activity detected 
in crude leukocyte dialysates is due to the inducer factor which functions to engage 
nonimmune cells and thereby convert them to a state of immune reactivity by virtue 
of its capacity to bind antigen. The failure of inducer factor alone to function as a 
superantigen or to bind to high-titer antibody of related specificity, tended to exclude 
the presence of dialysable antigen fragments as a source of the observed specificity. 
The findings also suggested that the inducer factor may be either a dialysable fragment 
of an immune T-cell antigen receptor, a portion of its V-region gene product, or a 
unique Ir-gene product of T cells which assists in antigen presentation to other T 
cells ( 19). 

In the course of these in vitro studies (18, 19), two other groups of investigators 
reported independent observations on the binding of antigen-specific activity in di- 
alysable TF preparations to the related antigen. Peterson and co-workers, (20, 21) 
have reported that prior incubation of murine dialysates with the related but not 
unrelated antigens blocked the transfer of footpad swelling between C56BL/6 or 
BALB/c mice. Burger et al. (22) also have reported that prior exposure of KLH- 
specific transfer factor preparations to KLH, but not to other antigen-immunoadsorbant 
columns, resulted in a marked decrease in the capacity of in vivo transfer of delayed 
cutaneous reactivity to KLH to human volunteers. 

It is pertinent to recall in this connection that our earlier studies with Pappenheimer 
(23, 24) had revealed that cell populations immune to tuberculin and to diphtheria 
toxoid when incubated with PPD for one-half hour, resulted in the liberation of the 
tuberculin transfer factor into the supematant while the toxoid transfer factor remained 
in the cell pellet. In contrast, when aliquots of cell populations were incubated in the 

TABLE 1 

Deletion of Antigen-Specific Activity from DLE after Absorption by Polystyrene-Bound Specific Antigen 

Antigenic 
specificities of 

DLE 
Polystyrene-antigen 
Immunoadsorbant 

Migration indices” 

For CAN For TOX 

No DLE None 
TOX+ CAN+ None 
TOX+ CAN+ TOX 
TOX+ CAN+ CAN 

0.98 f .04b 0.95 f .ov 
0.75 f .09’ 0.77 f .09’ 
0.76 f .09’ 0.97 f .03h 
0.95 + .08g 0.79 f .05’ 

Source. Reprinted, with permission, from Ref. (19). 
Note. CAN = candida; TOX = diphtheria toxoid. DLE = dialysable leukocyte extract. 
’ Mean MI + 1 SD for 6 separate experiments by paired t-test analysis. 
b-r c vs b (P < 0.01); e vs d (P < 0.01); f  vs c, g vs b, h vs d, and i vs d (not significant). 
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absence of PPD, both activities remained in the cell pellet with no in vivo activity 
detected in the supematant. We had designated this activity antigen-liberated TF. 
The studies of Wilson et al. (25) have led to the proposal that two structurally different 
TFs (TF-5 and TF-7), for each antigenic specificity, are present in immune dialysates, 
and they postulate that TF-5 may be secreted by antigen-activated T cells and become 
part of a T-cell antigen receptor. In a more recent approach to this problem Wilson 
et al. (26) have confirmed our earlier observations (24) on the in vitro preparation 
and detection of antigen-liberated TF and extended them to delineate it as a single 
moiety more closely related to TF-5 than to TF-7, the intracellular product which 
they view as a gene regulator. 

A Product of T Helper Cells Which Binds to T Suppressor Cells and to Macrophages 

In our subsequent studies (27), it became of interest to learn which cell type is the 
source of inducer factor and which cell type is the target of its activities. To accomplish 
this T cells were separated into T helper (Tu) cells and T suppressor (Ts) cells using 
panning techniques and monoclonal antibodies (anti-Tu cell-Leu 3a, anti-Ts cell- 
Leu 2a) to deplete Tu cells or Ts cells, respectively. Using the LMI assay it was found 
that inducer factor activity was detected in dialysates of Tu cells and no activity could 
be detected in dialysates of Ts cells. 

To explore this finding further we next employed short-term culture of diphtheria 
toxoid-stimulated Ficoll-Hypaque-purified human lymphocytes which were treated 
with T-cell growth factor (IL-2) and carried for 2-3 weeks in culture. At 2% weeks 
94% of the antigen-stimulated proliferating lymphocytes were Tu cells as determined 
by immunofluorescence with monoclonal anti-Leu 3a antibodies. When either the 
culture supematant or the dialysates of the TH cell population were tested in the LMI 
assay, toxoid-specific inducer factor activity was detected on migrating nonimmune 
cells in each preparation, and no suppressor factor activity could be detected on 
migrating immune cells (27). 

When immune dialysates were subjected to adsorption with purified cell populations 
it was found that inducer factor activity could be completely absorbed from the 
dialysate by purified populations of Ts cells and by macrophages, but not by Tu cells 
nor by polymorphonuclear cells (27). 

From this approach it was concluded that inducer factor is a product of Tu cells 
which selectively binds to Ts cells and to macrophages. We interpreted these findings 
to suggest that inducer factor augments cell-mediated immunity via an immunoregu- 
latory network. 

Inducer Factor Binds to Anti- V-Region and Anti-la-Region Antibodies 

To pursue the question posed by the detection of an antigen-binding dialysable 
fragment derived from Tu cells, it became of interest to learn whether inducer factor 
bore V-region, Ia-region, or HL-A-region determinants (27), To accomplish this we 
exposed dialysates containing inducer factor to solid-phase immunoadsorbants coated 
with affinity purified rabbit anti-murine Vu-region and V,-region antibodies prepared 
by Givol and co-workers (28, 29) and tested the eluates in the LMI assay. It was 
observed that inducer factor activity was depleted from eluates of dialysates following 
adsorption with anti-V,-region antibodies but not following adsorption with anti-V,- 
region antibodies. We repeated this study using coded samples of rabbit anti-murine 
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Vu-region and anti-Vr-region antibodies prepared by Eisen and co-workers (30) as 
dialysate immunoadsorbants and also observed that inducer factor bound to anti-Vu 
but not to anti-V, antibodies. 

To evaluate this finding further we tested coded samples of chicken anti-human 
Vu, chicken anti-human Fab, goat anti-human Fab, and chicken anti-mouse Fab 
antibodies prepared by Marchalonis and co-workers (3 1, 32). Inducer factor activity 
bound to the chicken anti-human Vn and to chicken and goat anti-human Fab 
antibodies, but not to chicken anti-mouse Fab. 

To look for Ia determinants we did similar solid-phase immunoadsorption studies 
of crude dialysates using Geier and Cresswell’s (33) rabbit polyclonal anti-human Ia 
antibodies and Schlossman’s and co-workers (34) murine monoclonal anti-human 
Ia antibodies. It was observed that inducer activity bound to the polyclonal and to 
the monoclonal anti-Ia antibodies and was depleted from the eluate when tested in 
the LMI assay. 

Finally in this series of experiments we sought to find HLA determinants on inducer 
factor by similar techniques using Schlossman’s murine monoclonal anti-human & 
microglobulin antibodies as immunoadsorbant (34). It was observed that Inducer 
Factor activity was not depleted from dialysates following exposure to anti-&mi- 
croglobulin antibodies. 

From this series of experiments we concluded that inducer factor appears to contain 
Vn-region determinants and Ia-region determinants but not &microglobulin deter- 
minants. The question of whether inducer factor actually contains Ia-region deter- 
minants or whether it merely binds to Ia, as suggested by its complete absorption by 
macrophage populations, is currently under investigation. 

The failure to detect &microglobulin determinants and the possibility that inducer 
factor may bind to Ia could suggest a structural basis for its lack of MHC restriction 
and species restriction characteristic of most (35, 36) but not all (37, 38) antigen- 
specific mm-me helper and suppressor T-cell factors. 

The nature and properties of inducer factor elucidated to date using the LMI in 
vitro assay are summarized in Table 2 below. 

We concluded from these studies that inducer factor is a >3500, <12,000-Da 
antigen-binding constituent of leukocyte dialysates which is a product of Tu cells and 
which expresses V-region and perhaps Ia-region but not &microglobulin determinants. 
We believe that inducer factor may be a dialysable proteolytic fragment of an antigen 
receptor of Tu cells that confers immune reactivity on nonimmune T-cell populations 

TABLE 2 

Transfer factor (Inducer-Helper Activity) 

1. Binds to Specific Antigen but Not to Specific Antibody 
2. Recovered from Antigen-Immunoadsorbent with 8 M Urea 
3. Binds to Anti-Vu but Not to Anti-V, Antibody 
4. Binds to Anti-Ia but Not to &Microglobulin Antibody 
5. Resides in Tu Cells and Not Ts Cells 
6. Absorbed by Ts Cefls and by Macrophages 
7. Found in >3500, <12,000-Da Dialysis Fraction 
8. Equips Nonimmune Cells with Antigen-Binding Moiety 
9. ? Dialysable Fragment of TH Cell Antigen Receptor 
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by virtue of its capacity to bind antigen. The finding that inducer factor selectively 
binds to Ts cells and to macrophages suggests that it functions in an immunoregulatory 
network (27). 

Nevertheless, the precise sequence of events following the binding of inducer factor 
to Ts cells and to macrophages which eventuates in the induction and/or augmentation 
of cell-mediated immune responses in vitro remains to be clarified. Additionally, the 
in vivo activities of immunoadsorbant-purified inducer factor are also currently under 
investigation in BALB/c mice using the transfer of DTH footpad reactivity as the 
endpoint. 

SUPPRESSOR FACTOR 

Nature and Properties 

The antigen-specific suppressor factor is detected in the same >3500, <12,000-Da 
dialysate which also contains inducer factor when prepared from unpurified lymphocyte 
populations (17). There is also a nonspecific suppressor activity present in crude 
< 12,000-Da dialysates which can be separated from the antigen-specific suppressor 
factor by dialysis at the 3500-Da cut off. The antigen-specific suppressor resides in 
the >3500-Da dialysis fraction and the nonspecific suppressor is excluded in the 
<3500-Da dialysis fraction (39). 

The activity of the antigen-specific suppressor factor is assayed on immune cell 
populations in the LMI assay and is detected by its abrogation of the inhibition of 
migration produced in the presence of the related antigen compared to that of identical 
control cell populations which in the absence of suppressor factor are inhibited in 
migration. As with the inducer factor, similar questions were asked and essentially 
the same protocols followed to isolate, purify, and characterize the antigen-specific 
suppressor factor. 

Briefly, it was observed that suppressor factor did not bind to the related solid- 
phase antigen immunoadsorbant but did bind to the related antibody immunoad- 
sorbant. In this instance, a diphtheria toxoid-specific suppressor factor was depleted 
from the dialysate following adsorption with high titer diphtheria antitoxin IgG im- 
munoadsorbant. However, when the antitoxin-specific moiety was removed from the 
IgG by adsorption with toxoid prior to using it as an immunoadsorbant for the 
dialysate, no depletion of suppressor factor from the eluate occurred (39). 

Additionally, it was observed that the antibody-bound suppressor factor can be 
recovered from the immunoadsorbant following treatment with glycine-HCl and its 
activity is comparable in the LMI assay to preparations of crude dialysate from which 
the inducer factor has been removed by immunoadsorption with antigen. 

To seek the cell of origin of suppressor factor similar panning techniques with 
monoclonal anti-Tn cell and anti-Ts cell antibodies were carried out to prepare pm&d 
Tu and Ts cell populations. Dialysates prepared from Tu cells had no suppressor 
activity in the LMI assay while dialysates prepared from Ts cells did abrogate the 
response of immune cells to the related antigen. 

Similarly, adsorption studies of dialysates containing suppressor factor with purified 
cell populations revealed that it was completely absorbed by Tu cells and by mac- 
rophages, but not by Ts cells nor by polymorphonuclear cells. 

From this phase of the studies it was concluded that the antigen-specific suppressor 
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factor binds to the related antibody, and is a product of Ts cells which binds to Tu 
cells and to macrophages (39). 

We next sought V-region, Ia-region, and HGA-region determinants on the sup- 
pressor factor using the same anti-V-region, anti-Ia-region, and anti-&microglobulin 
antibodies as immunoadsorbants as described above for inducer factor. It was observed 
that suppressor factor bound to anti-V, antibodies of Givol and anti-V1 antibodies 
of Eisen but not to anti-Vu antibodies; it also bound to monoclonal anti-Ia but not 
to anti-&microglobulin antibodies of Schlossman. It was concluded that suppressor 
factor expressed V-region and perhaps Ia-region determinants but not B2-microglobulin 
determinants (39). 

In this in vitro system it was also observed that suppressor factor appears to compete 
with the related specific antigen for the antigen-binding sites on immune Tu cells. If 
immune cells were pulsed with suppressor factor first and then pulsed with antigen, 
the response to antigen (i.e., inhibition of migration) was abrogated. If the immune 
cells were pulsed with antigen first and then with suppressor factor no suppression 
occurred and the cells were inhibited in their migration. If, however, immune cells 
were pulsed with suppressor factor and antigen simultaneously then the response to 
antigen was suppressed, albeit to a lesser degree than that which occurred when 
suppressor factor was added before the addition of antigen (39). 

An Anti-Transfer Factor 

Most investigators in this area have experienced the disappointment of testing 
preparations of dialyzable transfer factor prepared from donors with marked cutaneous 
DTH, which should be potent, and finding the preparation either inactive or only 
weakly active in augmenting cell-mediated immunity in vivo or in vitro. In work 
initiated with our colleague, J. Berger, we have deliberately evaluated such inactive 
preparations in the LMI assay and found that they can be restored to full activity in 
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FIG. 1. Dose dependence of inhibitor of inducer factor activity-immunoadsorbant-purified inhibitor 
recovered from diphtheria toxoid-Immune dialysate added in increasing concentration to diphtheria toxoid- 
immune dialysate (DLE). Reprinted, with permission, from Ref. (39). 
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vitro by removal of an “inhibitor” of inducer factor activity (39a). Like the suppressor 
factor, the inhibitor binds to solid-phase immunoadsorbants coated with the related 
IgG and can be recovered from the immunoadsorbant in purified form following 
treatment with glycine-HCl (39). 

When increasing concentrations of such purified preparations of inhibitor are added 
to equal aliquots of an immune dialysate with demonstrable inducer factor activity 
on nonimmune cells, the inducer factor activity of the related specificity is neutralized 
in a dose-dependent fashion, as shown in Fig. 1. 

This effect of the inhibitor is inducer factor specific as illustrated in the data charted 
in Fig. 2. In these experiments an immunoadsorbant-purified inhibitor recovered 
from diphtheria toxoid-immune dialysate was found to block only the activity of the 
diphtheria toxoid-immune inducer factor but not the candida-immune inducer factor 
when added to a toxoid immune-candida immune dialysate (39). 

We believe this inhibitor of inducer factor activity and the antigen-specific suppressor 
factor are probably different expressions of the same moiety present in crude dialysates 
but formal proof of their identity remains to be established. 

In Vivo Activities of Suppressor Factor 

In view of the potent in vitro function of suppressor factors of different specificities 
in abrogating the response of immune cells to the related antigen it became of interest 
to test the same preparations in vivo. To accomplish this BALB/c mice were immunized 
with diphtheria toxoid in Freund’s adjuvant and 4 weeks later either toxoid-specific 
crude human dialysate or saline was administered intraperitoneally 1 day before the 
test injection of diphtheria toxoid in the footpad. The footpad reactions in test and 
control mice were then compared. It was observed that footpad reactivity was sig- 
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FIG. 2. Specificity of inhibitor for related inducer factor. An immunoadsorbant-purified inhibitor recovered 
from diphtheria toxoid-immune dialysate blocked activity of diphtheria toxoid inducer factor but not 
candida inducer factor when added to a toxoid-immune, candida Immune dialysate (DLE). Reprinted, 
with permission, from Ref. (39). 
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nificantly depressed in dialysate-treated mice compared to saline-treated controls. A 
comparable suppression of footpad reactivity was observed in other groups of mice 
given aliquots of the same dialysate which had been depleted of inducer factor following 
immunoadsorption with diphtheria toxoid. Similar results were also obtained with 
dialysate preparations obtained from other diphtheria toxoid-immune donors (40). 

To pursue this question further, additional experiments evaluated the suppressive 
effects of crude dialysate on footpad reactivity of immunized BALB/c mice compared 
to various preparations derived from it. It was observed that administration of either 
crude dialysate or dialysate depleted of inducer factor by prior immunoadsorption 
caused suppression of footpad reactivity. However, a “sham” dialysate preparation 
depleted of both inducer factor and suppressor factor by prior immunoadsorption 
did not result in suppression of footpad reactivity. Administration of immunoad- 
sorbant-purified inducer factor did not result in suppression of footpad reactivity 
whereas administration of immunoadsorbant-purified suppressor factor did result in 
suppression of footpad reactivity (40). 

The reduction of footpad reactivity observed was roughly of the same magnitude 
in the groups of mice treated with crude dialysate or inducer factor depleted dialysate 
(44-47% reduction in treated mice compared to controls). However, the immu- 
noadsorbant-purified suppressor factor recovered following treatment with glycine- 
HCl appeared to have lost some activity in the process (only 25% reduction of footpad 
reactivity in treated mice compared to controls). It was concluded that the suppression 
of footpad reactivity produced in immunized mice by crude dialysate was mediated 
by suppressor factor, not by inducer factor or by other materials in the sham dialysate, 
and that recovery of purified suppressor factor from the immunoadsorbant resulted 
in a moderate loss of in vivo activity (40). 

From this series of studies on the suppressor factor and the inhibitor of inducer 
factor we have concluded that suppressor factor abrogates the response of immune 
cells to the related antigen. It appears to compete with antigen for the antigen receptor 
site on responding cells in that it blocks the response only if added before or simul- 
taneously with antigen, but not when added after the cells have been exposed to 
antigen. The properties of suppressor factor include: (1) it does not bind to antigen 
(epitope) but does bind to specific antibody (paratope) and the activity can be recovered 
from the antibody solid-phase immunoadsorbant by treatment with glycine-HCl; (2) 

TABLE 3 

Suppressor Factor (Anti-Transfer Factor) 

I. Binds to Specific Antibody IgG but Not to Specific Antigen 
2. Recovered from IgG Immunoadsorbent with Glycine-HCl 
3. Binds to Anti-V, but Not Anti-V, Antibody 
4. Binds to Anti-la but Not Anti-&-Microglobulin Antibody 
5. Resides in Ts Cells and Not Tn Cells 
6. Absorbed by T, Cells and by Macrophages 
7. Found in >3500, <12,000-Da Dialysis Fraction 
8. Blocks Inducer-Helper Activity of TF on Nonimmune Cells in a Dose-Dependent Fashion 
9. Abrogates Responses of Immune Cells to Specific Antigen in Vitro and Suppresses Footpad 

Response in Immune BALB/c Mice in Viva 
10. ? Dialysable Fragment of Anti-idiotypic T Cell Receptor 
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it resides in the >3500, x12,000-Da dialysis fraction; (3) it is a product of Ts cells 
and is absorbed from solution by Tu cells and by macrophages; (4) it is adsorbed by 
murine anti-V1 antibodies and by monoclonal anti-human Ia but not by monoclonal 
anti-human &microglobulin antibodies; (5) it results in suppression of footpad reac- 
tivity in actively immunized BALB/c mice in vivo; (6) abrogates the response of 
immune cells to antigen in vitro; and (7) blocks the effect of inducer factor on the 
conversion of nonimmune cells to immune reactivity in vitro in a dose-dependent 
fashion (39, 40). 

We interpret the nature and properties of the suppressor factor to suggest that it 
may be a dialyzable proteolytic fragment of an anti-idiotypic Ts cell receptor and 
that it competes with antigen to bind the receptor of immune TH cells and block 
their response. 

The properties of suppressor factor, resulting from these studies, are summarized 
in Table 3. 

QUALITATIVE ANALYSIS OF LEUKOCYTE DIALYSATES 
CONTAINING INDUCER FACTOR AND SUPPRESSOR FACTOR 

The antigen-specific inducer and suppressor factors reside in the crude < 12,000- 
Da dialysate fraction along with assorted molecules with nonspecific adjuvant-like 
activities such as serotonin, histamine, bradykinin, ascorbate, nicotinamide, prosta- 
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FIG. 3. Qualitative analysis of leukocyte dialysates containing inducer factors and suppressor factors of 
varying specificities-isolation and purification by differential dialysis and affinity immunoadsorption. 
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glandins, cyclic nucleotides, and thymosin al. When dialysates are prepared from 
Ficoll-Hypaque-purified lymphocytes all of these materials, and probably others, are 
present in such preparations. If the < 12,000-Da dialysate is subject to redialysis at 
a 3500-Da cut off then the >3500-Da dialysis fraction contains both the antigen- 
specific inducer and suppressor factors, while the smaller adjuvant-like molecules 
along with the nonspecific suppressor activity are segregated in the <3500-Da dialysis 
fraction. Exposing either the < 12,000- or the >3500-Da fraction sequentially to antigens 
will bind and remove inducer factors of the related specificity which can then be 
recovered individually following treatment with 8 M urea (41). 

Eluates of such inducer factor-depleted dialysates contain suppressor factors of the 
related specificities which will bind to and be removed following exposure to the 
respective IgG immunoadsorbant and they can be recovered individually following 
treatment with glycine-HCl (41). 

This approach to the isolation and purification of inducer and suppressor factors 
is diagramatically illustrated in Fig. 3. 

Alternatively, dialysates containing inducer factor can be prepared directly from 
purified lymphocyte populations enriched for T helper cells and dialysates containing 
suppressor factor can be prepared directly from purified lymphocyte populations 
enriched for T suppressor cells. Tn cell dialysates can then be exposed to antigen 
immunoadsorbant to isolate and recover purified inducer factor and Ts cell dialysates 
can be exposed to antibody immunoadsorbant to isolate and recover purified suppressor 
factor of the desired specificity. This approach is diagramatically illustrated in 
Fig. 4. 

POTENTIAL CLINICAL APPLICATIONS 

Most of the clinical trials of transfer factor therapy have employed crude leukocyte 
dialysates which we now appreciate could contain variable proportions of inducer 
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FIG. 4. Preparation of inducer factor from enriched TH cell populations and suppressor factor from 
enriched Ts cell populations. 
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factor and suppressor factor (5, 6, 42, 43). The recent findings summarized here 
would suggest that if augmentation of cell-mediated immunity is the goal, it should 
be considerably enhanced by enrichment of the inducer factor and removal of the 
suppressor factor in the preparations of transfer factor administered. 

There are also categories of disease characterized by deleterious hyperimmune 
responses or clinical situations characterized by an undesirable immune response in 
which administration of an antigen-specific suppressor factor might be indicated. 
Examples of the former that leap to mind are disabling allergic and atopic diseases 
and disseminated lupus erythematosis, as a prototype of autoimmune disease. 

An example of the latter is posed by the rejection of bone marrow and organ 
transplants and the complications resulting from current immunosuppressive therapy. 
It should be possible to produce in vitro a suppressor factor specific for the HLA 
antigens of the prospective donor of the transplant. Administration of such a donor- 
specific dialysable suppressor factor to the transplant recipient should have the selective 
capacity to block the function of only that subpopulation of Tn cells sensitized to 
and reactive against the target cells of the donor graft. 

Such clinical applications must await, of course, careful in vivo evaluation of the 
findings summarized above in appropriate experimental animal models. 

CONCLUSION 

Thus the pursuit of the idea of a soluble initiator of cell-mediated immunity has 
moved from viable cells (44) to leukocyte extracts (45) and their crude dialysates (10) 
to affinity purified moieties with inducer or suppressor function. This recent spurt 
of activity had to await the development of the new technology and the concepts it 
generated. 

There is a certain poetic justice in the recent developments summarized here, in 
that one of us spent an entire investigative career eschewing humoral immune responses 
in any guise to follow untrammeled the siren call of cellular immunity, happily 
oblivious to immunoglobulin domains, the V region and all of that. How ironic, 
then, to back into the V region in this odd way and find oneself in hot pursuit of 
the elusive T-cell receptor and its anti-idiotype, however, digested and fragmentary 
each may be. 

This is the sort of twist of fate that Lew Thomas would savor the most-a gentle 
tug from the slender thread of reality to remind us that Nature “plays with us for 
sport” and that the only rational quality about the pursuit of science is its persistent 
irrationality. By that I do not mean to scant its cataract of hard fact nor the beautiful 
symmetry it conveys-but rather to acknowledge the embarrassment of backing into 
discoveries by sheer chance. 

And so, Lewis Thomas, I salute you and thank you for your generosity and kindness 
and unstinting support along the long and rocky road of this quest. And I join with 
all who are privileged to honor you here today in wishing you continued joy and 
happiness in generating new ideas which have enriched us all. 
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