Transfer Factor and Other Mediators of
Cellular Immunity

H. S. Lawrence, MD and F. T. Valentine, MD*

DELAYED-TYPE HYPERSENSITIVITY, OR CELLULAR IMMUNITY,
comprises a class of immune responses that result in tissue damage and
that are distinctive in their induction and expression from responses
mediated by humoral antibody. Moreover, until recently an accepted
characteristic of cell-mediated immunity was the absolute require-
ment of living lymphoid cells, rather than any constituent or product of
such cells, to initiate this type of inflammatory response. This con-
viction arose from Landsteiner and Chase’s pioneering discovery of
the cellular transfer of delayed hypersensitivity in the guinea pig. Thus,
by this one simple observation, they clearly separated cellular from
serum antibody responses and provided an immunologic reagent for
analysis of mechanisms of cellular immunity. The need for living cells
was fostered by the short-lived duration of sensitivity in outbred ex-
perimental animals and by the failure to achieve transfer in vivo with
extracts of lymphoid cells."! Thus matters stood, dntil the adaptation of
cellular transfer to human species.>® Cellular transfer in humans was
accomplished at first with viable circulating leukocytes ®* and the
results paralleled those in the guinea pig; namely, the requirement for
a specifically sensitive donor and an adequate dosage of cells to achieve
transfer. Early departures from the experience in animals centered
around the lower dosages of cells effective in man and the long dura-
tion of transferred sensitivity (months to 1-2 years).® These clues led
to the demonstration that leukocyte extracts are as effective in the
transfer of delayed sensitivity in man as viable cells.® Since this critical
finding marked a major departure from observations in experimental
animals, it was understandably accorded a certain skepticism. Never-
theless, with subsequent repeated and extensive confirmation of the
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efficacy of leukocyte extracts in the transfer of delayed hypersensitiv-
ity in man, this finding is no longer in question.**®

The value of transfer with leukocyte extracts lay in the opportunity it
afforded to begin the search for the identity and character of the active
moiety, which we have termed transfer factor. This approach led to the
findings that the activity in leukocyte extracts is not abolished by
either endogenously liberated nucleases or lysosomal hydrolases or by
exogenous addition of DNAse, RNAse or DNAse plus trypsin.® Im-
munologic studies revealed transfer factor does not function as
antigen or superantigen in that it was unable either to transfer or to
actively induce antibody formation in the recipient despite the ap-
pearance of delayed sensitivity to diphtheria toxoid.!® " We were
also unable to detect antitoxin either in the sensitive leukocyte ex-
tracts used to transfer delayed sensitivity or in the recipient of transfer.
This interesting observation was later confirmed by Good and his
colleagues *® in agammaglobulinemic recipients of transfer as well as
in our subsequent studies demonstrating the transfer of coccidioidin
sensitivity.'® ** Thus, when circulating leukocytes or their extracts are
used as vehicles of transfer factor, the recipient expresses delayed cu-
taneous sensitivity in the absence of specific circulating immuno-
globulins. Whenever multiple sensitivities have been transferred in
humans, the recipient expresses the exact pattern exhibited by the
donor.® *2 In effect, the recipient of transfer factor is endowed with
the precise cellular immunologic memories of the donor, for prolonged
periods of time.

This highly selective immunologic specificity of transfer factor is also
evident in results achieved in transfer of accelerated skin homograft
rejection.” Here we found that a new transfer factor was synthe-
sized by each individual actively sensitized to any other individual’s
skin homograft. Injection of an unrelated recipient with a transfer
factor versus A’s skin resulted in accelerated rejection only of target
skin grafts from A and not control skin grafts from B, C or D. As a result
of this specificity of the host’s transfer factor for the histocompatibility
antigens of the transplant donor, we have suggested elsewhere that the
immunosuppressive effects of antilymphocyte serum result from its
engagement, among the total population, of the very few cells bearing
transfer factor directed against that particular organ transplant.?

Progress in the search to identify and characterize transfer factor
was greatly facilitated by our subsequent finding that it is a dialyz-
able moiety of < 10,000 mol wt that is neither an immunoglobulin nor
a light chain.”® Dialyzable transfer factor has all the biologic activities



Vol. 60, No. 3 TRANSFER FACTOR 439
September 1970

possessed by the parent leukocyte extract or the viable cells from
which it is prepared.

Thus in one simple step transfer factor is separable from all of the
macromolecular cell constituents including transplantation antigens.?
Our earlier studies using diphtheria toxoid demonstrated that trans-
fer factor could not induce antibody synthesis (antitoxin) in recip-
ients; ** more recent attempts to make an antibody to dialyzable
transfer factor have also been equally unsuccessful since it is not anti-
genic when injected repeatedly in rabbits or man.® Of interest in this
connection is our additional finding that human histocompatibility
antigens in leukocyte extracts that function to actively sensitize the
host to related skin grafts are nondialyzable, whereas the dialysate
containing transfer factor cannot sensitize to the related skin graft.
Thus, in the homograft system, the material (transfer factor) that
serves to transfer accelerated rejection is separable in form and func-
tion from histocompatibility antigens that actively induce such sen-
sitization.*

Moreover, addition of dialyzable transfer factor alone either to non-
sensitive human lymphocytes or to specifically sensitive lymphocytes
in culture has no discernible effect on such cells, as measured by
radioautography or thymidine uptake.®'® Were transfer factor an
antigen or superantigen in the form of a polynucleotide antigenic
fragment, one would anticipate lymphocyte transformation and thy-
midine uptake to occur since this in vitro system will detect as little
as 0.001 ug of PPD. This cumulative evidence would seem to exclude
the possibility that transfer factor is an antigenic fragment—or, as
postulated to fulfill its potent biologic activities, a new species of
superantigen. The biologic, biochemical and immunologic properties of
dialyzable transfer factor are summarized below.®

Biologic Biochemical Immunologic
Properties of whole Soluble, dialyzable, Not immunoglobulin
extract: lyophilizable Not immunogenic
Prompt onset (hours) <10,000 mol wt Immunologically specific
Long duration (>1yr) No protein, albumin, Converts normal lympho-
Equal intensity o or y globulin cytes in vitro and in vivo
Dissociable from Orcinol-positive to antigen-responsive state
transplantation antigens Polypeptide/polynucleotide Transformation and
Small quantities — composition clonal proliferation of
magnified effects Inactivated at 56 C for 30 min  converted lymphocytes
Resists pancreatic exposed to antigen
RNAse Informational molecule/
Retains potency (5 yr) derepressor/receptor site?

Thus, transfer factor has emerged as a dialyzable moiety of <
10,000 mol wt that is neither antigen nor antibody. By exclusion, the
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only candidates in the dialysate to qualify for the potent biologic ac-
tivities of transfer factor are polynucleotide and polypeptide chains.
The demonstration that transfer factor is inactivated by heating at
56 C for 30 min ?® and its consistent resistance to the action of
pancreatic RNAse ® ** suggest that if indeed it turns out to be a
polynucleotide, it shares certain properties with double-stranded RNA
polynucleotides. The dialyzable nature of transfer factor, its low molecu-
lar weight and polynucleotide-polypeptide composition, as well as its
Sephadex patterns and nonantigenic properties have been repeatedly
confirmed by several workers in explicit detail 63

Activities of Transfer Factor In Vitro

The earliest studies in vitro of transfer factor were done with AM
Pappenheimer and showed that incubation of sensitive blood leuko-
cytes with specific antigen (PPD) desensitized the cells and liberated
preformed transfer factor into the cell-free supernatant solution within
30 min of incubation.!® '" In experiments using leukocyte populations
sensitive to both diphtheria toxoid and tuberculin, incubation with
PPD resulted in release of the tuberculin transfer factor into the super-
natant while the toxoid transfer factor remained in the cells.!” These
experiments suggested that antigen interacts with transfer factor but
does not block its activity; the interaction is immunologically speci-
fic; and the release occurs promptly within 1 hr of incubation and
results in the liberation of preformed transfer factor. This stands in con-
trast to the synthesis de novo of the extracellular proteins LTF, MIF,
and LT (discussed below), which require a 12-18 hr latent period
after triggering with antigen, before detectable levels are reached.

Transfer Factor and Lymphocyte Transformation

The findings that dialyzable transfer factor is not antigenic in ani-
mals or man * and that it is freed of histocompatibility antigens have
allowed it to be added to nonsensitive lymphocytes in culture without
discernible effects, as measured by thymidine uptake or autoradiogra-
phy. Taking advantage of this property, Fireman et al ® and Valentine
and Lawrence®* found that dialyzable transfer factor can convert
nonsensitive lymphocytes in culture to an antigen-responsive state,
which is revealed by transformation of such lymphocytes to lympho-
blasts after but not before addition of the appropriate antigen. It was
also observed that administration of dialyzable transfer factor to neg-
ative recipients in vivo, in addition to initiating specific delayed cu-
taneous reactivity, also conferred on the recipient’s lymphocytes the
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capacity to respond to appropriate antigen with transformation and
clonal proliferation in vitro. Adler and Smith * have subsequently
shown that dialyzable human tuberculin transfer factor also converts
nonsensitive mouse spleen lymphocytes in vitro to a specific antigen-
responsive state detected by transformation and thymidine uptake in
the presence of tuberculin.

Lymphocyte Transforming Factor

We were not entirely satisfied by the very small number of lympho-
cytes engaged by dialyzable transfer factor (—eg, about 5% at 7 days)
despite the highly selective, specific nature of this event. We therefore
adapted the technic of incubating sensitive lymphocytes in vitro with
antigen ' with the idea of specifically liberating more transfer factor.
This resulted in the production by antigen-stimulated lymphocytes of
a nondialyzable, heat labile (56 C) supernatant material which, upon
addition to nonsensitive lymphocytes in the presence of antigen, caused
their transformation and clonal proliferation.®* ** We have termed
this activity lymphocyte transforming factor (LTF) and since it is not
sedimentable at 100,000 X g, we believe it to be distinct from histo-
compatibility antigens. The production of LTF is immunologically
specific in its requirements and its activity is antigen-dose dependent.
LTF appears distinct from transfer factor in some of its properties
(—eg, it is nondialyzable ). Although it functions as a recruiting agent
for nonsensitive lymphocytes, we do not yet know whether this re-
cruitment exhibits the same specificity that is detected when dialyzable
transfer factor is used. We continue to study this nondialyzable mole-
cule and its relationship to dialyzable transfer factor. The existence
and properties of lymphocyte transforming factor have been con-
firmed in animals* and humans.*” The simjlarities and differences
between transfer factor and lymphocyte transforming factor are dia-
grammatically oversimplified in Text-fig 1.

Escalation of Cellular Immunity: Clonal Proliferation vs. Recruitment

A major question arising from studies in vivo and in vitro of transfer
factor in humans® ** and from studies of transferred radio-labeled
cells in animals had been: How can so few lymphocytes accomplish so
much? Answers to this question have just begun to emerge from sev-
eral lines of investigation. Recently Marshall and the authors of this
paper ** * secured time-lapse cinematographic evidence that as few
as < 2% of circulating human lymphocytes are antigen-responsive
in vitro. It is these few cells that give rise to the 20% transformed
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lymphocytes (blast cells) detected after 7 days’ incubation with spe-
cific antigen. This increment occurs by a process of repeated cell di-
vision and the proliferation of a clone of lymphocytes. Although clonal
proliferation could adequately entirely account for the increase in
lymphoblasts to 20%, the design of these experiments cannot exclude
recruitment of uncommitted lymphocytes to the pool of responsive cells
in the first 48-72 hr of test tube culture. We would suggest that re-
cruitment of uncommitted cells may actually occur in this early period
after the few responsive lymphocytes are engaged by antigen. This
view arises from the demonstration, by this laboratory, of two agents
that actually do recruit nonresponsive cells; namely, transfer factor
and lymphocyte transforming factor ** * discussed above. The mag-
nitude of the reality of antigen-stimulated clonal proliferation of lym-
phocytes is illustrated in Fig 1.

Migration Inhibitory Factor

Other attempts at detecting transfer factor activity in vitro were un-
dertaken with David, Al-Askari and Thomas *® using the capillary mi-
gration technic of George and Vaughan.’” These studies led to extensive
application of the technic and to the discovery of migration inhibitory
factor (MIF) ** %2 as Dr. Bloom discusses in detail below. However,
Dr. David and I were unable to detect transfer factor in the guinea
pig system and our efforts to adapt human cells were inconclusive.
Subsequently, Thor and Dray®® successfully applied the capillary migra-
tion technic to human cells with results essentially similar to those re-
ported in the guinea pig. Thor*® has also reported, using human cells,
the transfer in vitro to normal lymphocytes of the capacity to make MIF
when stimulated with the appropriate antigen by means of an RNA
species prepared from specifically sensitive lymphocytes.*® This RNA
material differs from transfer factor in its larger molecular size and in
its inactivation after treatment with pancreatic RNAse.

A recent clue to the relationship of transfer factor to the other
mediators of cellular immunity was secured by Rocklin and David and
colleagues.** These investigators were treating a patient suffering from
disseminated candidiasis with dialyzable transfer factor prepared
from candida-positive donors. Before the injection of transfer factor
in vivo, the patient had a negative skin test to candida antigen, and
her lymphocytes failed to make MIF when incubated with antigen.
After transfer, delayed cutaneous reactivity to candida appeared and
her lymphocytes acquired the capacity to produce MIF upon anti-
genic stimulation.
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Thus, from this and other data discussed above, transfer factor
functions to convert nonsensitive lymphocytes to a specific antigen-
responsive state. Once this conversion has occurred, such lymphocytes,
upon exposure to the right antigen, express all the properties detected
in natively sensitive cells. This latter includes cutaneous reactivity in
vivo, lymphocyte transformation, clonal proliferation and production
of effector molecules such as MIF.

Lymphotoxin

Dr. Granger discusses in detail the nature and properties of lym-
photoxin below. Lebowitz and Lawrence*® have also reported on
lymphotoxin (LT) produced by tuberculin-sensitive human blood
lymphocytes incubated with tuberculin for 36 hr. Rather than assay-
ing incorporation or release of a radiolabel from target cells as the
endpoint, we chose to assay cytotoxic activity by the effect of LT on
the cloning efficiency of individual HeLa cells in culture. The human
LT we have studied reduces HeLa cell clones by 98% of the control
value.

Our preparations of human LT were found to be nondialyzable and
inactivated by heating to 56 C for 30 min. We then undertook time-
lapse cinematography studies of the effects of human LT on HeLa
cells in culture and found the main effects to be rounding-up of the
cells, the appearance of abnormal forms, fusion of cells and finally
the cessation of cell division after a variable number of cycles. Cytolysis
or detachment of target cells from the plastic surface of Falcon
flasks was not observed.?

Although we have demonstrated that transfer factor can convert
normal cells to a specific antigen-responsive state, and such converted
cells have been shown by David* to produce MIF in the presence of
antigen, we have not yet demonstrated that antigen-stimulated cells
recruited by transfer factor will produce lymphotoxin as well.

Mediators of Cellular Immunity

Thus the recent application of correlates in vitro of delayed hy-
persensitivity or cellular immunity have revealed a wide variety of latent
responses residing in specifically sensitive circulating lymphocyte pop-
ulations that are triggered into activity by interaction with specific
antigen and result in the production of a family of effector molecules.
The latter, their properties and functions currently delineated are di-
agrammatically oversimplified in Text-fig 2.

Two points to be made here are (1) each of these reagents is present
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SOME ACTIVITIES LIBERATED PROPERTIES FUNCTIONS
INTO SUPERNATANT

IN VIVO IN VITRO

ANTIGEN LIBERATED NOT STUDIED IN TRANSFER CUTANEOUS NOT STUDIED IN

TRANSFER FACTOR SUPERNATANT SENSITIVITY SUPERNATANT
LYMPHOCYTE NONDIALYZABLE NOT DONE ACTIVATES NORMAL
/ ACTIVATING INACTIVATED SHOULD CONTAIN LYMPHOCYTES
C. + AG MATERIAL 56 C TRANSFER FACTOR (? DEREPRESSOR)
MIGRATION NONDIALYZABLE INCITES LOCAL AGGLUTINATES
INHIBITORY HEAT STABLE INTRADERMAL NORMAL MACROPHAGES
FACTOR REACTION REACTION (EFFECTOR)
LYMPHOCYTOTOXIC ~ NONDIALYZABLE UNKNOWN TARGET-CELL DEATH
FACTOR INACTIVATED (EFFECTOR)
56 C

TEXT-FIG 2. Activities produced by or liberated from antigen-responsive human blood
lymphocytes after interaction with specific antigen. Transfer factor: liberated after 1 hr
incubation with antigen.16.17 Lymphocyte activating material: produced after 24 hr in-
cubation with antigen.3* Migration inhibitory factor: produced after 24 hr incubation with
antigen—heat-stable, MIF is produced by human lymphocytes,55 some properties listed in
this figure were obtained in the guinea pig.41:42 Lymphocytoxic factor: produced after 36
hr incubation with antigen.#5.5¢ (From Lawrence HS5)

in the same supernatant after interaction of sensitive lymphocytes with
specific antigen; and (2) the activities listed are in the nature of a
progress report to which recent additions—eg, interferon and leu-
kotactic factor ¢ should be made.

The workers in this area are faced with at least two problems that
are currently being actively pursued. One problem posed is whether
lymphocyte transforming factor, migration inhibitory factor and lym-
photoxin represent a family of distinct molecules or whether there is
but one molecule with variable functions, depending on its concentra-
tion. The other problem relates to the demonstration of functions in
vivo for molecules produced in vitro. So far only MIF has been shown
to cause an “accelerated” cutaneous reaction of the delayed type when
injected intradermally in guinea pigs. Similar activities in vivo are
actively being sought to correlate with lymphocyte transforming factor
and lymphotoxin.

It has been apparent that transfer factor is a distinctive molecule
separable from LTF, MIF and LT by virtue of its physicochemical
properties alone—eg, dialyzable, < 10,000 mol wt, nonantigenic, etc).
The properties of transfer factor in vivo are also distinctive in the
transfer of delayed cutaneous reactivity,>* homograft rejection ** and
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recovery from disseminated intracellular viral #*** and fungal infec-
tions.*** Moreover, in addition to transferring the above states of
reactivity in vivo, transfer factor confers on the recipient’s blood lym-
phocytes the capacity to respond to antigen in vitro in the ways that
natively sensitive lymphocytes can, such as lymphocyte transforma-
tion, clonal proliferation and MIF production.

Thus we have come to view transfer factor as an initiator of cellular
immunity and distinct from the effector molecules. Moreover, transfer
factor is immunologically specific, whereas although the production of
the effector molecules is specific, their activities are largely nonspecific.
The effector molecules are not immunoglobulins.?

Transfer Factor and Immunologic Homeostasis

We have emphasized the tissue damaging effects of transfer factor
and the uncommitted cells it recruits into similar activity, with re-
sultant sickness or death of target cells bearing the correct antigenic
configuration. It is appropriate here to consider the normal function
of transfer factor and its contribution to cellular homeostasis in mul-
ticellular organisms. It should be stressed that the functions of trans-
fer factor uncovered in the recipient take place in the donor whenever
he is exposed to antigen, whether in the form of living microbes and
viruses or their products or in the form of an organ transplant.

Thomas 5! was the first to suggest that the mechanism of cellular im-
munity evolved as a defense against neoplasia, where mutant cells are
recognized by the host as “foreign” and rejected as a homograft. This
concept has since been termed “immunological surveillance” by Bur-
net.5?

We have suggested elsewhere in the self + x hypothesis ®® that
the prolonged, relatively amicable, intracellular residence of certain
bacteria, fungi and viruses results in alterations of host histocompati-
bility antigens which induce a specific transfer factor versus the self
+ x complex. This postulate virtually identified all delayed hyper-
sensitivity or cellular immune responses as homograft reactions, where
the host’s histocompatibility antigens complexed with tuberculin come
to be regarded as foreign and lymphocytes bearing the appropriate
transfer factor initiate the attempt to reject such tissues. In addition to
such activities lymphocytes equipped with an appropriate transfer fac-
tor are concerned with normal resistance to or recovery from dis-
seminated disease caused by bacteria, fungi or viruses that result in
intracellular infections. Treatment with transfer factor has been shown
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to eradicate disseminated vaccinia”*® and disseminated candi-
diasis ** * in such patients exhibiting depressed cellular immunity.

Thus one of the main activities of circulating, thymus-dependent
lymphocytes is, by virtue of the specific transfer factor they possess, the
policing of the host of unwanted cells that are foreign to it and the
attempt to reject them. Such cells may arise within the host and ac-
quire a foreign caste in consequence of mutation, neoplastic change,
or alteration of histocompatibility antigens by intracellular microbial
or viral residence; overtly foreign cells may be presented to the host
from without in the form of an organ transplant.

It appears to be no accident, therefore, that the same cell lineage,
when equipped with the appropriate transfer factor, will reject those
cells containing tubercle or leprosy bacilli, fungi or viruses and bring
disseminated infections caused by such microbes to a halt. These cel-
lular homeostatic functions of thymus-dependent circulating lympho-
cytes bearing specific transfer factors are diagrammatically oversim-
plified in Text-fig 3.

It is understood that, once interaction of such specifically sensitized
cells and the correct antigenic configuration occurs, there is initiated
lymphocyte transformation and clonal proliferation with concomi-
tant production of lymphocyte transforming factor, macrophage in-

CELLULAR HOMEOSTASIS VIA THYMUS - DEPENDENT CIRCULATING
LYMPHOCYTES BEARING THEIR SPECIFIC TRANSFER FACTORS

CENTRAL DEFICIT
CONGENITAL ABSENCE
OR
NEONATAL THYMECTOMY

) @ ® ® ® )

1 PERIPHERAL DEFICIT
IMMUNOSUPPRESSION
VIA
< DRUGS, ALS OR DISEASE
TRANSFER FACTOR VS TRANSFER FACTOR VS FOREIGN HISTOCOMPATIBILITY ANTIGENS
INTRACELLULAR INFECTIONS ARISING FROM WITHIN THE HOST OR FROM WITHOUT
< A
MYCOBACTERIA— IMMUNOLOGIC AUTOSENSITIVITY HOMOGRAFT
FUNGI - VIRUSES SURVEILLANCE ' SENSITIVITY
' [} REJECTION OF [
RECOVERY FROM REJECTION OF (SELF + X) CELLS REJECTION OF
INFECTION MUTANT CELLS OR TISSUE DAMAGE TRANSPLANT

Text-Fic 3. Predilection and specificity of transfer factor for foreign histocompati-
bility antigens arising from within or without the host. (From Lawrence HS58)
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hibitory factor and lymphotoxin each to perform tasks in vivo that
should turn out to at least resemble, if not mimic, their performance
in vitro.
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Fig 1. Frames from time-lapse cinematography show lymphoblastic proliferation in an
individual microchamber after culture of lymphocytes stimulated with tuberculin.
Sequence A through D begins on Day 3 of culture and continues through Day 6;
sequence E and F, not followed with time-lapse, illustrate magnitude clones may reach
by Day 7 or 8. Experiment suggests that clonal formation (at least after Day 3) results
from repeated cell division of a few antigen-sensitive cells rather than from recruit-
ment. (From Marshall WH et al.3%)
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