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Abstract

Current data suggests that the iransferring of immunologically specific information by transfer factor molecules
requires interaction with a cell that has been genetically programmed to be antigen reactive but at the time of
interaction is unprimed. Contact with transfer factor molecules would allow a naive recipient, on a first encounter
with anligen, to make a secondary rather than a primary immunological response. Transfer factor molecules for
each and every antigenic determinantare thus necessary. Transfer factors made from animals or humans are capable
of transferring antigen specificity across a species barricr. Even primitive species have cells from which one can
make transfer factors, The molecules are, therefore, well conserved and it is reasonable to suggest that they are
important for normal immunological functioning. Proposed mechanisms of action must explain the fact that transfer

factors obtained from the cells of high responder animals

are capable of transferring delayed hypersensitivity to

low responder animals while the reverse is not true. Transfer factor molecules are likely to interact with the variable
regions of the alpha and/or beta chain of T celi receptors to change their avidity and affinity for antigen in a way
that otherwise would only oceur after an encounter with antigen.

Introduction

In 1903 the pioneering cxperiments of Clemens
Von Pirquet allowed him to explore both the protec-
tion and damage that may follow a second encounter
with antigen. He described the phenomena noted in
terms of “uscless allergy” and “useful altergy”. The
word allergy combined two Greek words “allos’ and
“orgos”, altered energy. The useful altergy that he not-
ed was what we today would refer to as “delayed-type
hypersensitivity” while the dangerous and he thought
“nseless” immunological reactions he observed were
clearly type IV or “immediate-type hypersensitivity”
re4ciions,

Von Pirquet tried to explain everything in terms of
antibodies for, in the early part of the century. the cell
mediated immune system was yet 1o be understood.
But pioneering experiments, begun in 1342 in New
York, soon made it clear that the system was more
complicased than the one proposed by Von Pirquet. It
was noted that certain immunological reactions could
be transferred from one animal to another by cells but
not by serum and with this observation the second

coming of cellular immunology was hastened and the
concept of a division of Jabour between humoral and
cellular immunity grew quickty. Antibodies mediated
certain humoral immunity reactions, while the cells in
the peripherai blood and spleen of animals that couid
passively transfer cell mediated irnmune reactions pro-
vided a unigue repertoire of allernative immunologi-
cally protective reactions.

Further complexity developed when Lawrence in
1955 [1] demonstrated that delayed-type hypersensi-
tivity to proteins derived from tuberculin, diphtheria
and streptococei could be transferred from an immu-
nised animal to an immunologically naive one by use of
the lysates from sensitised peripheral blood cells. The
era of “Transfer Factor” was born. The phenomenon
described by Lawrence would have been interesting
even if the transfer factors he discovered merely act-
ed in a non-specific fashion to enhance some aspect
of cell mediated immune performance, thus increasing
the effectiveness of a recipients reaction to antigen.
However, from the sarliest experiments it was con-
ceivable that transfer factors were taking immunolog-
ical speeific information from one animal and giving
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it to another. Because of the difficulty ir fitting such
observed phenomenology into then current concepls
the whole subject rapidly became contreversial.

Lawrence and his co-workers soon reatised that the
molecutar weight of the active portion of the wransfer
factors they were using was less than 10,000 Da. This
made it even more difficult to conceive that immuno-
logically specific information could be contained with-
in such preparations. With the development in the late
‘60s and early “70s of evidence supporling the concept
that any one T cellis genetically programmed 10 recog-
nisc one and only one antigenic determinant it became
obvious that one would have to postulate that within
preparations of transfer factors there must be a myriad
of antigen- specific molecules.

1t was of very considerable interest that the transfer
of delayed-type hypersensitivity using cells required
syngeneic donors and recipients if the transfer was
to produce a long lasting response [2]. Transfer fac-
tors on the other hand were able 1o cross such genet-
ic barriers. But a debate among immunologists con-
cerning the antigen-specificity of transfer factors has
at some times troubled and at other times etitertained
immunology since 1955. Amplification versus speci-
ficity argurnents have been explored at length and both
had their champions. As is so often true in matters of
science and other affairs of men it appears that both
concepts are valid. There is no doubt that in the sub
10,000 molecular weight dialysable leucocyte extracts
that we are discussing there are non-specific immuno-
togically active molecules that can stimulate, in a non-
antigen-specific manner, various aspects of cell medi-
ated immunity. Indeed, Gotilieb et al. [3] have puri-
fied two potent immuncregulatory molecules that are
active at concentrations below 1 microgram pet ml and
have a molecular weight of less than 3,500 Da. These
molecules are referred to as IMREG 1 and IMREG
L. Both molecules have the same biological proper-
tics, but their dose response curves are distinctive:
TMREG 11 in larger amounts is able to down Tegu-
late immune responses. These molecules can amplify
but not transfer delayed-type hypersensitivity. Struc-
tural analysis of these molecules suggest that they are
similar to the end terminal portion of MET and LEU
Enkephalin. This pituitary tormone is known to have
immunoregulatory effects. Interestingly and perhaps
of significance for the discussionon antigen-specificity
that follows, IMREG 1 enhances the expression of high
density Interleukin 2 receptors (IL2R) 43.

Antigen-specificity

There is now incontrovertible evidence that some of the
molecules within transfer factor prepurations are able
to transter antigen-specific information. Indeed, cur-
rent concepls based on recent data must 2ccept that for
every antigen there is a carresponding transter factor
moteculeThe mechanisms by which these molecules
transfer specificity has still not been elucidated, but
with transfer factor molecules purificd o homogene-
ity now available for stucy, molecular biclogy should
allow us to rapidly unravei the mechanisms involved
[5]. What follows 15 an analysis of the possible mech-
anisms of action that ¢an be subjecied to cxperimental
testing.

Any examination of potential mechanisms must
include an appreciation of our unders tanding of clonal
selection. Under genelic pressure an Cnofmous reper-
toire of antigen-specific cells is generated even before
the birth of an animal. The human foetus at 16 weeks of
age is capable of recognising more than 1,000,000 dif-
ferent antigenic determinants. Such recegnition capac-
ity has nothing to do with the presence of antigen.
Receptors on T and B cells capable of having a “best
fir” with only one antigenic determinant ensure that
we can respond to any challenges, but at the same
time limit a primary response to a somewhat inade-
quate reaction time, as there are relatively few cells
that can respond to any one antigenic determinant on a
first encountet. It is very likely that transfer factors are
molecules that have evolved in an attampt to overcome
some of the problems associnted with the slowness of
a Primary immune response.

Transfer Factors would, in transferring immuno-
logically specific information, be required to react with
cells that have been genetically programmedto be anti-
gen reactive. The only exception to this madel would
develop if transfer Factors were found to be composed
of sections of the T-cell receptor itself and, as such,
were able to adhere to the membrane of recipient cclls
in such a way that they would in turn become passively
antigen-specific. There is little evidence for this in the
Titerature, although one experiment suggests that cells
held in tissue cubture which have lost their own antigen-
specific receptars can become reactive Lo hepatitis B
determinants after incubation with transfer factor spe-
cific for that virus [6].

Tt seems more plausible, however, that immund-
logical specificity will involve the reaction of aptigen-
specific molecules derived from one host with the
antigen-specific but unprimed cells of arecipient. Such
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interactions would aliow a naive recipient, when per-
ceiving for the first time the presence of antigen in
their ecasystem, to make a secondary rather than a pri-
mary immunological response. What is the evidence
that transfer Factor contains immunologically specific
information that can be transferred from one animal to
another?

Considerable difficulty has been encountered in
proving the specificity of transfer factor molecules if
the animals providing the transfer factors were immu-
nised with ubiguitous antigens. When any recipicnts
are tested with these same antigens they may have
already experienced them in an immunologically sub-
optimal form. The IMREG effzci might dominate and
an illusion ol antigen-specificily tie provided. ransfer

’
»chanisms must \
i

!

Factors would, in that case, only be amplitying a sub-
optimal memory response. To address these problems,
numercus experiments have been conducted in which
sranster factors have been made from individuals who
arc highly sensitised to antigenic determinants that
a potential recipient was extremely uniikely to have
encountered, For example, in the United States, trans-
fer factor was made from leucocytes obtained from
individuals on the West Coast of that country who
were strongly sensitised to coceidioidin. The prepara-
tion was then administered to volunteers on the East
Coast of the United States where reactivity to coc-
cidinidin among long time inhabitants of the area is
virtaally unknown. The successful transfer of delayed-
type hyperscasitivity to this antigen strongly suggested
thal antigen- specificity was involved {7].

Even more convincing experiments utilised the
antigen keyhole limpet haemocyanin (KLH), an anti-
gen to which no-one would normally be exposed.
Blood was collected from volunteers for the produc-
tion of transfer factors. These same volunteers were
then immunised with KEH. Blood, collected after opli-
gl delaycd hypersensitivity responses had developed
in the donors, was used to make a further batch of
transfer factors from the same individuals. In a double
blind study, pre-KLH and post-KLH transfer factors
were administered to volunteers. Twenty five of the 26
recipients of transfer factors made after KLH immuni-
sation where able to respond to KLH [ reviewing
1 Tobjeck, Iperiments
attempling fo show anti gen-specificity have demon-
strated that antigen-specific transfer factors have a
78% capacity to transfer delayed-type hypersensitivity,
while control preparations cause an apparently antigen-
specific response in only 7.9% of recipicnts [91.
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From this and other evidence, the concept has
developed that there will be transfer factor molecules
for each and every antigen; in this sense they would be
analogous Lo antibodies, Tt should be noted, howcver,
that there is no evidence that transfer factors interact
with the humoral immune system in any way.

Transfer factors can be made from animals or
humans and are capable of being administered acrass
a species barrier without any loss of potency. Even
primitive species have cells from which one can make
transfer factors that will be effective in higher species.
Clearly thesc low molecular weight melecules have
been very well conscrved for millions of years, point-
ing to the importance they play inthe irmune response.
Indeed, in thinking about transfer factors, it is critical
to analyse the role they would normally play in the
individuals whose immune system produces them, for
only when we understand their in vivo effects for their
preducer will we be able to comprehend the way in
which they may help a recipient.

Do transfer factors contain antigen?

[ transfer factors contained even small antigenic deter-
minants, then its specificity could be explained. Their
jow molecular weight pleads against this, but with the
realisation thal most antigenic determinants are 1ecog-
nised as peptides, containing between [5and 17 amino
acids, this possibility needed to be examined carefully.
Perhaps, the single piece of evidence that argues most
strongly against the concept of antigen being present
in transter factors, is the demonstration that adequate
delaved hypersensitivity respanses can frequently be
generated within 12 hours of ap injection of trans-

fer factors. Immmunisation with antigen, in even SUpet
e .

optimal amounts, would never be able to induce such

a rapid immunological response.

More Tecent experiments have atmost eliminated
the possibility that transfer factors contain antigenic
determinants. The antigen-specific properties of trans-
fer factors can be removed by incubating preparations
with a specific antigenic determinant before admin-
istering it to a recipient. In both animal and human
models, utilising both in vivo and in viizo systems, this
phenomenon has been constant. If you pass transfer
Factors aver antigen coated heads, using a preparation
made from an animal immunised to more than one
antigenic determinant simuliancously, the transfer fac-
tors that are passed over the beads will only be able
to transfer delayed-type hypersensitivity the antigen
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not coated onto the adsorbent, It you elute the transter
faciors from the antigen coated beads, the inubtlity to
transfer delaycd hypersensitivity to a second or third
antigen will be restored [10].

The response 10 many aniigens in different strains
of laboratory animals allows us to examine the concept
of high responder and low responder strains. Some
animals, given a specific dose of antigen, will make
an excellent humoral and cell mediated response to
that challenge. Other animals, exposed (0 exactly the
same antigen make @ pooT Tesponse. Transfer factors,
made from the cells of high responder animats, are
capable of ransferring delayed-type hypersensitivity
to low responder animals, but the reverse is not true
[1#]. This phenomenology provides very strong evi-
dence against the presence of antigentc determinants
in the Jow respender strain transfer factors. One would
obviously expect high responder strains to have no
trouble responding to antigenic determinants, if they
were present.

Chemical properties

Recent data make it likely that the antigen-specific
molecules found in transfer factors have a molecu-
lar weight of less than 5,000 Da. Some investiga-
tors have suggested that transfer factors are composed
of a polypeptide and may consist of more than one
chain held together by a di-sulphide bridge. Others
have produced evidence suggesting that attached fo
the polypeptide chains are nucleic acids or phosphodi-
esters. The transfer factor molecules recently purified
to homogeneity however appear to be composed entire-
Iy of amino acids {5]. One of the more reliable obser-
vations made by investigators of the antigen-specific
properties of transfer factor molecules has been the
demonstration that shortly after an injection of a prepa-
ration, cells in the recipient can respond to antigen in
vitro by ihe production of macrophage inhibition factor
{MIE). There is a considerable amount of evidence to
suggest that MIF is in fact gamma-interferon; indeed,
studies have suggested that interferon-like activity can
be found in the serum of people shortly after an injec-
tion of transfer factors {12].

Controversy still swrounds the question as 1o
whether transfer factors, when transferring delayed-
type hypersensitivity capacity, allow antigen- specific
CD4 cells of a recipient to proliferate. It appears that
CD4 T lymphocytes provide the major antigen-specific
response required to produce delayed-type hypersen-

sitivity. ‘There s some evidence inthe lilerature sug-
gesting that eyiatoxic C8 T lymphocytes can expand
afler cncouniering spevific transler factors when given
1o patients with osteogenic sarcoma {131, 1t is possible,
however, that the tack ol CD4 expunsion coyld explain
why it is that memory associated with transfer factors
is somewhat limited. Scldom do antigen-specific reac-
tions persist for {onger than SiX munth‘: On the other

#d

hand, it is difficult to explain, if there is no eXpansion
of CD4 T lymphocytes, how it 38 that transfer factors
produced by recipients of transfer factors can readily
transfer specificity to a third pasty, Indeed, serial trans-
fer experiments have been successtully compléied on

a number of occasions. Recent studies Tave suggest-
ed that, perhaps, ST That, perhaps. there are molecules within dialysable
leucocy & eXiracts thal are abl€ (o INericre with AoT-

mal immunoregulalory suppressor cell Toops whith
Torumally minimise a_primary response, It has been

saggested, for example, that transfer factor molecules

may activate contra-suppressor cells, which would in
turn suppress immunaregulalory CD8 T lymphocytes,
thus allowing an enhanced response to a first encounter
with antigery] 14}. No evidence is available to support
this concept.

If the molecules under discussion were in fact part
of a shed T cell receptor, then such molecules could in
some way be able to interact with antigen or other T cell
rceeptors of a recipients antigen-specific T cells, thus
initiating an immunological reaction. It is of interest
that the antigen-specific nature of transfer factors can
be removed by incubation of these molecular mixtures
with attisera against the VH region of immunoglob-
ulin heavy chains. As these same molecules bind to
segments of the T cell receptor, such observations sug-
gest that transfer factor molecules may contain part of
the antigen-specific T cell receptor [13].

Do antigen-specific transfer factor molecules work
through an anti- idiotypic mechanism?

After an encounter with antigens, T ceils may
telease an anti-idiotypic molecule capable of activating
antigen-specific T cells that have not yet seen antigen.
In so doing, they may alter the membrane character-
istics of the T cell receptor, so that it is expressed on
the surface of the cell in a secondary rather than a
primary mode. An increased avidity and affinity for
antigenic determinants could result in recipients hav-
ing the equivalent of primed cells circulating efficient-
ly throughout their body, before they have actually
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encoumlered the refevant antigenic determinant. Such
an amplification would make immunotogical sense.
The concepts related to such phenomenology are sup-
ported by the observations reported above, wherein
IMREG is capable of increasing the expression of [L2R
on the surface of a recipient’s celis. It would be inters
esting 1o look at the DR status of those cells, capabl
of responding to antigen in any way after the pas-
sage ol antigen-specific information by transfer factor
molecules.

While much is still to be Jearnt about the immuno-
logical mechanisms provoked by the transfer of these
Jow molecular weight dialysable molecules, n an age
when we know of so many messages being passed from
one cell in the immune system to anothet by low molec-
clar weight interlenkins and the diminutive nature of
antigenic determinants, it is clear we should be less
surprised that small molecular weight substances can
be antigen-specific. Given the techniques pow avail-
able to molecular immunolegists, it may well be that
the remaining major immunological mysteries associ-
ated with the very powerful propesties of transfer factor
molecules will soon be understood. Certainly the study
of the phenomenology is likely to teach us much about
the immune system in general and provide us with new
ways of approaching, ina uniquely safe manner, thera-
peutic manipulations of the immune system of patients
with immunological diseases.
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