DIALYSABLE LEUCOCYTE
TRANSFER FACTOR IN

MONKEY AND MAN

A thesis submitted to the University of London

for the degree of

DOCTOR OF PHILOSOPHY

By

MOHAMAD REZA MAZAHERI-KERMANI

from

the Department of Medical Microbiology

London School of Hygiene and Tropical Medicine

1978



DIALYSABLE LEUCOCYTE TRANSFER FACTOR IN MONKEY AND MAN

MOHAMAD REZA MAZAHER I-KERMANI
ABSTRACT

After review of the literature, this thesis describes the extent of
cellular responses to selective antigens in vivo, and to antigens
and phytohaemagglutinin in vitro in immunised and transfer factor-
treated rhesus monkeys. Preliminary in vitro and fractionation

studies of rhesus and human transfer factor preparations are also
presented.

In immunised animals an antigen-specific active sensitisation was
detected by the skin delayed hypersensitivity (DH), the mixed

leucocyte-macrophage migration (LMMI) and the lymphocyte transformation
(LT) tests.

In animals treated with rhesus dialysable transfer factor, adoptive
transfer of sensitisation, with a specificity related to antigen-

sensitivity of the donor(s) (i.e. '"Donor-specific'") was detected only
by the LMMI-test.

The relationship between the various tests was determined. In
immunised monkeys, the antigen-stimulated LMMI- and LT-reactivities
associated with each other and with the DH-reactivity. In contrast,
in transfer factor-treated animals, these reactivities were apparently
dissociated. Thus, in transfer factor recipients, dissociation either-
reflected different sensitivity of the tests or indicated preferential
lymphokine production.

Phytohaemagglutinin-stimulated transformation was depressed in
immunised animals, whilst 1t was elevated in transfer factor-treated
monkeys probably indicating an "adjuvant-like" activity. Thus the
results suggest that transfer factor had specific and non-specific
in vivo activities 1n the rhesus monkey model.

The in vitro study of human or rhesus monkey dialysable transfer
factor In antigen-stimulated transformation tests showed augmenting
and suppressive effects with antigen-immune or non-1mmune transfer
factor. The degree of augmentation was related to the degree of
antigen-sensitivity of the "recipient” (l.e. '"Recipient-specific").
Thus, the in vitro activity of rhesus monkey or human transfer factor
was non-specific.

Preliminary Sephadex G-25 chromatography of human and rhesus monkey
dialysable transfer factor preparations revealed 9-11 fractlonable

peaks with different absorption ratios, suggesting heterogeneity of
composition.
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1. INTRODUCTION:  REVIEW OF THE LITERATURE

1.1 Concept of transfer factor as a mediator of the cellular

immune response.

1.1.1 Discovery of transfer factor (Table 1).

Landsteiner and Chase (1942) reported that skin delayed hypersensitivity
to simple compounds could be transferred from sensitised to unsensitised
guinea pigs with live peritoneal exudate cells, but not with heated
cells or serun. The transferred sensitivity appeared as early as 2 days
after the injection of the lymphoid cells, but waned within a few days.
It was, therefore, suggested that the acquired sensitivity in the
recipient was due to the surviving, but short-lived, donor lymphoid
cells. This was the first demonstration that cell-mediated immunity
could be distinguished from the humoral antibody response. Chase (1945)
showed that delayed hypersensitivity to tuberculin could similarly be
transferred in the guinea pig with peritoneal exudate cells and also
with lymphocytes obtained from the spleen and lymph nodes. Such
cellular transfer of immunity has since been repeatedly confirmed

(Chase, 1946; Cummings et al, 1947; Klrchheimer and Welser, 1947).

Extending this study to man, Lawrence (1949, 1952) was the first to
describe passive or adoptive cellular transfer of both local and
systemic cutaneous delayed hypersensitivity to bacterial antigens
(tuberculin PPD and streptococcal M antigens) using Intact viable
blood leucocytes. In contrast to the guinea pig, where transferred

delayed hypersensitivity could only be maintained for 3-5 days, 1t was



reported that, in man, the transferred skin reactivity persisted for 3
months to 2 years. This observation was inconsistent with the view
that transferred delayed hypersensitivity lasted only as long as the
donor cells remained viable. In 1954 and 1955, Lawrence compared
intact and disrupted blood leucocytes for their ability to transfer
delayed skin reactivity to tuberculin and streptococcal antigens.
Transferred skin reactions seemed to be more intense using the
disrupted rather than the intact cells. Disruption of cells was
achieved by lysis Vith distilled water alone and/or freeze-thawing in
the presence or absence of deoxyribonuclease (DNase) or ribonuclease
(RNase). These methods of disruption did not cause loss of transfer
activity. Since DNase and RNase do not affect transfer of delayed
hypersensitivity in man, the mechanism of transfer did not appear to
depend on highly polymerised DNA or RNA. Nevertheless, it was
concluded that since only a small amount of intact or disrupted donor
cell mass (0.1-0.4 ml of packed white blood cells) relative to a large
recipient cell mass was required to transfer cutaneous sensitivity,

the transfer component might be self-replicating.

Lawrence and Pappenheimer (1956) then proceeded to transfer delayed
cutaneous hypersensitivity to diphtheria toxin and toxoid, 1n man,
using a washed disrupted extract of white blood cells. It was shown
that both donors and recipients possessed little diphtheria antitoxin,
the titre being less than 0.001 unlts/ml of serum. These findings
suggested that the transfer extract was not Immunogenic, and that the
transferred cutaneous delayed hypersensitivity was not a function of
humoral antibody. A year later, Lawrence and Pappenheimer (1957),

therefore, Introduced the term "transfer factor" (TF) to describe the



crude water and DNase-treated human leucocyte extract, which transferred
delayed cutaneous hypersensitivity from sensitised to unsensitised

individuals.

Rapaport et al (1960) reported successful transfer of delayed cutaneous
hypersensitivity to coccidioidin in man with a leucocyte extract,
thought to contain transfer factor. This fungal antigen is limited to
the West of the United States, but is almost absent in the East with
an incidence of only 1.4% in New York (Lawrence, 1974). To test the
specificity of transfer factor, the extract was therefore prepared

from sensitive donors from California and administered to "naive"
recipients from New York. Thirty out of 35 (86%) of the individuals
receiving the extract from coccidioidin-positive donors acquired skin
test-reactivity to coccidioidin. In contrast, 8 out of 9 (89%) of

the control recipients, given extracts prepared from coccidioidin-
negative donors, did not acquire such skin test-reactivity. Thus, 1n
these studies coccidioidin sensitivity was transferred de novo and this
transfer was donor-specific. The possibility of the elevation of a
latent sensitivity to coccidioidin by means of the extract was
excluded, since the recipients were not naturally exposed to or skin

tested with this antigen before the injection of the extract.

In 1960, Lawrence and colleagues provided evidence that transfer factor-
containing leucocyte extract can also specifically transfer sensitivity
to human skin transplantation antigens as shown by the accelerated
homograft rejection. Transfer factor was prepared from the leucocyte
extract of an individual B after repeated exposure to skin grafts from

another individual A. Anti-A-sensitive or "allograft-specific"
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transfer factor was then injected into another individual C, who had
received a skin graft from the individual A and control grafts from
other unrelated individuals (D, E, or F). In such experiments,

Lawrence et al (1960) reported that the local injection of an
allograft-specific transfer factor, in 4 out of 4 human recipients,
transferred homograft-specific hypersensitivity. This was shown in

4 to 5 days by an accelerated homograft rejection (‘“'second-set
reaction') of test skin grafts but not control skin grafts. In
contrast, non-sensitive transfer factor did not transfer transplantation
sensitivity, and could only induce the expected homograft rejection in

10-12 days ("first-set reaction™).

Maurer, 1in 1961, used a non-ubiquitous antigen (‘'neoantigen') prepared
by the ethylene oxide-treatment of human serum, to demonstrate
transfer of specific delayed hypersensitivity in man. Freeze-thawed
leucocyte extracts or viable whole leucocytes, obtained from sensitive
donors, transferred strong delayed cutaneous hypersensitivity to the
neoantigen in 7 out of 7 recipients. The transferred skin test-
reactivity was still present after 1 year confirming the observation
of Rapaport et al (1960) with the coccidioidin antigen. The extracts
of the leucocytes were as effective as the viable cells in
transferring the antigen sensitivity. This supported the previous
findings with the tuberculin and streptococcal antigens (Lawrence,

1954; 1955).

Adoptive transfer of cell-mediated iimunlty 1n man was later found to
be associated with low molecular weight substances (Lawrence et al,

1963). These substances could be separated, without loss of activity



from the bulk of the disrupted leucocyte extract by exhaustive dialysis
into distilled water and concentrated by freeze-drying. Lawrence et al
(1963) named this material '"dialysable transfer factor" (TF}).
Traditionally this term was reserved for as yet unidentified factor

or factors, rather than the whole crude dialysate, capable of
specifically transferring delayed cutaneous hypersensitivity in man
(Lawrence, 1969a, b; Lawrence and Al-Askari, 1971). Using the
dialysable material, Zuckerman et al (1974) successfully transferred
donor-specific delayed hyoersensitivity to another neoantigen, called
keyhole limpet haemocyanin (KLH). They used dialysable transfer
factor prepared from KLH-sensitive donors and, for control experiments,
from donors not sensitive to KLH. Ten of 10 recipients of the immune
dialysable transfer factor acquired delayed skin test hyoersensitivity
to KLH. In contrast, none of the 11 recipients of the control
dialysable transfer factor converted for KLH. Like the work of
Rapaport et al (1960) with coccidioidin, these authors excluded the
possibility that the transfer of KLH-sensitivity resulted from a
non-specific adjuvant activity upon some precommitted lymphocytes,

by not skin testing their recipients with KLH prior to the
administration of transfer factor. Hence, table 1 shows some of the
properties of dialysable transfer factor as described by Lawrence

(1973, 1974).

It has subsequently been suggested that the term dialysable leucocyte
extract (DLE) should be used. Instead of dialysable transfer factor,
to encompass all the other specific and non-specific activities now
found 1n the crude leucocyte extract (Valdlmarsson, 1975; Arala-

Chaves et al, 1976; Mazaherl et al, 1977). (See section 1.5).
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Table 1
Biologi cal

Confers upon the
recipient specific
sensitivity of donor

Acquired sensitivity
is systemic

Onset early (hours)

Duration long (>1 year)

Capacity for transfer
function of donor
sensitivity and TF
dosage

Negative donors
incapable of transfer

Leucocyte extracts

or cell-free superna-
tants as effective

as viable cells.

Biochemical

Soluble, dialysable,
lyophilisable,
M.Wt. <10,000

Not protein, albumin,
alpha or gamma
globulin, Orcinol
positive.

polypoptide/poly-
nucleotide composition.

Inactivated at
56°C/30 minutes

Resistant to DNase,
RNase, lysosomal

hydrolases, trypsin

Not inactivated by
distilled water lysis

of cells, freeze-thawing
(I0x), 25°C or 37°C

for 6 hours.

aAdapted from Lawrence (1973, 1974).

bTF » transfer factor.

cDNase * Deoxyribonuclease, RNase m Ribonucléase.
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Some properties of dialysable transfer factor

Immunologi cal

Not immunoglobulin

Not immunogenic

Immunologically
specific, converts
normal lymphocytes

in vitro and in vivo
to antigen-responsive
state.

Repeated test with
antigen may increase
intensity and duration
of transferred sensitivity:
not necessarily its cause

Informational molecule/
depressor/receptor
site?



1.1.2 Classification of mediators of cellular immunity (Table 2).

Defence against certain diseases is partly mediated by cellular
immunity (World Health Organisation Technical Report Series, 1969).
This involves both antigen-specific and non-specific lymphoid cell
populations (David, 1973). Antigen apparently reacts with a few
specifically sensitised cells, presumably thymus dependent or
T-lymphccytes, and results in the recruitment of a large number of
non-sensitive cells and the elaboration of a number of soluble mediator
substances or "lymphokines"™ (Dumonde et al, 1969; Lawrence, 1973).
These non-antibody substances collectively mediate a variety of

in vivo and in vitro biological phenomena, which can be studied to
recognise and assess specific cell-mediated immunity. Altogether
about 30 lymphokine-activities have apparently been recognised

(Waksman and Namba, 1976).

Transfer factor was initially regarded as one such lymphokine, since
1t was the first cell-free material to be isolated from sensitised
cells (Lawrence, 1969a). However, it has been reported to differ from
the lymphokines since 1t can apparently initiate, rather than simply
mediate, cellular immunity. Transfer factor 1s dlalysable and
therefore has a low molecular weight, (l1.e. < 10,000, table 1). In
contrast, the lymphokines are non-dialysable and have molecular
weights of about 12,000 to 80,000 (Lawrence, 1973, 1974). Table 2,
therefore, shows a few examples of biologically active soluble
factors relevant to this work. It can be seen that transfer factor
apparently requires antigen for expression of cell-mediated Immunity,

whereas those lymphokines mentioned 1n the table do not.



Table 2. Some biologically active soluble factors elaborated by sensitised lymphocytes in the expression
of cell-mediated immunity

In vivo or in vitro
test systems

Production of delayed
hypersensitivity skin
reaction by antigen

Inhibition of leucocyte,
macrophage or mixed
leucocyte-macrophage
migration by antigen

Lymphocyte trans-
formation by antigen
or mitogen

Transfer of delayed
hypersensitivity skin
reaction, stimulation
of lymphocyte trans-
formation and/or
migration inhibition
factor production.

Name given to
soluble factor

Skin reactive
factor
(SRF : lymphokine)

Leucocyte and/or
macrophage migration
inhibition factor

(LIF, MIF : lymphokine)

Mitogenic or blastogénie
factor

(MF - lymphokine)

Transfer factor

am

Antigen requirement
for expression

No

No

No

Yes

References

Section 8.1

Section 8.2

Section 8.3

Section 1



1.2 Clinical studies of human transfer factor (Tables 3-6).

The concept that transfer factor could restore defective cel 1-mediated
immunity, as expressed by the acquisition of delayed-type skin
reactions, resulted in its therapeutic use for the treatment of a
wide variety of acquired and.congenital immunodeficiency states
(Lawrence, 1974; Fudenberg et al, 1974). Therapeutic benefit from
treatment with transfer factor has been reported for many neoplastic
and infectious diseases (Kirkpatrick and Gallin, 1974; Zuckerman,

1975a; Heim et al, 1976; Mazaheri et al, 1977).

1.2.1 Infectious diseases.

1.2.1.1 Fungal infections (Table 3).

A variety of fungal infections have been treated with transfer factor
(Table 3). Coccidioidomycosis, usually self-limiting, can become
chronic with invasion of the skin and other organs and apparently
become resistant to treatment with antifungal agents, such as
amphotericin B (Kirkpatrick and Gallin, 1974). One approach for

the treatment of disseminated coccidioidomycosis has been the use of
transfer factor. Out of 52 treated cases, 33 have been reported to
show clinical Improvement with recovery of cellular immune reactivity
(Graybill et al, 1973; Catanzaro and Spitler, 1976). Catanzaro and
Spitler (1976) did not define objectively what they meant by
"clinical improvement", but twelve of these improved conditions were
directly associated with the beneficial effect of transfer factor,
since antifungal agents were, 1n these cases, not used before or

during therapy. Such an association may well be true for 2 other



improved conditions reported by Graybill et al (1973), since these
patients were resistant to cure with amphotericin B for up to 5

years previous to treatment with transfer factor. These investigators
observed clinical improvement of fungal lesions in the lung and skin

of these patients.

Chronic disseminated amphotericin B-resistant histoplasmosis has also
been treated with transfer factor with reported clinical improvement
for 6 months (Graybill et al, 1976). This patient also had stage

111 Hodgkin"s disease and was, at the same time as transfer factor,
being treated with amphotericin B and steroids. The temporary
clinical improvement could not, therefore, be attributed to transfer

factor only.

Mucocutaneous candidiasis describes a broad variety of disease

states and is clinically characterised by fungal lesions on the skin
and mucous membrane (Levin et al, 1973). Several patterns of defects
in cellular and humoral immunity have been reported among different
populations of patients (Valdimarsson et al, 1973). The immune
defects include absence of delayed hypersensitivity skin reaction to
Candida, defective MIF-lymphokine production and candlda-1nduced
lymphocyte transformation (Valdimarsson et al, 1973). Some workers
have treated 6 patients with candidiasis with transfer factor
resulting 1n clinical improvement and immune conversion to Candida
antigen (Pabst et al, 1972; Schulkind et al, 1972; Valdimarsson et al.
1972; Moullas et al, 1973; Uttman et al, 1976, 1978). Six other
patients with chronic mucocutaneous candidiasis were treated with

transfer factor by Kirkpatrick et al (1972) and Griscelli (1975).
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Table 3.

Disease3 TF
source

Fungal

Coccidioidomycosis  Coccidioidin+
Coccidioidint

Histoplasmosis Histoplasmin+

Candidiasis Candiich<«
Candiich<«
Candich<«
Cadidcb<«
Candica~«
Candiich<«
Candi it

Bacterial

Tuberculosis Mantoux+

Leprosy Lepromin+
Lepromin+

aAll persistent and drug resistant.

w[F. transfer factor;

CDH, delayed cutaneous hypersensitivity;

transformation with antigen.

TF®

preparation

bl tfd

V

TEe

TF?
TF°

f

tfd

Total:

btf
{ED o

Total :

BL, blood leucocytes;

DH

3/3

32/44

0/1

7

6/9
2/5

Immune conversion
LIF/MIF

3/3

24/28

1”1
5/6
71
1721
2/2

1

o/15 (60%) 1/1

£

LT

3/3
27/32

0/1
1/5
1”1
m

71

1

0/9

1/10

TFp = dialysable transfer factor.

Clinical
improvement

2/3
31749

46/60 (7T%) 37/42 (88%)34/44 (TT) 42/66(64%)

71

? 6/9
5/5

12/15(80%)

LIF/MIF, leucocyte or macrophage migration inhibition factor;

Some clinical applications of transfer factor in fungal and bacterial diseases
L

References

Graybill et al (1973)
Catanzaro & Spitler (1976)

Graybill et al (1976)

Kirkpatrick et al (1970, 1972)
Pabst et al (1972)

Schulkind et al (1972)
Valdimarsson et al (1972)
Moulias et al* (1973)

Griscelli (1975)

Littman et al (1976, 1978)

Whitcomb & Rocklin (1973)

Bullock et al (1972)
Hastings et al (1976)

LT, lymphocyte

[60]
cn



Of these, 4 patients developed positive skin hypersensitivity and
showed conversion of MIF responsiveness, but only 1 of these
recipients developed antigen-induced lymphocyte transformation. One
patient, with Nezelof syndrome, did not become skin-test positive or
develop reactivity to the in vitro tests (Kirkpatrick et al, 1972).
In none of these cases listed in table 3, clinical benefits of
transfer factor on patients with candidiasis could totally be

related to the beneficial effect of transfer factor, since such an
immunotherapy was always undertaken after or during chemotherapy with
antifungal agents. Nevertheless, it is believed that transfer factor
played an important role, because chemotherapy alone was not adequate
for clinical recovery. Drugs were used in an attempt to reduce the
antigen load in order to prolong temporary remissions of 220 days
previously reported by the use of similar immunotherapy alone

(Kirkpatrick et al, 1970).

1.2.1.2 Bacterial infections (Table 3).

Attempts have been made to treat intracellular Mycobacterial infections
with transfer factor (Table 3). Whitcomb and Rocklin, in 1973,

reported beneficial effects of transfer factor 1n a case of progressive
primary tuberculosis. The patient had failed to respond to 7J months
of chemotherapy, even though the organisms were sensitive to the drugs
used. This, they suggest, was due to a defect 1n the host"s immune
response and transfer factor was added to the treatment. Recovery of
skin test reactivity, accompanied by moderate clearing of the lesions
1n the lungs, followed the combined drug-transfer factor therapy.

Continual chemotherapy and subsequent removal of bacterla-laden spleen
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may have sufficiently lowered the antigen load, so that transfer
factor could induce the expression of the immunological response, which

was absent previous to immunotherapy.

Based on the rationale that there is poor cellular defence against
Mycobacterium leprae in patients with lepromatous leprosy, Bullock

et al (1972) and Hastings et al (1976) treated 14 patients with
transfer factor. Skin test conversions occurred in 8 of these
patients. In one study (Bullock et al, 1972), 6 of 9 patients showed
slow onset of diffuse erythema and induration within the lepromatous
lesions 2 to 6 days after transfer factor-therapy. This was interpreted
by these workers as clinical improvement, but it might simply suggest
that only some immunological activity was in progress locally. The
impact of immunotherapy was, therefore, difficult to assess. Such an
assessment was especially difficult, because treatment of some patients
was frequently interrupted with chemotherapy which in 3 cases included
steroids. On the other hand, the study of Hastings et al (1976)
clearly revealed that, after therapy with 6.6 to 7.9 X 10g lymphocyte
equivalent of transfer factor for a period of 12 weeks, 5 out of 5
patients clinically improved. The beneficial effects of transfer
factor were Indicated by the observation that the rate of bacterial
clearing, during transfer factor therapy, was about 6 times faster
than that seen with routine dapsone therapy. Bullock et al (1972)
wrote that 40% of patients with arrested leprosy Infection may, even
after chemotherapy, revert to active disease. They suggested that
repeated administration of transfer factor to such patients could
reconst.tute sufficient cell-mediated immune reactivity to prevent

the high rate of relapse.



1.2.1.3 Viral infections (Table 4).

The initial attempts at immunotherapy of viral infections employed
viable leucocytes, presumed to contain transfer factor. Thus Kempe
(1960) treated a young boy suffering from progressive vaccinia
infection with peripheral blood or lymph node leucocytes, and by
transplantation of sensitised lymph nodes from vaccinated immune
donors. The progression of the lesions was arrested and delayed
hypersensitivity to inactivated vaccinia virus was conferred.
Similarly 0"Connell et al (1964) treated an elderly patient suffering
from severe progressive vaccinia. Intramuscular and subcutaneous
injections of specific immune leucocytes were given on two occasions
about 2 months apart. Acquisition of cutaneous delayed hypersensitivity

to vaccinia antigen and termination of the infection were reported.

These initial studies were extended to the use of dialysable transfer
factor. Drew et al (1973) treated a patient with disseminated herpes
zoster with dialysable transfer factor prepared from a pool of 27
healthy donors who demonstrated immunity to varicella-zoster in vitro.
The patient, a 44 year old man with stage 1VB Hodgkin"s disease and
defective cell-mediated immunity was not treated with Immunosuppressive
drugs or corticosteroids 1n the three months preceding therapy.
Following two subcutaneous Injections of dialysable leucocyte extract
the vesicular lesions completely heale®. Moulias et al (1973)

treated two children with "giant-cell” measles pneumonia with dialysable
transfer factor from Immune donors. The patients responded with
Improvement and regression of the pulmonary lesions. Positive in vitro

leucocyte migration inhibition responses to measles virus were
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Table 4. Sore clinical applications of transfer factor in viral diseases
[
Diseaset T - TF6 Immune conversion Clinical References
source preparation DH --——— L/FRTF—— LT improvement
Generalised Vaccinated BL.LL /1 /1 Kempe (1960)
Vaccinia Vaccinated BL 1/1 /1 0"Connell et al (1964)
Herpes zoster Herpes + /1 /1 Drew et al (1973)
Neonatal herpes Herpes + TF%J /1 Moulias et al (1973)
Measles Measles + ofd 171 o/1 1/1 Moulias et al (1973)
pneumonia
SSPE Messles + fd 5/7 0/2 2/7 Moulias et al (1973)
Measles + gy /1 /1 Vandvik et al (1973)
OW retinitis ofd V1 /1 1/1 Rytel et al (1975)
CAH Hep.B* BLJFd 2/2 Kohler et al (1974)
Hep.AW ofd 5/5 Schulman et al (1974, 1976)
Hep.B /B+ ? 4/9 Jain et aTTTI175, 1977)
Hep. B+ T 71 1 o1 Tong et al (1976)
1
Total: 55 ooy 7/ (18%) 25 @p 20 (65%)

aSSPE, subacute sclerosing panencephal itis; CW, cytomegalovirus; CAH, chronic active hepatitis.
“tF, transfer factor; BL, blood leucocytes; LL, Iymph node leucocytes; Trp, dialysable transfer factor.

CH, delayed cutaneous hypersensitivity; LIF/MIF, leucocyte or macrophage migration inhibition factor; LT, lymphocyte
transformation with antigen.
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reported after transfer, indicating improved cell-mediated immunity
to the virus. Moulias et al (1973) also treated 7 children with
sub-acute sclerosing panencephalitis, (SSPE), a degenerative disease
associated with measles virus infection. Clinical improvement was
seen in 2 out of the 7 children although 5 out of 7 showed
conversion of the leucocyte migration inhibition test to measles
antigen in vitro. Vandvik et al (1973) treated a 16 year old boy
with SSPE with dialysable transfer factor from donors with measles
immunity. The patient improved clinically and developed delayed
hypersensitivity to various antigens, and a selective reduction in
measles antibody titre in the cerebrospinal fluid and serum. Rytel
et al (1975) treated a renal transplant patient with cytomegalovirus
retinitis with dialysable transfer factor. Inactivation of the
natural inflammatory lesions was seen. The patient also acquired

delayed skin reaction and in vitro inhibition of leucocyte migration.

Attempts have been made to treat patients with chronic active
hepatitis with transfer factor. There was no clinical improvement

in a 29 year old patient with chronic active hepatitis who received,
over a period of 8 weeks, 17 injections of dialysable transfer
factor twice weekly (Tong et al, 1976). Each Injection was derived
from 5 x 10 leucocytes from a donor who previously had acute
hepatitis B, and showed lymphocyte reactivity to hepatitis B surface
antigen 1n vitro. Clinical and biochemical Improvement was not
observed. However, the transfer of cel 1-mediated immunity was
demonstrated by the appearance of delayed hypersensitivity to mumps and
streptoklnase-streptodornase, and by 1n vitro lymphocyte responses to

hepatitis B surface antigen. It was suggested that clinical Improvement



might have been seen with increased quantity, frequency and duration
of treatment. Kohler et al (1974) treated a healthy persistent
carrier of hepatitis B surface antigen with lymphocytes from an
individual who had recovered from hepatitis B 8 months previously.
Within 24 hours of the administration of lymphocytes, there was an
increase in the titre of the surface antigen and of serum aspartate
transaminase levels, suggesting liver cell damage. It was presumed
that the development of cell-mediated immunity to hepatitis B was

reflected in the injury of the virus-laden liver cells.

Another patient, a 4 month old infant, who acquired hepatitis B

from her mother at birth was given dialysable transfer factor

prepared from the mother®s leucocytes on two occasions. The recipient

promptly developed an increase in the titre of hepatitis B surface
antigen and elevation of serum transaminase activity. Subsequently,
however, the liver function tests returned to normal and the titre

of hepatitis B surface antigen decreased by 95%.

Jain et al (1975) treated 3 patients with dialysates prepared from
healthy donors without any history of viral hepatitis (“"normal’),
and from donors, who had recovered from hepatitis B infection
("'specific'™). One patient with hepatitis B surface antigen-positive
chronic active hepatitis and cirrhosis did not respond to "normal™
dialysable transfer factor, but Injection of "specific" dialysable
transfer factor resulted 1n a two-fold Increase in T lymphocytes as
measured by sheep red blood cell rosettlng. The second patient,
also did not respond to "normal" dialysable transfer factor, but

showed a transient Increase in transaminase activity. Th. *uggested

4
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stimulation of cel 1-mediated immunity with a resulting hepatic
damage. The third patient suffered from antigen-positive active
chronic hepatitis complicated by primary liver cancer. This patient
was being treated with corticosteroids and did not respond to either
"normal” or "specific" dialysable transfer factor. There was no
change in the serum titre of hepatitis B surface antigen in any of
the patients. Similarly, in another study Jain et al (1977) treated
6 other patients with chronic active hepatitis with "specific" and
"non-specific" dialysable transfer factor preparations. No
beneficial clinical effects were detected histologically after any
of these preparations, but in 3 of 6 patients, the "specific"
transfer factor provoked a hepatitic reaction shown by transient
elevation of serum transaminase level. In contrast, injection of
"non-specific" transfer factor did not result in the elevation of

this enzyme, suggesting a "donor-specific" response.

A major criticism of transfer factor therapy has been the lack of
controlled clinical trials. Jain et al (1975) were the first to
attempt a controlled trial of transfer factor in the treatment of
chronic active hepatitis. Schulman et al (1976) initiated a far
better small double-blind "controlled" trial. In this study none of
the patients had other concomitant complications and were not on
chemotherapy. They treated 4 patients with chronic active hepatitis
with dialysable transfer factor from pools of donors who had recovered
from hepatitis B and A, while 4 others received normal saline. The
results Indicate that all 4 patients receiving dialysable transfer
factor showed biochemical evidence of Improvement, with a fall 1n

serum transaminase activity. In 3 of the patients 1t was considered
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that there was also histological improvement, but hepatitis B surface
antigen remained in the serum. The patients responding to dialysable
transfer factor have remained in remission for periods of 9 months to
1J years. None of the 4 recipients of normal saline improved. Based
on these observations it was considered that dialysable transfer
factor may be useful for the management of chronic hepatitis B
infection (Schulman et al, 1974; Schulman, 1977 personal

communication).

In most of the above clinical studies of transfer factor in infectious
diseases, the transfer factor was prepared from donors with strong
delayed hypersensitivity skin reaction to the antigens of the
infecting organism. During therapy there was, therefore, transfer

of donor-specific skin test reactivity and in vitro responses.

However, the relationship between specific conversion of cellular
immunity and the beneficial clinical effects of transfer factor has

not yet been determined.

1.2.2 Neoplastic diseases (Table 5).

The mechanisms by which the host cells Inhibit the growth of cancer
cells or destroy such cells are not completely understood (Nadler
and Moore, 1969). However, the Importance of host resistance and
immunological surveillance 1n influencing the growth of tumours has
been suspected for many years (Burnet, 1967). Therefore, some
Investigators have suggested the use of Immunocompetent cells or
transfer factor 1n the treatment of neoplastic diseases (Thompson

and Mathe, 1972; Ascher et al, 1976).



Table 5. Some clinical applications of transfer factor in neoplastic diseases

Disease TF TFa Immune conversion*5 Clinical References
source preparation DH ——— QF/HTF——— LT improvement
Alveolar soft- Contact fd /1 ? LoBuglio et al (1973)
part sarcoma
Breast cancer Normal 3/5 1/5 Oettgen et al (1974)
Hodgkin"s Contacts efd 5/8 ? Khan et al (1975)
disease
Melanoma Melanoma+ BL 1/2 1/2 2/2 Brandes et al (1971)
Contacts tfd+bcg 4/15 3/19 3/19 Spitler et a! (1973, 1976)
Nasopharyngeal I+ tfd 172 2/2 Goldenberg & Brandes (1972)
carcinoma
Osteogenic Contact /1 /1 Levin et al (1972)
sarcoma
Various Contacts tfd 13/35 Vetto et al (1976)
tunours
Total y 11718 (61%) 5/16 (3L%) 4/21 (19%) 22/64 (34%)

aBL, blood leucocytes; TF, transfer factor; TFD dialysable transfer factor; BCG, Bacille Calmette Guerin; IM, infectious
mononucleosis. u

DH, delayed cutaneous hypersensitivity; LIF/MIF, leucocyte or macrophage migration inhibition factor; LT, lymphocyte
transformation.



Table 5 shows that various reports suggest a potential role for
transfer factor for treating malignant diseases. Levin et al

(1972) have reported temporary restoration of skin test reactivity
and arrest of growth of an osteogenic sarcoma in 1 patient. The
patient was treated with radiation and multiple injections of
dialysable transfer factor from a family member. After 7 months of
therapy the patient showed signs of deterioration first shown by
decreased skin test reactivity, and 6 weeks later, by tumour growth
and lung metastasis. The authors suggested that the temporary
clinical improvement may have been due to radiotherapy and/or
transfer factor therapy. Goldenberg and Brandes (1972) used transfer
factor from donors who had previously recovered from infectious
mononucleosis to treat 2 patients with nasopharyngeal carcinoma. In
both cases, temporary but definite regression of tumour growth
occurred and in one of the patients, a delayed skin hypersensitivity
reaction to PPD was restored. In 1973, LoBuglio et al reported that
transfer factor prepared f»om a family contact and administered to

a patient with alveolar soft-part sarcoma led to restoration of
cellular immunity. The patient®s lymphocytes became capable of
producing MIF. The tumour neither regressed nor advanced during the
6 months period of therapy. Oettgen et al (1974) treated 5 patients
with advanced breast cancer with pooled dialysable transfer factor
from healthy donors. Delayed hypersensitivity skin reactions to

PPD and/or Streptokinase - Streptodornase was restored 1n 3 of the
patients. Marked partial regression of the tumour occurred 1n 1
patient and lasted for 6 months. After this period the tumour
started to grow again and could no longer be controlled by transfer

factor therapy. It cannot be, therefore, suggested that 1n this



study pooled normal transfer factor offered great promise in the

treatment of patients with breast cancer.

Brandes et al (1971) were the first to treat 2 patients with
disseminated melanoma with lysed buffy coat cells obtained from the
recipients of the tumour graft. One of them developed positive
delayed hypersensitivity and lymphocyte transformation responses to
tumour-specific antigens. Both patients improved clinically with

the melanoma nodules showing an overall regression over the 3 weeks
of treatment. Spitler et al (1973) studied effect of transfer

factor in 9 patients with such metastatic melanoma. Only 1 such
patient, who showed significant conversion of lymphocyte transformation
to melanoma antigens, experienced a regression of cancer during
treatment. Also, in this patient, MIF lymphokine responses to the
same antigen had been positive before and after immunotherapy. New
metastases developed after 18 months when transformation and MIF
responses were lost. In 1976, Spitler et al treated 10 other patients
with disseminated malignant melanoma with transfer factor alone or
combined with Bacille Calmette-Gulrin (BCG) in 7 cases. Transfer
factor was obtained from family contacts or donors who had previously
recovered from melanoma. After combined immunotherapy 2 patients
improved clinically showing complete regression of all tumour nodules.
One had recurrence of disease and died despite continued therapy, but
the other patient remained completely free of malignant melanoma for
over 3 years. Only 2 patients showed an Increase 1n lymphocyte
responses to melanoma antigen, and these were the 2 patients whose
lesions regressed after combined Immunotherapy. Three patients began

to produce MIF after administration of transfer factor and BCG.



Spontaneous regressions can occur in patients with malignant melanoma
(Spitler et al, 1976). It is possible that the patients who improved
had actually experienced such spontaneous regressions. The clinical
benefit had, however, coincided with the administration of combined
immunotherapy. Khan et al (1975) treated 8 patients with Hodgkin®s
disease with transfer factor. Clinical effects were not reported,
but cellular immune responses improved in 5 of the patients with
restoration of delayed hypersensitivity skin reactions to several

antigens.

Vetto et al (1976) treated 35 patients with a variety of advanced
recurrent malignant tumours with transfer factor from prolonged
close contacts. Types of tumour included melanoma, osteogenic
sarcoma, epidermoid carcinoma and others. Within 2 weeks of
treatment, 13 (37%) of the patients apparently improved clinically
for 1-12 months with over 50% regression of cancer. Eleven (31%)
of the patients did not show a benefit from transfer factor.
However, 7 of these patients had deficient mitogen-induced in vitro
lymphocyte responsiveness, probably due to a blocking factor
thought to be present in their serum. The remaining 11 (31%) of
the patients treated with transfer factor were not critically

evaluated.

Table 5 shows that in the majority of cases, transfer factor donors
were healthy contacts of the patients. They were selected on the
basis that such contacts might be Immune to the aeteological

agents of malignant diseases, especially 1f these agents were

viruses (LoBugllo et al, 1973). It has been suggested that
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development of in vitro responses to tumour antigens may be indicative
of clinical benefit in terms of tumour resistance (LoBuglio et al,
1973; Spitler et al, 1976). The numbers of treated patients are
small and, in the majority of cases, the duration of follow-up is too
short to allow firm conclusions. Nevertheless, the above observations
lead to the following interim conclusions: (&) cell-mediated
responses can be restored in patients with neoplastic diseases with
transfer factor, and (b) some of the patients can improve with
regression of their malignant lesions. These findings do not
establish a beneficial therapeutic role for transfer factor in
neoplasia, but they do indicate the need for well controlled large
scale investigations to determine the efficacy, source and optimum

dose of transfer factor in the treatment of malignancies.

1.2.3 Immuno-regulatory diseases (Table 6).

Immuno-regulatory or immunodeficiency diseases can be either
congenital or acquired (Roitt, 1977). Levin et al.(1973) classified
congenital or hereditary disorders into: (&) those with defective
humoral or B-cell system and Intact cellular immunity or T-cell
system, (b) those with defective cellular and intact humoral immunity,
(c) those with mixed B and T-cell deficiencies, (d) those with
variable deficiencies and (e) those with neutrophil dysfunction
syndrome. Table 6 shows some of the applications of transfer factor
in the treatment of patients with some such congenital defects of

Immunity.

Wiskott-Aldrich syndrome is an X-linked recessive disorder
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Table 6. Some clinical® applications of transfer factor in immuno-regulatory diseases

Di seasea Defect Immune conversionb Clinical References
DH LTF*MIF———— LT improvement
Hiskott- 7/9 4/8 0/7 6/9 Levin et al (1970, 1973)
Aldrich T-cell 7/12 6/8 o/6 2/11 Spitler et al (1972)
syndrome 172 2/2 1/2 Ballow et al (1973)
4/4 4 2/4 GriscelTT(T975)
Ataxia- 4/5 ? 0/5 Griscelli (1975)
telangiec- T-cell 3/4 3/4 0/4 1/4 Berkel et al (1977)
tasia
Cl 1 1 2/2 Levin et al (1973)
Stem 1/1 1/1 Arala-Chaves et al (1974)
cell o1 0/2 Griscelli (1975)
ovMe B&T 9/10 7/8 4/8 6/11 (See table 3)
cells
Some B&T 3/6 2/6 Annan et al (1974)
others T-cell 1/1 Valdimarsson et al (1974)
B-cell 1/2 Griscelli (1975)
T-cell 1/1 /1 /1 Ballow & Good (1976)
Total: 41/56 (7)) 21729 (726) T/32 (%)  26/61 (43K)

asCl, severe combined immunodeficiency; CMC, chronic mucocutaneous candidiasis.

bDH, delayed cutaneous hypersensitivity; LIF/MIF, leucocyte or macrophage migration inhibition factor; LT, lymphocyte
transformation with antigens.
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characterised by thrombocytopenia, eczema, recurrent infections and
lack of cellular immunity (Levin et al, 1973). Levin and
colleagues, who were the first investigators to use transfer factor
therapeutically, in 1970 and 1973 reported the treatment of 9
patients with this syndrome with dialysable transfer factor. Six
out of nine patients improved clinically with the clearing of
eczema and recurrent infections, some showed skin test conversion and
4 out of 8 produced MIF, but none showed lymphocyte transformation
responses. Spitler et al (1972) treated 12 patients with Wiskott-
Aldrich syndrome with multiple injections of transfer factor from
PPD skin-test positive donors. Seven out of the 12 patients
responded with skin-test conversion. Some of these recipients
experienced decreased incidence of infections and regression of
splenomegaly and clearing of eczema. It was found that response

to transfer factor in Wiskott-Aldrich syndrome appears to be
correlated with the absence of monocyte IgG receptors. Two other
children with this syndrome were treated by Ballow et al (1973)
with multiple doses of dialysable leucocyte transfer factor.
Although both patients showed positive lymphocyte transformation
responses, 1 patient developed strong skin-test reactivity to
Candida and clinically improved with clearing of eczema and
reduction of bleeding. The other recipient showed only delayed
cutaneous conversion, but developed autoimmune haemolytic anaemia
concomitantly with Coxsackle B5 pneumonitis and subsequently died 7
months later. GriscelH (1975) treated 4 patients with Wiskott-
Aldrich syndrome with normal transfer factor. All 4 developed skin
test reactivity, while 2 out of 4 patients Improved clinically with

a reduction 1n Infection and spleen size and clearing of eczema.



Transfer factorcan, therefore, have a beneficial effect on some of
the patients with Wiskott-Aldrich syndrome. The observed
improvement, however, in some tranfer factjr-treated patients cannot
necessarily be attributed to the beneficial effect of the transfer
factor. This disease has a variable course and temporary

spontaneous improvement can occur (Spitler et al, 1972).

Ataxia-ttlangiectasia is an autosomal recessive disease clinically
characterised by progressive neurological symptoms and recurrent
sinooulmonary infection. Immunologically it involves mainly

T-cell deficiency, though some defect in humoral immunity also
occurs (Levin et al, 1973). Altogether nine patients suffering
from this disease have been treated with transfer factor by Griscelli
(1975) and Berkel et al (1977). Among the 5 patients studied by
Griscelli in 1975, four showed skin-test conversion, whilst 2
improved clinically. Recently, Berkel et al (1977) observed that
delayed hypersensitivity can be restored in 3 out of the 4 patients
treated with transfer factor, but clinical improvement in appetite

and general well being occurred in only 1 case.

X-linked dual system deficiency or severe combined immunodeficiency
generally Involves diminished immunoglobulin levels and deficient
cellular immune responses with absent skin-test reactivity and low
lymphocyte transformation responsiveness to mitogen and antigens
(Levin et al, 1973). These authors observed skin-test conversion
and production of MIF after transfer factor-therapy of 1 oatlent
with X-1Inked dual-system immunodeficiency. This patient and

another one, with autosomal recessive disease, showed clinical

!
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improvement and were both maintained on transfer factor injections
and plasma transfusions. In contrast, Griscslli (1975) did not
observe any improvement after transfer factor therapy in 2 patients
with autosomal recessive severe combined immunodeficiency syndrome.
These apparent inconsistencies in the therapeutic uses of transfer
factor are, at least to some extent, due to the heterogeneity of
the patients® immunological defects. In 1974, Arala-Chaves et al
treated a young patient with unclassified complex immune deficiency
disease with 2 injections of dialysable leucocyte transfer factor
from healthy donors. Following such a therapy she showed clinical
improvement, and developed strong delayed skin reactivity to
Candida and streptokinase-streptodornase and a moderate and short-
lived skin test reactivity to tuberculin PPD. In addition her
leucocytes transformed in vitro by induction with phytohaemagglutinin.
These manifestations of cellular immunity had been absent prior to

treatment with transfer factor.

Chronic mucocutaneous candidiasis and the effect of transfer factor
on Immunological responses of anergic patients with this disease

has been described above (Table 3, section 1.2.1.1).

Some patients with various other immunodef cient disorders have
also been treated with transfer factor. Amman et al (1974)

treated 6 patients with deficiency 1n cellular and humoral immunity
with dialysable leucocyte transfer factor. Donors had positive
skin reactivity to mumps, streptokinase-streptodornase, Candida and
PPD antigens. One 10 month old patient had sex-linked combined

Immunodeficiency disease, while two 3} and 5 year-old patients had
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thymic hypoplasia and hyperimmunoglobulinaemia. OFf the 3 others,

1 patient had thymic hypoplasia and selective IgA deficiency and
severe pulmonary insufficiency, while 1 other suffered from
immunodeficiency with thrombocytopenia and eczema, and the last
one had thymic hypoplasia, decreased IgG, increased IgM and absent
IgA. Following treatment with transfer factor 3 of 6 patients
showed improvement in phytohaemagglutinin-induced lymphocyte
transformation and conversion of skin-test reactivity. However,
there was not any evidence of change in antibody-mediated immunity,

but 2 patients showed clinical improvement.

Valdimarsson et al (1974) treated a 3 year old patient with a
defective T-lymphocyte function and had severe attacks of extensive
skin ulceration and high fever. After injection of dialysable
leucocyte transfer factor the patient developed improved
phytohaemagglutinin-induced lymphocyte transformation and
T-lymphocyte sheep red cell rosetting. The patient also clinically
improved with regression of the lesions and remained symptom-free
for 9 months. In addition to treatment of patients with Wiskott-
Aldrich syndrome, Ataxia-telangiectasia and severe combined immuno-
deficiency (Table 6), Griscelli (1975) injected transfer factor

from healthy donors into 3 normal control subjects and 2 patients
with variable hypogammaglobullnaemia. During treatment 2 of 3
control recipients showed skin-test conversion and all 3 responded to
various antigens in vitro, while 1 of 2 patients improved clinically.
Ballow and Good (1976) treated a 12 year-old patient, who was not
capable of producing delayed hypersensitivity skin reactivity to 3

common antigens and suffered from Intermittent bronchopulmonary



infections, with transfer factor. After treatment with 4 injections
of dialysable leucocyte transfer factor, conversion of skin
reactivity occurred to 2 of the 3 antigen markers present in the
transfer factor donor. No change occurred in lymphocyte
transformation responses, but in the following 4 months there was

clinical improvement without any episodes of fever or pneumonia.

From most of the above observations in the clinical application of
transfer factor in immunodeficient disorders (table 6) the fo..owing
conclusions can be drawn: (@) there seems to be a dissociation of
skin test reactivity and LIF and/or MIF production from lymphocyte
transformation, (b) there is a strong association between the skin
test reactivity and LIF and /or MIF production, and (c) there is
some association between skin test and cell migration (LIF/MIF)

reactivities and clinical improvement.

The clinical use of transfer factorforthe treatment of infectious,
neoplastic and immuno-regulatory diseases has not been free of

investigational problems and reported side effects.

1.2.4 Investigational problems and side effects.

The above accounts of the therapeutic use of transfer factor are
largely limited to selected clinical cases. A major criticism of
transfer factor therapy has been the lack of properly controlled
clinical trials. Since many diseases go through natural cycles of
relapse and remission, and patients may be treated with other
therapeutic agents, 1t 1s often difficult to assess the clinical

benefit of treatment with transfer factor.
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It has been reported that transfer factor is a safe therapeutic
agent. However, reactivation associated with reconstitution of
cellular immunity may in itself produce deleterious side-effects.
For example Moulias et al (1973) reported that regression of the
pulmonary lesions in the children with measles pneumonia was
associated with an initial inflammatory response. Drew et al (1973)
reported that their patient with Hodgkin®s disease and disseminated
herpes zoster developed fever and intense erythema around the
vesicles following injections of dialysable leucocyte transfer
factor. It has also been suggested that the increases in serum
transaminase levels in chronic active hepatitis after the
administration of dialysable leucocyte transfer factor may reflect
liver damage due to cellular immune reactions against the virus-laden

liver cells (Kohler et al, 1974).

A further complication was reported by Sallow et al (1973). They
reported autoimmune haemolytic anaemia following transfer factor-
therapy in patients with Wiskott-Aldrich syndrome. However, they
had already observed that there was an unusually high Incidence of
autoimmune haemolytic anaemia in patients who suffered from Wiskott-
Aldrich syndrome and were not treated with transfer factor. This

complication may have not, therefore, been due to transfer factor.

Side effects Including headache, nausea, arthralgia, malaise and
pain at the site of disease lesions have all been observed.
(O"Connell et al. 1964; Brandes et al, 1971; Bullock et al, 1972;
Graybill et al, 1973).
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In contrast to these deleterious effects, Hastings et al (1976) in
180 subcutaneous and intradermal injections of transfer factor did
not detect any side effect in his patients. Nor did Oettgen et al
(1974) in their patients with breast cancer, or Khan et al (1975)
in their"s with Hodgkin®s disease even when a high dose of transfer

factor equivalent to 4.9 x lOg leucocytes was used.

Against such background of mainly uncontrolled clinical applications
of transfer factor and only a few reports of possible adverse
consequences, it seems prudent to use transfer factor for the therapy
of diseases primarily when conventional therapeutic measures are

inadequate.

In order to use transfer factor more effectively in the future
treatment of various diseases, its in vitro and in vivo biological
activities and the specificities of these activities must be
determined. The possible relationship between such activities and

the therapeutic benefits of transfer factor must be investigated.

1.3 Biological activity of transfer factor preparations

in vitro (Tables 7-8).

It 1s postulated that leucocyte dlalysates thought to contain transfer
factor can convert non-immune lymphocytes to Immune lymphocytes. Thus,
1t should be possible to culture non-1mmune lymphocytes with transfer
factor and look for the acquisition of the ability to respond to
specific antigen. Such specific effects have been reported and were

detected by lymphocyte transformation, migration inhibition.



lymphocytotoxicity or other in vitro tests. Transfer factor also
contains substances which can non-specifically alter in vitro lymphocyte
responses. Only some of these in vitro responses, if any, may be

immunologically relevant and reflect non-specific in vivo effects.

1.3.1 Lymphocyte transformation (Table 7).

Table 7 shows that, Adler et al (1970) and Palmer and Smith (1974)
reported that tuberculin-immune human dialysable leucocyte transfer
factor could, in transformation cultures, transfer the ability to
respond to tuberculin PPD. The "recipient” lymphocytes were from
non-immune mice. In contrast, transfer factor obtained from donors
not immune to PPD was not effective. Similarly, more recently

such in vitro transfer of transformation reactivity to leishmania
major antigen by leishmania-positive, and not leishmania-negative,
transfer factor was reported by Sharma et al (1977) using human

lymphocyte "'recipients" in culture.

Lawrence in 1969 initially added water-dialysed human transfer
factor to human lymphocytes in vitro 1n the presence of specific
antigen. It was suggested that transfer factor could confer on the
"recipient” the antigen sensitivity of the donor, but such activity
was Irregular. Ascher et al (1974) presented evidence that this
Irregular activity could be overcome by dialysis Into tissue culture
medium. Such tissue culture medium-dialysed transfer factor (TFj*)
was prepared from a donor, who had marked delayed hypersensitivity
skin reaction to an antigen and had already transferred this

reactivity Invlvo. On addition of this transfer factor to lymphocyte



Table 7. In vitro properties of transfer factor.
I. lymphocyte transformation.

Biological effect Donor References
specificity

Augmentation of + Adler et al (1970)

transformation + Ascher et al (1974)

to antigens. + Palmer and Smith (1974)

Sharma et al (1977)

Arala-Chaves et al (1976)

Burger et al (1976 a, b)
- Hamblin et al (1976 &)

Ascher and Andron (1976)

Salaman (1976)

Littman et al (1977)

This study (Section 6)

Augmentation of Burger et al (1976 b)
transformation Hamblin-ef al (1976 b)
to mitogens.
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cultures from a poor responder transformation occurred only in the
presence of that antigen. When only such medium-dialysed transfer
factor was added to non-immune lymphocytes, significant stimulation
or transformation was not observed. Medium-dialysed transfer
factor, prepared from skin test-negative individuals, did not cause
such antigen-dependent transformation. The stimulation in culture
of non-immune lymphocytes occurred only in the presence of those
antigens to which the transfer factor donor was sensitive. This
reactivity was, therefore, related to the state of the donor’s

sensitivity (i.e. "donor-specific').

In contrast, there are now reports that similar lymphocyte-

stimulation effects have occurred to antigens to which the transfer
factor-donor was not sensitive (Hamblin, 1975; Hamblin et al,

1976a; Ascher and Andron, 1976; Salaman, 1976; Littman et al,

1977). This finding led to the concept that such in vitro activity

of transfer factor results from the non-specific augmentation of
pre-committed cells, rather than the initiation of previously
uncommitted lymphocytes (? "recipient-specific™). Similar non-specific
activity has been observed 1n mitogen-induced lymphocyte transformat!on

cultures (Burger et al, 1976 b; Hamblin et al, 1976 b).

A complex set of factors, therefore, govern the in vitro effects
of transfer factor on lymphocyte transformation. Sensitivity states
of the donor and recipient cells are suggested to be two such

contributory factors (Arala-Chaves et al, 1976).
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1.3.2 Cell migration inhibition (Table 8).

Table 8 shows that dialysable transfer factor affects migration of
guinea pig peritoneal exudate cells and peripheral blood leucocytes

alone or mixed with macrophages in the presence of specific antigen.

Salaman (1974) demonstrated that direct migration of normal guinea
pig peritoneal exudate cells was inhibiced, in the presence of low
concentrations of PPD, if dialysable transfer factor from strongly
sensitive PPD donors were used. Usually there was not any
inhibition in the presence of PPD negative dialysable transfer
factor. At higher concentrations of PPD the results were not so
consistent. Sephadex column fractions of non-dialysable transfer
factor from guinea pigs immunised with ovalbumin or bovine gamma
globulin have also been used. Dunnick and Bach (1975) used such
fractions and reported a 24 - 28 per cent migration inhibition of
guinea pig cells in the presence of specific antigen. In the presence

of non-specific antigen migration inhibition was only 5-15 per cent.

Read and Zabriskie (1972) employed a direct peripheral blood
leucocyte migration test to demonstrate the in vitro effect of
transfer factor. Dialysable transfer factor from tuberculin
sensitive donors was Incubated with non-immune leucocytes. Migration
of these cells was Inhibited 1n the presence of PPD. These
observations were extended to studies of measles virus-immune
dialysable transfer factor 1n patients with multiple sclerosis, and
Epsteln-Barr virus-sensitive material 1n patients with nasopharyngeal

carcinoma (Goldenberg and Brandes, 1972; Utermohlen and Zabriskie, 1973).
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Table 8. In vitro properties of transfer factor.
I1. cell migration inhibition and others.

Biological effect Donor References
specificity

Macrophage migration + Paque et al (1973)
inhibition + Salaman (1974)

+ Dunnick and Bach (1975)
Leucocyte migration + Goldenberg and Brandes (1972)
inhibition + Read and Zabriskie (1972)

+ Utermohlen and Zabriskie (1973)
Mixed leucocyte-macrophage ? Dabrowska et al (1976)

migration inhibition

Cytotoxicity + Levin (1974)

Chemotaxis - Gall in and Kirkpatrick (1974)
T-lymphocyte Mendes et al (1975)
maturation - Valdlmarsson (19/5)

- Holzman et al (1976)
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In similar studies Paque et al (1973) used the indirect migration
inhibition test. Leucocytes from skin-test negative individuals

were incubated with whole cell lysate or non-dialysable transfer
factor and specific antigen. Transfer factor donors were strongly
positive to histoplasmin and/or coccidioidin. In the presence of

any one of these antigens MIF was released and inhibited the migration
of guinea pig macrophages. Dialysable transfer factor and the cell
lysate or non-dialysable transfer factor, in the absence of antigen

or in the presence of non-specific antigen, were ineffective.

The in vitro activity of transfer factor has also been investigated
by using a mixed leucocyte-macrophage migration system (Dabrowska
et al, 1976). It was indicated that some human dialysable transfer
factor preparations, from tuberculin-positive donors, apparently
conferred a positive mixed cell migration reactivity to tuberculin
PPD upon mixed populations of Mantoux-negative lymphocytes and
guinea pig macrophages. However, antigen specificity and

reproducibility of this effect were not confirmed.

All these reports suggest that it may be possible to adoptively
sensitise previously unsensitised lymphocytes by transfer factor,

so that MIF and/or LIF lymphokines are generated to a specific antigen.
1,3.3 Lymphocytotoxlcity (Table 8).
Levin (1974) has described an assay system for transfer factor by

employing dialysable transfer factor from family contacts of

patients with osteogenic sarcoma. Dialysable transfer factor, from



such family contacts, induced increased lymphocytotoxicity to
cultured osteogenic sarcoma cells. Transfer factor, prepared from
donors whose lymphocytes were not cytotoxic for sarcoma cells or

for hypernephroma cells, was not effective.

1.3.4 Leucocyte chemotaxis (Table 8).

Gall in and Kirkpatrick (1974) have found that human dialysable
transfer factor was strongly chemotactic for granulocytes, and
weakly chemotactic for monocytes in vitro and in vivo in the monkey
skin. Sephadex G-25 fractionation studies revealed that those
fractions capable of transferring in vivo delayed hypersensitivity

skin reactions were also chemotactic both in vivo and in vitro.

1.3.5 Maturation of lymphocytes (Table 8).

Wybran et al (1973) observed that injections of dialysable transfer
factor improved cellular immunity 1n patients with T-lymphocyte
deficiency. Such an Improvement was measured by a marked increase
1n circulating T-lymphocytes. This led to the concept that transfer
factor contains a component capable of promoting T-cell maturation
or mobilisation 1n the circulation. It 1s not yet clear whether
the number of T-lymphocytes Increase following Incubation of
peripheral blood lymphocytes with transfer factor. Despite this,
1t has been reported that trypslnlsed or heat-treated lymphocytes
regain their capacity to form rosettes with sheep red blood cells
much earlier, 1f they are Incubated with dialysable transfer factor

rather than in tissue-culture medium (Mendes et al, 1975;
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Valdimarsson, 1975). Therefore, these studies suggested that transfer
factor contains T-cell receptors or markers. In contrast, the
observation that puromycin-treated trypsinised lymphocytes no longer
had the ability to reform rosettes with sheep red blood cells,
suggested that transfer factor does not contain the receptors

(Holzman et al, 1976). The demonstration that dialysable transfer
factor preparations stimulate the synthesis of a T-lymphocyte

marker, may well account for the beneficial effect of transfer

factor observed in patients with T-cell immunodeficiency (Section

1.2.3, table 6).

1.4 Animal models for transfer factor (Tables 9-10).
1.4.1 Previous study of transfer factor in the rhesus monkey
(Table 9).

In 1972, Maddison et al demonstrated that both dialysable and non-
dialysable transfer factor preparations, from rhesus monkeys

infected with Schistosoma mansonl or mycobacteria, or from PPD
sensitive humans, were capable of transferring histologically positive
delayed hypersensitivity skin reactions to recipient rhesus monkeys.
Some specificity was suggested by the fact that monkeys receiving
human or monkey tuberculin sensitive transfer factor did not respond
to S. mansonl. However, some monkeys receiving transfer factor from
"non-sensltlsed” animals showed positive delayed hypersensitivity to
PPD. In some recipients, skin test conversion was associated with 1n
vitro transformation. Maddison (1974) suggested that transfer

factor may also be of therapeutic value 1n Infectious diseases 1n
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the rhesus monkey. She observed that immune transfer factor
administered together with hyperimmune serum was effective in reducing
the worm burden of monkeys infected with Schistosoma mansoni . This

implied transfer of immunity to this infection in this animal.

Gallin and Kirkpatrick (1974) demonstrated that human dialysable
transfer factor, prepared from donors responsive to mumps,
streptokinase-streptodornase and Candida antigens, transferred
delayed skin reactivity to recipient rhesus monkeys. Reactions
were histologically confirmed and reflected the antigen sensitivity

of the donors, both in intensity and specificity.

Zanelli and Adler (1975) transferred cutaneous sensitivity from
BCG-sensitised rhesus monkeys to rhesus and cynomolgus monkeys.
They used viable cells, cell lysates or non-lyophylised dialysable
transfer factor. The recipient monkeys converted to skin test
positive on histological examination, but their lymphocyte

transformation responses to PPD remained negative.

Recently, Dumonde et al (1976) reported transfer of skin test
reactivity to keyhole limpet haemocyanln and tuberculin PPD in 1
rhesus monkey given multiple injections of immune transfer factor.
These Investigators and Scallse et al (1976) have also reported
marked transfer of mixed leucocyte-macrophage migration reactivity
to keyhole limpet haemocyanln, tuberculin PPD and/or hepatitis B

surface antigen by means of immune dialysable rhesus transfer factor.
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Table 9.

Reference

Maddison et al
1972)

Gallin and
Kirkpatrick
(1974)

Zanelli and
Adler (1975)

Dumonde et al
(1976)

Scalise et al
(1976)

This study
(Sections 3-5)

TF = transfer factor,

factor preparations,
SKSD = streptokinase-streptodornase,

TF preparation

tfd/tfnd (rhesus)

- rhesus

tfd/tfnd (human)

— rhesus

Viable cells/cel 1
lysate/TFp (rhesus)

— rhesus & cynomolgus

TFp (rhesus)
— rhesus

TFq (rhesus)
— rhesus

TFd (rhesus)
— rhesus

In vivo properties of transfer factor in the rhesus monkey

Assessment of immune
transfer

+ve skin biopsies, +ve
LT to Schistosoma man-
sonii and mycobacteria.

+ve skip biopsies to PPD
or to mumps, SKSD, PPD
& Candida.

+ve skin biopsies to PPD,
-ve LT to PPD.

+ve skin biopsies to
KLH, PPD, +ve LMMI to
PPD, KLH, -ve LT.

-ve skin biopsies to PPD,
KLH, +ve LMMI to
PPD, KLH, and HBsAg.

+ve skin biopsies and
LMMI to PPD, KLH & HBsSAg,
but -ve LT.

TFD/TFND = dialysable/non-dialysable transfer
PPO = purified protein derivative of tuberculin,

HSV-1 = herpes simplex virus

type 1, DNCB = dinltrochlorobenzene, HBsAg = purified hepatitis B

surface antigen,
transformation,

keyhole limpet haemocyanin, LT = lymphocyte
mixed leucocyte-macrophage migration test.



1.4.2 Transfer factor study in other animals (Table 10).

In the guinea pig system, Bloom and Chase (1967) attempted exhaustive
studies to transfer delayed hypersensitivity with transfer factor.
Guthrie et al (1967) reported the transfer of sensitivity to
dinitrofluorobenzene using supernatants, derived from the incubation
of sensitised cells with this chemical antigen. These observations
were extended by others, some with highly controversial outcome, to

a study of transfer of specific delayed hypersensitivity by

guinea pig dialysable transfer factor (Burger and Jeter, 1971;
Rosenfeld and Dressier, 1974). These findings have proved difficult

to repeat in many laboratories.

More recently Clinton and Magoc (1976) have reported that dialysable
transfer factor, from animals infected with Leishmania enriettii or
actively immunised with Freund®s complete adjuvant, transferred
specific delayed skin reaction, macrophage migration Inhibition

and lymphocyte transformation to recipient animals.

Welch et al (1976a, b) reported that guinea pigs, primed with
tuberculin PPD or streptokinase-streptodornase, can acquire antigen-
specific skin test reactivity. These observations were extended

to look for donor and recipient specificity, and the biochemical
fractionation of the transfer activity (Vandenbark et al, 1976;
Wilson et al, 1976, 1977). Whilst the results are not yet complete,
1t was suggested that donor specificity may be essential for
transfer since transfer factor from antigen-negative or unsensitised

donors have proved ineffective.



Table 10.

Reference

Guthrie et al
(1967)

Burger & Jeter
(1971), Rosenfeld
& Dressier (1974)

Clinton and
Magoc (1976)

Welch et al
(1976 arry

Trepo and Prince
(1976)

Steele et al
(1976)

Shifrine et al
(1976)

Rifkind et al
(1976)

TF = transfer factor,

TF preparation

TEND (Suinea pig)
-~ guinea pig
TFg (guinea pigQ)
— guinea pig

TFQ (guinea pig)
-e guinea pig
TFd  (human) - guinea
pig (primed)
TFq  (human)
-*chimp®s
TF~/viable leucocytes
(chimp®s) — chimp®s
Cell lysates (baboon)

— baboon, cebus,
marmoset

Cell lysate (dogs)
— dogs

TFp (human) - Mice

TFp - dialysable transfer factor,

In vivo properties of transfer factor in other animals

Assessment of immune
transfer

+ve skin test to DNFB

+ve skin test to DNCB

+ve skin test and MMI
to PPD and Leishmania.

+ve skin tests to PPD
and SKSD.

+ve skin biopsies & LMT
to PPD, HBsAgQ.

+ve skin biopsy to HBsAg.

+ve skin tests (17%) and
LT (33%) to monilia,
tetanus , mumps, HSV-1,
DNCB, PPD.

+ve LT to Coccidioides
immitis, increased LT to
PHA", -ve LT to PPD.

+ve skin test, foot pad

swelling test to
coccidioidin.

TFENQ * non-

dialysable transfer factor, DNFB = dInltro-fluorobenzene, DNCB =

PPD = purified protein derivative of tuberculin,
SKSD = streptokinase-streptodornase, HBsAg m purified hepatitis B

dinitrochlorobenzene,

surface antigen, MMI

- macrophage migration Inhibition test,

LMT - leucocyte migration test, LT - lymphocyte transformation test,
PHA « phytohaemagglutinin.



In other animals, Trepo and Prince (1976) observed that transfer
factor, from human or chimpanzee donors sensitised to hepatitis B
virus and/or PPD, transferred sensitivity to hepatitis B surface
antigen (HBsAg) and/or PPD in recipient chimpanzees, which were
chronic asymptomatic carriers of HBsAg for over 2 years. Transfer
factor used was in the form of dialysable human or chimpanzee
transfer factor or viable chimpanzee blood leucocytes. Adoptively
transferred delayed hypersensitivity to sensitising antigens was,
in the recipient animals, detected by the acquisition of delayed
skin test reactivity and inhibition of leucocyte migration test.
Specificity of transfer factor was implied by the fact that, when
its source was from a person with positive delayed hypersensitivity
skin reaction to PPD, the recipient chimpanzee became skin test
positive to this antigen. Transfer factor from donors not sensitive

to PPD were not effective.

Recently, Steele et al (1976) injected three species of nonhuman
primates; baboons, cebus monkeys and marmosets, with dialysable
transfer factor from a human donor and non-dialysable transfer
factor from baboons. Transfer of sensitivity was evaluated by gross
skin testing and lymphocyte transformation. 45% of skin tests and 65%
of the lymphocyte transformation tests became positive in recipients
Injected with human transfer factor. |In recipients of baboon
transfer factor 17% of skin tests and 33% of transformation tests
converted to positive. Using many antigens to which donors were
sensitised and not sensitised (monlUa, tetanus, herpes simplex

type 1, dinitrochlorobenzene and PPD), 1t was possible to show that
recipients never converted to antigens to which transfer factor

donors were negative or not sensitised.
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In dogs, Shifrine et al (1976) transferred sensitivity to Coccidioides
immitis using canine transfer factor in the form of blood leucocyte
lysate. This was detected by lymphocyte transformation to antigen.
Phytohaemagglutinin stimulation in transfer factor recipients also
increased, probably implying transfer of non-specific sensitivity or

a host response to injection of transfer factor.

In mice, Rifkind et al (1976) observed that dialysable transfer
factor, from skin test and lymphocyte transformation positive human
donors, transferred delayed hypersensitivity to coccidioidin antigen
in mice. Sensitivity was detected by the skin and foot pad swelling
tests. In contrast, transfer factor from non-reactive normal donors

was ineffective.

1.5 The problem of specificity.

Immunological specificity of transfer factor has always been a
controversial issue (Bloom, 1973; Arala-Chaves and Fudenberg,
1976; Salaman and Valdimarsson, 1976; Mazaheri et al, 1977).
Thus, the following sections discuss the various clinical or in vivo

and in vitro observations on the specificity of transfer factor.

1.5.1 e« Clinical observations.

Clinical and Immunological observations on the acquisition of delayed

type hypersensitivity following the administration of transfer factor

have led to the concept, that transfer factor converts non-immune

10



to immune lymphocytes in vivo. Thus, it has been repeatedly reported
that previously unresponsive recipients acquire delayed type skin
reactions to antigens to which the donor was positive (Lawrence

et al, 1960; Rapaport et al, 1960; Maurer, 1961; Zuckerman et al,
1974; Kirkpatrick and Smith, 1976). (See section 1.1.1). However,
there are reports that recipients may acquire skin test reactivities
which were not demonstrable in the donor (Levin et al, 1971;

Spitler et al, 1972; G.-iscelli, 1975). It has also been shown
that not all positive skin reactions demonstrable in the donor may
be transferred to the recipient (Kirkpatrick and Smith, 1976).

Other alterations in the cellular-immune responsiveness, which do
not apparently relate to donor specificity, have been reported in
recipients. These include altered mixed lymphocyte culture
responsiveness (Dupont et al, 1974), increased responsiveness to
phytohaemagglutinin in vitro (Arala-Chaves et al, 1974;

Valdimarsson et al, 1974), and increases in the numbers of
circulating T-cells as shown by Increased sheep red blood cell
rosetting (Wybran et al, 1973). These observations, 1n man, have
led to the concept that dialysable leucocyte transfer factor, in
addition to conferring antigen responsiveness, may also possess non-
specific adjuvant like properties. Further support for this
hypothesis has been gained from laboratory studies designed to test
dialysable leucocyte transfer factor activity tn vivo 1n animals

and 1n vitro.

1.5.2 In vivo and 1n vitro observations.

Much of the scepticism which surrounded the early work on transfer



factor resulted from the inability to demonstrate the transfer
phenomenon in animals. Recently, however, studies in nonhuman
primates, guinea pigs and other animals (Tables 9-10) have
demonstrated that some of the immunological properties of leucocyte
extracts, or transfer factor, described in man (Tables 3-6) may be

reproduced in animals.

In nonhuman primates successful transfer of delayed hypersensitivity
using viable leucocytes, leucocyte extracts, and dialysable transfer
factor, has been reported from monkey to monkey and from man to
monkey (Table 9: Zanelli and Adler, 1975; table 10: Steele et al,
1976a). Immunological specificity was shown by the observation

that recipients never converted to antigens to which the donor did

not react in vivo.

In guinea pigs transfer of delayed hypersensitivity has proved
extremely difficult (Bloom and Chase, 1967). However, recent

studies have shown that guinea pigs, primed with antigen, gave
delayed skin reaction following injection of dialysable leucocyte
transfer factor (Table 10: Welch et al, 1976a, b). Whilst

exposure to antigen is a pre-requisite for the demonstration of
subsequent delayed hypersensitivity skin reactions, the role of donor
specificity 1n eliciting such responses has yet to be fully

determined.

In vitro tests for transfer factor have also provided evidence for
both specific and non-specific activities 1n dialysable transfer factor

preparations (Tables 7-8). Thus, 1n vivo and 1n vitro test systems

12



for transfer factor lend support to the clinical observations that
dialysable leucocyte transfer factor contains both specific and
non-specific activities. The relative importance of the specific
and non-specific activities of transfer factor for the treatment of
disease have yet to be delineated. The biochemical properties of
dialysable leucocyte transfer factor have been investigated in an
attempt to determine which components are responsible for the

alterations in cellular immune function in vivo and in vitro.

1.6 Biochemical properties and fractionation of transfer

factor.

Using the transfer of delayed hypersensitivity as the criteria for
assessing activity, the properties described in table 1 were

reported by Lawrence (1973, 1974).

Fractionation of crude dialysable leucocyte transfer factor has
been attempted in order to locate its specific and non-specific
components. Sephadex column chromatography has shown the material
to be of heterogenous composition, and that it can be separated into
a number of fractions (Baram et al, 1966; Arala-Chaves et al, 1967;
Gottlieb et al, 1973; Zuckerman et al, 1974; Burger et al, 1976a;
Vandenbark et al, 1977). Several publications report that one of
the fractions, rich 1n hypoxanthine, 1s associated with the ability
to transfer delayed skin reactions (0"Dorlslo et al» 1976;
Kirkpatrick et al, 1976; Tomar et al. 1976). Others have produced
evidence for fractions, which stimulate non-speclflcally weak

immune reactivity 1n vivo (Krohn et al, 1976a, b; 1977) and augment
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lymphocyte transformation in vitro (Burger et al, 1976a, b; Littman
et al, 1977). More biochemical studies are required to relate these
activities to each other and to the therapeutic efficacy of transfer

factor.

1.7 Mode of action of transfer factor.

Various theories have been postulated to explain how transfer factor

may initiate and/or promote cell-mediated hypersensitivity.

1.7.1 Informational derepressor theory.

Lawrence (1969a) suggested that transfer factor may be an informational
polynucleotide, possibly a short double stranded RNA or a specific

gene derepressor. Apparently, previously uncommitted naive lymphocytes
are instructed to produce antigen-specific receptors and become
specifically sensitised. These lymphocytes subsequently undergo clonal
proliferation and donor specific delayed hypersensitivity is thereby
induced. In fact, Dumonde and Maini (1971) speculated that, in the
presence of a specific antigen, leucocyte dialysates containing
transfer factor may induce non-sensitised lymphocytes to produce
lymphokines to mediate cell-mediated immunity (Dumonde et al, 1969).

In the rhesus monkey model, there is evidence that transfer factor

may initiate such adoptive sensitisation for selective lymphokine

production (Dumonde et al, 1976).



1.7.2 Receptor theory.

The easiest explanation would be that dialysable transfer factor
carries the donor-specific receptor, but this is thought to be
unlikely (Valdimarsson, 1975). Transfer factor may act by
stimulating recipient lymphocytes to produce more transfer factor,
which then recognises and stimulates a select group of non-
immunoglobulin cell surface receptors, called mini receptors.
Dialysable transfer factor may react with these receptors thereby
initiating an appropriate signal calling for the transfer of cell-

mediated immunity (Burnet, 1974).

1.7.3 Superantigen theory.

Another suggestion is that transfer factor may be a macrophage
processed highly immunogenic 'superantigen”. This seems
incompatible with the finding that on injection into individuals,

it does not apparently lead to antibody synthesis (Lawrence, 1969a).
Furthermore, serial transfer of delayed hypersensitivity from
individuals A to B to C has been reported and does not support this

postulate (Lawrence, 1974; Kirkpatrick and Smith, 1976).

1.7.4 Adjuvant theory.

It has been observed that in vivo and in vitro recipients of transfer
factor are capable of responding to antigens to which donors were
skin-test negative (Levin et al, 1970, 1971 ; Spitler et al, 1972 ;

Griscelli, 1975; Khan et al, 1975; Hamblin et al, 1976b; Krohn



et al, 1976b; Khan, 1977; Littman et al, 1977). Therefore, an
alternative view to the transfer of specific sensitivity is that
transfer factor, in some situations, acts as an immunologically
non-specific adjuvant and promotes the activity of precommitted
lymphocytes. According to this theory the effectiveness of transfer
factor depends upon the immune status of the recipient rather than

that of the donor.

1.8 Conclusions

1.8.1 The rhesus monkey as a useful experimental model for the

study of transfer factor (Table 9).

Some of the investigators mentioned above have reported evidence
that, the rhesus monkey (Macaca mulatta) can provide a useful
experimental model for the in vivo study of transfer factor

(Table 9). Others have reported that immune rhesus transfer factor,
in vitro, transferred cellular Immune responses to rhesus monkey
and human lymphocytes (Baram and Condoulis, 1970). These
investigators also later showed that even fractions of antigen-
specific rhesus monkey dialysable leucocyte transfer factor, can be

assayed by MIF production in vitro (Baram and Condoulis, 1976).

In contrast to man, the rhesus monkey permits relatively free
choice of immunogen and a ready monitoring of the cellular Immune
status of transfer factor donors and recipients. Healthy anergic
human volunteers, unlike the rhesus monkey, present ethical,

immunological and organisational problems.
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Compared with the other nonhuman primates, this species was more
readily available during these experiments and was generally more
economically purchased and maintained. Unlike the smaller animals,
the rhesus monkey, besides providing a larger and more convenient
source of transfer factor, provides a larger surface area for a

range of skin tests.

In comparison to mice, rats, guinea pigs and rabbits, rhesus monkeys
also have the convenience of a much larger volume of blood required

for a range of in vitro tests.

1.8.2 Background to design of the present experimental work.

In view of the use of dialysable transfer factor for the treatment
of various diseases in man (Section 1.2, tables 3-6), and the
controversy surrounding its specificity in vivo and in vitro and mode
of action (Sections 1.3-1.5, Section 1.7) the present study was set
up. The main aims of this study were (a) to test the rhesus monkey
as a useful experimental model for the study of dialysable transfer
factor, (b) to extend the limited evidence for the specificity of
dialysable transfer factor activity in vivo and in vitro, (c) to
develop satisfactory method or methods of monitoring the in vivo
activity of transfer factor 1n the rhesus monkey model, and (d) to
make preliminary observations on the fractionation properties of

dialysable transfer factor prepared from man or monkey.

Background to the design of parts of the present experimental work

has already been described above (Section 1.8.1) and reported by



Dumonde et al (1976) and Scalise et al (1976). Therefore, the present

Thesis reports detailed study of the following:

@

©)

©

@

®©

The extent of delayed skin test hypersensitivity (DH) acquired
by both actively immunised donor and dialysable transfer factor-

treated recipient rhesus monkeys and its specificity;

the extent of cellular hypersensitivity, as measured by the
direct mixed leucocyte-macrophage migration test (LMMI),
acquired by both actively immunised and dialysable transfer

factor-treated rhesus monkeys and its specificity;

the extent of cellular hypersensitivity, as measured by the
whole blood lymphocyte transformation test (LT), acquired by
both actively immunised and dialysable transfer factor-treated

rhesus monkeys and its specificity;

the in vitro activity of dialysable transfer factor preparations,
from monkey or man, upon antigen-stimulated human lymphocytes and

its specificity, and

the preliminary fractionation properties of rhesus monkey and
human dialysable transfer factor preparations, as indicated by

their elution through Sephadex G-25 columns.
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2. EXPERIMENTAL DESIGN AND METHODS.

In this work the following experiments were carried out:

In vivo study: the experiments consisted of studying the acquisition
and specificity of delayed hypersensitivity (DH), mixed leucocyte
macrophage migration (LMMI) reactivity and lymphocyte transformation
(LT) responses to selective antigens. These tests were done in
rhesus monkeys actively immunised with Freund®s complete adjuvant
(FCA) only, and keyhole limpet haemocyanin or hepatitis B surface
antigen in Freund"s complete adjuvant (KLH/FCA, HBsAg/FCA). Such
tests were also carried out in rhesus monkeys injected with water-

or vacuum-dialysed homologous leucocyte transfer factor (Rh-TFWg,

Rh-TFVD).

In vitro study: the experiments consisted of studying the activity
of both monkey and human dialysable leucocyte transfer factor.

Both preparations were made by dialysis into tissue culture medium
(monkey: Rh-TFDM, human: H-TFDM). Human leucocyte or purified
lymphocyte cultures (LC, PL) were used to detect augmentation of
lymphocyte transformation by antigens with dialysable leucocyte

transfer factor of monkey and man.

Fractionation of both monkey and human leucocyte dialysates was
carried out. Dialysable leucocyte transfer factor was prepared by
vacuum-dialysis (monkey: Rh-TFy0, Human: H-TFyp). Fractionation

was by column chromatography using Sephadex G-25.



2.1 Protocols for active sensitisation of rhesus monkeys

(Figs. la-d).

Figure la shows that 2 monkeys (H25, H26) were actively immunised
with 100 ug KLH in FCA. At the same time two others (H23, H24)
were immunised with 1 mg KLH in FCA. The mixed leucocyte-
macrophage migration test was carried out, about 2 and 5 weeks
after immunisation, with 3-100 ug/ml of sensitising antigens. These
antigens were keyhole limpet haemocyanin (KLH), purified protein
derivative of tuberculin (PPD) and particulate tubercle bacilli
(TB). Skin tests were carried out with 10 ug KLH or PPD about 3
and 6 weeks after active sensitisation. On about the 6th week,
after the completion of the second skin test, these animals were

killed for the preparation of KLH-immune and FCA-immune Rh-TFp.

Figure Ib shows immunisation of another 7 animals with FCA with or
without KLH. The LMMI and LT tests were carried out 2-3 times
before active immunisation. These tests were also done 5 to 42
days after immunisation. The LMMI test was carried out with

3-200 ug/ml antigens and the LT test with 5-100 wg/ml antigens and
phytohaemagglutinln. Skin tests were done on two occasions 12-14
and 26-28 days after active sensitisation. These animals®™ own red
blood cells were transfused back. For transfusion, packed red
blood cells were made up to the original volume of blood drawn with
non-pyrogenic sterile normal saline. These animals were killed
40-42 days after immunisation for preparation of KLH-immune and

FCA-immune dialysable rhesus transfer factor.



Fig. la. First protocol for active sensitisation of
rhesus monkeys with keyhole limpet haemocyanin

in Freund"s complete adjuvant (KLH/FCA)

Day

0 +15D +19D +34/36D +41/43D
Monkeys
n23 = I = +

LMMI SK LMl SK
2H24 ¢
KLH/FCA K(Rh-TFD)

3H25
4H26

KLH/FCA: contained 1-2 1 mg KLH in FCA, 3"4 100 yg KLH in FCA.

Util » mixed leucocyte-macrophage migration test: KLH, PPD, TB, at 3-100 yg/ml.

SK - skin test: KLH, PPD at 10 yg.

K killed and collected blood and lymph nodes/spleen for preparation of KLH- and FCA-immune
dialysable leucocyte transfer factor (Rh-TFp).



Monkeys

"H16
2ny
~20
4H34a
5H31
6H32
TH33a

Fig- Ib. Second protocol for active sensitisation of rhesus monkeys
with keyhole limpet haemocyanin in Freund"s complete

adjuvant or only this adjuvant (FCA + KLH).

FCA+KLH +12/14D +26/28D +40/42D
|
Day "0" +5/7D +19/21D +33/35D
e - 0————————- O 1o~ e S T h-
Before LvMI LvvI Lt
LT LT LT
BT BT
2 x Lwi Lwvi vl
2 X LT LT LT
we Sk Sk K(Rh-TFD)
BT BT

FCA+KLH: contained 1-4 100 pg KLH in FCA or 5-7 only FCA with 3 mg TB.
1-3 LMMI « mixed leucocyte-macrophage migration test: KLH, PPD, TB at 3-200 pg/ml.
17 LT * lymphocyte transformation test: KLH, PPD, TB, PHA at 5-100 pg/ml.
Wt « weight in kg, Sk = skin test: 1-4 KLH, 1-7 PPD at 10 & 30 pg-
BT = blood transfusion.
K = killed and collected blood and lymph nodes/spleen for preparation of KLH- and
FCA-immune dialysable leucocyte transfer factor (Rh-TFp).



Figure Ic shows that one monkey (HI5) was actively immunised with

1 mg purified hepatitis B surface antigen in FCA (HBsAg/FCA). The
LMMI test was carried out about 3 and 7 weeks after active
sensitisation. Only 1/10 and 1/25 dilutions of a stock solution

of purified hepatitis B surface antigen were used in this test.

Skin testing was done with 50 yg HBsAg. This was carried out about
4 weeks after active sensitisation. On about the 13th week this
animal was exsanguinated and the lymph nodes and spleen were removed

for the preparation of HBsAg-immune and FCA-immune Rh-TFp.

Figure Id shows immunisation of another 5 rhesus monkeys with
HBsAg/FCA. The LMMI and LT tests were carried out 2-3 times before
and at various intervals, after immunisation. For the migration
test 3-100 wg/ml antigen (KLH, PPD or HBsAg), and for the
transformation test 5-100 pg/ml antigen (PPD or HBsAg) were used.
All rhesus monkeys were killed 42-51 days after immunisation for
preparation of HBsAg-immune and FCA-immune transfer factor. Their
mean total weight loss by the end of immunisation experiments in

figures Ib and Id was about 10%.

2.1.1 Selection of rhesus monkey donors of dialysable transfer

factor for the in vivo study (Table 11).

Table 11 shows that normal unsensitised and actively Immunised rhesus
monkeys served as donors of dialysable leucocyte transfer factor for
the in vivo study. Such dialysates were designated normal and immune

Rh-TFjj respectively.



Fig. 1c. First protocol for active sensitisation of a
rhesus monkey with hepatitis B surface antigen in

Freund®s complete adjuvant (HBSAg/FCA).

Day
"o +220 +26D +49D +92D
Monkey 0 } 1 1 — x
HI'S f LI SK LwI I
HBSAg/FCA K(Rh-TFQ)

HBsAg/FCA: contained 1 mg HBsAg in FCA
Lwv1

mixed leucocyte-macrophage migration test: HBsAg at 1/10, 1/25 dilutions.

SK *  skin test: HBsAg at 50 yg.
K

killed and collected blood and lymph nodes/spleen for preparation of HBsAg- and
FCA-immune dialysable leucocyte transfer factor (Rh-TFp).



Monkeys
1H35a
2H36a
3H42
4H43

5H44

Fig. Id.

Second protocol for active sensitisation of rhesus monkeys

with hepatitis B surface antigen in Freund®s complete

adjuvant (HBsAg/FCA).

HbsAq/FCA +16D +23D
i
Day "0 +14D +21D +28D
Ao SN WS S R B
Before LvMI LwmI LvmI
SK Wt SK
3 x Lwi Wt LT LT Wt
2 X LT
Wt
HBsAg/FCA: contained Img HBsAg in FCA.
3"5 M1l *

m It »
Wt *
K

+30D +37D
+350 + 42 to 51D
: 1 E
LI
"t 1
LT LT
K (Rh-TFp)
Wit U

mixed leucocyte-macrophage migration test: KLH, PPD, HBsAg at 3-100 yg/ml.
lymphocyte transformation test: PPD, HBsAg at 5-100 ug/ml.

weight in kg,

SK = skin test: PPD, HBsAg at 10 & 30 ug.

killed and collected blood and lymph nodes/spleen for preparation of
HBsAg- and FCA-immune dialysable leucocyte transfer factor (Rh-TFp).



Table 11. Rhesus monkey donors and recipients of dialysable

rhesus transfer factor used for the in vivo study.

Rh-TFp donor® Rh-TrD recipientb

Rhesus Immunity Rhesus Doset
() Pool SM Normal H35 2 (2.4 x 109)
(@ H45 Normal H49 1 (4.5 x 109)
@) HR FCA H48 1 (5.3 x 109)
(@) H43 HBsAg/FCA H37 1 (4.5 x 109)
G) H43 HBsAg/FCA H38 1 (4.5 x 109)
@) Pool C KLH/FCA H46 1 (4.5 x 109)
() Pool C KLH/FCA H47 1 (4.5 x 109)
@8 Pool C KLH/FCA H36 3 (4.5 x 109)
(©) HI5 HBsAg/FCA H33 1 (4.2 x 109)
(10) HI-4* KLH/FCA H19 1 (8.0 x 109)
0D HI-4* KLH/FCA HI 8a 1 (4.0 x 109)
(12) H23-24* KLH/FCA H27 1 (4.0 x 109)

aPool SM, rhesus monkey cells kindly provided by Dr. Shirley Maddison;
Pool C, obtained from monkeys H16, 17, 20 and 34a.

transfer factor 1n experiments 1 to 8 were "vacuum-dialysed" and 1n
9 to 12 were "water-dialysed".

Transfer factor prepared by Professor 6. Scalise (Department of
Medical Microbiology, London School of Hygiene and Tropical Medicine).

Other details: see section 2.1 to 2.2.1.
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Normal Rh-TFp preparations were obtained from lymphoid cells of

2 healthy rhesus monkeys. Cells for one such preparation were
provided by Dr. Shirley Maddison (Division of Parasitology, Centre
for Disease Control, Atlanta, Georgia, USA). The other donor was
considered normal on the basis that naive monkeys did not generally

react to sensitising antigens in vitro.

Immune Rh-TFp was obtained from actively immunised or sensitised
rhesus monkeys. 17 male and female monkeys were immunised (3.5 -

8 kg weight) by one set of intramuscular and intradermal injections
of Freund’s complete adjuvant (FCA) alone or two antigens
individually emulsified in FCA. The sensitising antigens used

were keyhole limpet haemocyanin (KLH: 100 yg - 1 mg) and hepatitis B
surface antigen (HBsAg: 1 mg). FCA always contained 3 mg heat
killed tubercle bacilli (TB).

2.2 Protocols for adoptive sensitisation of rhesus monkeys

(Figs. 2a-e).

The protocols for adoptive sensitisation of naive rhesus monkeys
with water- and vacuum-dialysed rhesus transfer factor were as

follows:

Figures 2a-c show that four naive rhesus monkeys received one

injection of immune water-dialysed Rh-TF~A. Two others were given



Fig. 2a. First protocol for adoptive sensitisation of a
rhesus monkey following an injection of homologous
dialysable leucocyte transfer factor immune to keyhole

limpet haemocyanin and Freund®s complete adjuvant.

Rh-TFWD or NaCl

Recipients |
Day
Monkey HI 8:
Y -11 to -5D 0 +2D +7D +14D +70D

(control: NaCl)

Monkey HI9: Before Lwvi L!hél
(Immune Rh-TF™) 3 x wl LMMI Lwvi
SK
NaCl = sterile normal saline : 20 mis.
Rh—TF,WD = water-dialysed rhesus monkey leucocyte transfer factor,
g
Dose : 8 x 10 lymphocytes.
LVMMI = mixed leucocyte-macrophage migration test: KLH, PPD, TB, at 3-100 yg/ml.
SK = skin test: KLH, PPD at 30 yg.



Recipients
Monkey H27:

(Inmune Rh-TRyjj)

Monkey HI 8a:

(Inmune Rh-TF™)

Fig. 2b. Second protocol for adoptive sensitisation of rhesus

monkeys following an injection of homologous dialysable
leucocyte transfer factor immune to keyhole limpet

nramocyanin and Freund"s complete adjuvant.

Rh-TRWD
1
Day
-4/-3D "0 +3D +12D +14D +43D
| 1 1 1 — 1
Before Lvvi SK Lwvl LwmI

Lwml

Rh-TFyo * water-dialysed rhesus monkey leucocyte transfer factor.

uwl
SK

Dose: 4 x 109 lymphocytes.
= mixed leucocyte -macrophage migration test: KLH, PPD, TB at 3-100 yg/ml.
= skin test: KLH, PPD at 30 yg.



Recipients

Monkey H33:

(limune Rh-TFMD)

Monkey H34:

(Control: NaCl)

Fig. 2c. First protocol for adoptive sensitisation of a rhesus

monkey following an injection of homologous dialysable

leucocyte transfer factor immune to hepatitis B surface

antigen and Freund®s complete adjuvant.

Rh-TFWD or NaCl

Day
-4D "o +2D +4D +7D
L 0 - . I |
Before LvmI Lvml SK
2 X Lwl
NaCl = sterile normal saline: 30 mis.

+14D +17D
! —+
SK LI

Rh-TFwo = water-dialysed rhesus monkey leucocyte transfer factor.

Dose: 4.2 x 109 lymphocyte equivalent.
LML
SK

skin test: HBsAg at 50 ug.

mixed leucocyte-macrophage migration test: HBsAy at 1/10, 1/25 dilution.
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only sterile normal saline. These animals were examined only by in
vitro LMMI test 3-11 days before and 2-70 days after Rh-TF*p

injection. Skin tests were carried out 7-14 days after the injection.

Figure 2d shows that multiple injections of vacuum-dialysed
homologous Rh-TFyO was also used in adoptive sensitisation. Both
mixed leucocyte-macrophage migration and lymphocyte transformation
tests were carried out some days before and 3-34 days after the

first injection of normal and immune Rh-TFyD. Skin tests were
carried out 13-34 days after this injection. Packed red blood cells
from the previous week were suspended in sterile normal saline,
stored at 4°C, and transfused back into the same animal the following
week. The final volume of transfusion was the same as the original

volume of blood withdrawn the previous occasion.

Figure 2e shows that 6 other naive monkey recipients were given one
injection of vacuum-dialysed Rh-TFyp on day zero. Both normal and
immune leucocyte dialysates were used. All these animals were
examined twice by cell migration and transformation tests 7-28 days
before Rh-TFyD injection. After this injection migration tests were
carried out between days 2-21, transformation tests between days
2-17, and skin tests on days 14 and 21. Blood transfusion was given

on 4 occasions on days 7-21.

2.2.1 Selection of rhesus monkey recipients of homologous

dlalysable leucocyte transfer factor (Table 11).

Figures 2a-e show that "naive" recipient monkeys were first examined

by mixed leucocyte-macrophage migration test and/or lymphocyte



Fig. 2d.
Recipients
Monkey H35: Day
> (Normal Rh-TFyD) -57 to -50

| IR

Monkey H36: Before
2(Immune Rh-TRyjj)

3 x Lwil

3 X LT

The only protocol for adoptive sensitisation of a

rhesus monkey with multiple injections of homologous

dialysable leucocyte transfer factor.

Rh-TFVD
|
Day
"o +3D +6D +13D
--—-0 1o} 1 ﬂ;
LMVl
LT
LMMI
Fh-TF, LT
SK
BT

Rh-TFyo * vacuum-dialysed rhesus monkey leucocyte transfer factor.
~Injected on days 0, 3 (2.4 x 10" lymphocyte equivalent/dose).

of normal Rh-THyjj-

2Injected on days 0, 3, 20.

* Rh-TFD

+20D

LT
BT

*At day 20 NaCl was injected instead

util = mixed leucocyte-macrophage migration test: KLH, PPD, TB at 3-200 jjg/ml.

LT

v

SK « skin test: KLH, PPD at 50 yg.

BT * blood transfusion.

> lymphocyte transformation test: KLH, PPD, TB, PHA at 5-100 yg/ml.

+27D +34D
— 1 0+
LM
LT
Lt SK
LT BT

SK

BT

(4.5 x 10™ lymphocyte equivalent/dose).



Fig. 2e. Last protocol for adoptive sensitisation of rhesus monkeys with

one injection of homologous dialysable leucocyte transfer factor.

Recipient Monkeys Rh-TF\ o
1H37
2H38 Day Day
m28 to -7 Net +2D +7D +14D +17D +21D
n46
! I
AHat Before LI LW LI
LT LT BT
SH48 2 x LW LWMI BT LW sK
2 X LT BT SK LT
6H49 BT

Rh-TFvn = vacuum-dialysed rhesus monkey leucocyte transfer factor.
> These animals received Rh-TFyD immune to hepatitis B surface a igen and Freund's complete i

Dose: 4.5 x 109 lymphocyte equivalent.

3,4 Received Rh—TF\L/JQ immune to keyhole limpet haemocyanin and FCA. Dose: 4.5 x 109 lymphocyte equivalent.
Received Rh-TFyp immune to only FCA. Dose: 5.3 x 10y lymphocyte equivalent.
Received normal Rh-TFyp. Dose: 4.5 X 109 lymphocyte equivalent.

uwl = mixed leucocyte-macrophage migration test: KLH, PPD, TB, HBsAg at3-200 yg/ml.

LT lymphocyte transformation test: KLH, PPD, TB, HBsAg, PHA at 5-100yg/ml.

BT * blood transfusion, SK * skin test: KLH, PPD, HBsAg at 50 yg.



94

transformation test. This was to demonstrate absence of cellular
hypersensitivity towards KLH, PPD, T3 and HBsAg, and to establish
baselines. Each dose of lyophilised homologous dialysable leucocyte
transfer factor (Rh-TF*) was made from 4-8 x 10g donor lymphocytes.
This was dissolved in 20-30 ml volumes of sterile normal saline. It
was injected intramuscularly in all four limbs and subcutaneously
over the back of individual recipient monkeys. Rh-TFp was prepared
either by dialysis into water (Rh-TFWp) or by ultrafiltration into
vacuum (Rh-TFVD).

Table 11 shows that altogether 10 rhesus monkeys received immune-
Rh-TFp, while 2 received normal-Rh-TF~. Of the former group four
were recipients of the water-dialysed material, whilst all other

recipient animals were injected with the vacuum-dialysed material.

2.3 Selection of human donors of dialysable leucocyte transfer

factor for in vitro and fractionation studies.

Lymphoid cells for the preparation of dialysable transfer factor

were supplied by Dr. Anne S. Hamblin (Kennedy Institute of Rheumatology,
London). Healthy persons served as donors of normal dialysable
leucocyte transfer factor or H-TFp. Skin testing was carried out by
Intradermal Injection of 100 TU of old tuberculin (Evans Medial Ltd.,
London), or Its equivalent of 2 ug tuberculin PPD. For Injection,
antigen was dissolved 1n 0.1 ml of pyrogen-free sterile saline.

Normal donors were not skin tested with KLH. Normal human dialysable
leucocyte transfer factor was used for both in vitro and fractionation

studies. The material used for in vitro purposes was dialysed into
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tissue culture medium (H-TF”), while that fractionated was vacuum-

dialysed (h-tfvd).

2.4 Selection of human leucocyte or purified lymphocyte culture

"recipients" of monkey or human dialysable leucocyte transfer

factor.

Leucocytes and purified lymphocytes were obtained from human venous
blood. 30-60 mis heparinised blood (25-30 U/ml) were taken from
laboratory workers. Majority of the donors had been previously
Mantoux tested and were reported to be positive. None of the donors,
with the exception of one, were actively sensitised with keyhole
limpet haemocyanin. The immunised subject was actively sensitised
with 500 yg KLH by one intradermal injection (Or. R.N. Maini,

Kennedy Institute of Rheumatology, London). A positive intradermal
skin test with 50 yg KLH was taken as an indication for successful

sensitisation.

2.5 Preparation of dialysable leucocyte transfer factor from
monkey or man for in vivo, in vitro and fractionation

studies (Fig. 3).

Figure 3 shows that dialysable leucocyte transfer factor for use in
vivo was prepared only from rhesus monkeys, while that for in vitro
and fractionation purposes was obtained from both monkey and man.
Pooled rhesus monkey lymph node and spleen leucocytes were used for
the preparation of leucocyte dialysates for the in vivo study.

Dialysable leucocyte transfer factor for the in vitro study was
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Fig. 3. 1. Various Methods of Preparing Dialysable Leucocyte

Transfer Factor

RHESUS MONKEY HUMAN
Exsanguinated by Removed lymph Venous blood in
cardiac puncture nodes & spleen blood packs with

(plate 1) (plate 2) ci trate-phosphate

dextrose or CPD.
1

Heparinised blood Pooled sectioned Differential

(10 vols) tissue centrifugation

6% Dextran + at 25°C

@ vol) 50 mis Eagle®"s MEM
Red cells removed Crushed at room Leucocytes
by sedimentation/37°C. temperature. resuspended
Plasma-leucocyte Leucocyte pool in 10 mis.
layer collected made up to 100 mis. heparinised
with Eagle"s MEM. saline

Lymphocytes and polymorphs in the leucocyte suspension
were counted. Centrifuged at 200 g for 10-15 minutes
at 22-25°C. Leucocyte rich pellet was frozen and
stored at -20°C.

D
1 ml. sterile water and 100 pg DNAse per 10 lymphocytes
added. Pellet frozen and thawed 10x (-70°C to +37°C) to
produce leucocyte lysate. Dialysable leucocyte transfer
factor extracted by dialysis for in vivo, in vitro and
fractionation studies.

(see Part 11).



Fig. 3. Il. Various Methods of Preparing Dialysable Leucocyte

Transfer Factor

Leucocyte lysate

|
Medium or Water dialysis Ultrafiltration or vacuum-
for 24 hours at 4°C dialysis for 36-48 hours at 4°C.

Dialysis tubing

Evacuated
Leucocyte lysate Buchner
Flask
ssue culture medium Dialysis
Distilled water tubing
Stirrer Leucocyte
Lysate +
water
In vitro In vivo Fractionation
Medium dialysed Water or vacuum dialysed Vacuum dialysed
rhesus monkey rhesus monkey leucocyte rhesus monkey or
or human transfer transfer factor: human leucocyte
factor: transfer factor:
(1.e. Rh-TFDM or (1.e. Rh-TFWD or (1.e. Rh-TFyp or
h-tfdm). Rh-TFyp) . H-TFvd).

For more details see sections 2.5.1 to 2.5.7.



prepared from blood leucocytes of monkey and man. Leucocyte
dialysates used for fractionation purposes were from blood leucocytes
of man or monkey and from lymph node and spleen leucocytes of rhesus

monkey .

2.5.1 Isolation of leucocytes from rhesus monkey blood (Plate 1).

The rhesus monkey donor was anaesthesised by an intramuscular
injection of "Ketalar" (stock solution: 50 mg/ml) and the mean
concentration of anaesthetic used was 12.5 mg per kilogram weight
of the animal. 150-390 mis of blood (mean volume: 45 mls/kg weight)
were obtained by cardiac puncture of normal and actively sensitised
rhesus monkeys (Plate 1), and mixed with 50 units/ml of preservative-
free heparin and 6% dextran (M. wt. 200,000-275,000: final
concentration 0.5%). This mixture was taken up into 50 ml sterile
plastic syringes and placed vertically into an incubator at 37°C to
sediment the red blood cells within the mean time of 40-55 minutes.
Wide gauge needles (Yale: 19G 1$: 40/11) were attached to these
syringes and the leucocyte-plasma layer was harvested by applying
steady, but gentle, pressure on the vertically held syringe plunger.
The recovered leucocytes, whose average volume was about 55% of the
original volume of blood, were counted for lymphocytes and polymorphs
and generally contained > 50% lymphocytes. After counting,the
leucocyte layer was divided up Into appropriate volumes containing
multiples of 108 lymphocytes, placed Into sterile plastic universals
and centrifuged at 22°C for 15 minutes at 200 g (centrifuge: MSE
Mistral 2L). Supernatants were decanted and the cell pellets were
quickly frozen 1n a mixture of dry l1lce and methanol (-70°C) before

being stored at -20°C until required.
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2.5.2 Isolation of leucocytes from rhesus monkey lymph-nodes

and spleen (Plate 2).

After exsanguination of rhesus monkeys their major lymph nodes and
spleen were removed aseptically. Lymoh nodes were obtained from

the cervical, thoracic and inguinal regions of normal and actively
sensitised donor monkey (Plate 2). These were immediately chopped

up into small pieces at room temperature. Lymph-node and spleen
pieces were transferred into a sterile bottle containing about

50 mlI Eagles minimum essential medium without serum (@ x Eagles MEM).
This mixture of lymphoid tissue was crushed through a sterile

nickel sieve into a nickel crucible (3.5 cms diameter x 3.5 cms height)
under a safety cabinet. The leucocyte pool from the crucible was
periodically transferred into another sterile bottle and subsequently
volume made up to about 100 ml with Eagles MEM. The lymphoid cell
suspension was mixed gently by hand and counted for lymphocytes and
polymorphs and found to contain 97% lymphocytes. As in blood, this
leucocyte pool was aliquoted into appropriate volumes containing
multiples of 10O lymphocytes. Aliquots were centrifuged, supernatants
decanted, Individual cell pellets quickly frozen and stored at -20°C

until required.
2.5.3 Isolation of leucocytes from human blood.

Normal venous blood from healthy human donors was collected into
Fenwall double transfer packs (South West Blood Transfusion Centre,
St. George"s Hospital, Tooting, London). The first one of these

bags contained Citrate-Phosphate-Dextrose (CPD). The ratio of



blood to CPD was 7:1 (450 mis: 63 mis). Red and white cells were
separated from plasma by differential centrifugation. Red cells
were first separated by centrifugation at 3000-4000 g for 20 seconds.
The supernatant leucocyte/plasma layer was transferred into the
second bag and centrifuged again. This was spun at 2500 g for 15
minutes. Most of the plasma was removed from the leucocyte pellet.
These cells were resuspended in the remaining plasma and placed in
Sterilin universal containers. This pack was washed out with
physiological saline containing 25-30 units/ml heparin. This was
also added to the leucocytes in the Sterilin containers. Universals
containing cells were centrifuged at 200 g for 10 minutes at 25°C.
Supernatant was removed from each leucocyte pellet. The cells from
each Universal were pooled and resuspended in 10 mis of physiological
saline. A sample was counted for lymphocytes and polymorphs. The
leucocyte suspension was divided into appropriate aliquots with known
numbers of lymphocytes and polymorphs. Each volume was centrifuged
at 200 g for 10 minutes at 25°C. Supernatants were removed from

the cell pellets, which were stored at -20°C. The total lymphocyte
and polymorph content per 450 mis blood, from different donors,
varied considerably. The total lymphocytes varied from 1.5 Xx 10O

to 7 x 108, while polymorphs ranged from 0.13 x 10® to 2.5 x 10®

per unit of blood.

2.5.4 Treatment of human and monkey leucocyte pellets to produce

lysates.

Each lymphoid cell pellet was thawed at 37°C. It was treated with

1 ml non-pyrogenlc sterile distilled water and 100 ug deoxyribonuclease

101



or DNAse for 10O lymphocytes. The DNAse used for the preparation of
dialysable leucocyte transfer factor for the in vivo study was crude,
while that for in vitro and fractionation studies was pure. The
treated cell pellet was freeze-thawed 10 times within 6-8 hours alL
-70°C to +37°C. After such processing a manageable lysed extract of
lymphoid cells or a leucocyte lysate was obtained ready for dialysis.
All leucocyte lysates were stored at -20°C until required for

dialysis.

2.5.5 Water-dialysis of monkey leucocyte lysate for in vivo use

(Fig. 3).

Figure 3 above shows that the leucocyte lysate used for the in vivo
study was derived from pooled rhesus monkey lymph-node and spleen
cells. The method of Lawrence and Al-Askari (1971) was followed
with minor modifications. An appropriate length of 8 mm Visking
dialysis tube was soaked in sterile distilled water without boiling.
The cell lysate was dialysed against sterile distilled water at 4°C
for 24 hours (50 mI/10g lymphocytes). The dialysate or water-
dialysed rhesus monkey leucocyte transfer factor (Rh-TFWD) was
sterilised by filtration through 0.22 MIlIUpore filter. This was

Immediately freeze dried and stored at 4°C until used.

2.5.6 Medium-dialysis of human and monkey leucocyte lysates

for in vitro use (Flg. 3).

Figure 3 above shows that for the in vitro study human and rhesur

leucocyte lysates were both obtained from blood. The method of



Hamblin (1975), a modified method of Ascher et al, (1974) was used.
The cell lysate from man or monkey was pipetted into 8 mm Visking
tube. The dialysis tube had been twice boiled in distilled water
to remove heavy metal ions and to sterilise it. This was dialysed
against glutamine containing Minimal Essential Medium for suspension
culture (1% glutamine in MEMS: 16 mI/lOQ lymphocytes) for 24 hours
at 4°C with constant stirring. Thus 1 ml medium contained the
dialysate from 6 x 10®@ lymphocytes. The leucocyte dialysate was
sterilised by filtration through 0.22m Millipore filter and was
stored at 4°C until use. Such "medium-dialysedT leucocyte transfer

factor from man was designated H-TFDM and that from monkey Rh-TF~/.

2.5.7 Vacuum-dialysis of human and monkey leucocyte lysates for

in vivo and fractionation studies (Fig. 3).

The method of Burger et al, (1974) with minor modifications was

used. A semi-permeable 8 mm Visking tube which was twice boiled in
distilled water was connected to a glass funnel (~4.5 cms diameter).
After making 3 knots to the bottom of the tube, it was passed
through a hole in a silica rubber bung (size: 3.3 cms diameter).

This was firmly attached to a 500 ml Buchner type flask. The flask
was evacuated until the dialysis tube tautly expended. The leucocyte
lysate was transferred Into the dialysis tube (approximately 5 x 10g
lymphocytes/apparatus) and washed with 5 ml non-pyrogenlc sterile
distilled water. Vacuum-dialysis or ultrafiltration continued

for 36-48 hours at 4°C. More water was periodically added. By the
end of the dialysis added water amounted to 4 mls/lOg lymphocytes.

When dialysis was completed the tube was usually dry. The vacuum
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was subsequently released, dialysate collected and sterilised by
filtration through a 0.22 y Millipore filter. Such dialysates of
man and monkey were designated H-TFVD and Rh-TFyp respectively.

Each dose of sterile dialysate used for in vivo or fractionation
purposes was freeze-dried twice. Once, because of its large volume,
it was freeze-dried in 1 litre round bottomed flasks. For the
second time this was taken up into 10 ml non-pyrogenic sterile
distilled water, transferred into an ampoule and again freeze-dried.

All such preparations were stored at 4°C until required.

2.6 Skin tests (Plate 3, table 12).

Skin tests were carried out in normal saline-injected actively
sensitised and dialysable leucocyte transfer factor-treated rhesus
monkeys. This was to establish presence or absence of delayed
hypersensitivity response (DH), an in vivo manifestation of cell-

mediated immunity (Maddison, 1973).

Normal rhesus monkeys were skin tested with 0.1 ml saline containing
30 yg PPD or KLH or 50 yg HBsAg (Figs. 2a-b, section 2.3). Actively
sensitised animals were skin tested with 10 and/or 30 or 50 yg of

the sensitising antigens (Figs, la-d, section 2.1). However, to

test the in vivo specificity of homologous dialysable transfer

factor, recipients of transfer factor were tested with 30 and/or 50 yg

of all the antigens (KLH, HBsAg, PPD: figures 2a-e, section 2.3).

The conventional Intrapalpebral skin test used 1n the monkey limits

the number of tests in any one animal. Thus, plate 3 shows that skin









Table 12.

Evaluation of histologically active delayed

hypersensitivity in rhesus monkeys.

Reactivity® Degree of mononuclear Large

of donor cell exudate mononuclear
or recipient cells
monkeys sub-epidermal deep-dermal

Active Dt 0, 1+, 2+ 0, 1+, 2+ 0, 1+

Baseline

abH, delayed cutaneous hypersensitivity.

"OH 1+ * very weak, 2+ = weak, 3+ = moderate, 4+ = strong, 5+ = very strong.

For details see section 2.6.

Maximum*5
total

score

1+ to 5+



tests were carried out by intradermal injections into the chest area.
After gross clinical measurement of the diameter of induration and/or
erythema at 4, 24 and 48 hours, the skin test sites were biopsied at
48 hours for the study of lymphocyte infiltration. Skin reactions
were considered clinically positive when the diameter of induration
and/or erythema was more than 3 mms. This cut-off point was
considered reasonable, because none of the skin tests, carried out
with salir.e with or without an antigen in the 2 normal monkeys

used, or with saline alone in all the monkeys used, produced a
reactivity greater than 3 mms 1n diameter. Histological examinations
were also carried out because of the well recognised lack of
consistent appearance of gross delayed hypersensitivity skin
reactions in this species (Baram et al, 1971; Maddison et al, 1972).
Gross skin reactions with erythema have, however, been described

in rhesus monkeys (Mackler et al, 1971).

Table 12 above shows how delayed hypersensitivity reaction was
histologically evaluated by the degree of monocytic infiltration.
Both sub-epidermal and deep-dermal areas were examined and the degree
of exudatlng monocytes in each area was scored zero to 2+. Thus,

so far, total score range was zero to 4+. To this was added a

score of zero to 1+ 1f large monocytes were respectively not
prominent or prominent. Thus, a total score of zero to 5+ could

be finally obtained. Saline Injected sites 1n all monkeys and all

sites in normal monkeys served as the baseline (DH * 0).

2.7 In vitro cellular hypersensitivity tests.
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2.7.1 Mixed leucocyte-macrophage migration or LMMI test

(Plates 4-5).

A modified method of mixed cell migration shown previously to be
suitable for cellular hypersensitivity testing in man was followed
(Rajapakse and Glynn, 1970). Monkey blood leucocytes were mixed
with normal guinea-pig macrophages in a ratio of 1:2 respectively
before capillary migration. To obtain the macrophages, 1-3 cross-
bred albino guinea-pigs of the Hartley strain were injected intra-
peritoneally with about 25 mis of sterile warm liquid paraffin.

The mean weight of each guinea-pig was about 800 grams. Peritoneal
exudate cells were harvested 72-120 hours later with 200 mis of
Hank"s balanced salt solution. The cell suspension was spun at
175 g for 10 minutes at 4°C and the cell pellet was resuspended in
7-10 mis of 10-20% horse serum in Eagle"s MEM and washed 3 times.
Subsequently it was resuspended in 2-3 mis of the same medium and
counted. Peritoneal exudate cells were suspended at 3.0 x 107
cells/ml and on average consisted of 81% macrophages, 11% lymphocytes

and 8% polymorphs. They were kept on melting 1ce until required.

To obtain normal or immune rhesus leucocytes 10-14 mis of heparinlsed
(50 U/ml) monkey blood were drawn from the femoral vein (Plate 4).
Whole blood was mixed with half volumes of 1.5% dextran made up 1n
Hank"s solution (final concentration 0.5%). Red cells were largely
removed by sedimentation for 30-60 minutes at 37°C. Leucocytes were
centrifuged at 145 g at room temperature and washed three times with
10-20% horse serum 1n Eagle®s MEM. They were suspended at 1.5 x 107
cells/ml 1n this medium at room temperature (average > 50%

lymphocytes). An equal volume of washed oil-induced guinea-pig









peritoneal exudate cells at 3 x 10" cells/ml was then added. The
cell mixtures were kept on ice, taken up into microcapillary tubes,
plugged with wax, centrifuged at 145 g in a bench centrifuge for 5
minutes and cut at cell-fluid interphase. The packed cell ends were
quickly migrated from microhaematocrit capillary tubes. These were
placed in individual wells of a 12-well sterile migrating chamber
unit and 3-6 capillaries were used per antigen dilution (Plate 5).
Wells were filled with 10-20% horse serum in Eagle®s MEM containing
3-200 pg/ml antigen. Antigens were keyhole limpet haemocyanin,
purified protein derivative of tuberculin, particulate tubercle
bacilli and purified hepatitis B-surface antigen (i.e. KLH, PPD, TB,
HBsAg). Migration areas were measured by Planimetry and migration
ratios or indices (Ml), related to medium alone, were evaluated

after 18-20 hours at 37°C in a 5% COg: air incubator.

MI = Migration with antigen (test) A migration index of
Migration with only medium (control)

less than 0.8 was considered significant (Ml < 0.8) (Section 8.2.1).
The direct, rather than Indirect, method of cell migration was used
because of its rapidity in setting up a large number of tests.

The LMMI test, rather than other cell migration tests, was used in
order to develop a new method to assay cellular hypersensitivity in

the actively Immunised and tranfer factor-treated rhesus monkeys.

2.7.2 Whole blood lymphocyte transformation or LT tests.
(Plate 4).

Lymphocyte transformation was measured by using a modification of a
whole blood culture technique (Junge et al, 1970; Main! et al, 1974).
0.1 ml quantities of heparlnlsed monkey whole blood was added to

0.9 ml of Eagle"s MEM containing an antigen or a mitogen. Venous



blood was obtained as before (Plate 4). The antigens were KLH, PPD,
TB, HBsAg; while the mitogen was reagent grade phytohaemagglutinin
(PHA). The concentration range was 5-100 ug/ml. Cultures were

set up in triplicate for each concentration. Tubes were maintained
for 6 days at 37°C in 5% COg: air. On the 5th day they were

pulsed with 1uCi ~H-thymidine in 0.1 ml Eagle"s MEM (specific
activity 15-19 Ci/mM). All cultures were harvested 18 hours later
for B-scintillation counting. In harvesting of cultures red cells
were lysed with 3% acetic acid, once washed with phosphate buffered
saline and protein precipitated with cold 5% trichloro-acetic acid.
After 1-2 hours of storage at 4°C, each culture precipitate was
filtered through a 2.5 cm fibreglass filter. Tubes were once

again washed with cold 5% trichloro-acetic acid and precipitates
dried with a Methanol wash. Filters were dried at 60°C "hot oven"
for 30-60 minutes. Each one was transferred into a clean dry
disposable glass or plastic vial containing 5 mis scintillation
fluid. Vials were counted for B-particles 1n a Tracerlab Spectro

Matic Scintillation counter.

LT results were expressed as stimulation ratios or Indices (SI)
in the presence of antigen or PHA 1n relation to medium 1n the
absence of stimulant. These were corrected for background:

counts per minute with stimulant (test)
Sl A stimulation
counts per minute in medium alone (control)

Index of greater than 2.0 (SI > 2) was considered positive (Section 8.3.1),
The In vitro lymphocyte transformation test has been suggested to

be more sensitive than skin tests for detecting tuberculin



hypersensitivity in the rhesus monkey (Baram et al, 1971). Mackler
et al (1971, 1972) have demonstrated transformation responses to
ascaris, trinitrophenyl-keyhole limpet haemocyanin and
phytohaemagglutinin in rhesus monkeys. Thus, to extend the studies
above, a simple in vitro lymphocyte transformation test was used
here to: (@) monitor cellular hypersensitivity in the rhesus
monkey, and (b) to determine its relationship to skin tests in the

actively immunised or transfer factor-treated animals.

2.8 Lymphocyte transformation tests used to detect the in
vitro activity of dialysable leucocyte transfer factor

from monkey or man.

2.8.1 Leucocyte culture "recipients” (LC) of dialysable leucocyte

transfer factor.

Leucocytes were separated, from human venous blood mixed with

25-30 units/ml heparin and 0.5% dextran, by sedimentation at 37°C
(mean lymphocyte content 33%). The leucocyte-plasma layer was
centrifuged at 25°C for 10 minutes at 200 g. The supernatant plasma
was clarified of platelets by centrifugation for 15-30 minutes
again at 25°C at 200 g. The leucocyte pellet was suspended in
tissue culture medium (minimum essential medium for suspension
cultures: MEM-S). This contained 30% homologous platelet-free
plasma at a concentration of 1 x 10® lymphocytes/ml. Test cultures
contained 1 ml (1 x 10® lymphocytes) of leucocyte suspension made
up to 2 ml with MEMS alone or MEMS containing medium-dialysed

leucocyte transfer factor (0.25, 0.5, 1.0 mlI). The final plasma
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concentration was 15%. Both human and monkey leucocyte dialysates
were used (H-TFDM and Rh-TFDM). Augmentation activity of both
H-TFdm and Rh-TFDM was tested on transformation by purified protein
derivative of tuberculin and keyhole limpet haemocyanin. Tuberculin
was added at 2 yg/tube and haemocyanin at 10-100 yg/tube. Each
concentration was made up in 0.1 ml MEMS. Culture tubes, at least
in triplicate tests, were incubated at 37°C in an atmosphere of

5% CO2 in air. On the 6th day 0.1 ml (i.e. lyCi) 3H-thymidlne with
a specific activity of 5 Ci/mM was added to each tube. Leucocytes
were harvested for B-counting after 24 hours by the method of

Wolstencroft and Dumonde, (1970).

2.8.2 Purified lymphocyte "recipients" (PL) of dialysable

leucocyte transfer factor.

Lymphocytes were isolated in 2 steps (73-95% pure). In the first
step leucocytes, from 500 mis blood, were separated by sedimentation
with 50 mis dextran (10:1). The leucocyte/plasma supernatant was
centrifuged as before and the leucocyte pellet resuspended in 16 mis
homologous plasma. In the second step, the leucocyte suspension was
carefully layered onto 8 mis of freshly made mixture of Flcoll/
Trlosil (l.e. 2 vols. leucocytes: 1 vol. Flcoll/Trlosil). The
gradient was centrifuged at 25°C for 30 minutes at about 260 g.

The white purified lymphocyte layer was transferred to a fresh tube
and washed 3 times with 20 mis MEMS. Purified lymphocytes were
counted and made up to a concentration of 1 x 106 lymphocytes/ml

as above for 1n vitro experiments.
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2.9 Fractionation of monkey and human dialysable leucocyte

transfer factor preparations.

Only vacuum-dialysed leucocyte transfer factor was fractionated.
0

Leucocyte dialysate was prepared from 5-6 x 10 lymphocytes of

normal monkey or man. Fractionation was by Sephadex 6-25 column

chromatography.
2.9.1 Sephadex G-25 column chromatography.

Freeze-dried dialysable leucocyte transfer factor was taken up

into above 0.5 - 2 mis of distilled deionised water. This was
filtered through a 0.22m Millipore. 50 ul was removed and stored

at -20°C, so that extinction readings of the crude or unfractionated
material could later be determined at 260 nm and 280 nm wavelengths
(E260 and E2gQ). The remainder was loaded onto a Sephadex G-25
column. One-two columns were used (1.6 cms x 90 cms each). When
two columns were used, they were joined in series. The columns

were eluted with a volatile buffer of 0.02M ammonium bicarbonate/acetic
acid, pH 7.4. Flow rate was adjusted to deliver 10 mis eluent per
hour using a peristaltic pump. About five to fifteen minutes
aliquots were collected by the automatic fraction collector at

4°C ( 0.9 to 2.7 mis). Extinction readings of each aliquot were
taken at 260 nm and 280 nm and the fractionation profile or graph

of extinction against aliquot number was plotted. The appropriate
aliquots, making up each peak, were pooled to give each fraction of
dialysable leucocyte transfer factor. The extinction of each

fraction at 260 nm and 280 nm was now determined and each freeze-
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dried in round bottomed flasks. Each new dialysable leucocyte
transfer factor fraction was then taken up into 5 ml of volatile
buffer at room temperature and sterilised by filtration through
0.22 p Millipore filter. This was divided into five 1 ml aliquots

and again freeze-dried in ampoules and stored at -20°C.

2.10 Properties of test antigens and phytohaemagglutinin
(Plate 6).

2.10.1 Keyhole limpet haemocyanin (KLH).

This 1is a strong, non-ubiquitous (‘'neoantigen'), protein antigen
isolated from the haemolymph of giant keyhole limpets (Megathura
crenulata) found in the Pacific Ocean (Weigle, 1964). KLH molecules
can readily associate in acid pH (6.5, tris) and dissociate in
alkali pH (> 7.5, tris: Fay, 1975: Personal communications). It
has been used as a sensitising antigen in immunisation studies of
man or monkey (Curtis et al, 1970; Mackler et al, 1971). It has
also been employed for the in vivo and in vitro studies of transfer
factor (Baram and Condoulis, 1970; Zuckerman et al, 1974; Burger

et al, 1976a).

Thus, KLH was used in this work to test the specificity of the
acquired responses in actively Immunised and transfer factor-treated
rhesus monkeys, and 1n the in vitro study of transfer factor

because of (@) Its rarity 1n nature, and (b) past use 1n the study
of transfer factor (see appendix for the preparation of the stock

solution).
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2.10.2 Purified protein derivative of tuberculin (PPD).

This is a common soluble protein antigen isolated from cultures of
human tubercle bacilli. It was obtained in neutralised freeze-
dried form (PPD 292). This was used in the in vivo and in vitro
studies of transfer factor. Its effects were compared with those
of particulate tubercle bacilli in the mixed-cell migration and
transformation tests in the in vivo study (see appendix for the

preparation of the stock solution).

2.10.3 Tubercle bacilli (TB).

This antigen consisted of particulate, heat-killed, freeze-dried
human mycobacteria (7B 292). It was used in parallel with PPD

to determine if it had a different effect in the mixed-cell
migration and lymphocyte transformation tests used in the in vivo

study (see appendix for the preparation of the stock solution).

2.10.4 Hepatitis B surface antigen (HBsAg: Plate 6).

Infection with hepatitis B virus is intimately associated with the
appearance 1n the human serum of the Dane particle containing a

42 nm particle, called hepatitis B core antigen. The surface of

the core antigen 1s covered by the hepatitis B surface antigen
displaying complex reactivities (HBsAg: plate 6). The group-specific
antigen has been named "a" and there are at least four phenotypes:

adw, adr, and ayr. There may be other determinants. The surface
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antigen reactivity is shared by small spherical 18-22 nm particles,
the tubular forms and the outer shell of the 42 nm Dane particles
(Zuckerman, 1975b). In this study HBsAg/ad was used because of

its clinical importance in man. Cellular immune responses to HBsAg
were followed in actively sensitised and transfer factor-treated
rhesus monkeys (see appendix for the preparation of the purified

stock solution of HBsAQ).

2.10.5 Phytohaemagglutinin (PHA).

Ling, in 1968, described PHA as a plant agglutinin or lectin,
prepared from a bean called Phaseolus vulgaris. It contains both
protein and carbohydrate, is water-soluble and has a molecular
weight of about 118,000. It agglutinates red cells of many species,
and is mitogenic and can, therefore, stimulate lymphocytes to enter
blastogenisis in vitro. Thus, PHA was used in the present study

to determine (@) the normal lymphocyte transformation response to
PHA in virgin rhesus monkeys, and (b) the effects of active
Immunisation or transfer factor upon the PHA-response in this

species (see appendix for the preparation of the stock solution).
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3. RESULTS OF THE DELAYED HYPERSENSITIVITY (DH) SKIN TESTS

Skin tests in normal, actively sensitised and transfer factor-treated
monkeys were examined clinically and histologically as described

above (Section 2.6).

3.1 Normal and actively sensitised monkeys (Figs. 4-6,

plates 7-10, tables 13-14).

3.1.1 Clinical DH-responses to KLH, PPD, or HBsAg (Figs. 4a-c,
plate 7).

Two normal control monkeys, injected with 20-30 mis normal saline,
were skin tested twice with 30-50 yg KLH, PPD or HBsAg (Section 2.2:
Figs. 2a, 2c, monkeys H18, H34). The first skin test was carried
out on day 7 and the second on day 14. None of the animals showed
clinically positive DH-responses to any of the antigens, since
induration and/or erythema were not detected at 24-48 hours in any

of the 12 tests carried out (Diameter < 3mms).

In contrast, when monkeys were actively immunised with FCA, with or
without KLH or HBsAg (Section 2.1: figs, la-d), clinically positive
skin-test reactivity to 10-30 yg KLH, PPD or HBsAg was detected.

These responses were measured 1n some representative animals for 10 yg
antigen 1n 37 out of 40 tests (93%) (Figs. 4a-c). Maximum reactivity,
after the first or the second skin test, developed at 24 or 48 hours.
There was also evidence of immediate hypersensitivity response, since
In those animals examined some had developed measurable Induration
and/or skin colour change at 4 hours (Erythematous or yellow). This

was detected in 13 out of 15 tests (89%) after the first and the
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INTRADERMAL SKIN TEST RESPONSES

1st skin test 2nd skin test
(2 weeks) (4 weeks)

Fig. 4. Induration diameters in skin test reactivity at 4 to 43
TSSurs-against (a) KLH, (b) PPD, (c) HBsAg 1n representative
rhesus monkeys actively sensitised with (@) 100 ug KLH 1n FCA,
(b) FCA + KLH or HBsAg, and (c) 1 mg HBsAg 1n FCA.

Saline control sites and normal animals were negative, 1.«.
Induration diameter < 3mms. For protocols see section 2.1,
figures Ib, d. Monkeys are coded from H16-H43.









second skin test. The general pattern of the clinically positive
DH-responses to all the sensitising antigens was similar (Figs.

4a cf 4b cf 4c). Such 4-hour observations were not carried out
after the first skin test in animals actively sensitised with KLH
in FCA (Fig. 4a). One animal, immunised with HBsAg in FCA, showed
an exceptionally large induration diameter at 24 or 48 hours after

the second skin test with 10 yg HBsAg (Fig. 4c: monkey H43).

An example of an immunised monkey with clinically positive DH-
responses to 10-30 yg PPD and HBsAg is shown in plate 7. Higher
skin test concentration of these antigens produced larger induration

and erythema than the lower concentration.

3.1.2 Histological DH-responses to KLH, PPD or HBsAg (Figs. 5-6,
plates 8-10).

Figure 5a demonstrates that a normal monkey, injected with only
saline,was skin tested with 10-30 ug KLH and PPD, and another one
skin tested with 50 yg HBsAg. They showed no histological evidence
of DH-response. The 48 hour histological examination of such
baseline DH-responses to an antigen or only saline always revealed

little infiltration of dermal layers with cells (Plates 8-9).

Compared with the normal monkeys above, all the 17 rhesus monkeys
actively Immunised with FCA, with or without KLH or HBsAg, showed
histologically positive DH-responses. Such responses to KLH, PPD
and HBsAg antigens were all well marked after the first skin test

by 1 to 4 weeks, and were still present after the second skin test



(a) Normal monkeys

(b) Actively sensitised monkeys
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1st skin test 2nd skin test
(weeks 1-4) (weeks 2-6)

Fig. S. Histological results of maximum DH-responses to 10-50 pg
antigen 1n (a) normal saline-treated, and (b) actively sensitised
rhesus monkeys (FCA £ KLH or HBsAQ).

n, number of monkeys; (*) KLH; (0) PPD; (A) HBsAg; (=) Saline.
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Mates 9a-b. Histologically negative baseline skin
delayed hypersensitivity response to saline alone in
a representative rhesus monkey (DH » 0)

(@ Low power : 72x, (b) high power : 288x






by 2 to 6 weeks (Fig. 5: DH = 2+ to 5t+). Positive DH-responses
were histologically characterised by widespread infiltration of all
dermal layers with lymphocytes, macrophages and polymorphs. The
latter were mainly prominent in the more intense reactions (Plates

10a-b: DH > 3+).

In the actively immunised animals, skin tests carried out with

30 yg PPD or HBsAg produced a more marked mean histological
reactivity than those with 10 yg PPD or HBsAg (Fig. 6). Therefore,
as for the clinical observations (Plate 7), the intensity of the
acquired DH-responses depended upon the dose of PPD or HBsAg used

for the skin test.

3.1.3 Comparison of DH-conversion rates to KLH, PPD or HBsAg

1n normal and actively sensitised monkeys (Table 13).

Table 13 shows that, none of the tests in the normal control animals

became histologically positive for KLH, PPD or HBsAg, whilst all the

tests in the actively immunised animals became positive. When sum

of all the tests with these antigens were taken together, the acquired

DH-reactivity was highly significant 1n the immunised animals

(P < 0.001).
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Ist skin test

(@) PPD (b) HBsAg

10 30 (pg antigen)

2nd skin test

Fig. 6. Mean Intensity of histologically positive DH-responses to
different doses (10-30 ug) of PPD or HBsAg 1n actively sensitised
rhesus monkeys (FCA i HBsAQ).

n, number of monkeys; 1 mean i SEM.
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Table 13.  Comparison of DH-conversion rates to KLH, PPD and HBsAg

in normal and actively immunised rhesus monkeys.3

Imnunisation*5 Total no. of monkeys with +ve DH (48 hr histology)0 Total

with SKI (10-50 yg) SK2 (10-30 yg) SKI + SK2
KLH PPD HBsAg Sum KLH PPD HBsAg Sum All antigens

Nothing/NaCl 0/1 0/1 o/1 0/3 0/1 0/1 ND 0/2 0/5

(Control)

FCA t 8/8 17/17 6/6 31/31 8/8 16/16 5/5 29/29 60/60

antigen

P for x* - - - <0.001 - - - - < 0.001 < 0.001

aFrom figures 5a-b (Section 3.1.2).
bNaCl, normal saline; FCA, Freund®s complete adjuvant.

CSK1, first skin tests; SK2, second skin tests; KLH, keyhole limpet haemocyanin; PPD, purified protein derivative
of tuberculin; HBsAg, hepatitis B surface antigen; ND, not done.
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3.2 Transfer factor-treated monkeys (Figs. 7-8, plates 11-13,
tables 14-16).

3.2.1 Clinical DH-responses to KLH, PPD or HBsAg (Plate 11,
tables 14-15).

Four control animals were treated with a single injection of dialysable
rhesus transfer factor (Table 14). None of the recipients showed
clinical DH-responses to 50 pg KLH, PPD or HBsAg after the first skin
test (Induration diameter < 3 mms). However, after the second
skin-test 1 animal became positive to 50 pg KLH (Monkey H38;

induration diameter 5.5 mms). Similarly, 9 virgin rhesus monkeys
treated with a single injection of immune dialysable rhesus transfer
factor, equivalent to 4 to 8 x lOg lymphocytes, did not demonstrate
skin test-reactivity to 30 or 50 pg KLH, PPD or HBsAg up to 21 days

after the injection in any of the 44 tests carried out.

Table 15 shows that, in another control animal treated with 2
injections of normal dialysable transfer factor, there was no clinical
DH-response to KLH, or PPD (Monkey H35). In contrast, in one animal
(Monkey H36), given 3 injections of KLH- and FCA-immune transfer
factor, each equivalent to 4.5 x 10Q lymphocytes, skin test reactivity
was detected after the second and third skin test on days 27 and 34
respectively. Such reactivity to PPD or HBsAg, was not detected

after the first Injection of transfer factor.

Thus, altogether clinically positive DH-responses were seen 1n only 1
out of 23 (4*) skin tests 1n 5 animals treated with control dialysable
transfer factor (le. normal or unrelated to test antigen), and 1n 4
out of 53 tests (8X) 1n 10 test animals treated with Immune dialysable
transfer factor. Clinically negative results In transfer factor-

treated animals were characterised by the absence of any Induration or



Table 14. The extent of clinical DH-responses in 4 monkeys following one

injection of control vacuum-dialysed rhesus transfer factor (Rh-TFVD).

14 days #SKIN TEST 21 days
Recipient monkey Induration diameter (mms) Induration diameter (mms)
and KLH PPD HBsAg NaCl KLH PPD HBsAg NaCl
dose of Rh-TFyD 50 pg 50 pg 50 pg 0.1 ml 50 pg 50 pg 50 pg 0.1 ml
H37: HBsAg/FCA 0 0 0 0
1(4.5 x 109)
H38: HBsAg/FCA 0 <3 5.5 0
1(4.5 x 109)
HA8: FCA 0 0 0 0 0 0
1(5-3 x 109)
H49:  Normal 0 0 0 0 0 0 0 0
1(4.5 x 109)

Average diameter of 24 hour induration: > 3 mms, positive (Section 2.6).
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Table 15.

Skin test
antigen

and dose

Monkey H35

utu

Acquisition of delayed hypersensitivity following
multiple injections of vacuum-dialysed rhesus
monkey dialysable leucocyte transfer factor (Rh-TFVD).

+Mean diameter of 24 hr-induration (mm) at different
times after first Rh-TFyp injection.

(Normal Rh-TFyp)

KLH
PPD
HBsAg
NaCl

Monkey H36

(KLH/FCA Rh-TFVD)

KLH
PPD
HBSAg
NaCl

13 days 27 days 34 days
0 0 0
50 yg 0 0 0
ND ND ND
©.1 mb) 0 0 0
0 7 10
50 yg 0 12 13
ND ND ND
©.1 mD) 0 0 0

Monkeys skin tested about 2, 4 and 5 weeks after first Injection of

Rh-TFyQ*

Normal Rh-TFVD {total = 2 (2.4 x 109) lymphocytes}

Injected at days 0 and 3 followed with saline on day 20. Immune
Rh-TFVD injected on day 0, 3 and 20 {total = 3(4.5 x 109) lymphocytes}.

+Dlameter > 3 mms considered positive (Section 2.6); NO, not done.

Also see appropriate protocol (Section 2.2.1, fig. 2d).



Plate 11. Clinically negative 48 hour
delayed hypersensitivity responses to
antigens in a representative rhesus monkey
given one injection of homologous
dialysable transfer factor.

H * 50ng HBsAg, K = 50wg KLH,
P = 50pg PPD, S = saline control.
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Plate 11. Clinically negative 48 hour
delayed hypersensitivity responses to
antigens in a representative rhesus monkey
given one injection of homologous
dialysable transfer factor.

H 5099 HBsAg, K = 50pg KLH,
P = 50ug PPD, S = saline control.
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erythema (Plate 11). This was similar to the appearance of the skin
on the chest of a normal monkey, but was in direct contrast to the
highly reactive DH-response seen in the actively immunised animals
(Plate 7). The clinically positive DH-response seen in 1 recipient

animal was not unfortunately Dhotographed (Table 15: monkey H36).

3.2.2 Histological DH-responses to KLH, PPD or HBsAg (Fig. 7,
plates 12-13).

Figure 7a shows that 2 to 5 animals, depending on the antigen, were
treated with 4.2 to 5.3 x 109 lymphocyte-equivalent of control
dialysable rhesus transfer factor. After the first skin test, none
reacted to KLH, or HBsAg (DH =0), but 1 showed reactivity to

PPD (DH = 2+). After the second skin test, 2 animals acquired
positive DH-responses to KLH and 1 to HBsAg. The animal which showed
no DH-reactivity to PPD after the first skin test, also remained
non-reactive to PPD after the second skin test. The one animal with
positive DH-response to PPD after the first skin test, was not
unfortunately biopsied after the second skin test for histological

examination.

Figure 7b shows that 3 to 9 animals injected with immune dialysable
rhesus transfer factor were skin tested with various antigens.
Animals received a single injection of transfer factor, equivalent
to 4-8 x 10® lymphocytes, or 3 Injections on days 1, 3 and 20, each
equivalent to 4.5 x 10® lymphocytes (See section 2.2.1: table 11).
After the first skin test, 1 animal became positive for KLH

(OH « 2+), 5 animals for PPD (DH - 2+ to 3+) and 1 for HBsAg (DH - 2+).



(a) Monkeys treated with control Rh-TF~
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Flg. 7. Histological results of maximum DH-responses to 30-50 ug
antigen 1n rhesus monkeys treated with (@) control or (b) immune
homologous dialysable transfer factor (Rh-TFp).

n, number of monkeys; (*) KLH; (0) PPD; (@) HBsAg; (e) saline
control Rh-TFjj * normal or unrelated to test antigen; Immune
Rh-TFD * immune to test antigen.



After the second skin test, 2 animals had converted for KLH, 7 for

PPD and 2 for HBsAg (DH = 1+ to 4+).

Negative histology in transfer factor-treated monkeys was
characterised by the infiltration of dermal layers with minimum
number of cells (Plates 12a-b). This was similar to the histology
of the baseline skin test-reactivity (Plates 8-9). On the other
hand, positive histology in transfer factor-treated animals showed
various perivascular foci of cellular infiltration in one or more
dermal layers (Plates 13a-b). In the actively immunised animals,
all the dermal layers were relatively densely infiltrated with cells

(Plates 10a-b).

3.2.3 Comparison of DH-conversion rates to KLH, PPD or HBsAg
1n monkeys treated with control and immune transfer

factor (Table 16).

From table 16 the results of the skin tests showed the following:

In animals treated with control transfer factor (normal or unrelated
to test antigen) 1 out of 2 animals acquired DH-reactlvlity to PPD
after the first skin test. However, after the second skin test, 2
out of 4 and 1 out of 3 animals acquired DH-reactlvlty to KLH and
HBsAg respectively. In animals treated with the Immune transfer
factor (related to test antigen), after the first skin test 1 out
of 6 animals acquired DH-reactlvity to KLH, 5 out of 9 to PPD and

1 out of 3 to HBsAg. After the second skin test, 2 out of 4 animals
showed DH-reactlvlty to KLH, 6 out of 7 to PPD and 2 out of 3 to
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Plates 12a-b. Histologically negative skin delayed
hypersensitivity response to an antigen in a
representative rhesus monkey injected with homologous
dlalysable transfer factor (DH = 0).

(@) Low power : 7?x (b) high power : 288x



ﬁlates 13a-h. . Histologically P°sil_)Ens” nad y
ypersensitivity respohse to an antigen In

representative rhesus monkey injected with
homologous dlalysable transfer factor (DH  3+j.

(@ Low power : 72x, (b) high power : 288x



Table 16.  Comparison of DH-conversion rates to KLH, PPD and HBsAg in monkeys

treated with control and immune dialysable rhesus transfer factor.3

Rh-TFDb Total no. of monkeys with +ve DH (48 hr histology)0 Total
SKI (30-50 ug) SK2 (10-30 vq) SKI + SK2
Status KLH  PPD  HBSAg  Sum KH  PPD  HBsAg  Sum All antigens
Control 0/5 1/2 0/3 1/10 2/4 0/1* 1/3 3/8 4/18
(lot) (38%) 2%
Inmune 1/6 5/9 1/3 7/18 2/4 6/7 2/3 10/14 17/32
[39%) 71%) (D)
P for x - - - > 0.05 - - - >0.05 > 0.05

3 From figures 7a-b (Section 3.2.2).
b Rh-TFD, dialysable rhesus transfer factor.

c SKI, First skin tests; SK2, second skin tests; KLH, keyhole limpet haemocyanin; PPD, purified protein

derivative of tuberculin; HBsAg, hepatitis B surface antigen.

*

Histology of the recipient with positive DH-response in the first skin test was not available at the time

of the second skin test.

6ET
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The sum of the first and/or the second skin tests, with all the antigens
taken together, revealed that the number of skin tests showing DH-
reactivity increased after the second skin test. This occurred in
animals treated with control or immune transfer factor. Comparison

of the cumulative results showed no significant difference between

the control and immune transfer factor preparations in their
histological conversion of skin test reactivity to the antigens used

(P > 0.05).

3.2.4 Relationship of the dose and/or methods of dialysis of
transfer factor to the acquired DH-reactivity to KLH, PPD

or HBsAg (Fig. 8).

Figure 8 shows the mean DH-responses acquired after the first skin
test carried out 1-2 weeks after injection(s) of vacuum-dialysed or
water-dialysed KLH-1mmune, FCA-immune or HBsAg-immune rhesus transfer
factor. The total doses of KLH-1mmune or FCA-immune transfer factor,
given before 20 days, was equivalent to 4 to 9 x 10g lymphocytes

(Section 2.2.1: table 11).

Figure 8a shows the mean histological DH-responses 1n animals treated
with the vacuum-dialysed KLH-1mmune transfer factor. The 2 monkeys
treated with the low dose (= 4.5 x 10® lymphocytes) did not acquire
any DH-reactlvlty to 50 ug KLH. In contrast, when a higher dose

(= 9 x 10® lymphocytes) was given to another animal some DH-response
was detected (Mean DH = 2+). Unlike the vacuum-dialysed KLH-1mmune

transfer factor, none of the animals treated with the water-dialysed
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Fig. 8. Effect of the dose and/or different methods of dialysis
of immune transfer factor upon the mean DH-responses to (@) KLH,
(b) PPD, and (c) HBsAg 1n recipient monkeys.

Rh-TFn, rhesus dlalysable transfer factor; Rh-TFvD. Vacuum-
dialysed rhesus transfer factor; Rh-TFwo, Water-dialysed rhesus
transfer factor; n, number of monkeys; J, mean response i SEM.



transfer factor developed any DH-reactivity to 30 pg KLH (Mean DH = 0).
The absence of such reactivity to KLH was not dose-dependent, since
DH-reactivity was not detected in the animals given either the lower

0
or the higher dose of transfer factor (= 4 to 8 x 10 lymphocytes).

Figure 8b shows the mean histological DH-responses in animals
injected with FCA-immune transfer factor. Those animals given the
lower dose of the vacuum-dialysed transfer factor (= 4.5 to 5.3 X 1og
lymphocytes), acquired a less reactive mean DH-response of 2+ to

50 pg PPD, whilst those given the higher dose (=9 x 10 [lymphocytes),
acquired a more reactive mean DH-response of 3+. Again, unlike the

6 recipients of the vacuum-dialysed FCA-immune transfer factor, the

3 recipients of the water-dialysed FCA-immune transfer factor did

not respond to 30 pg PPD (DH = 0). The absence of such reactivity to
PPD, as for KLH above, was not dependent on the dose of the water-

dialysed transfer factor.

Similarly figure 8c shows the animals treated with HBsAg-immune
transfer factor. Only a low dose was used (= 4.2 to 4.5 X 10g
lymphocytes). When 2 animals were treated with the vacuum-dialysed
transfer factor, a very weak mean DH-reactlvlty of 1+ to 50 pg HBsAg
was obtained. However, when one animal was given a comparable dose
of water-dialysed transfer factor, 1t did not react to 50 pg HBsAg

(DH » 0).

Thus, from figure 8 the following were concluded: (a) that the
acquisition of DH-reactlvlty to KLH, PPD or HBsAg resulted from the

injection of only the vacuum-dialysed and not the water-dialysed



transfer factor, and (b) that the degree of such acquired DH-

responses to KLH and PPD was dependent on the dose of transfer

factor.



4. RESULTS OF THE MIXED LEUCOCYTE-MACROPHAGE MIGRATION
(LMM1) TESTS.

LMMI tests were carried out in normal, actively sensitised and
transfer factor-treated rhesus monkeys. The migration indices were
calculated as described previously (Section 2.7.1), and a migration
index (MI) of less than 0.8 was arbitrarily considered positive
(Plates 14a-b). The reason for this cut-off point will be discussed
later (Section 8.2.1).

4.1 Normal and actively sensitised monkeys (Figs. 9-16,

plates 14a-b, tables 17-18).

4.1.1 Maximum LMMI-responses to KLH, PPD, TB and HBsAg (Figs.
9-10).

The LMMI test was carried out in naive rhesus monkeys in order to
determine the normal baseline responses to 3-200 ug/ml KLH, PPD, TB
and HBsAg (Figs. 9a-d). The mean migration Indices in these
monkeys were above 0.8 (Ml > 0.8) for all the concentrations of all
the antigens, though some Individual animals showed non-specific
reactivity to KLH, PPD, TB and HBsAg at one or more concentration.

Such reactivity was most prevalent for KLH (Fig. 9a).

In comparison with the virgin monkeys above, when animals were
actively Immunised with FCA, with or without KLH or HBsAg, the
results shown 1n figures l0a-d were obtained. FCA always contained

3 mgs particulate tubercle bacilli. Depending on the concentration
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Plates 14a-b. Mixed leucocyte-macrophage migration from
capillary tubes 1n an actively or adoptively sensitised
rhesus monkey (Ml < 0.8)

(@) Area of fan 1n the presence of antigen (test).
(b) Area of fan 1n the absence of antigen (control).
MI, migration index » (@) ¢ (b).
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Migration Index (MI)

Fig. 9. Maximum baseline LMMI dose-response to (@) KLH or (b) PPD in normal rhesus
monkeys.

n, number of monkeys; ~ mean MI t SEM.
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Fig. 9. Maximum baseline LMMI dose-response to (c) TB or (d) HBsAg in normal rhesus
monkeys.

n, number of monkeys; ) J, mean MI t SEM; * © 1/25, + © 1/10 dilutions of HBsAg.
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Fig. 10. Maximum LMMI dose-response to (& KLH or (b) PPD in rhesus monkeys
actively sensitised with FCA with or without KLH or HBsAg.

n, number of monkeys; $ $ mean MI t sewm.



Concentration of TB  (pg/ml) Concentration of HBsAg (pg/ml)

Fig- 10. Maximum LMMI dose-response to (c) TB or (d) HBsAg in rhesus monkeys
actively sensitised with FCA with or without KLH or HBsAg.

n, number of monkeys; \ J mean MI t SEM; ND, not done; * © 1/25 dilution
of HBsAg.



of each antigen, LMMI-reactivity (Ml < 0.8) to KLH was detected in 2
to 6 animals (Fig. 10a), to PPD in 3 to 7 animals (Fig. 10b), to TB

in 4 to 5 animals (Fig. 10c) and to HBsAg in 2 to 3 animals (Fig. 10d).
Mean migration indices were always equal to or below 0.8 for

3-200 yg/ml KLH, PPD and TB (Figs. 10a-c), but for HBsAg this was so
for 33-100 ug/ml and not for 3 ug/ml (Fig. 10d). There was a dose-
dependent response for 3-100 yg/ml KLH or HBsAg and for 3-200 yg/ml TB,

but not for PPD.

4.1.2 Time-dependent acquisition of LMMI-reactivity to KLH, PPD
TB or HBsAg (Figs. 11-14).

A naive control monkey, injected with 20 mis normal saline, did not
acquire LMMI-reactivity to 100 yg/ml KLH or TB up to 10 weeks after
the injection (Figs. 1la, 13a). This monkey did, however, acquire
reactivity to the same concentration of PPD 2 weeks after the saline
injection (Fig. 12a: MI = 0.74). Another control monkey, injected
with 30 mis normal saline, did not show a positive response to

100 yg/ml HBsAg before or up to 3 weeks after the Injection (Flg. 14a).

Skin tests with 30 yg or 50 yg HBsAg were not followed with a
positive LMMI-response to KLH or HBsAg in the saline-injected control
monkeys (Figs. 1lla, 14a). However, a skin test with 30 yg PPD,
carried out 1 week after the saline injection, was followed by

LMMI-reactivity to PPD, but not to TB (Figs. 12a, 13a).

Unlike the saline-injected virgin monkeys, animals Immunised with
FCA, with or without an antigen (KLH or HBsAg), acquired LMMI-

reactivity towards KLH, TB or HBsAg 2 to 5 weeks after the Immunisation
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LMMI WITH KLH

(a) Monkey HI 8: (b) Monkey H 16
CONTROL
t
*
5
2 4 6
4
" (weeks)
NaCl KLH/FCA
(d) Monkeys H23 & H26
~
<
N
1
|
\%
~
)

klh/fca KLH/FCA

Fig. 11. Time course of LMMI-responses to 100 wg/ml KLH before and
after (@) Injection of a control monkey with saline, and (b-d)
immunisation of 4 monkeys with KLH in FCA.

NaCl, sterile normal saline; + skin test with KLH; shaded area,
any time before saline injection or immunisation; Imnunised H16,
HI7, H26 with 100 yg KLH 1n FCA; H23 with 1 mg KLH 1In FCA; (=)
100 ug/ml KLH.



LMMI WITH PPD

(a) Monkey H 18 (b) Monkey H33a
1.2 CONTROL
1.0
t
0.8
0.6 i
0.4 wivi.b—1 1 1 L_LJ.L
0 2 4 6 10
[ (weeks)
NacCl
(c) MonkeysHI 6 & H17 (d) MonkeysH23 & H26

(e) Monkeys H43 & H44

HBsAg/FCA

Fig. 12. Time course of LMMI-responses to 100 yg/ml PPD before and
after (&) injection of a control monkey with saline, and (b-€e)
Immunisation of 7 monkeys with FCA with or without KLH or HBsAgQ.

NaCl, sterile normal saline; + skin test with PPD; sheded *rea,
any time before saline Injection or Immunisation; Immunised H33a
with FCA containing 3 mg tubercle, H16, H17, H26 with 100 wg KLH 1n
FCA, H23 with 1 mg KLH, and H43, H44 with 1 mg HBsAg 1n FCA;

(o) 100 vg/ml PPD.
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Immi with tb

(@) Monkey H18 (b) Monkey H33a
n (weeks)
19 NaCl
g (c) Monkeys HI6 & HI7 (d) Monkeys H23 & H26
t
i
KLH/FCA

Fig. 13. Time course of LMMI-responses to 100 pg/ml TB before and after
(@ injection of a control monkey with saline, and (b-d) immunisation of
5 monkeys with FCA with or without KLH.

NaCl, sterile normal saline; * skin test with PPD; shaded area,

any time before saline Injection or immunisation; Immunised H33a with
FCA containing 3 mg tubercle; H16, H17, H26 with 100 pg KLH in FCA;
H23 with 1 mg KLH in FCA; () 100 pg/ml TB.
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LMMI WITH HBsAa

(a) Monkey H34 (b) Monkey HI5
=
3
©
=
5 (c) Monkey H43 (d) Monkey H44
8
>
p=
HBsAg/FCA HBsAg/FCA

Fig. 14. Time course of LMMI-responses to 100 yg/ml or 1/25 dilution
of HBsAg before and after (&) injection of a control monkey with
saline, and (b-d) Immunisation of 3 monkeys with HBsAg in FCA.

NaCl, sterile normal saline; + skin test with HBsAg; shaded area,

any time before saline injection or immunisation; immunised H15,

H43, H44 with 1 mg HBsAg in FCA; (®) 1/25 dilution HBsAg; (& 100 yg/mil
HBsSAg.



(Figs, I1lb-d, 13b-d, 14b-d). Such reactivity also developed towards
PPD 2 to 5 weeks after the immunisation, but this was not unlike the

saline-injected monkey (Figs. 12a cf 12b-e).

4.1.3 Comparison of LMMI-conversion rates to KLH, PPD, TB or

HBsAg in normal and actively sensitised monkeys (Table 17).

Table 17 shows conversion rates for LMMI-reactivity to 3-200 yg/ml
antigen in normal and immunised animals. The table demonstrates
that, in the normal control animals injected with nothing or saline,
5% to 11% of the tests, depending on the antigen, became positive.
Thus, some non-specific reactivity to the antigens used was detected.
Between 9 and 22 animals were monitored depending on the antigen and

its concentration (Figs. 9a-d).

Table 17 also shows that 50% to 79% of the tests converted in the
immunised monkeys, depending on the antigen. Three to 12 actively
immunised animals were monitored with different concentrations of

KLH, PPD, TB or HBsAg (Figs. 10a-d).

Comparison of the above results revealed that the likelihood for the
acquisition of LMMI-reactlvlty by the immunised monkey was highly
significant for all these antigens, but more so for KLH, PPD and TB

(P < 0.001), than for HBsAg (P < 0.005).

4.1.4 Relationship of the Immunising dose of KLH and the acquired

LMMI-reactlvity (Flg. 15).
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Table 17. Comparison of LMMI-conversion rates to KLH, PPD, TB

or HBsAg in normal and actively immunised monkeys.9

Immunisationb Total no. of +ve LMMI (MI < 0.8) testsc
3-200 wg/ml

with KLH PPD B HBsAg Sum
Nothing/NaCl 9/80 4/80 5/71 2/38 20/269
(control) (11%) (&%) %) &h) ™)
FCA + KLH 19/24 21/41 19/32 5/10 64/107
or HBsAg M%) (51%) (5M%) (50%) (60%)
P for x2 < 0.001 < 0.001 < 0.001 < 0.005 < 0.001

aFrom figures 9-10 (Section 4.1.1).
bNaCl, normal saline; FCA, Freund"s complete adjuvant.

CLMMI, mixed leucocyte-macrophage migration test done at any time 1n
normal controls and at 2 to 7 weeks after active immunisation.
KLH, keyhole limpet haemocyanln; PPD, purified protein derivative
of tuberculin; TB, particulate tubercle bacllll; HBsAg, purified
hepatitis B surface antigen; MI, migration index.
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Concentration of KLH in
immunogen KLH/FCA

Fig. 15. The effect of different concentrations of KLH 1n FCA
upon the LMMI-responses 1n actively sensitised monkeys.

n, number of monkeys; J, SEM.
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Figure 15 shows that the amount of KLH in FCA affected the intensity
of the acquired reactivity to 100 yg/ml KLH in the immunised monkeys.

The 2 animals immunised with 100 yg KLH in FCA acquired a stronger

mean LMMI-reactivity (Mean MI 0.57), than the 4 animals immunised

with 1 mg KLH 1In FCA (Mean MI 0.67).
4.1.5 Relationship between the maximum LMMI- and DH-responses

to KLH, PPD, TB or HBsAg (Fig. 16, table 18).

From figure 16 and table 18, it is evident that none of the saline-
injected control monkeys showed both positive LMMI- and DH-responses
to KLH, PPD, TB or HBsAg. Only 1 control animal was used for KLH,

PPD and TB and 1 for HBsAg.

In contrast to the controls, 2 to 7 immunised animals, depending on
the antigen, acquired both positive LMMI- and DH-responses to KLH,
PPD, TB or HBsAg. Three to 12 immunised animals were monitored with
the LMMI and skin tests at the same time. Thus, the table shows that
in the actively immunised animals, when all antigens were considered,
there was 66% and 65% association between the positive LMMI-tests and
the positive DH-responses after the first or the second skin tests
respectively. Such an association was significantly different from
the controls after the first skin test (P < 0.05), but not after the

second skin test (P > 0.1).

4.2 Transfer factor-treated monkeys (Figs. 17-28, tables

19-20).
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LMMI vs DH
(@ CONTROL MONKEYS

® IMMUNISED MONKEYS

. (I0Opg/ml antigen)

LMMI

SKI: (1-4 weeks) SK2 « (2-6 weeks)
DH : histology (10-50 jig antigen)

Fig. 16. Relationship between the maximum LMMI- and DM-responses to
kLH, PPD, TB and HBsAg 1n (a) normal control, and (b) actively
Immunised monkeys.

SKI, first skin test; SK2, second skin test; (=) KLH; (o) PPD; (a) TB;
*(HBsAg : a 100 yg/ml ,0 1/25 dilution);EZ3 positive LMMI and DH.



Table 18.  Relationship between the acquisition of maximum LMMI- and DH-responses
to KLH, PPD, TB and HBsAg in actively iimiunised rhesus monkeys.3

Immunisation*3 Animal conversions (MI < 0.8, DH  I+)/animals usedc

with LW & SKI LMMI & SK2

KLH PPD B HBsAg Sum KLH PPD B HBsAg Sum

Nothing vl o1l on o1 o4 o1 o1 on ND Ve
(control)
FCA + KLH 6/7 7/12  5/9 3/4 21/32 6/7 7/12  5/9 2/3 20/31
or HBsAg (66?) 6?)
P for x2 - - - - < 0.05 - - - - > 0.1

3 From figure 16.
b FCA, Freund®s complete adjuvant.

c LMMI, mixed leucocyte-macrophage migration test done before and 2 to 7 weeks after immunisation; SKI, first skin
test done before and after immunisation; SK2, second skin test done before and after immunisation; KLH, keyhole
linpet haemocyanin; PPD, purified protein derivative of tuberculin; TB, particulate tubercle bacilli; HBsAg,
hepatitis B surface antigen; ND, not done; MI, migration index; DH, delayed hypersensitivity.



4.2.1 Maximum LMMI-responses to KLH, PPD, TB and HBsAg (Figs.
17-18).

Figures 17a-d demonstrate that 2 to 4 naive monkeys depending on

the antigen, received control dialysable transfer factor. None
developed LMMI-reactivity to 3 to 33 pg/ml KLH, or to 3 to 200 pg/ml
PPD or TB, or to 3 to 100 pg/ml HBsAg. However, reactivity was
acquired by 1 to 3 animals for 100-200 pg/ml KLHand by 2 animals

for 200 pg/ml HBsAg (Figs. 17a, d). Therefore, some non-specific
reactivity was detected to KLH and HBsAg, but not to PPD or TB. Mean
migration indices revealed absence of reactivity (Ml > 0.8) towards
3-100 pg/ml KLH, PPD, TB and HBsAg, but they showed a dose response

for KLH or HBsAg. However, dose-response for PPD or TB was irregular.

In contrast to the results of the controls above, figures 18a-d show
the results of the animals treated with the immune dialysable

rhesus transfer factor. Depending on the concentration of the test
antigen, 2 to 6 recipients of KLH-immune transfer factor converted
when tested with 3-200 pg/ml KLH (Fig. 18a: MI <0.8). Similarly,

3 to 5 converted for PPD, 4 for TB andl to 3 for HBsAg (Figs. 18b-d).
Mean migration indices showed irregular dose-response for KLH, PPD
or TB, but a good dose-response for HBsAg. Unlike most of the
controls (Figs. 17a-d), here mean Indices revealed reactivity

M < 0.8) for 3-200 pg/ml KLH (Flg. 18a), for 3, 100 and 200 pg/ml
PPD (Fig. 18b), for 33-100 pg/ml TB (Flg. 18c), and for 33-200 pg/ml
HBsAg (Flg. 18d). These reactivities were stronger for KLH or

HBsAg, than for PPD or TB.
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Fig. 17. Maximum LMMI dose-response to (a) KLH,
with control dialysable rhesus transfer factor.

or (b) PPD in rhesus monkeys treated

n, number of monkeys; $ $, mean MI T SEM.
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Concentration of TB (pg/ml) Concentration of HBsAg (pg/ml)

Maximum LMMI dose-response to (c) TB, or (d) HBsAg in rhesus monkeys treated

with control dialysable rhesus transfer factor.

n, number of monkeys; { mean MI i SEM.
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Fig. 18. Maximum LtWl dose-response to (a) KLH or (b) PPD in rhesus monkeys treated
with immune dialysable rhesus transfer factor.

n, number of monkeys; $ J, mean MI t sem.



@

Concentration of TB  (pg/ml) Concentration of HBsAg (pc/ml)

Fig. 18. Maximum LMMI dose-response to (c) TB or (d) HBsAg in rhesus monkeys treated
with immune dialysable rhesus transfer factor.

n, number of monkeys; J mean MI t SEM; © , *1/25 and +1/10 dilutions of HBSAgQ.



4.2.2 Time-dependent acquisition of LMMI-reactivity to KLH, PPD,
TB and HBsAg (Figs. 19-26).

From figures 19 to 22 it can be seen that none of the control
recipients showed LMMI-reactivity to 100 ug/ml antigen before the
administration of transfer factor. Similarly, up to 21 to 34 days
after the first or only injection of a "vacuum-dialysed" preparation
of transfer factor, none of the animals developed reactivity to

100 yg/ml PPD (Fig. 20), or to the same concentration of TB or
HBsAg (Figs. 21-22). However, 1 control recipient unexpectedly
acquired non-specific reactivity to 100 ug/ml KLH 6 days after the

first injection of control transfer factor (Fig. 19a).

The recipients of the immune transfer factor preparations, unlike
most of the controls above, acquired LMMI-reactivity towards
selective antigens 2-14 days after the first or only injection of
transfer factor (Figs. 23-26). Among the animals which converted,
the onset of reactivity to 100 ug/ml KLH or TB appeared as'early"
as 2 to 6 days, or as "late" as 7-14 days after the lnjection(s) of
transfer factor (Figs. 23, 25). For 100 ug/ml or 1/25 dilution of
HBsAg, such reactivity first appeared "early" by 2 to 6 days, but

never "late" (Figs. 24, 26).

Skin tests 1n animals treated with the control or the Immune transfer
factor did not Influence the acquisition of reactivity (Figs. 19-26).
This was because the acquired reactions towards all the antigens

always appeared before the first skin test.

766



CONTROL Rh - TFp & KLH

(a) Monkey H35: 2(2.4 xI09)*

X

1

i

X

4,
(©) Monkeys H48; 1(5.3 x 109)*
14 H49: 1(4.5x 109)
12 J* H49
N-#H48

1.0 X

0 .8p;¥ti;jr -

0.6 S I Y
12 16 20 27 34

I 4 (day*)

Flg. 19. Time course of LMMI-responses to 100 ug/ml KLH before and
after treatment of 5 monkeys with control dialysable rhesus transfer
factor.

t Rh-TFD, normal or unrelated dialysable rhesus transfer factor;

* * dose of Rh-TFn in lymphocytes (Also see section 2.2.1: table 11)
+ skin test with KLH; - Rh-TFVD, vacuum-dialysed rhesus transfer
factor; shaded area, any time before Rh-TFp.
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CONTROL Rh-TFn & PPD

(a) Mankey H35: 2(2.4 x 109 )*

Fig. 20. Time course of LMMI-responses to 100 pg/ml PPD before and
after treatment of 2 monkeys with control dialysable rhesus transfer
factor.

1 Rh-TFn, normal dialysable rhesus transfer factor; *dose of Rh-TFp
1In lymphocytes (Also see section 2.2.1; table 11); f skin test

with PPD; -  Rh-TFwp, vacuum-dialysed transfer factor; shaded area,
any time before Rh-TFp.
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CONTROL Rh - TFp & TB

(a) Monkey H35: 2(2.4 x 109)*

(b) Monkey H49: 1(4.5 x 109)*

Fig. 21. Time course of LMMI-responses to 100 pg/ml TB before and
after treatment of 2 monkeys with control dialysable rhesus transfer
factor.

I Rh-TFo, normal dialysable rhesus transfer factor; * dose of Rli-TFq
In lymphocytes (Also see section 2.2.1: table 11); * skin test

with PPD; —  Rh-TFyD, vacuum-dialysed transfer factor; shaded area,
any time before Rh-TFp.
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CONTROL Rh - TFp & HBsAg

(@) Monkey H46: 1(4.5 x 109 )*
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Fig. 22. Time course of LMMI-responses to 100 ug/ml HBsAg before and

after treatment of 4 monkeys with control dlalysable rhesus transfer
factor.

iRh-TFn, normal or unrelated dlalysable rhesus transfer factor; * dose
of Rh-TFn in lymphocytes (Also see section 2.2.1: table 11); ¢ skin
test with HBsAg; - Rh-TF,,D, vacuum dialysed transfer factor; shaded

area, any time before Rh-TF«.



KLH - IMMUNE Rh-TFp

(q) Monkeys HI8a & H27: 1(4.0 x 109)*

(c) Monkeys H46 & H47: 1(4.5 x 109 )*

1.0
0.8
0.6 Ih-L-

0 4 8 10 12 16 20 27 34 43 70
t (days)

Flg. 23. Time course of LMMI-responses to 100 vg/ml KLH before and
after treatment of 6 monkeys with KLH-1mmune dlalysable rhesus
transfer factor.

t Rh-TFn, dlalysable rhesus tranfer factor; * dose of Rh-TFn 1n
lymphocytes (Also see section 2.2.1: table 11); f skin test .
with KLH; -  Rh-TFyD» vacuum-dialysed transfer factor; ---Ci>-1EWD*
water-dialysed transfer factor; shaded area, any time before Rh-TFp.
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FCA - IMMUNE
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i. 24. Time course of LMMI-responses to 100 wg/ml

27 34743 70

PPD before and
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er treatment of 9 monkeys with FCA-1mmune dlalysable rhesus transfer

factor.

t Rh-TFn, dlalysable rhesus transfer factor;

lymphocytes (Also see section 2.2.1:
PP PD; — - Rh-TFun* vacuum-tialysed
water- dialysed transfer factor;

*dose of Rh-TFn 1n

table 11); o s* nB|e£ W‘

“traffer” factor;
shaded area, any tlme befor

"Rh-TFn.
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FCA - IMMUNE Rh-TFr,

(a) Monkeys HI8a & H27: 1(4.0 x 109)*
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Fig. 25. Time course of LMMI-responses to 100 pg/ml TB before and
after treatment of 9 monkeys with FCA-immune dlalysable rhesus transfer
factor.

1 Rh-TFp, dialysable rhesus transfer factor; * dose of Rh-TFp in
lymphocytes (Also see section 2.2.1: table 11); * skin test with
PPD; —  Rh-TFyp, vacuum-dialysed transfer factor; --— Rh-TF