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ISOLATION, PARTIAL PURIFICATION, AND BIOLOGICAL ACTIVITY

OF GUINEA PIG LEUKOCYTIC TRANSFER FACTOR
CHAPTER I
INTRODUCTION AND LITERATURE REVIEW

Soon after the acceptance of the basic observation that the tox-
icity or infectivity of a microbe may bc diminished by the host's previ-
ous contact with it, it was noted that the introduction of some sub-
stances which had no toxicity for normal subjects would result in a mark-
ed deleterious effect in the previously exposed host. This unique as-
pect of acquired immunity is known as hypersensitivity.

The hypersensitive reaction was described clearly for the first
time by Edward Jenner in his studies on the development of the local re-
action to the inoculation of cowpox virus in persons who had been vacci-
nated previously or who had smallpox (Rich, 1944). It was not until a
similar observation was made by Robert Koch (1891) during his experimen-
tal studies on reinfection in tuberculosis that interest in the phenom-
enon became aroused. In 1906, von Pirquet recognized it as an altered
reactivity phenomenon and termied it "allergy." This‘terminology implies
a modification of the host in such a manner that the Subsequent contact

of the agent with the host tissues produces a greater than normal in-

flammatory response, a more rapid and severe reaction than that which

1
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occurred as a result of the first exposure. It was after detailed rein-
vestigation of the observations of Jenner and Koch that von Pirquet (1909)
developed the diagnostic tuberculin test.

In general two features have served as a basis of a broad classi-
fication of the various types of hypersensitive reactions. On the basis
of the events leading to the induction of the hypersensitive state, it is
evident that some hypersensitivities may be established simply by entrance
of the sensitizing antigen into the tissues, while others require the
presence of the entire infectious agent. In the type which is established
by simple sensitization, subsequent responses to the same antigen occur
very quickly and are referred to as immediate reactions. 1In contrast, the
reactions induced by the presence of the infectious agent show a charac-
téristic delay in their appearance following introduction of the agent.
This provides a convenient basis for the classification of the hypersen-
sitive state into two types, the immediate and the delayed.

The immediate hypersensitive state was first observed by Portier
and Richet (1902) when they described the serious illness and sometimes
death of dogs after reinjection of derivatives of sea anemones and mus-
sels. They introduced the term "anaphylaxis" for this phenomenon. Arthus
" (1903) described an increased capacity to react locally at any tissue site
at which the sensitizing agent was reinjected repeatedly. In this case,
the local reaction, instead of exhibiting the short-lived wheal and ery-
thema characteristic of the anaphylactic reaction, increased in size and
intensity until hemorrhage and necrosis appeared which were frequently
followed by sloughing of the site.

Following these observations in experimental animals the clinical
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aspects of hypersensitivity received considerable attention. Von Pirquet
and Schick (1905) described "serum sickness," the reaction occurring fol-
lowing primary and secondary injections of horse serum in man. The clin-
ical conditions such as food and drug allergy, pollen sensitivity, and
contact dermatitis have been considered to be manifestations of this type
of hypersensitivity (Raffel, 1953). In each of these conditions the re-
action of the sensitive individual following exposure to the responsible
material is much more rapid and severe than that observed in the non-
sensitive individual.

The different types of immediate hypersensitivity have several
basic features in common, including the rapidity of response, a relation-
ship of reactivity to demonstrable circulating antibody, and the parti-
cipation of histamine or histamine-like substances in the development of
the specific response. However, there are subtle differences in some of
these types of immediate hypersensitivity. In the anaphylactic or Arthus
type, the responsible antibody generally is heat-stable and precipitable
by the specific antigen. The antibodies involved in some drug, food, and
pollen sensitivities are generally heat labile and are not precipitated
by antigen, although they can be demonstrated by passive transfer tech-
niques described by Prausnitz and Kustner (1921). Also, the concept of
the role of histamine and histamine-like intermediates in some forms of
immediate hypersensitivity still require clarification (Raffel, 1953).
However the similarities are much greater than the differences and the
immediate reactions are believed to be dependent upon interaction of anti-
body and specific antigen followed by the release of histamine or similar

substances and their subsequent effect on vascular endothelium and
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involuntary muscle (Rich, 1944), (Waalken et al., 1960), and (Riley, 1963).

The delayed type of hypersensitivity includes the so-called "al-
lergy of infection" developing from bacterial, viral, and fungal infections,
as well as some forms of plant and chemical contact dermatitis. The tuber-
culin reaction is the classical example and is perhaps the most familiar
form of delayed hypersensitivity. However, this form of hypersensitivity
may also be associated with glanders, tularemia, whooping cough, chancroid,
syphilis (Chase, 1948), pneumococcal pneumonia (Julianelle, 1930), ‘hemo-
lytic streptococci (Zinsser, 1925), and diphtheria (Uhr, 1957). There is
evidence that a similar state exists as a result of infection with small-
pox, influenza, mumps, measles, herpes simplex, and lymphogranuloma wene-
reun (Raffel, 1953). In fungal infections, hypersensitivity has been shown
to occur in histoplasmosis, coccidiomycosis, blastomycosis, and tricho-
phytosis. Similatly, cases of helminthic infections, such as schist-
osomiasis, echinococcosis, filiariasis, trichinosis, and Ascariasis have
been shown to develop delayed hypersensitivity.

The most apparent feature of the delayed reactivity is the char-
acteristic delay in the appearance of the local reaction when the speci-
fic sensitizing antigen is introduced into the suitably sensitized host.
Passive transfer of delayed sensitivity with serum from a sensitive donor
has not been generally successful, probably because this form of hyper-
sensitivity has been shown tc have no relation to circulating antibody.
Antihistamine drugs do not influence the delayed reaction and this is con-
sidered to be evidence for the lack of participation of histamine or simi-
lar substances in this form of reactivity (Pepys, 1955). Rich (1944)

showed that the sensitizing antigen has a marked cytotoxicity in tissue
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culture for tissue from the delayed hypersensitive host and that typical
delayed reactions can be produced in the avascular cornea. These demon-
strations supports the suggestion that the delayed reaction can occur in
the absence of circulating antibody and factors analogous to histamine.

Although the characteristic features of delayed hypersensitivity
may suggest that the phenomenon is removed from the classical immune re-
sponse, it has been generally accepted as an antigen-antibody reaction.
The facts that the reaction is highly specific, requires a sensitizing
period for its induction, shows an anamnestic response, and can be abol-
ished by specific desensitization are persuasive reasons for believing
that this type of hypersensitivity is mediated by a specific sensitizing
material. Interest in this form of sensitivity is high mainly because of
its close association with chronic infections.

One of the foremost contributions from recent research is the
recognition of the fundamental role of the leukocyte in delayed hypersen-
sitivity. The current belief is that the sensitizing antibody responsible
for this form of hypersensitivity is closely associated with the leuko-
cyte. The specific antibody responsible for tuberculin hypersensitivity
has been under investigation for many years. The earliest approach to
this problem was concerned with attempts to transfer passively tuberculin
sensitivity with extracts of organs from tuberculous donors to normal re-
cipients. 1In 1909, Helmholz reported positive skin reactions in normal
guinea pigs two to six days after he had injected them with defibrinated
blood collected from tuberculous guinea pigs which had been skin tested
previously with tuberculoprotein. In the same year, Bail (1909) injected

a tissue emulsion from tuberculous guinea pigs intomnormal guinea pigs
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- and . twenty~four hours later obtained positive skin reactions. The ani-
mals were killed after intraperitoneal injection of tuberculin.

A The belief that cellular antibody is involved in tuberculin hy-
persensitivity has received further support from several other passive
transfer experiments. In 1942, Landsteiner and Chase reported the trans-
fer of delayed-type skin sensitivity to picryl chloride from sensitive
donor guinea pigs to normal recipients using leucocytes which were har-
vested from artifically induced peritoneal exudates. Chase (1945) also
demonstrated that delayed skin hypersensitivity to tuberculin could be
transferred to normal guinea pigs by the injection of leukocytes isolated
from peritoneal exudates, spleen, lymph nodes, and blood of sensitized
animals. In 1949, Lawrence reported finding that tuberculin sensitivity
could be transferred passively in humans with intact viable leukocytes
from tuberculin positive individuals.

The observations of Chase were confirmed by Cummings, Hoyt, and
Gottshall (1947), Stavitsky (1948), and Metataxas and Metataxas-Buhler
(1948) using primarily peritoneal exudate cells, and by Kirchheimer and
Weiser (1947) using spleen cells and peritoneal exudates. In addition,
Kirchheimer, Weiser, and VanLiew (1949) demonstrated that systemic, as
well as cutaneous sensitivity to tuberculin was conferred upon recipient
animals following cell transfer. Further experimentation with this tech-
nique revealed that leukocytes from sensitive donors were capable of trans-
ferring sensitivity to 2-4 dinitrochlorobenzene in guinea pigs (Haxthausen,

1951), Brucella abortus in guinea pigs (Metataxas-Buhler, 1951), cat

scratch antigen in man (Warwick, et al., 1956), 2-4 dinitrochlorobenzene

and tuberculin in guinea pigs (Skog, 1956), Mycobacterium lepraemurium
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in rats: to guinea pigs (Wallace, 1958), Cryptococcus neoformans in rab-

bits (Lomanitz and Hale, 1963), Mycobacterium tuberculosis in mice (Azar

and Sprunt, 1965), and tuberculin in human sarcoid patients (Urbach et al.,
1952). Paterson (1960) passively transferred allergic encephalomyelitis
in rats by means of lymph node cells. Boughton and Schild (1962) used
lymph node cells to transfer sensitization to testicular antigen to normal
animals. The recipients developed a maximum delayed reaction six days
following passive transfer. Moschos and Serri (1963) accomplished cellu-
lar passive transfer of allergic eczematous contact sensitivity in guinea
pigs but not in man. Baer et al. (1952) also reported negative results

in man. Chase (1953) has suggested that intact, viable cells are required
for successful passive transfer. In all of these earlier reports viable
cells were used.

Several attempts have heen made to identify the particular cell
type involved in passive transfer activity. Haxthausen (1947) reported
that thymic cells were successful transmitters of hypersensitivity in
allergic eczema but that lymphocytes were the most effective cell type.
Stavitsky (1948) fqund that lyﬁpﬁocytes from lymph nodes conferred the
greatest sensitivity. Wesslen (1952) was successful in transferring tu-
berculin sensitivity using almost pure suspensions of lymphocytes from
the thoracic duct of rabbits and guinea pigs. Crowle (1959) was success=-
ful in transferring sensitivity in mice using thymic cells, while Sever
(19605 used exclusively monocytes. Kirchheimer, Hess, and Spears (1951)
reported that guinea pig peritoneal exudates composed exclusively of gran-
ulocytes do not confer tuberculin hypersensitivity. Fong et al. (1962)

obtained similar results using granulocytes and found that the most
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effective cell type was the tissue macrophage (histiocyte) and, to some
degree, the lymphocyte. Hussey (1961) found that in artifical immunity
in experimental tuberculous infections the lymphocytes increase with on-
set of hypersensitivity and generally parallel the level of sensitivity.
These findings would lead one to believe that the capacity to transfer
delayed hypersensitivity resides chiefly in the lymphocytes and monocytes.

In addition to the results seen with passive transfer techniques,
several other types of evidence are available to implicate the lymphocyte
and monocyte as the cell type mosf likely involved in delayed hypersensi-
tivity. Wielheml et al. (1958) experimentally depleted the mononuclear
cell lines in hypersensitive guinea pigs by injection of leukocytic anti-

sera prepared in rabbits and hereby abolished the delayed allergic reac=

1. (1961) prepared rabbit antisera against lymphocytes

tion. Waksman et
obtained from guinea pig lymph nodes and found that when this material
was injected into guinea pigs it producec a depression in the level of
blood mononuclear cells. Repeated injections of the antisera produced a
_ marked lymphopenia and when the animals were tested for delayed allergy
to tuberculin and contact sensitivity to 2-4 dinitrochlorobenzene, and
were examined for the development of allergic encephalomyelitis and the
rejection of homografts, they all showed a marked depression in reactivity.
Long and Jeter (1961) inhibited the ability of leukocytic extracts to pas-
sively transfer sensitivity to 2-4 dinitrochlorobenzene in guinea pigs by
~incubating the extracts with leukocytic antisera prepared in rabbits.
Pincus and Flick (1963) were able to inhibit the delayed reaction to vac-
cinia in guinea pigs using anti-mononuclear cell serum and were successful

in inhibiting the reaction as long as the animals were receiving antisera.
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Further evidence for the involvement of the lymphocyte and monocyte in de-
layed allergy was presented by Salvin and Smith (1959) who reported that
x-irradiation of Hartley guinea pigs extended the delayed reaction period
and that if the leukocyte count fell below one hundred there was no re-
sponse to the antigen. Arnason et al. (1962) reported the suppressive ef-
fect of thymectomy at birth on reactions of the delayed cellular type in
rats and noted a reduction in the number of circulating small lymphocytes,
although plasma cell and gamma globulin levels were normal.

Contrary to the opinion of Chase (1953) that intact, viable cells
are required for transfer, Jeter, Tremaine, and Seebohm (1954) were able
to sensitize passively normal guinea pigs to 2-4 dinitrochlorobenzene using
donor leukocytes which were disrupted by sonic vibration. Using similar
techniques, Cummings, Patnode, and Hudgins (1956) transferred tuberculin
hypersensitivity in guinea pigs with sonic-disrupted leukocytes and spleen
homogenates. In addition, delayed hypersensitivity to tuberculin
(Lawrence, 1954), streptococcal M substance (Lawrence, 1955), diphtheria
toxin (Lawrence and Pappenheimer, 19%6), and coccidioidin (Rapaport et al.,
1959), as well as homograft sensitivity (Lawrence et al., 1960), have been
passively transferred in man with extracts of disrupted leukocytes from
sensitive donors. Freedman et al. (1957) were able to transfer tuberculin
sensitivity in humans using leukocyte extracts. They were unable to trans-
fer sensitivity to ragweed pollen, penicillin, and horse serum. Jensen
et al. (1962) accomplished simultaneous, multiple, passive transfer of
hypersensitivity to human, Battey, and avian tuberculins in man using
stored (-20C) leukocytes.

Transfer of cutaneous hypersensitivity to tuberculin in guinea
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pigs was examined further by Kucharski and Favour (1964) using cell free
extracts of spleenic tissue. Kind et al. (1965) demonstrated the passive
transfer of chemical sensitivity to paraphenylenediamine or 2-4 dinitro-
chlorobenzene in guinea pigs using sonic disrupted cells. Eisen (1959)
observed that sonic disruption of lymphoidal cells abolished their capac-
ity to transfer sensitivity to 2-4 dinitroflorobenzene. This conflicts
with the results of Jeter et al. (1954). However, Eisen was able to
transfer sensitivity using whole cells, as was Haxthausen (1951), Skog
(1956), and Kind et al. (1965).

Attempts to transfer passively tuberculin hypersensitivity, as
well as other delayed type reactions, using serum from sensitized donors
has generally been unsuccessful. However, some degree of success has been

1. (1956) and Bovornkitti (1961). In further stud-

‘obtained by Ekami et
ies, Bovornkitti et al. (1963) were able to transfer skin reactions to
tuberculin in twenty-two of twenty-five trials using serum from two select-
ed cases of active tuberculosis. Seven control individuals received serum
from healthy, tuberculin negative subjects. Labelling the serum with Iiay
did not alter its capacity to transfer sensitivity. Sensitivity persisted
in the recipients for fifteen days. Tsuji et al. (1964) were able to
transfer delayed reactivity to tuberculin in rabbits using dialyzed serum.
Two different views és to the function of the transferred cells
have developed as a result of these fundamental observations. On the one
hand, the cells may elaborate antibody or an antibody-like material which
subsequently sensitizes the cells of the recipient. This concept is sup-

ported by demonstration of the ability of transferred lymphocytes to syn-

thesize and release antibody, as reported by Harris et al. (1954) and
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Roberts and Dixon (1955). Evidence that an antibody or antibody-like
material may be responsible for tuberculin reactivity was presented by
Cole and Favour (1955) who showed that plasma collected from tuberculin
positive guinea pigs within forty-eight hours following a skin test with _
PPD could be fractionated to yield an active transfer factor which was
contained in a subfraction of the alpha globulin. They felt that the
active material, which they called IV-10, is not normally present in the
circulation but may be released from leukocytes during the development
of the cutaneous reaction. In further studies, Cole et al. (1959) accom-
plished passive transfer with plasma from which the fibrinogen, gamma
globulin, and beta globulin had been removed by alcohol fractionation.
Ehrenkranz and Waksman (1956) were unable to confirm the work of Cole and
Favour. Results of studies with agammaglobulinemic patients support the
contention that the transfer factor is not a gamma globulin. Porter (1955)
showed that such patients, despite their inability to synthesize gamma
globulin, may be sensitized to tuberculin by BCG vaccination and, further,
that their leukocytes are capable of passively transferring tuberculin re-
activity to normal recipients. More recently, Good and Zak (1956) and
Good et al. (1962) also showed that while agammaglobulinemic patients can-
not form detectable gamma globulin they do develop delayed sensitivity to
various substances and tﬁis delayed allergy can be passively transferred.
Jeter, Laurence, and Seebohm (1957) analyzed extracts of leukocytes .of
normal guinea pigs and guinea pigs hypersensitive to tuberculin and 2-4
dinitrochlorobenzene. They showed that an electrophoretic component re-
sembling an alpha globulin was found in high concentration in cells from

sensitive animals but was lacking in normal cells. In addition, Lawrence
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and Pappenheimer (1957) showed that the factor on leukocytes responsible
for passive transfer of tuberculin hypersensitivity in humans is released
in vitro from the cells during incubation in normal plasma or serum in
the presence of PPD. The leukocytes remained morphologically intact dur-
ing the release of the transfer factor and the resulting cell-free super-
natant fluid passively transferred tuberculin sensitivity to normal re-
cipients. Kantor and Smith (1965) found that, in animals sensitized to
picryl chloride conjugated to guinea pig albumin, exposure of leukocytes
to homologous antigeh result.d in densitization and reduced successful
passive transfer of delayed sensitivity from 80¥% in controls to 33% in
the desensitized group.

Electrophoretic studies of serum proteins in tuberculous pat-
ients and experimental animals support the concept that the transfer fac-
tor might be an alpha globulin (Baldwin et al., 1953, Hudgins et al.,
1956, and Freigang et al., 1963). Bovornkitti (1962) analyzed serum
specimens from fifty-eight tuberculous patients and noted an increase
in the alpha-2 globulin fraction.

In contrast to the concept that the transferred cells release
a sensitizing material in the recipient, some investigators believe that
the transferred cells themselves participate in the subsequent reaction
in the recipient. Metaxas and Metaxas-Buhler (1955) have shown that
typical local, systemic, and corneal reactions to tuberculin can be pro-
duced - normal guinea pigs when tuberculin is injected simultaneously
with, or'evén hbefore, tﬁé’intravenous injection of cells from sensitive
donors. They concluded that, in this case, the donor leukocytes did not

have sufficient time to release a sensitizing material and thus it was
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the leukocytes themselves that participated in the reaction in the recip-
ient. They also interpreted the twenty-four hour delay in the appearance
of reactivity as the time required for the transferred cells to reach the
circulation. Further support for the concept that transferred sensitive
cells may actually migrate to the skin test site was provided by Hagerman
(1954) who labelled guinea pig lymphocytes with fluorescent dye and then
injected them into normal animals. Fluorescent lymphocytes appeared in
the skin of recipient guinea pigs within one hour after intravenous in-
jection and two hours after intraperitoneal injection. In addition,
Najarian and Feldman (1961) passively transferred tuberculin sensitivity
with tritiated thymidine labelled lymphoidal cells and found that labelled
lymphocytes were specifically attracted to the skin test sites. Labelled
sensitized cells did not accumulate in non-specific inflammatory lesions.
Najarian and Feldman (1963b) obtained similar results in passive trans-
fer of tritiated thymidine labelled cells obtained from animals sensi-
tive to 2-4 dinitroflorobenzene. The maximum reaction appeared in twenty-
four hours and from one-fourth to one-third of the labelled cells were
found in the epidermal skin sites. However, in the tuberculin system
Feldman and Najarian (1963) found that only 1% of the cells at the skin
test sites were labelled. Evidence against the specific attraction hy-
pothesis is also contained in the work of Turk (1962) and McCluskey et al.
(1963). Hamilton and Chase (1962) determined by quantitative assay tech-
-. niques that labelled cells were found in the skin test site more frequently
than other cells.

The mechanism involved in the induction of the delayed hypersen-

sitive state has been the subject of a number of investigations. Raffel



14
(1948) found that tuberculoprotein would regularly induce only immedi-
ate hypersensitivity, but if the protein were injected with a chloroform-
soluble lipopolysaccharide waxy component of the tubercle bacillus de-
layed hypersensitivity resulted. Similar results were obtained by Raffel
and Forney (1948) when they mixed picryl chloride with the wax. The wax
was non-antigenic when injected without protein. The role of the wax in
inducing delayed hypersensitivity is believed to be a general biological
phenomenon since a similar substance has been found by Raffel (1954) in
streptococci and in vaccinia virus. These results have been considered
as evidence suggesting that the wax directs the host's response to the
development of delayed hypersensitivity.

Several other methods of evoking a state of delayed hypersensit-
ivity have been described. Uhr et al. (1957a) showed that when small
amounts of antigen-antibody complexes precipitated in antibody excess were
injected into guinea pigs the animals showed delayed reactions to diphthe-
ria toxoid two to three weeks before detectable circulating antibody was
present. They found that complete or incomplete adjuvant was not necessary,
but if it were present the degree of sensitivity was increased. Dienes
(1928), using killed tubercle bacilli, first reported on the importance
of adjuvant in his studies on the sensitization of guinea pigs to egg
white and timothy pollen. Salvin (1958) showed that the use of very small
amounts of antigen in incomplete Freunds adjuvant resulted in delayed hy-
persensitivity in guinea pigs. The sensitivity appeared five to six days
after immunization and preceded the appearance of circulating antibody.

As discussed previously, contact sensitivity of the delayed type

can be effectively induced with simple chemicals which are able to combine
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with proteins of the epidermis either a priori or after being modified by
the host. Salvin and Smith (1961) repoégéd that the intradermal injection
of a simple hapten resulted in contact sensitivity to topical application
of the same material. Intradermal injection of hapten (picryl chloride
or 1-fluoro-2,4-dinitrobenzene) conjugated to guinea pig serum induced
first a delayed response and then an Arthus reaction to the conjugate but
there was no evidence of contact reactivity to the hapten alone. When a
conjugate of hapten and solubilized guinea pig skin was used as a sen-
sitizing antigen, both contact hypersensitivity to hapten and delayed hy-
persensitivity to the conjugate developed. These observations are con-
sistent with the hypothesis that the specificity of contact sensitivity
is directed towards some particular protein of the skin that is modified
by combination with the hapten. Benacerraf and Gell (1959a) found that
delayed sensitivity could be elicited through the use of simple chemical
compounds conjugated to native protein, denatured protein, and low molec-
ular weight polypeptides such as salmine. Several authors, including
Benacerraf and Gell (1959b) and Benacerraf and Levine (1962), have found
that the specificity of the delayed reaction involves the protein carrier
and not the hapten. This is illustrated by the fact that sensitivity to
guinea pig albumin-m-azobenzene sulfonate does not cross react with con-
jugates of the same hapten with ovalbumin (Gell and Silverstein, 1962).
Gell and Benacerraf (1959) observed some cross reaction with horse and
bovine serum albumin. However, no antibody to the protein carrier could
be detected. Benacerraf and Levine (1962) found that delayed hypersensi-
tivity was induced equally well with either lightly or heavily substituted

conjugates. Animals sensitive to either lightly or heavily substituted
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conjugates exhibited strong delayed reactions to both materials, but more
intense reactions to the immunizing conjugate. The sensitive animals
gave a milder reaction to conjugates of the same hapten with a different
éarrier and to conjugates differing from the immunizing conjugate by having
an additional type of hapten interposed between the immuniiing hapten and
the protein carrier. Salvin and Smith (1961) found that guinea pigs sen-
sitized to either hen, duck, or goose egg albumin showed delayed hypersen-
sitivity, followed by Arthus reactions, to homologous antigen. These ani-
mals demonstrated only weak responses to heterologous antigens. Sensiti-
zation with protein conjugated with the hapten picryl chloride resulted
in delayed reactions to homologous conjugates, homologous protein, homo-
logous protein conjugated with heterologous haptens, and mild reactions
to homologous hapten conjugated with heterologous protein. In contrast
with thése-findings, Leskowitz (1963a, 1963b, 1963c) and Jones and
Leskowitz (1964) reported that, while the carrier protein is important,
most of the specificity is directed toward the hapten, even when the hap-
ten is coupled with an unrelated protein. They also found that guinea
pigs injected at birth with complete antigen fail to develop hapten-
specific delayed hypersensitivity when they reach adulthood. Salvin et
al. (1962) obtained similar results in neonatal guinea pigs using puri-
fied soluble antigens. However, they were able to induce experimental
allergic encephalomyelitis in the animals. Warwick et al. (1960) found
that new born human infants are unable to manifest delayed hypersensi-
tivity or accept paséively transferred sensitivity. Uhr (1960) obtained
similar results in guinea pigs.

Various factors and circumstances influence the expression of
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the hypersensitive state. The response is depressed during measles
(Gruner, 1909), polio, diphtheria, and varicella (Mitchell et al., 1928),
mumps (Nolbant, 1937), scarlet fever and infectious mononucleosis
(Bentzon, 1953), sarcoidosis (Hoyle, 1954), and hypothyroidism (Kallos
and Kentzler, 1932). Various drugs and hormones have also been found to
depress the reaction. Harris and Harris (1950) and Gell and Hinde (1951)
reported that cortisone depresses activity in laboratory animals. Carey

1. (1950) and Long and Favour (1950) obtained similar results in man

et
using ACTH and corisone. Derbes et al. (1950) confirmed these observa-
tions in guinea pigs. Skin sensitivity is also suppressed by administra-
tion of estrogen (Lurie et al., 1949), nitrogen mustard and thorium di-
oxide (Cohen et al., 1954) and 6-mercaptopurine (Hoyer et al., 1962).
Salvin and Smith (1959) found that x-irradiation extends the delayed re-
action period and if the leukocyte count falls below one hundred there

is no skin response. Uhr and Scharff (1960) observed that the delayed
response is not suppressed by mild x-irradiation.

An entirely new approach to the study of delayed hypersensiti-
vity was provided by the demonstration of a specific in vitro cytotox-
icity of tuberculin for tissues of the tuberculous host. The first report
in this regard was that of Holst (1922) who noticed an inhibition of mi-
gration of leukocytes from the plasma-buffy coat interface when blood
from tuberculous individuals was incubated in capillary tubes in the pres-
ence of tuberculin. Using this technique he found that tuberculin had no
effect on leukocytes from non-tuberculous donors, nor were the white cells
of anaphylactically-sensitive individuals affected by specific sensitiz-

ing antigen. Meyer and Loewenthal (1927) confirmed the latter observation
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when they showed that horse serum did not have any deleterious effect upon
explants of tissues from animals which had been sensitized to horse serum.

Rich and Lewis (1928, 1932), using tissue culture techniques,
showed that washed cells from spleen, bone marrow, and buffy coats of tu-
berculous guinea pigs were inhibited and killed by amounts of tuberculin
that were entirely harmless to the cells of normal animals. Comparisons
were made of the effect of tuberculin upon normal and hypersensitive cells
cultured on the plasma of normal and hypersensitive animals. Regardless
of the source of the plasma on which the cells were grown, the washed
cells of tuberculous guinea pigs were consistently affected by tuberculin
and the cells of normal animals were not. Moen and Swift (1936) also ob-
served that the effect of tuberculin on the cells of the hypersensitive
individual was independent of the presence of serum antibody. 1In contrast
to the finding of Rich and Lewis (1932), Baldridge and Kligman (1951)
found no inhibition of growth of tissue cultures. However, they noted
that their guinea pigs were not extremely sensitive. Tuberculin is re-
ported to have no effect on the oxygen consumption of neutrophilic leuko-
cytes from sensitive animals (Marks and James, 1953), however, Allison
et al. (1965) reported a depression in metabolic enzymes in a number of
different tissues. Merchant and Chamberlain (1952) showed that the phag-
ocytic activity of leukocytes from guinea pigs sensitive to streptococcal
and pneumococcal extracts was diminished when the cells were exposed to
the gensitizing antigen in vitro. Patnode and Hudgins (1959) compared
the fragility of sensitized and normal monocytes and found that the for-
mer were more resistant to disruption by sonic vibration than the latter.

Further investigation of the effect of tuberculin on leukocytes
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in vitro was begun in 1947 by Favour when he described the lympholysis or
cytolysis phenomenon. In this case, the blood leukocytes from the tuber-
culin sensitive host are lysed in vitro when exposed to tuberculin. These
results were confirmed by Waksman (1953a). Miller et al. (194%9a & b) and
Miller and Favour (1951) observed the presence of a heat-labile, non-
dialyzable factor in the plasma of tuberculous humans which was respon-
sible for in vitro lysis of leukocytes by tuberculoprotein., It was pre-
cipitated with the globulin fraction of plasma proteins and washed leuko-
cytes from tuberculin sensitive hosts slowly released the factor into
normal plasma. Patnode and Hudgins (1959) rendered normal guinea pig
leukocytes susceptible to lysis by PPD by suspending them in serum col-
lected from sensitized guinea pigs forty-eight hours after a tuberculin
skin test. The cytolysis phenomenon appears to differ from tissue cul-
ture inhibition. The latter seems to be closely associated with the de-
gree of skin sensitivity, as suggested by Waksman (1953 and 1959). On
the other hand, the cytolysis phenomenon is not completely correlated

t al. (1950)

with skin sensitivity, according to the reports of Favour
and O'Neill and Favour (1957).

The early observations on the cytotoxic effect of tuberculin on
tuberculin sensitive tissues have been confirmed and extended by Heilman
et al. (1944, 1946), Kirchheimer and Weiser (1948), Favour et al. (1950),
Favour (1951), Fabrizio (1952), Waksman (1953a), O'Neill and Favour
(1955), Gangarosa et al. (1955), Shea and Morgan (1957), O'Neill and
Favour (1957), Hall and Scherago (1957), Citron (1958), Marks (1958),
Heilman (1962), and Johnson and Scherago (1963). Each of these authors

used the tuberculin system in working with either spleen explants, lymph



20
node explants, macrophages, lymphocytes, or peripheral blood leukocyte
cultures from mice, guinea pigs, or rabbits. Tissue culture inhibition
has also been observed by Moen (1936) in guinea pigs cells sensitive to
hemolytic streptococci, by Johnson and Scherago (1960) and Moore and
Scherago (1964) using guinea pig leukocytes from animals infected with

Histoplasma capsulatum, by Heilman et al. (1958) in Brucella hypersen-

sitivity, gy Glasgow and Morgan (1957) with guinea pig tissue sensitive

to mumps virus, and by Wasserman (1962) and Lubaroff and Ritts (1964) in
picryl chloride sensitivity. Similar techniques were used by David and

Paterson (1965) to study cellular sensitivity in allergic encephalomye-

litis.

Waksman (1959) believes that the degree of skin hypersensitiv-
ity of the donor animal is a critical factor in these techniques and
that significant tissue culture inhibition can be demonstrated only with
cultures from highly sensitive animals which show grossly necrotic skin
reactions. Marks (1958) feels that the tissue culture cell migration
technique is too susceptible to uncontrolled variation in cultural con-
ditions to serve adequately in quantitative studies in tuberculin hyper-
sensitivity. Despite these difficulties, the tissue culture inhibition
phenomenon is believed to be a reaction of antigen with cellular anti-
body and supports the concept that the antibody responsible for tubercu-
. lin hypersensitivity is actually present in the tissues of the sensitive
host. Warnatz and Scheiffarth (1964), using a fluorescent labelled anti-
globulin test, found that cellular fixed antibody exists and that it re-
acts specifically with the corresponding antigens involved in transplan-

tation immunity. Turk (1960) calculated the uptake of antigen in vitro
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by the lymphocytes of sensitive and normal guinea pigs. He found a con-
sistent increase in uptake of tuberculin in the sensitive cells. Ritts
and Favour (1955) measured the uptake of 1131~PPD and found that it was
firmly absorbed to the leukocytes during the first four hours. However,
this was followed by a decrease in uptake. Barker et al. (1963) found
that fluorescein labelled PPD was absorbed to both sensitive and normal
cells.

Several other in vitro and in vivo techniques have been devised
to study cellular hypersensitivity. Waksman and Matoltsky (1958b) and
Metaxas and Metaxas-Buhler (1955) utilized a quantitative in vivo tech-
nique that involved mixing of sensitive cells with PPD and injecting the
mixture into either the skin or cornea of normal guinea pigs. Wasserman
and Packalen (1959) and Carpenter (1963) measured cellular sensitivity
to various specific and non-specific bacterial products using the inhi-
bition of migration of buffy coat leukocytes in capillary tubes as an
index of toxicity. David et al. (1964) also measured cellular sensitiv-
ity to various specific and non-specific bacterial products using the in-
hibition of migration of buffy coat leukocytes from the end of capillary
tubes into the surrounding media in the presence of specific sensitizing
material. George and Vaughn (1962) measured degrees of cellular sensi-
tivity by mixing antigen and sensitized cells and inoculating them intra-
dermally into normal recipients. Bloch and Nordin (1960), using a similar
technique, were able to sensitize guinea pigs by injecting them with
normal peritoneal exudate cells which had been incubated with PPD.

The major objectives of the present research were to isolate,

partially purify, and study the biological activity of guinea pig leukocytic
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"transfer factor." This work involved biochemical analysis, antigenic
studies, and passive transfer of various purified fractions from leuko-

cytes of normal and tuberculin sensitive guinea pigs.



CHAPTER II

METHODS AND MATERIALS

Experimental Animals

Male, albino, Hartley strain guinea pigs (Cavia porcellus),

weighing approximately 300-400 g were used as both donors and recipients

in the experiments. Male, albino, New Zealand rabbits (Oryctolagus

cuniculus) weighing approximately 3 kg were used for the preparation of

1,2

antisera. The animals were obtained from commercial sources and main-

tained on a diet of commercial pellets and cabbage.

Organism

A virulent strain (H37Rv) of the human type of Mycobacterium

tuberculosis was used throughout these studies. A large quantity of heat-

killed, dried bacilli was prepared for subsequent use. For this purpose,
four-week old cultures grown on a modified Proskauer and Beck medium
(Youmans and Earlson, 1947) were killed by autoclaving at 120 C for 1 hr
and then were filtered on a Buchner funnel. They were washed with dis-

tilled water until the washings were colorless. The washed bacilli were

Guinea Pigs -

lcamm Research Institute Incorporated, 414 Black Oak Ridge Road,
Wayne, New Jersey.

Rabbits -
2Roy Allen Rabbit Ranch, Oklahoma City, Oklahoma
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then transferred to a Petri dish and dried at 110 C for 1 hr. The dried
bacilli were sealed in the Petri dish and stored at 4 C. For animal in-
jections, the bacilli were weighed, ground to a fine powder in a motar,
and adjusted to a final concentration of 5 mg per ml by dilution with
light paraffin oil (Fisher).3 The suspension was transferred to serum
vials, autoclaved at 120 C for 15 min, and stored at 4 C until needed.
Another sample of heat-killed, dried organisms was obtained through the
courtesy of Dr. B. W. Janicki, Veterans Administration Hospital,

Washington, D. C.

Sensitization of Guinea Pigs

Normal guinea pigs were rendered hypersensitive to tuberculin by
the intramuscular injection of 1 ml of sterile paraffin oill containing 5
mg of heat-killed tubercle bacilli. Four weeks later the animals were
tested for tuberculin hypersensitivity by the intradermal injection of
0.1 ml (5 ug) of PPD (Merck Sharp & Dohme)4 into the shaved dorsal skin.
The injection sites on animals were varied so that the location of the
site would not influence the results. The diameter of induration, and
the presence of erythema and/or central necrosis, were recorded 24 hr
following the application of skin tests.

Collection of Guinea Pig Peripheral
Blood Leukocytes

Whole blood was obtained by cardiac puncture using heparin

(Upjohn),5 at a final concentration of 0.4 mg per ml of blood, as an

3Fisher Scientific Company, Fairlawn, N. J.
4Merck Sharp & Dohme, West Point, Pennsylvania.

SThe Upjohn Company, Kalamazoo, Michigan.
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anti-coagulant. One ml of 4% polyvinylpyrrolidone (PVP) or 1 ml of a 20%
dextran solution in physiological saline was added to 2 ml of blood to
facilitate rouleaux formation and separation of erythrocytes. The mix-
tures were stored for 30 min at 4 C in the syringes in which they were
collected, in an upright position, to allow the erythrocytes to settle
out. A polyethylene tube was attached to the end of the syringe for re-
moval of the leukocytes and supernatant plasma. ‘Peripheral blood leuko-
cytes were also isolated from heparinized whole blood by centrifugation
at 3,000 rpm (1,500 X g) for 10 min. The buffy coat and plasma super-
natant were then carefully removed with a capillary pipette (Scientific
Produéts).6

Collection of Human Peripheral
Blood Leukocytes

Sophomore medical students at the University of Oklahoma Medical
School served as donors of normal and sensitive leukocytes. All poten-
tial donors were skin tested with 5 ug of PPD. Induration of 15 mm in
diameter or greater in 24 hr was considered as sufficiently intense for
the individual to serve as a donor of hypersensitive cells. Those indi-
viduals negative to this strength PPD were used as donors of negative
cells. Tuberculosis patients at the Veterans Administration Hospital,
Oklahoma City, Oklahoma, were also used as donors of hypersensitive cells.
Twenty-five to fifty ml of blood was collected from each donor by veni-
puncture. A liquid oxalate solution containing 1.5 g ammonium oxalate
and 1.0 g potassium oxalate in 100 ml of distilled water was used as an

anti-coagulant at a final concentration of 0.4 ml of oxalate solution per

6scientific Products, 2505 Butler, Dallas, Texas.
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10 ml of blood. The buffy coat leukocytes were collected from the blood

samples after centrifugation at 3,000 rpm (1,500 X g) for 30 min.

Collection of Guinea Pig Splenic Cells

When large numbers of guinea pig leukocytes were desired animals
were sacrificed by cervical dislocation, the spleens were removed asepti-
cally, and each one was placed in 5 ml of 199 tissue culture medium7 in
a Petri dish. Fat and blood vessels were dissected away and discarded.
The spleens were then placed in a second sterile Petri dish containing 10
ml of 199 tissue culture medium and minced into small pieces using scis-
sors. The tissue fragments were further disrupted into a cloudy suspen-
sion by aspiration with a pipette in such a manner as to avoid bubbles
and marked pressure changes. At this point the suspension was passed
through a 40 gauge wire screen which allowed the lymphoidal cells to pass
and the fibrous stroma of the spleen to remain on the screen. The cell
suspension was then centrifuged at 800 rpm (147 X g) for 10 min at room
temperature and the packed cells were used in various experiments. These
techniques are modifications of those described by Harris et al. (1962)
and Janowsky et al. (1964).

Removal of Erythrocytes from Buffy
Coat and Splenic Cells

The erythrocytes were removed from the whole blood buffy coat
preparations and the suspensions of spleen cells by the following proced-
ures. The spleen cells present in 199 tissue culture medium were centri-

fuged at 3,000 rpm (1,500 X g) for 10 min at room temperature. The

"Difco Laboratories, Detroit, Michigan.
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supernatant was decanted and saved. To the packed cells was added 10 ml
of .35% NaCl and the cells were then resuspended for 1 min. This resulted
in lysis of the erythrocytes. The cells were quickly centrifuged again
for 1 min at room temperature and the supernatant was discarded. The cells
were then resuspended in 0.9% NaCl to restore physiological tonicity. The
cells were again centrifuged and the supernatant was discarded. Finally,
the original supernatant was added back to the packed cells. The super-
natant for the buffy coat leukocytes was the plasma in which they were
present. This technique is a modification of those described by Christlieb

t al. (1962) and Shelly (1963).

Preparation of Lymphocyte-Monocyte Suspensions

Lymphocyte-monocyte suspensions were prepared from buffy coat
and splenic leukocytes by methods patterned after those of Johnson and
Garvin (1959) and Rabinowitz (1964). Super Brite glass beads (size 110-
5005)6 were added to a 50 cm glass tube supported by a ring stand. The
tube was 1 cm in diameter and the beads were held in place with a small
piece of glass wool at the bottom of the tube. For each 9.5 cm of packed
beads 1 ml of previously described cell suspensions were added and allow-
ed to stand for 5 minutes. The column was then drained. By this tech-
nique, the lymphocytes and monocytes pass through the column while the
granulocytes adhere to the glass beads. The effluent was centrifuged at
3,000 rpm (1,500 X g) for 10 min and the cells were resuspended in 199
tissue culture medium such that the final concentration was 1 x lO8 to

1 x lOll cells per ml.

6scientific Products, 2505 Butler, Dallas, Texas.
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Collection of Guinea Pig Peritoneal
Exudate Cells

Peritoneal exudates which consf;ted mainly of mononuclear cells
were induced in guinea pigs by the intraperitoneal injection of 30 ml of
sterile paraffin oil. Two days later the animals were killed by cervical
dislocation. A small incision was made in the peritoneum and 30 ml of
Ringer's solution7 containing 0.005% heparin was introduced into the cav-
ity. The incision was then closed with a hemostat and the animal was
gently rotated in order to mix the o0il and Ringer's solution. The peri-
toneal cavity and viscera were then washed with 10 ml of the heparinized
Ringer's solution and this material was pooled with the original exudate.
The exudate was then transferred to a separatory funnel and the aqueous
layer was removed. The oil layer was washed with 30 ml of Ringer's solu-
tion and the washings were collected and pooled with the aqueous layer.
The aqueous cell suspension was then centrifuged at 3,000 rpm (1,500 x g)
for 15 min at room temperature. The supernatant fluid was discarded and
the packed cells were washed 3 times with 0.9% NaCl. Finally, the cells
were resuspended in 199 tissue culture medium and adjusted to a final

concentration of 1 x 109 cells per ml.

Collection of Guinea Pig Lung Macrophages

In order to obtain a large population of lung macrophages, guinea
pigs were sacrificed and their thoracic cavities were opened. . The trachea
and lungs were then removed as a single complex and rinsed with 0.9% NaCl
that had been warmed to room temperature. The lungs were sponged free of

excess fluid with gauze pads and 0.9% NaCl was injected into the trachea

"Difco Laboratories, Detroit, Michigan.
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until the lungs were distended. The trachea was clamped off and the lungs
were massaged for 10 min. The fluid was then drained into a sterile tube
and the cell suspension was centrifuged at 3,000 rpm (1,500 X g) for 10
min. A small amount of cell and tissue debris and mucous was removed with
a capillary pipette. This technique was a modification of those described

by Myrvik et al. (1961) and Maxwell et al. (1964).

Preparation of Leukocyte Lysate

A leukocyte suspension of 1 x lO8 to 1l x lOll cells per ml, con-
taining primarily mononuclear cells from buffy coat or spleen prepara-
tions, was subjected to 6 cycles of freezing in an alcohol bath in the
deep freeze at -70 C and thawing at 37 C in a water bath. The cellular
debris was removed by centrifugation at 3,500 rpm (2,500 X g) for 10 min
and the supernatant fluid was used in various experiments to be described,
after absence of.intact cells was assured by microscopy.

Biochemical Analysis of Serum, Cells,
and Cell Lysates

Naphthol Yellow S Staining of
Buffy Coat Leukocytes

Slide preparations were made of buffy coat leukocytes from both
sensitized and normal guinea pigs and stained with Naphthol Yellow S in
order to measure total cell protein. For this purpose, a small drop of
leukocyte suspension was added to a standard size microscope slide (Gold
Seal) and a thin film of cells was spread over the surface of the slide.
The slides were hydrated and stained 15 min at room temperature in 1%
Naphthol Yellow S in 1% acetic acid. The pH of this solution was 2.78

and the ionic strength was 0.0l. After staining, the slides were
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removed without being blotted and placed in 50 ml of 1% acetic acid for
15-24 hr at room temperature. The slides were then blotted and passed
through tertiary butyl alcohol and xylol at 15 sec intervals and mounted
in Schillabers Refractive Index oil. The slides were phofographed using
an Alphax 35 mm Camera and Kodak Tri-X Pan film. The intensity of the

staining reaction was measured with a photo-volt densitometer.

Electrophoretic Determinations

The electrophoretic separation of proteins and glycoproteins in
serum and in lysates of sensitized and normal cells was performed on fil-
ter paper strips (Whatman 3 mm) using the Durrum type electrophoresis ap-
paratus (Spinco Model R).8 The separations were performed at room tem-
perature at a constant current of 1 ma per strip in pH 8.6 veronal buffer
(Spinco B-2 buffer) for 16 hr. After separation, the samples were fixed
by drying at 100 C for 30 min.

The strips to be analyzed for protein distribution were stained

with bromphenol blue by the method of Jencks et al. (1955). The strips

were immersed in the protein dye (Spinco B-4) for 30 minutes at room tem-
perature. Excess dye was removed from the strips by washing them thrice
in 5% acetic acid for 6 min. The strips were then placed in a closed
vessel containing ammonium hydroxide vapors for at least 10 min. They
were removed one at a time for scanning. The relative per cent distri-
bution of the various components was determined by scanning the stained
strips in a Spinco Analytrol (Model RA) using blue filters.

The strips to be analyzed for glycoprotein were stained accord-

ing to the periodic acid Schiff method of Koiw and Gronwall (1952) and

8Beckman Instruments, 2500 Harbor Blvd., Fullerton, California.
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Shetlar et al. (1956). The strips were fixed in absolute ethanol for 5
min, treated with periodic acid for 5 min, and then rinsed in 70% ethanol.
A solution of sodium bisulfate and potassium iodide was used for reducing
the carbohydrate moiety. After rinsing in 70% alcohol the strips were
stained for 40 min at room temperature using basic fuchsin sulfite, fol-
lowed by three rinses in potassium metabisulfite. The strips were de-

hydrated, allowed to air dry, and were scanned in a Spinco Analytrol

(Model RA) using Klett 52 green filters.

Glycoprotein Determinations

The glycoprotein content of sensitized and normal cells was de-
termined according to the niethod of Shetlar et al. (1948). Buffy coat
lymphocytes, spleen mononuclear cells, and peritoneal exudate cells were
diluted 1:2 with 0.9% NaCl. Two-tenths ml of the diluted samples was
pipetted, drop by drop, into 10 ml of absolute ethanol in a glass stop-
pered centrifuge tube. The precipitate which formed was centrifuged at
3,000 rpm (1,500 X g) for 10 min at room temperature and washed with 10
ml of absolute ethanol. After re-centrifugation, the ethanol was de-
canted and the precipitate was drained by inverting the tube. To the
preéipitate was added 1 ml of distilled water and 7 ml of 77% sulfuric
acid and the tube was allowed to stand at room temperature for 10 min to
dissolve the precipitate. It was then placed in an ice bath for 15 min.
One ml of 1% aqueous tryptophane solution was added to each tube without
shaking. The contents were mixed and the tube was placed immediately in
a boiling water bath for 20 min. It was shaken once at the end of 10 min.
The tube was then removed from the water bath, cooled for 5 min in an ice

bath, and then allowed to stand for 25 min at room temperature. The
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optical density of the solution was read in a Model B Beckman Spectro-
photometer8 at 500 mu—and the glycoprotein content of unknowns was cal-
culated by reference to a standard curve prepared with a solution con-

taining equal amounts of d-galactose and d-mannose.

Protein Determinations

A modification of the method of Lowry et al. (1951) was used
for the determination of total serum protein. The serum samples were
diluted in 1 ml buffered (pH 8.0) 0.9% NaCl to contain 25-200 ug protein
per ml. A 5 ml quantity of reagent C, consisting of 50 ml of reagent A
(10 mg of sodium carbonate méae up to 500 ml with O.1 N NaOH) and 1 ml
of reagent B (1 g of potassium acetate and 0.5 gm of copper sulfate made
up to 100 ml with distilled water), was added to 1 ml of diluted serum
and the tubes were allowed to stand for 10 min at room temperature. A 0.5
ml quantity of reagent D (equal volumes of 1 N Folin-Phenol reagent and
distilled water) was added rapidly, with immediate agitation, to each
tube and they were then allowed to stand at room temperature for 20 min.
The optical density of the solutions was read in a Beckman Junior Spectro-
photometer8 at a wave length of 650 m after standardizing the instrument
with a blank tube containing the buffered saline. A standard curve was
prepared using bovine serum albumin.9 Serial dilutions of the albumin
were made in the buffered saline to give a range from 10 to 100 pg of pro=-
tein nitrogen per ml and determinations were made by the method described

above. The optical density of the unknown solutions was converted to

8Beckman Instruments, 2500 Harbor Blvd., Fullerton, California.

9Armour Pharmaceutical Co., Kankakee, Illinois.
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concentration of protein by reference to the standard curve.

Preparation of Antisera

Antisera to lysates of normal and sensitized cells were prepared
in rabbits. The rabbits were given intramuscular injections of 0.5 ml of
lysate incorporated into 0.5 ml Freund's incomplete adjuvant (Difco)7 at
weekly intervals for a period of seven weeks. Seven days after the last
injection the animals were bled by cardiac puncture and the blood was
placed in sterile tubes and allowed to clot at room temperature. The
tubes were then placed at 7 C and after 18 hr the clot was separated by
centrifugation at 3,000 rpm (1,500 X g) for 10 min. The sera were har-

vested, placed in sterile tubes, and stored at -20C until ready for use.

Immunodiffusion

Immunodiffusion methods similar to those of Ouchterlony (1949),
Oudin (1952), and Feinberg (1957) were adapted for this study. A 1¥ so-

lution of highly purified agar (Ionagar No. 2, Oxoid)10

was prepared in
0.85% NaCl containing 0.01% merthiolate as a preservative. The solution
was autoclaved at 121 C under 15 lb pressure for 15 min. The hot agar
was pipetted in 15 ml quantities into sterile, standard size, disposable,
plastic Petri dishes. The plates were allowed to stand at room temper-
ature with their lids ajar until the agar hardened. For the purpose of
further drying the plates were inverted and allowed to stand for 24 hr

with the covérs in place before being stored in an air tight plastic bag.

The agar plates were allowed to harden for approximately two weeks before

"Difco Laboratories, Detroit, Michigan.

10consolidated Laboratories, Box 234, Chicago Heights, Illinois.
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use.

10 (Shandon, Code No. 1801)

A commercial Feinberg agar cutter
which formed either two or four small wells arranged around a large cen-
tral well, was used for preparing wells in the agar plates. Various
well arrangements were used for the double diffusion studies. One ar-
rangement consisted of four outer wells and a central well. This pat-
tern was used to test antiserum in the central cell against several anti-
gens in the four outer wells. In addition, the effect of dilution of
antigen or antiserum upon the precipitin reaction was determined by placing
the dilutions in the four outer wells. Another type of well arrangement
consisted of two outer adjacent wells and a central well. This pattern
was used to test for cross reactivity between two antigens in the outer
wells when they were diffused against antiserum in the central well.

After the wells were cut the agar plugs were removed with a
Pasteur capillary pipette attached to a suction apparatus. The appro-
priate wells were then filled with approximately O.1 ml of antigen or
antiserum by means of a Pasteur capillary pipette. The plates were in-
cubated at 25 C and examined after varying lengths of time for the de-
velopment of bands of precipitation. The number, intensity, and pat-

terns of the bands were photographed using a Polaroid 800 camera.

Immunoelectrophoresis

Microimmunoelectrophoresis was carried out with a commercial

apparatus (LKB 6800 A)ll according to methods described by Grabar and

10consolidated Laboratories, Chicago Heights, Illinois.

M1 kB-Produkter AB, Stockholm, Sweden.
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Williams (1953) and Grabar (1959).

The microscope slides were cleaned in sulfuric acid-dichromate
gpd.stored in acetone or ethanol until used. A film of hot adhesive agar
solution was applied to the ;lean slides with a small brush and allowed
to dry. The adhesive agar consisted of a 1¥ solution of Difco Special

Noble Agar’

and 0.05% glycerine in distilled water. Ten milliters of the
1% Nobel buffered (pH 8.6) agar was then added to each slide. After the
agar had hardened overnight at.4 C the wells and troughs were cut using
LKB gel punch sets. For comparing two antigen samples against a single
immune serum the standard Die 6810 A set was used. It forms two wells,
one on each side of a single trough. For comparing two immune sera
against a single antigen the Standard Die 6811 B set was used. It forms
three wells, one on each side of, and one between, two troughs. The well
plugs were removed with a suction needle and to each well was added the
cell lysate to be analyzed. The tray containing the slides was then
placed in the LKB electrophoresis apparatus, 3276 BN. After one hr at 50
ma the slides were removed, the trough plugs which had been previously
cut were removed with a suction needle, and immune serum was deposited in
the troughs.

The trays of slides were incubated at room temperature in a hu-
mid chamber for approximately 20 hr, after which they were placed in sev-
eral changes of 1¥ NaCl for 20 hr to remove all remaining unprecipitated
protein. They were then placed in distilled water for 1 hr. The slides
were dried and stained in amido black for 5 min. They were then immersed

for 10 min in a rinsing solution consisting of methyl alcohol, acetic

- "pifco Laboratories, Detroit, Michigan.
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acid, and distilled water in a proportion of 45:10:45. This procedure
was repeated three times and after drying, the slides were stored perma-
nently in a special slide tray. Photographs of the slides were made

using a Polaroid 800 camera.

Antibody Adsorption

Antiserum to sensitive cell lysates was analyzed by adsorption
techniques. The antiserum (either undiluted or diluted 1:5 or 1:10) was
added to an equal volume of normal cell lysate. The normal cell lysate
was either undiluted or diluted 1:10. The mixture was allowed to react
for 30 min at 37 C and the precipitate was removed by centrifugation at
3,000 rpm (1,500 X g) for 10 min. The supernatant was added to the cen-
tral well of an Ouchterlony plate and diffused against varying dilutions
of sensitized cell lysate.

Fractionation of Cell Lysates
Using Sephadex Gel

12 (

Ten g of Sephadex G-200 lot No. To-5761; particle size 40-
120u) and 30 g of Sephadex G-50 (lot No. To-35693; particle size 100-300u)
were suspended in excess distilled water and allowed to swell for 3 days
with intermittent stirring and decantétion. The gel was then washed with
phosphate buffered 0.9% NaCl, pH 7.2. Each column was prepared by pour-
ing a thin slurry of gel particles in the buffered saline solution into

a vertical tube, already partly filled with the saline, and at the same

time allowing excess of liquid to percolate through the growing gel bed.

The tube containing Sephadex G-200 was 45 cm X 2.5 cm and the addition

12pharmacia Fine Chemicals Incorporated, 800 Centennial Ave.,
Pescataway New Market, New Jersey.
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of gel was continued until a bed height of 30 cm was obtained. The tube
containing Sephadex G-50 was 40 cm X 1.5 cm and the final bed height was
23 cm. The void volume of each column was checked using dextran blue or
hemoglobin. The top 2 or 3 cm of the columns were replaced with fresh
gel after 4 or 5 uses in order to eliminate irregularities which develop
at the top of the column with repeated use. The bottom of each column
had a plastic disk to support the gel layer and a thin layer of glass
wool above the disk in order to prevent blockage by the gel particles.

Using the method described by Baram and Mosko (1965) 2 ml of
mononuclear cell lysate prepared as described previously was passed
through the Sephadex G-200 column and 2 ml aliquots were collected from
the column effluent. Ihirty-six aliquots were collected and the ultra-
violet absorption spectrum of each sample was determined using the Cary
(Model 14) Recording Spectrophotometer.13 The last 2 ml of effluent frac-
tion was referred to as fraction IV. It was separated further on Sepha-
dex G-50. Lysates of cells from normal and sensitized guinea pigs and
humans were fractionated using this procedure.

Paper Chromatography of Sephadex G-50
Effluent Fractions

The effluent fraction III from Sephadex G-50 was added to an
equal volume of 2N HCl and subsequently digested at 100 C for 4 hr in a
sand bath. The hydrolysate was spotted on S and S Orange Ribbon Chroma-
tography Paper No. 589.14 An unhydrolyzed sample, and a standard solution

containing 10 ug each of glucose, lactose, ribose, galactose, mannose,

13Applied Physics Corporation, Monrovia, California.

14z, H. Sargent Co., 4647 W. Foster, Chicago, Illinois.
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deoxyribose, and glucosamine were also spotted as controls. The materials
were chromatographed for 24 hr at room temperature in a solvent consisting
of n-butyl alcohol, pyridine, and O0.1N HCl in a ratio of 5:3:2. The
staining solution was composed of 1.69 g 2-aminobiphenyl, 0.9 g of oxalic
acid, 5 ml glycerol, 10 ml distilled water, and 84 ml of acetone. The
chromaﬁograms are sprayed with the stain and placed in a 120 C oven for
5 min for the development of the colored spots. The color scheme consist-
ed of pentoses-red, hexoses-greenish brown, and uronic acids-purple. The
sensitivity of the reaction is 0.01 mols/square cm and the procedure
used was patterned after the methods of Block (1964) and Trevelyan et al.

(1950).

Preparation of Dialyzed Serum

Serum was prepared by collecting whole blood from five sensitized
guinea pigs that had been skin tested with 5 pug PPD 48 hr before bleeding.
The animals were bled by cardiac puncture and the blood was placed in
sterile tubes and allowed to clot at room temperature. The tubes were
then placed at 7 C and éfter 18 hr the clot was separated by centrifuga-
tion at 3,000 rpm (1,500 X g) for 10 min. The sera were harvested, placed
in sterile tubes, and stored at -20 C until ready for use. Using the
method of Tsuji et al. (1964) 2 ml of serum was placed in Visking tubing6
having a diameter of 21 mm. The sample was dialyzed against 100 volumes

of demineralized water for 12 to 24 hr at 4 C with constant stirring and

the dialysate was used for passive transfer.

Preparation of Microsome Fractions

Microsomes from peripheral blood lymphocytes, lung macrophages,

¢

5cientific Products, 2505 Butler, Dallas, Texas.
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spleen lymphocytes, and peritoneal exudate cells were prepared according
to the procedure described by Fishman and Silverman (1957). 1 X lO9 to
1.6 X 109 cells were added to 10 ml of .25M sucrose solution that had been
previously chilled to 4 C. The cell suspension was homogenized for one
min at 4 C in a coaxial homogenizer (Potter-Elvejehm type)l5 6,000 X g.
The various subcellular fractions were then separated by differential cen-
trifugation at the following speeds, using a Serval Refrigerated Centri-
fuge:16 Fraction I (nuclei), 600 X g for 10 minj; Fraction II (mitochon-
dria), 8,500 X g for 10 min; Fraction III (microsomes), 20,000 X g for 30
minj and Fraction IV, the remaining supernatant. Fraction I was subjected
to 6 cycles of freezing at -70 C in an alcohol bath in a deep freeze and

thawing at 37 C in a water bath to insure absence of whole cells, although

none was observed by microscopy.

Passive Transfer Experiments

In all the passive transfer experiments, normal guinea pigs that
had not been previously skin tested, were used as recipients. The recip-
ient animals were injected intraperitoneally with a suspension of 1 x lOll
cells or the equivalent of cell lysate or extract. In a preliminary study
the materials injected consisted of the following: cell free extract
from normal guinea pigs, cell free extract from sensitized guinea pigs,
viable normal cells, and viable sensitized cells. In a second experiment

donor materials consisted of: cell free extract from normal guinea pigs,

cell free extract from sensitized guinea pigs, Sephadex G-200 Fraction II

15, H. Curtin Company, 514 E. 2nd, Tulsa, Oklahoma

161van Sorvall, Inc., Norwalk, Connecticut.
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from normal or sensitized cells, Sephadex G-200 Fraction IV from normal
or sensitized cells, Sephadex G-50 Fraction I from normal or sensitized
cells. All donor guinea pigs were skin tested with 5 Wwg PPD 48 hr before
use in the transfer experiments and only those showing skin reactions
with an induration of 15-18 mm were used. The recipient animals were

skin tested with 5 ug PPD 1, 3, 7, and 14 days after transfer.

Histological Studies

Skin test sites were obtained by biopsy from various experimen-
tal and control guinea pigs used in passive transfer experiments. The
skin test sites were collected from the following animals: normal, tuber-
culin negative; sensitized, tuberculin positive; recipient of sensitized
cellss; recipient of normal cells; and recipients of lysates of sensitized
or normal cells. The tissues were subjected to standard histological pro-
cedures involving: fixation in 40% formaldehyde; dehydrating in 70, 80,
90, 95%, and absolute ethanolj; clearing in absolute ethanol-xylol in a
ratio of 1:1, followed by pure xylol; and imbedding in paraffin using an

Autotechnicon17 and Tissue-Teck.l8

The paraffin sections were cut using
an 820 Spencer Microtome3 and were affixed and mounted on standard Gold
Seal slides using Mayer's Albumin Fixative.

After the sections were fixed to the slides the paraffin was re-

moved with absolute xylol. The slides were then transferred to absolute

alcohol to remove the xylol and were hydrated in an alcohol series

17The Technicon Company, Chauncey, New York.
181ab-Tek Instruments Company, Westmont, Illinois.

SFisher Scientific Company, Fairlawn, N. J.
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proceeding from absolute ethanol to 95, 90, 80, and 70%. The sections
were stained according to the Harris Hematoxylin Eosin method (1957).
Each slide was placed in hematoxylin for 1 min until the section had a
pronounced blue color. Thevaere then transferred into a series of washes
consisting of distilled water for 5 min, 70% ethanol-acid for 5 min, and
70% ethanol-alkaline or alkaline tapwater for 10 sec until the blue color
was restored to the section. The sections were then stained for 30 sec
in eosin, followed by complete dehydration in the alcohol series (70, 80,
90, 95%, and absolute ethanol). The sections were cleared in xylol and
preserved and permanently mounted with commercial permount.

Measurement of Sensitivity of Leukocytes
to PPD

Capillary Tube Assay

The degree of cellular sensitivity of leukocytes to PPD was mea-
sured according to a capillary tube method devised by Wasserman and
Packalen (1959). Purified protein derivative (PPD) in concentrations of
5 to 10 g was added to 0.4 ml whole blood from various test animals. The
controls consisted of the whole blood with no PPD present. Thirteen to
twenty capillary tubes (75 mm x 0.5-0.9 mm) were filled with the mixture
and one end of each tube was closed with plasticene. The tubes were cen-
trifuged at 3,000 rpm (1,500 X g) for 15 min and the length of the buffy
coat in each tube was measured in mm using a standard ocular micrometer.
The tubes were then incubated for 18 hr at 37 C and the length of each
buffy coat was measured again to determine the distance of migration. The
cytotoxic index was computed according to the method of Heilman et al.

(1944): Mig. = migration
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Ave.Mig.Normal cells Ave.Mig.Sen.cells + PPD

Cytotoxic Index =
yrotoxic index = gve.Mig.Normal cells + PPD Ave.Mig.Sen.cells

A value less than 1.00 is indicative of significant inhibition.

In Vivo Assay

The degree of cellular sensitivity of leukocytes to PPD was also

measured by a modification of the in vivo method described by George and

Vaughn (1962). 1 x lO5 lung macrophages, 1 x lO7 peripheral blood 1lymph-
ocytes, or 1 x lO8 spleen lymphocytes were mixed with 5 pg PPD in a total
volume of 0.1 ml and immediately injected intradermally into normal guinea
pigs. The skin reactions were observed for the next 48 hr and the 24 hr
reading was recorded. The mononuclear cells were prepared according to
methods described previously.

Passive Sensitization of Normal Cells with Cell

Lysates, Dialyzed Serum, Microsomes,
and Sephadex Fractions

Using methods similar to those described by Oprescu (1962), 1
ml of the dialyzed serum, microsomes, Sephadex fractions, or cell lysates
prepared from sensitized animals according to methods described previous-
ly, were incubated with normal spleen lymphocytes (1 x 108), peripheral
blood lymphocytes (1 x LO7), or lung macrophages (1 x 105) for 2 hr at
37 C. The mixtures were then centrifuged at 3,000 rpm (1,500 X g) for 15
min and the supernatant was discarded. The packed cells were washed and
resuspended in 0.9% NaCl. This procedure was repeated three times. The
cells were then mixed with 5 wg PPD in a total volume of 0.1 ml and immed-
iately injected intradermally into normal guinea pigs. The skin reactions
were observed for the next 48 hr and the 24 hr reading was recorded. On

occasion the cells were injected intradermally into one skin site and the
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5 pug of PPD was injected into an adjacent site.

The dialyzed serum and sensitized cell lysates were also incu-
bated with buffy coat leukocytes from normal guinea pigs. In addition,
Sephadex fractions and microsomes from both guinea pigs and humans were
incubated with buffy coat leukocytes of the respective species. For
this purpose, 5 ml of whole heparinized blood was centrifuged at 3,000
rpm (1,500 X g) for 15 min. The buffy coat was removed with a Pasteur
capillary pipette and added to 1 ml of dialyzed serum, microsomes, Sephad-
ex fractions, or cell lysates. After 2 hr at 37 C the mixture was cen-
trifuged at 3,000 rpm (1,500 X g) for 15 min and the supernatant was dis-
carded. The packed cells were washed and resuspended in 0.9% NaCl. This
washing procedure was repeated three times and the cells were added back
to the plasma from which they were removed. The degree of cellular sen-
sitivity was then assayed according to the capillary tube method described
previously. The cellular sensitivity of actively and passively sensitized

guinea pigs was also examined by these techniques.

Interspecies Transfer of Tuberculin Sensitivity

Cell lysates, microsomes, and Sephadex fractions from sensitized
guinea pigs were used in attempts to sensitize human buffy coat leuko-
cytes to PPD according to techniques described previously. The same ex-
perimental design was used to determine whether extracts of human leuko-

cytes are capable of sensitizing guinea pig cells.



CHAPTER III
RESULTS

The early phase of this investigation involved the measurement
of total cell protein in sensitized and normal buffy coat leukocytes
using the Naphthol Yellow S procedure. It was found from the densito-
metric calculations that the mononuclear leukocytes from 10 tuberculin
sensitive guinea pigs had at least 25% greater dye binding capacity than
the mononuclear leukocytes from 10 normal guinea pigs. The results of
these experiments are shown in Table 1.

These results correlated well with the results of the electro-
phoretic analysis of lysates of normal and sensitized peripheral blood
leukocytes prepared by the freeze-thaw technique. The analysis of cell
i;safes derived from 1 x lO8 leukocytes/ml from 25 normal and 25 sensi-
tized guinea pigs indicated that the sensitized cell lysates contained
approximately twice as much material that migrated as an alpha globulin
as compared to the normal cell extract. These results are presented in
Table 2.

Since the alpha globulins contain a number of glycoprotein com-
pounds the extracts from buffy coats of 34 sensitized and 34 normal guinea
pigs were analyzed biochemically. These cells were obtained by the glass

bead filtration technique described previously and consisted of 90¥% buffy

44
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TABLE 1
RELATIVE PROTEIN CONTENT OF BUFFY COAT MONONUCLEAR CELLS
Densitometric

Source of Cells Total Number Total Number Units
Samples/Animal Cells/Sample Mean (Range)

Normal Guinea Pigs (10)2 10 100 2.6(2.2-2.8)

Sensitized Guinea Pigs (10) 10 100 3.4(3.1-3.9)b

8Number of animals

bp = 0,05
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TABLE 2

RELATIVE ALPHA GLOBULIN CONTENT OF PERIPHERAL BLOOD LEUKOCYTES

= = === — —— e ———————————
= —— —

Total Number Globulin Units

Source of Cells Samples/Animal Mean (Range)
Normal Guinea Pigs (25)2 12 21,5(15-27)
Sensitized Guinea Pigs (25) 12 46.0(35-108)

@Number of animals
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coat lymphocytes and less than 10% neutrophils. The cell suspension ob-
tained from spleens using this technique yielded a suspension containing
98% mononuclear cells and only 2% granulocytes. From the results pre-
sented in Table 3 it will be seen that the extracts from 1 x lO8 sensi-
tized mononuclear cells/ml contained an average of 1.71 mg/hl glycopro-
tein while the extracts from normal leukocytes contained only 1.20 mg/hl.
This would represent at least a 25% higher level of gi&éoprotei; in the
sensitized cell extract as compared to the normal cell extract.

It was found by electrophoresis of the lysates of leukocytes of
10 sensitized and 10 normal guinea pigs, and staining with PAS, that the
alpha globulin component was probably a glycoprotein because of its dye

8 cells/ml and 3 samples

binding capacity. The extract contained 1 x 10
from each guinea pig were examined. These results are presented in Table
4. The content of the strong PAS positive component was again at least
25% higher in the sensitized leukocyte extracts than the normal cell ex-
tracts.

Total serum protein determinations and electrophoretic distri-
bution of the serum proteins were done using 10 normal and 10 sensitized
guinea pigs. Serum was collected both before and 48 hr after application
of a skin test with 5 ug PPD. The results are presented in Table 5. It
will be seen that serum from tuberculin sensitive guinea pigs contained
significantly more alpha 1 globulin that did that from normal animals.
Forty-eight hours after a PPD skin test, sensitized guinea pigs responded
with a further increase in serum alpha 1 globulin, plus an increase in

alpha 2 globulin and a decrease in albumin,

The antigenic properties of "transfer factor" were studied by
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TABLE 3

GLYCOPROTEIN CONTENT OF CELL LYSATES

Glycoprotein
Source of Cells Total Number Mean (Range)
of Samples mg,/m1l
Normal Guinea Pigs (34)2 102 1.20(1.16-1.34)
Sensitized Guinea Pigs (34) 102 1.71(1.60-1.86)P

aNumber of animals

bP = ,005
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TABLE 4

ELECTROPHORETIC ANALYSIS OF GLYCOPROTEIN CONTENT OF CELL LYSATES

P

Source of Cells Total Number Globulin Units
of Samples Mean (Range)
Normal Guinea Pigs (10)% 30 16.5(15-17)
Sensitized Guinea Pigs (10) 30 23.5(22-35)

aNumber of animals
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TABLE 5

EFFECT OF PPD SKIN TEST ON ELECTROPHORETIC DISTRIBUTION
OF SERUM PROTEINS IN GUINEA PIGS

s}

Gm¥

Source of Serum
Alpha 1  Alpha 2 Beta Gamma Total
Albumin globulin globulin globulin globulin Protein

Normal
Guinea Pigs:

Pre-Test 4,20 0.30 0.48 0.80 1.31 7.09
Post-Test 4,00 0.30 0.50 0.80 1,30 6.90
Sensitized

Guinea Pigs:

Pre-Test 4.00 0.50°  0.51 0.80 1.27 7.08

a

Post-Test 1.75 2.00 0.90 0.8l 1.25 6.71

% = ,05-.01
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producing antisera in rabbits to lysates of normal and sensitized guinea
pig leukocytes. The rabbit anti-leukocytic serum was tested for the
presence of precipitating antibodies using immuno-diffusion plates and
immunoelectrophoresis. Antiserum (either undiluted or diluted 1:10 or
1:100) against normal or sensitized cell lysates was tested against un-
diluted cell lysates. The antiserum was placed in the center well of
the Ouchterlony plate. In two outer wells was placed normal cell lysate;
in the other two outer wells was placed sensitized cell lysate. The re-
sults of a typical experiment are illustrated in Figure 1. After 24-48
hr incubation at least 6 intense precipitin bands had developed in all
systems used. From these results, however, it appeared that the sensi-
tized cells did not have a specific antigen that was not present in nor-
mal cells. The effect of dilution of the antigen is illustrated in Fig-
ure 2. It was found that diluting the antigen reduced the number of
precipitin bands from 6 to 3 when diffused against appropriate antiserum.
Again, however, the same antigenic materials was detected in both the
sensitized and normal cell lysates. The sera against normal cell lysates
reacted equally well with diluted sensitized cell lysates and the sera
against sensitized cell lysates formed the same number and type of bands
with diluted sensitized or normal cell lysates. A maximum of 6 precip-
itin bands was demonstrable using the plate techniques.

Microimmunoelectrophoresis was carried out on the same materials.
Antiserum (either undiluted or diluted 1:10 or 1:100) against normal or
sensitized cell lysates was tested against undiluted cell lysates. The
antiserum was placed in the center trough following the electrophoretic

run with sensitized cell lysates in one well and normal cell lysate in
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Figure 1. Photograph of Reaction Between Antiserum Against Sen-
sitized Cell Lysates (Center Well) and Normal Cell Lysates (Upper and Low-
er Outer Wells) and Sensitized Cell Lysates (Lateral Wells). Magnifica-
tion X 4.
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Well 2

Well 1 Well 3

Well 4

Figure 2. Photograph of Reaction Between Antiserum Against Sen-
sitized Cell Lysates (Center Well) and Dilutions of Sensitized Cell Ly-
satess Undiluted Lysates in Well 1 and 2, 1:10 Dilution in Well 3, and
1:100 Dilution in Well 4. Magnification X 4,
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the other well. The results of these experiments are presented in Fig-
ures 3 and 4. Figure 3 illustrates the reaction of anti-normal leuko-
cytic serum versus cell lysates. Figure 4 illustrates the reaction of
anti-sensitized leukocytic serum versus cell lysates. From these re-
sults it appeared that the sensitized cells did not have a specific anti-
gen that was not present in normal cells.

The antiserum to the sensitized cell lysates was analyzed fur-
ther by adsorption techniques. The results revealed that normal cell
lysates adsorbed all antibody contained in the antiserum prepared against
sensitized cell lysate. Following adsorption, the antiserum was added to
the center well of an Ouchterlony plate and diffused against varying di-
lutions of sensitized cell lysates. No precipitin bands were observed.

- Following separation of peripheral blood mononuclear cells and
spleen lymphocyte lysates using Sephadex gel filtration, the Fraction
IV from Sephadex-200 was found to have 2 major peaks with ultraviolet ab-
sorption maxima at 260 my and 280 my. This is illustrated in Figure 5.
The Sephadex G-200 Fraction IV was then separated using Sephadex G-50.
Fraction I contained a major peak with maximum absorption at 280 mu while
Fraction III contained a major peak at 260 my. This is illustrated in
Figure 6.

Hydrolysis and paper chromatography of Sephadex G-50 Fraction
III revealed the presence of ribose sugar. This sugar could not be de-
tected before hydrolysis, nor was any other sugar detected in the sample.
In addition to ribose, the sample was analyzed for glucose, lactose,
galactose, mannose, deoxyribose, and glucosamine.

1 x lO8 normal mononuclear leukocytes incubated with 1 ml of



55

Figure 3. Photograph of Reaction Between Anti-Normal Leukocyte
Serum (Center Trough) and Normal Cell Lysate (Upper Well) and Sensitized
Cell Lysate {(Lower Well). Magnification X 2.
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Figure 4. Photograph of Reaction Between Anti-Sensitized Leuko-
cyté Serum (Center Trough) and Normal Cell Lysate (Upper Well) and Sen-
sitized Cell Lysate (Lower Well). Magnification X 2.
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Figure 5. Ultraviolet Absorption Spectrum of Fraction IV Obtain-
ed by Sephadex G-200 Filtration.
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Figure 6. Ultraviolet Absorption Spectrum of Fraction IV Sepa-
rated by Sephadex G-50 Filtration.
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sensitized cell lysate or Sephadex G-50 Fraction III from peripheral blood
mononuclear cells and spleen lymphocytes were analyzed for their content
of glycoprotein after 10 min and 2 hr. The results of this study are shown
in Table 6. It will be seen that, with both materials, 2 hr of incuba-
tion resulted in glycoprotein levels essentially equal to those seen in
actively sensitized cells (Table 3).

The results of the preliminary passive transfer study will be
seen in Table 7. Both viable sensitized cells and lysates thereof were
capable of passive transfer. The skin reactions in the recipient animals
did not appear until after 12 hr and were maximal in 24 hr, with charac-
teristic erythema and induration. Skin reactions in animals that received
lysates of sensitized cells and viable, sensitized cells were much weaker
than those seen in actively sensitized donors. Transfer of cell lysates
or viable cells from normal donors into normal recipients never resulted
in production of skin sensitivity. Normal controls were repeatedly skin
tested with PPD to be certain such treatment did not induce tuberculin
sensitivity.

The histology of positive skin test sites in guinea pigs sensi-
tized passively appeared to be similar to that seen in actively sensi-
tized animals. Both sites had large infiltrations of mononuclear cells,
few or no polymorphonuclear leukocytes, and no observable vascular damage.
The skin test sites of normal controls and of normal guinea pigs which re-
ceived whole cells or lysates from a normal donor were histologically nor-
mal. Figure 7 illustrates the PPD skin test site in a recipient animal
that received normal cells in the passive transfer. Figure 8 illustrates

the PPD skin test site in a recipient animal that received whole sensitized
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TABLE 6

GLYCOPROTEIN CONTENT OF NORMAL LEUKOCYTES INCUBATED IN PRESENCE
OF SENSITIZED CELL LYSATE OR SEPHADEX G-50 FRACTION III

Glycoprotein
Cell System Incubation Mean (Range)
Period (mg/m1)

Normal cells (12)% + cell lysate (6)b 10 min 1.22(1.20-1.23)

2 hr 1.71(1.70-1.76)°
Normal cells (12) + Sephadex G-50

Fraction III (6) 10 min 1.21(1.20-1.26)

2 hr 1.70(1.68-1.76)°

a
Number of recipient animals.
bNumber of donor animals.

°p = ,005



61

TABLE 7

PASSIVE TRANSFER OF TUBERCULIN SENSITIVITY

PPD Skin Test Results
Material Transferred (mean mm. induration)

(Number of Animals)
Days after Transfer

1 3 7
Viable normal cells (2) 0 0 0
Normal cell lysates (3) 0 0 0
Viable sensitized cells (2) 5 8 8

Sensitized cell lysates (3) 3 7 8
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Figure 7. Section of PPD Skin Test Site in a Normal Guinea Pig
Which Had Received Cells from a Normal Guinea Pig. Magnification X 430.



63

Figure 8. Section of PPD Skin Test Site in a Normal Guinea Pig
Which Had Received Cells from a Sensitized Guinea Pig. Magnification X
430.
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cells in passive transfer. Figure 9 illustrates the PPD skin test site
in a recipient animal that received sensitized cell lysate in passive
transfer.

Further passive transfer studies involved the use of cell lysates
and Sephadex fractions. The results of these experiments are illustrated
in Table 8. It will be seen that Sephadex G-200 Fraction IV and G-50
Fractions I and III from sensitized cells were, like crude cell lysate,
capable of passive transfer of tuberculin sensitivity. It is of interest
to note that animals that received Fraction III were somewhat slower in
developing significant skin reactivity than those that received either
Fraction I, Fraction IV, or crude cell lysate. Again, the histology of
positive skin test sites in guinea pigs sensitized passively appeared to
be similar to that seen in actively sensitized animals. Both sites had
large infiltrations of mononuclear cells, few or no polymorphonuclear
leukocytes, and no observable vascular damage. The skin test sites of
normal controls and of normal guinea pigs which received lysate or frac-
tions from normal donors were histologically normal. Figure 10 illus-
trates a PPD skin test site in a recipient animal that received G-50
Fraction III from sensitized cells.

The results of preliminary studies on the use of the capillary
tube assay technique for measuring cellular sensitivity are illustrated
in Table 9. The results indicated that PPD has a significant effect on
the migration of leukocytes from sensitized animals. There appeared to
be little or no effect of PPD on migration of normal blood cells except
at the higher concentration (10 ug).

Preliminary observations on the use of the in vivo assay
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Figure 9. Section of PPD Skin Test Site in a Normal Guinea Pig
Which Had Received Cell Lysates from a Sensitized Guinea Pig. Magnifica-
tion X 430.
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TABLE 8

PASSIVE TRANSFER OF TUBERCULIN SENSITIVITY
WITH SENSITIZED CELL FRACTIONS

PPD Skin Test Results

(mean mm. induration)
Material Transferred

(Number of Animals) Days after Transfer

1 3 7 14
Normal cell lysates (2) 0 0 0 0
Sensitized cell lysates (3) 3 5 8 10
Fraction IV, G-200, normal cells (2) 0 0 0 0
Fraction IV, G-200, sensitized cells (3) 5 7 10 9
Fraction III, G-50, normal cells (2) 0 0 0 0
Fraction III, G-50, sensitized cells (3) 0 3 ‘ 8 10
Fraction I, G-50, normal cells (2) 0 0 0 0
Fraction I, G-50, sensitized cells (3) 3 7 9 0
Fraction II, G-200, sensitized cells (2) 0 0 0 0
Fraction II, G-200, normal cells (2) 0 0 0 0




67

Figure 10. Section of PPD Skin Test Site in a Normal Guinea
Pig Which Had Received G-50 Fraction III of Cells from a Sensitized Guinea
Pig. Magnification X 430.
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TABLE 9

IN VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES FROM
TUBERCULIN SENSITIVE AND NORMAL ANIMALS

Average

. a
Cytotoxic Index Cytotoxic Index

Sensitized Cells -

No Antigen .98 1.01 97 .98 1.01
1.05 .96 1.07 1.08
.98 1.12 .98 1.12
1.02 .95 «95 .97
PPD, 5 Hg .23 .15 .29 .26 .26b
.23 .21 .30 .31
.28 .35 .28 «28
.18 .26 27 .28
PPD, 10 W - -.02 -.05 -.07 -.05 -.06b
-.05 -.02 -.05 -.07
-.10 -.15 -.10 -.08
-.21 -.02 -.12 -.04

Normal Cells +

No Antigen .98 1.01 1.05 .99 1,03
.98 1.21 1.20 1.09
1.02 .97 .98 1.10
.97 .95 1.07 97

PPD, 5 ;9 1.02 .98 1.00 .98 .97
<95 .95 +99 1.00
«97 .97 .97 1.02
.87 .98 «95 .98

PPD, 10 g .76 .69 .78 .68 .73
.79 .75 .79 .67
.68 65 .78 .75
.72 .75 .78 .67

a
Each value represents a cytotoxic index derived from cells ob-
tained from a single guinea pig.

bP = 0.005
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technique to measure cellular sensitivity are shown in Table 10. It will
be seen that, by this method, peripheral blood lymphocytes, lung macro-
phages, and to a lesser degree, spleen lymphocytes, were all capable of
passive transfer. There appeared to be little or no effect of PPD on nor-
mal cells when injected into normal guinea pigs except a small inflammatory
reaction, Injection of PPD alone into the intradermal site in normal
guinea pigs resulted in no visable reactions. Injection of normal or sen-
sitized cells resulted in only a small inflammatory reaction.

Passive sensitization of normal guinea pigs with 1 x lO7 periph-
eral blood lymphocytes from sensitized donor animals could be inhibited
when .1 ml of undiluted antiserum against sensitized cell lysates was
mixed with the sensitized cell-PPD mixture described previously. These
results are shown in Table 11

The next experiments were designed to determine the ability of
normal cells to be sensitized to PPD following incubation with cell
lysates from sensitized animals. In these experiments 1 x 107 normal
guinea pig peripheral blood mononuclear leukocytes were incubated with
cell free extracts from 1 x 1ol disrupted spleen cells or buffy coat
leukocytes. The results of these experiments are presented in Table 12,
where it will be Qgse;ved that normal peripheral blood mononuclear cells
were capable of being sensitized to PPD following incubation with cell
extracts from spleen lymphocytes or buffy coat leukocytes. Each value
represents the result seeﬁ with a single recipient. The degree of sen-
sitivity was not as great as that seen with cells collected from actively
sensitized animals but the results illustrated the ability of normal cells

to be sensitized using cell free extracts. Table 13 illustrates the
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TABLE 10

SKIN TEST RESULTS IN GUINEA PIGS INJECTED WITH 5 g PPD MIXED
WITH VIABLE CELLS FROM SENSITIZED OR NORMAL ANIMALS

mm. induration (24 hr)
Cells from Sensitized Donors Cells from Normal Donors

Peripheral Blood Lymphocytes (1 x 107)

—
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* o
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e el el el el
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Lung Macrophages (1 x 105)
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12.0
12.0
15.0
12.0
14.0
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Spleen Lymphocytes (1 x 108)
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TABLE 11

THE EFFECT OF ANTISERA ON THE IN VIVO ASSAY OF CELL SENSITIVITY

Cells from Sensitized Donors® + mm. induration (24 hr)
" PPD 10.0
9.0
10.5
PPD + Antiserum against 2.0
sensitized cells 1.5
2.0
Antiserum against sensitized <1.0
cells < 1.0
< 1.0
PPD + antiserum against normal 9.0
cells 7.0
10.0

a
Each value represents a single donor of sensitized cells.



72

TABLE 12

SKIN TEST RESULTS IN GUINEA PIGS INJECTED WITH NORMAL CELLS
INCUBATED WITH NORMAL AND SENSITIZED CELL LYSATES

Cell System

mm. induration (24 hr)

Normal cells 4+ No Antigen

Normal cells + PPD

Normal cells + normal cell lysates + PPD

Normal cells + sensitized cell lysates <+ PPD

Sensitized cells + No Antigen

Sensitized cells + PPD

ANNNNANA
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e
® o e o
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TABLE 13

IN VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES
INCUBATED WITH NORMAL AND SENSITIZED CELL LYSATES

. a Average
Cell System Cytotoxic Index Cvtotoxic Index
Normal cells + No Antigen 1.02 «99 1.01
1.05 .98
1.04 1.01
1.10 1.02
1.05 .98
.95 .98
Normal cells + PPD .92 .96 .94
.90 .98
1.00 .94
.97 .96
.95 .92
.90 .94
Normal cells + Normal cell .92 .95 .93
lysates + PPD .90 «95
.92 .92
.96 .98
.94 .90
.97 .90
Normal cells + Sensitized 20 .32 .o8°
.32 +30
.30 .29
e 23 34
27 .30
.28 .31
Sensitized cells + No Antigen .98 .96 97
.96 .97
.98 .96
.98 .96
1.00 .97
.98 .97
Sensitized cells + PPD 21 .27 .26°
.23 28
«25 26
.26 .28
.18 27
27 . 26 -

3Each value represents a cytotoxic index derived from cells ob-
tained from a single guinea pig.

bP = ,005
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results obtained when the same cell extracts were incubated with normal
buffy coat leukocytes in order to determine the ability of the cells to
be sensitized to PPD as measured by the in vitro capillary tube assay.
It was found that, following incubation with lysates of sensitized cells,
normal cells were inhibited in their migration in capillary tubes to the
same degree as cells from an actively sensitized animal.

Dialyzed serum was successful in sensitizing normal alveolar
macrophages on 2 of 5 occasions as measured by the in vivo technique.

1 x lO5 lung macrophages were incubated with 1 ml of dialyzed serum from
5 normal and 5 sensitized guinea pigs. Following incubation, the cells
and PPD were inoculated into intradermal sites in normal guinea pigs.
The results of these experiments are presented in Table 14. As seen in
Table 15, dialyzed serum was unsuccessful in sensitizing normal buffy
coat leukocytes to inhibition of capillary tube migration in the pres-
ence of PPD.

The results of the experiments performed to determine the abil-
ity of normal cells to be sensitized to PPD following incubation with
subcellular particles or Sephadex fractions from various mononuclear
cells are presented in Tables 16 and 17. The normal cell types used in
these experiments consisted of 1 x 105 lung macrophages or 1 x 107 periph-
eral blood lymphocytes prepared according to methods described previous-
ly. These cells types were incubated with subcellular particles or
Sephadex fractions from peripheral blood lymphocytes, lung macrophages,
spleen lymphocytes or peritoneal exudates. The results of the in vivo
assay studies (Table 16) indicated that normal cell can be sensitized to

PPD following incubation with microsomes, Sephadex G-200 Fraction IV,
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TABLE 14

SKIN TEST RESULTS IN GUINEA PIGS INJECTED WITH NORMAL
CELLS INCUBATED WITH DIALYZED SERUM FROM NORMAL
OR SENSITIZED ANIMALS

mm. induration
Cell System (24 hr)
Normal cells + normal serum <1
<1
<1
<1
<1
Normal cells + sensitized serum <1
<1
<1
<1
<1
Normal cells + normal serum -+ PPD 2.5
1.5
2.5
2.0
2.0
Normal cells + sensitized serum <+ PPD 5.5
2.1
2.0
6.5
2.0
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TABLE 15

IN VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES
INCUBATED WITH DIALYZED SERUM FROM NORMAL
OR SENSITIZED ANIMALS

Average

. a
Cell System Cytotoxic Index Cytotoxic Index

Normal cells 4+ normal serum .98 1.00
1.02
.98
.99
1.04

Normal cells + sensitized serum .98 .98
.95
1.02
.96
.98

Normal cells + normal serum + PPD .98 1.00
.98
1.05
.98
1.00

Normal cells + sensitized serum + PPD .98 .97
.95
.96
.98
.96

a . .
Each value represents results from a single animal.



77

TABLE 16

SKIN TEST RESULTS IN GUINEA PIGS INJECTED WITH NORMAL CELLS INCUBATED
WITH SUBCELLULAR FRACTIONS AND SEPHADEX FRACTIONS
FROM SENSITIVE CELLS

Donor Cell mm. induration
Cell System Type? (24 hr)
Normal cells + No antigen 1 <1
2 <1
2 <1
Sensitized cells + No antigen 1 1
2 1
2 1
Normal cells + PPD 1 1.2
2 1.2
2 1.5
Sensitized cells + PPD 1 12.02
2 10.5b
2 10.0
Normal cells + Fraction IV G-200 + PPD 1 6.05
2 6.0b
2 6.5
Normal cells + Fraction I G-50 + PPD 1 9.02
2 7.5b
2 7.0

TABLE 16 Continued on Page 78
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TABLE 16--Continued

Cell System Donor Cell mm. induration
Typed (24 hr)
Normal cells + Fraction IIT G-50 + PPD 1 8.0°
b
2 7.0
2 7.5P
Normal cells + Microsomes + PPD 1 7.5b
2 7.0b
2 5,50
Normal cells + Nuclear and cell 1 1.5
membranes + PPD 2 1.8
2 1.8
Normal cells + G-200 Fraction I + PPD 1 <1
II + PPD 2 <1
2 <1
Normal cells 4+ G-50 Fraction II + PPD 1 <1
11 + PPD 2 <1
IV + PPD 2 <1

=
it

P =

lung macrophagess 2 = peripheral blood lymphocytes

.05
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TABLE 17

IN VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES INCUBATED
WITH SUBCELLULAR FRACTIONS AND SEPHADEX FRACTIONS
FROM SENSITIVE CELLS

Donor
Cell System Cytotoxic Cellb Average
Index? Type Cytotoxic Index

Normal cells + No Antigen .98 1.01
.98
1.05
1.02
1.05

Sensitized cells -+ No Antigen .98 .98
.95
1.02
.96
.98

Normal cells + PPD .98 .97
.95
.96
.98
.96

Sensitized cells + PPD .23 .24¢
.28

24

.28

'20

Normal cells + Fraction IV G-200 .34 .38¢
+ PPD .40
.39

<37

.40

NN - -

Normal cells + Fraction I G-50 .25 .24°
+ PPD .23
.23
.25

.25

NN N -

TABLE 17 Continued on Page 80
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TABLE 17--Continued

Donor
Cell System Cytotoxic Cell Average
Index@ Type®  Cytotoxic Index
Normal cells + Fraction III G-50 .28 1 .29¢
+ PPD .30 1
27 2
.30 2
.32 2
Normal cells + Microsomes + PPD .32 1 .33°
32 1
.30 2
.38 2
.35 2
Normal cells + Nuclear and cell «95 1 .97
membranes + PPD .98 1
.96 2
.98 2
.99 2
Normal cells + G-200 Fraction I + PPD .98 1 .96
II + PPD .98 1
I+ PPD .96 2
II + PPD .94 2
IIT + PPD .95 2
Normal cells + G-50 Fraction II + PPD .98 1 .98
II + PPD 1.00 2
IV + PPD .98 1
IV + PPD .96 2
IV + PPD .98 2

®Each value represents a cytotoxic index derived from cells ob-
tained from a single guinea pig.

bl = From peritoneal exudates or lung macrophages; 2 = from
peritoneal exudates, lung macrophages or peripheral blood mononuclear
cells.

°p = .005
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or Sephadex G-50 Fractions I and III. Nuclear membranes, cell membranes,
and other Sephadex fractions were unsuccessful in passive sensitization.
Injection of PPD alone into normal guinea pigs resulted in no visible re-
actions., Injection of normal or sensitized cells resulted in a small in-
flammatory reaction. Table 17 illustrates the results of experiments in
which buffy coat leukocytes were incubated with subcellular fractions
and Sephadex fractions and assayed for sensitivity by the in vitro cap-
illary tube technique. The normal cells from 2 of the animals were in-
cubated with a mixture from peritoneal exudates and lung macrophages and
the normal cells from the other three animals were incubated with a mix-
ture from all cell lines, as described in the previous experiment. The
results indicated that normal buffy coat leukocytes can be sensitized to
PPD following incubation with microsomes, Sephadex G-200 Fraction IV, or
Sephadex G-50 Fractions I and III from various cell lines. Nuclear mem-
branes, cell membranes, and other Sephadex Fractions were unsuccessful
in passive sensitization. From the results of these studies it appeared
that the inhibition of migration in the capillary tubes was of the same
magnitude as that seen with cells from actively sensitized animals.

The degree of cellular sensitivity to PPD in the guinea pigs
that were passively sensitized with Sephadex G-50 Fraction III or G-200
Fraction IV was measured according to the in vivo assay system and the
in vitro capillary tube method. Using methods described previously,
1 x 107 peripheral blood mononuclear cells were harvested from six guinea
pigs that had been sensitized passively (Table 8). The results of these
experiments are presented in Tables 18 and 19. The degree of cellular

sensitivity was not as great as that seen with cells collected from
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TABLE 18

SKIN TEST RESULTS IN NORMAL GUINEA PIGS INJECTED WITH 5 pg PPD
MIXED WITH PERIPHERAL BLOOD LEUKOCYTES FROM
PASSIVELY SENSITIZED OR
NORMAL GUINEA PIGS

s . a
Test System mm. induration

(24 hr)
Sensitized cells + PPD 8.0P 8.50 8.0°
Sensitized cells 1 1 1
Normal cells + PPD 1.5 1.2 1.2
Normal cells 1 1 1

®Each value represents cells from a normal guinea pig sensitized
passively with Sephadex G-50 Fraction III.

b
P = .05
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TABLE 19

N VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES

FROM PASSIVELY SENSITIZED OR NORMAL GUINEA PIGS

— ——— —— oo — —
— pS— e — —

Cytotoxic Indexa

Sensitized cells +

No Antigen .95
.98
.98
.97

P T e Wamn e
NN

o

PPD, 5 ug .26
.30
.27
.32

o UT
— e e e N e e

TN TN TN N
NN

Normal cells +

No Antigen 1.02
.98

.97

1.06

P T Ve N
NN =

PPD, 5 ug .87
.95
.96
.86

N~~~
NN -
e e ~— S e e

aEach value represents a cytotoxic index derived from cells ob-
tained from a single normal guinea pig sensitized with Sephadex G-50 Frac-
tion III or G-200 Fraction IV.

(1) = Passively sensitized with G-200 Fraction IV.
(2) = Passively sensitized with G-50 Fraction III.
b

P = .005
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actively sensitized animals but the results showed that the leukocytes
in these guinea pigs sensitized passively were sensitive to PPD (Table
18). 1In Table 19 are presented the results of the in vitro capillary
tube assay of the buffy coat leukocytes from the guinea pigs that were
passively sensitized with either G-200 Fraction IV or G-50 Fraction III.
It was found in these experiments that the cells from guinea pigs that
had been passively sensitized with fractions prepared from sensitized
animals were inhibited in their migration in capillary tubes to the same
degree as cells from an actively sensitized animals.

The in vitro capillary tube assay technique was used to deter-
mine the effect of PPD on the migration of buffy coat leukocytes from
tuberculin positive and negative human donors. The results, présented
in Table 20, indicated that cellular sensitivity in the human system, as
measured by inhibition of buffy coat migration, was similar to that seen
in the guinea pig.

The buffy coat leukocytes from 9 normal and 18 tuberculin sen-
sitive human donors were examined for their glycoprotein content. The
results of these experiments, shown in Table 21, revealed no significant
difference between normal and sensitized human cells.

The results of experiments designed to determine the ability of
normal human leukocytes to be sensitized to PPD following incubation with
subcellular particles and Sephadex fractions from sensitized human periph-
eral blood mononuclear cells appear in Table 22. 1In these experiments the
results seen were similar to those found in the guinea pig system.

Interspecies (guinea pig to human and human to guinea pig) trans-

fer of tuberculin sensitivity using cell lysates, microsomes, and Sephadex
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TABLE 20

IN VITRO CAPILLARY TUBE MIGRATION OF BUFFY COAT LEUKOCYTES
FROM TUBERCULIN SENSITIVE AND NORMAL HUMANS

Cytotoxic Index?®

Sensitized cells +

No Antigen 1.20
1.28
1.35
1.28
1.34
1.35

PPD, 5 ug . 382
.4
420
.35b
.370
.40b

PPD, 10 ug .18P
.200
.20b
.18b
.22b
.23b
Normal cells +

No Antigen 1.30

PPD, 5 ug 1.26

“PPD, 10 pg 1.02

aEach value represents a cytotoxic index derived from cells ob-
tained from a single donor.

bp = ,05-.01
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TABLE 21

GLYCOPROTEIN CONTENT OF CELL LYSATES

Glycoprotein
Source of Cells Total Number Mean (Range)
of Samples mg,/ml
Normal humans (9)2 27 1.27(1.18-1.32)
Tuberculin positive humans (18) 54 1.25(1.18-1.36)

dNumber of donors

-
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TABLE 22
IN VITRO CAPILLARY TUBE MIGRATION OF NORMAL HUMAN BUFFY COAT LEUKOCYTES

INCUBATED WITH SUBCELLULAR PARTICLES AND SEPHADEX FRACTIONS
FROM SENSITIZED HUMAN LEUKOCYTES

Cell System Cytotoxic Index?

Normal cells + No Antigen 1.30

Sensitized cells + No Antigen 1.28

Normal cells + PPD 1.28

Sensitized cells -+ PPD . 40P

Normal cells + G-200 Fraction IV + PPD .502
.45
.48b

Normal cells + G-50 Fraction I + PPD .40P
.38b
.38b

TABLE 22 Continued on Page 88
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TABLE 22--Continued

Cell System Cytotoxic Indexa

Normal cells + G-50 Fraction III + PPD .390
.40b

.42
Normal cells + Microsomes + PPD . 400
.42b
.47b

Normal cells + Nuclear and cell membranes + PPD 1.30
1.28

1.30

Normal cells + G-200 Fraction I + PPD 1.30
II + PPD 1.32

III + PPD 1.32

Normal cells + G-50 Fraction II + PPD 1.29
1.32

®Each value represents a cytotoxic index derived from cells ob-
tained from a single donor.

b
P = .05
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fractions prepared from peripheral blood mononucle:r cells appeared to be
unsuccessful as measured by the in vitro capillary tube migration assay

(Tables 23 and 24).
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TABLE 23

IN VITRO CAPILLARY TUBE MIGRATION OF NORMAL HUMAN BUFFY COAT

LEUKOCYTES INCUBATED WITH VARIOUS SENSITIZED
GUINEA PIG LEUKOCYTE EXTRACTS

Cell System Cytotoxic Index®

Normal cells + No Antigen 1.32
1.30
1.38

Sensitized cells + No Antigen 1.28
1.32
1.37

Normal cells + PPD 1.28
1.30
1.25

Sensitized cells + PPD .40b
.45b
.40b

Normal cells + Sensitized cell lysates + PPD 1.32
1.36
1.28

Normal cells + G-200 Fraction IV + PPD 1.37
1.37
1.35

TABLE 23 Continued on Page 91



91

TABLE 23--Continued

Cell System Cytotoxic Index®
Normal cells + G-50 Fraction I + PPD 1.32
1.29
1.29
Normal cells + G-50 Fraction III 4 PPD 1.30
1.28
1.31
Normal cells + Microsomes + PPD 1.27
1.25
1.27
Normal cells + G-200 Fraction I 4+ PPD 1.31
IT + PPD 1.33
III + PPD 1.28
Normal cells + G-50 Fraction II + PPD 1.29
IV + PPD 1.31
®Each value represents a cytotoxic index derived from cells ob-
tained from a single guinea pig or human.

bP = .05
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TABLE 24

IN VITRO CAPILLARY TUBE MIGRATION OF NORMAL GUINEA PIG BUFFY COAT
LEUKOCYTES INCUBATED WITH VARIOUS SENSITIZED
HUMAN LEUKOCYTE EXTRACTS

Cell System Cytotoxic Index®

Normal cells + No Antigen 1.02
.98
«95

Sensitized cells + No Antigen .98
.97
.95

Normal cells + PPD .98
.98
1.01

Sensitized cells + PPD .23b
.28b
.28b

Normal cells + Sensitized cell lysates + PPD .98
.97
1.01

Normal cells + G-200 Fraction IV + PPD 97
.92
.98

TABLE 24 Continued on Page 93
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TABLE 24--Continued

— —

e =
e e e e

Cell System Cytotoxic Index®
Normal cells + G-50 Fraction I + PPD .97
.96
.98
Normal cells + G-50 Fraction III + PPD 97
.95
.95
Normal cells + Microsomes + PPD .98
1.02
.98
Normal cells + G-200 Fraction I + PPD .98
II + PPD .97
III + PPD .97
Normal cells 4 G-50 Fraction II 4 PPD .97
IV + PPD .96

aEach value represents a cytotoxic index derived from cells ob-
tained from a single guinea pig or human.

by = .005



CHAPTER IV
DISCUSSION

The belief that cellular antibody is involved in tuberculin hy-
persensitivity has received a great deal of support from the many passive
transfer studies that have been reported in the literature. It is cur-
rently believed that the antibody responsible for this form of hypersen-
sitivity is closely associated with the leukocyte. The early phases of
the present studies were designed to reveal possible biochemical differ-
ences in the leukocytes of normal and sensitized guinea pigs. If sen-
sitized leukocytes possess a cell-bound factor that is capable of react-
ing with antigen in vivo and in vitro it would appear likely that the
factor would be protein or protein-like. The total cell protein of mono-
nuclear leukocytes was measured using Naphthol Yellow S and it was found
that the cells from tuberculin sensitive guinea pigs had a 25¥ or greater
dye binding capacity than cells from normal animals. This would suggest
that sensitized cells have an abnormally high content of protein or pro-
tein-like material. David et al. (1964) reported that the in vitro mi-
gration of peritoneal cells from animals exhibiting delayed hypersensi-
tivity was consistently and markedly inhibited by specific antigen. The
inhibition was completely abolished by incubating the sensitive cells in
trypsin or chymotrypsin, suggesting that the proteolytic enzymes digest

a material from the surfaces of the sensitive cells which may temporarily
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desensitize them. Trypsinized sensitive cells were capable of trans- . -
ferring passively delayed hypersensitivity and peritoneal exudates taken
from the recipient animals were inhibited from migrating in vitro by
specific antigen. These results suggested that the cells rapidly resyn-
thesize the material removed by trypsin. One of the first suggestions
that an antibody-like material may be involved in the tuberculin reac-
tion was presented by Cole and Favour (1955) when they showed that plas-
ma collected from tuberculin positive guinea pigs within 48 hr following
a PPD skin test could be fractionated to yield an active transfer fac-
tor in a subfraction of alpha globulin. They felt that the active mate-
rial is normally not present in the circulation but is released from
leukocytes during development of the cutaneous reaction.

On the basis of the results of protein determinations on sensi-
tized aﬁd normal leukocytes it was felt that the type of protein involved
might better be elucidated using paper electrophoresis. Normal and sen-
sitized cell extracts were analyzed electrophoretically and it was found
that the extracts from sensitized cells contained from approximately
twice as much material that migrated as an alpha globulin. Jeter,
Laurence, and Seebohm (1957) analyzed extracts of leukocytes from normal
guinea pigs and guinea pigs hypersensitive to tuberculin and 2-4 dinitro-
chlorobenzene. They showed that an electrophoretic component resembling
an alpha globulin was present in high concentration in cells from sensi-
tive, but not normal animals. In addition, Lawrence and Pappenheimer
(1957) showed that the factor in leukocytes responsible for passive trans-
fer can be removed in vitro from the donor cells during incubation in

normal plasma or serum in the presence of PPD. Lawrence and Pappenheimer
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(1957) had shown previously that donor leukocytes remain morphologically
intact during the release of the factor in the presence of PPD and the
cell-free supernatant fluid would transfer tuberculin sensitivity pas-
sively to normal recipients.

Since the alpha globulins contain a number of glycoprotein com-
ponents the extracts of sensitized and normal guinea pig cells were ana-
lyzed for glycoprotein. These investigations revealed that sensitized
cells contained significantly more glycoprotein than did normal cells.
Electrophoretic analysis of the serum proteins of sensitized and normal
guinea pigs revealed a higher concentration of alpha-l globulin in the
former, and a further increase on response to a positive skin test. The
possibility of a similarity between the alpha globulin component of the
sensitized cells and serum and the IV-10 fraction of Cole and Favour
(1955) seems rather likely.

The antigenic properties of "transfer factor" were studied by
producing antisera in rabbits to lysates of normal and sensitized guinea
pig leukocytes. Multiple precipitin bands were produced on immuno-
diffusion plates and immunoelectrophoresis, however no antigen specific
for sensitized cells could be detected. Baram and Mosko (1962) chroma-
tographed extracts of sonicated leukocytes from PPD-hypersensitive and
PPD-nonhypersensitive humans on DEAE cellulose. They detected no differ-
ence in the number and position of the components from the cells of PPD-
hypersensitive and PPD-nonhypersensitive donors by immuno- and cellulose
acetate electrophoresis. From the results of the gel diffusion and
immunoelectrophoretic studies reported here it seemed possible that

"transfer factor" might be either non-antigenic (or weakly so) or does
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not differ antigenically from normal cell constituents. This concept
was further confirmed by the adscrption studies in which it was found
that normal cell lysates adsorbed all of the detectable antibody con-
tained in antiserum prepared against sensitized cell lysates. However,
it was also observed that when the antiserum against sensitized cells
was mixed with sensitized cells and PPD the ability of the cells to pas-
sively transfer sensitivity by intradermal injection into normal recip-
ients was destroyed.

Thé exact nature of the material or materials responsible for
passive transfer of delayed hypersensitivity has become one of the ex-
tremely challenging problems in immunology at the present time. Some of
the most detailed observations on the characteristics of human "transfer
factor" have come from the work of Lawrence et al. (1963). They reported
that dialysates of leukocyte extracts were effective in passive transfer
and, based on its dialysis characteristics, "transfer factor" has a molec-
ular weight of less than 40,000. Moreover, fractionation of the dialysate
using Sephad;x‘G-QS suggested a molecular weight of less than 10,000. The
dialysate did not react on agar diffusion with antibody to human gamma
globulin, gamma 2 globulin, or albumin, nor was protein detected by pre-
cipitation in 5 per cent trichloroacetic acide The material was resistant
to DNAse, RNAse, and trypsin.

Various possibilities come to mind which might explain success-
ful passive transfer with cell extractives. The first of these would be
the possibility of transferring antigen. This seems unlikely because an
intense inflammation can develop at previously tested skin sites in the

recipient within 6 hr after transfer. In addition, antigen incubated
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with normal cells does not normally transfer sensitivity. Further,
Schwerger et al. (1962) found that a positive tuberculin reaction can
be elicited as early as 24 hr after passive transfer.

The next possibility would be the transfer of an antibody-like
material of low molecular weight. The apparent low molecular weight of
"transfer factor" suggests a relatively small polypeptide chain. Gell
and Benacerraf (1961) reported that it could not be an antibody of the
conventional type. The implication of this possibility is that delayed
type hypersensitivity is not due to antibody activity of the recognized
intact immunoglobulins but is due to a smaller molecule with stereospec-
ificity for antigen. This would be illustrated by the fact that a reac-
tion with the antigen is not demonstrated by mixing isolated factor to-
gether with antigen in vitro, and by the fact that, after transfer, it
is not readily catabolized in the host.

The third possible mechanism is that the transfer material con-
tains information for the formation of an antibody-like material. If
"transfer factor" is an informational molecule, then presumably it is a
messenger RNA since the fallure of DNAse to affect transfer appears to
exclude DNA. The messenger RNA must have the following characteristics:
resistant to RNAse, capacity for self-replication, and a very small mo-
lecular weight molecule. Turk (1961) and Turk and Asherson (1962) were
able to transfer contact sensitivity in guinea pigs using subcellular
fractions. Fong et al. (1963a and 1963b) were able to passively trans-
fer cellular resistance in tuberculosis using microsomes and ribsome
fractions, but not nuclear membranes and mitochondrial fractions. Mannick

and Egdahl (1962) incubated ribonucleic acid from lymph nodes or rabbits

—
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immunized with skin homografts with neutral lymph node cells from non-
grafted rabbits and found that the latter were apparently altered to a
state of transplantation immunity as manifested by a positive skin test
upon injection of the cells into the skin of the donor of the skin homo-
grafts. Clark and Wilson (1963) and Michelazzi et al. (1964) also re-
ported localization of RNA responsible for direct transfer activity.
Jankovic and Dvorak (1962) found that RNAse abolished the ability to pro-
duce transfer reactions in homograft passive transfer. Some of the most
convincing evidence for the involvement of RNA and/or protein in the
"transfer factor™ is that reported by David (1965). He found that puro-
mycin suppressed delayed hypersensitivity in vitro and suggested that the
mode of action of puromycin might involve the premature release of partly
formed peptides from the ribosomes. Bloom et al. (1964), reported that
cells treated with mitomycin C remain viable although their RNA synthesis
is essentially completely inhibited. Such cells did not transfer hyper-
sensitivity, suggesting that continuing synthesis of RNA and/or protein
by cells is required for the development of hypersensitivity. Cells
treated with low concentrations of the antibiotic, in which RNA synthesis
has been diminished to 30% of that of untreated cells, still transfer
substantial levels of hypersensitivity. Since the antibiotic acts on the
DNA to the extent that a detectable diminution of RNA synthesis is ob-
served, it appears unlikely that cells could divide. This suggested that
the transferred cells are themselves directly involved in inducing the
reactivity in the recipients, and that cell division is not required.

In the present studies passive transfer of tuberculin sensitivity

to normal recipients was accomplished using several different materials.
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In the preliminary work, both intact and disrupted leukocytes were cap-
able of passive transfer. When the lysates of sensitized cells were
passed through Sephadex G-200, the last fraction, termed Fraction IV and
which would contain materials of molecular weight of 40,000 or less, was
capable of transferring sensitivity to normal intact animals or leuko-
cytes thereof. On further fractionation of this material using Sephadex
G-50, Fraction I, which was also capable of passive transfer, contained
one major peak with an ultraviolet absorption maximum at 280 mu, suggest-
ing the presence of a protein component. Fraction III, which was also
capable of passive transfer, contained one major peak with an ultraviolet
absorption maximum of 260 my. This material would have a molecular
weight of less than 10,000. Acid hydrolysis and paper chromatography of
this fraction revealed only ribose sugar and no deoxyribose. It should
be emphasized that cell lysates, microsomes, and Sephadex Fraction IV
transferred sensitivity that was detectable throughout the testing period.
Fraction I contained only the protein component and transferred sensitiv-
ity that was detectable during the first week after transfer. Fraction
III, possibly containing a messenger substance that could be an RNA-like
material, did not induce tuberculin sensitivity in recipient animals un-
til 3 days after trensfer. This could be considered suggestive evidence
that Fraction III contains a messenger compound for the active production
of cell-bound antibody, Fraction I. Fraction III was also capable of
stimulating the production of glycoprotein in normal leukocytes equal to
that seen in cells of actively sensitized animals. The glycoprotein could
possibly be a specific cell-bound antibody involved in the delayed hyper-

sensitivity reaction. The results of the Sephadex studies are similar to
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those of Baram and Mosko (1965) using the human system in which they were
able to separate sensitized cell lysates into 280 mu and 260 my compo-
nents that were capable of passive transfer.

The possibility that an antibody-like material is responsible
for passive transfer has received support from several sides. Cole et al.
(1959) accomplished passive transfer with a plasma fraction from which
fibrinogen, gamma globulin, and beta globulin had been removed. As men-
tioned previously, electrophoretic distribution of serum proteins in tu-
berculosis patients indicated that "transfer factor"™ might be an alpha
globulin. Rauch and Favour (1960) reported that a serum alpha globulin
was capable of transferring passively sensitivity in guinea pigs.

Successful passive transfer of delayed type hypersensitivity
probably depends on a number of factors. One of the most important of
these, perhaps, is the number of cells or amount of extract transferred.
Skog (19%5), in his studies on passive transfer of chemical and tubercu-
lin sensitivity, found that at least 224 million cells were necessary in
a guinea pig and 170 million cells were required in man. Segre and Sharp
(1965) did quantitative delayed hypersensitivity studies in guinea pigs
and found that peritoneal exudate cells were the most effective in pas-
sive transfer and that a dose of 2 x 10’ cells was required. They also
determined that the local in vivo reaction could be elicited with as few
as 1.6 x 10° cells. Salvin and Smith (1959) suggested that passive trans-
fer cannot be accomplished with fewer than 100 cells. In the present

Oll cells.

study passive transfer was accomplished using lysates from 1 x 1
Local passive transfer was accomplished successfully with 1 x 1O5 lung

macrophages, 1 x 107 peripheral blood lymphocytes, or 1 x lO8 spleen
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lymphocytes. Cells were collected only from those donors that were ex-
quisitely skin sensitive, with an induration of at least 15-18 mm in di=
ameter. According to Epstein and Kligman (1957) the recipient of the
cells was most important. They found that local passive transfer to con-
tact sensitivity from the same leukocyte pool in man gave varying results
in recipients.

Bauer and Stone (1961) compared the immunologic function of
lymph node transplants between guinea pigs of a highly inbred, histocom-
patible strain (isologous transfer between strain 13) with those between
strains (homologous transfer between strain 13 and Hartley). They found
that the transfer of immune cells in quantities inadequate to confer sig-
nificant cutaneous hypersensitivity during the first post-transfer week
resulted in a high degree of tuberculin sensitivity in isologous recip-
ients during the second and third weeks. In contrast, homologous recip-
ients manifested no significant cutaneous reactivity during the 4 week
period following identical cell transfers. Thus it appears that the
strain of animal may be most important in successful transfer. It also
appears that the time of cell harvest from the donors is extremely im-

portant. Guthrie et al. (1966) found that lymph node cells sensitive to
1-floro-2-4 dinitrobenzene were more effective if collected during the in-
itial 6 day period following sensitization and that peritoneal exudate
cells were effective at all periods, but most effective if collected 17
days following sensitization. Thus it appears that successful passive
transfer depends on many factors. In all of the present studies, Hartley

strain guinea pigs that were exquisitely sensitive to tuberculin were

used as donors of hypersensitive cells and cell extracts, ' Large numbers
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of mononuclear cells were collected early following sensitization and the
successes reported in this work might be accounted for by a combination
of these various factors.

The degree of sensitivity to tuberculin in recipient animals was
determined by skin testing and examination of histological sections. The
results of chronological studies on the histological aspects of delayed
reactions reported by Dienes and Mallory (1932), Follis (1940), Sandage
and Birkeland (1950), and Gell and Hinde (1951) revealed that after intra-
dermal injection of specific antigen into sensitized individuals, no
macroscopic inflammation was visible for 6-24 hr, although pain might be
present at the injection site. After this interval, induration and
erythema appear and reach peak intensity at 16-72 hr before gradually de-
clining. If the reaction was severe, peak intensity occurred and the lo-
cal reactions may be accompanied by regional lymphadenopathy and fever.
Necrosis and scarification may occur at the injection site. Erythema
was variable, but firm induration, indicative of cellular infiltration,
was the hallmark of the positive delayed reaction. There were dilata-
tion of capillaries and exudation of fluid and cells, with a predominance
of polymorphonuclear leukocytes. After several hours the proportion of
mononuclear cells increased and by twenty-four hours the inflammatory re-
sponse was almost exclusively mononuclear. The cells were distributed
throughout the dermis and subcutaneous tissue, frequently concentrated
around small venules. Hemorrhage and vascular damage were not seen in
an uncomplicated delayed reaction, while in the Arthus reaction antigen
injection leads to appreciable necrosis which was prominent in a few

hours and macroscopically would show early petechial hemorrhage due to
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vascular damage. In histological sections a preponderance of polymorpho-
nuclear leukocytes was observed. In the passive transfer studies de-
scribed in the present investigation, involving either whole cells, cell
lysates, microsomes, or Sephadex fractions, the skin reactions in recipi-
ents did not appear until after 12 hr and were maximal in 24 hr, with
characteristic erythema and induration. The histology of the positive
skin test sites in passively sensitized animals had all of the character-
istics of classical delayed-type reactions, as described above. Wesslen
(1952b) reported that, based on their physical appearance on histological
examination, the mononuclear cells appeared the same in the passively sen-
sitized animal as in the actively sensitized animal.

As already discussed, studies involving the passive transfer of
delayed hypersensitivity in guinea pigs by means of lymphocytes labelled
with tritiated thymidine have produced varying results. The results re-
ported by McCluskey et al. (1963), Turk (1962), Turk and Cort (1963),
and Najarian and Feldman (1963a) suggested that the vast majority of cells
that participate in delayed hypersensitivity reactions were not specifi-
cally sensitized cells. Najarian and Feldman (1963b) observed that when
normal guinea pigs were injected intravenously with lymphoidal cells sen-
sitive to PPD or 2-4 dinitroflorobenzene and labelled with tritiated
thymidine only a small number of transferred cells reached the site of a
subsequent skin test with homologous antigen. The fact that the lympho-
cytes at the test site were not all labelled does not necessarily mean
that only a few of the cells were sensitized and the rest were not. David
(1964) was able to inhibit the migration of guinea pig peritoneal exudate

cells with antigen when only 2.5% of the cells were specifically sensitive.
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When the per cent of sensitive cells fell below this number there appear-
-ed to be no inhibition of migration.

Interspecies cellular transfer of tuberculin sensitivity has
been reported with varying degrees of success. Rapaport and Miller (1959)
failed to transfer delayed allergy to tuberculin from man to monkey or
rabbits. Fong et al. (1963b) were successful in transferring cellular re-
sistance in homologous mice, from mice to rabbits, and from rabbits to
mice and guinea pigs using microsome fractions. They were also unable
to transfer cellular resistance from guinea pigs to mice or rabbits.
Bacon et al. (1961) were unable to transfer tuberculin sensitivity from
rats to guinea pigs. Turk and Leibowitz (1964) and Chase (1960) were able
to transfer sensitivity ohly within, and not between inbred strains of
guinea pigs. They were able to passively transfer sensitivity with ease
between members of the Hartley strain or between members of Strain III.
As mentioned previously, Bauer and Stone (1961) were also able to trans-
fer sensitivity in guinea pigs only between isologous and not homologous
animals. In the present study, interspecies transfer of tuberculin sen-
sitivity in humans and guinea pigs was attempted using cell lysates,
microsomes, and Sephadex fractions from sensitized donors. The results
indicated that these materials were not capable of sensitizing passively

cells of another species.



CHAPTER V
SUMMARY

The present study was designed to examine the biochemical and
antigenic characteristics of guinea pig leukocytic "transfer factor",
and to examine various constituents of guinea pig leukocytes for their
capacity to transfer passively tuberculin sensitivity to normal recipi-
ents. Guinea pigs were rendered tuberculin sensitive by the intramus-
cular injection of heat-killed human type tubercle bacilli in paraffin
0oil. Both intact and disrupted leukocytes derived from sensitive ani-
mals were capable of passively transferring tuberculin sensitivity to
normal recipients. The degree of sensitivity to tuberculin in recipient
animals was determined by skin testing and examination of histological

m—séctions, and by in vitro and in vivo assay techniques.

Biochemical analysis of intact cells or cell lysates was accom-
plished through quantitative histochemical assay for protein using
Naphthol Yellow S, paper electrophoresis and subsequent analysis for pro-
tein and glycoprotéin, and quantitative glycoprotein assay. The results
revealed that leukocytes from tuberculin sensitive guinea pigs have an
abnormally high content of protein. The paper electrophoresis data sug-
gested that the increase was accounted for as alpha globulin and this
was born out by results of subsequent studies showing sensitized leukocytes

had at least 25¥% more glycoprotein than normal cells.
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For antigenic analysis, rabbits were immunized with normal or
sensitized leukocytes and their sera were examined by gel diffusion and
immunoelectrophoresis. The sera from rabbits immunized with sensitized
cells were examined either directly or.following adsorption with normal
cell lysates. The gel diffusion and immunoelectrophoretic analyses re-
vealed that guinea pig leukocytic "transfer factor"™ is either non-anti-
genic (or weakly so) or does not differ antigenically from normal cell
constituents.

Nuclei, mitochondria, and microsomes were prepared from sensi-
tized and normal leukocytes by successive differential centrifugation.
In addition, sensitized and normal leukocyte lysates were separated into
various fractions using Sephadex G-200 and G-50. The last fraction from
the G-200 separation, termed Fraction IV, was analyzed and found to have
two major peaks with ultraviolet absorption maxima at 260 m and 280 m .
This fraction was separated further using Sephadex G-50, yielding Frac-
tion I which contained a major peak with maximum absorption at 280 m
and Fraction III which had an ultraviolet absorption maximum at 260 m .
The latter contained ribose but no deoxyribose. The microsomes and the
three Sephadex fractions from leukocytes of sensitized animals were all
capable of passive transfer of tuberculin sensitivity to normal, intact
guinea pigs or to the leukocytes thereof. Fraction III was also capable
of stimulating the production of glycoprotein in normal leukocytes equal
to the levels seen in leukocytes of actively sensitized animals.

. Interspecies transfer of tuberculin sensitivity in humans and
guinea pigs was attempted using cell lysates, microsomes, and Sephadex
fractions from sensitized leukocytes. The results indicated that these

materials were not capable of passively sensitizing cells of another species.
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