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AB S T R A C T In humans delayed hypersensitiv-
ity to tuberculin and coccidiodin can be transferred
from a skin-test positive donor to a previously non-
reactive recipient with a dialyzable fraction of
donor peripheral leukocytes. The mechanism by
which transfer is effected by this relatively low
molecular weight material is unknown. Should
transfer with dialysate be accomplished with hy-
persensitivity to low molecular weight artificial
antigens, further characterization of "transfer fac-
tor" might be facilitated.

A maximal degree of contact sensitivity to a
simple chemical, dinitrochlorobenzene, was pro-
duced in tuberculin-sensitive human volunteers,
who were then used as donors. Seven of the eight
donors reacted with 15 mmor more of induration
to 0.1 /xg of tuberculin, purified protein derivative,
while recipients did not react to 5 ,ug. The dialyza-
ble fraction of peripheral leukocytes from 500 ml
of donor blood was injected into each of eight
recipients in an attempt at simultaneous transfer
of systemic sensitivity to both tuberculin and
dinitrochlorobenzene. Transfer of tuberculin sensi-
tivity was accomplished with four of seven dialy-
sates from tuberculin-positive donors but in none
of the eight attempts was contact sensitivity trans-
ferred with the same dialysates.
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The results indicate that tuberculin sensitivity
and contact type sensitivity to a simple chemical
differ in respect to the behavior of transfer factor
and that other models are necessary if dialyzable
transfer factor is to be studied with nonbacterial
antigens.

INTRODUCTION

Lawrence and others have demonstrated, that in
humans, the injection of an extract of peripheral
leukocytes from a hypersensitive donor into a pre-
viously nonreactive individual can produce in the
recipient a specific state of generalized delayed-
type skin reactivity to tuberculin and to other
bacterial or fungal products (1). The manner in
which this transfer is effected and the factor (s)
responsible are unknown. "Transfer factor" can
be dialyzed from disrupted donor leukocytes and
the dialysate is as effective as the entire leukocyte
extract in its ability to confer sensitivity to tuber-
culin and to coccidiodin (2, 3). The mol wt of
the dialyzable factor is probably less than 40,000
and results of Sephadex G-25 fractionation have
suggested a mol wt of less than 10,000 for the
biologically active material (2).

Further characterization of transfer factor might
be greatly facilitated if the transfer system could
be applied to hypersensitivity to artificial, low
molecular weight chemical allergens rather than
to tuberculin or other complex naturally occurring
bacterial and fungal products.

In the present experiments, contact sensitivity
to dinitrochlorobenzene was induced in tuberculin-
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positive donors, and leukocyte dialysate from these
individuals was injected into nonreactive recipients
in an attempt at simultaneous transfer of both
tuberculin and contact sensitivity. In this manner,
a "positive control" of tuberculin sensitivity was
introduced in the attempt to transfer contact sensi-
tivity. Whereas transfer of tuberculin sensitivity
was successful, transfer of contact sensitivity to
dinitrochlorobenzene with the same dialysates was
not achieved.

METHODS
Volunteers. Volunteers were adult male inmates of

the Attica State Prison, Attica, N. Y. Subjects who were
used as donors had no history of hepatitis, jaundice,
blood transfusions, or drug addicition. Liver function
tests (bilirubin, alkaline phosphatase, serum glutamic
oxalacetic, and pyruvic transaminase) were normal. It
was felt that the possibility of transmission of hepatitis
virus was remote in any case since only the dialysate of
disrupted leukocytes was injected into the recipients.

Production of contact sensitivity. 1-chloro-2,4-dini-
trobenzene1 (DNCB) was used. A suitable site on the
outer aspect of the upper arm was scrubbed vigorously
with 51% sodium lauryl sulfate, rinsed well with water,
and dried. This left an erythematous area on which the
DNCBwas applied. On day 0, 0.1 ml of a 5%o solution
of DNCB in acetone, corresponding to a total dose of
5000 jig, was applied within a 1 inch diameter circle
bounded by a glass ring tightly applied to the skin. The
acetone was evaporated rapidly with a hair dryer leav-
ing crystals of DNCB deposited on the skin. The site
was covered with a Band-Aid for the next several days.
On day 4, the same procedure was repeated at another
site using 1000 jug of DNCB.

Tests for contact sensitivity to DNCB. A similar
procedure was used for testing except that the skin site
was washed and rinsed very lightly and was not ery-
thematous at the application site. The amount used for
the test applications varied from 500-0.1 jig. Test sites
were examined at 24 and 48 hr, and usually at 3, 4, or 5
days.

Tuberculin testing. Tuberculin, purified protein de-
rivative 2 (PPD) was used for all tuberculin tests. Vol-
unteers were injected intradermally with 0.1 ml of stand-
ard PPD solutions. Total doses were: first strength 0.02
jig, intermediate strength 0.1 lig, and second strength 5.0
jig of PPD. Some donors were tested with more dilute
solutions at total doses of 0.01, 0.005, and 0.001 jig of
PPD.

Preparation of dialysate of peripheral leukocytes.
Peripheral leukocytes were processed after the procedure
outlined by Lawrence (4). 500 ml of blood was taken
from hypersensitive donors in a Fenwal ion-exchange

1 Eastman Kodak Co., Rochester, N. Y.
2 Parke, Davis and Co., Detroit, Mich.

blood pack.3 Fibrinogen, bovine fraction 1,4 0.05 g/ml of
blood, was added and the red cells were allowed to sedi-
ment for 1 hr at 370C. The leukocyte containing super-
nate was then centrifuged at 1500 rpm for 15 min. The
yield varied from approximately 1.5-2.5 ml of packed
leukocytes corresponding to approximately 1.4-2.5 X 109
cells. The sedimented cells were resuspended in a few
milliliters of saline to which 0.1 ml of MgSO4, 1 g/ml,
was added and quick frozen and thawed seven times.
Beef pancreas deoxyribonuclease,3 1 ml of a 1 mg/ml
solution, was added and the mixture was incubated in a
370C water bath for 30 min. The material was then
placed in a dialysis sac and dialyzed against 100 volumes
of pyrogen-free distilled water for 48 hr at 4VC. The di-
alysate was lyophilized and the product was redissolved
in 2-3 ml of pyrogen-free distilled water.

The ultraviolet absorption spectrum of the dialysates
was determined, and two dialysates were passed through
a Sephadex G-25 column.

Recipients. Recipients were individuals who had nega-
tive reactions to 5 jg of PPD on two occasions and who
had had no known previous contact with DNCB. Yio ml
of dialysate was injected intradermally into the upper
arm. This produced in most individuals an asymptomatic,
erythematous reaction which appeared in 5 min and sub-
sided over the next few hours. If there was no visible
reaction at 24 hr the remaining 1.9-2.9 ml of dialysate
was injected in divided doses intradermally and subcu-
taneously in the upper arm. Recipients were tested 24 or
48 hr later with 5 jig of PPD in the opposite forearm
and with DNCBon the opposite upper arm.

RESULTS

Reaction to DNCBof control subjects. 51 ap-
plications of DNCBwere made in 19 control sub-
jects who had had no known previous contact with
the chemical. Most subjects were tested simul-
taneously with 2 or 3 doses varying from 500 to
50 Mg of DNCB, and the results recorded here and
in Table I refer only to these initial applications.
Six of eight subjects developed erythematous,
mildly edematous, nonpruritic reactions to 500 Mug
of DNCBwithin 24 hr of application. 5 of 12
developed similar but usually milder reactions to
250 Mug, 2 of 19 developed very faint reactions
to 100 jg, while none of 12 control subjects reacted
to 50 ug of DNCB. These results are compared to
those in actively sensitized subjects in Table I.

Active sensitization to DNCB. Contact hyper-
sensitivity to DNCBwas produced in all of 17
men in whom it was attempted. The sites of
application of 5% DNCB became erythematous

3 Fenwal Laboratories, Morton Grove, Ill.
4 Nutritional Biochemical Corp., Cleveland, Ohio.
5 Worthington Biochemical Co., Freehold, N. J.
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TABLE I
Skin Reactions to Application of 0.1 ml of Dinitrochloroben-

zene (DNCB) in Acetone in Actively Sensitized Subjects,
Controls (No Known Prior Contact with DNCB),

and Recipients of Leukocyte Dialysate from
Hypersensitive Subjects

Total amount Actively sensitized Controlst Recipients
DNCBapplied (17)* (19) (8)

JAg
500 6/8§
250 5/12 3/8§
100 17/1711 2/19 1/8
50 0/12 0/8
20 17/17 -
10 15/17

5 11/17
1 8/17
0.5 3/17
0.1 0/17

* Total number in group.
t 51 applications of DNCBwere made in the 19 controls.
Most subjects were tested simultaneously with two or three
concentrations.
§ Numerator, number reacting to indicated concentration;
denominator, number tested.

Numerator, number reacting to indicated concentration;
denominator, total number in group.

with some induration and (or) brownish dis-
coloration in 24-48 hr. In many subjects there was
blistering and the epithelium loosened and peeled
off. These reactions were not bothersome to the
subjects except for a slight burning sensation in
a few. The sites healed quickly and within 6-7
days were flat, showed only slight discoloration,
and were asymptomatic.

Hypersensitivity became evident in 15 of the 17
subjects when one or both sites of the sensitizing
applications flared into intensely red, elevated,
itching reactions between day 8 and 11. Test
applications of DNCB(from 100 to 10 ug) were
begun between day 10 and 14 and were continued,
usually in decreasing concentrations, every week
to 2 wk in most subjects. If an application resulted
in a moderate to strong reaction a lower concen-
tration was used next for a test dose. If the
reaction was mild or negative, the same, or a
more concentrated test dose was used. With this
procedure, the degree of sensitivity increased in
almost all subjects between 2 and 6 wk from the
initial application of the sensitizing dose. There-
after, there Was a further increase in most subjects

up to 10 wk after which no further increase in the
degree of sensitivity was noted with repeated
testing.

11 of the 17 subjects became sensitive to appli-
cations of 5 jug or less of DNCB. 8 of these 11
subjects reacted to 1 jug and 3 to 0.5 jug. No sub-
jects reacted to less than 0.5 ug. Of the other 6
subjects, 2 who were tested repeatedly for 6
months never reacted to less than 20 ,ug of DNCB.
The other 4 subjects reacted to 10 Mug but were not
available for a long enough period to determine
what their ultimate degree of sensitivity might
have been. The degree of reactivity of actively
sensitized individuals is compared with that of
control subjects in Table I. It was observed that
even the mild reactions in actively sensitized sub-
jects were almost always pruritic in contrast to
the nonspecific reactions in control subjects which
were asymptomatic.

Properties of leukocyte dialysate. The ultra-
violet absorption spectrum of the dialysate was
determined. All had an absorption peak at 252-
255 mM. A characteristic absorption spectrum is
illustrated in Fig. 1. The shape of the curve is
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FIGURE 1 Ultraviolet absorption spectrum of leukocyte
dialysate.
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similar to that found by Baram and Mosko al-
though their peak was at 245 mfz (3).

Two dialysates were passed through a Sephadex
G-25 column after lyophilization and redissolution
in a small volume of water. Two peaks were
noted when ODat 260 and at 280 mFL was plotted
against the tube number of the eluate. This is
illustrated in Fig. 2. The result is similar to that
obtained by Lawrence, Al-Askari, David, Frank-
lin, and Zweiman (2).

Attempts to transfer hypersensitivity to PPD
and DNCB. The degree of hypersensitivity to
PPDand to DNCBof the donors is compared to
that of the recipients in Table II. One recipient per
donor was used in the transfer attempts. The eight
subjects who were most sensitive to DNCBwere
used as donors. All reacted to applications of
either 1 or 0.5 pg of DNCB. Seven of the eight

o-o 260 my
*-- 280m~u

~0.3

0.2 /

~0.l -0
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FRACTION NUMBER

FIGURE 2 Leukocyte dialysate passed through Sephadex
G-25 column; optical density vs. fraction number.

reacted with 17 mmor more of induration to
injection of 0.1 jug of PPD.

Four of the seven recipients of dialysate from
PPD-sensitive donors developed delayed sensi-
tivity to injection of 5 pg of PPD, but in no case

TABLE I I
Reactivity of Donors and Recipients to Tuberculin, Purified Protein Derivative (PPD) and

2,4-Dinitrochlorobenzene (DNCB)
Donors and recipients are paired horizontally in the table.

Donors Recipients

Smallest dose Reaction to DNCB
PPD test Reaction of DNCBto which

dose to PPD donor reacted Reaction to 5 jg PPD Test dose* Result

pug mminduration pig mminduration pg

1. 0.1t 32 1.0 12 250 0§
2. O.lt 25 0.5 0 250 0
3. 0.1t 4 1.0 not done 250 0
4. 0.1 17 1.0 0 250 trace

0.01 9 100 0
0.005 0

5. 0.1 17 1.0 25 250 +11
0.01 11 100 0
0.005 4
0.0025 0

6. 0.1 19 1.0 18 250 0
0.01 12
0.005 8
0.0025 0

7. 0.1 26 0.5 9 250 +
0.01 20 100 trace
0.005 17 50 0
0.0025 10
0.001 10

8. 0.1t 20 0.5 0 250 0

* All recipients were tested with 250, 100, and 50 .ug of DNCB. When there was no reaction to 250 ,zg there was no re-
action to smaller doses and these are not recorded.
$ Not tested with less than 0.1 sIg of PPD.
§ 0 = no discernible reaction.

+ = weak but definite reaction.
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was reactivity to DNCBtransferred. The reactions
to PPD in the recipients varied from 9 to 25 mm
in diameter of induration, were maximal at 24 hr,
and were less prominent at 48 hr. Four of the
seven donors were tested with dilutions of first
strength PPD. Two donors reacted to 0.01 ,ug but
no less, one to 0.005 ug, and one to 0.001 ug of
PPD. (The 4 mmreaction of donor five to 0.005
jug of PPD was considered too small to be signifi-
cant since it is difficult to evaluate a reaction of
this size.) Dialysate from one of the two donors
who reacted to 0.01 ug failed to transfer reactivity
to PPD. Successful transfers were accomplished
with dialysate from the other three donors, al-
though no correlation between the degree of donor
and recipient reactivity was noted (Table II).

The recipients were tested with 250, 100, and
50 ug of DNCBsimultaneously at different sites.
One of the eight recipients developed a trace of
erythema at 100 MAg with no reaction at 50 Mug.
None of the other seven recipients reacted to
100 Mg of DNCB or less. Three of the eight
recipients developed mild, erythematous, nonitch-
ing reactions to 250 Mug of DNCB (Table II).
These reactions were similar to those seen in
control subjects and the incidence of both are
compared in Table I.

DISCUSSION

The characterization of transfer factor and means
by which transfer of hypersensitivity is effected
presents a challenging problem. Resistance to
DNAse and RNAse as well as activity associated
with material of probable mol wt of less than
10,000 (2) are not qualities expected of informa-
tional molecules that might instruct the production
of an effector substance in the recipient. It is possi-
ble as Lawrence et al. have suggested (2) that
dialyzable transfer factor could be a type of
"micromessenger" RNA, a polynucleotide frag-
ment below the level at which RNAse inactivation
takes place. It is also possible that transfer factor
is itself a relatively low molecular weight antibody-
like effector material. Alternatively, it is possible
that transfer factor contains antigen or antigenic
fragments perhaps attached to nucleic acid frag-
ments that result in active sensitization or a
"boost" of a previously undetectable level of sensi-
tivity in the recipient. Lawrence has demonstrated

that there are two distinct temporal patterns of
recipient response after transfer and has suggested
that two different substances may play a role (4).
Baram and Mosko have been able to transfer de-
layed hypersensitivity to tuberculin with both
dialyzable and nondialyzable leukocyte fractions
and with leukocyte fractions of differing chemical
compositions (3, 5). These findings suggest that
the transfer of delayed sensitivity in man need not
be explained on the basis of a single mechanism
of action of transfer factor(s).

Important advantages might be offered by a
system utilizing leukocyte dialysate to transfer
sensitivity to low molecular weight artificial anti-
gens. One might, with more confidence, ascribe
the reactivity in the recipient to a de novo sensi-
tization rather than to a possible boost of a mini-
mal underlying sensitivity to naturally occurring
antigens. Isotopic labeling of low molecular weight
chemicals might offer a practical means of deter-
mining whether antigen is present in transfer
factor. Detection of possible in vitro reaction be-
tween antigen and transfer factor might be facili-
tated. In addition, the problem of the number of
available donors and recipients would be alleviated.
In the population used in this study, only 5-10%
of individuals tested were suitable as recipients
for tuberculin transfer. The practical difficulties
presented by this can be appreciated if one con-
siders the number of individuals necessary to es-
tablish a reliable model for transfer and, then, to
vary the conditions of transfer.

Unfortunately, contact sensitivity to DNCB
does not appear to be a useful model for this
purpose. In this experiment many of the subjects
received 15-20 applications of DNCB and the
degree of donor sensitivity was taken to its practi-
cal limit with negative results.

There are several possibilities to explain the
failure of the transfer of contact sensitivity with
the simultaneous successful transfer of tuberculin
sensitivity. First, contact sensitivity may represent
something fundamentally different from intrader-
mal delayed-type hypersensitivity that is not
amenable to transfer with dialysate. Although
there are reports of transfer of contact sensitivity
with whole or disrupted cells (6-8), the results
have been more erratic than those with transfer
of intradermal type hypersensitivity (1).
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Alternatively, quantitative differences could
have been significant in this experiment. In the
case of the four donors who were tested with
dilutions of PPD (Table II), there was at least a
500-fold difference between the smallest test dose
to which the donor responded (0.01-0.001 Mg) and
the test dose used in the recipient (5 Mtg). With
donors four and five there was 500-fold difference
and one of those two transfer attempts with PPD
was successful. (If the 4 mmreaction of donor
five to 0.005 fug of PPD were considered signifi-
cant, the difference would then be 1000-fold.)
With donors six and seven, there was a 1000- and
5000-fold difference, respectively, and both of
these attempts were successful. In the case of
DNCB (Table II) there was at most a 500-fold
difference between the smallest dose to which the
donor reacted (0.5 Mug) and the test dose used in
the recipient (250 Ug). In two of these three
transfer attempts (donors two, seven, and eight),
the recipients failed to react to the 250 ug test dose.
The other five donors reacted to no less than 1
Mtg of DNCBand the difference between donor
reactivity and recipient test dose was 250-fold or
less. It should be noted again that positive reac-
tions to 250 Pfg of DNCBin the recipients cannot
be considered significant since some controls also
reacted to this test dose (Table I). However,
negative reactions can be considered significant in
this context. The PPD system then, offered in
most cases, a better opportunity to transfer in
terms of the degree of donor sensitivity compared
to the test dose that could.be used in the recipient,
although the quantitative differences that were
examined did not appear to be great. They could,
nevertheless, be important..

Thirdly, one may be dealing with the difference
between a true de novo immune response and a
boost of an underlying state of minimal sensitivity.

The information available does not allow a
choice between these alternatives. The question is

being pursued at present with the use of hapten-
conjugated native human protein in an attempt to
produce transferable delayed intradermal sensi-
tivity.
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