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Transfer factor has been studied extensively in humans, but a satisfactory
subprimate model has not been established. Using BALB/c mice immunized with
complete Freund adjuvant, we show that a low-molecular-weight substance
derived from disrupted spleen cells transferred sensitivity to purified protein
derivative (PPD) to recipient nonimmunized BALB/c mice. Transfer was con-
firmed by footpad swelling to PPD in vivo and by splenic lymphocyte transfor-
mation to PPD in vitro. In recipients of transfer factor, an inverse correlation was
noted between the splenic lymphocyte response to PPD and to concanavalin A.
Material obtained from spleens of saline-treated BALB/c mice did not transfer
sensitivity to PPD to recipient mice.

Lawrence reported in 1955 that disrupted leu-
kocytes from a sensitized human donor yielded
a low-molecular-weight dialyzable substance
designated transfer factor (TF), which could
transfer delayed-type hypersensitivity (DTH) to
a nonimmune recipient (13). The existence of
TF in humans has been confirmed repeatedly by
other workers (2, 10). TF has been used thera-
peutically in patients with tumors (14), dissem-
inated fungal infections (11), and certain immu-
nodeficiency diseases (22). However, investiga-
tion of the mechanism of transfer and standard-
ization ofthe potency ofvarious TF preparations
has been slowed by the lack of a suitable animal
model.

Extensive study by several workers in the
1960s failed to show dialyzable TF in guinea pigs
(1), although Jeter et al. described transfer of
sensitivity with disrupted leukocytes in guinea
pigs in 1954 (9). More recent studies using cows
(12), rats (15), dogs (21), and guinea pigs (3)
have led to renewed interest in a subprimate
model for the study of TF. Rifkind et al. (19)
have shown that a TF-like substance derived
from murine spleen cells can transfer DTH as
measured by footpad swelling. Our studies con-
firm the existence of a low-molecular-weight
substance derived from murine spleen cells
which is able to pass DTH to recipient mice; we
further show that transfer is associated with the
development of in vitro lymphocyte transfor-
mation to the antigen to which TF donors have
been sensitized.

MATERIALS AND METHODS
Animals. Female BALB/c mice (Charles River

t Present address: Department of Internal Medi-
cine, University of Virginia Medical School, Charlotts-
ville, VA.

Laboratory, Wilmington, Mass.) were entered into the
experiment at 7 weeks of age and were sacrificed by
cervical dislocation at 10 to 12 weeks of age.
Immunization. Mice were immunized on days 1

and 12 of the experiment by subcutaneous inoculation
with 0.2 ml of complete Freund adjuvant (CFA) (Difco
Laboratories, Detroit, Mich.) mixed 1:1 with 0.9% sa-
line. Control mice received 0.9% saline on the same
schedule.

Cell transfer. Three weeks after immunization,
spleens from either CFA-immunized or saline-treated
control mice were removed aseptically, and cell prep-
arations were made by repeatedly injecting RPMI
1640 medium (GIBCO, Grand Island, N.Y.) into the
spleens, using a 22-gauge needle and a 1-mi syringe.
The cells were washed twice in RPMI 1640 and sus-
pended to a concentration of 5 x 108 mononuclear
cells/mi, and 1 ml was injected intraperitoneally (i.p.)
into each recipient. Cell preparations consistently
showed >95% viability by trypan blue dye exclusion.

TF. TF was prepared from spleen cells of either
CFA-immunized mice (TFs) or saline-treated mice
(TFN) 3 weeks after immunization. For each batch of
TF, spleens of 60 mice were removed, pooled, added
to 25 ml of 0.9% saline, and disrupted in a Virtis
homogenizer for 10 min. The suspension was frozen in
a Dry Ice-acetone bath and thawed in a 370C water
bath 10 times. Dense fibrin-like material was removed;
the suspension was spun at 40,000 x g for 60 min; and
the supernatant was collected, diluted with 30 ml of
distilled water, and filtered through an Amicon ultra-
filtration apparatus and a UM 10 membrane (Amicon,
Inc., Lexington, Mass.). The filtrate (molecular weight,
<10,000) was lyophilized and resuspended in sterile
distilled water so that 1 ml was the equivalent of 5 x
108 spleen cells. Each recipient animal received 1 ml
of TF i.p.

General experimental design. Animals were di-
vided into six groups as follows: negative controls
treated with saline alone (21 mice); positive controls
treated with CFA (20 mice); normal-cell recipients (15
mice); sensitized-cell recipients (14 mice); TFN recipi-
ents (24 mice); and TFs recipients (36 mice).
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Twenty-four hours after passive cell transfer or TF
administration, DTH footpad testing was performed.
After the 48-h reading, 2 ml of mineral oil was injected
i.p. Three days later, spleens were harvested for lym-
phocyte transformation studies and peritoneal mac-
rophages were harvested for macrophage migration
inhibitory factor (MIF) studies.
DTH footpad tests. Lyophilized preservative-free

purified protein derivative (PPD) (Parke-Davis, Inc.,
Detroit, Mich.) was reconstituted in phosphate-
buffered saline (PBS), pH 7.2, to a concentration of
800 Itg/ml; 0.025 ml (20 ug) was injected into the
plantar surface of the right hind paw. The left hind
paw received 0.025 ml of PBS. At 0, 24, 30, and 48 h,
right and left footpads were measured by vernier cal-
ipers by one observer, blinded as to which preparations
the mice had received. The data are presented as 0.1-
mm increments from the 0-h readings in PPD-tested
and PBS-tested footpads.
Lymphocyte transformation. Spleen cell suspen-

sions were prepared as described for cell transfer stud-
ies. Cells were washed twice in RPMI 1640 with 2 mM
L-glutamine, 10% heat-inactivated human serum, and
100 ,jg of streptomycin per ml. Samples of 0.2 ml of
cell suspension (25 x 105 cells/ml) were added to flat-
bottomed microtiter wells (Linbro, Inc., Hamden,
Conn.). Triplicate samples of the following cultures
were set up for each animal: controls, using 0.01 ml of
PBS; concanavalin A (ConA) (Pharmacia, Inc., Pis-
cataway, N.J.), 2.5 Itg in 0.01 ml; and preservative-free
PPD, 5, 10, and 25 jg, each in 0.01 ml.

After incubation at 370C in a 5% C02-95% air,
humidified atmosphere for 72 h for ConA cultures and
144 h (6 days) for PPD-treated cultures, cells were
pulse-labeled for 4 h with 1 pCi of tritiated thymidine
(specific activity, 6 Ci/mmol; Schwarz/Mann, Inc.,
Orangeburg, N.Y.). Cultures were harvested by using
a multiple automated sample harvester (MASH; Mi-
crobiological Associates, Inc., Rockville, Md.), and iso-
tope incorporation was measured in a liquid scintilla-
tion counter. The maximal response to PPD was cal-
culated for each animal. Results were expressed as
counts per minute or as the stimulation index (SI),
which is the ratio (mean counts per minute in stimu-
lated cultures)/(mean counts per minute in unstimu-
lated cultures).
MIF assay. Peritoneal exudate cells were collected

3 days after injection of oil by washing ofthe peritoneal
cavity with Hanks balanced salt solution with penicil-
lin and streptomycin. Cells from three mice were

pooled, washed three times with Hanks balanced salt
solution, and adjusted to a concentration of 2 x 108
cells/ml in minimal essential medium with 10% heat-
inactivated horse serum (GIBCO), 2 mM L-glutamine,
50 U of penicillin per ml, and 50 Itg of streptomycin
per ml. Fifty microliters of cells was incubated with
either 10 Il of minimal essential medium or 10,l of
PPD (150,ug) at 37°C for 30 min with frequent shaking.

Migration studies, using a modification of the
method of Carpenter et al. (6), were conducted in 1%
agarose containing 10% 1Ox medium 199 with Earle
salts (GIBCO), 2 mM L-glutamine, 10% heat-inacti-
vated horse serum, and penicillin and streptomycin in
plastic petri dishes. Twelve microliters of the cell
suspension was placed into 3-mm wells in the agarose,

and the cells were allowed to migrate for 20 h at 370C
in a 5% CO2 atmosphere. The cells were heat fixed to
the dish, the agarose was removed, and the area of
migration was measured with a planimeter. The well
area was subtracted from the total area, and percent
inhibition of triplicate sets of wells was calculated by
the following formula: percent inhibition = 1 - [(area
with PPD)/(area without PPD)] x 100.

Statistical methods. All data were analyzed with
the use of Student's t test. Correlation coefficients
were also calculated for the lymphocyte transforma-
tion tests.

RESULTS

Mice receiving TFs showed a significant re-
sponse to PPD when swelling of the PPD pad
was compared with swelling of the PBS pad (P
< 0.001) (Table 1). In addition, the difference
between swelling of the PPD pads in the TFq
group and the saline control group was signifi-
cant (P < 0.001). Mice receiving TFN did not
exhibit any change in footpad swelling when the
PPD pad was compared with the PBS pad or
when the response to PPD in the TFN group of
mice was compared with that in the saline-
treated group. The PPD footpad response in the
TFs group was significantly greater than that in
the TFN group (P < 0.005). Positive controls
(CFA-treated mice and recipients of immune
spleen cells) showed a greater response to PPD
than was shown by the TFs recipients. Negative
controls (PBS-treated mice and recipients of
normal spleen cells) did not show swelling to
PPD. In all groups with a positive response, the
maximal swelling was observed at 24 h; swelling
had decreased to approximately one-half of the
maximal amount by 48 h.

Specific transformation of spleen cells to PPD
was performed in all groups of mice (Fig. 1).
Control groups (saline-treated mice, recipients
of normal spleen cells, and mice receiving TFN)

TABLE 1. Footpad swelling in response to PPD
Footpad response p

Group
v

PPD pad PBS pad value

Saline 0.2 ± 0.1 0.2 ± 0.1 NS
Normal-cell recipi-

ents 0.3 ± 0.2 0.2 ± 0.2 NS
TFN 0.4 ± 0.1 0.3 ± 0.2 NS
CFA 11.8 ± 0.9 0.6 ± 0.2 <0.001
Immune-cell recipi-

ents 3.7 ± 0.4 0.4 ± 0.2 <0.001
TFs 1.2 ± 0.1 0.4 ± 0.1 <0.001

a Footpad swelling in 0.1-mm increments at 24 h
(mean ± standard error of the mean). Mice received
20 jig of PPD in 0.025 ml in the right hind footpad and
0.025 ml of PBS in the left hind footpad.

bStudent's t test comparing PPD pad with PBS
pad. NS, Not significant.
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FIG. 1. Lymphocyte transformation to PPD per-
formed 6 days after mice received TFpreparations or
passive cell transfer. SI of 23.0 was considered posi-
tive. The mean SI for each group is represented by
the top of the bar. *, P < 0.001 when compared with
saline control mice.

did not respond in vitro to PPD. Among 60
animals, only 4 had an SI of >3.0, and the mean
SI for the three groups was <2.0. Animals re-
ceiving TFs showed a mean SI to PPD of 6.0; 19
of 36 mice responded to the antigen. The differ-
ence between the response to PPD of TFs and
TFN recipients was highly significant (P <
0.001). All CFA-immunized mice except one re-
sponded to PPD in vitro. Only 6 of 14 recipients
of immune spleen cells showed stimulation to
PPD, possibly reflecting poor recirculation from
the peritoneal to the splenic pool of cells. Among
the TFs animals there was no correlation be-
tween footpad response to PPD and in vitro
lymphocyte transformation to PPD. Mean back-
ground deoxyribonucleic acid synthesis in counts
per minute in 6-day cultures without antigen
was as follows: saline-treated mice, 3,094; normal
spleen cell recipients, 7,044; TFN recipients,
7,702; CFA-treated mice, 1,838; sensitized cell
recipients, 7,365; and TFs recipients, 5,262.
Transformation to the mitogen ConA was

studied simultaneously with the PPD response
in all groups (Fig. 2). The mean SI was approx-
imately 30 in all control groups. None of the
CFA-immunized animals or the recipients of
immune spleen cells responded to ConA. Among
TFs recipients, 17 of 34 had a very poor mito-
genic response (SI < 10), whereas 17 had an SI
between 10 and 40. When individual TFs ani-
mals were scrutinized for their responses to PPD
and to ConA, there was an inverse correlation
noted between the two tests (correlation coeffi-
cient = -0.65; P < 0.001) (Fig. 3). Those animals
that showed specific transformation to PPD, in
general, did not respond to ConA. The best

FIG. 2. Lymphocyte transformation to ConA per-
formed 6 days after mice received TFpreparations or
passive cell transfer. The mean SI for each group is
represented by the top of the bar.
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FIG. 3. Correlation between lymphocyte response
to PPD and to ConA in animals receiving TFs. Cor-
relation coefficient = -0.65 (P < 0.001).

ConA response was found in those animals that
did not respond to PPD. Mean background de-
oxyribonucleic acid synthesis in counts per min-
ute in 3-day cultures without mitogen ranged
between 2,550 and 3,500 for saline-treated mice,
normal-cell recipients, sensitized-cell recipients,
and TFN recipients. Mean spontaneous transfor-
mation was 6,070 for TFs recipients and 12,034
for CFA-immunized mice.
MIF activity was assessed in all groups of

animals (Table 2). The TFs recipients as well as
the positive control groups showed inhibition of
macrophage migration. However, the specificity
of this inhibition is questionable since four of
four groups of normal-cell recipients and four of
eight groups ofTFN recipients also showed >20%
inhibition of migration.

DISCUSSION
In the present study, we have shown that a
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TABLE 2. Direct MIF assay in response to PPD
No. posi- % Inhibi-

Group tive/no. tionb
tested'

Saline .................. 2/7 13.5 ± 2.8
Normal-cell recipients .... 4/4 28.2 ± 5.6
TFN 4/8 24.5 ± 4.6
CFA 6/7 29.6 ± 3.4
Immune-cell recipients ... 5/5 44.0 ± 2.3
TFs ................5 7/9 33.2 ± 4.3

a Mice were pooled in groups of three to perform
this test; 220% inhibition is considered positive.

b Mean ± standard error of the mean.

low-molecular-weight substance derived from
spleen cells of BALB/c mice immunized to CFA
can transfer PPD sensitivity to nonimmunized
BALB/c recipients. Very few previous studies
have demonstrated transfer of DTH with TF in
mice. Rifkind et al. found that a TF-like sub-
stance prepared from spleen cells of CF1 mice
was capable of transferring antigen-specific foot-
pad responsiveness to recipient mice (19). They
also confirmed Crowle's earlier work showing
that footpad swelling is a valid indicator ofDTH
in mice (7, 17). Both the study of Rifkind et al.
and ours used complex microbial antigens. Both
documented transfer by in vivo footpad swelling.
Additionally, we showed development of in vitro
responsiveness to PPD after TF administration.
The TF-like substance we found in BALB/c

spleen cells has not been biochemically charac-
terized; the preparation of Rifkind et al. from
CF1 spleen cells was resistant to deoxyribonu-
clease, ribonuclease, and trypsin and sensitive to
pronase and phosphodiesterase, properties
shared with human TF (18). It is possible that
antigen could have been transferred to recipients
in the TFs preparation and that active sensiti-
zation occurred in these animals. However, this
seems unlikely in view of the short time between
TFs administration and evaluation of footpad
and lymphocyte transformation responses. It
has been shown by others using animal systems
that TF does not transfer antigen (3).
That TF is unique to humans and other pri-

mates seems untenable since so many immuno-
logical phenomena are shared by most mammals
(4). Besides the above studies in mice, TF has
now been demonstrated in cattle (12), rats (15),
dogs (21), and guinea pigs (3). Although several
of these models used Lawrence's method to pre-
pare dialyzable material from disrupted leuko-
cytes (15, 21), others used material released into
the supernatant by sensitized cells incubated at
370C for 4 h (3, 12). Assays for transfer of sen-
sitivity have included both skin test reactivity
and in vitro lymphocyte transformation in sev-
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eral of these models (12, 21) as well as in our
murine model.

In this study, transfer of sensitivity appeared
to be specific in that TFN recipients did not show
a response to PPD. However, specificity should
be evaluated further by testing recipient animals
with footpad responses and lymphocyte trans-
formation to several different antigens. In both
footpad swelling and transformation assays, the
responsiveness shown by CFA-immunized ani-
mals was greater than that exhibited by the TFs
recipients. The poor transformation response to
PPD noted by recipients of immune spleen cells
may be related to poor circulation to the spleen
by the cells given i.p. (5); these animals re-
sponded the best of all groups in the MIF assay,
which used cells from the peritoneum.
Not all animals given TFs reacted to PPD by

footpad swelling or lymphocyte transformation;
it appeared that some preparations of TFs were
more active than others in transferring immu-
nity. Without an adequate method to standard-
ize the quantity of TF given, this has been a
recurrent problem in most TF studies (8).

Spleen cells of CFA-immunized mice did not
respond to ConA, whereas saline-treated mice
responded normally to this mitogen. Likewise,
recipients of immune spleen cells showed no
response to ConA, whereas recipients of nonim-
mune cells reacted well. This inhibition of spleen
cell mitogenic response could reflect activation
of a population of suppressor cells in the spleens,
as has been found in mice given Mycobacterium
bovis BCG i.p. or intravenously (25) or Coryne-
bacteriumparvum (20). Those animals receiving
TFs that showed transfer of sensitivity to PPD
by in vitro lymphocyte transformation re-
sponded poorly to ConA, implying that the proc-
ess responsible for suppression occurred in these
animals as well. TFs animals that did not re-
spond to PPD responded well to ConA, and TFN
recipients responded well to ConA.

In the system we used, PPD was a specific
antigen and not a mitogen for murine spleen
cells. No saline-treated animals responded to
PPD, whereas all except one animal immunized
with CFA responded to PPD. Sultzer et al. have
reported that PPD is a mitogen for murine
spleen cells (23, 24), but this effect was noted at
48 to 72 h, not 144 h, and occurred at larger
doses of PPD than we used. Other workers have
not found PPD to be a nonspecific mitogen in
mice (16).
The direct MIF assay as used in this study

appeared to be nonspecific. Intraperitoneal ad-
ministration of either whole cells or TF, either
normal or sensitized, led to inhibition of macro-
phage migration. Although recipients of TFs
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showed greater inhibition of migration, this was
not significantly different from results with re-
cipients of TFN. The cause of this nonspecificity
is not known, but may relate to the use of the
peritoneal cavity for administration of cells or
TF as well as the procurement of macrophages.
This problem could be obviated by an indirect
MIF assay using other animal's macrophages as
indicator cells.
These studies establish that a TF-like sub-

stance does exist in murine spleen cells, and that
sensitivity to at least one microbial antigen can
be transferred with this moiety. Biochemical
characterization of this substance and its rela-
tion both to the material obtained by Rifkind et
al. (19) in a different inbred mouse strain and to
human TF will be of interest. Further studies
with other antigens will also be important. Fi-
nally, this model should be quite useful in inves-
tigating the mode of action of TF.

ACKNOWLEDGMENTS
This work was made possible by research support from the

University of Michigan and the Veterans Administration, and
by an award to M.E.W. from the Southwestern Ohio Lung
Association.

LITERATURE CITED

1. Bloom, B. R., and M. W. Chase. 1967. Transfer of
delayed-type hypersensitivity. A critical review and ex-
perimental study in the guinea pig. Prog. Allergy 10:
151-255.

2. Burger, D. R., A. A. Vandenbark, W. Dunnick, W. G.
Kraybill, and R. M. Vetto. 1978. Properties of human
transfer factor from KLH-immunized donors. Dissocia-
tion of dermal transfer and proliferation augmenting
activities. RES J. Reticuloendothel. Soc. 24:385-402.

3. Burger, D. R., R. M. Vetto, and A. Malley. 1972.
Transfer factor from guinea pigs sensitive to dinitro-
chlorobenzene: absence ofsuper-antigen properties. Sci-
ence 175:1472-1475.

4. Burnet, F. M. 1974. Transfer factor-a theoretical dis-
cussion. J. Allergy Clin. Immunol. 54:1-13.

5. Cantanzaro, P. J., L D. Agniel, Jr., W. R. Hogrefe,
and S. M. Phillips. 1978. Evidence that peritoneal
lymphocytes are not related to the recirculating pool of
lymphocytes. RES J. Reticuloendothel. Soc. 23:459-
468.

6. Carpenter, R. R., P. B. Barsales, and R. P. Ganchian.
1968. Antigen induced inhibition of cell migration in
agar gel, plasma clot, and liquid media. RES J. Retic-
uloendothel. Soc. 5:472-483.

7. Crowle, A. F. 1975. Delayed hypersensitivity in the
mouse. Adv. Immunol. 20:197-264.

8. Huard, T. K., T. Sabet, and P. Baram. 1978. In vivo
effects of dialyzable leukocyte lysates (DLL): changes
in the responses of murine spleen cells to T and B cell
mitogens, spleen weight, and morphology of splenic

tissue. Clin. Immunol. Immunopathol. 11:229-244.
9. Jeter, W. S., M. M. Tremaine, and P. M. Seebohm.

1954. Passive transfer of delayed hypersensitivity to 2,4-
dinitrochlorobenzene in guinea pigs with leucocytic ex-
tracts. Proc. Soc. Exp. Biol. Med. 86:251-253.

10. Kirkpatrick, C. H. 1975. Properties and activities of
transfer factor. J. Allergy Clin. Immunol. 55:411-421.

11. Kirkpatrick, C. H., R. R. Rich, and T. K. Smith. 1972.
Effect of transfer factor on lymphocyte function in
anergic patients. J. Clin. Invest. 51:2948-2958.

12. Klesius, P. H., and H. H. Fudenberg. 1977. Bovine
transfer factor: in vivo transfer of cell-mediated immu-
nity to cattle with alcohol precipitates. Clin. Immunol.
Immunopathol. 8:238-246.

13. Lawrence, H. S. 1955. The transfer in humans of delayed
skin sensitivity to streptococcal M substance and to
tuberculin with disrupted leukocytes. J. Clin. Invest.
34:219-230.

14. Levin, A. S., V. S. Byers, H. H. Fudenberg, J. Wy-
bran, A. J. Hackett, J. 0. Johnston, and L. E.
Spitler. 1975. Osteogenic sarcoma. Immunologic pa-
rameters before and during immunotherapy with tu-
mor-specific transfer factor. J. Clin. Invest. 55:487-499.

15. Liburd, E. M., H. F. Pabst, and W. D. Armstrong.
1972. Transfer factor in rat coccidiosis. Cell. Immunol.
5:487-489.

16. Nakamura, R. M., and T. Tokunaga. 1978. Strain dif-
ference of delayed-type hypersensitivity to BCG and its
genetic control in mice. Infect. Immun. 22:657-664.

17. Rifkind, D., J. A. Frey, J. R. Davis, E. A. Petersen,
and M. Dinowitz. 1976. Delayed hypersensitivity to
fungal antigens in mice. I. Use of the intradermal and
footpad swelling tests as assays of active and passive
sensitization. J. Infect. Dis. 133:50-56.

18. Rifkind, D., J. A. Frey, and M. Dinowitz. 1977. Su8-
ceptibility of murine transfer factor to dimerized ribo-
nuclease A. Infect. Immun. 16:920-922.

19. Rifkind, D., J. A. Frey, E. A. Petersen, and M. Dinow-
itz. 1977. Transfer of delayed hypersensitivity in mice
to microbial antigens with dialyzable transfer factor.
Infect. Immun. 16:258-262.

20. Scott, M. T. 1972. Biological effects of the adjuvant Cor-
ynebacterium parvum. I. Inhibition of PHA, mixed
lymphocyte, and GVH reactivity. Cell. Immunol. 5:459-
468.

21. Simon, M. R., J. Silva, Jr., D. Freier, J. Bruner, and
R. Williams. 1977. Tuberculin-specific transfer factor
in dogs. Infect. Immun. 18:73-77.

22. Spitler, L. E., A. S. Levin, D. P. Stites, H. H. Fuden-
berg, B. Pirofsky, C. S. August, E. R. Stiehm, W.
H. Hitzig, and R. A. Gatti. 1972. The Wiskott-Aldrich
Syndrome. Results of transfer factor therapy. J. Clin.
Invest. 51:3216-3224.

23. Sultzer, B. M., and B. S. Nilsson. 1972. PPD tubercu-
lin-a B cell mitogen. Nature (London) New Biol. 240:
198-200.

24. Sultzer, B. M., B. S. Nilsson, and D. Kirschenbaum.
1977. Nonspecific stimulation of lymphocytes by tuber-
culin. Infect. Immun. 15:799-806.

25. Turcotte, R., L. LaFleur, and M. Labreche. 1978. Op-
posite effects of BCG on spleen and lymph node cells:
lymphocyte proliferation and immunoglobulin synthe-
sis. Infect. Immun. 21:696-704.

VOL. 27, 1980


