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Abstract: Tilorone (2,7-bis[(diethylamino)ethoxy]fluoren-9-one) can enhance the humoral immune 
response of mice to SRBC although Tllorone has no effect on functional activity of splenic 
B cells in the absence of immunogen. Tllorone does not alter the effective level of T cell help 
but does seem to alter the level of effective suppression. Tilorone seems to be an adjuvant only 
in the sense of removing a normal homeostatic control mechanism, perhaps suppressor T cells. 
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INTRODUCTION 

Tilorone has been shown to exhibit antitumor (Adamson, 1971) and antiviral (Krueger and 
Mayer, 1970) activities. These~ctivities are associated with an interferon inducing capacity 
of this low molecular weight compound (Mayer and Kreuger, 1970, DeClercq and Merigan, 
1971). In addition, it has been shown to exhibit an adjuvant-like activity (Diamantstein, 1973, 
Megel et al., 1974). This investigation seeks to examine, with a single strain of mice and both 
thymus dependent (TNP-SRBC) and thymus independent (TNP-LPS) antigens, the influence 
of Tilorone on the acquisition and expression of humoral immunity. In a companion article 
(Kettman, 1978), the influence of Tilorone on the acquisition and expression of cell mediated 
immunity (DTH) is examined using SRBC as antigen and the same strain of mice. 

METHODS 

BDF1 mice (C57BL/6 ~ x DBA/2 £ )F1 were obtained from Jackson Laboratory, Bar Harbor, 
Maine. Sheep red blood cells (SRBC) and horse red blood cells (HRBC) were obtained as 
blood in Alsevers from Colorado Serum Company. Tilorone was the gift of Dr. G. Michaels. 
Mice were immunized with a dose of SRBC, 0.2 ml of 0.01% suitable for optimum T cell 
priming (Falkoff and Kettman, 1972). Plaque forming cell (PFC) assays were performed 
according to the method of Jerne and Nordin (1963) as modified by Mishell and Dutton 
(1966). Anti-TNP PFC were assayed according to the method of Rittenberg and Pratt (1969). 
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Table I Effect of Tilorone treatment on the primary 
immune response against SRBC 

Tilorone Anti-SRBC PFC/spleen 
SRBC dose  treatment (mean, SEM) 

l0 s - 4643 (1185) ~ 
l0 s + 16507 (5814) 
10 s - 83560 (18788) ~ 
108 + 177670 (38610) 

a Mice receiving Tilorone treatment gave significantly greater 
immune response, Student's t-test, P < 0.05. 
Groups of 5-7 mice received the indicated amounts of 
SRBC by i.v. injection. After 4 days, mice were killed and 
each spleen assayed for directly hemolytic PFCs against 
SRBC. Tilorone injection was either 1 mg subcutaneously 
daily until assay or 1 mg i.p. 2 hr prior to SRBC immuni- 
zation. Mice receiving only Tilorone had the same number 
of PFC against SRBC as control nonimmune mice. 

TNP-LPS was prepared according to the method of Jacobs (1975) with LPS or Escherichia 
coli 055 prepared commercially. 

Cells were cultured according to Mishell and Dutton (1967) except that 10 -5 M 2-mer- 
captoethanol was routinely added to the culture medium (Click et al., 1972). Anti-TNP SRBC 
response was obtained as described by Kettman and Dutton (1970). Helper-cell activity was 
assayed by a titration method (Kettman and Dutton, 1971; Hoffmann and Kappler, 1973). 

RESULTS 

Effect of Tilorone on the Antibody-forming Cell Response in Vivo 

Confirmation of previous reports that Tilorone administered at the time of immunization shows 
an adjuvant effect is shown in Table I. Groups of BDFI mice received Tilorone, 1 mg/mouse, 
in the flank at the time of SRBC injection. After 4 days, those mice receiving Tilorone and 
SRBC showed more antiSRBC PFC than mice receiving SRBC and a control injection. Not 
shown are data which suggested that Tilorone injection alone will not cause an increase in 
antiSRBC PFC. This suggests that Tilorone's adjuvant activity is not direct B cell activation 
such as that shown by lipopolysaccharides. The adjuvant activity of Tilorone was more prominent 
when the SRBC challenge dose was low, also reported by Diamantstein (1973), but in con- 
trast to Diamantstein's results, the magnitude of the effect was not exceptional when com- 
pared to the adjuvant effect seen when Tilorone was given with a high dose of SRBC. 

The Effect of Tilorone on the Functional Activity of Spleen Cells 

To examine the possibility that Tilorone directly alters the in vitro activity of lymphocytes 
residing in the spleen, mice were either given chronic or short-term treatment with Tilorone, 
their spleens removed and examined for the ability to show primary in vitro responses against 
a thymus dependent antigen, SRBC, and a thymus-independent antigen, TNP-LPS. The 
results of these experiments are shown in Tables 2 and 3. 

As can be seen in Table 2, spleen cells from normal mice chronically treated with Tilorone 
had comparable in vitro responses to TNP-SRBC compared to normal controls. Table 2 shows 
the in vitro response of normal spleen cells and spleen cells of normal mice which received 
I mg of Tflorone 24 hr prior to removing spleens. Although there was a significant depression 
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Table 2 Effect of continuous Tilorone 
treatment of normal mice on 
the in vitro immune response 
of their spleen cells 

lmmunogen 

TNP-SRBC TNP-LPS 
Tilorone antiSRBC antiTNP 
treatment PFC/C PFC/C 

- 7100 605 
+ 4600 1065 
- 6800 630 
+ 8200 660 

Groups of 2 - 3  mice were given 1 mg of Tilo- 
rone in the flank subcutaneously for 5 days; 
on Day 6 spleens were removed, pooled, and 
stimulated with heavily haptenated TNP-SRBC 
or 10 ng of TNP-LPS. After 4 days, triplicate 
cultures were harvested, pooled, and assayed 
for antiSRBC, and antiTNP PFC. 

in one experiment, the data suggests that neither ability to show a primary response against 
a thymus-dependent  antigen or a thymus-independent antigen is affected by Tilorone treat- 
ment of the spleen donors. 

These results suggest the presence of a normal complement  of helper cells, B cells, and 
macrophages in the spleens of Tilorone-treated mice. To more carefully establish the pres- 
ence of normal amounts of antibody-forming cell precursors, spleen cells of normal and treated 

Table 3 Effect of short-term Tilorone treatment of normal 
mice on the in vitro response of their spleen cells 

lmmunogen 

TNP-SRBC TNP-LPS 
antiSRBC antiTNP antiTNP 

T ilorone PFC /C PFC /C PFC /C 
treatment (PFC/IO 6) (PFC/IO ~) (PFC/IO ~) 

- 3800 (836) 551 (125) 3040 (647) 
+ 50 (13) 156 (41) 2230 (587) 
- 5600 (529) 740 (109) 2120 (279) 
+ 2400 (558) 530 (123) 2640 (463) 
- 20300 (3192) a 1754 (274) a 920 (158} a 
+ 25400 (3307) 3280 (427) 655 (95) 

a Day 5 assay. 
Groups of 2 - 3  mice were given 1 mg of Tilorone in the flank sub- 
cutaneously 24 hr prior to sacrifice, teasing, and pooling of spleen 
cells. Triplicate cultures were stimulated with either heavily haptenated 
TNP-SRBC (I drop of 0.1% suspension) or I0 ng of TNP-LPS. After 
4 days, cultures were harvested, pooled, and assayed for antiSRBC 
and antiTNP PFC. Result in terms of PFC/IO 6 recovered spleen cells 
is also shown. 
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mice were mixed with an  excess of specific helper cells, i.e., irradiated spleen cells from carrier 
(SRBC) primed mice (Kettman and Dutton, 1971). Using this system, the number  of antibody- 
forming cells found after 4 days of culture is proportional to the number  of spleen cells mixed 
with the excess of irradiated helper cells. The results of two experiments which are shown in 
Table 4 clearly show no  significant difference in B cell activity of spleens of normal mice treated 
24 hr prior to culture with Tflorone. This result plus that of Tables 2, 3, and 5 indicate a failure 
of Tilorone to alter B cell precursor activity of the spleen. 

Effect of Tiloroae Treatmem on the Acquisition of Antigen-induced 
in Vitro Immune Responsiveness 

The results obtained so far do not adequately explain the adjuvant-like activity of Tilorone. The 
immune responsiveness of spleens from mice receiving both T'dorone and SRBC was examined 
and compared to responsiveness of mice receiving only SRBC. The first parameter examined 
was the ability to show an in vitro response to the priming antigen (SRBC) as well as a hapten, 
TNP (2,4,6-trini~ophenyl). These results are shown in Table 5. In the mice examined, the 
antiSRBC response of spleen cells receiving Tilorone and SRBC was better than mice receiving 
only SRBC. This is as might be expected from the observed adjuvant effect. The response 
against a T-independent antigen was not markedly different, but the response against a hapten 
attached to the carrier, SRBC was also enhanced. The enhancement of the antihapten 
response has been related in the past to an increase in thymus-derived specific helper-cell 
activity. To directly test this possibility, the helper-cell activity found in spleens of sensitized mice 
and mice who were sensitized while being treated with Tilorone were compared. The results 
of these titrations are shown in Table 6. The enhanced immune response has been shown to 
be specific, depend  on carrier priming, and the cell responsible is derived from the thymus, 
e.g., bears the Thy-1 marker. The initial slope of this titration curve is taken as the helper 
activity of the cell population. These experiments suggest that the helper-cell activity of SRBC- 
primed and Tilorone-treated mice is not different from SRBC-primed mice. However,  there is 

Table 4 Effect of short-term Tilorone exposure of  normal mice on functional precursor 
cell concentration in the spleen 

No. spleen cells~culture Exp 1 Exp 2 
Tilorone added to 5 × 10 ~ 
treatment irradiated SRBC- AntiTNP AntiSRBC AntiTNP AntiSRBC 
at 24 hr primed cells PFC/C PFC/C PFC/C PFC/C 

1 × 106 50 15 70 360 
2 × 106 175 175 290 1110 
3 × 106 485 560 385 3345 
4 x 106 1120 790 1420 7900 
5 x 106 1800 1340 2200 10750 

1 × 106 5 10 15 385 
2 x 106 140 20 205 1960 
3 x 106 400 205 975 2970 
4 x 106 890 565 1910 6500 
5 x I(Y 1560 1340 2800 8320 

One to three normal mice were given I mfl of Tilorone subcutaneously 24 hours prior to sacrifice. On 
Day 0, spleens were removed, teased, and pooled. Indicated amounts of spleen cells were cocultured with 
5 x 106 irradiated (1500R) spleen cells per culture from mice primed 5 days previously with 0.2 ml of 
0.01% SRBC. Cultures were stimulated with heavily haptenated TNP-SRBC. After 4 days of culture, 
triplicate cultures were harvested, pooled, and assayed for antiTNP and antiSRBC PFC. 
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Table 5 Effect o f  continuous Tilorone treatment of 
SRBC-primed mice on the in vitro immune 
response of  their spleen cells 

lmmunogen 

TNP-SRBC TNP-LPS 
antiSRBC antiTNP ant~TNP 

Tilorone PFC/C PFC/C PFC/C 
treatment (PFC/IO 8) (PFC/IO ~) (PFC/IO e) 

- 38200 (11790) 10325 (3187) 275 (132) 
+ 66800 (26935) 17105 (6897) 235 (86) 

- 12000 (1100) 10755 (987) 
+ 46400 (6823) 19340 (2944) 

- 6600 
+ 15860 

Groups of 2 - 3  mice were given 0.2 ml of 0.01% SRBC i.v. on 
Day -5 .  On each day from - 6  to sacrifice, one group of mice 
received 1 mg T'dorone/mouse in the flank, subcutaneously. On 
Day 0, spleens were teased, pooled, and stimulated with either 
heavily haptenated TNP-SRBC or 10 ng of TNP-LPS. After 4 days, 
triplicate cultures were harvested, pooled, and assayed for antiSRBC 
and antiTNP PFC. 

Table 6 Effect of Tilorone on the generation of 
antigen-specific helper-cell activity 
in the spleens of mice 

Helper-cell activity 
(antiSRBC or TNP PFC/IO 8 
recovered cell per 10 8 added 
carrier primed cells) 

Tilorone 
treatment Exp A Exp B Exp C 

AntiTNP - 400 600 1500 
PFC: + 320 900 1200 

AntiSRBC - 900 1700 2500 
PFC: + 500 1300 3500 

Groups of 2 - 3  mice were given 0.2 ml of 0.1% SRBC on Day 
- 4  or -5 .  On that day and subsequent days until sacrifice, each 
mouse in one group was also given 1 mg of Tilorone in the 
flank. On Day 0, mice were killed, spleens teased and pooled. 
Various proportions of carrier primed and normal spleen cells 
were made in triplicate. All cultures were stimulated with heavily 
haptenated TNP-SRBC. After 4 days, the triplicate cultures were 
harvested, pooled, and assayed for antiSRBC and antiTNP PFC. 
Each response was plotted vs. the proportion of carrier primed 
spleen cells in the mixture. The initial slope of this plot was 
obtained as PFC/106 recovered spleen cells per 108 added 
carrier primed and treated spleen cells. The results of three sep- 
arate experiments are shown. 
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still an increased responsiveness found in the spleen cells of mice given both Tilorone and 
SRBC, this advantage is seen only when a considerable proportion of the responding cultures 
are derived from the Tilorone-treated mice (Table 5). 

The Presence of Suppressor Activity in SRBC-primed Mice and its Lack in 
Tilorone-treated and SRBC-primed Mice 

This greater response of spleen cells in primed and treated cells compared to primed cells 
is the manifestation of the adjuvant effect. To examine this difference between the two spleen 

cell populations, experiments of the sort shown in Figure 1 were performed. Cultures made 
of mixtures in various proportions of spleens from SRBC-primed and spleens of SRBC and 

Tilorone-treated mice were cultured with TNP-SRBC. Again, cultures having greater than 80% 
spleen cells from Tilorone and SRBC-primed mice had much better responses than spleen 

cells from mice primed only with SRBC. Since both antiTNP and antiSRBC responses were 
similarly affected, a general suppression by SRBC-primed spleen cells of the response of 
SRBC- and Tilorone-treated mouse spleen cells is operating. The loss of this factor or unit 
which has a suppressive effect could explain the adjuvant activity of Tilorone. 

Effect of Short-term Tilorone Treatment on Helper-cell Activity Found 
in Spleens of Sensitized Mice 

Since the spleen cells of sensitized mice which had been recently treated with Tilorone failed 

to transfer delayed hypersensitivity when transferred into normal mice, such spleen cells were 
examined for their ability to show an immune response in vitro. The results of several experi- 

Figure 1 The effect of Tilorone-treated, SRBC-primed mouse spleen cells on the in vitro 
immune response of SRBC-primed mouse spleen cells. Groups of mice were given 0.2 ml of 
0.01% SRBC 4 days prior to culture. One group of mice also received 1 mg of Tiloronel 
mouse in the flank. On Day 0, the spleens were removed, teased, and pooled. The indicated 

mixtures of the spleen cells of the two groups of mice were prepared. Each set of cultures 
received heavily haptenated TNP-SRBC. After 4 days, the cultures were harvested, pooled and 
assayedfor antiSRBC PFC and antiTNPPFC. (0) shows the antiSRBC PFC while (0) indicates 
the antiTNP PFC response. 
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Table 7 Effect of short-term Tilorone treatment on the 
in vitro immune response of SRBC-primed mice 

lmmunogen 

TNP-SRBC TNP-LPS 
antiSRBC antiTNP antiTNP PFC 

Tilorone PFC/C PFC/C PFC/C 
treatment (PFC/IO 6) (PFC/IO 6) (PFC/IO s) 

- 45400 (5341) 24320 (2861) 1360 (160) 
+ 29100 (4217) 14'!.40 (2086) 3560 (539) 
- 12600 (2520) 13212 (2642) 2875 (777) 
+ 5600 (1513) 2920 (789) 1340 (383) 
- 59600 (6995) 33760 (3962) 690 (106) 
+ 67200 (7962) 22240 (2635) 895 (114) 
- 17600 (1766) 5075 (509) - -  
+ 23000 (2049) 8608 (773) - -  
- 35200 (3086) 5465 (479) 1410 (180) 
+ 26000 (2252) 5310 (460) 685 (86) 

Groups of 2 - 3  mice were primed on Day - 4  or - 5  with 0.2 ml 
of 0.01% SRBC i.v. On the day prior to culture, one group received 
1 mg of Tilorone in the flank. On Day 0, mice were killed, spleens 
teased and pooled. Triplicate cultures were stimulated with either heavily 
haptenated TNP-SRBC or 10 ng of TNP-LPS. After 4 clays of culture, 
cultures were harvested, pooled, and assayed for antiTNP and antiSRBC 
PFC. 
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ments are shown in Table 7. Spleen cells from sensitized mice and sensitized mice treated 24 
hr before culture, were stimulated with the hapten carrier complex, TNP-SRBC and the 
thymus-independent antigen, TNP-LPS. 

The response to TNP-LPS on the average was not different from the appropriate control. 
This would be in accordance with early results where it was suggested that similarly treated 
normal mice had no difference in their B cell precursor activity. Since TNP-LPS does not  
depend on thymus-derived cells, priming with SRBC ought not alter the response against a 
thymus-independent antigen. In the case of the antiSRBC response, there was, in one out of five 
instances, some suppression of the response against SRBC and TNP, but the preponderance 
of the data suggests that responses against both TNP and SRBC are unaffected by treatment 
with Tilorone 24 hr prior to culture. In a manner described earlier, the helper-cell activity of 
these spleen cells was estimated. As indicated in Table 8, no strong suppression of enhance- 
ment of these Tilorone-treated spleen cells was detected. 

DISCUSSION 

The results presented here strongly suggest that Tilorone does not have the ability to alter 
the activity of B cell precursors of the spleen in treated animals whether treatment is con- 
tinuous or a single injection 24 hr prior to test. This observation seems to be true regardless 
of the presence or absence of antigenic stimulation. The same treatment which alters the 
circulation pattern of DTH effector cells (Kettman, 1978) does not alter B cell precursor activity 
or helper-cell activity of mice. 

Tilorone does alter the in vivo response to SRBC (Table I) and the ability to respond 
in vitro (Table 5). This is only induced by administration of Tilorone with antigen and Tilorone 
given 24 hr before test does not alter responsiveness in vitro (Table 7) or helper-cell activity 
in vitro (Table 8). These results suggest that Tilorone is active in preventing the generation 
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Table 8 Effect of Tilorone on the helper-cell activity in the spleens 
of SRBC-sensitized mice 

Helper-Cell activity 
(A TNP or SRBC PFC/C per 100 
carrier-primed spleen cells) 

Tilorone 
treatment Exp A Exp B Exp C Exp D ~ 

An~SRBC PFC - 1400 540 2000 400 
+ 350 900 2000 200 

An~TNP PFC - 1800 240 350 400 
+ 600 240 200 200 

Groups of mice were immunized with 0.2 ml and 0.01% SRBC 5 days prior 
to culture. Twenty-four hours prior to culture, one group of mice received 
1 mg of Tilorone/mouse in the flank. On Day 0, the mice were killed, spleens 
removed, teased, and pooled. The carrier primed cells were mixed with spleen 
cells of normal mice in various proportions. Cultures were then stimulated 
with TNP-SRBC. After 4 days, triplicate cultures were harvested, pooled and 
assayed for PFC. The increase in PFC per culture for each 106 carrier-primed 
spleen cells was obtained graphically. In Experiment D, carTier-primed cells 
were given 1500R with Cs 137 prior to mixing and culturing with normal spleen 
cells. 

of a suppressor activity (Figure 1) but Tilorone cannot  affect that activity after it has been 
generated (Table 7). The most likely candidate for this suppressed activity is antigen-specific 
suppressor cells described by Gershon (1976) and shown by Cantor et al. (1976) to bear a 
different Ly phenotype from helper and DTH effector cells. 

Tilorone thus seems to have different activities on different lymphoid cell populations. 
There is no evidence that Tilorone affects B cell precursor activity as measured by T-dependent  
or T-independent  immunogens.  Tilorone has a profound effect on circulating leukocytes 
including lymphoid cells (Megel et al., 1977). This results in a temporary removal of the 
nonspeciflc element of DTH responses. However, Tilorone seems to have additional effects. It 
cannot block the generation of helper T cells or DTH effector cells but it alters the ability of 
DTH effector cells to circulate upon intravenous injection (Kettman, 1978). Tilorone also appears 
to be able to block the generation of suppressor cells (results shown here), but when given 
after the generation of suppressor cells, it seems to be without effect. These observations seem 
to account for most of the known activity of Tilorone on the immune response but gives us 
little or no evidence as to the importance of the observation that Tilorone is a powerful 
activator of interferon. Further investigation may show a linkage between interferon (lympho- 
kine) production, suppressor cell production or alteration of the ability of T cell subpopula- 
tions to circulate. It seems of importance that Tilorone has the ability to hasten the death of 
NZB/NZW mice (Walker, 1977). The auto immune pathology of this hybrid has been ascribed 
to the loss of suppressor cell activity with age (Steinberg, 1974). Tilorone would seem to hasten 
the process in NZB/NZW perhaps by blocking the generation of suppressor cells which keep 
the autoimmune phenomenon  in check until the suppressor cell function is lost for a different, 
genetically controlled reason. 
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