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extensively (Chart 1). Significant enhancement of the DTH
response occurred when poly ICLC was administered as early
as 3 days before and at the time of the initial injection with
SRBC. The most significant enhancement occurred when it
was given 1 day prior to sensitization. These results correlate
well with its optimal effect on macrophage and NK cell response
(Table 1). However, if poly ICLC was administered after the
initial SRBC sensitization, no effect was seen except when the
drug was given on the third day after initial sensitization and a
significant depression on the DTH was observed.

Depression of the DTH Response by CARR. Various con-
centrations of CARR have been reported to be capable of
depressing the DTH response. First, it was necessary to deter-
mine the maximum tolerated dose of CARR. Mice were given
i.p. injections of a single dose of CARR ranging from 2 to 40
mg/kg. Mice tolerated the 20-mg/kg dose well. Doses greater
than 32 mg/kg result in anorexia and early death. Results in
Table 4 show that at the 20-mg/kg CARR dose the maximum
depression of the DTH response occurred when administered
2 days prior to SRBC sensitization. When CARR was adminis-
tered 1 or 2 days after sensitization, little or no depressive
effect was observed.

Capacity of Test Agents to Restore CARR Depression of
the DTH Response. CARR was injected on the day of its most
suppressive effect (Day —2), and the test agents were given
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Chart 1. Effect of a single injection of poly ICLC (4 mg/kg) administered at
different time intervals in relation to the initial SRBC sensitization. Results are the
mean of 3 experiments; bars, S.E.

Table 4
Depression of DTH response by CARR administered at different time periods
CARR (mg/ Mean increase in foot-
SRBC? kg) Day pad swelling (mm)
Day 0 0.22 + 0.01°
Day O 20 -2 0.10 + 0.01
Day O 20 -1 0.11 + 0.02
Day O 20 o] 0.13 + 0.01
Day O 20 1 0.19 + 0.01
Day O 20 2 0.22 + 0.02

? DTH response conducted according to assay described in **Materials and
Methods."
®Mean + S.E.
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on the day which produced maximum activity (levan, lentinan,
Day —6; mannozym, MVE-2, Day —3; and poly ICLC, Day —1).
All of these injections were given prior to the initial challenge
with SRBC. All 5 agents effectively reversed the depression of
the DTH response induced by CARR treatment (Chart 2). MVE-
2 and poly ICLC appeared to be the most effective since they
gave a response higher than the SRBC control value alone.
Results in Chart 3 show the mean of the responses of mice
when IF was tested for its capacity to reverse CARR depression
of the DTH response. CARR administered 2 days prior to SRBC
sensitization depressed the response from the SRBC control
value of 0.25 to 0.05 mm. IF alone, when administered 4 hr
after sensitization, significantly enhanced the DTH response to
a value of 0.42 mm. IF was found to be capable of reversing
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Chart 2. Capacity of test agents to restore CARR depression of the DTH
response. CARR was administered 2 days prior to initial SRBC sensitization. Test
agents were administered at the time periods previously found to be optimal for
macrophage and NK cell activity. Day —6: levan, 50 mg/kg; lentinan, 100 mg/
kg; Day —3: mannozym, 4 mg/kg; MVE-2, 25 mg/kg; and Day —1: poly ICLC,
4 mg/kg. Resuits are expressed as the mean of 5 separate experiments; bars,
S.E. Values are compared to the group treated with CARR alone.
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Chart 3. Capacity of IF to restore CARR depression on the DTH response.
CARR (20 mg/kg) was administered 2 days before, and IF (1 X 10° units/
mouse) was administered 4 hr after the initial SRBC sensitization. Results are
expressed as the mean of 4 separate experiments; bars, S.E.
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the CARR-induced depression attaining a value of 0.40 mm,
close to that achieved when IF alone was used.

DISCUSSION

All 5 agents examined (levan, lentinan, mannozym, MVE-2,
and poly ICLC) were shown to enhance markedly the response
of macrophages and NK cells. Using the same time sequence
found optimal for each agent to stimulate macrophage activa-
tion, all 5 drugs also significantly enhanced the DTH response.
Several studies show that IF plays a regulatory role in macro-
phage enhancement (26, 28) and NK cell augmentation (11,
12, 31) and, indeed, indicate that IF is the primary signal for
regulation of these cellular elements of the immune system. IF,
when injected exogenously or induced endogenously by New-
castle Disease Virus, has been reported to play a regulatory
role in the DTH response (9, 10). These reports demonstrated
that IF exerted a modulatory effect on DTH, inhibiting or en-
hancing the response in relation to the time of injection. Optimal
enhancement with IF occurred when it was injected 4 hr after
primary sensitization with SRBC.

Results of the present study show that a dose-dependent
enhancement of the DTH with levan, lentinan, mannozym, MVE-
2, and poly ICLC occurred when they were administered before
the primary sensitization with the antigen. It was of interest to
speculate whether the enhanced DTH response achieved with
these drugs could be due to IF induction and/or due to their
direct effect on macrophage activation.

The anionic polymer MVE-2 and polysaccharides (levan,
lentinan, and mannozym) appear to be low inducers of IF (3,
21). The enhanced macrophage activation reported to occur
with anionic polymers was shown to be completely neutralized
by anti-IF globulin indicating that macrophage-induced IF was
responsible for the enhanced macrophage activity (26).

Poly ICLC has been reported to induce a high titer of IF
within 4 hr after injection and remains elevated in the serum for
3 days (5, 18, 22). In contrast to the report that IF injected
prior to SRBC sensitization inhibits DTH (9), present results
show that the DTH response was augmented when poly ICLC
was administered 3 days before or on the day of sensitization.
Since endogenous poly ICLC-induced IF is present in serum
for at least 3 days (i.e., at 24 hr, 6300 units/ml; at 48 hr, 1250
units/ml; at 72 hr, 15 units/ml) (5, 18, 22), the high level of
poly ICLC-induced IF still present when the primary antigen
was administered did not inhibit the DTH response. The de-
pression occurring when poly ICLC was administered 3 days
after primary sensitization (1 day prior to rechallenge) corre-
lates well with the previous observation of DTH suppression
using Newcastle Disease Virus as an IF inducer (9).

Several reports have described the suppressive effect ex-
erted by CARR on cellular immune function (2, 17, 19, 30, 32).
The immunosuppressive effects after CARR treatment are often
attributed to macrophage injury. Treatment of experimental
animals with CARR leads to a significant suppression of the
DTH response (29). Using CARR in conjunction with IF and the
5 drugs, we were able to reverse the suppressive effects found
on the DTH response with CARR alone. The ability of each test
agent to abolish the CARR-induced suppression appears to
correlate with their capacity to activate macrophages. Levan,
lentinan, mannozym, and MVE-2 were given prior to CARR
treatment, suggesting that macrophages once activated are
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able to maintain their capacity to respond to the SRBC and
may be less susceptible to the action of CARR. It also seems
very possible that a second population of macrophages not
damaged in their function by CARR can be reactive as shown
by the restoration of the DTH response with poly ICLC and IF,
which are injected after CARR. Finally, we cannot exclude the
fact that IF alone acts directly as a messenger on the T cells
responding to the antigen in the DTH response, thus overcom-
ing the suppressive properties of CARR. The enhanced DTH
response obtained with the 6 immunoaugmenting agents cor-
related well with their capacity to regulate macrophage and NK
cell activity. This DTH assay could serve as an additional cell-
mediated assay for evaluating potential immunoaugmenting
agents.
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