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Adjuvant Effects of the Lipid Amine CP-20,961
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Leukocyte migration into the injectioa sites and regional lymph nodes of inbred mice
was studied by morphologic and autoradiographic techniques following s.c. inoculation of
inactivated Venezuelan equine encephalitis virus vaccine (VEE) or vaccine combined
with a biodegradable lipid vehicle containing CP-20,961. Adjuvanticity was demonstrated
by the ability of these vaccine combinations to elevate plaque neutralizing titers and
enhance protection from lethal virus challenge. The results indicated that vaccine com-
bined with CP-20,961 in soybean oil lipid emulsion (Intralipid) induced transient acute
inflammation in the injection site which was followed by lymphoid and monocytic infil-
trates. By the fourteenth day no free lipid remained; however, lipid-laden macrophages
were found at the site and epithelioid cells containing brown lipid degradation products
were located in the subcapsular sinus and in crescents near germinal follicles of regional
lymph nodes. Rapid expansion of the paracortex resulting from accelerated entry of
recirculating T and B lymphocytes occured in a dose dependent fashion 6 to 48 hr after s.c.
inoculation of vaccine containing graded doses of CP-20,961. Only modest cellular ac-
cumulation was seen in nodes draining aqueous vaccine, or vaccine mixed with the lipid
vehicle. Despite continued elevation of the rate of lymphocyte entry into these nodes they
returned to nearly normal size by day 3 because of massive efflux of lymphocytes via
efferent lymphatics. Proliferative activity and continued cellular influx in the paracortex
resulted in a secondary peak in lymph node size by day 14. The magnitude of the latter node
enlargement also varied according to the dose of CP-20,961. Thus CP-20,961 appears to
behave as an immunologic adjuvant by enhancing cellular traffic through Ag depots and by
potentiating the expansion of immunoreactive clones.

INTRODUCTION

Complete Freund’s adjuvant is widely used to increase Ab formation (15) and
cellular reactivity (45, 46) in experimental animals, but its application to vaccines
for human use has been prohibited largely due to unacceptable acute and chronic
toxicity (12, 18), and due to the risk of induction of autoallergic phenomena (14, 28,
29, 33, 38). Current interest in producing safe and effective vaccines directed
against viral diseases which affect the health and economy of developing countries
(29) has led to the development of several compounds (9, 23, 24, 27, 30, 32, 36)
which might be used to potentiate marginal vaccines, alter the character of the
immunologic response, or permit more widespread vaccination by reducing the
required unit dose of Ag. One of these candidate adjuvants N, N-Dioctadecyl-N,
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N-bis (2-hydroxyethyl) propanediamine (CP-20,961) was originally developed as a
topical interferon-inducer (23, 37). However, this lipid amine has been shown to
enhance both humoral and cell-mediated immune responses to sheep erythrocytes,
and the magnitude of immunopotentiation was equivalent or greater than that seen
with complete Freund’s adjuvant (35).

The ability of CP-20,961 to enhance antiviral immunity when used in conjunction
with a dilute inactivated vaccine has not been previously demonstrated.

In the present studies we have examined the effects of CP-20,961 in an emulsion
of aqueous vaccine and biodegradable lipid vehicle on cellular phenomena in the
injection site and regional lymph nodes in addition to documenting the adjuvant
effects of this lipid amine on antiviral immunity. The results indicate that CP-20,961
behaves as a potent adjuvant by producing prolonged increases in lymphoid cell
traffic through Ag depots in the skin and regional lymph nodes while evoking
minimal acute inflammatory changes in the injection site.

MATERIALS AND METHODS

Animals. CD-1 (Swiss) mice (Charles River) and BALB/C mice (Jackson
Laboratories) 8-12 weeks of age were used for histologic and infectious challenge
studies, while highly inbred BALB/C mice were used for lymphocyte traffic
studies.

Agents. Formalin-inactivated Venezuelan equine encephalitis virus (VEE),
MNLBR-109, Lot C-84-1 (Merrill National Laboratories) was used as the aqueous
vaccine, diluted 1:5 in saline and administered in 0.1 ml aliquots. CP-20,961 (Lot
#6480-156-2, a gift from Dr. Ivan Otterness, Pfizer Central Research, Groton, CT),
was dissolved in 0.3 ml absolute ethanol, and added with or without Tween 80 to
soybean oil lipid emulsion (Intralipid, Cutter Laboratories, Berkeley, CA) con-
taining 10% soybean oil, 1.2% egg yolk phospholipids and 2.25% glycerin. The
soybean oil fatty acids include linoleic 54%, oleic 26%, palmitic 9% and linolenic
8%. Complete Freund’s adjuvant (Difco, Detroit, MI) was used as a water-in-oil
emulsion. The following agents were administered as 0.2 m! doses: VEE in saline,
VEE plus Intralipid, Intralipid plus saline, VEE plus 0.01, 0.1, or 1.0 mg doses of
CP-20,961 in Intralipid, and VEE in complete Freund’s adjuvant.

Experimental Design. Groups of 38 mice were inoculated s.c. with vaccine and/or
adjuvant-vehicle combinations into the lymphatic drainage beds of the right ingui-
nal lymph nodes. At sequential time intervals, 3 mice from each group were
sacrificed and the abdominal walls containing the injection sites and regional lymph
nodes were excised, fixed in formalin, and processed for histologic studies. During
tissue processing the length, width, and thickness of each lymph node was mea-
sured with an ocular micrometer and the node volume was calculated.

Lymphocyte Traffic Studies. BALB/C mice were euthanized by cervical disloca-
tion and the mesenteric, inguinal, axillary, submandibular and cervical lymph
nodes were excised, immersed in cold RPMI 1640 and gently teased to release
lymphocytes into suspension. The lymphocyte suspension was filtered free of
debris and dead cells by passage over nylon wool at 4 C, washed, and resuspended
in RPMI 1640 containing penicillin and streptomycin and 10% fetal calf serum
(Grand Island Biological Co., Grand Island, NY) to equal a concentration of 1 x 108
cells per ml. 3H-uridine (New England Nuclear, Boston, MA, specific activity 21
Ci/mM) was added to yield a final concentration of 10 uCi/ml and the suspension
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was incubated at 37C for 1 hr. The cells were washed twice, resuspended in RPMI
1640 containing 2% fetal calf serum and 5 x 107 labeled lymphocytes were injected
into the tail vein of each recipient. The mice were sacrificed at 10, 30, 90 and 180 min
after infusion and the regional and contralateral inguinal lymph nodes were re-
moved and placed in cold 10% phosphate buffered formalin. The fixed lymph nodes
were embedded in paraffin and sectioned at 4.0 wm thickness. Five sequential
sections for each node were dipped in Kodak NTB-2 liquid emulsion and exposed
for 8 weeks at 4C in light-tight boxes. After developing and fixing the slides were
stained through the emulsion with hematoxylin and eosin and scanned by light
microscopy. Labeled lymphocytes in the paracortex were counted through ten high
powered fields in each node. The slope of the accumulating labeled cells equaled the
rate of emigration or the number of lymphocytes per HPF per min.

Antibody Measurements. Three mice removed from each group were bled on the
day of challenge to assess Ab levels. VEE plaque reduction neutralization titers
were performed as previously described (25).

Infectious Challenge. Groups of 20 mice remaining from the above studies were
challenged on the 14th day postvaccination by s.c. inoculation with 1000 MIP-LDso
of virulent (Trinidad strain) VEE virus. Protection was indicated by better than 50%
survival by day 35 postvaccination.

RESULTS

Local Injection Site. Neutrophil diapedesis into the s.c. fascial plane containing
the injection mass was seen on the first day following injections of vaccine in
Intralipid with CP-20,961, but not with Intralipid alone, or vaccine alone. This
inflammatory infiltrate did not contain fibrin exudate as would be seen following
inoculation of Freund’s complete adjuvant. The intensity of inflammation appeared
to be greater with higher doses of CP-20,961 but these differences could not be
considered significant.

On days 2 and 3 following inoculation the neutrophils underwent necrosis and
their cytoplasmic contents were released into the slightly edematous connective
tissue (Fig. 1a). Monocytes and lymphocytes were first seen at the local site on day
3. Fibroblastic. and angioblastic proliferation was also seen as granulation tissue
penetrated the depot of necrotic neutrophils and lipid injection mass. By day 7 the
lesion consisted almost entirely of fibrovascular connective tissue infiltrated with
lymphocytes and monocytes, but in some specimens patches of amorphous
basophilic material marked the sites where neutrophil exudate had been. Mac-
rophages with foamy cytoplasm were seen at the borders of this lesion and in the
draining lymphatics.

On days 14 and 21 postinoculation the size of the lesion appeared to be smaller
and lymphocytes, foamy macrophages, and organized connective tissue remained
at the injection site (Fig. 1b & Ic). Characteristic epithelioid cell granulomas were
not seen. In one of the specimens lymphocytes were seen infiltrating the prickle cell
layer of the acanthotic, hyperkeratotic squamous epithelium immediately overlying
the injection site.

Regional Lymph Nodes. The inguinal lymph nodes draining injections of aqueous
VEE vaccine enlarged gradually over a 3-day period, plateaued and receded by day
28. Between days 3 and 7 proliferative activity, indicated by the presence of
scattered large immunoblastic lymphocytes, was seen within the paracortex but
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Fig. 2. Time course study of lymph node volume changes induced by the listed agents. Soybean oil
lipid emulsion is (LE) and Inactivated Venezuelan equine encephalitis virus is (VEE).

The initial volume increase of these nodes occurred rapidly, appeared quantita-
tively related to the dose of CP-20,961, and peaked by 24 hr after inoculation.
Edema was not associated with this early enlargement although there was vascular
congestion and distention of high endothelial venules in these nodes. The paracor-
tex was markedly expanded by tightly packed small lymphocytes. Planimetry
documented that the cortex increased from 50 to 80% of the total node volyme
during this initial 48-hr period (Fig. 3). The large number of emigrating lymphocytes
which were fixed enroute across the walls of the high endothelial venules and which
also formed dense cuffs surrounding these vessels suggested that this cortical
enlargement was due to a change in cell traffic rather than proliferation. Dense plugs
of lymphocytes were seen filling intermediary sinuses in nodes excised 2 days after
inoculation. By the third day these plugs were gone and the paracortex seemed to
lose some of its density as large basophilic immunoblasts with prominent nucleoli
appeared. ,

The later phase of node enlargement occurred gradually, also seemed related in
magnitude to the dose of CP-20,961, and peaked 7 to 14 days after inoculation. The
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Fig. 3. Diagrammatic tracings of regional lymph nodes draining vaccine in Intralipid plus 0.01 mg.
CP-20,961 which show the parenchymal changes quantitated by planimetry 0, 1, 7, and 14 days
postinoculation. '
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Fig. 5. Linear uptake of i.v. infused *H-uridine-labeled lymphocytes quantitated by autoradiography.
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and intermediary sinuses of lymph nodes excised 14 to 28 days after inoculation
with vaccine containing Intralipid and CP-20,961. While these structures clearly
resembled granulomas, they lacked the clear lipid droplets, foreign body giant cells,
and the acute inflammation and scarring associated with the lymphadenopathy
induced by complete Freund’s adjuvant. These granulomas induced by CP-20,961
did not cause distortion of the lymph node architecture and had completely resolved
in specimens examined 60 to 100 days after inoculation.

Radiolabel Lymphocyte Traffic. Less than 1% of the injected radioactivity was
recoverable in the regional and contralateral lymph nodes within the 180 min
following i.v. infusion of 5 x 107 #H-uridine-labeled lymphocytes, but the increased
sensitivity of light microscopic counts from radioautographs compensated for the
low yield of whole tissue radioactivity. Lymph nodes containing 30 to 50 labeled
cells per high powered field often produced counts barely above background when
the remainder of the lymph node was extracted and counted in a scintillation
counter. The accumulation of labeled lymphocytes in the paracortices of untreated
lymph nodes was nearly linear through 130 min after infusion (Fig. 5). The slope of
this line revealed the normal rate of emigration to be 0.96 to 1.35 labeled lympho-
cytes per high powered field per min. The rate appeared to fall off slightly by 180 min
possibly because fewer labeled cells were available in the circulation to migrate into
lymph nodes. Later, cells leaving the spleen enriched the blood levels of labeled
cells and the rate returned to normal (4).

The rates of lymphocyte migration into lymph nodes draining injections of VEE
in Intralipid plus CP-20,961 or VEE in complete Freund’s adjuvant were consis-
tently higher than the rates of migration induced by aqueous VEE (Table 1). Indeed,
the higher doses of CP-20,961 produced more lymphocyte traffic than complete
Freund’s adjuvant. Increases in the rate of lymphocyte emigration were clearly
related to the dose of CP-20,961 through 48 hr after inoculation, while at later time
periods all of the doses produced comparable enhancement of cell traffic.

Transfused 3H-uridine-labeled lymphocytes entered the lymph node parenchyma
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TABLE 2.

Adjuvant Effects of Subcutaneous CP-20,961 on Antibody
Response and Survival of Vaccinated Mice Challenged on
Day 14 Postvaccination with 1,000 MIP-LDso VEE (Trinidad) Virus

Vehicle Adjuvant Dose GEO X
Group CP-20,961 SN Ab (Range) % Survival
(Lipid Base) (mg/Mouse) Vaccine? (N=3) Day 35 (N=20)

Intralipid 0.01 + 25 (8-64) 90°

0.1 + 25 (<8-128) 90°

1.0 + 80 (32-256) 85¢

Intralipid 0.01 + 128 (128)>- 95¢

Tween 80 0.1 + 128 (64-256) 90°

1.0 + 40 (16-128) 100¢

Intralipid 0 + 25 (16-32) 55

0.1 - 0 0

0 - 0 0

CFA 0 + 80 (40-160) 75

None 0 + 5 (<8-8) 50

None 0 0 0 0

0.1 ml of VEE Vaccine, diluted 1:5 with saline and combined with an equal volume of adjuvant or
diluent.

"Mouse died during bleeding.

°Significance P <0.005.

were bled for Ab determination and the remaining animals were challenged with
virulent VEE (Trinidad strain) virus. The results indicated that Ab formation and
protection from lethal challenge was significantly enhanced by vaccines containing
CP-20,961 in Intralipid (Table 2). It appears that the minimal and maximal doses of
CP-20,961 were equally effective in enhancing immunity to VEE, and all were
slightly but not significantly more effective than CFA. Aqueous vaccine and vac-
cine suspended in Intralipid yielded comparable protective effects while vaccine in
Intralipid produced slightly more Ab. The interferon inducing effects of Intralipid or
CP-20,961 in Intralipid failed to protect mice challenged 14 days postinoculation.

DISCUSSION

The induction of immunity requires an intricate series of cooperative and regula-
tory cellular interactions among classes of T and B cells and macrophages (13).
In vivo immune responses to non-replicating vaccine Ag most likely begin within
the regional lymph nodes where specialized phagocytic cells bind and display the
Ag (1) to recirculating and lodging T and B lymphocytes which enter the node by
crossing the walls of specialized venules in the paracortex (5, 20, 21). Since
migrating lymphocytes comprise a diverse immunoreactive repertoire, the traffic of
lymphocytes through lymphatic tissues provides a natural environment for clonal
selection (10, 20). The process of coordinating the cellular interactions necessary
for induction of immunity is amplified by nonspecific and Ag-specific alterations in
lymphocyte traffic through lymph nodes draining Ag inoculation sites (7, 11, 16, 43).
Not all Ags are capable of accelerating lymphocyte traffic, and the ability of certain



ADJUVANT CP-20,91 677

Ags to promote lymphocyte emigration appears to correlate with the im-
munogenicity (11) and adjuvanticity (17) of the Ag.

Inactivated Venezuelan equine encephalitis virus vaccine (VEE) is a safe and
effective immunogen. In the present studies VEE was used as a 1:5 dilution which
was marginally immunogenic in mice, produced low level Ab and only 50 percent
protection from lethal challenge. The synthetic lipid amine (CP-20,961) increased
neutralizing Ab production and protective immunity as well if not better than
complete Freund’s adjuvant (CFA). Concerns about local reactogenicity (12, 18)
were dispelled as CP-20,961 emulsified in biodegradable soybean oil emulsion
(Intralipid) produced only mild acute inflammation which cleared completely, and
the lipid depot was dispersed and carried away by foamy macrophages within the
time period of this study. Important questions about the ability of CP-20,961 to
evoke chronic residua such as thyroiditis (33), orchitis (14), encephalomyelitis (28)
and arthritis (38) associated with the effects of CFA remain to be resolved, how-
ever.

The mechanisms of adjuvant action of CP-20,961 resembled those of CFA since
paracortical reactivity predominated throughout the lymph node response 2,17,
22,31, 44, 48) and there was increased traffic of recirculating and lodging T and B
lymphocytes through the regional lymph nodes (17) and injection site (47).

It is necessary to make a distinction between ‘‘lymphocyte trapping’” which has
been proposed as an adjuvant effect (17) and increased lymphocyte traffic. In this
study we measured the rate of entry of circulating lymphocytes while studies
dealing with “‘trapping’’ measured the total accumulation in the regional node at 24
or 48 hr compared to the accumulation in the contralateral node (17). Trapping
studies may fail to record an increased traffic if the efflux of lymphocytes suddenly
equals or exceeds the influx.

These conditions were met in the present study when CP-20,961 induced a
biphasic lymph node enlargement which occurred as the rate of lymphocyte influx
was still increasing. This suggested that the lymphocytes which accumulated
through 48 hr were released into the efferent lymph. This biphasic sequestration and
dumping of circulating lymphocytes is well documented in studies of the effect of
Ag on the efferent lymph of sheep, and is associated with hemodynamic alterations
(16, 22).

Increased traffic through adjuvant-Ag draining lymph nodes in this study was not
confined to entry via specialized blood vessels. Fourteen days following vaccina-
tion, significant numbers of lymphocytes entered the regional node via afferent
lymphatics originating in the injection site. This phenomenon also occurs following
injections of CFA and is associated with the appearance of new blood vessels which
morphologically resemble lymph node high endothelial venules (47). The induction
of new vessels which support lymphocyte traffic has also been described in delayed
hypersensitivity lesions (39) and in lymph nodes draining skin allografts (7). Al-
though we have not specifically documented the proliferation of these specialized
venules in CP-20,961 sites through electron microscopy, nonspecific esterase stains
(8) or microvascular perfusion techniques (6), new vessels with plump endothelium
and migratory lymphocytes were seen by light microscopy.

The shift in classes of lymphocytes entering lymph nodes draining Ag-adjuvants
toward nearly equal proportions of B and T lymphocytes may have been influenced
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by traffic from the injection site or may reflect recruitment of B cells by Ag (40).
Absence of negative feedback control of migratory B cells may also explain the
increased traffic. White (47) has seen crescents of epithelioid cells obliterating the
surface of germinal follicles following CFA injections in chickens which is similar to
the crescents described in this study. He proposed that the presence of this barrier
of macrophages shielding the germinal centers prevents the negative feedback
control of Ab production by immunoglobulins or immunoregulatory cells. An
alternative explanation for the association of these epithelioid cell crescents with
enhanced and persisting immunity might be the increased availability of Ag pre-
senting macrophage surfaces to recently emigrated T and B lymphocytes.

The ability of CP-20,961 to evoke epithelioid cell granulomata in the regional
lymph nodes resembled the effects of CFA, but the CP-20,961-induced clusters of
epithelioid cells were not associated with the extensive inflammation, fibrosis, and
architectural destruction seen following injections with CFA (19).

The lipid amine CP-20,961 is one of a series of new immunopotentiating agents (9,
23,24, 27, 30, 32, 36) which might someday be used in combination with vaccines
for agricultural or public health use. In cases where live virus vaccines, or whole
inactivated vaccines are for some reason unsuitable and synthetic or weakly im-
munogenic subunit vaccines must be used (34) combination of these vaccines with
CP-20,961 in lipid emulsion or on liposomes (3) might produce the desired result.

In conclusion, CP-20,961 in Intralipid enhances antiviral immunity without
causing extensive local reactions and appears to act through a mechanism similar to
complete Freund’s adjuvant.
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