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Bio—Plex Multiplex Cytokine assay
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1. Protection of BALB/c mice against lethal influenza virus infection by IL-1 family cytokine adjuvants.
BALB/c mice were immunized intranasally at 0 and 28 days with PR8 HA alone, PR8 HA plus CT, or PR8 HA plus an IL-1
family cytokine. 14 days after the final immunization, mice were intranasally infected with 256 HAU of influenza virus
A/PR/8/34. Mice were monitored for survival (A) and weight loss (B) for 14 days after infection. The results are
expressed as percent survival (A) and percent initial body weight (B). Data are presented as means + SEM (n=4to 7).
Differences were compared using Dunnett analysis of variance (ANOVA). *, P < 0.05; **, P < 0.01 compared to the
value for the PR8 HA treated group.

HA plus IL-1a

HA plus IL-18

2. Histopathological analysis of the nasal cavities of mice immunized intranasally with rHA
plus an IL-1 family cytokine. Frontal cross sections of nasal cavities of mice were taken after two
administrations of PBS, rHA alone, or rHA plus an IL-1 family cytokine. Sections were prepared and
stained with H&E (A) or Luna’s stain (B) to assess pathological changes. Overall views of the nasal
epithelium (A) and of Luna’s-stained eosinophils in the nasal septum (B) are shown.
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3. Plasma OVA-specific IgG and subclass IgG1 Ab response after intranasal exposure to OVA plus
silica particles.

BALB/c mice were intranasally exposed to PBS (vehicle control), OVA alone or OVA plus silica particles (250
ug/mouse) on days 0, 1, and 2. Plasma was collected on day 21 and analyzed by ELISA to detect the level of (A)
OVA-specific IgG and (B) OVA-specific IgG1 Ab responses. Data represent mean absorbance at a wavelength of
450 nm (reference wavelength, 655 nm). N.D., not detected. Data are presented as mean + SEM (n = 5 to 8);
*P < 0.05, **P < 0.01 vs OVA alone; ''P < 0.01 vs PBS).
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B 4. Cytokine responses induced after intranasal exposure to OVA plus silica particles.

BALB/c mice were intranasally exposed to PBS (vehicle control), OVA alone or OVA plus silica particles (250
ug/mouse) on days 0, 1, and 2. On day 21, splenocytes from each group were prepared and cultured with 1
mg/mL OVA. Culture supernatants were harvested after 3 days of incubation, and the level of OVA-induced
IL-4 (A) and IL-5 (B) produced and released into the culture supernatant was analyzed using the Bio-Plex
Multiplex Cytokine Assay. Data are presented as mean = SEM (n = 3; *P < 0.05 vs OVA alone; 'P < 0.05 vs
PBS).
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Figure 1. Plasma OVA-specific IgG and subclass IgG1 Ab response after intranasal exposure to OVA plus silica particles.
BALB/c mice were intranasally exposed to PBS (vehicle control), OVA alone or OVA plus silica particles (250 ug/mouse) on
days 0, 1, and 2. Plasma was collected on day 21 and analyzed by ELISA to detect the level of (A) OVA-specific IgG and (B)
OVA-specific IgG1 Ab responses. Data represent mean absorbance at a wavelength of 450 nm (reference wavelength, 655
nm). N.D., not detected. Data are presented as mean £ SEM (n = 5 to 8); *P < 0.05, **P < 0.01 vs OVA alone; P < 0.01 vs
PBS).
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Figure 2. Cytokine responses induced after intranasal exposure to OVA plus silica particles. BALB/c mice were intranasally
exposed to PBS (vehicle control), OVA alone or OVA plus silica particles (250 ug/mouse) on days 0, 1, and 2. On day 21,
splenocytes from each group were prepared and cultured with 1 mg/mL OVA. Culture supernatants were harvested after 3
days of incubation, and the level of OVA-induced IL-4 (A) and IL-5 (B) produced and released into the culture supernatant
was analyzed using the Bio-Plex Multiplex Cytokine Assay. Data are presented as mean + SEM (n = 3; *P < 0.05 vs OVA
alone; P < 0.05 vs PBS).
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Chapter 31
Identification of New Candidates as Mucosal
Vaccine Adjuvant in TNF Family Cytokines

Hiroyuki Kayamuro, Yasuo Yoshioka, Yasuhiro Abe, Kazufumi Katayama,
Shuhei Arita, Tetsuya Nomura, Tomoaki Yoshikawa, Norio Itoh, Haruhiko
Kamada, Shin-ichi Tsunoda, and Yasuo Tsutsumi

Mucosal Immunity and Vaccine

Mucosal immunity forms the first line of defense against various infectious diseases.
The majority of emerging and re-emerging pathogens, including Vibrio cholerae,
pathogenic Escherichia coli, HIV (human immunodeficiency virus), and influenza
virus, invade and infect via the mucosal surfaces of the host gastrointestinal, respira-
tory, and/or genitourinary tracts [3]. An important aspect of the immune response at
mucosal surfaces is the production of polymeric immunoglobulin (Ig) A antibodies
(Abs), as well as their transport across the epithelium and release as secretory IgA
[2]. Because this IgA response represents the major mechanism of defense against
viral and bacterial infections, recent efforts have been focused on the development of
vaccines that are capable of efficiently inducing IgA production, as well as cytotoxic
T-cell activation, in mucosal tissues.

Mucosal vaccines administered either orally or nasally are effective in inducing
antigen-specific immune responses in both the systemic and the mucosal compart-
ment [10]. Because of this two-layered protective immunity, the use of mucosal
vaccines is likely to be an ideal strategy for combating both emerging and re-
emerging infectious diseases (Fig. 31.1). However, the mucosal antigen-specific
immune response is weak, because most protein antigens, such as non-living macro-
molecules or protein-subunit antigens, can evoke only a weak or undetectable
adaptive immune response when they are applied mucosally [1]. Therefore, one
strategy to overcome the weakness of the immune response is the co-administration
of a mucosal adjuvant with the vaccine antigen [6]. Unfortunately, the development
of a safe and effective mucosal adjuvant has proved to be challenging. As a potent
mucosal vaccine adjuvant, cholera toxin (CT) or heat-labile toxin has been used
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Fig. 31.1 Mucosal vaccine strategy

in experimental studies. However, the watery diarrhea induced by the administra-
tion of these toxins precludes their use as oral adjuvants in humans [4]. In addition,
a recent report showed that administration of a human vaccine containing inacti-
vated influenza virus, with heat-labile toxin as a mucosal adjuvant, resulted in a very
high incidence of Bell’s palsy [9]. Therefore, development of novel mucosal vaccine
adjuvants with high efficacy and safety is urgently required for clinical applications.

Previously, we tested the potential for tumor necrosis factor (TNF)-a to function
as a mucosal vaccine adjuvant. We showed that TNF-a could substantially enhance
antigen-specific Ab responses at both the systemic and the mucosal level in mice
[7, 8]. Furthermore, we have utilized a phage display system to create a functional-
ized TNF-a, and we have developed a mutant form of TNF-o, namely mTNF-K90R,
which possesses six times the in vitro bioactivity and 13 times the in vivo bioactiv-
ity as wild-type TNF-a [11]. In addition, we previously demonstrated that intranasal
administration of a model antigenic protein (ovalbumin; OVA) together with mTNF-
K90R effectively induced the production of both antigen-specific IgG in the serum
and IgA at mucosal sites (Fig. 31.2). Importantly, although mTNF-K90R had a
potent adjuvant effect on mucosal immunity, it did not elicit signs of excessive
inflammation, such as edema or fibrosis [7, 8]. These findings indicate that our tech-
nique of creating bioactive mutant cytokines might be attractive for designing novel
mucosal adjuvants that are effective and safe.

Identification of New Candidate Mucosal Vaccine Adjuvants
Among TNF Superfamily Cytokines

Previously, we reported that use of TNF-a as a mucosal vaccine adjuvant aug-
mented both the antigen-specific systemic IgG Ab response and the mucosal IgA Ab
response in mice [7, 8]. However, it is not yet known which of the TNF superfam-
ily cytokines is the most potent mucosal adjuvant for augmenting antigen-specific



