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1.  Primary Cilia in the Skin: Functions in Immuni-
ty and Therapeutic Potential

The skin is the biggest organ and provides a phys-
ical and immunological barrier against pathogen in-
fection. The distribution of primary cilia in the skin of 
mice has been reported, but which cells in human 
skin have them has not, and we still know very little 
about how they change in response to immune reac-
tions or disease. This review introduces several stud-
ies that describe mechanisms of cilia regulation by 
immune reaction and the physiological relevance of 
cilia regulating proliferation and differentiation of 
stroma cells, including skin-resident Langerhans 
cells. We discuss the possibility of primary cilia pa-
thology in allergic atopic dermatitis and the potential 
for therapies targeting primary cilia signaling. 

2.  Increase in primary cilia in the epidermis of pa-
tients with atopic dermatitis and psoriasis. 

Primary cilia influence cell activity, and thus have 
a unique role in maintaining cell proliferation and dif-
ferentiation. In atopic dermatitis (AD) and psoriasis, 
areas of skin inflammation exhibit dysregulated ke-
ratinocyte homeostasis. The role of primary cilia in 

these conditions remains unclear. The objectives of 
this study is to elucidate the incidence of primary cilia 
in skin inflammation and the potential mechanism 
underlying the dysregulation of keratinocytes. Prima-
ry cilia were observed using immunofluorescence 
staining. Normal skin samples were compared with 
skin samples from patients with AD or psoriasis in 
terms of cilia numbers and length. The effect of cy-
tokine stimulation on ciliogenesis in keratinocytes 
was analysed using a primary keratinocyte culture. 
IFT88, an important ciliary intraflagellar protein, was 
blocked in Th2 and Th17 cytokines-stimulated kerati-
nocytes. These effects were analysed with quantita-
tive polymerase chain reaction and Western blot. Sig-
nificant increases in ciliated cells were observed in 
AD and psoriasis skin samples compared with nor-
mal skin samples. The stimulation of keratinocytes 
using Th2 and Th17 cytokines modulated the forma-
tion of primary cilia. The amount of IFT88 in the pri-
mary cilia associated with the phosphorylation of 
JNK, but not p38, in keratinocytes stimulated with 
interleukin-13, 17A and 22. An increase of ciliated 
cells in the epidermis may impair keratinocyte differ-
entiation under stress conditions caused by inflam-
mation in both AD and psoriasis patients.
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3.  Type I and II interferons toward ideal vaccine 
and immunotherapy

Introduction: Innate immunity is armed with in-
terferons (IFNs) that link innate immunity to adaptive 
immunity to generate long-term and protective im-
mune responses against invading pathogens and tu-
mors. However, regulation of IFN production is cru-
cial because chronic IFN responses can have 
deleterious effects on both antitumor and antimicro-
bial immunity in addition to provoking autoinflam-
matory or autoimmune conditions.Areas covered: 
Here, we focus on the accumulated evidence on anti-
microbial and antitumor activities of type I and II 
IFNs. We first summarize the intracellular and inter-
cellular mechanisms regulating IFN production and 
signaling. Then, we discuss the mechanisms modulat-
ing the dual nature of IFNs for both antitumor and 
antimicrobial immune responses. Finally, we review 
the detrimental role of IFNs for induction of autoin-
flammation and autoimmunity.Expert opinion: The 
current evidence suggests that the dual role of IFNs 
for antimicrobial and antitumor immunity is depend-
ent not only on the timing, administration route, and 
dose of IFNs but also on the type of pathogen/tumor. 
Therefore, we think that combinatorial therapies in-
volving IFN-inducing adjuvants and immune-check-
point blockers may offer therapeutic potential, espe-
cially for cancer, whereas infectious, 
autoinflammatory or autoimmune diseases require 
fine adjustment of timing, dose, and route of the ad-
ministration for candidate IFN-based vaccines or im-
munotherapies.

4.  A CpG Oligonucleotide Annealed to a Comple-
mentary Strand With an Amphiphilic Chain 
Unit, Acts as a Potent Cancer Vaccine Adju-
vant by Targeting Draining Lymph Nodes

Robust induction of cancer-antigen-specific CD8+ 
T cells is essential for the success of cancer peptide 
vaccines, which are composed of a peptide derived 
from a cancer-specific antigen and an immune-poten-
tiating adjuvant, such as a Toll-like receptor (TLR) ag-
onist. Efficient delivery of a vaccine antigen and an 
adjuvant to antigen-presenting cells in the draining 
lymph nodes (LNs) holds key to maximize vaccine ef-
ficacy. Here, we developed S-540956, a novel TLR9-ag-
onistic adjuvant consisting of B-type CpG ODN2006 
(also known as CpG7909), annealed to its comple-
mentary sequence oligodeoxynucleotide (ODN) con-
jugated to a lipid; it could target both a cancer peptide 
antigen and a CpG-adjuvant in the draining LNs. 
S-540956 accumulation in the draining LNs and acti-
vation of plasmacytoid dendritic cells (pDCs) were 
significantly higher than that of ODN2006. Mechanis-
tic analysis revealed that S-540956 enhanced the in-
duction of MHC class I peptide-specific CD8+ T cell 
responses via TLR9 in a CD4+ T cell-independent 
manner. In mice, the therapeutic effect of S-540956-ad-
juvanted with a human papillomavirus (HPV)-E7 
peptide vaccine against HPV-E7-expressing TC-1 tu-
mors was significantly better than that of an 
ODN2006-adjuvanted vaccine. Our findings demon-
strate a novel adjuvant discovery with the comple-
mentary strand conjugated to a lipid, which enabled 
draining LN targeting and increased ODN2006 accu-
mulation in draining LNs, thereby enhancing the ad-
juvant effect. Our findings imply that S-540956 is a 
promising adjuvant for cancer peptide vaccines and 
has a high potential for applications in various vac-
cines, including recombinant protein vaccines.
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