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Background: Intralymphatic immunotherapy (ILIT) for allergic patients requires only a few intralymphatic injections of the

allergen. However, the effectiveness and safety for Japanese cedar pollinosis are unclear. The objectives of this study were to

clarify whether and how long ILIT is effective for pollinosis, and its safety.

Methods: In an open pilot investigation followed by a double-blind, placebo-controlled study, patients with Japanese cedar pol-
linosis received 3 intralymphatic inguinal injections of the pollen extracts before the first pollen season. The symptom medication
score (SMS), nasal provocation testing and scoring visual analogue scale (VAS) were assessed after the first-third seasons.

Results: (1) Although mild adverse events were induced at the injected site, severe adverse events were not noted. (2) During the
latter part of the first season, ILIT-treated patients (n=12) tended to show improved SMS compared to placebo-treated (n=6) wit-
hout statistical significance. When assessed by nasal provocation testing and VAS scoring after the first season, the effectiveness
of ILIT was significant. (3) The effects of ILIT continued until the second or third season. (4) Neither allergen-specific antibodies nor

Treg/Breg cells changed in the peripheral blood.

Conclusions: ILIT was safe and effective for Japanese cedar pollinosis. The clinical effects remained for 1-2 years.
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Introduction

The prevalence of Japanese cedar pollinosis has steadily
increased in Japan, reaching more than 30% of the Japanese
population ™, Although pollinosis is not life-threatening, it
markedly reduces the QOL of patients and affects productivity,
leading to economic and social problems %, The treatment of
pollinosis includes pharmacotherapy, surgery, and immuno-
logical therapies. Allergen-specific immunotherapy is the only
treatment that reduces symptoms, improves QOL, prevents
new sensitization, and reduces the development of asthma in
allergic rhinitis patients. The most common immunotherapy

is subcutaneous immunotherapy (SCIT), which may require
more than 50 injections of allergen extracts over 3 to 5 years ©.
Sublingual immunotherapy (SLIT) has also been demonstrated
to be effective for pollinosis . Although SLIT does not require

injections, patients have to sublingually take allergen extracts
every day for several years, and the treatment duration cannot
be shortened. Because of this disadvantage, only 5% of allergic
patients undergo antigen-specific immunotherapy "%'". Thus,
allergen immunotherapy through other administration routes
should be investigated.

Intralymphatic immunotherapy (ILIT) for some allergens, such as
cat dander and pollen, has also been demonstrated to be effec-
tive for allergic rhinitis 29, |LIT induces tolerance to a specific
allergen more rapidly than SCIT and SLIT after only 3 injections
of allergen extracts, and does not induce serious adverse effects.
Antigens administered into the lymph node may be efficiently
delivered to antigen-presenting cells, followed by the activation
of T cells and B cells. Thus, ILIT may be advantageous because
only a few injections of a small amount of allergen extract are
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Table 1. Subjects' characteristics.

Placebo ILIT

N 6 12
Sex (Male/Female) 2/4 4/8
Age (years) 45.5 (39-54) 40.5 (30-65)

Total IgE (IU/ml) 158.7 (86.2-249)

20.9 (6.39-53.8)

150.6 (13.5-482)

Antigen specific IgE (IUA/ml) 13.2 (2.69-41.4)

necessary to achieve clinical effectiveness. However, compared
with studies on SCIT and SLIT, there are few demonstrating

the clinical efficacy and safety of ILIT, including its efficacy and
safety for Japanese cedar pollinosis. In addition, it is unknown
how effective ILIT is for subsequent pollen seasons.

The mechanisms underlying the clinical effectiveness of allergen

immunotherapy are unclear. Some mechanisms, including the
decrease in antigen-specific IgE and increase in antigen-specific
IgG4 in sera 1729, and activation of regulatory T (Treg) cells and
regulatory B (Breg) cells, have been suggested to be involved
in the effectiveness of SCIT and SLIT ?'-2%, However, there have
been few studies on the roles of these factors in ILIT.

In the present double-blind, placebo-controlled study, we
evaluated the clinical effectiveness of ILIT against Japanese
cedar pollinosis. Furthermore, we assessed whether the clinical
effectiveness of ILIT, in which pollen extracts were intralymp-
hatically injected 3 times before the pollen season, remained
in the subsequent two pollen seasons. The effects of ILIT on
antigen-specific IgE and IgG4 levels in sera, and Treg and Breg
cells among peripheral blood mononuclear cells (PBMCs) were
also evaluated.

Material and methods

Study population

Study subjects (20 in total) were recruited among patients at
the Otolaryngology Department of Osaka Medical College,
Osaka, Japan. The main inclusion criteria were a history of
severe Japanese cedar pollen-induced nasal allergy symptoms

including sneezing, nasal congestion and secretion, age of 18-70

years, and a detection of serum IgE specific to Cry j1.The main
exclusion criteria were serious immunologic diseases, serious
cardiovascular diseases, malignant diseases, and uncontrolled
severe asthma. Of the 20 patients screened, 18 (6 male and 12
female patients aged 30-65 years) were randomised to receive
either Japanese cedar pollen extract or saline (Table 1). The
diagnosis was confirmed by the presence of antigen-specific IgE
antibody (> 0.7 IUA/ml) and/or positive nasal provocation test.
None of the patients had asthma.

This study was approved by the ethics committees of Osaka
Medical College (Osaka, Japan) and Setsunan University (Osaka,
Japan), and written informed consent was received from all
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Figure 1. Study design for intralymphatic immunotherapy (ILIT) for
patients with Japanese cedar pollinosis, and assessment of the effects in

3 pollen seasons. VAS: visual analogue scale.

participants. The approval numbers are RIN-37 (1568-01) and
2015-032, respectively.

Study objectives and design (Figure 1)

At the first visit, the nasal provocation test and blood sampling
were performed. Approximately 1 week after the first visit,
patients in the double-blind study were randomly allocated

to receive either placebo (n=6) or active (n=12) intralymphatic
treatment. At 2 to 4 visits, the study subjects received three
injections with either Japanese cedar pollen extract or saline
in a 4-week interval. Blood was again drawn at the first visit
and 4 weeks after the last treatment. The symptom medication
score (SMS) was noted by the patients during the first pollen
season. Approximately 2 weeks after the end of the first pollen
season, blood sampling, nasal provocation test, and visual
analogue scale (VAS) scoring were conducted. Approximately
2 weeks after the end of the second and third pollen seasons,
blood sampling, nasal provocation test, and scoring of VAS were
conducted again. Lastly, approximately 1 month after the third
pollen season, blood was drawn to detect Treg and Breg cells
among PBMCs.

Intralymphatic injections

A superficial inguinal lymph node was identified to administer
0.1 ml of either Japanese cedar pollen extract (Torii Pharm. Co.
Ltd, Tokyo, Japan) at a dose of 20 JAU/patient or saline. Injec-
tions were aseptically conducted using a 1-ml hypodermic
syringe with a 25-gauge needle for 1 min. The same side was
targeted during all 3 injections. All patients were monitored in
the ward for no less than 60 min after each injection. All signs of
local and/or systemic reactions in conjunction were recorded by
the staff, and patients were then asked to record and report all
indications of late reactions during the following 24 h. Intra-
lymphatic injections were controlled and documented by means

242



of ultrasonography.

Symptom medication score (SMS)

During the first season after ILIT (February 3 to March 30, 2015),
patients were asked to note their SMS, which was scored by de-
grees of nasal symptoms, sneezing, rhinorrhoea, and nasal con-
gestion using a 5-point scale (0 = none, 1 = mild, 2 = moderate,
3 =severe, and 4 = very severe) based on the Japanese guideli-
nes for allergic rhinitis ?%. The medications were also recorded:
the use of antihistamines, mast cell stabilisers, and vasoconstric-
tors was scored as 1, and topical ocular or nasal steroids as 2.

Nasal provocation test

Before ILIT treatment and after the respective pollen seasons, all
patients were challenged with Japanese pollen extract. A cotton
pellet containing 0.01 ml of 200 JAU of the extract was put on
one side of the inferior turbinate mucosa. Five minutes after the
challenge, allergic nasal symptoms comprising sneezing or nose
itching, aqueous rhinorrhoea, or swelling and pallor of the infe-
rior turbinate mucosa were evaluated (-: none, +: 1 symptom, +:
2 symptoms, ++: 3 symptoms, and +++: 3 symptoms and snee-
zing more than six times). Non-specific hyperresponsiveness
was assessed by administration of 0.01 ml diluent to another site
of the inferior turbinate mucosa in each patient.

Visual analogue scale (VAS)

At the end of the respective pollen seasons, patients were asked
to score their allergic symptoms during each pollen season in
comparison with the symptoms experienced during the season
before the start of ILIT. The patients scored their symptoms on a
VAS ranging from 0 (unchanged symptoms, no improvement) to
10 (total symptom relief, complete recovery).

Measurement of antibodies

Venous blood was drawn from all participants at all screening vi-
sits. Amounts of allergen-specific IgE, IgG, and IgG4 in the serum
were measured using Immulite® total IgE Ill, Immulite® AlaSTAT
IgE II, Immulite® 2000 Allergen-Specific IgG, and Immulite® 2000
Allergen-Specific IgG4, respectively (Siemens Healthineers,
Tokyo, Japan).

FACS analyses for Treg and Breg cells

Approximately one month after the end of the third pollen
season, venous blood was drawn from the patients to collect
PBMCs. The methods of detection of Foxp3* Treg cells, Tr1 cells,
and Breg cells among PBMCs have been previously reported #2.
In brief, PBMCs were isolated from heparinised blood by centri-
fugation over Histopaque®-1077 (Sigma-Aldrich, St. Louis, MO,
USA). The isolated PBMCs were incubated with Cry j 1 (Crypto-
meria japonica 1, 10-5 g/ml, Hayashibara, Okayama, Japan) at
37°C for 24 h in the presence of the protein transport inhibitor
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Figure 2. Time-course of the symptom medication score (SMS) in intra-
lymphatic immunotherapy (ILIT)- or placebo-treated patients with
Japanese cedar pollinosis. Peak 1 and Peak 2 represent peaks of pollen
scattering detected by a system at Osaka Medical College. Each line
indicates the mean value of the score of 12 (ILIT-treated) and 6 (placebo-

treated) patients.

monensin sodium salt (2 uM, Calbiochem, San Diego, CA, USA).
For the detection of Foxp3* Treg cells, the PBMCs were not trea-
ted by the above-mentioned culture conditions.

After washing with 2% FBS-containing PBS, the cells were
treated with Human BD Fc BlockTM (BD Biosciences, San Jose,
CA, USA), and cell surface molecules were stained by fluores-
cein isothiocyanate (FITC)-conjugated anti-human CD3 (HIT3a),
PE-conjugated anti-human CD19 (HIB19), peridinin chlorophyll
protein (PerCP)-conjugated anti-human CD4 (OKT4), phycoery-
thrin-cyanin 7 (PE/Cy7)-conjugated anti-human CD45RA (HI100)
(all from BioLegend, San Diego, CA, USA), and/or allophycocy-
anin (APC)-conjugated anti-human CD25 (BC96) (Thermo Fisher
Scientific) at 4°C for 20 min. After staining the cell surface, the
cells were fixed and permeabilised by Fixation/permeabilisation
Concentrate (Thermo Fisher Scientific) at room temperature for
1 h. After fixation and permeabilisation, the cells were washed
with permeabilisation Buffer (Thermo Fisher Scientific), followed
by staining with APC-conjugated anti-human IL-10 (JES3-9D7)
(all from BioLegend) and/or PE-conjugated anti-human Foxp3
(236A/E7) (Thermo Fisher Scientific) at room temperature for

1 h. After washing with 2% FBS-containing PBS, the cells were
analysed using FACSAriaTM Fusion (Becton Dickinson, San Jose,
CA, USA).

Results

Adverse events associated with ILIT

Intralymphatic injections with Japanese cedar pollen extracts
were conducted 3 times/patient at an interval of 4 weeks for 12
patients (Figure 1). Among 36 total injections, only 5 incidents of
mild nasal symptoms were noted in ILIT-treated patients (data
not shown). Among placebo-treated patients, nasal symptoms
were induced after one of 18 injections. However, other adverse
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Figure 3. Effects of intralymphatic immunotherapy (ILIT) on the induc-
tion of nasal symptoms by nasal provocation test after the respective
first, second, and third pollen seasons in patients with Japanese cedar
pollinosis. Each point represents the score of respective patients. One
placebo-treated patient and one ILIT-treated patient were unable to par-

ticipate in the assessment after the second and third seasons.

events, including pulmonary symptoms, urticaria and angioe-
dema, and abdominal symptoms, were not observed.

Effects of ILIT on SMS during the first pollen season

SMS was recorded during the first pollen season after ILIT. In
2015, a pollen scattering detection system at Osaka Medical Col-
lege detected two peaks of pollen scattering around Takatsuki
city, Osaka, Japan, during May 13-15 and May 23-25 (Figure 2).
No statistically significant improvement of SMS was observed,
whereas only after the second peak of pollen scattering, SMS
tended to be reduced (p=0.551) (Figure 2).

Longitudinal effects of ILIT on the nasal provocation test
and VAS scores

Nasal provocation tests were performed before and after the
first pollen season, and after the second and third pollen sea-
sons. Compared with the nasal provocation test score before the
first pollen season, the score of the ILIT-treated patients after
the first season was significantly lower (Figure 3). The scores in
the second and third seasons were also lower than that before
the first season (Figure 3). In contrast, no significant change

was noted in the placebo-treated patients during the 3 seasons
(Figure 3).

Regarding the VAS scores recorded by placebo- and ILIT-treated
patients after the first, second, and third seasons. In the first and
second seasons, the VAS score of ILIT-treated patients was signi-
ficantly higher than that of placebo-treated patients (Figure 4).
However, there was no significant difference between the two
groups in the third season (Figure 4).

Effects of ILIT on allergen-specific antibody production
Allergen-specific IgE production slightly increased 4 weeks after
the last ILIT treatment in week 14, and then significantly incre-
ased in week 23 when the cedar pollen season ended (data not
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Figure 4. Visual analogue scale (VAS) of patients treated by intralymphat-
icimmunotherapy (ILIT) or placebo after the respective first, second, and
third pollen seasons. Each point represents scores of respective patients.
The patients were asked to rate the change in their allergic symptoms
on a scale ranging from 0 (no improvement) to 10 (complete recovery).
One placebo-treated patient and one ILIT-treated patient were unable to

participate in the assessment after the second and third seasons.

shown). Antigen-specific IgG production also increased after the
ILIT treatment in week 14, followed by a significant decrease in
week 23 (data not shown). Regarding placebo-treated patients,
the antibody levels did not change (data not shown). On the
other hand, allergen-specific IgG4 was not detected (data not
shown).

Effects of ILIT on the numbers of Foxp3* Treg cells, Tr1 cells,
and Breg cells

We next assessed whether the numbers of Foxp3*Treg cells, Tr1
cells, and Breg cells were higher in ILIT-treated patients than in
placebo-treated Japanese cedar pollinosis patients.

Foxp3* Treg cells were analysed as CD25* Foxp3* CD4* T cells
(Foxp3* Treg cells). There was no significant difference in the
number of Foxp3*Treg cells among PBMCs between the two
groups (data not shown). Tr1 cells among PBMCs were conside-
red to be Foxp3 CD4* T cells that produced IL-10 in response to
Cry j 1.The number of Tr1 cells in ILIT-treated patients was lower
than that in placebo-treated patients, but the difference was not
significant (data not shown).

Breg cells among PBMCs were detected as CD19* cells that pro-
duced IL-10 in response to Cry j 1. There was no difference in the
number of Breg cells between ILIT- and placebo-treated patients
(data not shown).

Discussion

This is the first, randomised, placebo-controlled, double-blind
study of the efficacy and safety of ILIT using a standardised Japa-
nese cedar pollen extract for Japanese cedar pollinosis in Japan.
Although this is a preliminary study based on a limited number
of patients, ILIT with Japanese cedar pollen extracts demonstra-
ted long-lasting reducing effects on nasal allergic symptoms
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without causing severe adverse events.

SCIT and SLIT are currently performed in immunotherapy for
allergic rhinitis. The disadvantages of SCIT include long-term
commitment by the patients and the risk of systemic adverse
events in relation to allergen administration ©-. SLIT has been
more recently developed and is more patient-friendly, but the
frequency and duration of the treatment remain long #. In this
study, we demonstrated that ILIT improved the safety, efficacy,
and compliance of SCIT, and reduced the number of injections
and cumulative allergen dose.

In three previous reports, ILIT demonstrated clinical improve-
ment in allergic patients against grass or birch pollen and cat
dander, although those clinical studies were not double-blind,
placebo-controlled *'>19) The overall results in our present
double-blind, placebo-controlled study in cedar pollinosis
patients were consistent with those three studies. In contrast,

a double-blind, placebo-controlled study by Witten et al. ?”
showed that ILIT exerted no clinical improvement in subjects
with grass pollen-induced rhinoconjunctivitis. Reasons for the
difference in clinical effectiveness between the former four
studies including ours 31519 and the study by Witten et al. @
are unclear. In the study by Witten et al,, the interval of intra-
lymphatic injections was 2 weeks, whereas those in other trials
were 4 weeks. This may be a reason for the lack of clinical effects
in the study by Witten et al. ?”. The administered antigen is
presumed to be caught by the antigen-presenting cells, which
are subsequently incorporated into the regional lymph nodes,
leading to immunological unresponsiveness '“ 2%, However, in
SCIT and SLIT, the amount of antigen incorporated into the regi-
onal lymph node should be much lower than that administered
subcutaneously or sublingually. Direct antigen administration
into the lymph nodes can efficiently induce immunotolerance
with a small dose of the antigen. In ILIT for Japanese cedar pol-
linosis performed in this study, the antigen was administered
only 3 times. In contrast, in SCIT for Japanese cedar pollinosis,
approximately 54 subcutaneous injections are required over 3
years; therefore, the antigen amount for ILIT was approximately
100-fold less than that for SCIT.

As inguinal lymph nodes are located just below the skin, they
are easy to access and puncture on ultrasonography. In addition,
many lymph nodes exist far from large blood vessels. In this
study, intralymphatic antigen administration took approxima-
tely 1 min per patient. The cervical lymph node may also be
considered as a regional lymph node for nasal tissues, but direct
administration has risks of haemorrhage and strong local reacti-
ons. We plan to use the cervical lymph node to efficiently deliver
the antigen to the regional lymph node closer to the nasal tis-
sues based on the technical experience and safety demonstra-
ted in the present study.

Senti et al. " compared the retention time of a protein adminis-
tered into a lymph node with that administered into subcutane-
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ous tissue. Isotope-labelled IgG antibody directly administered
into a lymph node stayed in the targeted node and surroun-
ding lymph nodes for 24 h. In contrast, when subcutaneously
administered, it rapidly dispersed, and only a small amount was
incorporated into the regional lymph node. In addition, when
an antigen was directly administered into a lymph node in an
experimental system using mice, the antigen level in the lymph
node was more than 100-times higher than that after subcu-
taneous administration of the same amount ¥, These findings
suggested that the administered antigen remains in the lymph
node for a prolonged period, and the incorporation into the sur-
rounding lymph nodes is closely associated with the mechanism
by which ILIT acts as an efficient immunotherapy.

To develop a new route of administration for immunotherapy,
safety is the most important factor. In SCIT, there are risks

of adverse reactions, such as anaphylactic reaction, being a
disadvantage ©'¢29, However, no severe or systemic adverse
reactions were induced by ILIT in any patient in our study. As
described above, the total amount of antigen administered in
ILIT was much less than that in SCIT, which may be a reason for
the absence of adverse reactions. Local reactions at the antigen
administration site, such as redness and itching, are inevitable in
SCIT. In this study, no swelling of the lymph node to which the
antigen was administered was noted. Although bleeding and
soreness were not observed at the local injected site, redness
of the skin with itching was induced at the injection site in one
patient. These adverse effects may be due to local allergic reac-
tions induced by a small volume of leaked antigen around the
subcutaneous tissues. The allergic reactions were not induced
at the lymph nodes because mast cells are basically absent and
there are few blood vessels in the lymph node tissue.

In the study by Senti et al. ¥, significantly fewer adverse events
developed after ILIT in comparison with SCIT; Grade 1 or 2 mild
side reactions were noted during the 4-month period after the
initiation of SCIT in 18 patients, and 2 developed asthmatic reac
tions requiring treatment at a medical institution. On the other
hand, in the present study, mild adverse events were induced in
only 5 patients treated by ILIT, and no systemic anaphylactic re-
actions developed. Although simple comparison is not possible
because the frequency of antigen administration was different
between the present study and the study by Senti et al. 3, 3
intralymphatic injections with the pollen antigen did not induce
severe anaphylactic reaction in our pollinosis patients.

When the inhibitory effects were evaluated using SMS in the first
pollen season, the score of the ILIT group was lower than that of
placebo group. On the VAS-based evaluation, significant thera-
peutic effects continued for 1 year after the initiation of ILIT. The
continued effects over the pollen seasons were observed until
the third season when assessed by nasal provocation test. This
suggests that ILIT concomitantly exhibits fast-acting therapeu-
tic effects, which last for 1-2 years. Senti et al. " investigated
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the amount of antigen necessary to induce nasal symptoms in
the nasal provocation test, and found that an approximately
10-times higher amount of antigen than the threshold amount
before initiation of ILIT treatment was necessary to induce
symptoms in the ILIT treatment group. They performed similar
studies 1 and 3 years after the initiation of ILIT or SCIT, and
observed a significant increase in the antigen amount required
to induce symptoms in both ILIT and SCIT groups, and there was
no difference in the degree of increase between the 2 groups.
These results reported by Senti et al. "* suggested that the time
required for ILIT to exert its effects is shorter than that of SCIT.
These fast-acting effects of ILIT are consistent with our study.
The mechanisms underlying the clinical effectiveness of allergen
immunotherapy remain unclear. However, some mechanisms,
including 1) a decrease in antigen-specific IgE and increase in
antigen-specific IgG4, 2) decreases in mast cells, eosinophils,
and their mediators in tissues, 3) immune deviation to Th1 cells
from Th2 cells, and 4) activation of regulatory T (Treg) cells and
regulatory B (Breg) cells, have been suggested ©%. Among them,
we measured the serum levels of antigen-specific IgE, IgG, and
antigen-specific IgG4, and the numbers of Foxp3* Treg cells, Tr1
cells, and Breg cells in placebo- and ILIT-treated patients.

In patients treated by SCIT for several years, the level of antigen-
specific IgE antibody decreased, and that of IgG, especially IgG4,
was increased in sera ¢'-33, Regarding changes in antibodies by
ILIT in this study, antigen-specific IgE and IgG antibody pro-
duction increased and decreased, respectively. IgG4 antibody
was not detected in sera of either group. Similar to our present
findings, in a study on ILIT reported by Hylander et al. %, IgG4
antibody production was not increased, even though clinical ef-
fects were observed. Taken together, the effects of SCIT and ILIT
on antibody production differ.

Treg cells and Breg cells, which suppress inflammation, have
been considered to play roles in the effects of SCIT, but the
details, including the Treg subset, remain unknown. In previ-
ous studies, we analysed the numbers of each Treg cell subset
and Breg cells among PBMCs collected from pollinosis patients
treated by SCIT 2%, As a result, the number of Foxp3* CD25* Treg
was not affected by SCIT, and the numbers of Tr1 cells and Breg
cells were significantly higher in the SCIT-treated patients than
in control patients. On the other hand, in the present study, ILIT
did not affect the number of Treg or Breg cells. This is in contrast
to the reports by Senti et al. ™ and Martinez-Gomez et al. %®
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