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ABSTRACT 
Aim: Whether house dust mite (HDM) sublingual immunotherapy (SLIT) is effective f or the skin 
symptoms of adult atopic dermatitis (AD) is unclear. 
M etho ds: HDM SLIT was added to conventional AD trea tmen t for 10 HDM-sensitized AD pa tien ts 
with rhinitis for 2 years. 
Results: Seven out of ten enrolled pa tien ts c omplet ed the study. Eczema Ar ea and Sev erity Index 
score was significantly reduced when comparing before trea tmen t and at 24 months follow-up. 
CD203c ratio in the basophil activation test using HDM ex trac t, skin prick test with HDM ex trac t and 
Dermat ophagoides pt er on yssinus/Dermatophagoides farinae specific-IgG4 t ended t o impr ov e when 
comparing before trea tmen t and after trea tmen t. 
Conclusion: HDM SLIT might be a therapeutic option for AD patients with rhinitis who are sensitized 
to HDM. 

PL AIN L ANGUAGE SUMMARY 
W ha t is this article about?: This study examined the effect of house dust mite (HDM) sublingual 
immunotherapy (SLIT), which is trea tmen t to make the immune sy st em work bett er t o use medicine 
that is put under the tongue, as an add-on t o c onven tional a topic derma titis (AD) trea tmen t on the 
impr ov ement of skin symptoms and immunological response to HDM SLIT in pa tien ts with adult AD 

c omplicat ed with rhinitis. 
W ha t wer e the r esults?: Eczema Area and Severity Index score which is one of the AD assessment 
indices and r epr esents AD sev erity, was significantly reduced when comparing before trea tmen t and 
a t 24 mon ths follow -up. The immune response t o HDM t ended t o impr ov e when comparing befor e 
trea tmen t and after trea tmen t. 
W ha t do the results of the study mean?: HDM SLIT might be a therapeutic option for AD pa tien ts 
with rhinitis who are sensitized to HDM. 
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. I ntro duction 

topic dermatitis (AD), a multi-pathogenic disease, is
haracteriz ed b y relapsing ecz ema skin lesions with
rur itus. Var ious causes are involved in a complex mech-
nism against a background of hypersensitivity of organs

ncluding skin related to atopy predisposition and weak
kin bar r ier function [ 1 ]. 

The trea tmen t of AD is based on pharmacotherapy,
kin care and avoidance of aggrav a ting factors. AD is
xac erbat ed by a variety of factors including house
ust mite (HDM). In fact, most AD pa tien ts are sen-
itized to HDM ( Dermat ophagoides pt eronyssinus (Der
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In recent decades, immunoglobulin E (IgE)-mediated
allergic diseases have increased worldwide [ 2 ]. Allergy
immunotherapy (AIT) is adv an tageous t o pharmac other-
apy in that it is a disease-modifying causal treatment
that induces long-lasting tolerance to the allergen, which
pr ev ents additional allergen sensitization [ 3 ]. These
effects have been demonstrated in allergic rhinitis and
asthma [ 4 ]. 

Sublingual immunotherapy (SLIT) and subcutaneous
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AD complicated with

allergic rhinitis 

N = 10 (male 5 female 5)

1 Adverse reaction

1 Onset of other disease

1 Lost to follow-u

7 patients complete

24-month treatment 

N = 7 (male 5 female 2)

Figure 1. Patient disposition. 
AD: Atopic dermatitis. 
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sed trea tmen t forms of AIT. HDM SCIT w as recen tly
ho wn to impro ve ecz ema symptoms in AD pa tien ts [ 5 ].
dditionally, SCIT incr eased IL-10 pr oduction locally
nd sy st emically in an AD mouse model , r esulting

n sig nificant clinical, hist olog ical and immunolog ical
mpr ov ements [ 6 ]. SLIT is considered a more convenient
nd safe trea tmen t alterna tive to SCIT [ 7 ]. How ev er, to
ate, SLIT is rarely used for the trea tmen t of AD, and

her efor e, ther e is little clinical evidence of its use in AD
a tien ts [ 8 , 9 ]. Recen tly, 2- year dur ation of HDM SLIT was
hown to significantly impr ov e clinical symptoms and
educe the amount of oin tmen t r equir ed for pa tien ts
ith mild to moderate AD [ 10 ]. Langer et al . show ed

ha t 18 mon ths of HDM SLIT impr ov ed SC ORAD (SC ORing
 topic dermatitis) [ 11 ]. How ev er, ther e ar e few r eports
f the clinical efficacy of HDM SLIT on AD and rhinitis

n AD pa tien ts. Further more, few biomar ker studies have
nvestigat ed the immunolog ical effect of HDM SLIT in
a tien ts with AD [ 8 ]. 

Thus, w e inv estigated the effect of HDM SLIT on
he impr ov ement of skin symptoms and immunological
esponse in mild to sev er e adult AD pa tien ts complica ted
ith rhinitis. 

. M etho ds 

.1. Study design 

his study was a pr ospectiv e, open-label , un-blinded and
n-con trolled study. Pa tien ts with mild to sev er e AD
etween the age of 20 and 65 years with symptoms of

hinitis and who had positive HDM ex trac t skin prick tests
nd HDM-specific IgE antibody tests w er e included in
he study. HDM SLIT was added on to the conventional
herapy. At the start of trea tmen t and 1, 3, 6, 12, 18
and 24 months after the start of trea tmen t, skin prick
tests with HDM ex trac t, blood sampling, thymus and
activ a tion-regula ted chemokine (TARC), total IgE, Der p
Dermat ophagoides pt er on yssinus -specific IgE (Der p s-IgE),
Der p specific immunoglobulin G subclass 4 (Der p s-
IgG4), Der f s-IgE, Der f s-IgG4, BAT using HDM ex trac t,
Eczema Area and Severity Index (EASI) and total nasal
sympt om sc ore (TNSS; nasal discharge, sneezing attacks,
nasal obstruction and itchy nose), D er matology Life
Quality Index (DLQI) and pruritus visual analog scale (VAS)
w er e ev alua ted. Detailed da ta including age, sex, medical
hist ory, int ernal medication hist ory and phy sical findings
w er e c ollect ed fr om the medical r ecor ds. Tr ea tmen t w as
t erminat ed when SLIT induc ed sev er e allerg ic sympt oms
occurr ed . This was a single-arm trial consisting only of the
actual drug group. 

2.2. Patients 

Pa tien ts with AD who visited the D er mat olog ical Institut e
of Kobe University Hospital and agreed to participate in
the study w er e enr olled . The study pr ot oc ol was appr ov ed
by the Institutional Review Board (Kobe University;
No.290041). Wr itten infor med consen t w as obtained from
all participan ts. AD w as diag nosed in ac c ordanc e with
the cr iter ia of the Guidelines for Atopic D er matitis [ 1 ].
Pa tien ts who met all of the following cr iter ia w er e
enrolled: symptoms of rhinitis; pa tien ts with AD with
an EASI score of four or higher; pa tien ts positive for
skin prick tests with HDM ex trac t and Der p or Der f
specific IgE = class 2 (0.7 kU/l); pa tien ts who volun tarily
c onsent ed t o the document r egar ding participation in
this study; pa tien ts who w er e 20 to 65 y ears old; and
pa tien ts ar e r ec eiving only c onv entional AD tr ea tmen t
(antihistamines, t opical st eroids, t opical moisturizers, t op-
ical calcineurin inhibitors). Pa tien ts who met any of the
following cr iter ia w er e excluded: pr egnan t and lacta ting
pa tien ts; pa tien ts with sev er e br onchial asthma; pa tien ts
taking oral c ortic ost eroids, JAK inhibit ors or cyclosporine;
pa tien ts receiving biologics such as dupilumab or omal-
izumab; and pa tien ts with prior trea tmen t for AIT. 

In Japan, HDM SLIT-tablet is only cov er ed by health
insuranc e for HDM-induc ed allerg ic rhinitis and not for
pa tien ts with a topic derma titis who are sensitized to
HDM. Ther efor e, AR c omplication is nec essary t o properly
and safely use HDM-SLIT tablet in the study. 

2.3. SLIT 

SQ HDM-SLIT tablets (Torii Pharmaceutical , Toky o, Japan),
w er e used in this study. Pa tien ts r eceiv ed 3,300 Japanese
Allergen Units (JAU) for the first 7 days and 10,000 JAU
daily thereafter [ 12 ]. 
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Figure 2. Time-course changes in each clinical parameter r egar ding the efficacy of HDM SLIT in patients with AD with allergic rhinitis. 
( A–D ) Changes in each clinical parameter from baseline to 12 and 24 months after the start of HDM SLIT. 
DLQI: Dermatology Life Quality Index; EASI: Eczema area and severity index; TNSS: Total nasal symptom score; VAS: Pruritus Visual 
Analogue Scale. 
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.4. Skin prick test 

DM allergen ex trac t (mix ture of D er p and D er f (1:1), Tor ii
harmaceutical , Toky o, Japan) was used for the skin prick
est. The allergen solution was dropped onto a healthy
kin surface on the flexion side of the pa tien t’s forearm
nd the allergen solution w as gen tly stabbed into the
kin at a right angle to the skin surface using a bifurcated
eedle. After 15 min, the size of the wheal was measured

n mm and the average value of the longest diameter
nd the diameter perpendicular to its midpoint w er e
aken as the reaction magnitude [ 13 ]. Positive (histamine
ihy dr ochloride 10 mg/ml) and negative (50% glycerol –
% sodium chloride aqueous solution) control solutions
Tor ii Phar maceutical , Toky o, Japan) w er e used . A r eaction
ith a wheal diameter of 3 mm or more, and more

han half of a positive control wheal were judged as
ositive [ 14 ]. 

.5. Clinical score 

ASI (eczema area and severity index), which is one of the
D assessment indices and r epr esents AD sev erity, was
v alua ted for AD disease activity [ 15 ]. TNSS (total nasal
ympt om sc ore) w as calcula t ed as the t otal sc ore (t otal
c ore: 0 t o 16) of 4 nasal sympt oms (r hinor r hea, nasal
 ongestion, nasal it ching, sneezing) (each nasal symptom
c ore: 0 t o 4). DLQI (D er matology Life Quality Index) is
a quality of life measure specific to skin diseases [ 16 ]. It
consists of 10 questions about skin symptoms and living
conditions during the past week. The pruritus VAS shows
a 100 mm line, with the left end as “no itch: 0” and the
right end as “worst it ch imag inable: 100” and marks are
placed on the line ac c ording t o the deg ree of it ching, and
the distance (mm) from the left end to the marked area is
ev alua ted as the magnitude of the itch [ 17 ]. 

2.6. Antib o dy titer & thymus & activa tion-regula ted 

chemokine 

Thymus & activ a tion-regula ted chemok ine (TARC ) was
measured by chemiluminescent enzyme immunoassay
sy st em (Sy smex, Kobe, Japan). Total IgE, D er p/D er f s-IgE
and s-IgG4 w er e measur ed by ImmunoCAP assay s sy st em
(Thermo Fisher Scientific/Phadia, Uppsala, Sweden). 

2.7. Basophil activation test 

Allergenicity Kit (Beckman Coulter, CA, USA) was used
to quantify basophil CD203c expression in accordance
with the manufacturer’s instructions [ 18 ]. We added some
reagents to measure additional parameters including
CD63 (clone: H5C6; BioLegend, CA, USA). Whole blood
samples for the BAT w er e c ollect ed from AD pa tien ts in to
blood collection tubes with ethylenediaminetetraacetic
acid (EDTA). The BAT was performed within 24 h of
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Figure 3. S tatistical analy sis in each clinical parameter r egar ding the efficacy of HDM SLIT f or patients with AD with aller gic rhinitis. 
( A–D ) Significant differences in efficacy before treatment and at 24 months follow-up. The Friedman test was used for comparisons of 
thr ee gr oups. 
DLQI: Dermatology Life Quality Index; EASI: Eczema area and severity index; TNSS: Total nasal symptom score; VAS: Pruritus Visual 
Analogue Scale. 
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lood sampling. Phosphate-buffered saline (PBS) was
sed as a negative contr ol . Anti-IgE antibody (clone:
124-2-8D) from the Allergenicity Kit was used as a
ositiv e contr ol (1 μg/ml) t o stimulat e basophils. HDM
x trac t was used as the allergen reagent . HDM e x trac t
as diluted in PBS. CD203c and CD63 positive basophils
 er e measur ed b y flo w cytometry (FACS Verse; BD
iosciences, NJ, USA) and the flow cytometry data w er e
nalyz ed with Flo wJo software (BD Biosciences, NJ, USA).
 previously described gating techinque was used [ 19 ].
D203c and CD63 expressions under an ti-IgE an tibody
timulation w er e defined as ‘an ti-IgE stimula tion Mean
uoresc enc e int ensity (MFI)’and those under HDM ex trac t
timulation w er e defined as ‘allergen stimulation MFI’.
o calculate the r esponsiv eness of basophils, w e divided
he allergen stimulation MFI by the anti-IgE stimulation

FI and presented it as the ‘ CD203c ratio’ or ‘ CD63
atio’. 

.8. St atistical analy sis 

ata w er e analyzed and plotted with GraphPad Prism8
oftware (GraphPad Software Inc., CA, USA). Statistical
nalyses w er e performed using the Wilc oxon mat ched-
pairs signed rank test for comparisons between two
groups and the Friedman test for comparisons between
thr ee gr oups. To det ermine c orrelations among data,
Spearman’s rank c orrelation c oefficient analy sis was
performed. Sig nificanc e was considered for values of
p < 0.05. 

3. Results 

3.1. Study population 

Ten AD pa tien ts w er e enr olled in the study, thr ee dr opped
out. One pa tien t dropped out after 1 mon th because of
an exacerbation of AD, which was considered an adverse
event of SLIT; one pa tien t dropped out at 6 months
because of the onset of another illness (breast cancer);
and one pa tien t refused t o c ome t o the hospital and
dropped out at 12 months ( Figure 1 ). The characteristics
of the AD pa tien ts are shown in Table 1 . During the 24-
mon th follow -up, an tihistamines, t opical st eroids, t opical
moisturizer and topical calcineurin inhibitors w er e admin-
istered but the type of internal and external medicines
did not change. The EASI, TNSS, DLQI, VAS, TARC, total
IgE, D er p/D er f s-IgE and s-IgG4 w er e examined prior to
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he time of enr ollment. Initially, AD sev erity was mild to
ev er e ac c ording t o EASI ( Table 1 ). 

.2. Combina tion trea tment efficacy of HDM SLIT 

based on clinical symptoms 
ASI was decreased in all cases when comparing data
efor e tr ea tmen t (a t baseline) with tha t a t 24 mon ths

ollow -up (a t 24 mon th). Six pa tien ts achieved a 50%
eduction in the EASI score (EASI-50) and one achieved
EASI-75 ( Figure 2 A). EASI at 24 months showed a signifi-
cant impr ov ement compar ed with at baseline ( Figur e 3 A).
When comparing data at baseline with at 24 months, the
TNSS was impr ov ed in thr ee pa tien ts, w as unchanged
in three pa tien ts and had worsened in one pa tien t
( Figure 2 B). No significant difference was observed when
comparing da ta a t baseline with a t 24 mon ths ( Figure 3 B).
When the DLQI was compared at baseline with at
24 months, two patients showed an improvement of ten
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oints or mor e, thr ee impr ov ed by less than fiv e points,
ne showed no change and one det eriorat ed ( Figure 2 C).
here was a t endency t o have an impr ov ed DLQI at base-

ine compared with at 24 months ( Figure 3 C). Regarding
ruritus VAS, four pa tien ts impr ov ed , tw o show ed no
hange and one had worsened when comparing data
t baseline with at 24 months ( Figure 2 D). Regarding
ruritus VAS, no sig nificant differenc e was found when
omparing data at baseline with at 24 months ( Figure 3 D).
  
3.3. Efficacy evaluation of HDM SLIT based on 

biomarkers 
For TARC, three pa tien ts had decreased levels and four
had increased levels when comparing data at baseline
with at 24 months ( Figure 4 A). There was no signif-
icant difference in TARC levels when comparing data
at baseline with at 24 months ( Figure 5 A). Total IgE
was decreased in all seven pa tien ts when comparing
da ta a t baseline with a t 24 mon ths ( Figure 4 B) but no
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ig nificant differenc e was found when comparing da ta a t
aseline with at 24 months ( Figure 5 B). Six pa tien ts had
 r educed av erage wheal diameter in the HDM antigen
kin prick test at 12 months follow-up after treatment
 Figur e 4 C). Ther e was a tendency of r educed r eactions
n the skin prick test from baseline to 12 months follow-
p ( Figure 5 C). Because skin prick test with HDM antigen
aused localized itching and rash, the skin prick test
 as discon tinued after follow -up un til the 12th mon th

n six pa tien ts. One pa tien t also refused to follow-up at
2 months. Regarding the change of Der p s-IgE and s-

gG4, Der p s-IgE lev els w er e decr eased in four pa tien ts
hen comparing levels at baseline with at 24 months,

nd Der p s-IgG4 levels were elev a ted in all pa tien ts
 t 24 mon ths ( Figur e 4 D & E). Ther e was a tendency
or reduced Der p s-IgE levels and increased Der p s-
gG4 levels when comparing levels at baseline with at
4 months ( Figure 5 D & E). Regarding the transition of
er f s-IgE and s-IgG4, Der f s-IgE lev els w er e decr eased

n three pa tien ts when comparing levels at baseline with
  
at 24 months, and Der f s-IgG4 lev els w er e incr eased in
all pa tien ts a t 24 mon ths ( Figure 4 F & G). No significant
difference was f ound a t 24 mon ths, r espectiv ely ( Figur e 5 F
& G). Changes in the CD203c ratio and CD63 ratio in the
BAT r ev ealed that three patients for CD203c impr ov ed
prominently after 24 months, and two patients for CD63
impr ov ed pr ominently ( Figur e 4 H & I). A t 24 months,
the CD203c ratio in the BAT impr ov ed significantly and
the CD63 ratio in the BAT had a t endency t o impr ov e
( Figure 5 H & I). 

3.4. Correlation between clinical symptoms, the 
skin prick test & Der p s-IgG4, Der f s-IgG4 

values 
Finally, we examined the correlation between the reduc-
tion of EASI and the increase of Der p s-IgG4, Der f s-
IgG4 values, and between the reduction of the average
wheal diameter of skin prick test and the increase of Der
p s-IgG4, Der f s-IgG4 values. Although not statistically
significant, the increase of Der p s-IgG4 and Der f s-
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gG4 values w er e associated with the reduction of EASI
 Figure 6 A & B). Furthermore, although not statistically
ignificant, the increase of Der p s-IgG4 and Der f s-IgG4
alues w er e associated with the reduction of the average
heal diameter of skin prick test ( Figure 6 C & D). 

. Discussion 

D is mostly associated with HDM sensitization, but
herapeutic approach to HDM allergens have been less
ighlighted. In this study, we performed HDM SLIT add-
n trea tmen t for AD pa tien ts with rhinitis, and we

ocused on the course of impr ov ed skin symptoms and
mmunolog ical response t o HDM before and aft er HDM
LIT add-on trea tmen t. 

The pr esent r esults show ed tha t EASI w as signifi-
antly impr ov ed 24 months after SLIT add-on tr ea tmen t
 Figure 3 A). Other previous randomized controlled clinical
tudy of the efficacy of HDM SLIT reported the pa tien ts
n the SLIT group had significantly decreased �SCORAD
cor e fr om 12 months’ tr eatment compar ed with the
 ontrol g roup [ 10 ]. In c ontrast, other rec ent randomized,
ouble-blind, plac ebo-c ontrolled clinical study reported
o sig nificant differenc e in pa tien t SCORAD and EASI

mpr ov ement compar ed with the plac ebo g roup [ 11 ].
ow ev er, these tw o studies and our study can not be
ompar ed dir ectly due to the deffer ence that our study
s before-and-aft er c omparative study in which AD adult
a tien ts with rhinitis w er e included and also followed

hem for 6 months longer (24 months) than previous
tudies. Regarding the DLQI, there was a tendency for
mpr ov ed DLQI when comparing data at baseline with at
4 months ( Figures 2 C & 3 C). How ev er, a pr evious clinical
tudy reported no significant difference in pa tien t DLQI
mpr ov ement compar ed with the plac ebo g roup [ 11 ].
his previous study on DLQI was c onduct ed during the
oronavirus Disease 2019 pandemic and the paper stated

hat it may have affected QoL in the scenario [ 11 ].
egarding the pruritus VAS, there was no significant

mpr ov ement in pruritus VAS when data w er e compar ed
t baseline with at 24 months ( Figures 2 D & 3 D) and other
revious studies have reported that patients in the SLIT
roup had no significant changes for VAS scores [ 11 ].
egarding the TNSS, although there were some pa tien ts
hose TNSS increased or did not change, 3 pa tien ts
ad clear reduction in TNSS and remission of rhinitis
ymptoms ( Figures 2 B & 3 B). Further research is needed
 o det ermine the effect of HDM SLIT as an add-on t o
onv entional AD tr eatment on patients’ pruritic VAS and
NSS. 

R egarding biomar kers, an uptrend in D er p/D er f s-
gG4 levels and downtrend of D er p/D er f s-IgE lev-
ls was observed ( Figure 5 D–G). These are similar to
biomarker movements in patients with AD and allergic
rhinitis without AD in previous studies [ 4 , 8 ]. The CD203c
response ratio in the BAT when stimulated with HDM
ex trac t w as significan tly impr ov ed ( Figur es 4 H & 5 H).
Furthermor e, the CD63 r esponse ratio in the BAT when
stimulated with HDM ex trac t showed a trend toward an
impr ov ement ( Figur es 4 I & 5 I). These change of CD203c
to CD63 response ratio in AD patient’s basophil after
HDM SLIT as an add-on t o c onv entional AD tr ea tmen t
has not been r eported pr eviously. Inter estingly, D er p/D er
f s-IgG4 tended to be maintained at a high level in
the pa tien ts where EASI and skin prick tests with HDM
antigens w er e r educed a t the time of the 24-mon th
follow-up ( Figure 6 ). These results suggest that HDM
SLIT may c ontribut e t o an impr ov ement in the clinical
symptoms and histamine release with HDM antigen in the
skin in AD pa tien ts with rhinitis through immunological
modulation. SLIT may affect changes in allergen-specific
memory T cell and B cell responses to reduce IgE,
enhance IgG4 production from B cells and downregulate
the activ a tion thresholds of mast cells and basophils in
AD pa tien ts with allergic rhinitis [ 20 ]. Furthermore, It
has been noted that basophils are required for acute
itching in AD-related inflammation [ 21 ]. In other w or ds,
a reduced basophil response in the skin upon exposure
t o HDM may reduc e it ching, decrease scrat ching behavior
and lead to decreased ecz ema. T he topical and oral
medications used to treat AD in patients enrolled in
this study w er e not changed before and after SLIT
trea tmen t, only SLIT trea tmen t w as added and the EASI
and other parameters showed improvement after SLIT
trea tmen t. Thus, if appropria te AD pa tien ts ar e selected ,
the introduction of SLIT for AD patients with allergic
r hinitis may contr ibute to the impr ov ement of clinical
symptoms and biomarkers of AD. 

One pa tien t dropped out of the study because of
exac erbat ed skin symptoms caused by SLIT. This pa tien t
had erythema and itching on her face at the beginning
of the study, and the itching worsened one week after
HDM SLIT and finally SLIT w as discon tinued. Thus, SLIT
may need to be used with caution when skin symptoms
ar e uncontr olled . 

Ther e w er e some limitations in this small-scale study.
Although a control group should have been created and
compar ed , dupilumab or JAK inhibitors became available
in Japan during this study and it was difficult for pa tien ts
t o choose t o be treat ed with only c onventional AD
trea tmen t only during 2 years as the c ontrols t o be used
in this study. In the future, the number of cases should be
increased and the accuracy of statistical analysis of data
should be impr ov ed . Studies should also be c onduct ed
t o det ermine whether the results of this study differ
ac c ording t o the sever ity of r hinitis and atopic der matitis.



10 M. MIZUNO ET AL. 

5

H  

w  

i

A

W  

e

A

A  

M  

a  

A  

M  

K  

s  

c  

v

F

T  

2  

(  

G  

E  

F

C

A  

S  

a  

s  

a  

f

E

T  

B

O

M
K
Y
H
A

R

P  

a
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. Conclusion 

DM SLIT might be a therapeutic option for AD pa tien ts
ith rhinitis who are sensitized t o mit es following

mmunological changes. 
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