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Background: Atopic dermatitis (AD) is a recognized T helper (Th)2, allergic, skin disease.
Galectin-9 (gal-9) is a member of galectin family. It alters T-cell balance resulting in Th2
polarization. These Th2 cells yield various cytokines that may influence E selectin expres-
sion. Therefore, we hypothesized that gal-9 may have an active role in AD and this role
could be mediated through E selectin.

Objective: To assess this hypothesis, immunohistochemical expression of gal-9 and
E selectin was investigated in skin lesions, from atopic dermatitis patients, and compared.
Methods: Twenty-two atopic dermatitis patients and ten controls were included in this case-
control study. SCORAD score was used to evaluate atopic dermatitis severity. Biopsies from
skin lesions of AD patients and matched sites of controls were taken and stained immuno-
histochemically by gal-9 and E selectin polyclonal antibodies.

Results: Compared to controls, atopic dermatitis patients exhibited a significant increased
gal-9 H score, percent of expression, cellular localization (P<0.001) and intensity (P=0.04) as
well as dermal cellular infiltrate (P<0.001). Also, there were significant elevations in
E selectin H score (P=0.002), percent of expression (P=0.001) and cellular localization
(P<0.001) as well as dermal inflammatory infiltrates in AD cases than controls. In AD, 20
cases showed co expression of both gal-9 and E selectin in the epidermis with insignificant
correlation between their H scores.

Study Limitations: This study only included a small number of studied subjects.
Conclusion: Galectin-9 and E selectin participates independently in atopic dermatitis
pathogenesis, that may help in development of new therapeutic agents in atopic dermatitis
management program.

Keywords: galectins, E- selectin, atopic dermatitis

Introduction
Atopic dermatitis (AD) is a known chronic, pruritic inflammatory disease of the
skin. It has a relapsing course.' Usually, AD starts in early childhood and may
represent the early phase of the so-called “Atopic March,” that represents the
natural history of atopic manifestations.” Similar to other allergic disorders, the
prevalence of AD is increasing worldwide reaching up to 20%. In childhood, AD
affects nearly 3.2 million children in the United States.’

The manifestations of AD are a result of a complex interaction between
environmental factors, susceptibility genes, skin barrier dysfunction, and immuno-
logical abnormalities.”
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Galectin-9 (gal-9) is one of the tandem-repeat galectin
family.” It has a wide variety of cellular roles, including
modulation of cell differentiation, aggregation, adhesion,
and cell death. Also, gal-9 has been well characterized as
an eosinophilic chemoattractant.® Additionally, it modifies
T-cell balance, resulting in polarization of Th2 cells.’”
Through these functions, gal-9 can alter many physiologi-
cal and pathological processes including allergy.®

It has been shown that gal-9 has a suppressive function
in Thl- and Th17-mediated diseases such as experimental
autoimmune encephalomyelitis, complex immune-induced
arthritis, rheumatoid arthritis, collagen-induced arthritis,
nephritis, diabetes, diabetic nephropathy, psoriasis, allergic
asthma, contact dermatitis and graft versus host disease.’

Endothelial selectin (E selectin) is an adhesion mole-
cule, expressed on the surface of stimulated endothelial
cell upon motivation by inflammatory cytokines such as
IL-6, IFN-y, and TNF-a. In association with intercellular
adhesion molecule-1 (ICAM-1), E selectin allows adhe-
sion of neutrophils, monocytes and leukocytes on stimu-
lated endothelium in the skin.'®

In AD, gal-9 prompts apoptosis in Th1 and Th17 cells,
consequently, Th2 polarity takes place.” These Th2 cells
produce various cytokines including interleukin-4 and 5 in
the eczematized skin. Such cytokines may encouragement
the expression of E selectin either on keratinocytes or
endothelial cells."" Therefore, we suggested that the
expected role of gal-9 in AD pathogenesis could be
mediated through E selectin.

The aim of this study was to shed light on the role of
gal-9 in AD and to investigate if this role is mediated
through E selectin or not, through evaluation of their
immunohistochemical expressions in involved skin in ato-
pic dermatitis patients compared to controls, in addition to
assess if there is a correlation between both or not.

Materials and Methods
This case-control study included 22 atopic dermatitis patients
(4- to 9-years-old) and 10 healthy volunteers, the control group
(3- to 10-years-old). They were selected from the Dermatology
outpatient clinicat Menoufia University Hospital between
May 2016 and February 2017. The study was approved by
the Committee of Human Rights in Research at Menoufia
University, in accordance with the Helsinki Declaration in
1975 (revised in 2000). The approval number of Research
Ethics Committee of this study is 1202/7/4/2016.

Written informed consent was obtained from every
participant or from his or her parent before the study

initiation. We included patients with atopic dermatitis
(newly diagnosed or recurrent cases) from both sexes.
The selected patients did not receive any topical (two
week) or systemic (1 month) treatment (including gluco-
corticoids) for atopic dermatitis before joining the study.
Any participant having any immune-inflammatory or aller-
gic disorder and/or patients having any skin disease other
than atopic dermatitis was excluded from the study.

Methods

The studied individuals were subjected to the full history
and clinical examination. The diagnosis of AD was made
according to the criteria of Hannifin and Rajka.'”
Assessment of atopic dermatitis severity was done using
the scoring atopic dermatitis (SCORAD) score.'?

Four millimeter punch biopsies were taken under local
anesthesia from the affected skin of each patient and the
corresponding sites of the control subjects. The specimens
were fixed in a 10% formalin solution and submitted to routine
tissue processing to be embedded in paraffin blocks.

From each specimen, sections of 4 um thickness were cut
on routine slides for hematoxylin and eosin staining to confirm
the diagnosis of atopic dermatitis, while sections for immune-
staining were cut on Poly-L-Lysine coated slides (Thermo
Fisher Scientific, 168 Third Avenue, Waltham, MA, USA
02451).The protocol used for immunostaining used for immu-
nostaining was streptavidin-biotin amplified system.'* In this
system, two reagents were utilized. The primary antibodies for
both gal-9 and E selectin were polyclonal rabbit antibodies
raised against gal-9 (with Cat. # YPA1547) and E selectin
(with Cat. # YPA1378). They were received as concentrated
0.1 mL (1 mg/mL) with dilution titer 1:200, from Chongqing
Biospes Co., Ltd, (7F, Bldg B, High-tech Venture Park, # 107
Erlang Chuangye Rd, Jiulongpo District, Chongqing, 400039
China, www.Biospes.com).

The biotinlated
a purified bovine monoclonal anti-mouse IgG (Thermo
scientific, NOS-3F7-B11 BS5) is capable of binding to the
primary antibody and the streptavidin-biotin enzyme com-

secondary anti-immunoglobulin is

plex. Finally, the reaction was visualized by an appropriate
substrate/chromogen (Diaminoben-zidine, DAB) reagent
(Thermo Fischer scientific catalog number 36,000 Pierce
Peroxidase IHC Detection Kit; Thermo Fisher Scientific,
168 Third Avenue, Waltham, MA, USA 02451). Negative
control tissue was done by omitting the application of the
primary antibody from the stained tissue. Ultra V block was
applied, and slides were incubated for 5 mins in humidity
chamber, to block non-specific background staining.
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Immunohistochemical Evaluation

The sections were deparaffinized in xylene overnight then
using two changes, 5 mins then re-hydrated by immersion
in descending grades of ethanol (Absolute [100%] ethanol
for 10 mins, 95% ethanol for 10 mins, 70% ethanol for 10
mins, and finally in distilled water for 10 mins).

Then the slides were washed in phosphate buffer saline
(PBS) twice, for 5 mins each. Excess liquid was dried by
absorbent paper then transferred to humidity chamber.

To reduce non-specific background staining due to
endogenous peroxidase, the section was incubated in
hydrogen peroxide (3% H,0, in absolute methyl alcohol)
incubate for 7-10 mins at room temperature. Then the
slides were rinsed in PBS twice, 5 mins for each.

For antigen retrieval: Heat induced epitope retrieval
(HIER) procedure was done. The slides were put in a slide
rack and put in Pyrex container, which contain 500 mL of
citrate buffer. The Pyrex container was then put on a hot plate
and the solution was kept boiling for 10-20 mins, then
removed and allowed to cool at room temperature, for 20
mins. The slides were rinsed in PBS for two changes and
transferred to humidity chamber. Ultra V block was applied,
and slides were incubated for 5 mins in humidity chamber, to
block non-specific background staining. Excess fluid was
removed by shaking the slides gently and step no. 4 was
repeated.

Application of the primary antibody; one slide tissue
sections is then incubated with gal-9 and the other with
e selectin, horizontally in a humidity chamber over-night,
at room temperature. Negative control slides were pre-
pared, by omitting the primary antibody from the staining
procedure. Tissue sections prepared from human colon
was used as a positive control for gal-9, while tissue
sections from Human esophagus and lung cancer was
used as a positive control for e selectin. Excess reagent
was thrown off and slides were rinsed two times in PBS, 5
mins for each then transfer slides to humidity chamber.

Application of secondary antibody; after blotting of
excess buffer, 1-2 drops of biotinylated Goat-polyvalent
secondary antibody were applied, incubated for 10 mins at
room temperature at humidity chamber. Sections then rinsed
in PBS two times as before and transfer slides to humidity
chamber again. After blotting of excess buffer, 1-2 drops of
pre-formed streptavidin peroxides was applied and incu-
bated for 10 mins at room temperature in humidity chamber.

Sections then rinsed in PBS as before and transfer slides to
humidity chamber. One or two drops of the prepared substrate-

chromogen were applied to the slides for 1-10 mins, depend-
ing on the desired stain intensity, guided microscopically.
Excess reagent was removed, then, the slides were washed in
distilled water.

Counter stain was done using Mayer’s Hematoxylin
(Bio Genex, cat. No. 94583) for 30-60 seconds to stain
nuclei. Sections were washed in tap water for 5 mins.
Dehydration of the tissues was, done in ascending grades
of ethanol, 70%, 90%, 100% ethanol, five minutes for
each, and finally cleared in xylene twice.

Gal-9 an E selectin immunohistochemical expressions
were confirmed by cytoplasmic and/or nuclear staining as
provided by the supplied company. Both gal-9 and E selectin
were evaluated in epidermis for; expression (positive or nega-
tive), cellular localization (nuclear and/or cytoplasmic), per-
centage of positive cells was assessed at 200x magnification,'
intensity of the stain (mild, moderate or strong), and
Histo-score (H score): (H score = 1 x % of mildly stained
cells + 2 x % moderately stained cells + 3 x % of strongly
stained cells).'® The scoring procedure was done twice by one
pathologist and on two different occasions, then the averaged
of each score was calculated. The inflammatory cells in the
dermis were assessed for expression of both gal-9 and
E selectin expression (positive or negative).

Statistical Analysis of Data

Data were collected, tabulated and statistically analyzed using
a personal computer with Statistical Package for Social
Science (SPSS) version 15 program (SPSS Inc., Chicago,
USA).Qualitative data was expressed as: number and percen-
tage, while, quantitative data was expressed as: arithmetic
mean (X), median, range standard deviation (SD), and per-
centage (%). For comparing qualitative variables, we used
Chi- square test (X>- test) and Fisher’s exacts test. For com-
parison between non-normally distributed quantitative vari-
ables we used Mann—Whitney U-test (U-test). Kruskal-Wallis
test (K-test) was used in comparing three or more variables.
Additionally, Spearman correlations were used for presenting
correlation coefficients between gal-9 H score and selected
variables. P<0.05 was considered statistically significant.

Demographic and Clinical Data of Studied

Subjects

Studied AD patients ranged in age from 4 to 9 years. They
were 6 males and 16 females. Positive family history was
observed in 12 (54.5%) cases. Their disease duration ranged
from 1 to 5 years, and the mean age of disease at onset was
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4.3 years. SCORAD score ranged between 20 and 103.
Both AD patient group and their controls were comparable
regarding their age (p=0.44) and sex (p=0.21) (Table 1).

Galectin-9 Immune-Reactivity of the
Studied Groups

In control group, gal-9 immune-reactivity was positive in 9
controls (90%) showing cytoplasmic localization and mild
expression in most of them (8, 88.9%). Additionally, no gal-9
expression in the dermal elements was observed (Figure 1A).

In atopic dermatitis cases, gal-9 immune-reactivity was
positive in all studied cases (22 [100%]) demonstrating
nucleo-cytoplasmic localization in most of them (1777.3%),
with variable intensity (mild in 9 cases [40.9%], moderate in

Table | Demographic and Clinical Data of Studied Subjects

Data Cases Control | Test of
No =22 No =10 | Sig.
No | % No | %
Age (years) T
Mean * SD 6.18+1.68 | 5.70+1.56 | 0.76 0.44
Range 4-9 3-10
Median 6 5
Sex
Male 6 273 (5 50 | FXT 0.21
Female 16 | 727 (5 50 | 1.5
Duration of disease —_—
Mean * SD 242+1.18
Range -5
Median 2
Age of disease onset e
Mean + SD 4.3%1.2
Range 3-7
Median 4
SCORAD Score _—
Mean £ SD 57.3+28.1
Range 20-103
45
Disease severity _—
Mild 3 (14.3%)
Moderate 9 (42.9%)
Severe 9 (42.9%)
Family history of E—
atopic disease
Positive 12 (54.5%)
Negative 10 (45.5%)

Note: T: Student’s t-test.
Abbreviation: FXT, Fisher’s exact test.

10 patients [45.5%] and strong in 3 [13.6%] cases).
Concerning inflammatory dermal infiltrate, 19 (86.4%)
cases displayed positive gal-9 (Figure 1B and C).

Compared to controls, atopic dermatitis patients exhib-
ited a significant increased gal-9 H score, percent of
expression, cellular localization (P<0.001 for all), intensity
(P=0.04) and gal-9 expression in dermal cellular infiltrate
(P<0.001) (Table 2).

E Selectin Immune Reactivity of the
Studied Subjects

In control group, E selectin immune-reactivity was posi-
tive and showed cytoplasmic localization in 9 control
sections (90%), demonstrating mild expression in 5
(55.6%) slides, moderate in 3 (33.3%) and strong in 1
(11.1%) section, with negative E selectin expression in
dermal cellular elements (Figure 2A).

In atopic dermatitis patient group, E selectin immune
reactivity was positive in 21 (95.5%) cases demonstrating
nucleocytoplasmic localization in 14 (66.7%) cases and
showed mild intensity in 9 (42.9%). 17 cases (81%) had
positive E selectin immune reactivity in dermal inflamma-
tory cells (Figure 2B and C).

There were significant elevations in H score of E selectin
immune-reactivity (P=0.002), it’s percent of expression
(P=0.001) and cellular localization (P<0.001) in AD cases
than controls. Also, in AD cases, E selectin immune reactiv-
ity in dermal inflammatory infiltrates was significantly
expressed than controls (81% versus 0) (Table 3).

The Relation Between Gal-9 and

E Selectin in Atopic Patients

Twenty out of 22 studied atopic dermatitis cases showed co
expression of both gal-9 and E selectin. The epidermis is the
part of skin that showed the co expression (Figure 3). There
was a non-significant negative correlation between gal-9 and
E selectin H scores in the investigated AD patients (r=—0.03,
P=0.86) (Table 4).

The Relation Between Gal-9 and Studied

Parameters in AD Patients

There was a significant positive correlation between gal-9
H score and SCORAD score of the studied AD cases
(P <0.001) (Table 4).

Discussion
In normal situation, gal-9 is expressed by cutaneous
Langerhans cells and peripheral myeloid DCs.'” In line
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Figure | (A) Patchy mild cytoplasmic expression of gal-9 (red boxes) in control epidermis (Immunoperoxidase, 400 x); (B) Diffuse moderately nucleo-cytoplasmic
expression (red arrows) of gal-9 is in epidermal keratinocytes in AD skin section (Immunoperoxidase, 40 X); (C) Mild nuclear expression (red arrows) of gal-9 in the

epidermal keratinocytes of AD skin section (Immunoperoxidase, 400 X).

with this observation, the current study, revealed that gal-9
immune-reactivity was positive in most studied control sec-
tions and was mainly of mild intensity. Recombinant gal-9
was revealed to stimulate maturation of human monocyte
derived dendritic cells (DCs). In addition, gal-9 treated DCs
release IL-12 and augment the production of Thl cytokines
by allogeneic CD4)p T cells. Consequently, gal-9 can encou-
rage DC maturation and support Thl immune responses that
appeared to possess immune-protected properties.'®

In AD, a recognized Th2 disease, gal-9 adjusts T-cell
balance through negatively regulating Th17 as well as Thl
cells, resulting in Th2 polarization.” Additionally, gal-9 is
an eosinophilic chemo-attractant protein.® By these regu-
lating functions, increased gal-9 in AD could participate in
pathogenesis of AD, and its inhibition may help in
improvement the diseases course in those patients.'”
Moreover, it was reported that gal-9 participates in the
development of a number of allergic disorders including

20,21

asthma and food allergy.®

Confirming its role in AD patients, we observed gal-9
immune-reactivity in all studied cases that exhibited sig-
nificant increase in gal-9 H score, percent of expression
and intensity than their matched pears. Also, gal-9 expres-
sion in dermal cellular infiltrate was significantly higher in
atopic dermatitis cases than controls. In agreement of this
result, Nakajima et al'® reported that the expression of gal-
9 on epidermal keratinocytes of AD patients (n=6) was
stronger than that observed in normal skin (n=6).
Therefore, we suggested that one of the main sources of

gal-9 in skin lesion of AD was epidermal keratinocytes.
Additionally, increased gal-9 tissue expression may have
an active role in AD development. Consistent with our
findings, gal-9 expression was significantly observed on
epidermal keratinocyte in involved skin of bullous pem-
phigoid, another Th2 mediated skin disease, and on intest-
inal epithelial cells in patients having Th2-mediated food
8,22

allergy.

Parallel to our result, Nakajima et al'®

from Tokyo,
investigated serum levels of gal-9 of 36 AD cases and 29
control subjects. They reported that mean serum gal-9
levels were significantly augmented in AD patients than
controls. They concluded that elevated galectin-9 expres-
sion may exacerbate AD and that galectin-9 could be
a therapeutic target in AD patients.

In the current study, there was a significant positive
correlation between gal-9 H score and severity index
(SCORAD score) of atopic dermatitis. In accordance
with our findings, serum gal-9 levels were significantly
AD

after AD treatment, and this decrease was associated by

correlated with severity, and were decreased
a noticeable improvement of skin lesions.'” Also, in
a mouse model of food allergy, blocking of gal-9 resulted
in inhibition of the allergic hypersensitivity state.® In this
induced food allergy model, mice were sensitized by
0.1mg ovalbumin (OVA) with 0.1 mL of alum hydroxide
(alum) [group I] and some of them were treated with OVA
and alum as well as with anti-gal-9 antibody 30min prior

to each exposure to antigen OVA [group II]. While control
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Table 2 Comparison Between Studied Groups Regarding Galectin-9 Immunoreactivity

Studied Group No = 32 Test of Significance P value
Control No = 10 Atopic Dermatitis No = 22
No % No %
Expression FXT 0.313
Positive 9 90 22 100 227
Negative | 10 0 0
Intensity FXT 0.04%*
Mild 8 88.9 9 40.9 6.03
Moderate I 1.1 10 455
Strong 0 0 3 13.6
Localization FXT <0.001*
Nuclear 0 0 5 22.7 31
Nucleo-cytoplasmic 0 0 17 77.3
Cytoplasmic 9 100 0 0
Percent <0.001*
Mean * SD 12.7 £ 12.01 55.6 + 24.3 38
Range 540 1090
Median 5 60
H score <0.001*
Mean + SD 17.22 + 243 107.9 + 76.8 37
Range 5-80 15-270
Median 5 105
Inflammatory cells FXT <0.001*
Positive 0 0 19 86.4 20.1
Negative 9 100 3 13.6
Inflammatory cells FXT <0.001*
Positive 0 0 17 8l 16
Negative 9 100 4 19

Notes: U: Mann—Whitney U-test. *Statistically significant.
Abbreviation: FXT, Fisher’s exact test.

mice were fed with saline. The authors reported that gal-9
contributes to sustaining the allergic status in the intestine
[group I], and stalling gal-9 by adding anti gal-9 antibody
[group II] inhibited the allergic hypersensitivity status and
the antigen-specific Th2 response in the intestine.

Therefore, we may conclude that gal-9 tissue expres-
sion not only has an active role in AD development, but
also, it participates in its severity, and thus targeting gal-9
may improve the disease course in AD patients.

In the same context, we studied E selectin immune
reactivity, that was positive in 90% of control sections.
Supporting this result, Luo et al*® reported that, E selectin
is an endothelial-specific linkage molecule that has an
important role in leukocyte adhesion. Also, the authors

revealed that E selectin is induced by many inflammatory

stimuli as well as non-inflammatory conditions, suggesting
that E selectin is also regulated by growth signals.

Regarding E selectin tissue expression in AD patients,
the current study showed that, there were significant ele-
vations in E selectin H score and it’s percent of expression
than controls.

In line with these results, Kulisic et al**

on their study
on 30 AD patients and 10 controls from Croatia, found that
E selectin tissue expression was significantly raised in AD
patients than control group. Additionally, Kagi et al*® and
Huang et al*® reported that the level of soluble E selectin
was significantly higher in patients having AD than in
healthy control individuals.

The observed up-regulation of E selectin in involved

skin of AD patients could be suggested to be facilitated by
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Figure 2 (A) Mild focal cytoplasmic expression of E selectin (red arrows) in epidermal keratinocytes of control section (Immunoperoxidase, 400 x); (B) Moderate focal
cytoplasmic expression of E selectin (red arrows) in AD epidermal keratinocytes (Immunoperoxidase, 200 X); (C) Diffuse moderate predominantly nuclear expression of
E selectin (red circles) in the epidermal keratinocytes of AD skin section (Immunoperoxidase, 400 X).

some cytokines such as IL-4 that was released from Th2  essential in the interaction with occupying T lymphocytes
cells which are dominate in inflammatory process in AD.?"  in the epidermis and dermis. Accordingly, it may be pos-
This enhanced tissue E selectin expression in AD cases is  tulated that the skin of AD patient provides a special

Table 3 Comparison Between Studied Groups Regarding E Selectin Immunoreactivity

Studied Group No = 32 Test of Significance P value
Control No = 10 Atopic Dermatitis No = 22
No % no %
Expression FXT 0.56
Positive 9 90 21 95.5 0.34
Negative | 10 | 45
Percent ] 0.001*
Mean * SD 27.7 £ 13.01 4738 303 3.20
Range 10—40 5-90
Median 30 40
H score ] 0.002*
Mean * SD 46.6 +357 1035 + 92.6 296
Range 10-120 5-270
Median 40 80
Intensity no =9 % no = 21| % FXT 0.77
Mild 5 55.6 9 429 0.29
Moderate 3 333 8 38.1
Strong | (N 4 19
Localization FXT <0.001*
Nuclear 0 0 7 333 30
Nucleo-cytoplasmic 0 0 14 66.7
Cytoplasmic 9 100 0 0
Inflammatory cells FXT <0.001*
Positive 0 0 17 8l 6
Negative 9 100 4 19

Notes: U: Mann—Whitney U-test. *Statistically significant.
Abbreviation: FXT, Fisher’s exact test.
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Figure 3 Showing co-localization of the both E-selectin (A) and galectin-9; (B) immunohistochemical nucleo-cytoplasmic expression (red circles in both (A and B) in the
epidermis of a case of atopic dermatitis (immunoperoxidase 200 x HPF [A], 40 x HPF [B]).

Table 4 Relationship Between Galectin-9 H Score and Studied
Parameters

Galectin-9 H Score

(r) P value
Age (years) 0.04 0.86
Age of onset (years) 0.06 0.77
Disease duration/years 0.03 0.86
SCORAD score 0.79 <0.001*
E selectin H score —-0.03 0.86

Note: *Statistically significant.

milieu either for homing or for in loco differentiation of
Th-2 cells.**

Furthermore, in the present study, dermal inflammatory
infiltrates demonstrated significant increase in E selectin
immune reactivity in AD cases than controls. Supporting
this finding, Jung et al*’ reported that in AD skin, epidermal
keratinocytes release many cytokines that may provide the
first signal for the induction of adhesion molecules and con-
comitant rise in E-selectin expression on dermal cells.

In the current study, although we found co-localization
of gal-9 and E selectin in of studied AD cases, we failed to
demonstrate a significant correlation between H score of
both. To best of our knowledge, there is no previous
studies investigated the relation between gal-9 and

E selectin in atopic dermatitis patients in blood or tissue
levels. Therefore, we suggested that role of gal-9 in AD
pathogenesis was not mediated through E selectin in dis-
eased skin of AD patients. However, relatively small sam-
ple size was the main limitation of the current work.
Therefore, we recommend further large-scale studies to
validate our findings.

Conclusion

Galectin-9 and E selectin participates independently in
atopic dermatitis pathogenesis. Additionally, gal-9 tissue
expression could be a marker of disease severity in AD
patient. Moreover, gal-9 and E selectin could be therapeu-
tic targets in AD management program.
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