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SIGNIFICANCE
Eosinophils are major culprit cells in bullous pemphigoid, 
but the mechanism of their recruitment into the skin is 
unknown. This study identified galectin-9 as a potential 
driver of eosinophil recruitment in bullous pemphigoid. The 
results also show that galectin-9 is a potential serum bio-
marker in bullous pemphigoid. This finding could lead to 
the development of composite biomarkers for the diagnosis 
of bullous pemphigoid from serum samples.

Massive recruitment of eosinophils into the dermis is a 
hallmark of bullous pemphigoid pathogenesis. Identi­
fying the chemoattractant(s) guiding eosinophils into 
the skin in bullous pemphigoid is a prerequisite to thera­
peutic targeting of eosinophil recruitment. Galectin 
­9 is a potent chemoattractant for eosinophils, but 
its potential role in bullous pemphigoid is unknown. 
The aim of this study was to determine the expres­
sion lev els of galectin­9 in serum and skin of patients 
with bullous pemphigoid. Galectin­9 levels were sig­
nificantly elevated in serum of patients with bullous 
pem phigoid compared with age­ and sex­matched con­
trols, but did not correlate with disease activity asses­
sed with the Bullous Pemphigoid Disease Area Index. 
Galectin­9 expression was also increased in lesional 
skin of patients with bullous pemphigoid, and was ex­
pressed predominantly in eosinophils, neutrophils and 
keratinocytes. In conclusion, these results support the 
notion that galectin­9 may play a role in the patho­
genesis of bullous pemphigoid. 

Key words: autoimmune disease; bullous pemphigoid; galectin- 
9; eosinophil.
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Bullous pemphigoid (BP) is the most common autoim-
mune bullous disease and belongs to the group of 

pemphigoid diseases (1). Pemphigoid diseases are defi-
ned by antibody-driven autoimmunity against different 
components of the dermal–epidermal adhesion complex. 
In BP, the hemidesmosomal protein BP180 (type XVII 
collagen) is targeted (1, 2). The deposition of autoanti-
bodies at the dermal–epidermal junction alone does not 
initiate the eruption of skin inflammation, but requires 
recruitment of granulocytes into the dermis. The dermal 
inflammatory infiltrate is dominated by eosinophils (3, 4). 
Their massive recruitment into the dermis is, therefore, 
presumed to be crucial for the pathogenesis of BP (3), 
but the molecular networks regulating skin inflammation 
in BP are still only partially understood. This also per-
tains to the molecular cues orchestrating the recruitment 
of eosinophils. Their elucidation would be key to the 
development of therapeutic strategies suppressing skin 

inflammation by selectively disrupting the recruitment 
of eosinophils. On the molecular level, a predominance 
of TH2 cytokines and IL-17A in the peripheral blood and 
skin are established hallmarks of BP, which probably 
contribute significantly to its pathogenesis (5–7). 

Galectin-9 (Gal-9) is a β-galactoside-binding lectin 
exhibiting diverse immunoregulatory activities through 
binding to T-cell-immunoglobulin- and mucin-domain-
containing molecule-3 (TIM-3), CD44, and IgE (8). 
Binding of galectin-9 to Tim-3 on CD4 and CD8 T cells 
leads to induction of apoptosis. Furthermore, galectin-9 
induces calcium entry and aggregation of TH1 cells. Via 
binding to CD44 it inhibits association with hyaluronan, 
and therefore prevents cells from rolling through CD44-
dependent mechanisms (8). By binding to IgE, galectin-9 
prevents formation of IgE immune complexes and redu-
ces IgE-induced degranulation of mast cells (9).

Several immunoregulatory activities of galectin-9 may 
also play a role in shaping the inflammatory microenvi-
ronment in lesional skin of patients with BP. More spe-
cifically, galectin-9 potently chemoattracts eosinophils, 
induces their aggregation and superoxide production and 
can prolong their survival (8, 10–12). It also establishes a 
dominance of TH2 over TH1 and TH17 cytokines (13–15). 
In line with the activity profile, galectin-9 has been ele-
vated and implicated as an important regulatory factor 
of chronic diseases exhibiting eosinophil and/or TH2 cell 
driven tissue inflammation, such as scleroderma, atopic 
dermatitis, rheumatoid arthritis, eosinophilic pneumonia, 
and allergic lung inflammation (15–19). However, the 
role of galectin-9 in BP has not been addressed. 

To determine whether galectin-9 might play a role in 
the pathogenesis of BP, this study assessed the expres-
sion of galectin-9 in the serum of patients with BP com-
pared with age- and sex-matched healthy controls. The 
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study examined the correlation of galectin-9 levels with 
BPDAI disease activity score, age, autoantibody levels 
and various leucocyte subsets. In addition, the study 
tested the expression of galectin-9 in keratinocytes, 
eosino phils, and neutrophils in lesional tissue samples 
of patients and in healthy control skin.

METHODS

Patients

A total of 40 patients with BP and 40 age- and sex-matched 
controls were recruited at the University of Lübeck, Lübeck, Ger-
many. Based on prior power calculations, 40 samples per group 
allowed a statistical power of > 70% to be achieved with a type I 
error probability of 5% for a range of potential effect sizes (effect 
size 0.6/empirical power 72.7%; 0.7/0.851%; 0.8/93.3%). The 
minimum requirements for diagnosis of BP were a typical clini-
cal presentation, the detection of linear depositions of IgG at the 
dermal–epidermal junction in the direct immunofluorescence and 
deposition of circulating IgG at the blister roof of salt-split skin in 
indirect immunofluorescence testing or binding to BP180-NC16A 
or BP230 detected by enzyme-linked immunoassay (ELISA). All 
patients included in the study were newly diagnosed with BP and 
had not received systemic immunosuppressive treatment prior to 
inclusion in the study. Collected serum samples were stored at 
–80 °C until usage. Skin biopsies were fixed in formalin, paraffin 
embedded, and stored at room temperature (RT) in darkness. De-
mographic, clinical, and serological characteristics of the patients 
are shown in Table I.

Enzyme-linked immunosorbent assay

Serum galectin-9 levels were quantified using the Human Galec-
tin-9 DuoSet ELISA kit (R&D Systems, Minneapolis, MI, USA, 
DY2045) according to the manufacturers’ instructions. Antibodies 
against BP180 were detected with Anti-BP180-NC16A-4X-
ELISA (Euroimmun, EA 1502-1 G) and against BP230 with 
Anti-BP230-CF-ELISA (Euroimmun, Lübeck, Germany, EA 1502 
G), according to the manufacturer’s instructions. Optical densities 
were measured at 450 nm using the Infinite M200Pro microplate 
reader (Tecan, Männedorf, Switzerland). Concentrations were 
calculated from the standard curve generated by the Megellan 
software version 7.2 (Tecan). 

Fluorescence-labelled immunohistochemistry 

Galectin-9 was visualized on BP lesional skin samples in combina-
tion with myeloperoxidase (MPO) as a neutrophil marker (n = 8) 
or eosinophil peroxidase (EPX) as an eosinophil marker (n = 5) 
to identify the site of expression. In comparison, their expres-
sion was also tested in skin from corresponding anatomical sites 
of age- and sex-matched healthy controls (n = 5). Briefly, 6-μm 
paraffin sections were deparaffinized and rehydrated. After heat 
antigen retrieval for 10 min at 100°C alone (MPO staining) or 
together with subsequent Proteinase K digestion for 3 min at RT 
(EPX staining), samples were blocked with donkey anti-human 
Fab (Jackson Immuno Research Laboratories,  West Grove, PA, 
USA, #709-006-149) for 45 min at RT and 10% (v/v) normal 
donkey serum (NDS) for 45 min at RT. Samples were incubated 
with rabbit anti-mouse/rat/human Galectin-9 antibody (Abcam, 
Cambridge, MA, USA, #ab69630) overnight at 4°C. Next day, 
secondary AF594 conjugated donkey anti-rabbit antibody (Jack-
son Immuno Research Laboratories, #711-585-152) was applied 
for 45 min at RT. After another blocking step with 10% (v/v) 
normal donkey serum (NDS), samples were either incubated with 
mouse anti-human MPO (R&D Systems, 392105) for 60 min 
at RT or with mouse anti-mouse/human EPX (Lee Laboratory, 
Mayo Clinic, Scottsdale, AZ, USA, #MM25-82.2) overnight 
at 4°C. Subsequently, all samples were labelled with secon-
dary AF488 conjugated donkey anti-mouse antibody (Jackson 
Immuno Research Laboratories, #715-545-151) for 45 min at RT. 
All in-between washing steps were performed with 0.01M PBST,  
pH 7.2. In the end, slides were mounted with DAPI fluoromount 
G (SouthernBiotech, Birmingham, Alabama, USA). Images were 
acquired on a BZ-9000E series microscope (Keyence GmbH, 
Neu-Isenburg, Germany) and analysed using the BZ II Analyzer 
software (Keyence GmbH). To generate larger insets, original 200× 
magnification images were digitally magnified 3×.

Table I. Patient characteristics

Characteristic
Patients with BP
n = 40 (50.0%)

Controls
n = 40 (50.0%) p-value

Female, n (%) 16 (40.0) 16 (40.0)
Male, n (%) 24 (60.0) 24 (60.0)
Age, years, median (IQR) 79.5 (73.5–82.0) 79.0 (74.0–83.3) 0.639
  Range 66–89 66–93
BPDAI score, median (IQR) 20 (10.5–39.5) NA
  Range 3–84 NA
BP180-NC16A (U/ml)
  Tested, n (%) 40 (100.0) NA
  Positive, n (%) 37 (92.5) NA
  Median (IQR) 167 (100–330) NA
  Range 30–3,412 NA
BP230-CF (U/ml)
  Tested, n (%) 21 (52.5) NA
  Positive, n (%) 13 (32.5) NA
  Median (IQR) 125 (42–157) NA
  Range 3–1,549 NA

IQR: interquartile range; BP: bullous pemphigoid; NA: not applicable; BPDAI score: 
Bullous Pemphigoid Disease Area Index score.

Fig. 1. Patients with bullous pemphigoid (BP) have elevated 
galectin­9 serum levels. (a) Serum levels of galectin-9 measured by 
enzyme-linked immunoassay (ELISA) in patients with BP (n = 40) compared 
with healthy age- and sex-matched controls (n = 40). Bold lines of boxplots 
indicate the median; boxes illustrate lower and upper quartiles; whiskers 
show the lowest and highest data point still within 1.5× of interquartile 
range from lower or upper quartile, respectively; each dot represents an 
individual. Groups were compared by 2-sided Wilcoxon rank-sum test 
(p = 0.0002).
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Ethics approval

All patients and healthy controls provided written informed 
consent prior to their inclusion in the study. Ethics approval was 
obtained from the institutional review board of the University of 
Lübeck prior to the study (ethics board number 18-046).

Statistical analyses

Analyses were performed using R 3.6.0 (RCore Team 2017, 
Vienna, Austria). Associations between categorical and numerical 
variables were tested using a Wilcoxon rank-sum test (2 catego-
rical groups). The χ2 test of independence was used to analyse 
contingency tables formed by 2 categorical variables. Correla-
tions between 2 numeric variables were tested using Spearman’s 
rank-order correlation. Prior to the study a power calculation was 
performed utilizing the MKpower package to simulate different 
potential effect and samples sizes for Wilcoxon rank-sum test via 
Monte-Carlo simulation. p ≤ 0.05 were considered statistically 
significant unless otherwise specified.

RESULTS

Serum levels of galectin-9 were measured by ELISA in the 
serum of 40 patients with BP and 40 age-and sex-matched 

controls. Galectin-9 was detectable in significant amounts 
in both patients and healthy controls (Fig. 1), but levels 
were elevated in the serum of patients with BP (2.65 ± 1.02 
ng/ml) compared with healthy controls (1.95 ± 1.18 ng/ml; 
pWilxoc=0.0002). There was a weak positive association of 
galectin-9 with the age of healthy controls (Rho = 0.39, 
p = 0.014), but no correlation of galectin-9 with the age of 
patients with BP at time of diagnosis (Fig. S11).

The patients with BP included in this study exhibited 
a wide range of disease activity as assessed by the BP-
DAI score (Table I). Serum levels of galectin-9 did not 
correlate with the BPDAI score (Rho = 0.045, p = 0.79, 
Fig. 2a). There was also no correlation of galectin-9 with 
the levels of anti-BP180 IgG (Rho = 0.27, p = 0.11, Fig. 
2b) and anti-BP230 IgG (Rho = –0.039, p = 0.9, Fig. 2c) 
detectable.

This study also examined whether galectin-9 levels 
relate to the counts of different blood cell populations. 
While there was no significant correlation with eosi-

1https://doi.org/10.2340/00015555-3771

Fig. 2. Galectin­9 levels are not associated with disease activity and autoantibody levels. Galectin-9 levels do not correlate with (a) clinical 
disease activity, as measured with BPDAI score, (b) BP180-NC16A serum levels, or (c) BP230 serum levels at time of diagnosis. Line represents regression 
line, grey shading illustrates 95% confidence interval (95% CI), Spearman’s correlation test. Number in each plot based on patients with: (a) reported 
BPDAI score (n = 40 patients with bullous pemphigoid (BP)), (b) with positive anti-BP180-NC16A (n = 37 patients with BP), or (c) anti-BP230 antibody 
levels (n = 13 patients with BP).

Fig. 3. Galectin­9 correlates weakly with 
the number of circulating monocytes. (a) 
Galectin-9 levels do not correlate with the 
number of circulating eosinophils. (b) Galectin-9 
is weakly associated with the number of 
monocytes in the blood (rho = 0.36, p = 0.031). 
Line represents regression line, grey shading 
illustrates 95% confidence interval, Spearman’s 
correlation test; n = 40 patients with bullous 
pemphigoid.

https://doi.org/10.2340/00015555-3771
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nophils counts, which are typically increased in approx-
imately 50% of patients with BP, there was a significant 
correlation between monocyte counts and galectin-9 
levels (Rho = 0.36, p = 0.031, Fig. 3, Fig. S21). 

The study subsequently assessed the expression of ga-
lectin-9 at the protein level in perilesional skin of patients 
with BP by fluorescence-labelled immunohistochemistry. 
Galectin-9 was pronouncedly more abundant in lesional 
as well as perilesional skin of patients with BP than in 
corresponding skin sections of age- and sex-matched 
healthy donors (Fig. 4). Keratinocytes of patients with 
BP, especially those of the basal and lower layers, seemed 
to express galectin-9 in their cytosol, while keratinocytes 
of healthy controls had mostly intranuclear galectin-9 
expression. As galectin-9 was expressed in keratinocytes 
as well as in cells of the inflammatory dermal infiltrate, 
the skin sections were also stained for EPX and MPO as 
markers for eosinophils and neutrophils, respectively. As 
expected, both eosinophils and neutrophils were abundant 
in lesional skin (Fig. 5). Galectin-9 was expressed in the 
cytosol of more than 90% of eosinophils (Fig. 5a) as well 
as more than 90% of neutrophils neutrophils (Fig. 5b).

DISCUSSION

This study found that galectin-9 serum levels are sig-
nificantly elevated in patients with BP, and galectin-9 

is expressed in lesional and perilesional skin of these 
patients. Collectively, these findings hint at a possible 
regulatory role of galectin-9 in the pathogenesis of BP. 

Serum and tissue levels of galectin-9 have been 
reported previously to be increased in diverse chronic 
inflammatory conditions, including autoimmune as well 
as eosinophil- and TH2 cell-driven diseases. Thus, serum 
galectin-9 has been proposed as an easily accessible 
biomarker, for instance for systemic sclerosis, atopic 
dermatitis, systemic lupus erythematosus, and autoim-
mune hepatitis (15, 18, 20–22). However, the functional 
significance of galectin-9 has been addressed in only a 
few models of these diseases. These functional studies 
have delivered dichotomous results, arguing, depending 
on the model and experimental setup, either for a pro-
inflammatory or protective net effect of galectin-9 on 
disease (13, 17, 19, 23–25). 

For example, BALB/c mice sensitized and challenged 
with ovalbumin in a preclinical model of allergic lung 
inflammation presented with higher numbers of galec-
tin-9 expressing eosinophils, elevated galectin-9 protein 
levels and increased TH2 cytokines in the bronchoal-
veolar lavage compared with control mice challenged 
with phosphate-buffered serum (PBS) (17). In in vitro 
models of rheumatoid arthritis (RA) galectin-9-treated 
granulocytes were shown to upregulate peptidyl ar-
ginine deiminase 4 (PAD-4), a key enzyme required for 

Fig. 4. Keratinocytes in both lesional and perilesional skin biopsies of patients with bullous pemphigoid (BP) express more galectin­9 
than healthy controls. Representative immunofluorescence staining pictures of: (a) BP lesional skin (n = 8), (b) BP perilesional skin (n = 8) and (c) 
healthy control skin (n = 5). Arrows highlight examples of co-expression of galectin-9 and myeloperoxidase (MPO) in neutrophils; dashed lines indicate 
subepidermal split; scale bars: 100 µm.

https://doi.org/10.2340/00015555-3771
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citrullination of intracellular granulocyte proteins that 
are known autoantigens to RA pathogenesis, i.e. MPO, 
alpha-enolase, MMP-9 (19). On the contrary, in a mouse 
collagen-induced arthritis model galectin-9 suppressed 
arthritis in a dose-dependent manner by reducing levels 
of pro-inflammatory cytokines (e.g. IL-17, IL-12, IFNγ), 
suppressing the generation of TH17 and promoting the in-
duction of regulatory T cells (13). In spontaneous murine 
lupus models, i.e. in BXSB/MpJ and NZB/W F1 mice, 
galectin-9 interacted via CD44 with pDCs and B cells 
and abrogated their ability to mount cytokine responses 
to TLR7/TLR9 ligands.

Consequently, galectin-9 prevented TLR-mediated 
IFN secretion by pDCs and autoantibody generation by 
B cells via the mTOR/p70S6K pathway (23).

BP is, in several respects, peculiar among the family 
of autoantibody-driven diseases. Its specific characte-
ristics include a vast dominance of eosinophils and TH2 
cytokines in the blood, and particularly in the inflamed 
tissues of patients with BP (3, 5). Both eosinophils and 
TH2 cytokines, specifically IL-4 and IL-5, are therefore 
considered important drivers of pathogenesis in BP (3). 
Therapeutic strategies directly targeting the recruitment 
and activation of eosinophils in the skin have been or are 
currently in clinical trials. These therapeutic strategies 
include the inhibition of IL-5 and CLL11/eotaxin-1 by 
neutralizing antibodies, as well as the dual inhibition of 
the lipid mediator leukotriene B4 and the cleavage of the 
anaphylatoxin C5a from the complement factor C5 by 
the biotherapeutic nomacopan (26–28). Like most im-
mune cells, eosinophils simultaneously express several 
chemoattractant receptors and are therefore, in principle, 
responsive to many different chemoattractants (29, 30). 
Consequently, when several of these chemoattractants 
are expressed in the inflamed tissue in parallel, it must 
be considered that recruitment and activation is organized 

in a redundant manner (31, 32). As a chemoattractant for 
eosino phils, galectin-9 might contribute to the redundancy 
of eosinophil chemoattractant pathways in BP. The pre-
sence of galectin-9 in the skin of patients with BP should 
therefore be considered in the development of respective 
therapeutic strategies, as only inhibiting one select path-
way of eosinophil attraction might be insufficient to ame-
liorate skin inflammation. The correlation of galectin-9 
serum levels with monocytes blood counts in patients with 
BP indicates a potential interaction of these factors during 
the pathogenesis of BP. Indeed, monocytes differentiate to 
M2 macrophages through stimulation with galectin-9 (33). 
M2 macrophages express TH2 cytokines, such as IL-10, 
IL-4, TNF and IL-6, which are also found to be critical 
for pathogenesis of BP (1, 2, 34, 35). Furthermore, mono-
cytes are among the first immune cells that infiltrate the 
skin after autoantibody binding to the dermal–epidermal 
junction and, after differentiation to macrophages, play an 
important role by supporting granulocyte recruitment and 
blister formation in BP (36). However, the spatiotemporal 
details of this presumed interplay between galectin-9 and 
monocytes remain to be clarified.

The current study is limited by its descriptive nature 
of an increased galectin-9 expression in the serum and 
lesional skin of patients with BP. Future functional 
studies in appropriate preclinical models are required 
to further elucidate the significance of galectin-9 in BP.

The increased levels of galectin-9 in the serum of 
patients with BP may also be considered in the future, 
in the development of composite biomarker panels to 
diagnose BP based on serum samples. Determination of 
galectin-9 in the serum of patients with BP may contri-
bute to the proficiency of such panels. 

In conclusion, these results highlight galectin-9 as 
another mediator possibly involved in the pathogenesis of 
BP. Through its eosinophil- and TH2 cytokine-promoting 

Fig. 5. Eosinophils and neutrophils in lesional bullous pemphigoid (BP) skin express galectin­9 in their cytosol. Histopathological analysis of 
galectin-9 expression in perilesional skin biopsies of patients with BP. Representative immunofluorescence (IF) staining pictures highlighting the expression 
of cell marker proteins (a) eosinophil peroxidase (EPX, eosinophils, n = 5) and (b) myeloperoxidase (MPO, neutrophils, n = 8) and their co-expression with 
galectin-9. Dashed lines indicate subepidermal split; scale bars: 100 µm.
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effects galectin-9 may facilitate the eruption of skin 
lesions in patients with BP. Further research is planned, 
focussing on the pathological significance of galectin-9 
in BP, with functional studies in preclinical models.
The authors have no conflicts of interest to declare.
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