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Galectin-9 (Gal-9) is a β-galactoside-binding protein involved in various biologic processes, including cell 
aggregation, adhesion, chemoattraction, and apoptosis.  Little is known, however, about the regulation 
mechanisms of Gal-9 production.  Recent studies reported high plasma Gal-9 levels in humans infected 
with human immunodeficiency virus-1 and dengue virus.  Viral respiratory infections such as influenza are 
common human illnesses.  A synthetic double-stranded RNA, polyinosinic-polycytidylic acid (PolyIC), 
mimics the effects of viruses in various cell types and induces the expression of Gal-9 in endothelial cells.  
To examine the potential link between viral infection and Gal-9 expression, we measured plasma Gal-9 
concentrations in patients with influenza.  Subjects were 43 patients with influenza virus infection, 20 with 
pneumococcal pneumonia, and 20 healthy adults.  Gal-9 concentrations in the plasma and in culture 
supernatants of human airway epithelial cells were measured using an enzyme-linked immunosorbent 
assay.  Plasma Gal-9 concentrations were higher in patients with influenza infection than in patients with 
pneumococcal pneumonia and healthy subjects (p < 0.05).  Patients with influenza were effectively 
differentiated from those with pneumococcal pneumonia or healthy subjects, based on the plasma levels of 
Gal-9 (p < 0.0001).  Furthermore, using a human airway epithelial cell line, we showed that the presence of 
PolyIC but not lipopolysaccharides increased the Gal-9 concentration in the culture medium (p < 0.05), 
suggesting that PolyIC enhanced Gal-9 production.  These findings support our proposal that Gal-9 
production is induced by influenza virus infection in humans.  In conclusion, plasma Gal-9 could be a new 
biomarker for patients with influenza infection.
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Introduction
Galectin-9 (Gal-9) is a β-galactoside binding protein 

involved in various biologic processes, including cell aggre-
gation, adhesion, chemoattraction, and apoptosis 
(Hirashima et al. 2004).  Recently, Gal-9 was characterized 
as an immunomodulator involved in excessive immunity by 
its effect to reduce pro-inflammatory helper T type 1 (Th1) 
and Th17 cells in a Tim-3 dependent manner, and expand 
regulatory T cells and immunosuppressive macrophages 
(Zhu et al. 2005; Seki et al. 2008; Arikawa et al. 2010).  
Little is known, however, about the regulation mechanisms 
of Gal-9 production in vivo.  A synthetic double-stranded 
RNA (dsRNA), polyinosinic-polycytidylic acid (PolyIC), 
induces the expression of Gal-9 in endothelial cells 
(Ishikawa et al. 2004).  Recent studies revealed that humans 

infected with acute human immunodeficiency virus (HIV)-1 
have extremely high plasma Gal-9 levels that rapidly 
decrease after treatment (Chagan-Yasutan et al. 2009; 
Saitoh et al. 2012).  Furthermore, plasma Gal-9 levels were 
markedly elevated during the critical phase of acute dengue 
virus infection (Chagan-Yasutan et al. 2013).

 Viral respiratory infections such as influenza are com-
mon illnesses in humans.  Replication of most respiratory 
viruses requires the generation of dsRNA that can be recog-
nized by Toll-like receptor 3, resulting in the activation of 
host immune responses (Guillot et al. 2005).  In a recent 
study, we found elevated Gal-9 levels in the bronchoalveo-
lar lavage fluid of an acute exacerbation model of murine 
chronic asthma using the Dermatophagoides farinae-
induced murine model of chronic asthma and dsRNA 
(PolyIC) (Katoh et al. 2013).  Based on previous studies, 
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including ours, viral infection may induce Gal-9 production 
in vivo (Saitoh et al. 2012; Katoh et al. 2013; Chagan-
Yasutan et al. 2013).  In the present study, to examine the 
effect of influenza virus infection on Gal-9 production in 
humans, we estimated plasma Gal-9 concentrations using 
enzyme-linked immunosorbent assay (ELISA) in patients 
with influenza infection compared with patients with pneu-
mococcal pneumonia and healthy volunteers.  Further, we 
examined the effect of PolyIC on Gal-9 production in 
human airway epithelial cells.

Methods
Characteristics of the study patients

 Included in this study were 43 patients with influenza virus 
infection (21 women and 22 men; age, 49.1 ± 3.3 years), 20 with 
pneumococcal pneumonia (13 women and 7 men; age, 66.6 ± 4.5 
years), and 20 healthy adults (10 women and 10 men; age, 61.5 ± 3.8 
years).  The diagnosis of influenza was made using a rapid flu kit 
screening test from nasopharyngeal swabs.  None of the patients with 
influenza included in the present study showed pulmonary infiltration 
on the x-ray.  The diagnosis of pneumococcal pneumonia was made 
based on a urinary antigen test to Streptococcus pneumoniae and/or 
respiratory cultures with pulmonary infiltrates on the x-ray.  Patients 
with both influenza and pneumococcal pneumonia were excluded.  
Baseline characteristics of the patients, including blood examination 
data, are shown in Table 1.  White blood cells (WBC), percent of neu-
trophils, and C-reactive protein (CRP) were significantly higher in 
patients with pneumococcal pneumonia than in patients with influ-
enza.  The study was approved by the human ethics committee of 
Kawasaki Medical School and Japanese Red Cross Nagasaki 
Genbaku Isahaya Hospital, and written informed consent was 
obtained from all study participants.

Galectin-9 measurements
Blood samples of patients with influenza and pneumococcal 

pneumonia were collected for a few days after the onset, and samples 
of influenza patients were also collected at the improved phase after 
treatment (on days 10.8 ± 2.6).  Gal-9 concentrations in the plasma 
and culture supernatants were measured using ELISA, as previously 
described with slight modification (Seki et al. 2007; Katoh et al. 
2010).  Briefly, 96-well plates (Nunc, Rockild, Denmark) were coated 
with an anti-human Gal-9 monoclonal antibody (clone 9S2-3; 
GalPharma, Takamatsu, Japan), and then samples were incubated for 
1 hour at 37°C after blocking.  Gal-9 remaining in the wells was rec-
ognized by biotin conjugated polyclonal anti-human Gal-9 antibody 

(GalPharma).  Quantification was performed using streptavidin-con-
jugated to a polymer of horseradish peroxidase (Pierce, Rockford, IL) 
and the colorimetric substrate tetramethylbenzidine (KPL, 
Gaithersburg, MD).  Gal-9 concentrations were quantified using 
recombinant human stable Gal-9 (G9NC null; GalPharma) as a stan-
dard.  The detection limit was 15.6 pg/ml.  Concentrations below the 
detection limits were assumed to be zero for statistical analysis.

Culture of human airway epithelial cells
BEAS-2B human airway epithelial cells (Sigma-Aldrich, St. 

Louis, MO; 1 × 105/well) were cultured with medium alone (RPMI 
containing 5% heat-inactivated fetal bovine serum), synthetic dsRNA, 
polyinosinic-polycytidylic acid:PolyIC (InvivoGen, San Diego, CA) 
(1 µg/ml); PolyIC (3 µg/ml); lipopolysaccharide (LPS) from 
Klebsiella pneumoniae (Sigma-Aldrich; 1 µg/ml); or LPS (3 µg/ml) 
for 18 h at 37°C.  The supernatant was stored at −80°C until analysis.

Statistical analysis
All data are expressed as mean ± standard error (SEM).  For 

statistical comparisons, non-parametric two-tailed Mann-Whitney U 
test, Wilcoxon signed ranks test, and one-way analysis of variance 
were used.  To investigate the optimum threshold, receiver-operating 
curves (ROC) were prepared.  All statistical analyses were performed 
with Graphpad Prism 6 software.  Differences with probability values 
of less than 0.05 were considered significant.

Results
Plasma Gal-9 levels increase in influenza infection

To examine the contribution of Gal-9 in influenza virus 
infection, plasma Gal-9 concentrations were estimated 
using ELISA.  Gal-9 levels were significantly higher in 
patients with influenza (183.7 ± 26.6 pg/ml) than in patients 
with pneumococcal pneumonia (45.7 ± 13.5 pg/ml) and 
healthy volunteers (14.0 ± 3.6 pg/ml) (p < 0.05, Fig. 1A).  
Plasma Gal-9 levels in patients with pneumococcal pneu-
monia did not differ significantly from those in healthy vol-
unteers ( p = 0.92, Fig. 1A).  Further, Gal-9 levels in 
patients with influenza were significantly decreased after 
treatment with anti-influenza drugs (p < 0.0001, Fig. 1B).  
Patients with influenza were younger than patients with 
pneumococcal pneumonia and healthy subjects (p < 0.05).  
There was no correlation between plasma Gal-9 levels and 
age in patients with influenza (r = −0.026, p = 0.867), pneu-
mococcal pneumonia (r = 0.003, p = 0.989), or healthy sub-

Table 1.  Characteristics of the study patients.

Influenza
 (n = 43) 

Pneumococcal pneumonia
 (n = 20)

Age (years) 49.1 ± 3.3  66.6 ± 4.5*
Sex (male, %) 22 (51.2) 7 (35.0)
WBC (/µL) 5,750 ± 261.7 12,469 ± 948.3*
Neutrophil (/µL) 4,206 ± 267.4 10,901 ± 887.3*
CRP (mg/mL) 2.84 ± 0.40 13.08 ± 2.53*

*Represents significant difference between patients with influenza and Pneumococcal 
pneumonia (p < 0.05).  Significance was evaluated by the Mann-Whitney U test.
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jects (r = 0.317, p = 0.173).  Next, an ROC curve was pre-
pared to calculate the optimum plasma Gal-9 threshold to 
identify influenza patients using healthy subject as a nega-
tive control (Fig. 2A), or pneumococcal pneumonia patients 
as a negative control (Fig. 2B).  When healthy volunteers 
were used as a negative control, with 32.5 pg/ml plasma 
Gal-9 as the arbitrary cutoff, the sensitivity and specificity 
were 97.7% and 95.0%, respectively (AUC: 0.986, p < 
0.0001).  When pneumococcal pneumonia patients were 
used as a negative control, plasma Gal-9 levels > 64.5 pg/
ml had 81.4% sensitivity and 75.0% specificity (AUC: 
0.854, p < 0.0001).  Patients with influenza were effectively 
differentiated from healthy volunteers and pneumococcal 
pneumonia based on the Gal-9 plasma levels.

PolyIC induces Gal-9 production in human airway epithe-
lial cells

Primary sites for influenza virus infections are airway 

epithelial cells.  To investigate the effect of influenza virus 
infections on Gal-9 production in airway epithelial cells, 
PolyIC was used to mimic the viral infection in cultured 
airway epithelial cells.  Gal-9 concentrations were increased 
in the culture supernatant of airway epithelial cells in the 
presence of PolyIC, but not LPS (p < 0.05, Fig. 3).

Discussion
The findings of the present study demonstrated that 

patients with influenza infection have elevated plasma lev-
els of Gal-9.  Plasma Gal-9 levels could effectively differ-
entiate influenza patients from those with pneumococcal 
pneumonia and healthy volunteers.  Human airway epithe-
lial cells produced Gal-9, and Gal-9 production was upregu-
lated in the presence of PolyIC but not LPS.

Previous studies demonstrated Gal-9 expression in 
human vascular endothelial cells stimulated with 
interferon-γ, and the generation of Gal-9 by these cells in 

A B

Fig. 1.  Plasma levels of galectin-9.  (A) Significantly different plasma galectin-9 levels in patients with influenza (Flu), 
pneumococcal pneumonia (Pneumo), and healthy volunteers (HV).  Data represent means ± SEM.  *p < 0.05 compared 
with healthy volunteers; #p < 0.05 compared with pneumococcal pneumonia (one-way analysis of variance).  (B) Com-
parison of the plasma galectin-9 levels between before and after treatment with anti-influenza drugs (Wilcoxon signed 
ranks test, p < 0.0001).

Fig. 2.  Sensitivity of galectin-9 plasma levels for influenza infection.  Receiver-operating characteristic curve analysis of the 
sensitivity and specificity of plasma galectin-9 levels for composite influenza infection.  Confidence Interval: 95%.  
AUC, Area under the curve.  (A) Control values: Healthy volunteer.  (B) Control values: Pnumococcal pneumonia.



S. Katoh et al.266

response to dsRNA, an experimental model of viral infec-
tion (Imaizumi et al. 2002; Ishikawa et al. 2004).  Recently, 
the role of Gal-9 in influenza A virus (IAV) and Herpes 
Simplex virus (HSV) infection was examined in Gal-9 defi-
cient mice.  An elevated and higher-quality CD8 T cell 
response to IAV and HSV was observed in Gal-9 deficient 
animals.  Increased endogenous production of Gal-9 
occurred after IAV-infection in wild-type mice.  Further-
more, exogenous Gal-9 administration reduced the effi-
ciency of CD8 T cell-mediated immunity to HSV infection.  
IAV-specific CD8 T cells from IAV-infected mice undergo 
apoptosis upon exposure to recombinant Gal-9 in vitro 
(Sehrawat et al. 2009, 2010; Sharma et al. 2011).  We first 
demonstrated elevated levels of plasma Gal-9 with influ-
enza virus infection in humans.  Taken together with find-
ings from previous studies in mice, Gal-9 might play an 
important role in viral infection to downregulate antiviral 
responses.

 Previous studies revealed elevated plasma levels of 
Gal-9 in acute HIV-1 and dengue virus infected individuals 
(Chagan-Yasutan et al. 2009, 2013; Saitoh et al. 2012) and 
no changes in Gal-9 protein levels in experimental pneumo-
coccal meningitis (Bellac et al. 2007).  We found that Gal-9 
production was upregulated by viral, but not bacterial, 
infection, in vivo.  We also demonstrated that PolyIC but 
not LPS induces Gal-9 production in vitro.  Further, influ-
enza patients were effectively differentiated from pneumo-
coccal pneumonia by plasma levels of Gal-9.  Gal-9 may 
thus be a useful biomarker to differentiate viral and bacte-
rial infections.  Future studies should be performed to 
examine the plasma Gal-9 concentrations in patients with 
other types of viral infection compared with other biomark-

ers such as procalcitonin.
 In the present study, the Gal-9 levels were signifi-

cantly elevated, but the changes in the numbers of WBC 
and neutrophils were not remarkable, in patients with influ-
enza.  The CRP levels were significantly lower in patients 
with influenza than in patients with pneumococcal pneumo-
nia.  Furthermore, a marked decrease of the Gal-9 levels 
was observed after treatment in patients with influenza, 
which could be associated with disease activity.  These data 
suggest that the increases in Gal-9 could be better marker 
for patients with influenza infection compared to other 
inflammatory markers.

There was no correlation between plasma Gal-9 levels 
and age in patients with influenza and pneumococcal pneu-
monia, and healthy volunteers.  Although patients with 
influenza were younger than those with pneumococcal 
pneumonia, there was little effect of age on Gal-9 produc-
tion in vivo.

In conclusion, our findings indicate that Gal-9 produc-
tion is induced by influenza virus infection.  Further, plasma 
levels of Gal-9 could be a new biomarker for patients with 
influenza infection.
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