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Introduction

Allogeneic skin transplantation is an important clini-
cal treatment for many diseases such as large area burns. 
However, due to the immune rejection after allogeneic 
skin transplantation, the survival time is limited, which 
affects the growth and expansion of allogeneic skin grafts, 
resulting in limited therapeutic effect. Meanwhile, in order 
to avoid systemic infection, immunosuppressants are not 
applicable after skin transplantation. Therefore, if alloge-
neic skin transplantation can solve the immune rejection 
after transplantation, it will greatly promote the therapeu-
tic effect of allogeneic skin transplantation (1).

Galectins are S-type lectins that bind to carbohydrates 
and play multiple roles in immune cell homeostasis and 
inflammation (2). Galectin-9 is characterized by two do-
mains that are linked together by a peptide (3). There has 
been further confirmation that Galectin-9 binds to TIM-3 
physiologically (3); and as a result of interaction between 
Galectin-9 and TIM-3, calcium is influxed and caspase-1 
is activated, causing cell death (4).

Numerous early studies have demonstrated the crucial 
involvement of the TIM-3/Galectin-9 pathway in Th1-
mediated auto- and alloimmune responses. It has been 
demonstrated that either TIM-3 antibodies inhibit the pa-
thway and accelerate Th1-type reactions in experimental 
autoimmune encephalomyelitis (EAE) (5); while activa-
tion of this pathway by Gal-9 induces apoptosis of Th1 
cells and ameliorates GVHD and CVB3 induced myo-

carditis in mice (6,7). The TIM-3/Galectin-9 pathway is a 
promising strategy for the induction of immunotolerance 
in the allograft. Therefore, to evaluate the modulation of 
the survival time of allogeneic skin grafts by Gal-9 and to 
explore the critical mechanism involved in this process, 
hG9NC (human stable form Gal-9, sGal-9) was adminis-
tered daily to mice post-skin transplantation.

Materials and Methods

Animal sources
BALB/c mice (H-2d) and C57BL/6 mice (H-2b) were 

housed and maintained at the 309th hospital. Beijing-
based Experiment Animal Technology Limited Company, 
Wei Tong Li Hua, approved all mice involved in this study.

Skin graft transplantation and Galectin-9 treatment
In accordance with our previous description, mice were 

transplanted with skin (8). It was administered intraperi-
toneally 50mg/kg of pentobarbital to anesthetize the reci-
pient mice. The back skin from the C57BL/6 mice was 
excised and substituted with 1.5×1.5 cm back skin pieces 
from BALB/c mice, which were then put in cold saline 
for 24 hours. Grafts were in pressure dressing for 3 days, 
then the sterile gauze was removed. Rejection was defined 
according to the GB/T 14927122 2001 criterion for inbred 
strain mice skin transplant published by the Ministry of 
Science and Technology of China (9). Approximately 90% 
of viable epidermal graft tissue was lost during the study.
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Human stable-form Galectin-9 was prepared as des-
cribed previously (10). In this study, hG9NC (null) was 
donated by Kagawa University of Japan and Galpharma 
Limited Company. It was dissolved with ultra-pure water 
and asepticized by a 0.22um filter for use. In the study 
group, sGal-9 was administered 100ug daily by intra-peri-
toneal injection until 7th day post-transplant; while 0.30ml 
saline was served as control. Each group was tested on 
at least six mice. Mean survival times were indicated for 
each treatment.

Flow cytometric analysis
We used spleen and peripheral blood cell suspensions 

from BALB/c and C57BL/6 recipients after transplantation 
at seven and fourteen days after transplantation. Anti-CD4 
(clone GK1.5) was staining with FITC-conjugated anti-
mAb; anti-Tim-1 (RMT1-4); anti-TIM-3 (RMT3-23) was 
staining with PE-conjugated anti-mAb. For CD4+CD25+ 

Foxp3+Treg analysis, using [w/APC Foxp3 (clone: FJK-
16g and eBR2a), FITC CD4 (clone: RM4-5), PE CD25 
(clone: PC 61.5), Treg Kit]; For Th17 analysis, using IL-
17A (clone: eBio17B7). A FACS can flow cytometer (Bec-
ton Dickinson) was used for analysis of all samples.

ELISA assay
The animals were euthanized for a week following skin 

transplantation while under isoflurane anesthesia. Blood 
was harvested by extirpation of the eyes of mice. Mouse 
IL-2, IFN-γ, IL-4, and IL-17A kits were utilized in stan-
dard ELISA procedures to measure cytokine concentra-
tions in blood plasma.

Histologic analysis
Following fixation using 10% paraformaldehyde and 

embedding in paraffin, sections with a thickness of 4mm 
were produced and underwent staining with hematoxylin 
and eosin.

Data analysis
Survival time was estimated using the Kaplan-Meier 

curve, while the efficacy was assessed using the student t-
test. SPSS 22.0 was adopted to determine statistical signi-
ficance. We considered differences statistically noticeable 
at p<0.05.

Results

Longer survival time of Gal-9 in vivo allogeneic skin 
grafts

The graft survival was observed daily post-transplanta-
tion either in the study group or in the control group. Poo-
led data for the Kaplan–Meier test are indicated in Figure 
1. The findings indicated that the use of Galectin-9 had a 
notable effect on prolonging the survival of the skin graft, 
as demonstrated by an increase in the average duration of 
graft survival (MST) of 16 days to 12.5 days in the saline 
group.

Gal-9 ameliorates the lymphocyte infiltration in skin 
graft 

on 7th day post graft transplantation, we harvested skins 
and made histologic studies as indicated in Figure 2. The 
skin from the saline group showed lesions caused by acute 
rejection and with a heavy lymphocytic infiltrate. Additio-

nally, Gal-9 noticeably alleviated the damage caused by 
acute rejection and ameliorated lymphocyte infiltration in 
skin grafts. Collectively, Gal-9 ameliorates lymphocyte 
infiltration and immune rejection in skin grafts.

Gal-9 selectively reduces the CD4+TIM-3+T cells and 
promotes the CD4+TIM-1+T cells 

When Th1 cells are incubated with Galectin-9, it leads 
to rapid cell death, whereas Th2 cells exhibit little to no 
cell death. The most distinctive sign of Th1 cell activa-
tion was found to be TIM-3 (5). TIM-3+ cells remarkably 
augmented after post-transplantation from 1.70±0.84% 
to 4.82±1.01% in spleen and 3.14±1.20% to 7.13±1.82% 
in PBL (p<0.05). Administration of 100μg sGal-9 noti-
ceably lessened TIM-3 positive cells from 4.82±1.01% to 
2.84±0.89% (p<0.01) in spleen and from 7.13%±1.82% to 
4.94±1.56% (p<0.05) in PBL comparing with using saline 
(Figure 3B). Nevertheless, at 14th day post-transplantation 

Figure 1. Galectin-9 slows down the rejection process of grafts when 
there is a mismatch in MHC. C57BL/6 (H-2d) male mice were graf-
ted with BALB/c (H-2b) skin and treated with either saline (n=6, 
MST=12.5), or 100μg of Galectin-9 (n=6, MST=16). (p<0.05, vs 
saline).

Figure 2. The images and histological analysis presented here de-
monstrate the effects of Galectin-9 treatment on skin grafts (n=6 in 
each group). Administration of saline resulted in partial skin necro-
sis and loss of viable epidermal graft tissue, whereas treatment with 
100μg of Galectin-9 led to reduced skin necrosis and no loss of viable 
epidermal graft tissue. The syngeneic graft of C57BL/6 appeared nor-
mal at day 10 post-transplant. On the other hand, saline treatment at 
7th day post-transplantation resulted in scarring and partial necrosis 
of deep dermal tissues, accompanied by a heavy lymphocytic infil-
trate as revealed by HE staining. However, treatment with 100μg of 
Galectin-9 at 7th day post-transplantation showed normal dermis and 
subcutaneous tissue with a less lymphocytic infiltrate. (F) Histologic 
result of syngeneic graft at 7th day post-transplant.
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Administration of 100μg Galectin-9 remarkably lessened 
Th17 cells frequency in PBL at 7th day post-transplanta-
tion (5.79±1.68% vs 12.42±3.67%, p<0.01); while a simi-
lar result occurred in spleen at 14th day (4.61±1.78% vs 
7.91±2.34%, p<0.05) (Figure 4B, C).

Gal-9 administration has no visible effect on CD4+CD25+ 
Foxp3+ Treg

We also carefully analyzed the change of 
CD4+CD25+Foxp3+Treg in vivo. CD4+CD25+Foxp3+Treg 
as a regulatory role is very important for immunological 
tolerance induction, to some degree the amount of Treg 
cells in the recipient decides the prognosis of the alloge-
neic grafts.

The results showed sGale-9 in vivo had no noticeable ef-
fect on CD4+CD25+Foxp3+Treg either in spleen (7th day 
10.14±0.85% vs 10.57±2.56% vs 10.02±3.04%, p>0.05; 
14th day 11.49±2.87% vs 12.93±3.12%, p>0.05) or in 
PBL (7th day 8.05±1.10% vs 8.00±1.78% vs 8.20±2.01%, 
p>0.05; 14th day 9.76±2.45% vs 10.90±2.67%, p>0.05) 
(Figure 4B, C). This result implied that the administration 
of Gal-9 didn’t interrupt the protective function of Treg for 
allogeneic grafts.

Effects of sGal-9 on cytokines of effectors T cells in vivo
The ELISA was used to check the recipients' blood 

TIM-3 positive cells in the saline group recovered to a low 
level and had no difference with the Gal-9 group either in 
the spleen (3.34±1.10% vs 3.44±0.98%, p>0.05) or in PBL 
(2.79±0.87% vs 2.67±0.84%, p>0.05).

The Th2 cell line expresses TIM-1, but the Th1 cell line 
does not. Our results showed that there exhibited no diffe-
rence in TIM-1 in the spleen on the 7th day after the opera-
tion (3.79±1.35% vs 4.27±1.52% vs 3.61±1.30%, p>0.05). 
The same results appear in the blood (34.74±4.80% vs 
34.50±5.00% vs 37.42±5.50%) (Figure 3B). However, on 
the 14th day after the operation, the proportion of peri-
pheral blood in the experimental group augmented from 
34.86 ±5.67% to 52.80 ±8.79% (P<0.05), and there exhi-
bited no noticeable change in spleen tissue (3.19±1.26% 
vs 3.92±1.34%, p>0.05) (Figure 3C).

Gal-9 noticeably depletes Th17 cell generation
Th17 is a pro-inflammatory cell, acting as an essential 

role in allograft rejection. Current studies have identified 
the expressed TIM-3 on Th17 cells and demonstrated that 
Galectin-9 suppresses the generation of Th17 in a dose-de-
pendent relationship in vitro (11). Our results indicated that 
Th17 cells notably augmented at 7th day post-transplan-
tation either in the spleen (5.54±1.38% vs 3.67±1.01%, 
p<0.05) or in PBL (12.42±3.67% vs 5.77±1.70%, p<0.05). 

Figure 3. Flow cytometry was used to determine the levels of TIM-3 
and TIM-1 positive cells in both spleen and PBL after skin transplan-
tation. The baseline levels of TIM-3 and TIM-1 positive cells were 
determined in the spleen and PBL of normal mice. Subsequently, the 
recipients were administered either saline or 100μg Galectin-9 and the 
lymphocytes of spleen and PBL were harvested 7 and 14th days after 
transplantation to assay for TIM-3 and TIM-1 positive cells.

Figure 4. The flow cytometer was used to assess Th17 and 
CD4+CD25+Foxp3+ Treg cells in both spleen and peripheral blood 
lymphocytes (PBL) after skin transplantation. Firstly, the baseline 
level of these two types of cells in the spleen and PBL of normal mice 
was evaluated. Then, the recipients were administered either saline or 
100μg Galectin-9 and their lymphocytes were harvested on 7th day 
and 14th day post-transplantation. The Th17 and CD4+CD25+Foxp3+ 
Treg cells were then analyzed using the flow cytometer.
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serum samples for the presence of cytokine levels. Based 
on the results shown in Figure 5. Galectin-9 administration 
in vivo reduced the IFN-γ production (51.33±8.16pg/ml 
vs 98.41±15.01pg/ml, p<0.01) and IL-17A (48.50±8.48 
vs 15.17±5.46, p<0.01) almost 50%. Galectin-9 did not 
have a noticeable effect on IL-2 (23.17±4.22pg/ml vs 
26.50±3.78pg/ml, p>0.05) and IL-4 (86.83±13.33 vs 
99.67±11.64, p>0.05) levels following in vivo transplan-
tation.

Discussion

Gal-9 noticeably prolonged the survival of the alloge-
neic skin graft and mitigated the damage caused by acute 
immune rejection. In terms of mechanism, the curative 
effect of sGal-9 was ascribed to the selective reduc-
tion of effectors T cells such as Th1, and Th17. Simul-
taneously, Gal-9 didn’t attenuate the protective functions 
of CD4+CD25+Foxp3+Treg for allograft, which alleviated 
immune rejection caused by abnormal immune imbalance.

Precise immunoregulation post-transplantation is the 
key point to decide the prognosis of the grafts. In this com-
plex and dynamic process, T effectors cells are critically 
involved including Th1, CTL and Th17 (11). In order to 
induce immunological tolerance, immune intervention to 
selectively suppress T effector cells and inflammatory cy-
tokines is the most appropriate method. With its carbohy-
drate recognition domain, Galectin-9 can bind to the TIM-
3 IgV domain and recognizes the oligosaccharide chains 
(11). By activating calcium-calpain-caspase-1, Galectin-9 
induces Ca2+ influx and apoptosis in T cells (4). TIM-3 is 
composed of five sections (12). It was initially discovered 
that IFN-γ-producing Th1 and Tc1 cells are specifically 
expressed in mice (13). However, subsequent studies have 
shown that TIM-3 is not only expressed on IFN-γ produ-
cing Th1 and Tc1 cells but also in proinflammatory Th17 
cells (14,15). TIM-3 on T effector cells is crucial in al-
logeneic reactivation, and the effect of TIM-3-Galectin-9 
interaction on target cells strongly supports the importance 
of targeting the TIM-3-Galectin-9 pathway in treating au-
toimmune diseases.

The current study showed that the administration of 
Gal-9 noticeably prolonged the survival of allogeneic 
skin grafts, leading to an increase in the MST from 12.5 
days to 16.0 days. This effect was directly attributable to 
the amelioration of lymphocyte infiltration in cutaneous 
lesions. Deep insight into the mechanism revealed that 
Gal-9 selectively reduced the CD4+TIM-3+T cells at 7th 
day post-transplantation either in PBL or in the spleen. 
Meanwhile, Gal-9 noticeably upregulated CD4+TIM-
1+T cells on the 14th day in PBL from 34.86±5.67% to 
52.80±8.79%, which was consistent In previous reports 
(16,17). However, the question is by what way sGal-9 
elevates CD4+TIM-1+T frequency since it is a ligand for 
TIM-3 but not for TIM-1. We thought there were two 
reasons attributed to this phenomenon: 1) The descent of 
CD4+TIM-3+T frequency caused an indirectly rising ratio 
of CD4+TIM-1+T cells in total. 2) The differentiation of 
Th1 and Th17 cells can inhibit the differentiation of Th2 
cells (18). Therefore, Gal-9-induced inhibition of differen-
tiation of Th1 and Th17 terminated the suppressive func-
tions. Thus, Gal-9 is prone to induce immune deviation 
from Th1 to Th2 type reaction in vivo, although it doesn’t 
interact with CD4+ TIM-1+T directly.

Th17 cells are characterized by their ability to secrete 
IL-17. As well as Th1 cells, it has been demonstrated to 
attach importance to autoimmune diseases (19-21). TIM-3 
has also been found expressed on Th17 in recent studies 
(22). Further research in vitro by Seki gave evidence that 
Gal-9 could repress the generation of Th17 from native T 
cells triggered by IL-2, TGF-β and IL-6 in a dose-effect 
manner (23). In this study, we demonstrated sGal-9 could 
also exert the suppressive function on Th17 differentiation 
in vivo. The frequency of Th17 cells was noticeably lesse-
ned from 12.42±3.67% to 5.79±1.68% in PBL on the 7th 
day and from 7.91±2.34% to 4.61±1.78% in the spleen on 
the 14th day post allogeneic skin transplantation. IL-17A 
expression levels detected by ELISA have also confirmed 
the above results. Thus, the down-regulation of TIM-3 
ligands on Th17 cells appears to be crucial in inducing 
immune tolerance after organ transplantation, making it a 
promising proof-of-concept. Other than our findings, atte-
nuation of Th17 reaction by Gal-9 was also found in other 
studies. Haruna reported Gal-9 lessened IL-17-producing 
T cells in contact hyper-sensitivity and psoriatic mouse 
models (24). Kazuki's study demonstrated that sGal-9 can 
alleviate acute graft-versus-host disease (GVHD) by indu-
cing T-cell apoptosis, including Th17 cells (7).

To comprehensively understand the immunologi-
cal regulation by Gal-9, we also carefully analyzed the 
frequency changes of Treg cells for the first time. That 
being said, CD4+CD25+ Foxp3+Treg cell is well known as 
a regulatory role on the other side of the “immunoregula-
tion seesaw”, and the strategies for augmenting Treg cells 
in recipients or allografts display promising outcomes in 
some initial research (25). The most deterministic thing 
is that the latest studies found Gal-9 was not only criti-
cally involved in the differentiation of naive T cells to 
Tregs, but also participated in the function exertion of 
Treg cells by interaction with TIM-3 (26). So, what hap-
pens on CD4+CD25+Foxp3+Tregs by sGal-9 administra-
tion is not yet conclusive. The results showed sGal-9 had 
no noticeable impact on its frequency either in the spleen 

Figure 5. The impact of Galectin-9 on cytokines in vivo was evalua-
ted. A) Recipients were treated with NS or 100μg of Galectin-9, and 
the serum concentration of IFN-γ was determined by ELISA on 7th 
day. Results are shown as means±SD of triplicates from one experi-
ment. B) The serum level of IL-2 was measured. C) The serum level 
of IL-4 was assessed. D) The serum level of IL-17A was analyzed.
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or PBL when measured at the 7th and 14th days post-skin 
transplantation (Figure 4). Our findings lead to controver-
sial conclusions with the other studies. Haruna found the 
frequency of CD4+CD25+Foxp3+Treg cells was augmented 
by sGal-9 administration in psoriatic mouse models (24). 
Furthermore, Kun reported that administration of Galec-
tin-9 improved CVB3-induced myocarditis by promoting 
regulatory T cell proliferation and alternatively activating 
Th2 cells (6).

Considering the above disagreement, we seriously 
speculated the following hypothesis for explanation: 1) 
Pathogenic T cells can paradoxically provide a protective 
effect in autoimmune diseases (27). Since sGal-9 induces 
apoptosis of T effector cells, apoptosis of T effector cells 
also terminates Treg differentiation. 2) Gal-9 administra-
tion in vivo it maybe also inhibit the excessive regulation 
of Treg by inducing the cell death of Tregs, because TIM-
3 is also expressed in Treg cells. Considering the above 
reasons, no matter what mechanism involved we at least 
confirmed that Gal-9 in vivo did not attenuate the protec-
tive function for allograft.

In conclusion, Gal-9 is effective in the allogeneic skin 
graft via selectively lessened CD4+TIM-3+ T effector cells 
and induced deviation from Th1 to anti-inflammatory Th2 
reaction. Gal-9 cannot attenuate the protective function 
of CD4+CD25+Foxp3+Treg. As a result of this strategy, 
allograft transplantation might represent a new therapeutic 
option.
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