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Abstract. Activation of T lymphocytes is the initiating factor 
of the occurrence of acute graft‑versus‑host disease (aGVHD), 
and cytotoxic T lymphocyte antigen‑4 (CTLA‑4) is the inhibi‑
tory receptor for activating T cells. T cell immune response 
cDNA  7  (TIRC7) is considered an upstream regulator of 
CTLA‑4; however, little is understood regarding the effects of 
TIRC7 on the regulation of CTLA‑4 in aGVHD. The purpose 
of the present study was to evaluate the regulatory effects of 
TIRC7 on aGVHD, mainly in the pathology. Recipient mice 
were exposed to a preconditioning dose of 7.5 Gy irradia‑
tion on the day of the transplantation and were divided into 
the following groups: Blank control group, bone marrow 
transplantation control group, total body irradiation group, 
mild‑moderate aGVHD group and severe aGVHD group. 
According to the different administration of CTLA‑4 and 
TIRC7 monoclonal antibodies, the mild‑moderate and severe 
aGVHD groups were randomly divided into the hematopoietic 
stem cell transplantation (HSCT) and HSCT + CTLA‑4/TIRC7 
groups. Recipient mice were sacrificed at different time points 
post‑HSCT for histopathological analysis by hematoxylin and 
eosin staining. Compared with the control and other experi‑
mental groups, the mice in the combined CTLA‑4 and TIRC7 
group exhibited ameliorated pathological injury, and lower 
pathology scores of the liver, lung and intestine. These data 

revealed that intraperitoneal injection of anti‑TIRC7 and/or 
anti‑CTLA‑4 monoclonal antibody into mice could effectively 
alleviate the severity of aGVHD.

Introduction

Acute graft‑versus‑host disease (aGVHD) is a notable 
complication following allogeneic hematopoietic stem cell 
transplantation (allo‑HSCT) (1). Abnormally activated T cells 
may be the initial factor for the occurrence of aGVHD (2). 
Activated T  cells promote the secretion of cytokines, 
interferon‑γ (IFN‑γ) and interleukin‑2  (IL‑2), which can 
migrate to tissues, including in the lungs, liver and gut, and 
then result in organ dysfunction (2,3). Therefore inhibition 
of T cell activation may effectively alleviate the incidence 
of aGVHD. Cytotoxic T lymphocyte antigen‑4 (CTLA‑4) is 
an inhibitory receptor following T cell activation. CTLA‑4 
negatively regulates T cell activity and deficient expression 
of CTLA‑4 leads to autoimmune diseases (4,5). It has been 
suggested that the expression of CTLA‑4 is negatively asso‑
ciated with the severity of aGVHD (6). CTLA‑4 can induce 
the phosphorylation of STAT3 and negatively modulate the 
proliferation and apoptosis of CD4+ T cells, as well as the 
induction of T helper (Th)1 cells (6). However, to the best of 
our knowledge, the molecule that acts upstream of CTLA‑4 
regulation in aGVHD has not been reported. As an upstream 
regulatory molecule of CTLA‑4  (7‑9), T cell immune 
response cDNA 7 (TIRC7), a seven transmembrane domain 
G protein, was first identified to play a role in graft rejec‑
tion in 1998 (10). TIRC7 is expressed in immune organs, 
such as the spleen, and in T and B lymphocytes, playing a 
vital role in kidney and cardiac transplantation, as well as 
in collagen‑induced arthritis (8,9,11,12). Our previous study 
revealed that TIRC7 may be involved in the pathogenesis 
of immune thrombocytopenia (ITP) and may serve as an 
indicator for evaluating the efficacy of ITP treatment (13). 
In addition, TIRC7 plays a central role in allograft rejection 
and inflammation  (14). Therefore, these findings demon‑
strated that TIRC7 is closely associated with the immune 
response. Further studies demonstrated that TIRC7 is 
essential in T cell activation (15,16), and a specific antibody 
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against TIRC7 can prevent immune activation via selec‑
tive inhibition of Th1 and Th17 cell‑associated cytokine 
expression of IL‑2 and IFN‑γ, indicating the critical role of 
TIRC7 in Th1 and Th17 cells (7,17). In our previous study, 
increased TIRC7 expression was observed in patients with 
aGVHD (18). In addition, in lymphocytes obtained from 
TIRC7‑deficient mice, the intracellular and cell surface 
expression of CTLA‑4 was found to be markedly reduced 
compared with that in wild‑type lymphocytes before and 
after activation (19). However, to the best of our knowledge, 
the mechanism by which TIRC7 influences the occurrence 
and development of aGVHD, and whether TIRC7 plays a 
regulatory role in aGVHD via CTLA‑4 remain poorly 
understood. It was hypothesized that TIRC7 may positively 
regulate the function of CTLA‑4 and inhibit T cell activa‑
tion, thus attenuating the development and progression of 
aGVHD.

Although blockade of CTLA‑4 signaling has previously 
been evaluated in GVHD, and early blocking of CTLA‑4 
signaling is expected to make T cells more aggressive and 
increase the severity of GVHD, as shown by Fevery et al (5) 
and Li et al (20), the findings of the present study are contra‑
dictory. Therefore, these conclusions are controversial.

In the present study, the role of TIRC7 in the regulation 
of aGVHD was investigated, and the liver, lung and intes‑
tine pathology were assessed. The results demonstrated that 
compared with the control and other experimental groups, the 
pathology scores of liver, lung and intestine of the aGVHD 
models in the group treated with a combination of CTLA‑4 
and TIRC7 monoclonal antibodies (mAbs) were the lowest.

Materials and methods

Materials. TIRC7 and CTLA‑4 mAbs were custom generated 
by Wuhan GeneCreate Biological Engineering Co., Ltd., and 
the dilutions used of the anti‑TIRC and anti‑CTLA‑4 mAbs 
were 0.25 and 0.40 mg/ml (dilution buffer, 0.01 mmol/l PBS 
pH 7.4), respectively.

Animals. Specific‑pathogen‑free (SPF) male C57BL/6 mice 
(H‑2Kb; age, 8‑12 weeks; weight, 23‑28 g; 20 mice) were used 
as the donor mice and SPF female BALB/c mice (H‑2Kd; 
age, 8‑12 weeks; weight, 24‑26 g; 220 mice) were used as the 
recipient mice. Recipient mice were sacrificed by cervical 
dislocation at days 7, 14, 21, 28 and 35 post‑transplantation, 
and the endpoint of the animal experiments was day  40 
post‑transplantation, when the remaining mice were all sacri‑
ficed by cervical dislocation. The animals were purchased 
from Shanghai SLAC Laboratory Animal Co., Ltd., were 
housed in sterilized microisolator cages and were maintained 
in the individually ventilated cage room of the Experimental 
Animal Center of Xuzhou Medical University (Xuzhou, 
China). The temperature and relative humidity of the room 
were 19‑21˚C and ~50%, respectively. Animals were main‑
tained on a 12:12‑h light/dark cycle. Water was autoclaved, 
and feed was purchased from Shanghai SLAC Laboratory 
Animal Co. Ltd. Food and water were provided ad libitum. 
For the week prior to transplantation and the week following 
transplantation, the mice were provided autoclaved acidified 
water (pH 2.5) without any special requirements for feed. 

After 2 weeks of acclimation to the laboratory conditions, the 
animal experiments commenced. All the procedures involving 
animals performed in the present study were in accordance 
with the Institutional Animal Care and Use Committee 
guidelines. The experimental protocols were approved by 
the Animal Ethics Committee of Xuzhou Medical University 
(Xuzhou, China).

Mouse model of aGVHD. The mouse model of aGVHD 
was established according to the previous articles published 
by our lab  (21,22). The recipient mice were exposed to a 
preconditioning dose of 7.5 Gy irradiation on the day of the 
transplantation (0.66 Gy/min), and within 4 h post‑irradia‑
tion, different numbers of bone marrow cells (5x106/mouse) 
and splenic lymphocytes (5x105/mouse for mild‑moderate 
aGVHD groups; 5x106/mouse for severe aGVHD groups) 
obtained from the donor mice were transfused into the 
recipient mice. C57BL/6 mice were sacrificed by cervical 
dislocation, immersed in iodine volts for 5 min, and the tibia 
and femur were aseptically separated. After removing the 
attached muscles and fascia, the metaphysis was cut open. 
The bone marrow cavity was washed with PBS. Subsequently, 
a single cell suspension was produced by filtering through 
a 220‑mesh stainless steel strainer. The bone marrow cells 
were prepared following centrifugation at 4˚C and 800 x g 
for 5  min and suspended in PBS buffer. The spleen of 
C57BL/6 mice was separated and cut into small pieces of 
5‑10 mm3 and placed in a 200‑mesh stainless steel filter. 
Subsequently, the spleen was gently squeezed with the rubber 
tip of a sterile syringe core. After washing with the mouse 
lymphocyte separation solution (cat.  no. DKW33‑R0100; 
Dakewe Biotech Co., Ltd.) the cell suspension was prepared 
and transferred to the centrifuge tube. An equal volume of 
PBS buffer was slowly added and then the mixed liquor 
was centrifuged at room temperature at 800 x g for 20 min. 
Subsequently, the buffy coat layer was aspirated, and 3‑4 ml 
PBS buffer was added again (the centrifuge index was room 
temperature, 800  x  g, 3  min, twice). Finally, the splenic 
lymphocytes were suspended in PBS buffer. For the control 
groups, the BALB/c mice were randomly divided into the 
following three groups (n=20 mice per group): i)  Blank 
control group [no total body irradiation (TBI), with normal 
saline infusion); ii)  bone marrow transplantation (BMT) 
control group (after TBI, with bone marrow cells infusion, 
not splenic lymphocytes); and iii) TBI control group (only 
TBI without cell infusion). The mice in the TBI control group 
were all dead before day 15 post‑transplantation, while the 
mice in the blank control group were all alive and there 
were 3 recipient mice in the BMT control group dead after 
transplantation (data not shown); therefore, in the results 
section, only the blank control group was presented as the 
control group. For experimental groups, preconditioned 
BALB/c mice were randomly divided into two groups 
(n=80 per group): i) Group A, a BMT mouse model with 
mild‑moderate aGVHD; and ii)  group  B, a BMT mouse 
model with severe aGVHD. The degree of aGVHD in the 
two groups was induced using different infusions of splenic 
lymphocytes, with 5x105/mouse to induce mild‑moderate 
aGVHD and 5x106/mouse for severe aGVHD. Furthermore, 
according to the different administrations of CTLA‑4 and 
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TIRC7 mAbs, the A and B groups were randomly divided 
into four groups (A1‑A4 and B1‑B4 groups; n=20 mice per 
group). The CTLA‑4 or TIRC7 mAbs were intraperitoneally 
injected into the mice. The optimal dosing time of CTLA‑4 
antibody was day  0 post‑transplantation and its optimal 
dose was 40 µg/mouse; the optimal dose and dosing times 
of TIRC7 antibody were 25 µg/mouse and days 0, 1, 2, 3, 
4  and  7 post‑transplantation, respectively. Details of the 
groups are presented in Tables I and II.

Histopathological analyses. The health and behavior of the 
mice were monitored daily. Recipient mice were sacrificed 
by cervical dislocation at different time points [days 7, 14, 
21, 28 and 35 post‑transplantation according to the previous 
study (23)] during a total research period of 40 days post‑trans‑
plantation, according to our previous study (22). A total of 
3 mice per experimental group were sacrificed at each time 
point. Overall, 20 mice per group were used in order to prevent 
insufficient numbers of recipient mice due to the death of mice 
after transplantation for reasons other than aGVHD, and the 
remaining mice beyond the research period were sacrificed by 
cervical dislocation. Liver, lung and intestine tissue samples 
were then isolated. The tissues were fixed with formaldehyde 
solution at room temperature for 24‑48 h, dehydrated, embedded 
into paraffin at 60˚C and sliced into 4‑µm‑thick sections using 
an RM2126 microtome (Leica Microsystems GmbH). The 
histological sections were then stained by hematoxylin and 
eosin staining at room temperature for 8‑10 min and 4‑5 sec, 
respectively. Next, the pathological changes were evaluated 

using a light microscope (Olympus Corporation; magnifica‑
tion, x20), and the number of slides examined per tissue sample 
was three. The images presented in Figs. 1‑6 are representative 
of each tissue sample and were selected from the three slides 
examined per sample with the help from a pathologist.

Pathology scores following transplantation. Histopathological 
changes were examined with a light microscope (Olympus 
Corporation; magnification, x20) and the liver, lung and intestine 
tissue samples were scored using the aGVHD pathology score 
methods formulated by Blazar et al (24) and Kaplan et al (25). 
According to the degree of infiltration of inflammatory 
cells around blood vessels in the liver, lung and intestine, the 
pathology scores of each aGVHD model were determined, with 
a final score of 0‑8 assigned per tissue sample. For example, 
intestinal GVHD was scored on the basis of crypt apoptosis (0, 
rare or none; 1, occasional apoptotic bodies per 10 crypts; 2, few 
apoptotic bodies per 10 crypts; 3, the majority of crypts contain 
an apoptotic body; 4, the majority of crypts contain >1 apop‑
totic bodies) and inflammation (0, none; 1, mild; 2, moderate; 
3, severe without ulceration; 4, severe with ulceration), and 
these scores were added to obtain a final score of 0‑8; so if 
the intestine had few apoptotic bodies per 10 crypts but severe 
inflammation without ulceration, the score was 5; if the intestine 
had the majority of crypts containing >1 apoptotic bodies and 
severe inflammation with ulceration, the score was 8 (25).

Statistical analysis. Data are presented as the mean ± stan‑
dard deviation. SPSS 16.0 software (SPSS, Inc.) was used 

Table I. Control groups of mice.

Control group (n=20 per group)	 Treatment

Blank control group	 Mice were transfused physiological saline via the tail vein
BMT control group	 Mice were transfused 5x106 donor bone marrow cells via the tail vein
TBI control group	 TBI only

BMT, bone marrow transplantation; TBI, total body irradiation.

Table II. Experimental groups of mice.

	 Treatmenta

Experimental group	----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(n=20 per group)	 Splenic lymphocytes	 CTLA‑4 (µg/day)	 TIRC7 (µg/day)

A1 group	 5x105	 0	 0
A2 group	 5x105	 40	 0
A3 group	 5x105	 0	 25
A4 group	 5x105	 40	 25
B1 group	 5x106	 0	 0
B2 group	 5x106	 40	 0
B3 group	 5x106	 0	 25
B4 group	 5x106	 40	 25

aAll groups were injected with 5x106 bone marrow cells. CTLA‑4, cytotoxic T lymphocyte antigen‑4; TIRC7, T cell immune response cDNA 7.
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for all statistical analyses. Kruskal‑Wallis test and Dunn's 
test were employed to compare factors in different groups. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Pathological changes of aGVHD‑targeted organs (liver, lung 
and intestine). As shown in Fig. 1, the manifestations of hepatic 
aGVHD were that a large number of lobulated nuclear cells and 
lymphocytes infiltrated the portal vein of the liver and local 
necrosis occurred; in addition, hepatic sinusoids and central vein 
were dilated and blood stasis occurred. The A4 group appeared 
to have fewer pathological changes in the liver compared with 
the other groups. The pathological changes of the lung and 

intestine at days 21 and 14 post‑transplantation, respectively, are 
shown in Figs. 2 and 3. Inflammatory cells infiltrated around 
the blood vessels and part of the lung bronchiole structure was 
destroyed, and the intestinal mucosa exhibited partial shedding, 
and necrosis and inflammatory cell infiltration were observed. 
Figs. 4‑6 demonstrated the pathological changes of liver, lung 
and intestine, respectively, in the blank control and B groups 
at different time points (days  21, 21  and  14, respectively) 
post‑transplantation. The pathological changes in the liver in 
B groups (mainly B1‑B3) included severe bile duct injury and 
lymphocyte infiltration (Fig. 4). Fig. 5 manifested that the lung 
bronchiole structure was destroyed and the inflammatory cells 
were infiltrated around the blood vessels. Fig. 6 exhibited that 
intestinal mucosa necrosis occurred in crypts and that most 
inflammatory cells were infiltrated.

Figure 1. Pathological changes of the liver in the control and A groups (magnification, x20) on day 21 post‑allogeneic hematopoietic stem cell transplantation. 
A large number of lobulated nuclear cells and lymphocytes infiltrated the portal vein of the liver and local necrosis occurred (red arrows); in addition, hepatic 
sinusoids and central vein were dilated and blood stasis occurred (green arrows). Control group, blank control group; A1 group, mild‑moderate aGVHD group; 
A2 group, mild‑moderate aGVHD group with CTLA‑4 intraperitoneal injection; A3 group, mild‑moderate aGVHD group with TIRC7 intraperitoneal injection; 
A4 group, mild‑moderate aGVHD group with CTLA‑4 and TIRC7 intraperitoneal co‑injection. Scale bar, 50 µm. aGVHD, acute graft‑versus‑host disease; 
TIRC7, T cell immune response cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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Pathological scores of aGVHD‑targeted organs (liver, lung 
and intestine). As presented in Fig. 7, the pathological scores 
of liver in all experimental groups gradually increased until 
they peaked on day 21 post‑transplantation, following which 
they gradually declined. Similar changes were observed 
in the lung and intestine, with a peak on days 21 and 14 
post‑transplantation, respectively  (Figs.  8  and  9). From 
Figs.  7‑9, it was observed that at  days  14, 21, 28  and  35 
post‑transplantation, the pathological scores of liver, lung 
and intestine post‑transplantation in the A4  group were 
significantly lower than those of the A1, A2 and A3 groups 
(P<0.05), and the pathological scores of liver, lung and intes‑
tine in the A2 and A3 groups were also significantly lower 
than those of the A1 group (P<0.05). Similarly, at days 14, 
21, 28 and 35 post‑transplantation, the clinical scores of mice 

(liver, lung and intestine) among the B groups was lowest in 
group B4, and the scores in the B2 and B3 groups were also 
lower than those in the B1 group (P<0.05). By comparing 
the experimental groups, it was noted that the pathological 
scores of liver, lung and intestine in the A4 group were not 
significantly different from those in the B4 group on days 14, 
21, 28 and 35 post‑transplantation (data not shown). This 
suggested that there was no difference in the pathological 
changes between the mild‑moderate and severe aGVHD 
groups after combined use of TIRC7 and CTLA‑4 mAbs.

Discussion

At present, to the best of our knowledge, the pathogenesis of 
aGVHD remains unclear. Numerous studies have reported 

Figure 2. Pathological changes of the lungs in the control and A groups (magnification, x20) on day 21 post‑allogeneic hematopoietic stem cell transplantation. 
Inflammatory cells infiltrated around the blood vessels (red arrows) and part of the lung bronchiole structure was destroyed (green arrows). Control group, 
blank control group; A1 group, mild‑moderate aGVHD group; A2 group, mild‑moderate aGVHD group with CTLA‑4 intraperitoneal injection; A3 group, 
mild‑moderate aGVHD group with TIRC7 intraperitoneal injection; A4 group, mild‑moderate aGVHD group with CTLA‑4 and TIRC7 intraperitoneal 
co‑injection. Scale bar, 50 µm. aGVHD, acute graft‑versus‑host disease; TIRC7, T cell immune response cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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that activation of T lymphocytes is the initial factor of 
aGVHD (2,26). A number of membrane proteins and their 
ligands have been found on the surface of T cells, which 
can be divided into three categories: i) The CD28 family, 
including CD28 and CTLA‑4, the latter of which has 
homology with the CD28 molecule and binds to its ligand; 
ii)  the costimulatory signal molecules associated with 
tumor necrosis factor and its receptor; and iii) the structural 
costimulatory factors associated with signaling lymphocyte 
activation molecules (27). A previous study has demonstrated 
that T cell activation can be enhanced by downregulating the 
expression of CTLA‑4 following aGVHD (28). Yoo et al (29) 
found that the apoptosis of T cells is increased and the severity 
of aGVHD is decreased after overexpression of CTLA‑4 in 

T cells, indicating that CTLA‑4 may play a negative regula‑
tory role in aGVHD. Meanwhile, our previous study also 
found that CTLA‑4 levels were decreased in patients with 
aGVHD before aGVHD treatment (corticosteroids as the 
first‑line standard treatment for II‑IV aGVHD) (18), whereas 
they were increased in patients with aGVHD after treat‑
ment (6). However, TIRC7, a novel membrane molecule, has 
been shown to be an essential molecule in the regulation of 
lymphocyte activation, and its expression is increased prior 
to aGVHD treatment (corticosteroids as the first‑line stan‑
dard treatment for II‑IV aGVHD) but decreased following 
treatment (6,18,30).

A previous study demonstrated that TIRC7 plays an impor‑
tant regulatory function in both T and B cell responses (19). 

Figure 3. Pathological changes of the intestine in the control and A groups (magnification, x20) on day 14 post‑allogeneic hematopoietic stem cell transplanta‑
tion. The intestinal mucosa exhibited partial shedding (red arrows), and necrosis and inflammatory cell infiltration were observed (green arrows). Control group, 
blank control group; A1 group, mild‑moderate aGVHD group; A2 group, mild‑moderate aGVHD group with CTLA‑4 intraperitoneal injection; A3 group, 
mild‑moderate aGVHD group with TIRC7 intraperitoneal injection; A4 group, mild‑moderate aGVHD group with CTLA‑4 and TIRC7 intraperitoneal co‑injec‑
tion. Scale bar, 50 µm. aGVHD, acute graft‑versus‑host disease; TIRC7, T cell immune response cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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Meanwhile, as an upstream regulatory molecule of CTLA‑4, 
TIRC7 inhibits T cell proliferation by modulation of 
CTLA‑4 (16). Anti‑TIRC7 mAb enhances the upregulation 
of CTLA‑4 expression but suppresses the upregulation of 
CD25 in stimulated lymphocytes in  vitro and in  vivo  (7). 
Antibodies against extracellular domains of TIRC7 prolonged 
allograft survival in rat and mouse transplantation models, 
and the prevention of rejection was mediated at least partially 
via induction of CTLA‑4 in T cells  (31). Our group found 
that the expression of CTLA‑4 is negatively associated with 
the severity of aGVHD and inhibits Th1 cells by increasing 
STAT3 expression in aGVHD (6). Nevertheless, there is little 
knowledge regarding the exact mechanism by which TIRC7 is 
associated with aGVHD.

Based on these results, it was hypothesized that TIRC7 may 
inhibit T cell function via CTLA‑4 to reduce the severity of 
aGVHD. Therefore, the present study evaluated and compared 
the effect of CTLA‑4 and/or TIRC7 on the development of 
aGVHD in mice following HSCT and demonstrated that treat‑
ment with CTLA‑4 and TIRC7 mAbs could reduce the degree 
of the aGVHD.

According to the in vivo results, anti‑CTLA‑4 mAb admin‑
istered by intraperitoneal injection could effectively alleviate 
the severity of aGVHD, which was consistent with a previous 
study that reported a novel mechanism able to effectively 
downregulate allogeneic T cell responses through deliberate 
ligation of CTLA‑4 in vivo (32). Anti‑TIRC7 mAb could also 
effectively mitigate the severity of aGVHD, which supports the 

Figure 4. Pathological changes of the liver in the control and B groups (magnification, x20) on day 21 post‑allogeneic hematopoietic stem cell transplantation 
displaying severe bile duct injury (red arrows) and lymphocyte infiltration (green arrows). Control group, blank control group; B1 group, severe GVHD group; 
B2 group, severe GVHD group with CTLA‑4 intraperitoneal injection; B3 group, severe GVHD group with TIRC7 intraperitoneal injection; B4 group, severe 
GVHD group with CTLA‑4 and TIRC7 intraperitoneal co‑injection. Scale bar, 50 µm. aGVHD, acute graft‑versus‑host disease; TIRC7, T cell immune response 
cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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data published by Kumamoto et al (7), which demonstrated that 
targeting TIRC7 with anti‑TIRC7 mAb diminishes lympho‑
cyte infiltration into grafts and delays morphological graft 
damage. Notably, combined administration of anti‑TIRC7 and 
anti‑CTLA‑4 antibodies had an additive effect in the present 
study. The optimal doses of TIRC7 and CTLA‑4 mAbs to treat 
aGVHD in mouse models have not yet been reported. Referring 
to the available literature (7,33) and our preliminary results 
(data not shown), the optimal administration time, dose and 
route of CTLA‑4 mAb were determined to be at day 0 within 
4 h after irradiation, 40 µg per mouse and intraperitoneal injec‑
tion, respectively. The optimal administration time, dose and 
route of TIRC7 mAb were determined to be days 0, 1, 3, 4 and 7 

post‑irradiation, 25 µg per mouse and intraperitoneal injection, 
respectively. It was hypothesized that intraperitoneal injection 
of both TIRC7 and CTLA‑4 mAbs into recipient mice could 
activate the immunoreceptor tyrosine‑based inhibitory motif 
of the intracellular domain of two protein molecules, nega‑
tively regulating the function of T lymphocytes, and thereby 
effectively mitigating the severity of aGVHD. In the present 
study, TIRC7 and CTLA‑4 mAbs exhibited an additive effect 
and the combined use could reduce the degree of aGVHD more 
effectively compared with TIRC7 or CTLA‑4 mAb alone. Due 
to the focus of the current study on the aspect of pathology, the 
data of the cytokine expression were not presented; however, 
compared with the control group, increased levels of IFN‑γ, 

Figure 5. Pathological changes of the lung in the control and B groups (magnification, x20) on day 21 post‑allogeneic hematopoietic stem cell transplantation. 
The lung bronchiole structure was destroyed (red arrows) and inflammatory cells were infiltrated around the blood vessels (green arrows). Control group, 
blank control group; B1 group, severe GVHD group; B2 group, severe GVHD group with CTLA‑4 intraperitoneal injection; B3 group, severe GVHD group 
with TIRC7 intraperitoneal injection; B4 group, severe GVHD group with CTLA‑4 and TIRC7 intraperitoneal co‑injection. Scale bar, 50 µm. aGVHD, acute 
graft‑versus‑host disease; TIRC7, T cell immune response cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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IL‑17 and IL‑22, and decreased IL‑4 levels were observed in 
groups A and B, indicating an imbalance of Th1/17/22 and 
Th2 cells in the pathogenesis of aGVHD (data not shown). 
The histopathological scores of mice with aGVHD in the 
experimental group supported this view. Notably, the degree 
of aGVHD manifestation in the mild‑moderate aGVHD group 
was less, for example, the aGVHD scores of the liver, lung and 
intestine were lower compared with those in the severe aGVHD 
group; however, there were no differences in pathological 
changes between the mild‑moderate and severe GVHD groups 
after combined use of TIRC7 and CTLA‑4 mAbs (data not 
shown). The present results provide a preliminary theoretical 
basis for the prevention and treatment of aGVHD in patients 

with allo‑HSCT by using TIRC7 and CTLA‑4 mAbs in the 
future. TIRC7 and CTLA‑4 mAbs could reduce the severity of 
aGVHD in mice; however, the current pathogenesis of whether 
the two mAbs have a synergistic effect in aGVHD is not yet 
clear and needs to be further explored in future studies.

In conclusion, TIRC7 may positively regulate the func‑
tion of CTLA‑4, inhibit T cell activation and the secretion 
of cytokines, and downregulate the progression of aGVHD. 
Furthermore, combined administration of CTLA‑4 and 
TIRC7 mAbs could reduce GVHD more effectively in 
mouse models, which suggests that their combined appli‑
cation may be a novel therapy for preventing and treating 
GVHD.

Figure 6. Pathological changes of the intestine in the control and B groups (magnification, x20) on day 14 post‑allogeneic hematopoietic stem cell trans‑
plantation. Intestinal mucosa necrosis occurred in crypts (red arrows) and most inflammatory cells were infiltrated (green arrows). Control group, blank 
control group; B1 group, severe GVHD group; B2 group, severe GVHD group with CTLA‑4 intraperitoneal injection; B3 group, severe GVHD group with 
TIRC7 intraperitoneal injection; B4 group, severe GVHD group with CTLA‑4 and TIRC7 intraperitoneal co‑injection. Scale bar, 50 µm. aGVHD, acute 
graft‑versus‑host disease; TIRC7, T cell immune response cDNA 7; CTLA‑4, cytotoxic T lymphocyte antigen‑4.
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