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As an immunosuppressive receptor, T-cell immunoglobulin and immunoreceptor tyrosine-
based inhibitory motif domain (TIGIT) play a critical part in cellular immune regulation 
mediated by pathogen infection. Whereas, TIGIT expression on splenic T cells in hosts 
infected with Toxoplasma gondii cysts has not been studied. In this study, we detected 
TIGIT expression and the changes of immune function in the spleen by flow cytometry 
and real-time PCR (RT-PCR). We found that TIGIT expression on splenic T cells increased 
significantly post infection. At the same time, splenic TIGIT+TCM cells were activated and 
transformed into TIGIT+TEM cells during the infection, and the cytotoxicity of TIGIT+ T cells 
was reduced in the later stage of infection. This study shows that chronic T. gondii infection 
can upregulate TIGIT expression on the surface of T cells and affect immune cell function.
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INTRODUCTION

Toxoplasmosis caused by Toxoplasma gondii (T. gondii) infection has become an important 
zoonosis in the world, which is often transmitted via cysts in raw or under cooked meat or 
oocysts in cat feces (Fisch et  al., 2019). Chronic T. gondii infection can lead to the formation 
of long-term and stable T. gondii cysts in multiple host tissues (Pinto-Ferreira et  al., 2019). 
When host immune function is normal, T. gondii generally form long-term, stable cysts in 
infected tissues after 2–3  weeks of acute infection, which continuously stimulates the body to 
produce an immune response and results in chronic toxoplasmosis (Landrith et  al., 2015). 
T.  gondii cysts can survive for a long time. However, when the immune function of the host 
is impaired (such as patients with HIV/AIDS, cancer, or a transplanted organ), bradyzoites 
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in the cyst can escape from the cyst and cause acute infection, 
resulting in morbidity or death of the host (Montoya and 
Liesenfeld, 2004; Pinto-Ferreira et  al., 2019). At present, there 
is no ideal drug to control and remove cysts during chronic 
T. gondii infection (Alday and Doggett, 2017). The long-term 
survival of tissue cysts mainly depends on the effective escape 
mechanism of T. gondii to host cellular immunity, so to explore 
the mechanism of T. gondii causing the failure of host T cells 
in the process of infection is the fundamental way to effectively 
removal cysts.

As the main immune organ of T cell immune response 
against pathogen infection, spleen controls T. gondii infection 
(Zorgi et  al., 2016). Meanwhile, an important feature of 
intracellular pathogenic infection is that it causes the host 
spleen-specific T cells to proliferate rapidly and secrete a variety 
of functional cytokines. T. gondii infection often causes host 
T cell proliferation, mediates cytotoxicity and produces cytokines, 
such as TNF-α and IFN-γ, which plays an important part in 
anti-T. gondii infection (Landrith et al., 2015; Ochiai et al., 2016).

A growing number of studies have proven that high expression 
of immunosuppressive receptors PD-1 and TIM-3 in host spleen 
T cells during T. gondii infection is related to the inhibition of 
T cells effector function and reactivation of life-threatening 
toxoplasmic encephalitis (Bhadra et  al., 2012; Wu et  al., 2013). 
It was found that the expression of Tim-3 is positively correlated 
with IFN-γ, which plays a key part in the protective immunity 
against T. gondii infection (Berrocal Almanza et  al., 2013). In 
addition, blocking PD-1 pathway can significantly restore T  cell 
function and improve the survival rate of mice infected with 
T. gondii (Xiao et  al., 2018). Therefore, to determine whether 
other immunosuppressive receptors are involved in the process 
of T. gondii infection and how they affect infection, it is very 
important to fully understand the mechanism of T cell immune 
function exhaustion caused by T. gondii infection. Identification 
of other immunosuppressive receptors is essential for understanding 
the correlation between T cell depletion and T. gondii infection.

TIGIT is a new member of the CD28 family, which can 
be  expressed on almost all T cell subsets (except CD4+ naive 
memory T cells) and NK cells (Solomon and Garrido-Laguna, 
2018). TIGIT interacts with CD155 (PVR: poliovirus receptor), 
CD112 (PVRL2), CD113, and CD226 (DNAM-1) to regulate 
the immune responses of T cells and NK cells. As the main 
ligand of TIGIT, CD155 is expressed on the surface of 
non-hematopoietic cells and is a common ligand shared with 
the costimulatory molecule CD226. CD226 and TIGIT can 
competitively bind CD155, with TIGIT inhibiting the activation 
of T cells, and CD226 promoting the activation of T cells; 
thus, CD226 and TIGIT play opposite immunological functions 
and jointly regulate the dynamic balance of human immune 
function (Bottino et  al., 2003; Johnston et  al., 2014). Studies 
have shown that tumors, and viral and parasitic infections 
can upregulate the expression of TIGIT on T cells in the host 
spleen, which has a negative correlation with immune function 
(Johnston et  al., 2014; Vendrame et  al., 2020; Zhang et  al., 
2020; Wang et  al., 2021). However, how chronic T. gondii 
infection regulates TIGIT expression on splenic T cells and 
its correlation with T cell function has not been reported.

In this study, our purpose was to study TIGIT expression 
on splenic T cells and the functional changes in spleen T cells 
during chronic T. gondii infection.

MATERIALS AND METHODS

Mice and Parasites
The PRU strain (type II, low virulence strain) of T. gondii 
used in this study was preserved by the Xinxiang Key Laboratory 
of Pathogenic Biology, Xinxiang Medical University (Henan, 
China). The T. gondii PRU strain was preserved in C57BL/6 
mice by cyst passage. Male C57BL/6 mice (7–8  weeks old) 
were purchased from Beijing Vital River Experimental Animal 
Technology Co., Ltd. (Beijing, China) and kept in a specific 
pathogen-free facility.

T. gondii Infection
To detect the changes in TIGIT expression on and function 
in splenic T cells post infection, 280 mice were randomly 
divided into two groups. One group was challenged with 10 
PRU cysts by oral administration (infection group), and the 
other group was treated with a phosphate-buffered saline (PBS) 
solution (control group).

Harvest and Preservation of the Spleen
Mice were sacrificed at 0, 1, 3, 6, 9, and 12 weeks post infection 
(n  =  10 per group). Mouse spleens were removed aseptically 
to determine spleen index, and then five spleens were ground 
into powder by liquid nitrogen and frozen at −80°C for DNA 
and RNA acquisition. The other five spleens were fixed, sectioned 
and stained with hematoxylin and eosin (H&E), and then 
evaluated for the extent of tissue damage.

Splenic Mononuclear Cells Preparation
Our previous research procedure was applied to obtain splenic 
mononuclear cells (SMCs; Wang et  al., 2021). The spleen was 
crushed and filtered through 200 mesh nylon net. Then use 
the lymphocyte separation solution to collect the middle 
lymphocytes at the interface, the lymphocytes were washed 
twice, counted and stored.

Flow Cytometry
SMCs were incubated with FcR Blocking Reagent to block 
non-specific immunoglobulin binding to Fc receptors, and 
then cell-surface molecules were stained. Next, the cells were 
fixed and permeabilized with the FIX&PERM Kit, and further 
intracellular staining was performed. Cells were incubated with 
specific antibodies or isotype controls, according to the 
manufacturer’s guidelines. Antibodies for surface staining were 
consistent with those reported in our previous research (Wang 
et  al., 2021). The antibodies for intracellular staining antibody 
were as follows: anti-Granzyme B (anti-human/mouse PE, 
BioLegend), anti-Perforin (anti-mouse PE, BioLegend), 
Granzyme B κ Isotype Ctrl (Mouse IgG1 PE, BioLegend), 
and Perforin κ Isotype Ctrl (Rat IgG2a PE, BioLegend). 
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The  isotype controls were used to define positive cells and 
determine the corresponding gate. Under the same application 
settings, all flow cytometry samples were detected and analyzed 
on a CytoFLEX (Beckman Coulter, Brea, CA, United  States) 
with CytExpert 2.1 software.

Quantitative Real-Time PCR
Total RNA or DNA was extracted from spleens using TRIzol 
reagent (Yi Fei Xue Biotechnology, Nanjing, China) or a 
Tissue DNA kit (OMEGA, Zhengzhou, China), and then 
RNA was converted into first-strand cDNA. The real-time 
PCR (RT-PCR) was run on a QuantStudio™ 5 (Applied 
Biosystems, Foster City, CA, United States) with SYBR qPCR 
Master Mix as described previously (Wang et  al., 2021). 
The primer information used herein is shown in Table  1. 
The DNA samples were used for the detection of TgB1 gene 
represents the parasite load, which were normalized for the 
mouse beta-actin-1 primers (Bhadra et al., 2011). The mRNA 
expression levels of target genes, such as TIGIT, were 
normalized to those of the mouse beta-actin-2 primers. 
Relative expression levels were calculated by the 
2−△△Ct method.

Data Analysis
Statistical analysis was performed using SPSS 20 software for 
Windows (SPSS Inc., Chicago, IL, United States). The differences 
between the two groups were compared by Student’s t test, 
and those among multiple groups were compared by one-way 
ANOVA. A value of p  <  0.05 was considered as 
statistically significant.

RESULTS

Histopathological Changes in the Spleen 
Were Positively Correlated With the 
T. gondii Parasite Load
The relative expression of TgB1  in mice spleens increased 
sharply beginning in the 1st week post infection, until it was 
downregulated compared with the control group at the 6th 
week after infection (Figure  1A). Meanwhile, the spleen of 
mice rapidly enlarged from 1  week post infection, and the 
spleen index increased sharply and reached the peak at the 
3rd week after infection (Figure  1B). Through H&E staining 
of spleen sections, we  observed that there were no obvious 

TABLE 1 | Sequences of the primers used in this study.

Gene Primer sequence Target gene length

TgB1
 Sense primer 5ꞌTCCCCTCTGCTGGCGAAAAGT3ꞌ 97 bp
 Antisense primer 5ꞌAGCGTTCGTGGTCAACTATCGATTG3ꞌ
Mouse beta-actin#

 Sense primer 5ꞌTCACCCACACTGTGCCCATCTACGA3ꞌ 295 bp
 Antisense primer 5ꞌCAGCGGAACCGCTCATTGCCAATGG3ꞌ
TIGIT
 Sense primer 5ꞌGGCATGTCGCTTCAGTCTTC3ꞌ 139 bp
 Antisense primer 5ꞌCTCCCCTTGTAAATCCCACC3ꞌ
CD226
 Sense primer 5ꞌACCACATGGCTTTCTTGCTC3ꞌ 112 bp
 Antisense primer 5ꞌCAGCATGAGAGTTGGACCAG3ꞌ
IL-2
 Sense primer 5ꞌCAAGCAGGCCACAGAATTGA 3ꞌ 80 bp
 Antisense primer 5ꞌGAGTCAAATCCAGAACATGCCG3ꞌ
IL-12
 Sense primer 5ꞌCTTAGCCAGTCCCGAAACCT3ꞌ 144 bp
 Antisense primer 5ꞌACAGGTCTTCAATGTGCTGGT3ꞌ
IFN-γ
 Sense primer 5ꞌTCAAGTGGCATAGATGTGGAAGAA3ꞌ 267 bp
 Antisense primer 5ꞌCTGGACCTGTGGGTTGTTGA3ꞌ
TNF-α
 Sense primer 5ꞌAGCCGATGGGTTGTACCTTG3ꞌ 99 bp
 Antisense primer 5ꞌATAGCAAATCGGCTGACGGT3ꞌ
Perforin
 Sense primer 5ꞌGAGAAGACCTATCAGGACCA3ꞌ 167 bp
 Antisense primer 5ꞌAGCCTGTGGTAAGCATG3ꞌ
Granzyme B
 Sense primer 5ꞌCCTCCTGCTACTGCTGAC 3ꞌ 174 bp
 Antisense primer 5ꞌGTCAGCACAAAGTCCTCTC3ꞌ
Mouse beta-actin##

 Sense primer 5ꞌGATGCAGAAGGAGATTACTG3ꞌ 91 bp
 Antisense primer 5ꞌACCGATCCACACAGAGTA3ꞌ

#Indicates mouse beta-actin-1 primers in manuscript.
##Indicates mouse beta-actin-2 primers in manuscript.
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pathological changes in the spleen in the 1st week post infection, 
only a small number of neutrophils were found in the red 
pulp, and at the 3rd week after infection, more neutrophils 
infiltration and a small number of extramedullary hematopoietic 
cells could be  seen in the splenic red pulp. Local lymphocytes 
in white pulp decreased and extramedullary hematopoietic cells 
proliferated. At the 6th and 9th week after infection, the spleen 
returned to normal, with only a small number of neutrophils 
scattered in the red pulp, and at the 12th week after infection, 
the red and white pulp of the spleen was clearly demarcated, 
the number of lymphocytes in the red pulp decreased and 
the cells arranged loosely, and a small number of extramedullary 
hematopoietic cells were observed, and extramedullary 
hematopoietic cells eroded the white pulp, and a small number 
of neutrophils were scattered in the red pulp (Figure  1C). 
The results showed that T. gondii proliferated in the spleen 
during the first 3 weeks after infection, resulting in pathological 
enlargement of the spleen and immune function, thus eliminating 
T. gondii. At the 6th week after infection, T. gondii in the 
spleen was cleared and the spleen returned to normal.

TIGIT Expression on Splenic T Cells Was 
Specifically Upregulated by Chronic 
T. gondii Infection
As shown in Figure 2, compared with the Nc (normal control) 
group, TIGIT expression on splenic CD4+ T cells of mice was 
significantly upregulated from the 1st week after PRU cyst 
infection to the 12th week after infection (p < 0.01). Similarly, the 

proportion of splenic TIGIT+CD8+ T cells of the infected group 
did not change significantly only at the 6th week after infection 
but was higher than that of the Nc group at other time points 
(p  <  0.01).

CD226 Expression on Splenic T Cells Was 
Specifically Regulated by Chronic T. gondii 
Infection
CD226 expression on splenic T cells of mice was significantly 
downregulated in the 1st week after PRU cyst infection 
(Figure  3A). In addition, except that there was no prominent 
change in the proportion of CD226+CD4+ T cells at the 12th 
week after infection, CD226 expression on splenic T cells was 
notably higher than that of the control group since the 3rd 
week after infection (Figure  3B).

TIGIT+ TEM Cells Were Triggered by Chronic 
T. gondii Infection
Among the memory T cells, TCM (central memory T cells) 
and TEM (effector memory T cells) are important T cell subsets 
that play immune-protective roles in the host infected by 
intracellular pathogens. We  labeled the surface of T cells with 
antibodies of against CD44 and CD62L and classified splenic 
memory T cells into four subtypes of TCM (CD44+CD62L+), 
TEM (CD44+CD62L−), Tnaive (CD44−CD62L+), and TEMRA 
(CD44−CD62L−). The subsets of splenic TIGIT+ memory T 
cells were analyzed. As shown in Figure  4, the results were 
consistent with those of our previous studies on T. gondii 

A C

B

FIGURE 1 | Dynamic pathological changes in the spleen during chronic Toxoplasma gondii infection. (A) Relative expression of TgB1in the spleen at 0, 1, 3, 6, 9, 
and 12 weeks post infection in the spleen. (B) Spleen index values of the PRU and Nc groups. The results are representative of three independent experiments with 
five mice per group per experiment; with data denoting means ± SDs; (C) H&E staining of spleen sections at different time points post infection. ***,###p < 0.001, 
*Indicates comparison with the control group. #Indicates comparison with other time points. The black arrow indicates neutrophil infiltration in the red pulp, the 
yellow arrow indicates extramedullary hematopoietic cell infiltration, and the red arrow indicates extramedullary hematopoietic cell proliferation.
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infection with RH tachyzoites. The specific memory TIGIT+ 
T cell subsets in T. gondii infection were mainly TCM and TEM 
cells. Except for 6  weeks after infection, part of the specific 
TIGIT+CD4+ T cells of T. gondii in the spleen of the PRU 
group were activated and transformed into TEM. Additionally, 
T. gondii specific memory TIGIT+CD8+ T cell subsets changed 
correspondingly at all the time points.

The Cytotoxicity of TIGIT+ T Cells 
Decreased During Chronic T. gondii 
Infection
As shown in Figure  5, the expression of Perforin (Prf1) 
and Granzyme B (Gzmb) in the spleen TIGIT+ T cells of 

mice infected with PRU cysts was significantly upregulated 
at the 1st week post infection (p  <  0.01). The expression 
of both Prf1 and Gzmb in TIGIT+CD4+ T cells decreased 
from the 3rd week after infection to no significant difference 
from that in the Nc group, while Prf1 expression in 
TIGIT+CD8+ T cells was always higher than that in the Nc 
group (p < 0.05). Gzmb expression in TIGIT+CD8+ T cells 
remained higher than that in the control group until it 
returned to normal level at the 12th week after infection. 
The results showed that chronic toxoplasmosis is controlled 
by normal cytotoxicity of host T cells in the early stage, 
but the cytotoxic effect of TIGIT+T cells was weakened with 
persistent infection.

A

B

FIGURE 2 | Changes in TIGIT expression on T cells in spleen after T. gondii infection. (A) Proportions of TIGIT+ cells among CD4+ and CD8+ T cells in T. gondii-
infected (PRU) and normal mice (Nc) after infection. (B) Dynamic changes in the percentages of TIGIT+ T cells at different time points. The results are representative of 
three independent experiments with five mice in each group per experiment, with data denoting means ± SDs. **p < 0.01 and ***p < 0.001 (compared to the control).
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TIGIT, CD226, Perforin, Granzyme B, IL-2, 
IL-12, IFN-γ, and TNF-α mRNA Expression 
in the Spleen
As shown in Figure  6, compared with those in the control 
group, TIGIT mRNA expression in spleen was prominently 
upregulated at the 1st and 12th week post infection (p < 0.01), 
and the mRNA level of TIGIT was prominently downregulated 
at the 3rd and 9th week post infection (p < 0.01). Additionally, 
CD226 mRNA expression in spleen increased significantly in 
the 1st week post infection (p < 0.01) and decreased significantly 
at other time points (p  <  0.01). On the contrary, Prf1 mRNA 
expression decreased significantly in the 1st week post infection 
(p  <  0.01) and increased significantly at other time points 
(p < 0.01). Gzmb mRNA expression in spleen was significantly 

higher than that in the Nc group only at the 1st and 12th 
week after infection (p  <  0.01), and markedly lower than 
that in the Nc group at other time points (p  <  0.01). The 
expression of inflammatory factor IL-2  in spleen decreased 
significantly from 1 to 3  weeks post infection (p < 0.01), 
and the expression of IL-2 was markedly higher than that 
in Nc group at 6 and 12  weeks post infection (p  <  0.01). 
IL-12 mRNA expression was markedly lower than that in 
the Nc group (p  <  0.01) and remained until the 12th week 
after infection. The expression of IFN-γ was significantly 
downregulated from 1 to 9 weeks after infection and returned 
to normal at the 12th week after infection (p  <  0.01). 
Furthermore, different from IFN-γ, the expression of TNF-α 
had no significant difference in the 1st week after infection.

A

B

FIGURE 3 | Changes in CD226 expression on T cells in spleen after T. gondii infection. (A) Proportions of CD226+ cells among CD4+ and CD8+ T cells in T. gondii-
infected (PRU) and normal mice (Nc) after infection. (B) Dynamic changes in the percentages of CD226+ T cells at different time points. The results are representative of 
three independent experiments with five mice in each group per experiment, with data denoting means ± SDs. **p < 0.01 and ***p < 0.001 (compared to the control).
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DISCUSSION

TIGIT can participate in splenic immune responses induced 
in many chronic infectious diseases (Wykes and Lewin, 2018; 
Blazkova et  al., 2021). Virological studies showed that the 
proportion of TIGIT+CD8+ T cells were increased significantly 
in HIV patients, which was positively correlated with plasma 
viral load and disease progression. After treatment with an 
anti-TIGIT monoclonal antibody, the secretion of IFN-γ from 
HIV-specific NK cells and CD8+ T cells was significantly 
increased. Double blockade of the TIGIT and PD-L1 pathways 
could significantly improve the ability of T cells to produce 
IL-2, thus prominently enhancing HIV-specific CD8+ T cell 
proliferation. It is suggested that TIGIT can be  used as a 
potential target for immunotherapy in the treatment of HIV 
infection (Chew et  al., 2016; Yin et  al., 2018; Vendrame 
et  al., 2020). Yasuma et  al. found that the HBZ protein 
expressed by human T-cell leukemia virus type 1 (HTLV-1) 
can induce an increase in TIGIT expression and inhibit the 
transcription of the CD226 gene, which further enhances 
the inhibitory function of TIGIT. In addition, a large amount 
of TIGIT enhances the transcription of IL-10, allowing infected 
cells to escape being clearance by the immune system (Yasuma 
et  al., 2016). The proportion of TIGIT+ T cells in peripheral 
blood of hepatitis B virus (HBV)-associated hepatocellular 

carcinoma (HBV-HCC) patients was significantly higher than 
that in healthy blood donors and hepatitis B virus (HBV)-
associated liver cirrhosis (HBV-LC) patients, and the number 
of TIGIT+CD8+ T cells was positively correlated with tumor 
recurrence, tumor invasion and mortality of HBV-HCC, and 
higher frequency of TIGIT+CD8+ T cells was more closely 
related to poor prognosis of HBV-HCC than that of TIGIT+CD4+ 
T cells (Liu et al., 2019). In addition, TIGIT on T cell surface 
was found to be  significantly upregulated in patients with 
lymphocytic choriomeningitis virus (LCMV) or human 
papilloma virus (HPV) infection (Gameiro et  al., 2018;  
Schorer et  al., 2020).

In the field of parasitology, Zhang et  al. (2019b) proved 
that TIGIT expression on the surface of CD4+ and CD8+ T 
cells was upregulated in patients with alveolar echinococcosis, 
and that higher levels of Gzmb were present in TIGIT−CD8+ 
T cells rather than in TIGIT+CD8+ T cells. Plasmodium yoelii 
infection can induce an increase in TIGIT expression on 
splenic CD4+ T cells in mice (Villegas-Mendez et  al., 2016). 
Additionally, blocking the TIM-3 pathway can lead to a 
compensatory increase in the expression of TIGIT in mice, 
resulting in the death of infected mice (Zhang et  al., 2019a). 
Schistosoma japonicum egg antigen can increase TIGIT 
expression on CD4+ T cells, and the expression of TIGIT can 
enhance the proliferation of the Th2 cells, thus enhancing 

A B

FIGURE 4 | Relative contributions of memory splenic T cell subsets to TIGIT+ T cells after T. gondii infection. (A) Dynamic changes in memory T cell subsets of 
TIGIT+CD4+ T cells in the spleen at different time points following PRU infection. (B) Dynamic changes in memory T cell subsets of TIGIT+CD8+ T cells in the spleen 
at different time points following PRU infection. The results are representative of three independent experiments with five mice in each group per experiment, with 
data denoting means ± SDs. *p < 0.05, **p < 0.01, and ***p < 0.001 (compared to the control).
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Th2 immune response in infected mice (Li-Na et  al., 2018). 
In addition, our previous study showed that selective TIGIT 
expression on host splenic T cells could be  induced by acute 
infection with T. gondii virulent strain (RH) tachyzoites, and 
that an increase in the proportion of TEM subtypes in TIGIT+T 
cells could be  observed (Wang et  al., 2021). However, TIGIT 
expression on splenic immune cells of mice chronically infected 
with T. gondii cysts and its effect on immune function are 
not clearly characterized.

This study found that, different from our previous studies 
on acute T. gondii infection, T. gondii could be  detected in 
the spleen from 1 to 3  weeks post infection, and TIGIT 
expression on T cells was significantly upregulated. However, 
with the formation of cysts in the tissue, the pathological 
sections showed that the spleen returned to normal at the 
6th week after infection, and the spleen exerted its immune 
function and cleared the free T. gondii in the spleen. TIGIT 
expression on splenic CD8+ T cells returned to the normal 
level, but the expression of TIGIT in spleen increased again 
9  weeks after infection, which may be  related to the partial 
activation of T. gondii in mice. At the same time, compared 
with the control group, CD226 expression on splenic T cells 
was significantly downregulated only in the 1st week after 
infection, which was negatively correlated with the expression 

of TIGIT. However, with the formation of chronic toxoplasmosis, 
the immune system is gradually disordered, the mutual 
antagonism between them disappears, and the expression on 
T cells is significantly upregulated, which may be  due to the 
existence of other modes of action between TIGIT and CD226 
expressed during T. gondii infection, which need to 
be  further studied.

The relative changes in T cell subsets in patients with 
pathogen infection affect T cell immune function and disease 
occurrence and development (Schlüter et  al., 2002; Mueller 
et  al., 2013). Research has shown that high expression of 
TIGIT in memory cell subsets of CD4+ T cells in patients 
with acute HCV infection, and the expression of TIGIT was 
the highest in effector memory T cells and the lowest in 
initial memory T cells, but TIGIT expression was relatively 
stable in TCM and TEMRA subsets (Ackermann et  al., 2019). 
Therefore, we  analyzed the changes of the proportions of 
specific TIGIT+ T cell subsets during T. gondii cysts infection 
by evaluating CD44 and CD62L. Similar to our previous studies, 
TIGIT+ T cells in mouse spleen were mainly divided into TCM 
and TEM after T. gondii cysts infection. Furthermore, studies 
have shown that continuous antigen stimulation can lead to 
the activation of TCM cells to produce TEM subsets during 
chronic parasite infection, and that long-term antigen stimulation 

A B

FIGURE 5 | Cytotoxic activity of TIGIT+ T cells in spleen after T. gondii infection. (A) Dynamic changes in TIGIT+CD4+ T cell cytotoxicity in the spleen of mice 
chronically infected with T. gondii. (B) Dynamic changes of TIGIT+CD8+ T cell cytotoxicity in the spleen of mice chronically infected with T. gondii. The results are 
representative of three independent experiments with five mice in each group per experiment, with data denoting means ± SDs. *p < 0.05, **p < 0.01, and 
***p < 0.001 (compared to the control).
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keeps the working intensity of memory T cells at a high level, 
resulting in T cell functional exhaustion. In this study, spleen 
CD8+TIGIT+ TCM cells was activated and transformed into 

CD8+TIGIT+ TEM cells during infection. Similarly, except for 
the 6th week after infection, CD4+TIGIT+ T cells also had 
the same changes, indicating that T. gondii infection stimulated 

FIGURE 6 | mRNA expression of multiple transcripts in spleens from mice infected with the T. gondii PRU strain, as assessed by quantitative real-time PCR 
(qRT-PCR). Values are shown as the means of triplicate measurements, with data denoting means ± SDs; three independent experiments were performed with five 
mice per group. **p < 0.01 and ***p < 0.001 (compared to the control).
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the host TIGIT+ TEM cells to proliferate, migrate to the 
inflammatory surrounding tissue, and produce cytokines to 
control T. gondii infection.

Prf1 and Gzmb, as the main factors mediating the cytotoxicity 
of T cells, can kill infected cells from in a host and have an 
important effect on T cells defending against T. gondii infection 
(Yamada et  al., 2011; Suzuki, 2020). In addition, the perforin 
dependent cytotoxic ability of T cell is involved in restricting 
the parasite to chronic state (Suzuki et  al., 2010). Therefore, 
we detected the expression of Prf1 and Gzmb in TIGIT+ T cells. 
The results showed that cytotoxicity of splenic TIGIT+ T cells 
increased prominently in the early-stage infection of T. gondii 
cysts, but decreased in varying degrees after the stable existence 
of T. gondii cysts, indicating that the change of cytotoxicity 
of splenic TIGIT+ T cells may be  related to the formation 
and rupture of T. gondii cysts.

We further detected the changes in TIGIT gene transcriptional 
expression at the overall level in spleen during infection and 
found that it was significantly up-regulated in the 1st week 
after infection, then downregulated, and upregulated again in 
the 12th week after infection, when the spleen sections also 
showed abnormal pathological changes. At the same time, 
Gzmb also showed the same dynamic expression changes as 
TIGIT. However, the expressions of IL-12, IFN-γ, and TNF-α 
were not upregulated, suggesting the immune function has 
not been brought into full play. However, the effect of TIGIT 
on the proliferative activity of T. gondii specific T cells and 
its expression on other immune cells such as Treg and NK 
cells during T. gondii infection are not clear, and the changes 
of immune function of host splenic T cells by blocking the 
TIGIT pathway need to be  further investigated.

CONCLUSION

This study shows that chronic infection of T. gondii cysts can 
increase the TIGIT expression in host splenic T cells, stimulate 
the host TIGIT+ TEM cells to proliferate, and weaken the cytotoxicity 

of TIGIT+ T cells. Therefore, TIGIT is expected to be a therapeutic 
target for chronic T. gondii infection and provides new insights 
into prevention and treatment of T. gondii infection.
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