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Abstract. – Most effector T cells will under-
go programmed apoptosis after an immune re-
sponse and some of them may become memory 
T cells. According to the distribution and func-
tional status, the memory T cells can be divid-
ed into effector central memory T cells (TCM), 
effector memory T cells (TEM) and tissue-resi-
dent memory T cells (TRM) cells. TRM cells, in-
cluding CD4+ TRM and CD8+ TRM cells, colo-
nize various barrier surfaces and are no longer 
involved in lymphocyte recycling, closely mon-
itored for local perturbations in homeostasis 
throughout the body as a critical component of 
the first defense line. When pathogenic microor-
ganisms invade the body, TRM cells can quick-
ly produce a defense response to initiate innate 
immunity and adaptive immunity by producing 
cytokines or killer molecules to resist viral and 
bacterial infections. In addition, TRM cells are 
also involved in cancer surveillance and play 
an essential role in maintaining cancer-immune 
equilibrium. The high frequency of TRM cells 
in tumor tissues often means favorable surviv-
al for patients. The latest research proves that 
TRM cells also play an important role in vac-
cine development and pathological features of 
COVID-19. This article will summarize the biolog-
ical functions of TRM cells and aims at providing 
references for further research on their mecha-
nism and for targeting the best treatment of clin-
ical disease.
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Introduction

The immune memory is an essential feature 
of the adaptive immune response, a successful 
immune response can induce the formation of 
memory T cells. Memory T cells are the most 

abundant lymphocyte population in the body that 
can survive for a long time and provide protec-
tion against pathogens invasion. When the body 
encounters the same pathogen, these cells will 
rapidly activate and clear them. Memory T cells 
can generate a more effective immune response 
than naïve T cells1,2. According to the different 
phenotypes, circulation pathways and effector 
functions, the classical memory T cells can di-
vide into two groups, namely central memory T 
cells (TCM) and effector memory T cells (TEM). 
TCM cells and TEM cells circulate between the 
blood and peripheral lymphoid organs contin-
uously and survive for a long time3,4. In 2001, 
a unique type of T cell that resided in the lung 
tissue of a mouse influenza model was reported 
first. When mice are infected with respiratory 
viruses, this antigen-specific T cell, known as 
tissue-resident memory T cells (TRM), the third 
type of memory T cells5,6, rapidly activates and 
fights the infection. Most TRM cells are abundant 
in the barrier sites such as the skin, lung, stom-
ach, liver, bladder, and genitourinary tract, serv-
ing as the “first line” of defense7-11. TRM cells are 
present in large numbers in the mouse epidermis, 
exhibit slow crawling behavior and extend long 
dendritic projections into the spaces between 
adjacent cells12. TRM cell formation can also 
be observed in chronically bacterially infected 
intestinal mucosa or bronchi of the lungs13,14. 
Recent studies15 have found that TRM cells exist 
in immune-privileged areas such as brain tissue. 
Virus-specific TRM cells can be dispersed in the 
brain parenchyma or sites that have previous-
ly encountered infectious viruses, these cells 
closely monitor the resuscitation of neurotropic 
viruses16. TRM cells also play an important role 
in tumorigenesis, various inflammatory diseases 
and vaccine development.
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The Identification of TRM Cells
According to the expression of CD molecules, 

TRM cells can be divided into two types: CD4+ TRM 
and CD8+ TRM. CD4+TRM cells mainly settle in the 
epithelial layer of the mucosal barrier, such as 
the basement membrane and lymph nodes. After 
recognizing invading pathogens, CD4+ TRM cells 
trigger an immune response by interacting with 
antigen-presenting cells, releasing inflammatory 
cytokines to activate natural killer cells, B cells, 
or other immune cells to clear pathogens. More 
research17 suggests that CD4+ TRM cells present 
in chronically inflamed lesions play an important 
role in inflammatory responses, thus targeting 
CD4+ TRM may be a viable therapy for treating 
mucosal inflammatory diseases. CD4+TRM cells 
promote chronic inflammation and fibrosis in 
lung tissue exposed to aspergillus fumigatus by 
producing effector cytokines, play an important 
role in the pathological changes of chronic lung 
inflammation, inhibit the function of CD4+ TRM 
cells, and alleviate pulmonary fibrotic lesions18. 
CD4+ TRM cells in lung tissue help CD8+ T cells 
through IL-21 to kill influenza virus-infected 
target cells19. CD4+TRM cells generated by vaginal 
mucosal cells infected with the herpes simplex 
virus (HSV) can cause antagonist viral infection 
by releasing IFN-γ20. HSV-specific CD4+TRM cell 
accumulation has been found in dermal cells 
around the isthmus of skin follicles, this depends 
on persistent CCL5 chemokine signaling and me-
diates skin inflammatory responses21. The prima-
ry function of CD4+TRM cells is to provide local 
protection against infections, but they are det-
rimental in organ transplantation. For example, 
CD4+TRM cells detected in kidney transplantation 
mouse models proliferate locally and produce 
IFN-γ to induce renal transplant rejection. There-
fore, TRM cells can be used as targets for therapeu-
tic inhibition of rejection, and targeted inhibition 
of TRM may improve the survival rate of trans-
plantation22. Unlike CD4+TRM cells, which mainly 
mediate inflammatory responses, CD8+TRM cells 
are closely related to the anti-tumor process. 
CD8+TRM cells are usually located in various bar-
rier tissues and monitor tumor development. 

Compared with traditional γδ T cells, CD8+TRM 
cells in the skin and mucous membranes can 
survive stably long, act as “sentinels” to trigger 
antigen-specific immunity, release cytotoxic mol-
ecules (e.g., perforin and granzyme) and directly 
lyse infected cells23,24. Many pathogens can ac-
cumulate on the mucosal surface of the gastroin-
testinal tract and cause infection. Once Yersinia 

infects the gastrointestinal tract, IFN-β and IL-12 
released by intestinal macrophages can recruit 
CD8+TRM cells in the inflammation areas, so the 
number of TRM cells can be significantly reduced 
in IL-12-deficient mice25.

The primary surface markers of TRM cells are 
CD103 and CD69. CD103, also known as αE-
type integrin, is a marker molecule of TRM cells. 
CD103 and integrin β7 form a heterodimeric 
receptor for E-cadherin through which TRM cells 
adhere to the peripheral tissue for a long time. 
Studies26 have shown that TRM cells in mucosal 
parts such as skin, lung, salivary glands, and 
reproductive tract express a high level of CD103 
molecules, which play an important role in the 
residency of TRM cells in local tissues. CD69 is a 
membrane-bound type II C-lectin receptor, which 
is abundantly expressed on the surface of TRM 
cells and γδ T cells. The expression of CD69 can 
be detected within 1 hour after the T cell surface 
antigen recognition receptor (TCR) recognizes 
the antigen. Therefore, CD69 is generally con-
sidered a marker of TRM cells activation. CD69 
can bind to galectin-1 on the surface of adjacent 
cells for the adhesion of TRM cells in peripheral 
tissues. CD69 molecule also participates in many 
physiological and pathological processes such as 
cell adhesion, apoptosis, inflammatory response 
or tumor metastasis27.

The binding of Sphingosine-1-phosphate (S1P) 
with its receptor (S1P1) is an important pathway 
for lymphocyte outflow from the thymus and pe-
ripheral lymphoid tissues. Drugs such as FTY720 
which are antagonists of S1P1 can reduce T cell 
outflow significantly28. CD69 is a natural antago-
nist of S1P1 that can bind to S1P1 on the cell sur-
face, leading to its internalization and degrada-
tion and preventing TRM cells from flowing out of 
lymphoid tissues. Other studies29 have shown that 
CD103 is also expressed on the surface of other 
T cells. The circulation of T cells can express 
CD69 under inflammation cytokines stimulation, 
so relying solely on CD103 or CD69 expression 
may not accurately identify TRM cells30. In recent 
years, it has been found that CD44 is abundantly 
expressed on the surface of TRM cells. CD44 is 
a transmembrane glycoprotein that can interact 
with extracellular matrix components, such as 
fibronectin and laminin and is widely involved in 
cell adhesion, migration or other activities. The 
continued expression of CD44 suggests that it 
may influence the function of TRM cells, although 
we cannot distinguish TRM cells from other T 
cells only by CD44. CD44 is maintained at high 
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levels on the surface of TRM cells, suggesting that 
it may be necessary for TRM, although its specific 
effects have not been elucidated31. The analysis 
of TRM cells relied on the expression of single or 
few markers so far, which often makes it difficult 
to know which of the tumor-infiltrating lympho-
cytes (TIL) are actual TRM cells, and the use of 
high throughput technologies (e.g., single-cell 
RNA sequencing and mass spectrometry flow 
cytometry) may help to identify TRM cells32.

Regulation and Differentiation of TRM Cells
The formation of TRM cells involves several key 

steps, including the activation of naïve T cells by 
antigen-presenting cells in the lymph node, the 
migration and infiltration of T cells, the activa-
tion of TRM-specific transcription factors, and 
various factors such as cytokines, chemokines, 
and adhesion molecules can affect the formation 
of TRM cells.

When stimulated by antigens, naïve T cells are 
activated in lymph nodes by antigen presenting 
cells (e.g., dendritic cells or macrophages), then 
further differentiate and mature under the influ-
ence of pro-inflammatory cytokines and perform 
immune functions. Most of them will under-
go programmed apoptosis after completing their 
mission and some will differentiate into memory 
T cells. TCM and TEM can circulate in various tis-
sues and organs of the body through blood and 
lymph. TRM cells settle down in peripheral organ 
tissue and no longer participate in lymphocyte re-
cycling. A mouse skin infection model confirmed 
that dendritic cells in lymph nodes could activate 
naïve CD8+T cells through alpha V-type integrin 
and MHC-I molecules and induce them to differ-
entiation into TRM cells through TGF-β. Results 
of open chromatin sequencing confirmed that 
the TGF-β signaling mediated by DCs express-
ing alpha v-type integrins is closely related to 
TRM formation33. Driven by inflammatory signals 
in infected tissues, the endothelium abundantly 
expresses adhesion molecules, such as ICAM-1 
and VCAM-1, which bind to LFA-1 and VLA-4 
expressed by T cells, effectively increasing T 
cells infiltration and subsequent TRM formation34. 
Epithelial infiltration is a key factor in TRM cell 
formation, largely dependent on signaling from 
G protein-coupled receptors such as CXCR3. 
Chemokines CXCL9 and CXCL10 are highly 
expressed in inflamed tissues and can recruit T 
cells through CXCR3 to promote T cell infiltra-
tion in local epithelial tissues. However, CXCR3 
genetically deficient CD8+T cells are not entire-

ly excluded from epithelial cells, implying that 
other chemokines and adhesion factors may also 
act in a tissue-specific manner35,36. The efficient 
localization of TRM cells in lung tissue relies on 
IFN-γ and chemokines produced by CD4+T cells. 
However, this requirement does not apply to all 
tissues, as virus-specific TRM cells can develop 
and persist in the skin and brain without CD4+T 
cell help37,38. TRM cells in lung tissue are essential 
for the antagonism of respiratory viral infections. 
Monocytes, macrophages and dendritic cells in 
lung tissue are involved in the early differentia-
tion of TRM cells, which present influenza virus 
antigens to activate naïve T cells. With the help of 
CCR2, naïve T cells chemotaxis to the lesion area 
and differentiate into TRM cells, and the content of 
TRM cells in the lungs’ tissues in CCR2-/- mice was 
significantly reduced39.

Currently, there is great interest in how dif-
ferent antigen-presenting cells promote the for-
mation of TRM cells. Although the traditional 
dendritic cells play a critical role in activating 
naïve T cells, increasing evidence suggests that 
monocyte-derived APCs (MoAPCs) play an im-
portant role in forming TRM cells. MoAPCs pro-
vide the necessary chemokines and cytokines for 
the activation, differentiation, localization and 
survival of TRM cells, inflammatory MoAPCs 
secrete TNF which can significantly increase the 
formation of TRM cells40. A recent study by Farber 
et al41 found that Stem cell memory T (Tscm) cells 
in humans and mice with high self-proliferating 
and multi-lineage differentiation potential may 
contribute to the formation of TRM cells, the phe-
notype of Tscm cells is CD45RA+/CD45RO- and 
high levels of CD27, CD28, IL-7R and CCR7 on 
the cell surface. Tscm cells can be differentiated 
into TCM cells, TEM cells and TRM cells at peripher-
al tissue sites under specific conditions.

TRM cells activate innate and adaptive immu-
nity by producing effector molecules and amplify 
the immune response by recruiting other immune 
cells42. The generation of TRM cells is affected 
by various cytokines, and the most studied are 
TGF-β and IL-15. TGF-β normally binds to la-
tency-related proteins and exists in the body in 
a latent form, requiring specific proteases (e.g., 
matrix metalloproteinases) to hydrolyze and acti-
vate43. Mackay et al44 have shown that cytokines, 
such as TGF-β and IL-15, can activate Hobbit and 
Brimp1 transcription factors of mouse T cells, 
promote T cells to express CD69 molecules, and 
mediate the development of TRM cells in the skin 
and gut, liver and kidney, enabling the resident 
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of TRM cells in the inflammation tissues. The 
residence of other lymphocytes such as NK cells 
and NKT cells in the liver also requires the help 
of the Hobbit and Brimp1 transcription factors45. 
TGF-β and IL-15 can promote the development 
and differentiation of KLRG1-negative epitheli-
al cells into CD103+CD8+ TRM cells, which play 
an essential role in skin and mucosal immune 
defense46. TGF-β can induce the expression of 
CD103 molecule in memory CD8+T cells in mice, 
the binding between CD103 and E-cadherin pro-
motes long-term retention of TRM cells in the gas-
trointestinal or reproductive tract and responds to 
pathogens or foreign proteins rapidly47,48. Stromal 
cells induce the expression of integrins by secret-
ing TGF-β, and integrins αvβ6 and αvβ8 promote 
the residency of Langerhans cells and CD8+TRM 
cells in epithelial tissues, constituting the body’s 
first line of defense against pathogens49. The 
IFN-γ produced by CD4+T cells can recruit cir-
culating T cells to skin and mucous membranes 
through CXCR3 molecules, effectively resisting 
parasitic infection. The transcription factor T-bet 
can promote CD8+TRM cells accumulating in the 
lungs, effectively antagonizing influenza virus 
infection37,50. Woon et al51 have shown that IL-
15 can down-regulate the expression of S1P1 
through Kruppel-like factor 2 transcription factor 
after tonsils are infected by Epstein Barr virus or 
cytomegalovirus, then recruiting and promoting 
CD8+TRM cells to kill the infected target cells, 
which help protecting the body from viral infec-
tions.

TRM Cells in COVID-19 
Responsiveness and clearance of respiratory 

pathogens ability in older adults have signifi-
cantly reduced, resulting in higher rates of lung 
infection and higher mortality. Loss of homeo-
static of CD8+ TRM caused by aging may mediate 
pulmonary pathological changes, which may be 
related to influenza virus and 2019 coronavirus 
(COVID-19) patients52. Clinical data show that 
the elderly prone to develop into severe patients 
after being infected with COVID-19, and they 
are often accompanied by sequelae such as pul-
monary function damage after discharge. The 
pathological lung changes caused by infection 
are heterogeneous. There is a high correlation 
between the severity of pulmonary sequelae and 
the immune system changes. Virus-specific tis-
sue-resident CD8+TRM cells were enriched in the 
patient’s respiratory system and positively cor-
related with the degree of lung damage, these 

cells continued to cause lungs’ damage after the 
patient’s recovery. The mouse respiratory virus 
infection model confirmed that the removal of 
CD8+TRM cells could effectively improve mice 
lungs’ function. This result indicates that the 
CD8+TRM cells resident in the lungs’ tissue may 
play adverse effects, such as pathological damage 
and lung tissue fibrosis53. The results of single-cell 
immunoassay of bronchoalveolar lavage (BAL) 
samples from patients with COVID-19 confirmed 
that antigen-driven CD8+TRM and CD4+Th17 cells 
in patients with mild COVID-19 show actively 
immune functions. In contrast, TRM cells are 
often highly dysregulated in critical COVID-19 
patients and fall into a naïve state stressed by 
inflammation-related changes54. In acute phase 
COVID-19 patients, immune cells such as granu-
locytes, monocytes, CD11c+NK cells, and CD4+T 
effector cells increased significantly, most im-
mune cells returned to normal when the patient 
entered the recovery period except for CD127+ 
granulocytes and CD8+TRM cells, and SARS-
CoV-2-specific CD8+T cells persisted in the nasal 
mucosa for at least 2 months, suggesting that 
COVID-19 has long-term effects on the respira-
tory tract55. Several COVID-19 associated genes 
have been identified through genome-wide asso-
ciation studies (GWAS), single-cell transcriptome 
analysis of bronchoalveolar lavage fluid (BALF) 
from COVID-19 patients revealed that CXCR6 
and CCR9 genes were favorable for patients, and 
CXCR6 tends to be low expressed in TRM cells in 
the lung56. TRM cells can induce chronic airway 
inflammation and fibrosis. Pulmonary fibrosis is 
a common sequela associated with inflammatory 
cytokines storm. JAK kinase is an important 
pathway for cytokine release, while Tofacitinib 
is an important JAK inhibitor developed by Pfiz-
er to inhibit TRM cell function, and it might be 
a potential drug candidate for the treatment of 
COVID-1957. 

However, other views show that TRM may play 
a protective role for COVID-19 patients. Unlike 
most immune cells in lungs that remain stable, 
CD8+TRM cells are susceptible to the effects of 
age, and decreased levels of IFN-γ and GM-
CSF in the elderly often result in lower levels of 
CD8+TRM cells. A study by Nguyen et al58 compre-
hensively assessed the immune response follow-
ing exposure to the influenza virus and SARS-
CoV-2. The results indicate that the absence of 
pathogen-specific TRM cells in lungs’ tissue with 
ageing resulted in a weakened early antiviral 
immune response, which created a significant 
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effect opportunity for respiratory pathogens in-
vasion. Another study59 used a 3D human lung 
tissue model to determine the protective effect 
of pre-existing T cells against SARS-CoV-2 in 
lungs’ tissue. The results confirmed the protec-
tive function of IFN-γ induced TRM and IgA+ 
plasma cells for SARS-CoV-2 infection.

TRM Cells in Cancer-Immune Equilibrium
The immune system plays an important role 

in tumor immune surveillance. Various immune 
cells, such as T cells and NK cells, can check 
the presence of malignant cells in tissues. Once 
abnormal cells are detected, immune cells can 
eliminate them from the host. However, the im-
mune system may reach a compromise with tu-
mor cells under certain circumstances. Immune 
cells will inhibit the growth and spread of tumor 
cells without destroying them, keeping tumor 
cells and immune cells in a state of balance called 
“cancer-immune equilibrium”, a state that may 
be maintained for long periods, possibly for de-
cades. Under the constant immune stress, tumor 
cells will undergo a process of immunoediting in 
which tumors can evade immune surveillance, 
TRM cells play an important role in maintaining 
cancer-immune equilibrium, although the specif-
ic immune mechanisms remain unclear60. In the 
melanoma transplant mouse model, researchers 
found that TRM cells can promote cancer-immune 
equilibrium to confine the tumor in the epidermal 
layer of the skin. About 40% of mice transplanted 
with melanoma cells had no visible skin lesions 
long after tumor cell inoculation and tumor spe-
cific CD69+CD103+TRM cells may associate with 
this balance. In contrast, mice lacking TRM cells 
were more likely to develop tumors, and these 
mice often contained melanoma cells in the epi-
dermal layer of their skin. In vivo imaging of mice 
shows that tumor cells are monitored by TRM cells 
and tumor specific TRM cells can significantly 
inhibit tumor development. The depletion of TRM 
cells led to tumor growth in about 20% of mice, 
indicating that TRM cells can effectively inhibit 
the development of tumors. Hence, TRM cells play 
an important role in tumor immune surveillance 
by maintaining “cancer-immune equilibrium”, 
which is expected to provide a new target for 
future anti-cancer immunotherapies61. TRM cells 
isolated from melanoma patients manifest an an-
ti-tumor capacity through directly killing tumor 
cells or secreting IFN-γ to amplify the immune 
response. The immune checkpoint molecules, 
such as PD-1 and LAG3, are highly expressed 

on the surface of TRM cells in melanoma tissue. 
These TRM cells are likely to initiate a response to 
anti-PD-1 and anti-LAG-3 treatments62. The tran-
scription factor Runx3 is a key regulator for TRM 
cell differentiation, which promotes the genera-
tion of TRM cells in different tissue environments 
and inhibits the expression of recycling-related 
genes. Runx3-deficient mice show higher tumor 
growth rates and mortality, overexpression of 
Runx3 can enhance TRM cell aggregation, delayed 
tumor growth and prolonged mouse survival; this 
may help treat melanoma patients63.

TRM cells play an essential role in preventing 
the development and spread of solid tumors. Un-
like other T cells located in the tumor microenvi-
ronment, the binding of CD103 with E-cadherin 
contributes to a long-term residence and immune 
surveillance for TRM cells. TRM cells can rapid-
ly recognize tumor-associated antigens (TAAs) 
on the surface of tumor cells, release cytotoxic 
particles to kill target tumor cells, and secrete 
pro-inflammatory cytokines to expand the im-
mune response. TRM cells play an important role 
in controlling tumor size, limiting tumor cell 
dissemination, and reducing the risk of recur-
rence in many solid tumors, and the high levels 
of TRM cells are often associated with a favor-
able prognosis for tumor patients64. Studies65-67 
showed that TRM cells are abundantly expressed 
in ovarian, breast, and bladder cancer tissues, 
TRM cells in tumor tissue are closely related 
to the disease-free survival (DFS) and overall 
survival (Overall Survival, OS) of patients, so 
TRM cells may be considered a marker of favor-
able prognosis in cancer patients. A subset of 
tumor-infiltrating lymphocytes (TILs) manifests 
phenotypic and functional characteristics of TRM 
cells in non-small cell lung cancer (NSCLC). 
High infiltration of TRM-like TILs is closely as-
sociated with a patient’s survival, suggesting that 
TRM-like TIL cells may contribute to anti-tumor 
immune responses68. CD8+CD103+TRM cells are 
closely related to the survival rate of patients with 
early-stage NSCLC. CD8+CD103+TILs isolated 
from NSCLC specimens show the phenotypic 
characteristics of TRM cells with highly expressed 
immune checkpoint molecules such as PD-1 and 
TIM-3, these cells showed specific cytolytic ac-
tivity and induced apoptosis function against 
tumor cells when blocking the interaction of 
PD-1 and PD-L1, the suppressive effect of TRM 
cells on NSCLC supports the use of anti-PD-1 
antibodies to reverse tumor cell-induced T cell 
depletion in NSCLC patients69. Breast tumor tis-
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sue usually expresses high levels of TGF-β and 
TNF, which may enhance the generation and 
maintenance of TRM cells. Byrne et al70 have 
shown that triple-negative breast cancer patients 
with high TRM cells tend to be more sensitive 
to anti-PD-1 immunotherapy and have a favor-
able prognosis. Other studies71 have shown that 
CD103+CD8+TRM cells accumulate in esophageal 
squamous cell carcinoma tissue, which can in-
duce effective cell toxicity response and cytokine 
secretion. Immune checkpoint molecules, such 
as PD-1 and TIM-3, are highly expressed on the 
cell surface, eliciting anti-tumor immunity after 
receiving anti-PD-1 immunotherapy, suggesting 
that CD103+CD8+TRM cells may be a potential 
therapeutic target for ESCC patients.

The familiarity of TRM cells with the tumor 
microenvironment makes them one of choice 
in solid tumors treatment. However, in some 
cases, even if the tumor tissue contains a large 
number of TRM cells, the tumor will lose some 
of the original features and continue to grow It 
remains unclear whether the efficacy of TRM cells 
is subsequently reduced. The researchers aim to 
understand how TRM cells survive in tumors by 
exploring cell metabolization. The tumor mi-
croenvironment (TME) is usually characterized 
by low oxygen and low glucose levels, and TRM 
cells can adapt to this microenvironment. Lin 
et al72 have found that TRM cells in the tumor 
cell microenvironment can utilize exogenous free 
fatty acids instead of glucose to maintain their 
metabolic and immune functions. The energy ob-
tained from fatty acids can support the long-term 
survival of TRM cells in TME, and the targeted 
inhibition of PD-L1 can increase the expression 
of the fatty acid-binding protein (Fabp) 4/5 in 
TRM cells, promote lipid uptake and prolong the 
survival of TRM cells. Therefore, it is necessary 
to study the metabolic properties of TRM cells in 
the tumors’ microenvironment, which may reveal 
new anti-tumor therapeutics. Some T cells dif-
ferentiate into effector T cells (Teff) after recog-
nizing tumor cells in tumor cells, and some Teffs 
become exhausted by continuous stimulation by 
tumor antigens, which is called T cell exhaus-
tion (Tex). Tex cells are characterized by loss 
of effector function and increased expression of 
inhibitory receptors (IRS), which is functionally 
distinct from Teff and Tmem. T cell exhaustion 
is one of the reasons for immune dysfunction in 
tumor patients: these dysfunctional Tex cells ex-
press immune checkpoint proteins, and by block-
ing the function of PD-1 they can reverse T cell 

exhaustion, rejuvenate the dysfunctional or ex-
hausted T cells, and re-release tumor-destroying 
molecular. Immune checkpoint receptor blockade 
therapy may be a promising therapy73. Similar to 
TEX cells, TRM cells also express high immune 
checkpoint molecules and may act as target cells 
for screening immune checkpoint antibody drugs 
to restore anti-tumor immunity. Hence, it may 
be too simple to describe T cells as “exhausted” 
based solely on the expression of specific immune 
checkpoints, which may not accurately reflect the 
cell’s state74. 

TRM Cells in Vaccine Development
The role of TRM cells in the clearance of infec-

tious agents is well established, and TRM-medi-
ated immunity in many tissues does not depend 
on the persistence of antigens and appears to be 
long-lived, for example, TRM cells persist in the 
skin for up to 2 years. Thus, TRM cells appear to 
meet some key expectations for future vaccine 
targets to provide effective cellular immunity75.

Different reports suggest that TRM cells are 
closely related to the immune efficacy of tumor 
vaccines. In some tumor models, the route of 
vaccination is closely related to TRM production. 
Tumor vaccines administered directly on the mu-
cosa can induce large numbers of TRM cells in the 
mucosa compared to intramuscular or subcuta-
neous injections route; therefore, TRM cells may 
represent a new marker for detecting tumor vac-
cine efficacy76. In head and neck cancer mouse 
models, intranasal vaccination with a mucosal 
vector (the B subunit of Shiga toxin) can produce 
local TRM cells and inhibit tumor cell growth. 
The number of TRM cells is correlated with the 
overall survival of mice and blocking TGF-β can 
reduce the induction of TRM by the vaccine and 
reduce the efficacy of the tumor vaccine77. Uncov-
ering the different molecular characteristics of 
TRM cells in various tissues may help developing 
T-cell-based vaccines. It is necessary to induce 
enough TRM cells in the lungs to generate ade-
quate immunity to antagonism respiratory virus-
es, such as SARS-CoV-2; in fact, a key advantage 
of TRM cells is their ability to persist for a long 
time and act quickly when the body is re-infected 
by the virus78. Lung immunization with antigen-
ic peptides and CpG adjuvant (amph-vaccine) 
significantly increased vaccine accumulation in 
the lung and mediastinal lymph nodes compared 
to conventional vaccines, while inducing TRM 
production and immune system resistance to vi-
ral or tumor attack79. Vaccinia virus (VACV) is 
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a double-stranded DNA virus used initially as 
a vaccine against smallpox. Although smallpox 
has become the only disease that has been suc-
cessfully eradicated by vaccination in human 
history, research on VACV continues. Liu et al80 
demonstrate that non-replicating modified vac-
cine Ankara virus (MVA) can induce epidermal 
CD8+ CD103+ TRM cell production via the skin 
scarification (s.s.) pathway instead of traditional 
injectable routes, providing effective protective 
immunity for the organism. After immunization, 
CD8+ TRM cells, produced in the liver by plasmo-
dium attenuated sporozoites, can mediate ade-
quate protection against malaria infection81. An 
important strategy to induce TRM cell generation 
is targeting delivery by the vector. Therefore, cer-
vicovaginal immunization with papillomavirus 
vectors can induce the proliferation of CD8+ TRM 
cells in cervicovaginal mucosa82. Recombinant 
influenza-HIV vectors combined with intravag-
inal mucosal immunization can induce the pro-
duction of HIV-specific CD8+TRM in mice, these 
HIV-specific CD8+TRM cells persist in the vaginal 
epithelial compartment, recognize viral antigens, 
and rapidly initiate an immune response and clear 
virus-infected cells. These cells also upregulate 
endothelial vascular addressing expression and 
subsequent recruitment of immune cells, signifi-
cantly enhancing the vaginal defense against HIV 
infection. Vaccines that induce CD8+ TRM cells in 
cervicovaginal mucosa are expected to produce 
effective immunity against sexually transmitted 
HIV83. The chemokines CXCL9 and CXCL10 can 
promote the formation of HSV-specific TRM cells 
in vaginal mucosa and reduce disease severity84. It 
is necessary to induce the generation of TRM cells 
in pulmonary airways and peripheral lymphoid 
organs against multiple respiratory pathogens in-
vasion, pulmonary immunization with polymeric 
polyethyleneimine may be an effective way to in-
duce antigen specific CD8+TRM cells to the clear-
ance of airway pathogens. These vaccine-induced 
cells will effectively mediate protective immu-
nity against cowpox and influenza viruses85. A 
study86 evaluates the effect of commercially in-
fluenza vaccines, including inactivated influenza 
virus (IIV, Fluzone) and live-attenuated influenza 
virus (LAIV, FluMist) vaccines, IIV vaccines can 
produce specific neutralizing antibodies. Howev-
er, lung-localized virus-specific TRM cells stim-
ulated by LAIV vaccines can provide long-term 
protection for the body, suggesting that lung TRM 
cells are important for protecting the population 
from sudden influenza pandemics. LAIV-induced 

CD4+TRM and virus-specific CD8+TRM can me-
diate an effective immune response, which is 
important for protecting populations from sudden 
influenza pandemics by strengthening lung-spe-
cific immunity86. Modified Ankara Varicella 
(MVA) is a recently approved smallpox vaccine. 
Experiments in mice confirmed that immuniza-
tion by skin scratch (s.s.) is more effective than 
other delivery routes to antagonism cowpox virus 
(VACV) invasion, and that CD8+TRM induced by 
MVA (s.s.) performs well in protecting mice from 
the challenge of lethal VACV infection87. 

Some SARS-CoV-2 vaccines may not be 
satisfactory due to viral variants, so effective 
boosters are required to increase immune effica-
cy. Experiments in mice have demonstrated that 
intranasal immunization with adenoviral vec-
tors can induce mucosal IgA and lung-resident 
memory TRM production compared to intramus-
cular administration of mRNA vaccines. The 
enhanced mucosal immunity can protect mice 
from SARS-CoV-2 infection, which may be a 
promising approach against respiratory viral 
infections88. These encouraging results demon-
strate that TRM cells induced in a vaccine envi-
ronment may provide deep protection against 
infectious pathogen challenges, and this seems 
to be an attractive strategy.

Conclusions

TRM cells are a unique type of memory T cells 
in the body’s immune system that play a rapid 
defense response in anti-infection, an important 
immune system component. The high expres-
sion of immune checkpoint molecules makes 
TRM cells ideal candidates for immunotherapy. 
TRM cells play an irreplaceable role in antitumor 
immune responses by immunosurveillance and 
COVID-19. TRM cells are also an indicator for 
detecting vaccine efficacy that contributes to vac-
cines’ development. The formation, maintenance, 
and regulation of TRM cells deserve further study.
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