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Abstract

Lung infections are usually caused by pathogenic microorganisms and are a
disease with high morbidity and mortality. In clinical practice, the use of
broad-spectrum antibiotics has become increasingly common, but this has
also led to the problem of antibiotic abuse and irrational use, which in turn
has spawned the emergence of multidrug-resistant bacteria, making the treat-
ment of lung infections more complex and difficult. In the human immune
system, yJ0 T cells play a crucial role in defense against foreign pathogens and
regulation of autoimmune responses. These cells act as a bridge between in-
nate and adaptive immunity and can be rapidly activated in the early stages of
infection to produce inflammatory factors and chemokines that attract other
immune cells to the site of infection. Recent advances have shown that y0 T
cells not only play a direct role in the innate immunity of pathogen infection,
but are also involved in regulating the subsequent adaptive immune response.
The aim of this review is to explore the mechanism of yJd'T cells in lung infec-
tions and to summarize the current progress of clinical research, with the aim
of providing new scientific basis and therapeutic strategies for the treatment
of lung infections.
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1. Introduction

Lung infection is a disease of the lungs caused mostly by infections with patho-
genic microorganisms, such as bacteria, viruses, fungi, and chlamydia. As one of

the most common infectious diseases, lung infections have high morbidity and
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mortality rates, and data from the Global Burden of Disease Study 2019 showed
that lower respiratory tract infections, including pneumonia and bronchiectasis,
affect 489 million people worldwide [1]. And with the rising incidence of infec-
tious diseases in the lungs, the use of broad-spectrum antibiotics in the clinic is
also rising, and the misuse and irrational application of antibiotics have led to the
continuous generation of multidrug-resistant bacteria, which has made the treat-
ment of lung infections more and more difficult, so that there is an urgent need
for new therapeutic means.

T lymphocytes are a key component of the human immune system and are es-
sential for defense against foreign organisms and regulation of autoimmune
dysregulation. T lymphocytes can be classified into a8 T cells and yJdT cells based
on the different peptide chains of the T cell receptor (TCR). yJ'T cells are a sub-
population of T lymphocytes discovered by Brenner et al in the 1980s [2]. In hu-
mans, pOT cells express seven different Vy TCR chains (V)2, 3,4, 5, 8,9, and 11)
with four different VJ (VJl, 2, 3, and 5) chains, and the two chains can be arbi-
trarily combined [3]. Compared to af T cells, 0T cells are characterized by non-
restriction of Major histocompatibility complex (MHC) in recognizing antigens
as well as the lack of need for antigen processing and presentation. ydT cells have
a broad spectrum of immunosurveillance functions, and their recognition of an-
tigens, such as heat shock proteins and phosphorylated small molecule substances,
is widespread in the yJ T cells can recognize antigens that cannot be recognized
by aB T cells. y0T cells are a bridge between innate and adaptive immunity, and
can be rapidly activated in the early stages of inflammatory response to produce
inflammatory factors and chemokines, chemotaxis of other inflammatory cells to
reach the site of infection and can regulate the immune response of immune cells
such as af T cells, NK cells and macrophages. Modulation of immune response of
aB T cells, NK cells and macrophages. Before the action of other inflammatory
cells, yO'T cells provide an early immune response to protect the organism from
pathogens, and after resisting pathogen invasion, yJT cells can down-regulate the
antigen-specific adaptive immune response, thus reducing potential immune
damage [4] [5]. Although yO'T cells in the peripheral blood account for only 2% -
7% of mature T lymphocytes, they can play an important role in the lung immune
response induced by infections because they are mainly distributed in the lungs
[6].

In studies related to infectious diseases, yJ T cells have been found to be actively
involved in the immune response to lung infections, and there are at least four
possible mechanisms for their involvement in the immune response to infection:
1) modulation of the innate immunity through the release of cytokines and chem-
okines cells, such as IFN-y, TNF-gq, IL-17, IL-4, IL-13, etc.; 2) by releasing cyto-
toxic molecules to lyse pathogens, such as perforin, granzyme A, granzyme B, and
Fas ligand, etc.; 3) by inducing CD4 and CD8 T cells; and 4) by increasing the
expression of CD80, CD86, and HLA-DR as the initiation of the immune response

of the antigen-presenting cells. With further studies, its immune response in lung
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infection has been gradually revealed. In this article, we review the value of y0'T

cells in lung infections and the progress of diagnosis and treatment.

2. Y6 T Cells and Bacterial Infections

Many studies have demonstrated that yJT cells play an important role in a variety
of bacterial infections. In 1989, EMJanis ef al. showed for the first time that y0'T
lymphocytes play a key role in the immune response to Mycobacterium tubercu-
losis (Mtb) [7] [8]. Mtb proteins act as potential ligands that bind to the yo T
receptor and can activate yJd T cell-mediated immunity. yd'T cells recognize a va-
riety of nonpeptide antigens [9]-[11], such as phosphorylated antigens and lipid
antigens, and as shown in Figure 1, yd T cells exert their protective effect against
Mpycobacterium tuberculosis in fection by releasing granular lysin to kill extracel-
lular Mtb directly, as well as by releasing granular lysin and perforin to kill intra-
cellular Mtb [12]. It has been shown that a subpopulation of ¥ T lymphocytes,
the V)OVA2 T cell population, recognizes Mycobacterium tuberculosis-derived
phosphoantigens and 6-O-methylglucose-containing lipopolysaccharides, which in
turn activate and amplify the V)9V 2 T cell population [13]-[16]. The V)9V T
cells can secrete INF-y, TNF-a and IL-17 cytokines to enhance protection against
TB [4] [17]-[20]. VIOV A2 T cells can also produce cytolytic effector molecules
such as perforin, granzyme B and granzyme mycolysin to help kill or inhibit in-
tracellular and extracellular Mycobacterium tuberculosis [14] [18] [21]-[23]. In a
mouse model study, granulocyte-macrophage colony-stimulating factor (GM-
CSF) produced by yd T cells was found to play a protective role, and as shown see
Figure 1, GM-CSF and IFN-y could jointly promote macrophage control of in-
tracellular bacterial replication. It has been found that specific V)9V 2 T cells from
tuberculin test-positive individuals produce granzyme A, which acts indirectly on
Mtb by stimulating the production of TNF-a by infected macrophages. It has been
suggested that isopentenyl pyrophosphate (IPP) binds to the Ig superfamily pro-
tein (BTN3A1). BTN3A1l modified by IPP activates subpopulations of yd T-lym-
phocytes, such as V)2V &2 T-lymphocytes, and early differentiation of V)2V 2 T-
lymphocytes increases host immune resistance to TB during Mtb infection [24].
A study on Mtb intracellular mycobacterial model found that yJ T cells could
produce a large amount of IL-17 in the early post-infection period, whereas the
level of IL-17 secreted by CD4" T cells was still not significantly elevated, suggest-
ing that yd'T cells were the main source of IL-17 in this Mtb infection model. In
contrast, IL-17 knockout mice infected with Mycobacterium tuberculosis showed
significantly reduced granuloma formation and clearance of pathogenic bacteria
[25]. Recently, it has been found that in a macaque model of Mycobacterium tu-
berculosis infection, the over-transfer of autologous V)2V a2 T cells significantly
attenuates histopathological alterations in the lungs and extrapulmonary tissues.
Liang’s team [26] recruited eight patients with multidrug-resistant tuberculosis in
a study on allogeneic V)9V 2 T-cell therapy, each of whom received 12 cycles of

over-transfer cell treatment. According to World Health Organization criteria,

DOI: 10.4236/jbm.2024.1210015

166 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015

J.Y. Xiao et al.

three consecutive negative sputum AMycobacterium tuberculosis tests indicate
complete clinical control of Mycobacterium tuberculosis infection. After these
eight patients completed treatment, seven patients had three consecutive negative
sputum Mycobacterium tuberculosis tests, resulting in a clinical cure rate of
87.5%. According to the World Health Organization’s Global TB Report 2020, the
global treatment success rate for multidrug-resistant TB patients is 57%. In addi-
tion, the team performed a chest CT before and every 2 months after the infusion
of V)OV A2 T cells in these 8 patients and found that all patients had reduced lung
lesions. These results suggest that allogeneic V)9V 2 T cells therapy help to re-
duce the load of Mycobacterium tuberculosis in the body.

In other bacterial infections, such as Klebsiella pneumoniae, Staphylococcus
aureus, Pseudomonas aeruginosa, Bacillus pertussis, and Streptococcus pneu-
moniae, y0'T lymphocytes have been found to be the main source of IL-17 in the
early stages of lung infection [27]-[32]. Tesshin et al [33] found in a mouse
model of Klebsiella pneumoniae infection that IL-17-secreting yJd T cells could
be activated by IL-23-dependent or non-dependent mechanisms were activated
to help host defense against Klebsiella pneumoniae infection. Previously, it was
found that IL-17 could be induced by cytokines IL-18and IL-23 during Klebsiella
pneumoniae infection [27]. IL-17 promotes the production of CXC chemokines
and granulocyte colony-stimulating factor (G-CSF) in the lung and enhances the
lung barrier and anti-injury capacity [34]. In addition to promoting neutrophil
recruitment indirectly by inducing chemokine production, IL-17 can also di-
rectly activate the bacterial killing function of neutrophils and macrophages. Ye
et al. [34] showed that defective neutrophil recruitment in Klebsiella pneumoniae-
infected IL-17 knockout mice was associated with reduced production of macro-
phage inflammatory protein-2 (MIP2) and G-CSF, leading to compromised host
immune responses. Several studies on yd T-cell deficient mice have found that
the immune function of mice is affected, e.g. Cheng et al [28] found that yJ0 T-
cell deficient mice exhibited IL-17-induced delayed effects in a S. aureus mouse
infection model. In mice infected with S. aureus, yS'T cells in the lungs not only
facilitated bacterial clearance, but also contributed to the repair of damaged tis-
sues. Liu et al infected the lungs of mice with Pseudomonas aeruginosa by in-
tranasal inhalation, and found that compared with the control group, the exper-
imental group of mice with in vivo removal of yd T lymphocytes showed a sig-
nificant decrease in the level of IL-17 in vivo 8 hours after the infection, and at
the same time, IL-17-related chemokines such as G-CSF, Keratinocyte-derived
chemokine(KC), Macrophage inflammatory protein-la (MIP-1a), and MIP-2
also decreased significantly, and the bacterial load of the experimental group of
mice was 8-fold higher than that of the control group at 8 hours post-infection
and more than 85-fold higher than that of the control group at 16 hours post-
infection, and the experimental mice persistently exhibited severe perivascular in-
flammatory infiltrates that extended to the lung parenchyma, in contrast to the

control mice, which showed only mild inflammatory responses and their lung
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parenchyma was relatively unaffected [29]. Toka et al [30], in a mouse model of
lung infection with P. aeruginosa, similarly found that in the absence of gamma-
y), the bacterial load of the experimental group was significantly lower than that
of the control mice [31], in which mice were similarly found to exhibit impaired
bacterial clearance and decreased survival in the absence of YO T cells, results that
were associated with delayed neutrophil recruitment and impaired recruitment
of other immune cells (e.g. macrophages, T cells, NKT cells). It was found that
innate Vy4-y1-yd T cells provide early IL-17 production after B. pertussis infec-
tion, whereas specific V)4 yd'T cells can be induced as memory cells after infec-
tion to rapidly produce IL-17 and help to prevent re-infection [31]. IL-17 is in-
duced by recruitment of highly neutrophilic inflammatory cell death mode ac-
tivity of neutrophils and inducing antimicrobial peptide production, which plays
a key role in B. pertussis infection [35]. A study in a pneumococcal mouse model
found that pneumococci induced proliferation and activation of Vy1* T and V y4*
T cells in mouse lung tissues and that these yd T cells were tissue specific [36].
Recently, it has been noted that human V6Vl ydT cells make a rapid immune
response to pneumococcal infection through IL-17 production, indicating that

V6Vl yoT cells play an important role in pneumococcal infections [37].
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Figure 1. Schematic representation of immunoprotection by ydT cells during bacterial infection.
yO T cells kill extracellular Mycobacterium tuberculosis (Mtb) directly by releasing granular ly-
sozyme and also intracellular Mtb by releasing granular lysozyme and perforin. yd T cells also
secrete INF- y, TNF-q, and IL-17 against Mycobacterium tuberculosis. yd'T cells can also directly
stimulate or release cytokines to indirectly stimulate macrophages to act against Mtb. yJ'T cells
directly stimulate neutrophils to kill bacteria by secreting IL-17 and also promote the production
of CXC chemokines and granulocyte colony-stimulating factor (G-CSF) in the lungs to enhance
the lung barrier and resistance to injury. This image was created by Figdraw.
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3. Y6 T Cells and Viral Infections

In HIN1, H5N1, H9N2 and H3N2 influenza virus infections, IPP, NK cell recep-
tor 2D (NKG2D), or the aminophosphonate pamidronate (PAM) activate V)9V &2
T cells, in addition, H5N1 and N9N2-related infections, chemokine ligand 5
(CCLS5) can act by inducing migration of V)9V32 T cells to influenza virus-in-
fected cells [38]. Activated yJT lymphocytes can likewise participate in systemic
or local immunomodulation by releasing the cytokines IFN-y, TNF-q, and IL-17,
IL-4, and IL-13, as well as releasing cytotoxic molecules to lysate infecting viruses.
Li et al. [39], using HIN1 influenza virus to infect human alveolar epithelial cells,
found that in vitro PAM-activated V)9V Q2T cells could take a cell contact to kill
influenza virus-infected alveolar epithelial cells and inhibit viral replication, as
shown in Figure 2, V)OV A2 T cells activated by NKG2D release cytotoxic mole-
cules perforin, granzyme B, tumor necrosis factor-related apoptosis-inducing lig-
and and Fas ligands thereby cleaving influenza virus. Major histocompatibility
complex class I polypeptide-related sequence A and B, as a ligand for NKG2D,
was found in the current study to be up-regulated in influenza virus-infected al-
veolar epithelial cells. Wen et al [40] observed that in vitro PAM-expanded
V9V A2 T cells could migrate to the lungs and control influenza disease in immu-
nodeficient mice and killed the alveolar epithelial A549 cell line. Tianyu Miao and
Xue et al. found a gradual increase in the percentage of yd'T cells during the early
stage of infection (2 - 3 days), followed by activation of IL-17, which subsequently
exerted an important immune role in human observational assays and a mouse
model of influenza virus infection with the HIN1 virus in mice [41]. In another
neonatal mouse model of influenza virus infection yd T cell activated IL-17 in-
duced IL-33 production and a type 2 immune response at the site of localized in-
fection, increasing the accumulation of Amphiregulin-producing ILC2 and Treg
cells in the lungs, thereby promoting tissue repair and lung integrity after infec-
tion [42]. In addition, pdT cells play an equally important role in pandemic HIN1,
human seasonal HIN1, H5N1, HIN2 and H3N2 viruses. A study showed that
V)PV T cells express both type 1 cytokines and chemokine receptors during
influenza virus infection. Notably, IPP-activated V)9V 02T cells were more capa-
ble of producing IFN- y and suppressing seasonal and pandemic H1N1 viruses in
a non-cellular cytolytic manner [38]. In a related study of respiratory syncytial
virus (RSV), ydT-cell subtype V p4* T cells attenuated immune injury by releasing
cytokines IFN-y and TNF to promote immune response in the early stage of in-
fection [43]. Among coronaviruses, an earlier study found that the yJT cell sub-
type VA2T cells could inhibit SARS-CoV replication in vitro through an IFN- -
dependent process [44]. With the new coronavirus pneumonia pandemic, studies
related to SARS-CoV-2 were carried out, and Alyssa et al. [45] found a highly
significant correlation between the number of V41 T-cells and the viral load in
bronchoalveolar lavage (BAL) in a primate model of aerosolized and intratra-
cheal/intranasal (IT/IN) infections with SARS-CoV-2 and that in BAL Many in-
flammatory factors (including IL-1, TNF-a, GM-CSF, MIP-1p, MIG, IFN-q, and
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IL-2p) were increased within 1 week, and the increase of these inflammatory fac-
tors was more pronounced after 2 weeks of infection, suggesting that the VOIT
cells play an effective role in the local antiviral immune response through en-

hanced cytotoxic effects.
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Figure 2. Schematic representation of immunoprotection by yd T cells during viral infection.
Isopentenyl pyrophosphate (IPP), natural killer group 2, member D (NKG2D), or the aminodi-
phosphonate pamidronate (PAM) activates yd T cells wounding capacity during influenza virus
infection. pdT cells release IFN-y, TNF-aand IL-17, IL-4, IL-13 against influenza virus infection.
Early in respiratory syncytial virus(RSV) infection, yd'T cells contribute to the immune response
by releasing IFN-y, TNF-a. y8'T cells activated by NKG2D release perforin, granzyme B, tumor
necrosis factor-related apoptosis-inducing ligand (TRAIL), and Fas ligand (FasL) thereby lysing
influenza virus. Major histocompatibility complex class I polypeptide-related sequence A and B
(MICA/B), a ligand for NKG2D, was found to be up-regulated in alveolar epithelial cells after
influenza virus infection, suggesting a possible link to the defense against the influenza virus.
This image was created by Figdraw.

4.y6 T Cells and Other Pathogen

In a mouse model of Candida albicans infection, Dejima’s team found that most
of the IL-17A-secreting cells were present in yd TCR-positive cells [46]. And then
they used mice genetically deficient in yJ T cells and found that 24 hours after
Candida albicans infection, IL-17A production was significantly lower in mice
lacking y8'T cells compared to wild-type mice. Neutrophil infiltration and fungal

clearance were significantly impaired in mice lacking yJd T cells 24 hours after
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infection, and the results suggest that yd T cells are mainly involved in early IL-
17A production and may play a protective role in the early stages after Candida
albicans infection. It has been shown that Plasmodium infection induces signifi-
cant changes in lung yd T cell content, phenotype and function, and yJ T cells
contribute to the T cell immune response in the lungs of Plasmodium-infected
mice [47]. yO'T cells can secrete a variety of cytokines to mediate the immune
response, and Wei ef al found in the lungs of Plasmodium yoelii-infected mice
that more yo'T cells secreted Th2 cytokines (IL-4 IL-5), IL-6, IL-21, IL-1q, and IL-
17, while fewer yo'T cells secreted IFN- ), suggesting that secretion of IL-4 and IL-
5by yOT cells promotes the Th2 immune response, and this result suggests that
yO'T cells can promote T cell recruitment during Plasmodium yoelii infection. In
Chlamydia trachomatis mouse pneumonia strain (Cm) respiratory infection, yd
T cells producing large amounts of IL-17A promoted neutrophil recruitment in
the early stage of infection by inducing the expression of neutrophil chemokines
KC and IL-6 at the site of infection. The study of Cha’s team showed that yJ T
cells secreted more Th2 cytokines (IL-4, IL-10) after Schistosoma japonicum in-
fection and less Thl cytokines (IFN-y), suggesting that the immune response is
promoted by increased expression of Th2-type cytokines by yd T cells [32]. In
addition, the team found that yd'T cells from infected mice expressed higher levels
of IL-21, a pleiotropic cytokine that promotes B-cell activation and differentiation,
suggesting that yO'T cells can regulate B-cell responses through this pathway. And
then, the team infected Streptococcus japonicus with V dknockout mice and found
that the area of granulomas in lung tissues was significantly increased, demon-
strating that yd'T cells are likely to inhibit the aggregation of inflammatory cells
in the lungs of Schistosoma japonicum-infected mice. Cha’s team further found
that the expression of Major Histocompatibility Complex II (MHC II) and CD80
on yd'T cells was significantly increased after Schistosoma japonicum infection.
MHC II and the co-stimulatory molecule CD80, which are mainly expressed on
the surface of APCs, promote the activation of antigen-specific T lymphocytes
[48]. This suggests that yd T cells may become APCs and mediate immune re-
sponses in the lungs of Schistosoma japonicum-infected mice.

Several studies have shown that yd T-cell counts correlate with age. For exam-
ple, a study by Michishita e a/ examined the yd T-cell pool of 120 healthy indi-
viduals and found that the absolute number of yJ T cells decreased with age (R =
—0.378, P < 0.001) [49]. Previously, it has been shown that the number of V)9V 42
T cells varies with age, rising from birth to puberty and gradually decreasing after
30 years of age [50]. Age change not only affects the number of yd'T cells, but can
also cause changes in their phenotype and function. It has been shown that 6 T
cells in the elderly shift from an early (CD27 CD28 CD45RA CD16) differentia-
tion effector phenotype to a late (CD27 CD28 CD45RA CD16) differentiation ef-
fector phenotype, leading to a decline in immune function against pathogens in
peripheral blood and lung mucosal tissues [51] [52]. In sepsis, yJ T cell numbers

and function are also affected, and it has been shown that ydT cells are significantly
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reduced in septic mice and patients, and that the more severe their depletion, the
higher the mortality rate [53] [54]. A prospective study by Andreu et al. similarly
found that with increasing severity of sepsis, there was a progressive decline in T
cells, with the most pronounced decline in ydT cells, which was most pronounced
in the patients who died. most significantly in patients who died [55]. In another
prospective study, 107 patients with sepsis or infectious shock and 45 healthy con-
trols were recruited, and the results showed that compared with healthy controls,
sepsis patients had a decreased proportion of yJ'T cells and NKG2D, and an ele-
vated CD69 and cytokines (IFN-y, IL-17, IL-10, and TGF-f), and that after ex vivo
antigenic stimulation, sepsis patients had a decrease in the proportion of yd'T cells
and CD69 and IFN-69 and IFN-Bin their T cell population. Both CD69 and IFN-
y expression were significantly lower in sepsis patients than in controls, and the
reduction in CD69 and IFN- y expression was more pronounced in patients who
died. Multiple logistic regression analyses showed that reduced IFN-y expression
after stimulation was a risk factor associated with 28-day mortality in sepsis pa-
tients (OR: 0.908 [95% CI: 0.853 - 0.966]) [56]. Liao et al. similarly found that IFN-
y production in yd T cells was significantly impaired in sepsis patients and was
strongly associated with mortality [56]. He et al produced a yd T cell-deficient
mouse model in order to investigate the role of yd'T in sepsis, and found that yJ&
T cell-deficient mice suffered from more severe tissue damage, an increased bac-
terial load, an increase in intestinal permeability, and a decrease in survival rate
[54]. In recent years, the damage of ydT cells in early HIV infection has received
attention and has been suggested to have an important role in combating HIV
infection. Zhao et al. [57] examined 39 HIV-infected/AIDS patients and 20 healthy
subjects, with the proportion of yd'T cells being 18.1% * 10.1% and 15.2 * 8.9%,
respectively, after antiretroviral therapy. and AIDS patients had significantly
lower percentages of y0 T cells. Thus, HIV infection causes an increase in y0 T
cells and exerts their immunocidal, immunomodulatory and cytotoxic effects. It
has been found that the inversion of the V82/V 4l cell ratio in yd'T cells in early
HIV patients occurs before CD4/CD8 T cells, and that in HIV-infected patients
there is an increase in V41 cells and a decrease in V&2 cells accompanied by defects
in response to phosphorylated antigens or tumor cells [19]. In a model study of
HIV-infected non-human primates, dysregulation of yd T cells contributes to
HIV immune escape and their ability to recognize and kill HIV-infected cells is
reduced [58]. Li e al [59] found that early yST cell activation correlates with the
CD4/CD8 T cell activation set-point, suggesting that ydT cells may be a surrogate

marker for acute HIV infection and AIDS progression.

5. Conclusion

With the discovery of the biological functions of ydT cells, such as antigen presen-
tation, immunomodulation, and maintenance of immune tolerance, Y5 T cell ther-
apy has made significant progress in the treatment of various human diseases, for

example, yO' T cells have achieved remarkable results in the treatment of various
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tumor diseases [3] [60] [61]. In view of the complexity of yJT cell biological prop-

erties, antigen recognition activation and related mechanisms of action, further

study of the mechanisms of yJdT cells in lung infections can provide new ideas for

humans to utilize yJ'T cells in the treatment of infectious lung diseases.

Conflicts of Interest

The authors declare that the research was conducted in the absence of any com-

mercial or financial relationships that could be construed as a potential conflict of

interest.

References

(1]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(2020) Global Burden of 369 Diseases and Injuries in 204 Countries and Territories,
1990-2019: A Systematic Analysis for the Global Burden of Disease Study 2019. The
Lancet (London, England), 396, 1204-1222.

Brenner, M.B., McLean, J., Dialynas, D.P., Strominger, J.L., Smith, J.A., Owen, F.L,,
et al. (1986) Identification of a Putative Second T-Cell Receptor. Nature, 322, 145-
149. https://doi.org/10.1038/322145a0

Saura-Esteller, J., de Jong, M., King, L.A., Ensing, E., Winograd, B., de Gruijl, T.D., et
al. (2022) Gamma Delta T-Cell Based Cancer Immunotherapy: Past-Present-Future.

Frontiers in Immunology, 13, Article ID: 915837.
https://doi.org/10.3389/fimmu.2022.915837

Casetti, R. and Martino, A. (2008) The Plasticity of yST Cells: Innate Immunity, An-
tigen Presentation and New Immunotherapy. Cellular & Molecular Immunology, 5,
161-170. https://doi.org/10.1038/cmi.2008.20

Mabuchi, T., Takekoshi, T. and Hwang, S.T. (2011) Epidermal CCR6+ ydT Cells Are
Major Producers of IL-22 and IL-17 in a Murine Model of Psoriasiform Dermatitis.
The Journal of Immunology, 187, 5026-5031.
https://doi.org/10.4049/jimmunol.1101817

Murphy, A.G., O’Keeffe, K.M,, Lalor, S.J., Maher, B.M., Mills, KH.G. and McLough-
lin, R.M. (2014) Staphylococcus aureus Infection of Mice Expands a Population of
Memory pdT Cells That Are Protective against Subsequent Infection. The Journal of
Immunology, 192, 3697-3708. https://doi.org/10.4049/jimmunol.1303420
Meraviglia, S., El Daker, S., Dieli, F., Martini, F. and Martino, A. (2011) ydT Cells
Cross-Link Innate and Adaptive Immunity in Mycobacterium tuberculosisInfection.
Clinical and Developmental Immunology, 2011, Article ID: 587315.
https://doi.org/10.1155/2011/587315

Chen, Z.W. (2012) Multifunctional Immune Responses of Hmbpp-Specific V)2V 2
T Cells in M. tuberculosis and Other Infections. Cellular & Molecular Immunology,
10, 58-64. https://doi.org/10.1038/cmi.2012.46

D’Souza, M.P., Adams, E., Altman, J.D., Birnbaum, M.E., Boggiano, C., Casorati, G.,
et al. (2019) Casting a Wider Net: Immunosurveillance by Nonclassical MHC Mole-
cules. PLOS Pathogens, 15, €1007567. https://doi.org/10.1371/journal.ppat.1007567
Van Rhijn, I., Kasmar, A., de Jong, A., Gras, S., Bhati, M., Doorenspleet, M.E., et al
(2013) A Conserved Human T Cell Population Targets Mycobacterial Antigens Pre-
sented by CD1b. Nature Immunology;, 14, 706-713. https://doi.org/10.1038/ni.2630
De Libero, G., Singhal, A., Lepore, M. and Mori, L. (2014) Nonclassical T Cells and
Their Antigens in Tuberculosis. Cold Spring Harbor Perspectives in Medicine, 4,

DOI: 10.4236/jbm.2024.1210015

173 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015
https://doi.org/10.1038/322145a0
https://doi.org/10.3389/fimmu.2022.915837
https://doi.org/10.1038/cmi.2008.20
https://doi.org/10.4049/jimmunol.1101817
https://doi.org/10.4049/jimmunol.1303420
https://doi.org/10.1155/2011/587315
https://doi.org/10.1038/cmi.2012.46
https://doi.org/10.1371/journal.ppat.1007567
https://doi.org/10.1038/ni.2630

J.Y. Xiao et al.

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

a018473. https://doi.org/10.1101/cshperspect.a018473

Dieli, F., Troye-Blomberg, M., Ivanyi, J., Fournié, J.J., Krensky, A.M., Bonneville, M.,
et al. (2001) Granulysin-Dependent Killing of Intracellular and Extracellular Myco-
bacterium tuberculosisby V)9/VS2 T Lymphocytes. The Journal of Infectious Dis-
eases, 184, 1082-1085. https://doi.org/10.1086/323600

Ali, Z., Shao, L., Halliday, L., Reichenberg, A., Hintz, M., Jomaa, H., et al. (2007) Pro-
longed (e)-4-Hydroxy-3-Methyl-But-2-Enyl Pyrophosphate-Driven Antimicrobial
and Cytotoxic Responses of Pulmonary and Systemic V)2VJ2 T Cells in Macaques.
The Journal of Immunology, 179, 8287-8296.
https://doi.org/10.4049/jimmunol.179.12.8287

Chen, C.Y., Yao, S., Huang, D., Wei, H., Sicard, H., Zeng, G., et al. (2013) Phospho-
antigen/I12 Expansion and Differentiation of V)2V 2 T Cells Increase Resistance to
Tuberculosis in Nonhuman Primates. PLOS Pathogens, 9, ¢1003501.
https://doi.org/10.1371/journal.ppat.1003501

Wei, H., Huang, D., Lai, X., Chen, M., Zhong, W., Wang, R., et al (2008) Definition
of APC Presentation of Phosphoantigen (e)-4-Hydroxy-3-Methyl-But-2-Enyl Pyro-
phosphate to V)2V 82 TCR. The Journal of Immunology, 181, 4798-4806.
https://doi.org/10.4049/jimmunol.181.7.4798

Xia, M., Hesser, D.C., De, P., Sakala, I.G., Spencer, C.T., Kirkwood, J.S., et al (2016)
A Subset of Protective & T Cells Is Activated by Novel Mycobacterial Glycolipid
Components. Infection and Immunity, 84, 2449-2462.
https://doi.org/10.1128/iai.01322-15

Corpuz, T.M., Stolp, J., Kim, H., Pinget, G.V., Gray, D.H.D., Cho, J., et al (2016)
Differential Responsiveness of Innate-Like IL-17- and IFN- y-Producing yd'T Cells to
Homeostatic Cytokines. The Journal of Immunology, 196, 645-654.
https://doi.org/10.4049/jimmunol.1502082

El Daker, S., Sacchi, A., Montesano, C., Altieri, A.M., Galluccio, G., Colizzi, V., et al.
(2013) An Abnormal Phenotype of Lung V)9V &2 T Cells Impairs Their Responsive-
ness in Tuberculosis Patients. Cellular Immunology, 282, 106-112.
https://doi.org/10.1016/j.cellimm.2013.05.001

Lu, H, Li, D. and Jin, L. (2016) ydT Cells and Related Diseases. American Journal of
Reproductive Immunology, 75, 609-618. https://doi.org/10.1111/aji.12495

Muro, R., Nitta, T., Nakano, K., Okamura, T., Takayanagi, H. and Suzuki, H. (2017)
yOT'CR Recruits the Syk/PI3K Axis to Drive Proinflammatory Differentiation Pro-
gram. Journal of Clinical Investigation, 128, 415-426.
https://doi.org/10.1172/jci95837

Shen, L., Frencher, J., Huang, D., Wang, W., Yang, E., Chen, C.Y., ef al (2019) Im-
munization of V)2V 32 T Cells Programs Sustained Effector Memory Responses That
Control Tuberculosis in Nonhuman Primates. Proceedings of the National Academy

of Sciences, 116, 6371-6378. https://doi.org/10.1073/pnas.1811380116

Chen, J., Fan, Y., Cui, B,, Li, X., Yu, Y., Du, Y., ef al. (2018) HMGN2: An Antitumor
Effector Molecule of ydT Cells. Journal of Immunotherapy, 41, 118-124.
https://doi.org/10.1097/cji.0000000000000211

Zhao, Y., Lin, L., Xiao, Z., Li, M., Wu, X., Li, W., et al. (2018) Protective Role of ydT
Cells in Different Pathogen Infections and Its Potential Clinical Application. Journal
of Immunology Research, 2018, Article ID: 5081634.
https://doi.org/10.1155/2018/5081634

Chen, Z.W. (2016) Protective Inmune Responses of Major V)2V 82 T-Cell Subset in
M. tuberculosis Infection. Current Opinion in Immunology, 42, 105-112.

DOI: 10.4236/jbm.2024.1210015

174 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015
https://doi.org/10.1101/cshperspect.a018473
https://doi.org/10.1086/323600
https://doi.org/10.4049/jimmunol.179.12.8287
https://doi.org/10.1371/journal.ppat.1003501
https://doi.org/10.4049/jimmunol.181.7.4798
https://doi.org/10.1128/iai.01322-15
https://doi.org/10.4049/jimmunol.1502082
https://doi.org/10.1016/j.cellimm.2013.05.001
https://doi.org/10.1111/aji.12495
https://doi.org/10.1172/jci95837
https://doi.org/10.1073/pnas.1811380116
https://doi.org/10.1097/cji.0000000000000211
https://doi.org/10.1155/2018/5081634

J.Y. Xiao et al.

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

https://doi.org/10.1016/j.c0i.2016.06.005

Okamoto Yoshida, Y., Umemura, M., Yahagi, A., O’Brien, R.L., Ikuta, K., Kishihara,
K., et al. (2010) Essential Role of IL-17A in the Formation of a Mycobacterial Infec-
tion-Induced Granuloma in the Lung. The Journal of Immunology, 184, 4414-4422.
https://doi.org/10.4049/jimmunol.0903332

Liang, J., Fu, L., Li, M., Chen, Y., Wang, Y., Lin, Y., et a. (2021) Allogeneic V)9V 2
T-Cell Therapy Promotes Pulmonary Lesion Repair: An Open-Label, Single-Arm Pi-
lot Study in Patients with Multidrug-Resistant Tuberculosis. Frontiers in Immunol-
0gy, 12, Article ID: 756495. https://doi.org/10.3389/fimmu.2021.756495

Price, A.E., Reinhardt, R.L., Liang, H. and Locksley, R.M. (2012) Marking and Quan-
tifying IL-17A-Producing Cells in Vivo. PLOS ONE, 7, €39750.
https://doi.org/10.1371/journal.pone.0039750

Cheng, P., Liu, T., Zhou, W., Zhuang, Y., Peng, L., Zhang, J., et al (2012) Role of
Gamma-Delta T Cells in Host Response against Staphylococcus aureus-Induced Pneu-
monia. BMC Immunology; 13, Article No. 38.
https://doi.org/10.1186/1471-2172-13-38

Liu, J., Qu, H, Li, Q., Ye, L., Ma, G. and Wan, H. (2013) The Responses of yd T-Cells
against Acute Pseudomonas aeruginosa Pulmonary Infection in Mice via Interleukin-

17. Pathogens and Disease, 68, 44-51. https://doi.org/10.1111/2049-632x.12043

Liu, J., Feng, Y., Yang, K,, Li, Q., Ye, L., Han, L., et a/ (2011) Early Production of IL-
17 Protects against Acute Pulmonary Pseudomonas aeruginosa Infection in Mice.
FEMS Immunology & Medical Microbiology, 61, 179-188.
https://doi.org/10.1111/.1574-695x.2010.00764.x

Misiak, A., Wilk, M.M., Raverdeau, M. and Mills, K.H.G. (2017) IL-17-Producing
Innate and Pathogen-Specific Tissue Resident Memory pd T Cells Expand in the Lungs
of Bordetella pertussis-Infected Mice. The Journal of Immunology; 198, 363-374.
https://doi.org/10.4049/jimmunol.1601024

Cha, H,, Xie, H,, Jin, C., Feng, Y., Xie, S., Xie, A., et al (2020) Adjustments of ydT
Cells in the Lung of Schistosoma Japonicum-Infected C56BL/6 Mice. Frontiers in Im-
munology, 11, Article No. 1045. https://doi.org/10.3389/fimmu.2020.01045

Murakami, T., Hatano, S., Yamada, H., Iwakura, Y. and Yoshikai, Y. (2016) Two
Types of Interleukin 17a-Producing yd T Cells in Protection against Pulmonary In-

fection with Klebsiella pneumoniae. Journal of Infectious Diseases, 214, 1752-1761.
https://doi.org/10.1093/infdis/jiw443

Aujla, S.J., Chan, Y.R,, Zheng, M., Fei, M., Askew, D.J., Pociask, D.A., et al (2008) IL-
22 Mediates Mucosal Host Defense against Gram-Negative Bacterial Pneumonia. Na-
ture Medicine, 14, 275-281. https://doi.org/10.1038/nm1710

Borkner, L., Curham, L.M., Wilk, M.M., Moran, B. and Mills, KH.G. (2021) IL-17

Mediates Protective Immunity against Nasal Infection with Bordetella Pertussis by
Mobilizing Neutrophils, Especially Siglec-F+ Neutrophils. Mucosal Immunology, 14,

1183-1202. https://doi.org/10.1038/s41385-021-00407-5

Kirby, A.C., Newton, D.J., Carding, S.R. and Kaye, P.M. (2007) Evidence for the In-
volvement of Lung-Specific y0 T Cell Subsets in Local Responses to Streptococcus
pneumoniae Infection. European Journal of Immunology, 37, 3404-3413.
https://doi.org/10.1002/eji.200737216

Paget, C., Chow, M.T., Gherardin, N.A., Beavis, P.A., Uldrich, A.P., Duret, H., et al
(2014) Cd3trisht Signals on pdT Cells Identify 11-17a-Producing V 6V 1+ T Cells. Im-
munology & Cell Biology, 93, 198-212. https://doi.org/10.1038/icb.2014.94

DOI: 10.4236/jbm.2024.1210015

175 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015
https://doi.org/10.1016/j.coi.2016.06.005
https://doi.org/10.4049/jimmunol.0903332
https://doi.org/10.3389/fimmu.2021.756495
https://doi.org/10.1371/journal.pone.0039750
https://doi.org/10.1186/1471-2172-13-38
https://doi.org/10.1111/2049-632x.12043
https://doi.org/10.1111/j.1574-695x.2010.00764.x
https://doi.org/10.4049/jimmunol.1601024
https://doi.org/10.3389/fimmu.2020.01045
https://doi.org/10.1093/infdis/jiw443
https://doi.org/10.1038/nm1710
https://doi.org/10.1038/s41385-021-00407-5
https://doi.org/10.1002/eji.200737216
https://doi.org/10.1038/icb.2014.94

J.Y. Xiao et al.

(38]

(39]

(40]

(41]

(42]

(43]

(44]

(45]

[46]

(47]

(48]

(49]

(50]

(51]

Qin, G,, Liu, Y., Zheng, J., Ng, LH.Y., Xiang, Z., Lam, K., ef al (2011) Type 1 Re-
sponses of Human V)9V T Cells to Influenza a Viruses. Journal of Virology;, 85,
10109-10116. https://doi.org/10.1128/jvi.05341-11

Li, H., Xiang, Z., Feng, T., Li, ], Liu, Y., Fan, Y., et a/ (2013) Human V)9V 82-T Cells
Efficiently Kill Influenza Virus-Infected Lung Alveolar Epithelial Cells. Cellular &
Molecular Immunology, 10, 159-164. https://doi.org/10.1038/cmi.2012.70

Tu, W., Zheng, J., Liu, Y., Sia, S.F,, Liu, M., Qin, G., et al (2011) The Aminobisphos-
phonate Pamidronate Controls Influenza Pathogenesis by Expanding a yd T Cell
Population in Humanized Mice. Journal of Experimental Medicine, 208, 1511-1522.
https://doi.org/10.1084/jem.20110226

Xue, C., Wen, M., Bao, L., Li, H,, Li, F., Liu, M., et al. (2017) V y4+ yJT Cells Aggravate
Severe HIN1 Influenza Virus Infection-Induced Acute Pulmonary Immunopatho-

logical Injury via Secreting Interleukin-17a. Frontiers in Immunology, 8, Article No.
1054. https://doi.org/10.3389/fimmu.2017.01054
Guo, X.J., Dash, P., Crawford, ].C., Allen, E.K., Zamora, A.E., Boyd, D.F., et al (2018)

Lung yd T Cells Mediate Protective Responses during Neonatal Influenza Infection
That Are Associated with Type 2 Immunity. /mmunity, 49, 531-544.¢6.

https://doi.org/10.1016/j.immuni.2018.07.011

Hahn, Y., Taube, C,, Jin, N., Takeda, K., Park, J., Wands, ].M., et al (2003) V y4+ yo
T Cells Regulate Airway Hyperreactivity to Methacholine in Ovalbumin-Sensitized
and Challenged Mice. The Journal of Immunology, 171, 3170-3178.
https://doi.org/10.4049/jimmunol.171.6.3170

Poccia, F., Agrati, C., Castilletti, C., Bordi, L., Gioia, C., Horejsh, D., et al (2006) Anti-
severe Acute Respiratory Syndrome Coronavirus Immune Responses: The Role Played
by V)9V A2 T Cells. The Journal of Infectious Diseases, 193, 1244-1249.
https://doi.org/10.1086/502975

Fears, A.C., Walker, E.M., Chirichella, N., Slisarenko, N., Merino, K.M., Golden, N.,
et al. (2022) The Dynamics of yd T Cell Responses in Nonhuman Primates during

Sars-Cov-2 Infection. Communications Biology, 5, Article No. 1380.
https://doi.org/10.1038/s42003-022-04310-y

Dejima, T., Shibata, K., Yamada, H., Hara, H., Iwakura, Y., Naito, S., et al (2011)
Protective Role of Naturally Occurring Interleukin-17a-Producing yd T Cells in the
Lung at the Early Stage of Systemic Candidiasis in Mice. Infection and Immunity, 79,
4503-4510. https://doi.org/10.1128/iai.05799-11

Wei, H., Jin, C., Peng, A., Xie, H., Xie, S., Feng, Y., et al (2021) Characterization of
yOT Cells in Lung of Plasmodium yoelii-Infected C57BL/6 Mice. Malaria Journal, 20,
Article No. 89. https://doi.org/10.1186/s12936-021-03619-z

Sharma, M., Hegde, P., Aimanianda, V., Beau, R., Maddur, M.S., Sénéchal, H., et al.
(2013) Circulating Human Basophils Lack the Features of Professional Antigen Pre-
senting Cells. Scientific Reports, 3, Article No. 1188.
https://doi.org/10.1038/srep01188

Michishita, Y., Hirokawa, M., Guo, Y., Abe, Y., Liu, J., Ubukawa, K., et al (2011) Age-
associated Alteration of yd T-Cell Repertoire and Different Profiles of Activation-
Induced Death of V41 and VA2 T Cells. International Journal of Hematology, 94,
230-240. https://doi.org/10.1007/s12185-011-0907-7

Caccamo, N., Dieli, F., Wesch, D., Jomaa, H. and Eberl, M. (2006) Sex-Specific Phe-
notypical and Functional Differences in Peripheral Human V)9/V &2 T Cells. Journal
of Leukocyte Biology, 79, 663-666. https://doi.org/10.1189/jlb.1105640

Kallemeijn, M.J., Boots, A.M.H., van der Klift, M.Y., Brouwer, E., Abdulahad, W.H.,

DOI: 10.4236/jbm.2024.1210015

176 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015
https://doi.org/10.1128/jvi.05341-11
https://doi.org/10.1038/cmi.2012.70
https://doi.org/10.1084/jem.20110226
https://doi.org/10.3389/fimmu.2017.01054
https://doi.org/10.1016/j.immuni.2018.07.011
https://doi.org/10.4049/jimmunol.171.6.3170
https://doi.org/10.1086/502975
https://doi.org/10.1038/s42003-022-04310-y
https://doi.org/10.1128/iai.05799-11
https://doi.org/10.1186/s12936-021-03619-z
https://doi.org/10.1038/srep01188
https://doi.org/10.1007/s12185-011-0907-7
https://doi.org/10.1189/jlb.1105640

J.Y. Xiao et al.

(52]

(53]

(54]

(55]

(56]

(571

(58]

(59]

(60]

(61]

Verhaar, J.A.N,, et al. (2017) Ageing and Latent CMV Infection Impact on Matura-
tion, Differentiation and Exhaustion Profiles of T-Cell Receptor Gammadelta T-
Cells. Scientific Reports, 7, Article No. 5509.
https://doi.org/10.1038/s41598-017-05849-1

Wistuba-Hamprecht, K., Haehnel, K., Janssen, N., Demuth, I. and Pawelec, G. (2015)
Peripheral Blood T-Cell Signatures from High-Resolution Immune Phenotyping of
ydand AS T-Cells in Younger and Older Subjects in the Berlin Aging Study II. /m-
munity & Ageing, 12, Article No. 25. https://doi.org/10.1186/s12979-015-0052-x
Andreu-Ballester, J.C., Tormo-Calandin, C., Garcia-Ballesteros, C., Pérez-Griera, J.,
Amig6, V., Almela-Quilis, A., et al (2013) Association of yd T Cells with Disease
Severity and Mortality in Septic Patients. Clinical and Vaccine Immunology, 20, 738-
746. https://doi.org/10.1128/cvi.00752-12

Tschop, J., Martignoni, A., Goetzman, H.S., Choi, L.G., Wang, Q., Noel, ].G., et al
(2007) ST Cells Mitigate the Organ Injury and Mortality of Sepsis. Journal of Leu-
kocyte Biology, 83, 581-588. https://doi.org/10.1189/jlb.0707507

Andreu-Ballester, J.C., Arribas, M.A., Rico, M., Garcia-Ballesteros, C., Galindo-Re-
gal, L., Sorando-Serra, R., et al (2022) Changes of CD3+CD56+ yd T Cell Number
and Apoptosis during Hospital Admission Are Related to Mortality in Septic Patients.
Clinical Immunology, 236, Article ID: 108956.
https://doi.org/10.1016/j.clim.2022.108956

Liao, X., Feng, T., Zhang, ]., Cao, X., Wu, Q., Xie, Z., et al. (2017) Phenotypic Changes
and Impaired Function of Peripheral yd T Cells in Patients with Sepsis. Shock, 48,
321-328. https://doi.org/10.1097/shk.0000000000000857

Zhao, N., Zhang, T., Zhao, Y., Zhang, J. and Wang, K. (2021) CD3+T, CD4+T,
CD8+T, and CD4+T/CD8+T Ratio and Quantity of ydT Cells in Peripheral Blood of
HIV-Infected/aids Patients and Its Clinical Significance. Computational and Mathe-
matical Methods in Medicine, 2021, Article ID: 8746264.
https://doi.org/10.1155/2021/8746264

Pauza, C.D., Poonia, B., Li, H., Cairo, C. and Chaudhry, S. (2015) ydT Cells in HIV
Disease: Past, Present, and Future. Frontiers in Immunology, 5, Article No. 687.
https://doi.org/10.3389/fimmu.2014.00687

Li, Z., Li, W,, Li, N,, Jiao, Y., Chen, D., Cui, L., et al (2014) yo'T Cells Are Involved
in Acute HIV Infection and Associated with AIDS Progression. PLOS ONE, 9, €106064.
https://doi.org/10.1371/journal.pone.0106064

Deng, J. and Yin, H. (2022) Gamma Delta (pd) T Cells in Cancer Immunotherapy;
Where It Comes from, Where It Will Go? European Journal of Pharmacology; 919,
Article ID: 174803. https://doi.org/10.1016/j.ejphar.2022.174803

Rimailho, L., Faria, C., Domagala, M., Laurent, C., Bezombes, C. and Poupot, M.
(2023) ST Cells in Immunotherapies for B-Cell Malignancies. Frontiers in Immunol-

ogy, 14, Article ID: 1200003. https://doi.org/10.3389/fimmu.2023.1200003

DOI: 10.4236/jbm.2024.1210015

177 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2024.1210015
https://doi.org/10.1038/s41598-017-05849-1
https://doi.org/10.1186/s12979-015-0052-x
https://doi.org/10.1128/cvi.00752-12
https://doi.org/10.1189/jlb.0707507
https://doi.org/10.1016/j.clim.2022.108956
https://doi.org/10.1097/shk.0000000000000857
https://doi.org/10.1155/2021/8746264
https://doi.org/10.3389/fimmu.2014.00687
https://doi.org/10.1371/journal.pone.0106064
https://doi.org/10.1016/j.ejphar.2022.174803
https://doi.org/10.3389/fimmu.2023.1200003

	The Value of γδ T Cells in Lung Infections and Advances in Diagnosis and Treatment
	Abstract
	Keywords
	1. Introduction
	2. γδ T Cells and Bacterial Infections
	3. γδ T Cells and Viral Infections
	4. γδ T Cells and Other Pathogen
	5. Conclusion
	Conflicts of Interest
	References

