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Abstract: Human gamma-delta (γδ) T cells are a heterogeneous cell population that bridges the gap
between innate and acquired immunity. They are involved in a variety of immunological processes,
including tumor escape mechanisms. However, by being prolific cytokine producers, these lympho-
cytes also participate in antitumor cytotoxicity. Which one of the two possibilities takes place depends
on the tumor microenvironment (TME) and the subpopulation of γδ T lymphocytes. The aim of this
paper is to summarize existing knowledge about the phenotype and dual role of γδ T cells in cancers,
including ovarian cancer (OC). OC is the third most common gynecological cancer and the most
lethal gynecological malignancy. Anticancer immunity in OC is modulated by the TME, including
by immunosuppressive cells, cytokines, and soluble factors. Immune cells are exposed in the TME
to many signals that determine their immunophenotype and can manipulate their functions. The
significance of γδ T cells in the pathophysiology of OC is enigmatic and remains to be investigated.

Keywords: gamma-delta (γδ) T cells; ovarian cancer; tumor microenvironment (TME)

1. Introduction—Subpopulations of Gamma Delta (γδ) T Lymphocytes

Gamma-delta (γδ) T cells are part of the innate and acquired immune systems, ac-
counting for 0.5–5% of all peripheral blood (PB) lymphocytes [1–4]. They predominantly
exist in mucosal tissues, such as the skin, lungs, small intestine, and the female reproductive
organs—e.g., the uterus and the ovary [5,6].

γδ T lymphocytes do not express CD4 and CD8 molecules and are described as double-
negative (DN, CD4− CD8−) lymphocytes [7]. Unlike conventional αβ T cells, they can
recognize non-MHC antigens. They serve the important function of identifying heat shock
proteins and super antigens [5]. γδ T cells interact via their T cell receptors (TCR γδ) and
natural killer (NK) cell receptors, such as natural killer group 2D (NKG2D) receptors and
natural killer cell receptors (NKRs) without Major Histocompatibility Complex (MHC)
restriction [2,3]. NKRs bind to surface proteins associated with disease or stress conditions
on malignant cells [8]. This subset of cells has the ability to activate quickly, being the body’s
first line of defense against pathogens and playing a central role in anticancer immunity [1].
γδ T cells can generate immune memory [1,4]. Regarding the expression of TCRγ chains or
TCRδ chains, human γδ T cells are divided into the subpopulations of Vδ1, Vδ2, and Vδ3
T cells based on the delta chain of the T cell receptor (TCR). Moreover, γδ T cells can be
separated into two subsets, Vδ2-positive and Vδ2-negative, because of the expression of the
Vδ chain. The major subsets of circulating blood γδ T cells are Vδ2-positive, interconnected
with the Vγ9 chain to the Vγ9Vδ2 form of lymphocytes as the major peripheral blood
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subpopulation [3,9]. It should be stressed that Vδ1 and Vγ9Vδ2 T cells are the two main
subsets of γδ T cells in human tissue and PB [2].

Vγ9Vδ2 T cells are activated mostly by non-protein pyrophosphate metabolites called
phosphoantigens (pAgs), which are mevalonate products in the isoprenoid pathway or
the non-mevalonate Rohmer pathway [6]. The subsets of Vγ9Vδ2 T cells have strong
antitumor activity, explaining their wide usage in clinical settings. Numerous clinical
studies have used aminobisphosphonates (e.g., zoledronate and pamidronate) to inhibit
farnesyl pyrophosphate synthase in the mevalonate pathway to promote the accumula-
tion of isopentenyl pyrophosphate (IPP) in cells, or synthetic phosphoantigen analogues,
such as bromohydrin pyrophosphate (BrHPP) and 2-methyl-3-butenyl-1-pyrophosphate
(2M3B1PP), to activate Vγ9Vδ2+ T cells in patients with malignant tumors [10].

Unlike Vδ2-positive T cells, Vδ1 and Vδ3 are more common in tissue than in peripheral
blood lymphocytes. The majority of Vδ1 T cells are found in the mucous membrane, prolif-
erating mostly in peripheral tissues, including solid tumors [8]. Under stress, T cells secrete
factors that penetrate damaged, infected, or malignant cells, inducing inflammation. It is
important to note that the role of Vδ1 T cells in cancer immunity is not well-established [6].
However, one interesting quality of these subsets is their CCL2-mediated migration into
tumors, which makes them a potential tool for clinical manipulation in cancer immunother-
apy [2].

Vδ3 T cells are primarily located in the liver and intestines and are implicated in
response to herpes virus infections, cytomegalovirus and Epstein–Barr virus [9]. The role
of Vδ3 T cells in cancer immunity has not been studied in depth [6].

The purpose of this work is to summarize existing knowledge about the phenotype
and dual role of γδ T cells in gynecological diseases, including ovarian cancer (OC).

2. Variations in the Phenotype and Function of γδ T Lymphocytes in Human Cancers

Human γδ T cells are a heterogeneous cell population that bridges the gap between
innate and acquired immunity. They are involved in a variety of immunological processes,
including tumor escape mechanisms. However, by being prolific cytokine producers, these
lymphocytes also participate in antitumor cytotoxicity. Which one of the two possibilities
takes place depends on the tumor microenvironment (TME) and the subpopulation of
γδ T lymphocytes (Figure 1.). Interestingly, γδ T lymphocytes can switch phenotypes in
response to TME signals [10,11]. Immune system cells are exposed in the TME to many
signals that determine their immunophenotype and can modulate their functions [12]. The
latest findings in tumor biology suggest that most cancers are immunogenic. Hence, the
tumor microenvironment appears to be a promising target for potential treatments [13,14].

Depending on the microenvironment, γδ T cells perform antagonistic roles through
the secretion of various cytokines. Resting γδ T cells can differentiate into protumor
subgroups—FoxP3+ γδ Treg, γδ T17, Vδ1 γδ T cells—and antitumor subgroups—γδ Tfh,
Vδ2 γδ T, γδ T1 cells.
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3. γδ T Lymphocytes in Cancer—Friends or Foes?
3.1. Protumor Activity of γδ T Lymphocytes

Cancer research has highlighted the role of γδ T lymphocytes as the most significant
favorable immune prognostic factor associated with overall survival (OS) outcomes across
many malignant tumors [15]. Increased Vδ1 infiltration into tumor tissue has recently been
shown in multiple solid cancers, including colorectal cancer, melanoma, and non-small cell
lung cancer, as well as in several studies involving ovarian cancer [8,16,17]. Weimer et al. [8]
found the presence and accumulation of Vδ1 T cells in ascites, and among tumor-infiltrating
cells (TILs) from ovarian cancer patients. It is worth stressing that malignant ascites acts
as a transporter facilitating the spread of highly carcinogenic tumor cells (TCs) to pelvic
and peritoneal cavities in OC patients [18]. In a study by Weimer et al. [8], γδ T lympho-
cytes accounted for about 3% of total CD3+ T cells in OC patients. This percentage was
significantly higher than for Vδ2 T cells. Vδ1 T lymphocytes represented the dominant
subsets of γδ T cells in ascites and TILs, whereas Vδ2 T cells constituted the majority of
peripheral blood T lymphocytes in both OC patients and controls [8]. Foord et al. [19]
showed similar distributions of γδ T lymphocytes in PB, ascites, and TILs in OC patients.
In another study, Chen et al. [16] found significantly higher percentages of γδ T cells and
Vδ1 T cells in OC tissues compared to non-malignant and normal ovarian tissues. The study
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showed a relationship between increased Vδ1 infiltration in OC tissues and the progression
of OC—e.g., a more advanced clinical International Federation of Gynecology and Obstetrics
(FIGO) stage and lymph node metastasis. These findings point to the critical role of this
population in OC progression and invasiveness [16]. In addition, higher proportions of γδ T
cells correlated with a shorter disease-free intermission in patients with advanced ovarian
cancer [20]. Furthermore, the increased ratio of Vδ1/Vδ2 T cells seems to have prognostic
significance in OC [17].

In one study on OC, Weimer et al. [8] provided a phenotypic characterization of
matched γδ T lymphocytes in PB, ascites, and TILs in OC patients. They found that Vδ1 cells
in ascites showed an increased number of cells carrying a terminally differentiated (TEMRA)
phenotype, with an aberrant subpopulation of CD27-CD45RA (high) Vδ1 T cells. In contrast,
the increased CD27-CD45RA effector memory (EM) differentiation cells were dominant
in TILs. Interestingly, the authors noted differences in the expression of individual co-
regulatory receptors (CRRs) on Vδ1 cells in distinct OC-related compartments. In peripheral
blood, Vδ1 T cells exhibited an increased frequency of negative immune checkpoints (ICPs),
such as T cell immunoglobulin and ITIM domain (TIGIT; also called Vstm3, WUCAM,
VSIG9), T cell immunoglobulin and mucin domain-containing molecule-3 (TIM-3), and
Ox40 on the T cell’s surface. Vδ1T cells in ascites showed an increased frequency of TIGIT+

and TIM-3+ cells, whereas TILs had higher frequencies of PD-1+, CD39+, and Ox40+ cells
in comparison to Vδ1 cells from PB of controls. In contrast, all the γδ T cells showed a
lower percentage of CD73-positive cells. Finally, despite the correlation between immune
checkpoint expression and differentiation stage, increased co-expression of PD-1, TIM-3,
and CD39 with TIGIT was detected in all Vδ1 γδ T cells across the OC group. These findings
indicate an increased state of exhaustion in Vδ1 T cells in OC [16]. Interestingly, γδ T cells
sorted from OC tissues exhibited lower cytotoxic activity against ovarian cancer cells. γδ T
cells cocultured with OC tissue supernatants effectively inhibited the proliferation of naïve
CD4+ T cells [16].

In other studies, immunosuppressive or tumor-promoting capabilities have also been
described for γδ T cells, especially via the secretion of interleukin-17 (IL-17). Chen et al. [16]
reported that in ovarian cancer patients, γδ T cells produce increased levels of IL-17A.
Conversely, interferon-gamma (IFN-γ)—as an antitumor factor—was at a significantly low
level [16,17]. Recent reports have suggested that IL-17A could induce immunosuppression
and facilitate tumor progression. Higher expression of IL-17A was demonstrated in some
cancers, including cervical cancer, breast cancer, non-small cell lung cancer, pancreatic
cancer, and hepatocellular carcinoma [16]. Furthermore, it has been proven that Th17 γδ T
cells may stimulate angiogenesis by producing angiogenic factors such as angiopoietin 2
(ANG-2) and vascular endothelial growth factor 2 (VEGF) [21]. Meanwhile, IL-17A could
polarize inflammatory macrophages and recruit myeloid-derived suppressor cells (MDSCs)
to the TME [16]. The recruitment of immunosuppressive MDSCs could also be mediated via
the secretion of granulocyte-macrophage colony-stimulating factor (GM-CSF), interleukin-8
(IL-8), and tumor necrosis factor α (TNF-α) [22]. Furthermore, there is evidence that a
higher percentage of Vδ1 T cells corresponds with immunosuppressive functions such as
blocking dendritic cell (DC) maturation, limiting naive T cell proliferation, and suppressing
the immune response of conventional αβ T cells [23]. Moreover, γδ T cells can negatively
regulate αβ T cells’ response by increasing the expression of negative ICPs. The persistent
chronic inflammation related to cancers and the prolonged stimulation of γδ T cells in the
TME could trigger their immune exhaustion. It was demonstrated that tumor-infiltrating
γδ T cells with higher expression of programmed cell death ligand 1 (PD-L1) and Galectin-9
(Gal-9) could inhibit the effector activity of conventional αβ T cells [10,24]. Moreover, the
ligation of the CTLA-4 receptor on activated Vδ2+ γδ T cells with its ligand CD86 leads to
the anergy of T cells and their elimination via apoptosis [25].

Ma et al. [26] claim that the level of γδ T cells in breast cancer correlates with a
lower likelihood of survival and relapse. Liu et al. demonstrated that there is a positive
relationship between ATPase Secretory Pathway Ca2+ Transporting 2 (ATP2C2) and Tfh
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cells in patients with BRCA-positive breast cancer [27]. There is evidence that patients
with greater ATP2C2 levels have a shorter overall survival time. Moreover, Dang et al. [28]
and Liu et al. [27] reported that Tfh cells in BRCA-positive breast cancer produce CXCL13
chemokine, which stimulates the infiltration of Tregs in the tumor tissue and limits the
cytotoxic antitumor activity of the immune system [29]. Moreover, it has been proven that
γδ Treg FOXP3+ cells inhibit the cytotoxic activity and proliferation of immune cells [11].
Interestingly, Tregs have been observed to accumulate in advanced stages of OC and
considered a negative prognostic factor in patients with OC [30].

In colorectal cancer, tumor-infiltrating Vδ1 T cells were found to produce IL-17 and
increase the presence of MDSCs, thus stimulating immunosuppression [23]. Their inherence
correlated with the severity of the disease and cancer progression [17,31]. It has been
suggested that an imbalance between Vδ1 T cells and Vδ2 T cells in favor of the former could
conduce to rectal cancer development. Substantially more γδ T cells infiltrate colorectal
cancer with BRAF or TP53 mutation. The same applies to tumors with proficient mismatch
repair compared to deficient mismatch repair mutations [32].

Research on human gallbladder cancer has shown that the subpopulation of γδT17
cells promotes cancer progression by stimulating angiogenesis. The presence of this sub-
population is associated with poor survival rates [33].

In acute myeloid leukemia, it has been noted that the higher prevalence of γδ T cell im-
munoglobulin and immunoreceptor tyrosine-based inhibitory motif domain TIGIT+CD226-
may correspond with a poorer prognosis [34]. Moreover, increased tumor infiltration by γδ

T cells has been implicated in the increased likelihood of metastasis [6].

3.2. Anti-Tumor Activity of γδ T Lymphocytes

Active γδ T cells also show a strong cytotoxic effect against tumor cells in the TME [35].
They can produce INF-γ, as well as granzymes B and perforins, by activating TCR receptor
and NKG2D receptor signaling on NK cells. NKG2D-expressing Vδ1+γδ T cells can be
activated by stress-induced MHC class I chain-related antigens A and B (MICA/MICB)
and UL16-binding proteins (ULBP16), which are upregulated in tumor cells contrary to
healthy cells [10]. There is research showing that isopentenyl pyrophosphate stimulates
higher expression of CD137 (4-1BBL) on γδ2+ T cells, which can lead to enhanced NKG2D
expression after engagement with CD137-positive NK cells, and augment their cytotoxic
activity against malignant cells [10]. Furthermore, some studies suggest that γδ T lympho-
cytes could also kill malignant cells through Fas/FasL pathway and antibody-dependent
cell-mediated cytotoxicity (ADCC) [6,36].

Interestingly, there is research to suggest that γδ T lymphocytes may have features
and functions similar to those of Th1, Th2, Th17, and regulatory T cells (Tregs). γδ T
cells produce IFN-γ (such as Th1), IL-4 and IL-10 (such as Th2), and Il-17 (such as Th17).
They also exhibit phenotypic similarity to Tregs, as they are involved in the regulation of
immune processes. Some studies have reported that γδ T cells could support B cell activity,
which is related to the production of IL-4 [37]. There is research evidence that activated
Vγ9Vδ2+ T cells interact—directly or indirectly—with a range of immune cells, including
DCs, monocytes/macrophages, αβ T cells, NK cells, and neutrophils. These cells have
also been shown to influence immune response outcomes. The mechanisms underlying γδ

T-cell unique immune-modulation activity are described in a recent review by Chan et al.,
which is a highly informative reference source on the subject [10].

The potential use of anti-cancer properties of γδ T cells awakens interest among the
scientific community and clinicians [27]. It has been shown that γδ T cells have a natural
tropism for the TME and that the presence of γδ tumor-infiltrating T cells in the TME
correlates with a better prognosis for cancer patients. This has been proven by genomic
data evaluation in over 18,000 human cancers [10,15]. For example, in melanoma patients, a
higher percentage of tumor-infiltrating γδ T cells correlates with a longer progression-free
survival (PFS) time [38]. Increased levels of Vδ2 T cells in melanoma were found to correlate
with an early stage of disease and the absence of metastasis, and had a positive prognostic
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value [39]. There is also evidence to argue that Vγ9Vδ2 T cells are cytotoxic to renal cancer
cells. One study found that γδ T cells selectively recognized renal cancer cells, distinguishing
them from renal cells due to the presence of NKG2D on the surface of cancer cells [40]. The
lytic abilities of the said cells were increased, especially after immunological enhancement.
Strikingly, the use of donor γδ T cells was found to result in a higher treatment efficacy by
increasing overall survival rates in acute myeloid leukemia, acute lymphoblastic leukemia,
and chronic lymphocytic leukemia. Unfortunately, autologous γδ T cells did not produce the
expected response [41]. There is research showing that Vδ1 and Vδ2 T cells present cytotoxic
activity against endometrial carcinoma cell lines (KLE, Ishikawa, RL95-2). One study found
that the level of Vδ1 T cells in peripheral blood was significantly reduced in patients with
endometrial cancer. No similar relationship was noted for Vδ2 T cells. The study showed
that tyrosine kinase EphA2 led to a relevant reduction in the lytic capacity of tumor cells by
Vδ1 γδ T cells. Increasing EphA2 activity on cancer cells could create an opportunity for
utilizing this property, not only in endometrial cancer. Moreover, the study noted that Vδ1 T
cell mediated killing was substantially reduced in RL-95 cell EPHA2 knockout [4].

4. γδ T Lymphocytes in Autoimmune Diseases

It should be emphasized that tissue damage results in an increased number of γδ T
cells, contributing to the acceleration of autoimmune pathologies mainly via the production
of IL-17, TNF-α and IFN-γ [42–49]. Despite the main source of IL-17A being Th17 CD4+

αβ T cells, γδ T cells also contribute to IL-17A production in autoimmune diseases. Inter-
estingly, IL-17-positive γδ T cells can expedite the development of autoimmune diseases
by inhibition of Treg activity [43,50–52]. The T cell subset plays an important role in au-
toimmune diseases such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
multiple sclerosis (MS), and endometriosis by having the capacity to present antigens,
produce proinflammatory cytokines, enhance the release of antibodies, as well as through
immunomodulatory activity and interactions with Tregs. However, data on the role of γδ T
cells and their subtypes in the pathogenesis of autoimmune diseases are still limited.

For example, a stronger infiltration of γδ T cells is observed at the early stages of
multiple sclerosis lesions and the subpopulation may comprise up to 20–30% of total T
cells. Similarly, γδ T cells play a crucial role in lupus pathogenesis, and their number is
significantly increased in previously untreated patients. Immunosuppressive therapy in
patients with active lupus causes the normalization of γδ T cell percentage [45].

γδ T cells, equally with CD4+ T cells, play a complementary role in the production of
cytokines in Behçet’s disease. The role of γδ T cells has been described as providing a link
between innate and adaptive responses. Abbasova et al. showed that γδ T cells mainly
produce IFN-γ, but they are not a source of IL-17A or IL-22. In an active disease, IL-17A
comes mainly from CD4+ T cells. The study also indicates that γδ T cells are involved in
the induction of inflammatory traits in Behçet’s disease [53,54].

Moreover, in autoimmune liver diseases, i.e., primary sclerosing cholangitis, autoim-
mune hepatitis, and primary biliary cirrhosis, the percentage of γδ T cells, including the
Vδ1+, Vδ2+, and Vδ3+ subtypes, is increased in both liver and peripheral blood. These
findings support the significance of this subset in autoimmune pathologies [43].

Furthermore, immunoregulatory γδ T cells can suppress the functions of dendritic
cells and CD4-positive T cells. One explanation is that γδ T cells exert a stronger suppress-
ing activity towards CD4+ T cell proliferation in comparison to CD4+ regulatory T cells.
However, there is some discrepancy between the activity of proper subtypes of γδ T cells,
and they are associated with diverse pathologies. The Vδ1 subset of γδ T cells is more
inhibitive and involves higher TGF-β secretion compared to Vδ2 T cells [55–57].

The regulatory activity of γδ T cells is also presented as an immunomodulatory effect
via mutual reaction with CD4+CD25+ Tregs. Interestingly, CD4+CD25+ Tregs may inhibit the
IFN-γ production via activated γδ T cells. Moreover, the activated Vγ9Vδ2 subpopulation
of T cells may downregulate the expansion of Tregs (CD4+CD25+Foxp3+) induced by IL-2.
These findings suggest that CD4+CD25+ Tregs and γδ T cells interact, both playing a signifi-
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cant role in the pathogenesis of a multitude of autoimmune diseases [57–59]. Figure 2 shows
what is currently known about autoimmune diseases associated with γδ T lymphocytes.
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5. γδ T Lymphocytes in Endometriosis

According to some studies, endometriosis (EMS)—a chronic disease of the female repro-
ductive system characterized by the presence and growth of endometrium-like tissue beyond
its normal location in the uterus—has some features of an autoimmune disease. It is mani-
fested by tissue damage and the production of autoantibodies (against the endometrium,
histones, ovaries, and phospholipids), and may be associated with other autoimmune
diseases [60–63]. In this progressive disease, the immune system plays an important role
based on a cellular type of immune response, e.g., NK cells, monocytes/macrophages, or T
lymphocytes [5,64,65]. It is worth noting that many factors are involved in the immunology
and pathogenesis of endometriosis. The research describes the participation of IL-17, which
causes an increase in the secretion of IL-8 from endometriotic stromal cells, stimulating
their proliferation, and an increase in neutrophil migration. IL-17A expression through en-
dometrial cell stimulation leads to the accumulation of neutrophils, resulting in continuous
inflammation—a distinctive feature of endometriosis [65]. Th17 lymphocytes, neutrophils,
NK cells, and γδ T lymphocytes are responsible for the secretion of IL-17 [5,64].

Th17 cells play a key role in the immune system. They are responsible for triggering
inflammation, inducing the synthesis of pro-inflammatory cytokines and helping in the
recruitment of neutrophils [64]. Th17 cells also produce chemokines (e.g., CXCL1, CXCL5,
CCL2, CCL7), which are involved in the recruitment of neutrophils at the inflammation
site. Extensive research exists showing that neutrophils play an important role in most
inflammatory diseases, including endometriosis. There is evidence that patients with EMS
have increased neutrophil levels in the peritoneal fluid (PF). Neutrophil-produced pro-
inflammatory factors such as IL-8, VEGF, and chemokine C-X-C motif ligand 10 (CXCL10)
may contribute to the progression of EMS [64]. Studies have shown that a decreased ratio
between Th17 and CD4+ T lymphocytes also contributes to the progression of EMS, which
leads to excessive ectopic proliferation of endometrial tissue [64]. The influence of IL-17
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on endometrial cells and its role in increasing TNFα production may contribute to the
acceleration of endometrial lesions in women with EMS. It is worth mentioning that in
patients suffering from EMS in their PF, an increased number of Th17 cells causes disease
progression to a severe stage when coupled with a higher concentration of IL-8 and a lower
concentration of IL-12 [64].

It should be stressed that only a few reports have shown the presence of γδ T cells in
endometriosis [4,5]. Table 1. shows what is currently known about γδ T lymphocytes in
patients suffering from EMS. However, since insufficient information is known about γδ T
cells, further research is warranted to fully understand their role in endometriosis.

Table 1. The role of Vδ T cells in the pathogenesis of endometriosis (EMS).

Vδ T in EMS Implications of Vδ T in EMS

The number of circulating Vδ1 T cells was
significantly reduced in women suffering from
endometriosis [4].
An increased proportion of Vδ1 T cells in the
eutopic and
ectopic layers of the endometrium in patients
with EMS compared to the controls [4].

Vδ1 T cells may be involved in:

• the dysfunction of the eutopic layer of the
endometrium

• the promotion and maintenance of
inflammation

• the formation of endometrial lesions [5].

Vδ T cells are an important source of IL-17 [63]

IL-17A:

• increases the secretion of IL-8 from
endometriotic stromal cells

• stimulates the proliferation of
endometriotic stromal cells

• increases migration of neutrophils which
stimulates a continuous inflammatory
state [63].

6. γδ T-Cell-Based Immunotherapy and Its Limitations

Immunotherapy is of considerable interest to scientists as a new field in the fight
against cancer. It has the clear advantage of deploying the patient’s immune system against
the cancer that the patient is struggling with [66,67]. For a long time, immunotherapy relied
on αβ T lymphocytes. However, their strong dependence on the histocompatibility system
had a profound effect on immunotherapeutic outcomes [66–68]. Hence, immunotherapy
based on γδ T lymphocytes has brought considerable hope due to the absence of CD4/CD8
antigen expression and independence from the MHC system, with the lymphocytes being
considered a bridge between the innate and adaptive immune systems [66–69].

One of the most important functions of γδ T cells is their cytotoxicity through the
production of numerous chemokines and cytokines, including TNFα [66]. Moreover, these
cells are involved in the regulation of both immune and non-immune cells. The most impor-
tant cytokine produced by γδ T lymphocytes is INF-γ, which shows antitumor activity [66].
γδ T cells are also described as professional antigen-presenting cells (APCs) that stimulate
antigen-specific αβ T-cell responses [10]. Brandes et al. showed that Vγ9Vδ2 T cells were
more efficient in presenting antigens and exhibited a 100-fold higher proliferative activity
in comparison to αβ T lymphocytes or monocytes [70].

Furthermore, these lymphocytes may participate in the regulation of the immune
response due to their interaction with other immune cells. This illustrates cells bearing
features for innate and adaptive immunity. Their unique immune-modulating functions
and tropism to the TME make them an attractive target for cancer therapy [10,66,68,69].
γδ T lymphocytes provide the basis of immunotherapy in the treatment of, among others,
renal cell carcinoma, and lung and breast cancer. They offer the advantage of activating a
response to the tumor and not to healthy cells. The use of activators for γδ T lymphocytes,
i.e., phosphoantigens or compounds (zoledronate) results in their effective activation [66,68].
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Despite the numerous advantages associated with γδ T cell immunotherapy, there are
also some limitations. In addition to other factors, they are also attributable to the dual
role of lymphocytes, which contribute to undesirable effects through the production of
pro-inflammatory cytokines. According to Zou et al. in 2017 [66], the continued use of
phosphoantigen activators leads to the anesthesia of effector cells, and the targeting of γδ T
cells and antibodies as antitumor agents could represent a significant leap forward in the
field of immunotherapy [66].

7. γδ T Cells—Clinical Trials

Information on clinical trials involving the use of gamma-delta T cells in gynecological
diseases is rudimentary and scarce. Only one such study, involving ovarian cancer, has
been described so far. In 2012, a French team of researchers planned a study for patients
with confirmed epithelial ovarian cancer and administration of carboplatin and/or Taxol
chemotherapy. Unfortunately, the study was eventually terminated [71].

We can also find information about a project named “Immunotherapy of Epithelial
Ovarian Cancer using Autologous Gamma Delta T-cells” planned by King’s College Lon-
don. The research will be carried out on immunodeficient mice. The first step consists in
delivering bisphosphonates to ovarian cancer cells by injection, followed by injection of
γδ T-cells. If these studies prove promising, the next step will be to develop a strategy for
women with ovarian cancer [72].

In 2016, clinical studies on the safety and efficacy of γδ T cells against breast cancer
were completed. These studies included 40 female patients aged between 18 and 75 years
who had been diagnosed with stage II, III, or IV breast tumors. The primary finding was
that the tumor size reduced within a time frame of up to one year [73]. The ongoing clinical
trials have been focused on the use of γδ T cells in the general therapy of solid tumors and,
ultimately, in glioblastoma. The first trial, now in phase II, includes 60 male and female
patients aged between 18 and 75 years. Depending on the patient’s health status, these
trials can be combined with radiotherapy, chemotherapy, immune checkpoint inhibitors, or
targeted therapy. The trial is scheduled to end in December 2024 [74].

The second ongoing trial involves patients with newly diagnosed glioblastoma, includ-
ing 12 adult patients with histologically confirmed glioblastoma multiforme. The treatment
received as part of the trial complements standard therapies such as radiotherapy and
chemotherapy with temozolomide. The main aim of the trial is to determine the safety and
toxicity of intracranially infused γδ T cells. The disease progression duration and average
survival times are also assessed. The trial is currently in phase I with completion scheduled
for January 2025 [75].

There is some currently conducted research into allogeneic therapy with γδ T cells in
the treatment of solid tumors (Identifier: NCT04765462). These studies are in phase I/II
and their task is to determine the feasibility, efficacy, and safety of therapy with the use of
γδ T cells. The current research status is Recruiting. The study is funded by the Chinese
PLA General Hospital and is expected to involve 60 patients, both women and men, aged
between 18 and 75 years with histological confirmation of malignant solid tumors in both
initial and metastatic stages [76].

8. The Effect of Conventional Therapies on the Function of γδ T Lymphocytes

γδ T cells are important players in the immunological surveillance of tumors, both
in vitro and in vivo. Many studies use chemical compounds whose task is to affect the
functioning of γδ T cells and enhance their proliferation [8,68,77]. Experimental studies and
several clinical trials based on ex vivo expanded γδ T cells confirmed that their adoptive
transfer is safe and feasible. The use of activators for γδ T lymphocytes, i.e., phosphoanti-
gens or such compounds as zoledronic acid (ZOL), results in effective activation of Vγ9Vδ2
T lymphocytes through upregulated levels of endogenous PAgs [66,68]. In most γδ T-cell
clinical trials, objective responses were observed but the rates of complete remissions were
low and the long-term disease-free survival data were unsatisfactory [10,69,78]. Taking
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into account this observation, there is a need for approaches that would more effectively
enhance the antitumor efficacy of these cells [77,79].

Recent studies have demonstrated that some drugs or therapies can elicit tumor
cell death and modulate γδ T cell activity [78,80,81]. It has been shown that chemother-
apy and radiotherapy increase the cytotoxicity of γδ T lymphocytes against malignant
cells [77,78,82]. For example, pretreatment of cancer cells with conventional chemother-
apeutics, e.g., gemcitabine [78], cisplatin, 5-Fluorouracil, or doxorubicin, sensitize tumor
cells to being killed by γδ T cells [77,79,80]. After exposure to cytotoxic treatment, neo-
plastic cells upregulate the expression of MICA and MICB, which increases the anti-tumor
activity of γδ T cells [83]. Another in vitro study concluded that combined chemotherapy
(carboplatin with γδ T cells) had shown significant cytotoxicity against bladder carcinoma
cells compared with chemotherapy alone [84].

It has also been demonstrated that chemotherapy induces a rapid and prominent
expansion of IL-17-producing Vγ4+ and Vγ6+ T cells and γδ T17 cells which augment
the accumulation of cytotoxic T cells (Tc1 CTLs) within the tumor bed [85]. The authors
observed reduced efficacy of chemotherapy in mice without Vγ4/γ6 T cell subsets or δ- in
T cell receptors. Although γδ T cells were able to produce IL-17 and IL-22, the absence of
IL-17–IL-17R reduced tumor-specific T cell responses elicited by chemotherapy-induced
tumor cell death [85].

Joalland N. et al. [86] evaluated the efficiency of conventional therapies and adoptive
transfers of allogeneic human Vγ9Vδ2 T cells in a preclinical model of human epithelial
OC xenografts. The authors observed no disease symptoms (e.g., weight loss, production
of ascites) up to 6 months after implantation of human OC cells into the ovary of immun-
odeficient NSG (NOD.Cg-Prkdcscid Il2rgtm1Wjl/SzJ) mice. In line with the results of a
biological assessment, there was no evidence of signs of peritoneal carcinosis, and both
immunochemistry and necropsy analyses revealed the absence of a suboptimal growth of
cancer cells. The studies showed that neoplastic cells, originating from either primary OC
or ovarian cancer cell lines, were targeted by allogeneic human Vγ9Vδ2 T lymphocytes
in vitro upon ZOL treatment [86].

In their in vitro studies, Beatson et al. [79] observed that sublethal exposure to the
antileukemic drug, Ara-C, rendered leukemic cells more susceptible to being killed by γδ T
cells expanded in a medium with IL-2 and TGF-β. However, the sensitization by Ara-C
neither increased IFN-γ release nor upregulated NKG2D ligands on leukemic cells. The
authors also tested antileukemic activity in vivo in a Jurkat xenograft model. They detected
that the combination of ZOL+Ara-C boosted the response of γδ T cells, improving both
disease control and survival. On the contrary, neither ZOL+Ara-C alone nor combined with
γδ T cells was effective. Further studies in KG1 leukemia xenografts showed that, in mice
sensitized with ZOL+Ara-C, γδ T cells delayed disease progression and prolonged survival.
In summary, the authors observed strong therapeutic activity of these cells in leukemic
model systems in the described conditions [79].

It has been observed that the use of ibrutinib (a tyrosine kinase inhibitor) in the
treatment of chronic lymphocytic leukemia, whose task is to support the effectiveness
of endogenous gamma-delta T cells, partially reverses the tolerance of lymphocytes to
patient’s cancer cells in vitro [68].

In addition, several drugs, including the DNA methyltransferase inhibitor decitabine
and the histone deacetylase inhibitor-valproic acid (VPA) have been shown to epigenet-
ically modify gene expression at the level of DNA methylation and histone modifica-
tion [81]. Decitabine was reported to upregulate the expression of NKG2D ligands in tumor
cells [77,87]. VPA was shown to synergize with ZOL in enhancing γδ T cell cytotoxicity at
the level of PAg synthesis. It also affected the interaction between γδ T cells and tumor
cells at the level of the NKG2D receptor/ligand axis [81].

Overall, combination therapies involving conventional chemotherapeutic drugs and
γδ T cell immunotherapies offer interesting perspectives for the treatment of cancer [77].
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9. Conclusions

Immunotherapy with γδ T cells is known to bear certain limitations and disadvan-
tages. This is due to the dual role played by γδ T cells. On the one hand, they exhibit
strong anti-cancer effects. On the other, these cells can also show pro-tumor activity. It
depends on the nature of the tumor microenvironment [11,66,68,69]. There are also some
technical and functional limitations in using γδ T cells in cancer therapy. Technical prob-
lems could be related to the hyporesponsiveness of γδ T cells in some patients, or to
activation-induced γδ T cell anergy. Functional limitations could be related to the ability
of in vivo or in vitro-expanded γδ T cells to reach and infiltrate tumors and overcome the
immunosuppressive TME [32]. To overcome this limitation and improve γδ T-cell-based
immunotherapy, several new immunotherapeutic approaches have been studied involving
immunological checkpoint inhibitors, bispecific antibodies, chemotherapy, liposomes, and
chimeric antigen receptor-T cells (CAR-T) [88]. Considering the heterogeneity of γδ T cells,
it seems critical to understand their role and interactions with different types of innate
and adaptive immune cells in the TME. It is necessary to better describe human γδ T cell
subsets in specific TMEs of particular cancers.

Author Contributions: Conceptualization, A.P. and I.W.; formal analysis, W.S. and D.S.; writing—
original draft preparation, A.P., K.W. and Y.N.; writing—review and editing, A.P., W.S., A.M. and
W.Z.; visualization, W.Z. and Y.N.; supervision, I.W.; project administration, A.P and I.W.; funding
acquisition, A.P. and I.W. All authors have read and agreed to the published version of the manuscript.

Funding: This study was funded by the Medical University of Lublin, grant number GW/PB/34/22
(PBmb224) and GI4. For Open Access, the author has applied a CC-BY public copyright license to
any Author Accepted Manuscript (AAM) version arising from this submission.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: Anna Pawłowska has received annual support (scholarship—START) from the
Foundation for Polish Science (FNP) in 2022 for the most talented young scientists.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Raverdeau, M.; Cunningham, S.P.; Harmon, C.; Lynch, L. Γδ T Cells in Cancer: A Small Population of Lymphocytes with Big

Implications. Clin. Transl. Immunol. 2019, 8, e01080. [CrossRef] [PubMed]
2. Lee, H.W.; Chung, Y.S.; Kim, T.J. Heterogeneity of Human Γδ T Cells and Their Role in Cancer Immunity. Immune Netw. 2020, 20,

e5. [CrossRef]
3. Chang, Y.C.; Chiang, Y.H.; Hsu, K.; Chuang, C.K.; Kao, C.W.; Chang, Y.F.; Chang, M.C.; Lim, K.H.; Cheng, H.I.; Hsu, Y.N.; et al.

Activated Naïve Γδ T Cells Accelerate Deep Molecular Response to BCR-ABL Inhibitors in Patients with Chronic Myeloid Leukemia.
Blood Cancer J. 2021, 11, 182. [CrossRef] [PubMed]

4. Hudecek, R.; Kohlova, B.; Siskova, I.; Piskacek, M.; Knight, A. Blocking of EphA2 on Endometrial Tumor Cells Reduces
Susceptibility to Vδ1 Gamma-Delta T-Cell-Mediated Killing. Front. Immunol. 2021, 12, 752646. [CrossRef] [PubMed]

5. Vallvé-Juanico, J.; Houshdaran, S.; Giudice, L.C. The Endometrial Immune Environment of Women with Endometriosis. Hum. Re-
prod. Update 2019, 25, 564–591. [CrossRef] [PubMed]

6. Li, Y.; Li, G.; Zhang, J.; Wu, X.; Chen, X. The Dual Roles of Human Γδ T Cells: Anti-Tumor or Tumor-Promoting. Front. Immunol.
2020, 11, 619954. [CrossRef] [PubMed]

7. D’Acquisto, F.; Crompton, T. CD3+CD4-CD8- (Double Negative) T Cells: Saviours or Villains of the Immune Response? Biochem.
Pharmacol. 2011, 82, 333–340. [CrossRef] [PubMed]

8. Weimer, P.; Wellbrock, J.; Sturmheit, T.; Oliveira-Ferrer, L.; Ding, Y.; Menzel, S.; Witt, M.; Hell, L.; Schmalfeldt, B.; Bokemeyer, C.; et al.
Tissue-Specific Expression of TIGIT, PD-1, TIM-3, and CD39 by Γδ T Cells in Ovarian Cancer. Cells 2022, 11, 964. [CrossRef] [PubMed]

9. Galati, D.; Zanotta, S.; Bocchino, M.; De Filippi, R.; Pinto, A. The Subtle Interplay between Gamma Delta T Lymphocytes
and Dendritic Cells: Is There a Role for a Therapeutic Cancer Vaccine in the Era of Combinatorial Strategies? Cancer Immunol.
Immunother. 2021, 70, 1797–1809. [CrossRef] [PubMed]

10. Chan, K.F.; Duarte, J.D.G.; Ostrouska, S.; Behren, A. Γδ T Cells in the Tumor Microenvironment-Interactions with Other Immune
Cells. Front. Immunol. 2022, 13, 894315. [CrossRef]

http://doi.org/10.1002/cti2.1080
http://www.ncbi.nlm.nih.gov/pubmed/31624593
http://doi.org/10.4110/in.2020.20.e5
http://doi.org/10.1038/s41408-021-00572-7
http://www.ncbi.nlm.nih.gov/pubmed/34785653
http://doi.org/10.3389/fimmu.2021.752646
http://www.ncbi.nlm.nih.gov/pubmed/34691070
http://doi.org/10.1093/humupd/dmz018
http://www.ncbi.nlm.nih.gov/pubmed/31424502
http://doi.org/10.3389/fimmu.2020.619954
http://www.ncbi.nlm.nih.gov/pubmed/33664732
http://doi.org/10.1016/j.bcp.2011.05.019
http://www.ncbi.nlm.nih.gov/pubmed/21640713
http://doi.org/10.3390/cells11060964
http://www.ncbi.nlm.nih.gov/pubmed/35326415
http://doi.org/10.1007/s00262-020-02805-3
http://www.ncbi.nlm.nih.gov/pubmed/33386466
http://doi.org/10.3389/fimmu.2022.894315


Int. J. Mol. Sci. 2022, 23, 14797 12 of 14

11. Zhao, Y.; Niu, C.; Cui, J. Gamma-Delta (Γδ) T Cells: Friend or Foe in Cancer Development? J. Transl. Med. 2018, 16, 3. [CrossRef]
12. Weulersse, M.; Asrir, A.; Pichler, A.C.; Lemaitre, L.; Braun, M.; Carrié, N.; Joubert, M.-V.; Le Moine, M.; Do Souto, L.; Gaud, G.;

et al. Eomes-Dependent Loss of the Co-Activating Receptor CD226 Restrains CD8+ T Cell Anti-Tumor Functions and Limits the
Efficacy of Cancer Immunotherapy. Immunity 2020, 53, 824–839.e10. [CrossRef]

13. Maiorano, B.A.; Maiorano, M.F.P.; Lorusso, D.; Maiello, E. Ovarian Cancer in the Era of Immune Checkpoint Inhibitors: State of
the Art and Future Perspectives. Cancers 2021, 13, 4438. [CrossRef]

14. Chardin, L.; Leary, A. Immunotherapy in Ovarian Cancer: Thinking Beyond PD-1/PD-L1. Front. Oncol. 2021, 11, 795547. [CrossRef]
15. Gentles, A.J.; Newman, A.M.; Liu, C.L.; Bratman, S.V.; Feng, W.; Kim, D.; Nair, V.S.; Xu, Y.; Khuong, A.; Hoang, C.D.; et al. The

Prognostic Landscape of Genes and Infiltrating Immune Cells across Human Cancers. Nat. Med. 2015, 21, 938–945. [CrossRef]
16. Chen, X.; Shang, W.; Xu, R.; Wu, M.; Zhang, X.; Huang, P.; Wang, F.; Pan, S. Distribution and Functions of Γδ T Cells Infiltrated in

the Ovarian Cancer Microenvironment. J. Transl. Med. 2019, 17, 144. [CrossRef]
17. Chen, X.; Zhang, X.; Xu, R.; Shang, W.; Ming, W.; Wang, F.; Wang, J. Implication of IL-17 Producing αβT and γδT Cells in Patients

with Ovarian Cancer. Hum. Immunol. 2020, 81, 244–248. [CrossRef]
18. Almeida-Nunes, D.L.; Mendes-Frias, A.; Silvestre, R.; Dinis-Oliveira, R.J.; Ricardo, S. Immune Tumor Microenvironment in

Ovarian Cancer Ascites. Int. J. Mol. Sci. 2022, 23, 10692. [CrossRef]
19. Foord, E.; Arruda, L.C.M.; Gaballa, A.; Klynning, C.; Uhlin, M. Characterization of Ascites- and Tumor-Infiltrating Γδ T Cells

Reveals Distinct Repertoires and a Beneficial Role in Ovarian Cancer. Sci. Transl. Med. 2021, 13, eabb0192. [CrossRef]
20. Raspollini, M.R.; Castiglione, F.; Rossi Degl’Innocenti, D.; Amunni, G.; Villanucci, A.; Garbini, F.; Baroni, G.; Taddei, G.L.

Tumour-Infiltrating Gamma/Delta T-Lymphocytes Are Correlated with a Brief Disease-Free Interval in Advanced Ovarian Serous
Carcinoma. Ann. Oncol. 2005, 16, 590–596. [CrossRef]

21. Rei, M.; Gonçalves-Sousa, N.; Lança, T.; Thompson, R.G.; Mensurado, S.; Balkwill, F.R.; Kulbe, H.; Pennington, D.J.; Silva-Santos,
B. Murine CD27(−) Vγ6(+) Γδ T Cells Producing IL-17A Promote Ovarian Cancer Growth via Mobilization of Protumor Small
Peritoneal Macrophages. Proc. Natl. Acad. Sci. USA 2014, 111, E3562–E3570. [CrossRef]

22. Wu, P.; Wu, D.; Ni, C.; Ye, J.; Chen, W.; Hu, G.; Wang, Z.; Wang, C.; Zhang, Z.; Xia, W.; et al. ΓδT17 Cells Promote the Accumulation
and Expansion of Myeloid-Derived Suppressor Cells in Human Colorectal Cancer. Immunity 2014, 40, 785–800. [CrossRef]

23. Chabab, G.; Barjon, C.; Bonnefoy, N.; Lafont, V. Pro-Tumor Γδ T Cells in Human Cancer: Polarization, Mechanisms of Action, and
Implications for Therapy. Front. Immunol. 2020, 11, 2186. [CrossRef] [PubMed]

24. Daley, D.; Zambirinis, C.P.; Seifert, L.; Akkad, N.; Mohan, N.; Werba, G.; Barilla, R.; Torres-Hernandez, A.; Hundeyin, M.; Mani,
V.R.K.; et al. Γδ T Cells Support Pancreatic Oncogenesis by Restraining Aβ T Cell Activation. Cell 2016, 166, 1485–1499.e15.
[CrossRef] [PubMed]

25. Peters, C.; Oberg, H.-H.; Kabelitz, D.; Wesch, D. Phenotype and Regulation of Immunosuppressive Vδ2-Expressing Γδ T Cells.
Cell Mol. Life Sci. 2014, 71, 1943–1960. [CrossRef]

26. Ma, C.; Zhang, Q.; Ye, J.; Wang, F.; Zhang, Y.; Wevers, E.; Schwartz, T.; Hunborg, P.; Varvares, M.A.; Hoft, D.F.; et al. Tumor-
Infiltrating Γδ T Lymphocytes Predict Clinical Outcome in Human Breast Cancer. J. Immunol. 2012, 189, 5029–5036. [CrossRef]
[PubMed]

27. Liu, Y.; Zhang, C. The Role of Human Γδ T Cells in Anti-Tumor Immunity and Their Potential for Cancer Immunotherapy. Cells
2020, 9, 1206. [CrossRef] [PubMed]

28. Dang, W.-Z.; Li, H.; Jiang, B.; Nandakumar, K.S.; Liu, K.-F.; Liu, L.-X.; Yu, X.-C.; Tan, H.-J.; Zhou, C. Therapeutic Effects
of Artesunate on Lupus-Prone MRL/Lpr Mice Are Dependent on T Follicular Helper Cell Differentiation and Activation of
JAK2-STAT3 Signaling Pathway. Phytomedicine 2019, 62, 152965. [CrossRef]

29. Gu-Trantien, C.; Migliori, E.; Buisseret, L.; de Wind, A.; Brohée, S.; Garaud, S.; Noël, G.; Dang Chi, V.L.; Lodewyckx, J.-N.; Naveaux,
C.; et al. CXCL13-Producing TFH Cells Link Immune Suppression and Adaptive Memory in Human Breast Cancer. JCI Insight 2017,
2, 91487. [CrossRef]

30. Curiel, T.J.; Coukos, G.; Zou, L.; Alvarez, X.; Cheng, P.; Mottram, P.; Evdemon-Hogan, M.; Conejo-Garcia, J.R.; Zhang, L.; Burow, M.;
et al. Specific Recruitment of Regulatory T Cells in Ovarian Carcinoma Fosters Immune Privilege and Predicts Reduced Survival.
Nat. Med. 2004, 10, 942–949. [CrossRef]

31. Hu, G.; Wu, P.; Cheng, P.; Zhang, Z.; Wang, Z.; Yu, X.; Shao, X.; Wu, D.; Ye, J.; Zhang, T.; et al. Tumor-Infiltrating CD39+ γδ Tregs
Are Novel Immunosuppressive T Cells in Human Colorectal Cancer. OncoImmunology 2017, 6, e1277305. [CrossRef] [PubMed]

32. Lo Presti, E.; Dieli, F.; Fourniè, J.J.; Meraviglia, S. Deciphering Human Γδ T Cell Response in Cancer: Lessons from Tumor-
Infiltrating Γδ T Cells. Immunol. Rev. 2020, 298, 153–164. [CrossRef]

33. Patil, R.S.; Shah, S.U.; Shrikhande, S.V.; Goel, M.; Dikshit, R.P.; Chiplunkar, S.V. IL17 Producing ΓδT Cells Induce Angiogenesis
and Are Associated with Poor Survival in Gallbladder Cancer Patients. Int. J. Cancer 2016, 139, 869–881. [CrossRef] [PubMed]

34. Jin, Z.; Ye, W.; Lan, T.; Zhao, Y.; Liu, X.; Chen, J.; Lai, J.; Chen, S.; Zhong, X.; Wu, X. Characteristic of TIGIT and DNAM-1
Expression on Foxp3+ Γδ T Cells in AML Patients. Biomed. Res. Int. 2020, 2020, 4612952. [CrossRef] [PubMed]

35. Hysa, E.; Cutolo, C.A.; Gotelli, E.; Pacini, G.; Schenone, C.; Kreps, E.O.; Smith, V.; Cutolo, M. Immunopathophysiology and Clinical
Impact of Uveitis in Inflammatory Rheumatic Diseases: An Update. Eur. J. Clin. Investig. 2021, 51, e13572. [CrossRef] [PubMed]

36. Tomogane, M.; Sano, Y.; Shimizu, D.; Shimizu, T.; Miyashita, M.; Toda, Y.; Hosogi, S.; Tanaka, Y.; Kimura, S.; Ashihara, E. Human
Vγ9Vδ2 T Cells Exert Anti-Tumor Activity Independently of PD-L1 Expression in Tumor Cells. Biochem. Biophys. Res. Commun.
2021, 573, 132–139. [CrossRef]

http://doi.org/10.1186/s12967-017-1378-2
http://doi.org/10.1016/j.immuni.2020.09.006
http://doi.org/10.3390/cancers13174438
http://doi.org/10.3389/fonc.2021.795547
http://doi.org/10.1038/nm.3909
http://doi.org/10.1186/s12967-019-1897-0
http://doi.org/10.1016/j.humimm.2020.02.002
http://doi.org/10.3390/ijms231810692
http://doi.org/10.1126/scitranslmed.abb0192
http://doi.org/10.1093/annonc/mdi112
http://doi.org/10.1073/pnas.1403424111
http://doi.org/10.1016/j.immuni.2014.03.013
http://doi.org/10.3389/fimmu.2020.02186
http://www.ncbi.nlm.nih.gov/pubmed/33042132
http://doi.org/10.1016/j.cell.2016.07.046
http://www.ncbi.nlm.nih.gov/pubmed/27569912
http://doi.org/10.1007/s00018-013-1467-1
http://doi.org/10.4049/jimmunol.1201892
http://www.ncbi.nlm.nih.gov/pubmed/23034170
http://doi.org/10.3390/cells9051206
http://www.ncbi.nlm.nih.gov/pubmed/32413966
http://doi.org/10.1016/j.phymed.2019.152965
http://doi.org/10.1172/jci.insight.91487
http://doi.org/10.1038/nm1093
http://doi.org/10.1080/2162402X.2016.1277305
http://www.ncbi.nlm.nih.gov/pubmed/28344891
http://doi.org/10.1111/imr.12904
http://doi.org/10.1002/ijc.30134
http://www.ncbi.nlm.nih.gov/pubmed/27062572
http://doi.org/10.1155/2020/4612952
http://www.ncbi.nlm.nih.gov/pubmed/32802845
http://doi.org/10.1111/eci.13572
http://www.ncbi.nlm.nih.gov/pubmed/33851422
http://doi.org/10.1016/j.bbrc.2021.08.005


Int. J. Mol. Sci. 2022, 23, 14797 13 of 14

37. Talukdar, A.; Rai, R.; Aparna Sharma, K.; Rao, D.N.; Sharma, A. Peripheral Gamma Delta T Cells Secrete Inflammatory Cytokines
in Women with Idiopathic Recurrent Pregnancy Loss. Cytokine 2018, 102, 117–122. [CrossRef]

38. Girard, P.; Charles, J.; Cluzel, C.; Degeorges, E.; Manches, O.; Plumas, J.; De Fraipont, F.; Leccia, M.-T.; Mouret, S.; Chaperot, L.;
et al. The Features of Circulating and Tumor-Infiltrating Γδ T Cells in Melanoma Patients Display Critical Perturbations with
Prognostic Impact on Clinical Outcome. Oncoimmunology 2019, 8, 1601483. [CrossRef]

39. Meraviglia, S.; Lo Presti, E.; Tosolini, M.; La Mendola, C.; Orlando, V.; Todaro, M.; Catalano, V.; Stassi, G.; Cicero, G.; Vieni, S.; et al.
Distinctive Features of Tumor-Infiltrating Γδ T Lymphocytes in Human Colorectal Cancer. Oncoimmunology 2017, 6, e1347742.
[CrossRef]

40. Viey, E.; Fromont, G.; Escudier, B.; Morel, Y.; Rocha, S.D.; Chouaib, S.; Caignard, A. Phosphostim-Activated Γδ T Cells Kill
Autologous Metastatic Renal Cell Carcinoma. J. Immunol. 2005, 174, 1338–1347. [CrossRef]

41. Barros, M.d.S.; de Araújo, N.D.; Magalhães-Gama, F.; Pereira Ribeiro, T.L.; Alves Hanna, F.S.; Tarragô, A.M.; Malheiro, A.; Costa, A.G.
Γδ T Cells for Leukemia Immunotherapy: New and Expanding Trends. Front. Immunol. 2021, 12, 729085. [CrossRef] [PubMed]

42. Nguyen, C.T.; Maverakis, E.; Eberl, M.; Adamopoulos, I.E. Γδ T Cells in Rheumatic Diseases: From Fundamental Mechanisms to
Autoimmunity. Semin. Immunopathol. 2019, 41, 595–605. [CrossRef] [PubMed]

43. Shiromizu, C.M.; Jancic, C.C. Γδ T Lymphocytes: An Effector Cell in Autoimmunity and Infection. Front. Immunol. 2018, 9, 2389.
[CrossRef] [PubMed]

44. Blink, S.E.; Miller, S.D. The Contribution of Γδ T Cells to the Pathogenesis of EAE and MS. Curr. Mol. Med. 2009, 9, 15–22. [CrossRef]
[PubMed]

45. Li, T.; Zhou, Y.; Sun, X.; Bian, Y.; Wang, K.; Guo, Q.; Wang, Q.; Qiu, F. Interleukin-2 Maintains the Survival of Interleukin-17+
Gamma/Delta T Cells in Inflammation and Autoimmune Diseases. Int. Immunopharmacol. 2020, 86, 106721. [CrossRef] [PubMed]

46. Roark, C.L.; Simonian, P.L.; Fontenot, A.P.; Born, W.K.; O’Brien, R.L. Γδ T Cells: An Important Source of IL-17. Curr. OpinImmunol.
2008, 20, 353–357. [CrossRef] [PubMed]

47. Cai, Y.; Shen, X.; Ding, C.; Qi, C.; Li, K.; Li, X.; Jala, V.R.; Zhang, H.; Wang, T.; Zheng, J.; et al. Pivotal Role of Dermal IL-17-Producing
Γδ T Cells in Skin Inflammation. Immunity 2011, 35, 596–610. [CrossRef] [PubMed]

48. Cua, D.J.; Tato, C.M. Innate IL-17-Producing Cells: The Sentinels of the Immune System. Nat. Rev. Immunol. 2010, 10, 479–489.
[CrossRef] [PubMed]

49. Hirota, K.; Duarte, J.H.; Veldhoen, M.; Hornsby, E.; Li, Y.; Cua, D.J.; Ahlfors, H.; Wilhelm, C.; Tolaini, M.; Menzel, U.; et al. Fate
Mapping of IL-17-Producing T Cells in Inflammatory Responses. Nat. Immunol. 2011, 12, 255–263. [CrossRef] [PubMed]

50. Petermann, F.; Rothhammer, V.; Claussen, M.C.; Haas, J.D.; Blanco, L.R.; Heink, S.; Prinz, I.; Hemmer, B.; Kuchroo, V.K.; Oukka,
M.; et al. Γδ T Cells Enhance Autoimmunity by Restraining Regulatory T Cell Responses via an Interleukin-23-Dependent
Mechanism. Immunity 2010, 33, 351–363. [CrossRef]

51. Itoh, S.; Kimura, N.; Axtell, R.C.; Velotta, J.B.; Gong, Y.; Wang, X.; Kajiwara, N.; Nambu, A.; Shimura, E.; Adachi, H.; et al.
Interleukin-17 Accelerates Allograft Rejection by Suppressing Regulatory T Cell Expansion. Circulation 2011, 124, S187–S196.
[CrossRef] [PubMed]

52. Paul, S.; Shilpi; Lal, G. Role of Gamma-Delta (Γδ) T Cells in Autoimmunity. J. Leukoc. Biol. 2015, 97, 259–271. [CrossRef] [PubMed]
53. Abbasova, V.; Gül, A.; Saruhan-Direskeneli, G. IL-17A and IFN-γ Are Up-Regulated in CD4 and Γδ T Cells in Active Behcet’s

Disease Patients. Immunol. Lett. 2022, 242, 37–45. [CrossRef]
54. Hasan, M.S.; Bergmeier, L.A.; Petrushkin, H.; Fortune, F. Gamma Delta (Γδ) T Cells and Their Involvement in Behçet’s Disease. J.

Immunol. Res. 2015, 2015, 705831. [CrossRef] [PubMed]
55. Kühl, A.A.; Pawlowski, N.N.; Grollich, K.; Blessenohl, M.; Westermann, J.; Zeitz, M.; Loddenkemper, C.; Hoffmann, J.C. Human

Peripheral Γδ T Cells Possess Regulatory Potential. Immunology 2009, 128, 580–588. [CrossRef] [PubMed]
56. Peng, G.; Wang, H.Y.; Peng, W.; Kiniwa, Y.; Seo, K.H.; Wang, R.-F. Tumor-Infiltrating Γδ T Cells Suppress T and Dendritic Cell

Function via Mechanisms Controlled by a Unique Toll-like Receptor Signaling Pathway. Immunity 2007, 27, 334–348. [CrossRef]
[PubMed]

57. Su, D.; Shen, M.; Li, X.; Sun, L. Roles of Γδ T Cells in the Pathogenesis of Autoimmune Diseases. Clin. Dev. Immunol. 2013, 2013,
985753. [CrossRef] [PubMed]

58. Gong, G.; Shao, L.; Wang, Y.; Chen, C.Y.; Huang, D.; Yao, S.; Zhan, X.; Sicard, H.; Wang, R.; Chen, Z.W. Phosphoantigen-Activated
Vγ2Vδ2 T Cells Antagonize IL-2–Induced CD4+CD25+Foxp3+ T Regulatory Cells in Mycobacterial Infection. Blood 2009, 113,
837–845. [CrossRef]

59. Li, L.; Wu, C.-Y. CD4+CD25+ Treg Cells Inhibit Human Memory Γδ T Cells to Produce IFN-γ in Response to M Tuberculosis
Antigen ESAT-6. Blood 2008, 111, 5629–5636. [CrossRef] [PubMed]

60. Sinaii, N.; Cleary, S.D.; Ballweg, M.L.; Nieman, L.K.; Stratton, P. High Rates of Autoimmune and Endocrine Disorders, Fibromyal-
gia, Chronic Fatigue Syndrome and Atopic Diseases among Women with Endometriosis: A Survey Analysis. Hum. Reprod. 2002,
17, 2715–2724. [CrossRef]

61. Suszczyk, D.; Skiba, W.; Jakubowicz-Gil, J.; Kotarski, J.; Wertel, I. The Role of Myeloid-Derived Suppressor Cells (MDSCs) in the
Development and/or Progression of Endometriosis-State of the Art. Cells 2021, 10, 677. [CrossRef] [PubMed]

62. Agostinis, C.; Balduit, A.; Mangogna, A.; Zito, G.; Romano, F.; Ricci, G.; Kishore, U.; Bulla, R. Immunological Basis of the
Endometriosis: The Complement System as a Potential Therapeutic Target. Front. Immunol. 2021, 11, 599117. [CrossRef] [PubMed]

http://doi.org/10.1016/j.cyto.2017.07.018
http://doi.org/10.1080/2162402X.2019.1601483
http://doi.org/10.1080/2162402X.2017.1347742
http://doi.org/10.4049/jimmunol.174.3.1338
http://doi.org/10.3389/fimmu.2021.729085
http://www.ncbi.nlm.nih.gov/pubmed/34630403
http://doi.org/10.1007/s00281-019-00752-5
http://www.ncbi.nlm.nih.gov/pubmed/31506867
http://doi.org/10.3389/fimmu.2018.02389
http://www.ncbi.nlm.nih.gov/pubmed/30386339
http://doi.org/10.2174/156652409787314516
http://www.ncbi.nlm.nih.gov/pubmed/19199938
http://doi.org/10.1016/j.intimp.2020.106721
http://www.ncbi.nlm.nih.gov/pubmed/32615450
http://doi.org/10.1016/j.coi.2008.03.006
http://www.ncbi.nlm.nih.gov/pubmed/18439808
http://doi.org/10.1016/j.immuni.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21982596
http://doi.org/10.1038/nri2800
http://www.ncbi.nlm.nih.gov/pubmed/20559326
http://doi.org/10.1038/ni.1993
http://www.ncbi.nlm.nih.gov/pubmed/21278737
http://doi.org/10.1016/j.immuni.2010.08.013
http://doi.org/10.1161/CIRCULATIONAHA.110.014852
http://www.ncbi.nlm.nih.gov/pubmed/21911812
http://doi.org/10.1189/jlb.3RU0914-443R
http://www.ncbi.nlm.nih.gov/pubmed/25502468
http://doi.org/10.1016/j.imlet.2021.11.004
http://doi.org/10.1155/2015/705831
http://www.ncbi.nlm.nih.gov/pubmed/26539557
http://doi.org/10.1111/j.1365-2567.2009.03162.x
http://www.ncbi.nlm.nih.gov/pubmed/19807790
http://doi.org/10.1016/j.immuni.2007.05.020
http://www.ncbi.nlm.nih.gov/pubmed/17656116
http://doi.org/10.1155/2013/985753
http://www.ncbi.nlm.nih.gov/pubmed/23533458
http://doi.org/10.1182/blood-2008-06-162792
http://doi.org/10.1182/blood-2008-02-139899
http://www.ncbi.nlm.nih.gov/pubmed/18388182
http://doi.org/10.1093/humrep/17.10.2715
http://doi.org/10.3390/cells10030677
http://www.ncbi.nlm.nih.gov/pubmed/33803806
http://doi.org/10.3389/fimmu.2020.599117
http://www.ncbi.nlm.nih.gov/pubmed/33505394


Int. J. Mol. Sci. 2022, 23, 14797 14 of 14

63. Shigesi, N.; Kvaskoff, M.; Kirtley, S.; Feng, Q.; Fang, H.; Knight, J.C.; Missmer, S.A.; Rahmioglu, N.; Zondervan, K.T.; Becker, C.M.
The Association between Endometriosis and Autoimmune Diseases: A Systematic Review and Meta-Analysis. Hum. Reprod.
Update 2019, 25, 486–503. [CrossRef] [PubMed]

64. Gogacz, M.; Winkler, I.; Bojarska-Junak, A.; Tabarkiewicz, J.; Semczuk, A.; Rechberger, T.; Adamiak, A. Increased Percentage of Th17
Cells in Peritoneal Fluid Is Associated with Severity of Endometriosis. J. Reprod. Immunol. 2016, 117, 39–44. [CrossRef] [PubMed]

65. Izumi, G.; Koga, K.; Takamura, M.; Makabe, T.; Satake, E.; Takeuchi, A.; Taguchi, A.; Urata, Y.; Fujii, T.; Osuga, Y. Involvement of
Immune Cells in the Pathogenesis of Endometriosis. J. Obstet. Gynaecol. Res. 2018, 44, 191–198. [CrossRef] [PubMed]

66. Zou, C.; Zhao, P.; Xiao, Z.; Han, X.; Fu, F.; Fu, L. Γδ T Cells in Cancer Immunotherapy. Oncotarget 2016, 8, 8900–8909. [CrossRef]
[PubMed]

67. Deng, J.; Yin, H. Gamma Delta (Γδ) T Cells in Cancer Immunotherapy; Where It Comes from, Where It Will Go? Eur. J. Pharmacol.
2022, 919, 174803. [CrossRef] [PubMed]

68. Sebestyen, Z.; Prinz, I.; Déchanet-Merville, J.; Silva-Santos, B.; Kuball, J. Translating Gammadelta (Γδ) T Cells and Their Receptors
into Cancer Cell Therapies. Nat. Rev. Drug Discov. 2020, 19, 169–184. [CrossRef] [PubMed]

69. Yazdanifar, M.; Barbarito, G.; Bertaina, A.; Airoldi, I. Γδ T cells: The ideal tool for cancer Immunotherapy. Cells 2020, 9, 1305.
[CrossRef] [PubMed]

70. Brandes, M.; Willimann, K.; Moser, B. Professional Antigen-Presentation Function by Human Gammadelta T Cells. Science 2005,
309, 264–268. [CrossRef] [PubMed]

71. IClyCO Influence of Chemotherapy (Carboplatin and Taxol) on the Ex Vivo Expansion and Functional Capacity of Gamma-Delta
T Cells in Patients With Epithelial Ovarian Cancer.—ClinicalTrials.Gov. Available online: https://clinicaltrials.gov/ct2/show/
NCT01606358 (accessed on 20 November 2022).

72. Immunotherapy of Epithelial Ovarian Cancer Using Autologous Gamma Delta T-Cells. Available online: https://gtr.ukri.org/
projects?ref=MR%2FM024733%2F1&fbclid=IwAR0I3odEZbSusWBEUACFshdwpfA1aya2NC0txi27SQ1bfOYueBsIcrQXiVg#
/tabOverview (accessed on 20 November 2022).

73. Γδ T Cell Immunotherapy for Treatment of Breast Cancer —ClinicalTrials.Gov. Available online: https://clinicaltrials.gov/ct2
/show/NCT02418481 (accessed on 20 November 2022).

74. Weidong, H. An Open-Label, Phase 1/2 Study of Allogeneic Γδ T Cell Therapy for the Treatment of Solid Tumors; clinicaltrials.gov.
2022. Available online: https://clinicaltrials.gov/ct2/show/NCT04765462 (accessed on 20 November 2022).

75. Novel Gamma-Delta (γδ)T Cell Therapy for Treatment of Patients With Newly Diagnosed Glioblastoma (DRI)—ClinicalTrials.Gov.
Available online: https://clinicaltrials.gov/ct2/show/NCT04165941 (accessed on 20 November 2022).

76. Allogeneic Γδ T Cell Therapy for the Treatment of Solid Tumors—ClinicalTrials.Gov. Available online: https://clinicaltrials.gov/
ct2/show/study/NCT04765462?cond=%CE%B3%CE%B4&draw=2&rank=10 (accessed on 20 November 2022).

77. Park, J.H.; Lee, H.K. Function of Γδ T Cells in Tumor Immunology and Their Application to Cancer Therapy. Exp. Mol. Med. 2021,
53, 318–327. [CrossRef] [PubMed]

78. Shimizu, T.; Tomogane, M.; Miyashita, M.; Ukimura, O.; Ashihara, E. Low Dose Gemcitabine Increases the Cytotoxicity of Human
Vγ9Vδ2 T Cells in Bladder Cancer Cells in Vitro and in an Orthotopic Xenograft Model. Oncoimmunology 2018, 7, e1424671. [CrossRef]

79. Beatson, R.E.; Parente-Pereira, A.C.; Halim, L.; Cozzetto, D.; Hull, C.; Whilding, L.M.; Martinez, O.; Taylor, C.A.; Obajdin, J.;
Luu Hoang, K.N.; et al. TGF-B1 Potentiates Vγ9Vδ2 T Cell Adoptive Immunotherapy of Cancer. Cell Rep. Med. 2021, 2, 100473.
[CrossRef] [PubMed]

80. Mattarollo, S.R.; Kenna, T.; Nieda, M.; Nicol, A.J. Chemotherapy and Zoledronate Sensitize Solid Tumour Cells to Vgamma9Vdelta2
T Cell Cytotoxicity. Cancer Immunol. Immunother. 2007, 56, 1285–1297. [CrossRef] [PubMed]

81. Kabelitz, D.; Serrano, R.; Kouakanou, L.; Peters, C.; Kalyan, S. Cancer Immunotherapy with Γδ T Cells: Many Paths Ahead of Us.
Cell Mol. Immunol. 2020, 17, 925–939. [CrossRef]

82. Lamb, L.S.; Bowersock, J.; Dasgupta, A.; Gillespie, G.Y.; Su, Y.; Johnson, A.; Spencer, H.T. Engineered Drug Resistant Γδ T Cells
Kill Glioblastoma Cell Lines during a Chemotherapy Challenge: A Strategy for Combining Chemo- and Immunotherapy. PLoS
ONE 2013, 8, e51805. [CrossRef] [PubMed]

83. Bustos, X.; Snedal, S.; Tordesillas, L.; Pelle, E.; Abate-Daga, D. Γδ T Cell-Based Adoptive Cell Therapies Against Solid Epithelial
Tumors. Cancer J. 2022, 28, 270–277. [CrossRef] [PubMed]

84. Pan, Y.; Chiu, Y.-H.; Chiu, S.-C.; Cho, D.-Y.; Lee, L.-M.; Wen, Y.-C.; Whang-Peng, J.; Hsiao, C.-H.; Shih, P.-H. Gamma/Delta T-Cells
Enhance Carboplatin-Induced Cytotoxicity Towards Advanced Bladder Cancer Cells. Anticancer Res. 2020, 40, 5221–5227. [CrossRef]

85. Ma, Y.; Aymeric, L.; Locher, C.; Mattarollo, S.R.; Delahaye, N.F.; Pereira, P.; Boucontet, L.; Apetoh, L.; Ghiringhelli, F.; Casares, N.;
et al. Contribution of IL-17-Producing Gamma Delta T Cells to the Efficacy of Anticancer Chemotherapy. J. Exp. Med. 2011, 208,
491–503. [CrossRef] [PubMed]

86. Joalland, N.; Lafrance, L.; Oullier, T.; Marionneau-Lambot, S.; Loussouarn, D.; Jarry, U.; Scotet, E. Combined Chemotherapy and
Allogeneic Human Vγ9Vδ2 T Lymphocyte-Immunotherapies Efficiently Control the Development of Human Epithelial Ovarian
Cancer Cells in vivo. Oncoimmunology 2019, 8, e1649971. [CrossRef] [PubMed]

87. Wang, Z.; Wang, Z.; Li, S.; Li, B.; Sun, L.; Li, H.; Lin, P.; Wang, S.T.; Zhou, X.; Ye, Z. Decitabine Enhances Vγ9Vδ2 T Cell-Mediated
Cytotoxic Effects on Osteosarcoma Cells via the NKG2DL–NKG2D Axis. Front. Immunol. 2018, 9, 1239. [CrossRef] [PubMed]

88. Capsomidis, A.; Benthall, G.; Van Acker, H.H.; Fisher, J.; Kramer, A.M.; Abeln, Z.; Majani, Y.; Gileadi, T.; Wallace, R.; Gustafsson,
K.; et al. Chimeric Antigen Receptor-Engineered Human Gamma Delta T Cells: Enhanced Cytotoxicity with Retention of Cross
Presentation. Mol. Ther. 2018, 26, 354–365. [CrossRef] [PubMed]

http://doi.org/10.1093/humupd/dmz014
http://www.ncbi.nlm.nih.gov/pubmed/31260048
http://doi.org/10.1016/j.jri.2016.04.289
http://www.ncbi.nlm.nih.gov/pubmed/27371900
http://doi.org/10.1111/jog.13559
http://www.ncbi.nlm.nih.gov/pubmed/29316073
http://doi.org/10.18632/oncotarget.13051
http://www.ncbi.nlm.nih.gov/pubmed/27823972
http://doi.org/10.1016/j.ejphar.2022.174803
http://www.ncbi.nlm.nih.gov/pubmed/35131312
http://doi.org/10.1038/s41573-019-0038-z
http://www.ncbi.nlm.nih.gov/pubmed/31492944
http://doi.org/10.3390/cells9051305
http://www.ncbi.nlm.nih.gov/pubmed/32456316
http://doi.org/10.1126/science.1110267
http://www.ncbi.nlm.nih.gov/pubmed/15933162
https://clinicaltrials.gov/ct2/show/NCT01606358
https://clinicaltrials.gov/ct2/show/NCT01606358
https://gtr.ukri.org/projects?ref=MR%2FM024733%2F1&fbclid=IwAR0I3odEZbSusWBEUACFshdwpfA1aya2NC0txi27SQ1bfOYueBsIcrQXiVg#/tabOverview
https://gtr.ukri.org/projects?ref=MR%2FM024733%2F1&fbclid=IwAR0I3odEZbSusWBEUACFshdwpfA1aya2NC0txi27SQ1bfOYueBsIcrQXiVg#/tabOverview
https://gtr.ukri.org/projects?ref=MR%2FM024733%2F1&fbclid=IwAR0I3odEZbSusWBEUACFshdwpfA1aya2NC0txi27SQ1bfOYueBsIcrQXiVg#/tabOverview
https://clinicaltrials.gov/ct2/show/NCT02418481
https://clinicaltrials.gov/ct2/show/NCT02418481
https://clinicaltrials.gov/ct2/show/NCT04765462
https://clinicaltrials.gov/ct2/show/NCT04165941
https://clinicaltrials.gov/ct2/show/study/NCT04765462?cond=%CE%B3%CE%B4&draw=2&rank=10
https://clinicaltrials.gov/ct2/show/study/NCT04765462?cond=%CE%B3%CE%B4&draw=2&rank=10
http://doi.org/10.1038/s12276-021-00576-0
http://www.ncbi.nlm.nih.gov/pubmed/33707742
http://doi.org/10.1080/2162402X.2018.1424671
http://doi.org/10.1016/j.xcrm.2021.100473
http://www.ncbi.nlm.nih.gov/pubmed/35028614
http://doi.org/10.1007/s00262-007-0279-2
http://www.ncbi.nlm.nih.gov/pubmed/17265022
http://doi.org/10.1038/s41423-020-0504-x
http://doi.org/10.1371/journal.pone.0051805
http://www.ncbi.nlm.nih.gov/pubmed/23326319
http://doi.org/10.1097/PPO.0000000000000606
http://www.ncbi.nlm.nih.gov/pubmed/35880936
http://doi.org/10.21873/anticanres.14525
http://doi.org/10.1084/jem.20100269
http://www.ncbi.nlm.nih.gov/pubmed/21383056
http://doi.org/10.1080/2162402X.2019.1649971
http://www.ncbi.nlm.nih.gov/pubmed/31646097
http://doi.org/10.3389/fimmu.2018.01239
http://www.ncbi.nlm.nih.gov/pubmed/29910819
http://doi.org/10.1016/j.ymthe.2017.12.001
http://www.ncbi.nlm.nih.gov/pubmed/29310916

	Introduction—Subpopulations of Gamma Delta () T Lymphocytes 
	Variations in the Phenotype and Function of  T Lymphocytes in Human Cancers 
	 T Lymphocytes in Cancer—Friends or Foes? 
	Protumor Activity of  T Lymphocytes 
	Anti-Tumor Activity of  T Lymphocytes 

	 T Lymphocytes in Autoimmune Diseases 
	 T Lymphocytes in Endometriosis 
	 T-Cell-Based Immunotherapy and Its Limitations 
	 T Cells—Clinical Trials 
	The Effect of Conventional Therapies on the Function of  T Lymphocytes 
	Conclusions 
	References

