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A B S T R A C T

Background: Recently various types of immunotherapies have made immense progress in combating cancer.
Adoptive cell therapy, being one of the most favorable forms of immunotherapy, is rapidly moving from bench to
bed.
Main body: Different types of T-memory cells are being used as promising candidates for adoptive cell therapy: T
effector memory (TEM) cells which are terminally differentiated memory cells and attain effector function soon
after re-stimulation; T central memory (TCM) cells which differentiate into effector T-memory subsets and T-
effector cells after antigenic stimulation; and tissue T resident memory (TRM) cells which fight the tumor insult at
the peripheral tissues. Recently, a new subtype of T-memory cells, T stem cell memory (TSCM) have been
identified as the most favorable candidate for adoptive cell therapy as they exhibit higher persistence, anti-tumor
immunity and self-renewal capacity in the tumor-bearing host.
Conclusion: In this review, we briefly describe the concept and types of T-memory cells as well as their role as
potential candidates for anti-cancer immunotherapy.

1. Background

1.1. The battlefield

Cancer is a leading cause of death worldwide, having caused 8.8
million deaths globally in 2015 [1]. One major reason for poor prog-
nosis of patients suffering from this disease is immune evasion by
cancer cells that dampen the anti-tumor immune response. Studies done
in animal models have unraveled various physiological barriers within
the tumor microenvironment which result in the avoidance of immune
surveillance by cancer cells. Immune evasion by the tumor can be di-
vided into two general categories: (a) induction of tolerance by the
cancer cells and (b) development of regulatory/immune suppressive
cells within the tumor microenvironment [2]. It has been known for
some time now that the tumor microenvironment consists of only about
30% of tumor cells, majority of the rest being various cells of the im-
mune system like T cells, B cells, dendritic cells, NK cells, macrophages,
suppressive cells like T-regulatory (Treg) cells and myeloid-derived
suppressor cells (MDSCs), etc. [3]. Hence, mobilizing these cells to
develop anti-tumor immune responses has been a major focus area of

researchers for the last two decades [4]. In the constant battle between
tumor and immune cells, immunotherapy has emerged as a novel anti-
cancer treatment strategy that largely bypasses the adverse side-effects
of conventional therapeutic regimens and causes successful eradication
of various types of cancers [5]. As T cells play a major role in the de-
velopment and maintenance of adaptive immune response, particularly
CD8+ cytotoxic T cells which are found in large proportions in the
tumor core and invasive margins, they opened up a vast horizon of
research, as potent contenders for immunotherapy [6].

1.2. T-memory cells: Trained soldiers ready for combat

At present, various cell-based immunotherapy methods, like adop-
tive cell transfer (ACT) and chimeric antigen receptor (CAR) T cell
therapy, are showing promising results in improving the overall sur-
vival of patients with advanced cancers like melanoma, lung, prostate,
gastric and leukemia [7–11]. Autologous lymphocytes isolated from the
patients’ blood, tumor tissue or lymph nodes are expanded ex-vivo,
activated with tumor-specific antigens or genetically modified and then
reinfused into the patient, alone or with a cocktail of cytokines. Usually,
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a combination of CD8+ and CD4+ T cells are harvested from the patient
[12].

Initial studies conducted on metastatic melanomas consisted of the
administration of tumor-infiltrating lymphocytes (TILs) to patients.
However, these TILs, which majorly consisted of T-effector cells, were
unable to persist for long in vivo, despite administration of cytokines
such as IL2, a T-cell growth factor [13]. In a study by Rivoltini et al., it
was observed that in spite of the presence of tumor antigen (TA)-spe-
cific T cells in melanoma patients, instances of significant tumor re-
gression were rare due to some impeding factors [14]. Efforts at ex-
panding effector T cells from naïve ones were made, as a goal of
vaccination. However, this technique also did not hold much promise
due to the small population of TA-specific naïve T cells present. Further,
it was observed that even the adoptive transfer of a large number of TA-
specific naïve cells was unable to reduce the tumor burden in murine
models [15]. This information led to the search for a cell type which
would show better anti-tumor efficacy along with enhanced longevity
in the tumor-bearing host.

T-memory cells came across as the ideal choice as previous research
has shown that due to prior antigen-exposure, a large frequency of
memory cells have tumor antigen specificity [16]. There occurs a severe
loss of T-memory cells during tumor progression has been reported by
many including our group, indicating a constant rivalry between cancer
and T-memory cells [17]. Hence it can be naturally inferred that by
increasing the memory population, the tumor load can be reduced
successfully. This hypothesis was further strengthened by the observa-
tion that effector cells generated from memory cells to be capable of
prolonged survival in vivo [18]. The candidature of immunologic
memory being used in treatment was further corroborated by the recent
success in checkpoint blockade therapy, using monoclonal antibodies
against cytotoxic T lymphocyte-associated protein-4 (CTLA4) and pro-
grammed cell death protein-1 (PD1) on T cells, where it was detected
that therapeutic PD1 blockade in 53 patients upregulated CD8+ T-
memory cells [19]. Recently the presence of high densities of T-memory
cells in patients with colorectal cancer has been directly correlated with
better overall and disease-free survival compared to patients with low
densities of the same, further making them coveted contenders for
immunotherapy [20].

1.3. Immunologic memory: Training the soldiers

T-memory cells form the rapid action task force of the immune
system. They are a heterogeneous population of long-lived, antigen-
experienced cells that represent immunologic memory. These cells are
characterized by the capacity of self-renewal, clonal expansion and
faster attainment of effector functions upon antigen re-stimulation or
challenge [21]. Between the two types of T cells, CD8+ cells have been
studied widely about neoplasia and it has been seen that they form a
vital wing of the adaptive immune response to cancer. On encountering
their cognate antigen, CD8+ naïve T cells undergo rapid proliferation
and differentiate into a huge number of effector cells. A small popula-
tion of these cells which express unique features survives past the
contraction phase to become self-renewing, long-lived memory cells
with recall abilities [22].

1.4. Epigenetics: The blueprint of the battle

Several recent studies have interestingly pointed out that the epi-
genetic landscape is responsible for retaining the transcriptional blue-
print of the initial immune response in these cells, thus offering the
rapid response of protective immunity [22,23]. Epigenetic regulations
involve chemical modifications of the DNA and histones to develop
either open chromatin states that are transcriptionally permissive (e.g.,
H3K9 acetylation, H3K4 methylation, etc.) or closed chromatin states
that are repressive in nature (e.g., H3K9 methylation, sumoylation,
etc.). Differential DNA methylation at the CpG islands of promoters and

enhancers and histone acetylation states of key genes regulating
memory-specific functions help to establish the faster recall property
typical of these cells [22,24]. A study by Crompton et al. has shown that
various permissive epigenetic modifications are associated with effector
gene loci (IFNγ, PRF, GZMB) in memory cells leading to faster and ro-
bust effector functions. It was also observed that gradual epigenetic
remodeling drives the differentiation of T-memory cells from naïve ones
[25].

1.5. Types of T cell memory: The different brigades

The repertoire of T-memory cells comprises the following major
subtypes: T central memory (TCM), T effector memory (TEM) and tissue-
resident memory (TRM) [26,27]. Recently, another less differentiated
subtype has been discovered called T stem cell memory (TSCM) [28,29].
Each subtype is characterized by specific cell surface markers, unique
homing properties, and special functional attributes. Apart from the
glycoprotein CD45RO, which is expressed by most-memory cell types,
TCM express the homing receptor, CD62L/L-selectin, which is a cell
adhesion molecule helping the lymphocytes to enter secondary lym-
phoid tissues through the high endothelial venules. They also express
the CeC chemokine receptor-7 (CCR7), further facilitating their traf-
ficking to secondary lymphoid organs. TEM lack both these markers that
enable them to migrate to non-lymphoid tissues [16,26,30,31]. The
central memory cells produce more IL2 compared to effector memory
subsets that produce higher amounts of effector cytokines upon re-sti-
mulation [22]. As the name suggests, TRM is not-circulating-memory
cells that reside in the peripheral tissues of initial antigen encounter
and are characterized by phenotypic markers CD69 and CD103 [27,32].
TSCM show attributes of both naïve and memory cells and their phe-
notypic markers include CD45RA, CD62L, and CCR7. These cells show
maximum longevity in vivo and can give rise to other memory subsets
due to their stem-like nature [22] (Fig. 1).

1.6. Central memory and effector memory T cells: The armory

An elaborate study of the tumor-infiltrating lymphocytes (TIL) was
conducted by Fridman et al. and a direct correlation between TIL
containing high densities of CD8+/CD45RO+ memory cells and dis-
ease-free/overall survival of patients was established for various can-
cers including breast, colorectal, head, and neck, melanoma, etc.
[21,33]. It was also reported that the bone marrow of breast cancer
patients harbors dormant tumor cells as well as T-memory cells [16].
Interestingly, the number of memory cells was found to be propor-
tionate to the size of the primary tumor [34]. Only the memory sub-
population, when stimulated and adoptively transferred into NOD/
SCID mice, could infiltrate and reject the tumor xenotransplants
[16,35]. Beckhove and group showed that tumor-specific TCM and TEM
cells, which were present in larger frequencies in the bone marrow of
patients, could be specifically activated to develop selective homing
capacities to the tumor site and cytotoxic abilities that led to tumor
regression in xenotransplant mice models [16]. The question remained
as to which of the two memory subtypes were more potent in eliciting
the required anti-tumor response. Studies have shown, that because of
their greater proliferative potential, TCM provides enhanced protection
to tumor-bearing host than TEM, when applied with concomitant cancer
vaccines [21,33]. Berger et al. have reported that populations of CD8+

T cells obtained from clonally expanded TCM show longer persistence in
vivo than TEM-derived effector cells, thus reinforcing the concept of TCM
efficacy in targeting tumor cells [31]. However, it was also suggested
that continuous antigen exposure resulted in corrupt or phenotypically
and functionally altered CD8+ T-memory cells that skewed the anti-
tumor response towards non-responsiveness. This is a major cause of
ineffectiveness of the prevailing immunotherapeutic strategies [33].
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1.7. Tissue-resident T-memory cells: The frontier fighters

Besides central and effector T cell T-memory here is an important
subset of T-memory cells that reside in tissues which have a role in
rapid protective immunity known as tissue-resident T-memory cells
(TRM) [36]. TRM cells express the chemokine receptor CCR7, the gly-
coprotein CD69, and the integrin CD103. TNFα, IL15, TGFβ, and IL33
are involved in the maintenance of TRM cells which are present in the

respiratory tract, gastrointestinal tract, reproductive tract, skin, brain,
kidney, joint and other tissues both in human as well as in rodent
systems [27]. Without recruitment of T cells from blood, tissue-specific
memory can respond rapidly to pathogen challenge at these particular
sites through that barrier epithelium because they are specific for an-
tigens that have been encountered previously [36]. A study of tran-
scriptional profiling in lung cancer associated TIL revealed that patients
with high-levels of TRM cells had a better anti-tumor response [32].

Fig. 1. Linear model of T cell differentiation
from T naïve cells to effector T cells and
their surface marker profiles. On en-
countering their cognate antigen, the naïve
T cells sequential differentiate into T stem
cell memory (TSCM), T central memory
(TCM), T effector memory (TEM) and ef-
fector T cells. Tissue-resident T-memory
cells belong to another subtype found in the
peripheral tissues. All these cells are char-
acterized by their unique cell surface mar-
kers.

Fig. 2. Adoptive cell transfer therapy using T stem-like memory cells to treat the tumor. T stem-like memory cells isolated from the tumor tissue is cultured in vitro
using cytokines like IL15, IL17 and then transferred back into the patient after lymphodepletion. During tumor progression, the main immunosuppressive cells like
Treg, Breg and MDSCs increase, suppressing the conventional immune response. Because of lymphodepletion, these cells are destroyed, and then the injection of
TSCM into lymphodepleted patient causes tumor regression.
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These cells also produce IFNγ that aids in anti-tumor immunity [27].
Recent studies depict that a quantitative increase in TRM cells acts as a
marker for the efficiency of cancer vaccines [37]. Therefore, vaccina-
tion should aim at the increased generation of anti-tumor tissue resident
T-memory cells.

1.8. T Stem cell memory cells: The chief of the army

Stem T-memory (TSCM) cells represent a small, approximately 2–4%
of the total T cell, the population in the periphery. It represents the
earliest developmental stage of all the T-memory cells and displays
various properties of stem cells, one of them being self-renewal, that
helps them to survive longer, the other being differentiation into var-
ious other memory and effector subsets which can be deployed to elicit
an effective immune response [38,39]. These properties of TSCM have
sparked interest in their prospective therapeutic role in cancer [39].
TSCM have been shown to reside preferentially in the lymph nodes and
reported to differentiate into TCM and TEM cells having a greater life
span as well as superior anti-tumor response compared to the other cells
[40]. These properties of TSCM may be utilized to reduce the current
therapeutic limitations of the ACT and mount a better long-lasting
immune response. Although these cells were demonstrated to have
potent anti-tumor activity in various animal tumor models, it is not
viable to treat cancer patients with naturally occurring TSCM cells be-
cause of its small proportion in circulating lymphocytes [41]. There-
fore, various strategies that can expand and generate TSCM in vitro need
to be defined (Fig. 2). Gattinoni et al. showed that CD8+ TSCM could be
generated through induction of Wnt/β-catenin signaling [28]. TWS119,
which mimics Wnt-signalling, was shown to increase the proportion of
TSCM which are phenotypically characterized as CD44lowCD62Lhigh and
also express stem cell antigen-1 (Sca-1), B-cell lymphoma-2 and CD122.
They were able to secrete IL2 and IFNγ upon antigen stimulation and
underwent cell division after ACT [42]. Cieri et al. showed that these
stem-like T cells could be generated from naïve precursors by stimu-
lation with IL17 and IL15 [43]. TSCM were also generated from naïve
precursors by inhibiting AKT-signalling [38]. Thus it is particularly
attractive to use them for adoptive immunotherapies. These ex vivo
generated TSCM were shown to have superior anti-tumor activity as
compared to more differentiated ones in multiple melanoma-bearing
mice [44]. This special class of T-memory cells is well equipped to
improve several cancer therapeutic strategies, as shown by various
experiments done in mice models, where they have triggered tumor
destruction and improved survival in mice.

1.9. Treg memory cells: The spies

Whatever may be the choice of therapy, the efficacy of the treatment is
compromised due to the presence of suppressor cells, a majority of them
belonging to the CD4+ T cell lineage; called T-regulatory cells (Tregs)
[45,46]. There are reports suggesting that Treg infiltration to tumor site is
directly linked to the poor clinical outcome of patients with various solid
cancers like hepatocellular carcinoma, ovarian and breast cancers [6,47,48].
Recently the generation of Treg memory cells has also been reported in a
tissue-specific antigen inducible mouse model [49]. These cells have been
categorized into central (CD4+CD25+FOXP3+CCR7+CD45RA−) and ef-
fector (CD4+CD25+FOXP3+CCR7−CD45RA−) Treg memory cells [50].
Treg memory cells increase the long-term persistence of antigen-specific
Treg cells with potent immunosuppressive properties despite the elimina-
tion of cognate antigen [49]. It has also been observed that Treg effector
memory cell percentage is much higher than Treg central memory in the
peripheral blood of tumor patients [50]. But, their specific roles in cancer
progression and metastasis are yet to be established. However, although
suppressor cells pose a threat to the successful application of T-memory cell
immunotherapy, lymphoid-depletion before treatment holds the promise of
better clinical outcome in patients.

2. Conclusion

T-memory cells have been studied extensively concerning infec-
tions. It is only in the last decade that research involving the role of
these cells in the progression of cancer has come to limelight. From
prior and ongoing research, it is evident that the progressive accumu-
lation of permissive epigenetic modifications marks the transition of T
memory cells from stem-like to effector subtypes and finally to the
terminally differentiated effector cells. We can also infer that among the
various T-memory cells, the less differentiated stem memory and cen-
tral memory cells provide superior anti-tumor immunity than their
more-differentiated effector memory counterparts. Also, the disruption
or depletion of Treg cells may restore anti-tumor immunosurveillance.
Thus, a better understanding of the mechanisms underlying the devel-
opment and maintenance of the memory cells will enable us to ma-
nipulate this unique pool of cells to mount effective anti-tumor response
alone or in combinatorial therapy against cancer.

Future perspectives

By now, the feasibility of ACT is well established, and current op-
timization and standardization procedures aim to improve it further.
Though the cost and time for the treatment are high compared to other
treatment options, various ongoing projects are trying to tackle both
these issues for an effective treatment for the masses. Clinical trials
have demonstrated high efficacy but at the same time treatment-related
toxicity and transient tumor regression. The choice of a tumor antigen,
such that the specific antigen has little or no expression in healthy
tissues, is vital to reduce systemic toxicity. Advanced isolation techni-
ques of anti-tumor T cells from patient samples may act as a double-
edged sword, increasing specificity and reducing toxicity simulta-
neously. Various other strategies can be employed in conjugation with
the ACT to get better outcomes, such as antibodies that block co-in-
hibitory molecules, antibodies or drugs which mediate angiostasis, local
delivery of cytokines and chemotherapeutic agents to improve intra-
tumoral T cell infiltration, etc. Also, the role of CD4+ T cells in cancer is
an area which requires more attention. Till date, there is very limited
knowledge about the involvement of these cells in the development and
progression of the disease. Another major piece of the puzzle that is yet
to be solved is the role of T-memory cells in the relapse of cancer.
Mechanistic knowledge about the contribution of the memory popula-
tion in recurrence of cancer might hold the secret to the better overall
and relapse-free survival of patients in the long-run.
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