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Abstract: T cell memory in comparison with B cell memory is not well understood. This review focuses on CD8+ and
CD4+ memory T cells. In this article we try to define memory cells and also present models of memory T cells formation.
We would also like to delineate their differentiation into distinct subsets. Long-lived memory T cells consist in two main
subsets: TCM and TEM. Recent studies have shown that not all cells considered to be memory cells differentiate into TCM
and TEM , but a small proportion of theses cells exhibit naive cells phenotype. Memory T cells constitute a heterogeneous
population of cells. In this study we lay stress on characteristic of main memory T cells subsets and their alleged participation in immune response upon reexposure to the Ag.
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Introduction
Mature T cells are produced from thymocytes as an
outcome of positive and negative selection events in
the thymus [1]. The death by apoptosis of thymocytes
that lack T-cell receptor (TCR) specificity for selfpeptides bound to major histocompatibility complex
(MHC) molecules is the result of positive selection
events. Whereas, negative selection events lead to the
death of cells expressing a TCR with high affinity for
self MHC-self peptide complex [2].
The primary immune response is initiated in secondary lymphoid organs, where naive CD4+ and
CD8+ cells encounter foreign antigens (Ags) presented by professional antigen presenting cells (APCs), in
particular dendritic cells (DCs) [3,4]. Recognition of
foreign Ags bound to cell surface MHC molecules on
DCs causes selective sequestration "trapping" of recirculating T cells [5,6]. The activation of naive T cells
and development of effector functions is influenced by
two major factors. The first signal is via the T-cell
receptor (TCR), and the second via co-stimulatory
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molecule including CD28, CD11a/CD18 and CD2
[7,8]. A 24-h stimulation with Ags leads to the efficient
activation of naive T cells and initiation of immune
response [9,10].

Phases of the T cells response
The T cells response to infection can be divided into
three distinct phases: initial activation and expansion,
contraction or death, establishment and maintenance
of memory [11,12]. The initial phase lasts about a
week. The expansion and differentiation of specific T
cells into effector cells are characteristic features of
this phase [2,5]. During this phase a proliferation T
cells occurs, which leads to a generation numerous
pool of antigen specific T cells. Then these cells differentiate into cells with effector properties, including
a fast production of Th1 (gamma interferon (INF-γ),
tumor necrosis factor alpha (TNF-α) and interleukin 2
(IL-2)) and Th2 (IL-4, IL-10) cytokines and an
enhanced synthesis of cytotoxic proteins such as
granzymes, perforins [11,13].
During the next phase more than 90-95% of activated T cells, that participate in the primary immune
response die via apoptosis once the infection is cleared
[11,12]. This phenomenon is termed activationinduced cell death (AIC) [14]. However destruction of
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antigen-specific T cells at the end of immune response
is not complete, and a small proportion of these cells
survive and is considered to undergo additional differentiation and then enter the memory T cell pool [15-18].
The final phase is characterized by presence of a
stable pool long-lived memory T cells [12]. The number of these cells is relatively constant, because of
homeostatic proliferation consists of slow but steady
division of memory cells [9,11].

Effector and memory cells, models
of formation
The characteristic feature of memory T cells population is their ability to survive after the completion of the
immune response. These cells can persist in a host for a
long time and provide long-term protection against reinfection [2,11]. Memory cells exhibit qualitative and
quantitative differences in comparison with naive cells
[20]. These differences cause that secondary response
upon reexposure to Ag, is faster and more efficient than
the primary immune response [10,16]. A larger expression of adhesion molecules on the memory T cells surface and higher affinity of interleukin-2 receptors or the
TCR cause that memory cells are activated more readily than naive cells and are able to respond to a lower
dose of Ag [12]. Memory T cells exhibit an enhanced
capacity and efficiency in elaboration of effector functions upon secondary challenge [19].
Precise mechanisms, conditions and signals that
lead to development of effector cells or memory cells
are not well understood [12]. The magnitude of the
long-term memory response correlates with the number of the effector cells generated during the primary
response [21,22]. The memory cells differentiation is a
complex process regulated by intracellular and extracellular factors [21]. There are several potential models for the generation mechanisms which probably
may lead to the generation of effector and memory
cells while the immune response [2]:
The first model of separate precursors establishes
the presence of separate naive precursors of short-lived
effectors and long-lived memory cells which upon the
same initial activation stimulus can differentiate into
respectively effector and memory cells [2,12] (Fig. 1).
The second model establishes that T cells constitute
uniform population of precursors, which upon distinct
conditions of initial activation could become effector
or memory cells [2,12] (Fig. 2).
The third one is the linear development of effector
and memory T cells [24-26]. Memory cells are derived
directly from effector cells [27,28], which might
receive survival signals or avoid death signals. The
survival of T cells can be stochastic or selective on the
basis of the nature of initial activation signals [2] (Fig.
3). The precise selection process is not well under©Polish Histochemical et Cytochemical Society
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Fig. 1. The model of separate precursors [2]. Separate naive precursors of short-lived effectors and long-lived memory cells upon
the same initial activation stimulus (antigen (Ag) + costimulation)
can differentiate into respectively effector and memory cells.

stood. The effector cells with higher affinity of TCR
are thought to survive as memory cells [12].
The last model considers the influence of a level
and time of stimulus duration for the generation of
effector and memory T cells [23,29]. A longer stimulation time provides the generation of cells more differentiated toward to effector cells. An increasing susceptibility of cells to apoptosis is accompanied [19].
The memory cells are remained at different stages of
differentiation [29]. The fate of responding T cells
depends on duration of T-cell receptor (TCR) signaling
and the presence or absence of cytokines. Comparatively brief TCR stimulation leads to the generation of
central memory cells (TCM). While prolonged TCR
stimulation and the presence of cytokines may give a
rise of effector memory cells (TEM) [10]. One of the
factor that can influence on differentiation of TCM and
TEM may be an asynchronous exposure of circulate T
cells, related with a different strength of initial signal.
The generation of TEM from naive precursors that
reside in the lymph nodes while Ag comes in this position, while late arrivers differentiate into TCM [7].
That model of T cell differentiation explains the
phenomenon of clonal exhaustion. That relates to an
immune response, which is characterized by a strong
initial T-cell activation. This leads to deletion of all
responding T cells [2] (Fig. 4).

Subsets of memory T cells
The memory T cell pool is heterogeneous in terms of
it's phenotype, anatomical distribution and functional
properties [30-33]. The considerable heterogeneity of
the CC chemokine receptor 7 (CCR7) and L-selectin
(CD62L) have been used to subdivide memory T cells
into two functionally distinct T cells subsets [34,35].
Memory CD4+ T cells may be defined as central memory cells and CCR7-effector memory T cells. In addition, CCR7+ memory cells express high level of
CD62L in contrast to the CCR7- memory cells, which
express lower or variable level of CD62L [30,36].
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Fig. 2. The model of distinct initial
activation [19]. Uniform population of naive precursors upon distinct conditions of initial activation, (antigen (Ag) + costimulation
and factor X or factor Y), become
effector or memory cells.

Fig. 3. Linear development of
effector and memory T cells [17].
Memory cells are derived directly
from effector cell.

Fig. 4. Decreasing potential
hypothesis [19]. The generation
of memory cells depends on level
and time of stimulus (antigen
(Ag)) duration.

Within CD8+ T cells similarly to memory CD4+ T
cells may be defined as central memory cells (CCR7+)
and effector (CCR7-). CCR7+ cells express high level
of CD62L while the majority of the CCR7- memory
cells lack CD62L [3]. Moreover, effector memory
CD8+ T cells TEMRA has been defined based on
expression of the cell surface molecule commonly
used to differentiate naive and memory T cells –
CD45RA [37] (Table 1).
The identification of the memory CD8+ T cells
based on the expression of CD28 and CD95 allows to
differentiation of TCM (CD28+/CD95+), TEM (CD28/CD95+) and TN (CD28+/CD95-) [38]. Presence of TN
can indicate, that not all cells which survived during
the second phase of immune response differentiate into
TCM and TEM.
In line with distinct of expression cell surface
markers memory T cells exhibit different localization.
TCM preferentially circulates through secondary lymphoid organs and a place of their main localization is
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the spleen, blood and lymph nodes. However TEM are
present in the blood, spleen and peripheral nonlymphoid tissues [32].
TCM and TEM can be distinguished on the basis of
their activation status. TCM represents considerable
properties of proliferation in response to reinfection
[5,39]. They lack of immediate effector properties to a
Ag stimulation, nevertheless express effector activity
to reexsposure to Ag [30,39]. TCM CD4+ have a capacity to synthesize a large quantities of IL-2 [40]. TEM
provide a immediate response to a reinfection and
exhibit direct lytic activity [40]. They have the potential to produce cytokines rapidly and eliminate infected cells [19,40]. TEM CD8+ efficiently produce IFNγ, TNF-α, IL-4, IL-5 and perforins [14,41].
Distinct features of phenotypes memory CD4+ and
CD8+ T cells influence on different functions they display in immune response [23]. TEM are considered to
provide a first line of defense against Ag, because they
are able to extravasate into peripheral tissues and they
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Table 1. Subsets of memory T cells: central memory (TCM) T cells,
effector memory (TEM) T cells and effector memory RA (TEMRA) T
cells [14]. Hi – high level of expression; lo – low level of expression.
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lymphoid organs, but they don't enter sites of inflammation [17].
After activation the naive memory cells proliferate
rapidly, acquire effector properties and give a rise of
effector and memory cells which again undertake
migration [17]. Effector T cells require direct contact
with the target cell for the effective providing of their
function, that's why they need the ability to migrate to
different sites of inflammation [17].

Summary

exert strong elaboration of effector functions [23,30].
Whereas TCM with the increased proliferative capacity
generate a second wave of effector cells and they are
responsible for maintaining long-term protection upon
reinfection [31]. Moreover, TCM provide the effective
protective immunity following either systemic or
peripheral challenge because the proliferative capacity
of TCM results in a larger pool of secondary effector
cells [7,11].
The majority of T cells recirculate continuously
from the blood to tissues and then return to the circulation, it one to two times per day occurs [42]. The
lymphocyte recirculation is a reflection of unceasingly
readiness of organism to recognize and respond to Ag.
It ensures higher probability for recognition of Ag and
it's necessary for it's total removal [36]. Thanks to a
lymphocyte trafficking the systemic immune responses upon integration and control [42].
Lymphocyte recirculation isn't randomly but is
determined by the expression of homing receptors [4345]. Lymphocytes at different states of differentiation
or isolated from distinct tissues reveal significant heterogeneity in homing molecule expression whereby
the migratory patterns of these cells may be different
[4,16].
Naive T lymphocytes recirculate between the blood
and lymph, they enter secondary lymphoid organs
such as: lymph nodes (LNs), Peyer's patches (PPs) and
spleen via high endothelial venules (HEV) and spend
about a day in this location before returning to the circulation through thoratic [36,42]. The naive T cells
preserve this pattern of recirculation thanks to expression of a specific combination of chemokine receptors
and adhesion molecules [2]. Naive T cells express high
levels of CD62L, β2 integrin (LFA-1), the lymphoid
chemokine CCL21 and intracellular adhesion molecule (ICAM1/2) and are CCR7 positive, but low levels
of CD11a/CD18 integrin [36]. These cells because of
limited expression of other chemokine receptors and
adhesion molecules are unable to extravasate into nonlymphoid tissues [2]. Naive T cells home efficiently to
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The memory T cells are found in lymphoid and nonlymphoid tissues [27]. TCM exhibit expression of
CD62L, CCR7, CCR4, CCR6, CXCR3, CCR1,
CCR2 and they are present in secondary lymphoid
organs while the part of these cells can circulate
between the blood and lymphoid organs like the
naive cells do [14,27]. TCM are also capable of entering peripheral sites of inflammation [17]. TEM don't
exhibit expression of CD62L and CCR7, that's why
they enter lymph nodes through afferent limphatics
[1,17]. These cells are able to migrate to nonlymphoid tissue, where the inflammation process is
ongoing [2,7,34]. TEM express a high expression level
of β1 and β2 integrin and molecule involved in lymphocyte homing into the skin – cutaneous lymphocyte antigen (CLA) and the chemokines receptors
such as CCR1, CCR3, CCR5 [2]. The T memory cells
homing to skin exhibit expression of the CCR4 and
CCR10 [36,41]. Moreover memory T cells homing
into gut exhibit expression of α4β7 integrin and
CCR9 [31,36].
Memory T cells constitute a heterogeneous population of cells which exhibit significant differences in
comparison to naive T cells in terms of their phenotypes and functional properties. These differences are
important for secondary immune response. The formation process and precise defining functional properties
of these cells is not well understood.
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