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ABSTRACT
CD4+/CD8+ DP thymocytes are a well-described T cell

developmental stage within the thymus. However, once

differentiated, the CD4+ lineage or the CD8+ lineage is

generally considered to be fixed. Nevertheless, mature

CD4+/CD8+ DP T cells have been described in the blood

and peripheral lymphoid tissues of numerous species, as

well as in numerous disease settings, including cancer.

The expression of CD4 and CD8 is regulated by a very

strict transcriptional program involving the transcription

factors Runx3 and ThPOK. Initially thought to be mutually

exclusive within CD4+ and CD8+ T cells, CD4+/CD8+ T cell

populations, outside of the thymus, have recently been

described to express concurrently ThPOK and Runx3.

Considerable heterogeneity exists within the CD4+/CD8+

DP T cell pool, and the function of CD4+/CD8+ T cell

populations remains controversial, with conflicting

reports describing cytotoxic or suppressive roles for

these cells. In this review, we describe how transcrip-

tional regulation, lineage of origin, heterogeneity of CD4

and CD8 expression, age, species, and specific disease

settings influence the functionality of this rarely studied

T cell population. J. Leukoc. Biol. 97: 31–38; 2015.

Introduction
T cells are key components of the adaptive immune system.
Mature T cells are generally considered to express either the
CD4 or CD8 coreceptor, in addition to their TCR, and
consequently, the T cell pool is commonly divided into two
subsets, based on expression of either CD4 or CD8. The CD4
molecule, a member of the IgR family, is encoded by a single
gene and expressed on the surface as a transmembrane mono-
mer [1, 2]. CD4 interacts with the b2-domain of MHC class II
molecules and has also been shown to act as an important
chemotactic receptor for IL-16 [3]. In contrast to the CD4
monomer, the CD8 coreceptor exists as a CD8aa homodimer
or a CD8ab heterodimer; yet, in both cases, the Ig domains of

the CD8 molecule bind MHC class I [4]. No substantial
difference in MHC class I affinity binding has been observed
between murine CD8aa and CD8ab molecules [5], despite that
the sequences for the CD8 homo- and heterodimer are shown to
be ,20% identical [4]. The intracellular regions of CD4 and
CD8 interact with the tyrosine kinase, lck [6]. By inducing
intracellular signaling through lck, the CD8 coreceptor is an
important factor affecting TCR-mediated T cell activation and
modulation of immune responses, both in terms of immuno-
suppression and cytotoxicity [7, 8].

TRANSCRIPTIONAL REGULATION OF CD4
AND CD8 EXPRESSION

During development, T cell progenitors migrate from the bone
marrow into the bloodstream and subsequently enter the thymus.
As they migrate to the subcapsular zone, they expand and pass
through the DN stages of differentiation and begin to express
TCR. As they pass back toward the medulla, they begin to express
CD4 and CD8 [9]. At this stage, DP thymocytes have a limited
lifespan of 3–4 days [10]. Appropriate TCR signaling is crucial
for survival of the DP cells during this period and ultimately
determines whether developing T cells are positively or
negatively selected [11]. At the time of negative selection in the
corticomedullary junction, thymocytes differentiate to CD8+ or
CD4+ SP T cells after passing through a CD4+CD8lo stage [12].
It is generally believed that coexpression of CD4 and CD8 is
possible only during T cell development, and once past the
negative selection checkpoint, T cells are committed to the CD4
or the CD8 lineage [13].
The tight regulation of CD4 and CD8 expression involves

several transcription factors, particularly ThPOK and Runx3
(Fig. 1). ThPOK negatively regulates expression of Runx3 and
CD8 lineage genes, including CD8 and the cytotoxic effector
genes perforin and granzyme B [14], and hence, directs
commitment of MHC class II-reactive thymocytes toward the
CD4+ lineage [15]. ThPOK-mediated suppression of CD8a
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expression appears to be a result of direct suppression of the
E8I enhancer element located in the Cd8a gene locus [16]. The
ThPOK locus, however, contains a silencing element to which
Runx3 can bind, consequently allowing Runx3 to counter-
inhibit the expression of ThPOK [12, 17]. In MHC class II-
restricted thymocytes, however, ThPOK itself is capable of
binding to its own silencer sequence, hence preventing
Runx3-mediated suppression and resulting in the continuous
expression of ThPOK [16].
ThPOK is crucial in determining the lineage commitment of

CD4/CD8 DP thymocytes; in the absence of ThPOK, MHC class
II-restricted thymocytes in ThPOK-deficient mice are redirected
to the CD8 lineage [15], whereas constitutive expression of
ThPOK redirects commitment of MHC class I-restricted thymo-
cytes into the CD4+ lineage [17]. Conversely, Runx3 is of crucial
importance for full commitment to the CD8+ lineage, as MHC
class I-restricted thymocytes are redirected into the CD4+ lineage
in the absence of the Runx3 gene [17].
Interestingly, thymocytes in ThPOK and Runx3 double-

deficient mice can generate CD4+ T cells, even in the absence of
ThPOK, suggesting an additional, potential upstream mechanism
for directing thymocytes into the CD4 lineage. Other transcrip-
tion factors likely play a role in CD4 versus CD8 commitment,
including the zinc-finger protein MAZR. MHC class I-restricted
thymocytes are partially redirected to a CD4 fate following loss of
MAZR, and ThPOK expression is not inhibited in MAZR2/2

mice [18]. This redirection was nicely shown by crossing
MAZR2/2 mice with OT-I transgenic mice, resulting in CD4+

T cells expressing the OT-I TCR-a chain specific for MHC class I
[18]. The same study reported that MAZR plays a dual role in
the decision between CD4 and CD8 commitment, providing
genetic evidence that MAZR directly regulates ThPOK gene
expression by binding the upstream silencer, while at the same
time, confirming MAZR to be a negative regulator of the Cd8
gene locus during transition from DN to DP stages. Thus, Runx3
and ThPOK are essential molecules involved in the decision
between CD4+ or CD8+ lineage commitment of thymocytes,
and MAZR is one of potentially several important upstream
regulators of these two transcription factors [18].

The generation of CD4+ and CD8+ T cells from a common
CD4/CD8 DP precursor pool and the subsequent migration of
SP CD4+ or CD8+ T cells to peripheral tissues following negative
selection have, for a long time, been largely the sole models used
to explain the development of the CD4+ and CD8+ T cell
lineages. Runx3 and ThPOK expression is believed to be mutually
exclusive outside of the thymus, and consequently, coexpression
of the CD4 and CD8 molecule in mature peripheral T cells would
therefore not be expected [19]. As shown in Table 1, however,
mature CD4/CD8 DP T cells in the periphery have been
described in multiple disease settings in humans.

ORIGIN OF CD4/CD8 DP T CELLS IN
THE PERIPHERY

Mature T cells, expressing CD4 and CD8 coreceptors, have been
observed in the periphery, hence, bringing into question the
mutually exclusive expression of ThPOK and Runx3. Interest-
ingly, when CD4/CD8a+ DP T cells are generated in vitro by
coculturing mature CD4+ T cells with TGF-b, IL-7, and IFN-g,
Runx3 expression is increased, along with ThPOK being reduced
[38], thus providing support for the idea that ThPOK and
Runx3 expression may, in fact, be more plastic outside of the
thymus in mature T cells than thought previously. In vivo, it was
reported recently that mature CD4+ intraepithelial lymphocytes in
the intestine concurrently express ThPOK and Runx3 [39].
Mature CD4+ T cells, isolated from the spleens of Runx3-yellow
fluorescent protein and Thpok-GFP reporter mice and transferred
into Rag12/2 immune-deficient mice, up-regulated Runx3 and
CD8aa expression and subsequently, down-regulated ThPOK
expression after migrating to the intestinal environment [39].
With the use of ThPOK-GFP reporter mice to examine

expression, Mucida et al. [16] also showed that the fate of mature
CD4+ T cells is not necessarily fixed and that re-expression of
CD8a occurs following down-regulation of ThPOK. For example,
in the small intestine of ThPOK-GFP mice, CD8+ T cells were
found to be GFP–, as expected; however, a prominent proportion
of the CD4+ T cells was also GFP–, hence, indicating a lack of

Figure 1. ThPOK and RunX3 tightly regulate CD4
and CD8 expression. The two transcription
factors, ThPOK and Runx3, are of high impor-
tance during transition of DP thymocytes to
mature SP T cells. (Left) ThPOK binds to its own
silencer element located upstream, hence pre-
venting Runx3-mediated suppression, resulting in
a positive-feedback loop with continuous expres-
sion of ThPOK. ThPOK binds to the E8I enhancer
element of the Cd8a gene locus and represses
transcription of CD8 and CD8 lineage genes,
resulting in a CD4+ T cell fate. (Right) Alterna-
tively, Runx3 binds to the ThPOK silencer element,
hence preventing expression of ThPOK. Runx3 is
then free to bind to the E8I enhancer element of
the Cd8a gene locus and induces the transcription
of CD8 lineage genes, resulting in a CD8+

T cell fate.
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ThPOK expression. This lack of GFP expression in CD4+ T cells
correlated with re-expression of the CD8 coreceptor, thus
changing the phenotype of these cells to CD4/CD8 DP.
Therefore, the authors support the hypothesis that CD4/CD8 DP
T cells can originate from MHC class II-restricted CD4+ T cells.
However, in contrast to the previous study, which suggests that
re-expression of CD8a is a result of Runx3 up-regulation and
subsequent ThPOK down-regulation [39], Mucida et al. [16]
suggest that the re-expression of the CD8 coreceptor is a result of
the loss of ThPOK expression, with such down-regulation
mediated by reactivation of the silencer upstream of the ThPOK
gene locus. Taken together, these studies agree in suggesting that
mature CD4/CD8 DP T cells in the intestine are derived from
the CD4+ lineage; however, it is important to keep in mind that
both of these studies focused on the intestinal environment and
that the origin of CD4/CD8 DP T cells may be influenced by
tissue location. For example, whereas adoptive transfer of CD4+

T cells into SCID mice results in CD4/CD8 DP T cells forming in
the small intestine, no CD4/CD8 DP T cells are observed in the
mesenteric lymph nodes [40].
Whereas several studies support mature CD4+ T cells as the

source of CD4/CD8 DP T cells [1, 41–44], evidence for CD8 as
the lineage of origin for CD4/CD8 DP T cells also exists. For
example, expression of CD4 on CD8+ T cells occurs following in
vitro activation of human PBMCs [45], subsequently rendering
them susceptible to HIV infection [46, 47]. Expression of CD4 on
CD8+ T cells is thought to be associated mainly with activation of
naive rather than memory CD8+ T cells and may affect the
distribution of CD8+ T cells by acting as a chemotactic receptor

for IL-16 [3]. Surface ligation of CD4 on CD8+ T cells has also
been linked to increased expression of IFN-g and FasL, as well as
to increased antiviral effector function [48, 49].
Whereas many of the pathways involved have yet to be fully

elucidated, evidence suggests that the emergence of CD4/CD8
DP T cells can be attributed to transcriptional reprogramming of
mature, SP T cells, following egress from the thymus [16].
Importantly, unlike CD4/CD8 DP thymocytes in the thymus,
which display a limited lifespan of 3–4 days [10], peripheral
CD4/CD8 DP T cells can express memory markers [50] and
retain CD4/CD8 DP coexpression in culture for .1 year [28].
Given the evidence, neither CD4+ T cells nor CD8+ T cells can be
excluded as a potential source of peripheral CD4/CD8 DP
T cells. A high degree of heterogeneity exists within the CD4/CD8
DP T cell population, as described in more detail below, and it
may be that different origins of CD4/CD8 DP T cell populations
potentially explain some of the observed diversity in coreceptor
expression levels and the presence or absence of CD8aa
homodimers versus -ab heterodimers.

CD4/CD8 DP T CELLS ARE PRESENT IN
THE PERIPHERAL TISSUES OF A VARIETY
OF SPECIES

Peripheral CD4/CD8 DP T cells were first described in humans
by Blue et al. [41]; however, since then, extrathymic CD4/CD8
DP T cells have been reported in a variety of other species,
including mice, rats, chickens, monkeys, as well as swine
(Table 2). Across species, CD4/CD8 DP T cells do not appear to

TABLE 1. CD4/CD8 DP T cells have been described in multiple human disease settings

Disease condition Isolation site References

Infectious disease
HIV Blood [20, 21]
Chronic hepatitis B Blood, liver [22]
Chronic hepatitis C Blood, liver [22]
CMV infection Blood [23, 24]
Lepromatous leprosy Blood [25]
Chagas disease Blood [26, 27]

Cancer
Cutaneous T cell lymphoma Cutaneous tumor [28]
Melanoma Tumors, lymph nodes [29]
Nodular lymphocyte predominant
Hodgkin lymphoma

Lymph nodes [30]

Colorectal cancer Colonic mucosa [31]
Human T cell leukemia virus type
1-associated leukemia

Blood [32]

Breast cancer Tumors, pleural effusions [33]
Autoimmune disease
Atopic dermatitis (eczema) Skin, blood [34]
Rheumatoid arthritis Blood, synovium [35]
Inflammatory bowel disease Blood, intestinal mucosa [36]
Cutaneous systemic sclerosis Skin [1]

Other
GVHD Skin [37]

CD4/CD8 DP T cells have been described in various diseases, including infectious disease, cancer,
autoimmune disease, and GVHD.

Overgaard et al. The biology of CD4/CD8 double-positive T cells

www.jleukbio.org Volume 97, January 2015 Journal of Leukocyte Biology 33

http://www.jleukbio.org


have highly restricted tissue localization; rather, they appear
to be present at multiple sites. The abundance of CD4/CD8
DP T cells also varies substantially between species; whereas rare
in humans and mice compared with swine, chickens, and
monkeys [62], the high percentage of CD4/CD8 DP T cells
(;60%) in swine underlies their recognition as a major
lymphocyte population in these animals. CD4/CD8 DP T cell
numbers also vary depending on tissue distribution and other
factors, such as health status and age; CD4/CD8 DP T cell
numbers increase with age in humans [63] and in cynomolgus
monkeys [64], and their increase has been shown to
coincide with thymic involution [64]. Conversely, however,
CD4/CD8 DP T cell numbers appear to decrease with age in
rats [19, 55].

HETEROGENEITY OF CD8 HOMODIMER/
HETERODIMER AND CD3 EXPRESSION ON
CD4/CD8 DP T CELLS

Considerable differences in the expression level of the CD4, as
well as the CD8, coreceptor, as defined by use of fluorescently
conjugated antibodies, have been reported within CD4/CD8
DP T cell populations [50, 65, 66]. Differences in expression
levels of CD4 and CD8 might reflect differences in the lineage of
origin, and at least one study correlates low expression of CD4 in
vitro to a CD8+ T cell origin [67]. The components of the CD8
dimer expressed (i.e., aa or ab chains) have been linked to
the level of surface expression of CD8 on CD4/CD8 DP T cells.
Tonutti et al. [65] divided human peripheral blood CD4/CD8
DP T cells into two groups, based on CD8 coreceptor expression.
The aa homodimer appeared to be linked to CD8dim cells,
whereas the ab heterodimer was linked to the CD8bright

phenotype [68]. A similar correlation has been described in
rhesus macaques [42]. However, differences in lineage of origin,
tissue location, function, and disease association, as well as
species, may all influence the form of CD8 expressed. For
example, in mice, rats, and chickens, CD4/CD8 DP T cells
derived from the CD4 lineage have been reported to express the
CD8aa homodimer exclusively [38, 44, 52, 69]. In humans,
within the CD4/CD8 DP T cell population, ;99% express the
CD8ab heterodimer in human blood, indicating that they are

thymically derived and not gut derived, as the latter principally
expresses the CD8aa homodimer [67].
Some CD4/CD8 DP populations have been described to lack

expression of the CD3 coreceptor. For example, in a mouse
model of Chlamydia pneumoniae infection, a population of
mononuclear cells with the phenotype CD3–CD4+CD8+ was
reported to be expanded massively in the lungs of infected mice,
eventually representing ;87% of all lymphocytes [70]. In
addition to being CD3–, this population was negative for the ab

TCR [70]. The authors refer to the population as a "T cell-
like lymphocyte population" as a result of the induction of cell
division by Con A, a T cell mitogen. Notably, however, these cells
did not produce IFN-g. Despite major components of the TCR
complex being absent, the lack of ab TCR expression may be
explained by the down-regulation of the receptor in response to
activation, which is a well-known phenomenon [49, 71]. On the
other hand, CD4/CD8 DP cells, without expression of CD3 or
TCR-ab, could indicate the presence of a non-T cell population
expressing both coreceptors, and CD4/CD8 NKT cells and
macrophages have both been described [72–76].

FUNCTION OF PERIPHERAL CD4/CD8 DP
T CELLS

With the acceptance of CD4/CD8 DP T cells as a distinct lym-
phocyte population, the question of functionality arises. How-
ever, little is currently known about their development or
function [38]. This research area appears to be very controver-
sial, and several conflicting papers exist. Overall, it seems that the
function of CD4/CD8 DP T cells is very case specific; yet, even
within similar case studies, no clear trends seem to be present.
Table 3 summarizes the reported functionalities of CD4/CD8
DP T cells in various conditions.

CYTOTOXIC CAPACITY OF CD4/CD8 DP
T CELLS

The expression of CD4 on CD8+ T cells has been implicated in
the enhancement of cytotoxic responses during viral infections.
In HIV patients, it has been shown that CD4/CD8 DP T cells
are highly proliferative and active effector cells [21, 48]. Once

TABLE 2. CD4/CD8 DP T cells are found in a variety of tissues in different species

Species Tissue Frequency (%) References

Human Blood, liver, lymph nodes, skin,
colonic mucosa

;3 [1, 22, 29–31, 34, 37, 51]

Mice Small intestinal epithelium, spleen,
lymph nodes

;1–10 [40, 52–54]

Rats Peripheral lymphoid organs ;3–6 [19, 55]
Chickens Blood, spleen, intestinal epithelium ;5–40 [44, 56]
Monkeys Blood, lymph nodes ;5–20 [57, 58]
Swine Blood, tonsils, Peyer’s patch ;60 [2, 59–61]

Peripheral T cells expressing both CD4 and CD8 coreceptors have been observed in different species,
including humans, mice, rats, chickens, monkeys, and swine. They have been found mainly circulating
in the bloodstream or in the secondary lymphoid organs, such as spleen and lymph nodes. Percentages are
representative of the total T cell pool.

34 Journal of Leukocyte Biology Volume 97, January 2015 www.jleukbio.org

http://www.jleukbio.org


CD4 on the surface of CD8+ T cells becomes ligated, signaling
through lck results in higher expression of FasL and IFN-g.
Therefore, the CD4 coreceptor itself enhances expression of two
highly important effector molecules of the CD8+ T cell lineage
[48]. A cytotoxic phenotype with elevated levels of effector
molecule expression has also been reported in an in vivo study, in
which CD4/CD8 DP T cells in the small intestine of mice
expressed the cytotoxicity-related, MHC class I-restricted,
T cell-associated molecule (CRTAM), CD244, granzyme B,
perforin, and IFN-g [16]. Moreover, these CD4/CD8 DP T cells
exhibited cytotoxic capacity in vitro [16].
In addition to the up-regulation of effector molecules following

ligation, CD4 expressed on CD8+ T cells has been reported to
function as a receptor for IL-16, hence directing migration of CD8+

T cells in a chemotactic manner [3]. By allowing migration in
response to IL-16 gradients, CD4 influences the distribution of
CD8+ T cells and directs them to the site of viral infection.
Zloza et al. [67] investigated the functionality of human CD4/

CD8 DP T cells derived from CD8+ T cells in vitro and reported
elevated levels of IL-4 but not IFN-g, IL-2, or IL-10 compared
with CD4+ T cells or CD8+ T cells. In response to CMV peptide
(pp65) priming, CD4/CD8 DP cells recognized the CMV pp65
tetramer, ;19-fold higher than CD8+ T cells. As a result of the
highly activated phenotype exhibited by these CD4/CD8 DP
T cells, they could potentially be prone to apoptosis as a result
of overactivation. However, a TUNEL assay revealed similar levels
of TUNEL expression in CD4/CD8 DP T cells compared with
CD8+ T cells, indicating that CD4/CD8 DP T cells, despite being
highly activated, had a similar apoptotic level to CD8+ T cells [67].
In addition to the in vitro generation of CD4/CD8 DP T cells

described above, coexpression of CD4 and CD8 appears to be
important for CTL activity in vivo. Kitchen et al. [49] showed that
CD8+ T cells from CD4-knockout mice, transferred into SCID mice,
displayed decreased alloreactivity or immune responsiveness to
infection by LCMV compared with CD8+ T cells transferred from
wild-type mice, suggesting that CD4 expression on CD8+ T cells
plays a critical role in modulating cytotoxic T cell function in vivo.

SUPPRESSIVE POTENTIAL OF CD4/CD8
DP T CELLS

In a mouse model of inflammatory bowel disease, Das et al. [53]
described CD4/CD8 DP T cells migrating into the intraepithelial

layer of the intestine to play a suppressive role. The underlying
mechanism of this regulatory phenotype was IL-10 dependent,
although the cells also expressed IFN-g but not IL-4. The ability
of CD4/CD8 DP T cells to produce IL-10 and IFN-g but not
IL-4 has been confirmed by another group, who likewise showed
that mouse splenic CD4/CD8 DP T cells can exhibit a suppres-
sive phenotype [38] and reduce T cell proliferation when
cocultured with CD4+ T cells. In contrast, a study focusing on
human skin biopsies from a GVHD patient reported the ability of
CD4/CD8 DP T cells to produce IL-4 [37]; however, a possible
regulatory function for these cells was upheld, based on their
cytokine-secretion profile, which included IL-10, IFN-g, and
TGF-b. CD4/CD8 DP T cells added to a MLR decreased total
CD3+ T cell proliferation in a dose-dependent manner, further
supporting a suppressive role for CD4/CD8 DP T cells [37].

ROLEOFCD4/CD8DP TCELLS INCANCER

As evidenced by the studies described above, there does not
appear to be a consistent trend that can explain CD4/CD8 DP
T cell function; thus, it seems likely that CD4/CD8 DP T cells are
heavily influenced by as-yet-unidentified mechanisms and/or
local environmental conditions. CD4/CD8 DP T cells are
believed to play opposing roles in the immune response to
various cancers, as described in Table 4. In the cancer setting, the
function of these T cells appears to be unclear, perhaps as
a consequence of the diverse microenvironment found between
different tumor types.
In an early report, Bagot et al. [28] isolated lymphocytes from

the tumor of a patient with cutaneous T cell lymphoma and
described a clone with a CD4+CD8+dim phenotype. This T cell
clone was MHC class I restricted and cytolytic toward autologous
tumor cells in vitro in a highly antigen-specific manner. In
addition to the CD4/CD8 DP T cell clone, a CD4+ T cell clone
was isolated. In contrast to the CD4+ T cell clone, which was
found to be present in the blood and the tumor site, the
CD4/CD8 DP T cell clone was found within the tumor site only.
Interestingly, blockade of the CD4 or the CD8 coreceptor did not
decrease cytotoxicity, suggesting that in this case, these two
coreceptors might not be important for effector activity itself [28].
CD4/CD8 DP T cells have been described to express different

cytokine biases in different cancer settings, as shown in
Table 4. In a study of human breast cancer patients, pleural

TABLE 3. CD4/CD8 DP T cells can be suppressive or cytotoxic, depending on conditions

Condition Functionality References

LCMV Cytotoxic [49]
HIV Cytotoxic [48]
Cancer Cytotoxic/suppressive [28, 29, 31]
Systemic sclerosis Suppressive [1]
Inflammatory bowel disease Suppressive [53]
Epicutaneous immunization Suppressive [77]

Studies have reported the cytotoxic potential of CD4/CD8 DP T cells in various diseases, including
LCMV, HIV, and cancer. On the other hand, it has also been reported that this cell population has a more
regulatory role by exhibiting a suppressive phenotype in cancer, systemic sclerosis, inflammatory bowel
disease, as well as in an epicutaneous immunization setting.
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effusion of tumors was found to contain high numbers of
CD4dimCD8bright DP T cells, expressing the ab TCR and the ab

CD8 heterodimer [33]. The phenotype and cytotoxic potential
of these cells was very similar to that of effector and memory CD8+

T cells, as determined by positive staining for granzyme and
perforin. However, and as indicated in Table 4, CD4/CD8 DP
T cells, in contrast to conventional CD8+ T cells, were associated
with high production of IL-5 and IL-13. In addition to IL-5 and
IL-13, the percentage of CD4/CD8 DP T cells secreting IL-2
and IL-4 was elevated compared with conventional CD4+ and
CD8+ T cells [33]. In a study of melanoma conducted by the
same group, a significant increase in the frequency of CD4/CD8
DP T cells was observed within tumors compared with blood
[29]. Once again, CD4/CD8 DP T cells were CD4dimCD8bright

and ab TCR positive, with a cytokine production profile
comprising IL-2, IL-4, IL-5, IL-13, and GM-CSF (Table 4). CD4/
CD8 DP T cells also secreted elevated levels of TNF-a in response
to an autologous melanoma cell line compared with CD8+

T cells. The recognition of tumor cells was MHC class I restricted,
and these CD4/CD8 DP T cells, with their unique cytokine
profile, appeared to have anti-tumor activity in vitro [29].
On the other hand, CD4/CD8 DP T cells have been described

to play a suppressive role in cancers, such as metastatic
colorectal cancer [31], in which the percentage of CD4/CD8 DP
T cells in the tumor-infiltrating lymphocyte pool was found to
be elevated relative to SP CD4+ T cells or CD8+ T cells. Tumor-
reactive CD4/CD8 DP T cells exhibited poor in vitro pro-
liferation capacity and upon CD3 or cognate antigen stimulation,
secreted higher levels of IL-4 and IL-13 than CD4+ and CD8+

T cells. Moreover, CD4/CD8 DP T cells were associated with
elevated TNF-a production, and their increased frequency within
metastatic colorectal cancer led the authors to suggest that these
cells may favor tumor growth or metastasis and/or down-
modulate immune responses to colorectal cancer [31].
Two cytokines commonly reported to be secreted by CD4/CD8

DP T cells in various cancer environments are IL-5 and IL-13.
IL-5 is characteristic of Th2 responses and is usually associated
with growth, maturation, and function of important immune cell
types, such as eosinophils and B cells. However, with the use of an
IL-5 knockout mouse model, Apostolopoulos et al. [78] also
showed IL-5 to be an important cytokine for the generation of
optimal tumor antigen-specific cytotoxic T cell responses. Like-
wise, IL-13 appears to have an important regulatory role in
cancer and has been linked to the suppression of anti-tumor

activities. However, IL-13 has also been reported to play a role in
the immune escape of tumors in breast cancer patients [79],
and one mechanism by which IL-13 may block immunosurveil-
lance is by inducing differentiation, as well as activation of
important regulatory cell populations, such as suppressive
macrophages and myeloid suppressor cells [80]. NKT cells have
also been reported to secrete IL-13, which has been reported
to be necessary for the down-regulation of anti-tumor immune
responses [81] and the enhancement of tumor growth [82].

CONCLUDING REMARKS

T cells, expressing an ab TCR, are critical adaptive immune cells,
commonly divided into two subsets, based on the expression of
the CD4 and CD8 coreceptors; i.e., they are classified as CD4+ or
CD8+ T cells. During development in the thymus, thymocytes
transiently express the CD4 and CD8 coreceptor on their cell
surface; however, as a result of a very strict transcriptional
regulation program, mediated especially by the transcription
factors ThPOK and Runx3, mature peripheral T cells are
believed to express only CD4 or CD8 but not both. In spite of
this, CD4/CD8 DP T cells have been reported in peripheral sites
of various species, including humans, mice, rats, chickens,
monkeys, and swine. Initially, these cells were suggested to be
thymocytes, which had prematurely escaped the thymus. More
recently, however, studies have shown that CD4/CD8 DP T cells
in peripheral sites express T cell maturation markers and lack
thymic-stage markers, indicating that CD4/CD8 DP T cells exist
as a mature population in the periphery, alongside conventional
CD4+ and CD8+ T cells. Although associated with a multitude
of human diseases and disorders, the function of CD4/CD8
DP T cells, however, remains poorly described and controversial.
Taken together, CD4/CD8 DP T cells appear to play an
important role at peripheral sites as potent immune suppressors
or as cells with high cytotoxic potential, and there is a pressing
need for a deeper examination of this population to fully
elucidate their contribution to the immune response.
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TABLE 4. Cytokine profile of CD4/CD8 DP T cells in various
cancer subtypes

Cancer type Cytokine profile References

Breast cancer IL-2, IL-4, IL-5, IL-13 [33]
Melanoma IL-2, IL-4, IL-5, IL-13, GM-CSF [29]
Colorectal cancer IL-4, IL-13 [31]

CD4/CD8 DP T cell cytokine profiles have been described in various
cancer subtypes, including breast cancer, melanoma, and colorectal cancer.
The cytokine profile of these cells appears to be biased toward secretion
of IL-2, IL-4, IL-5, IL-13, and GM-CSF. Cytokine profiles are based on an
elevated secretion level compared with conventional SP T cells.
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