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Abstract: The function of the immune system is to protect our system from pathogens
entering our body and react immunologically to cells from a genetically different
person. At the same time, the immune cells maintain tolerance to our own body cells
and do not reject them. This is called as self-tolerance. However, in case of autoimmune
diseases and cancer, the immune system identifies our cells as foreign and generates
immune reactions resulting in severe damage to the affected organ. However, on the
other hand, the cancer cells are eliminated or rejected by our immune system in the
early stages but support their growth at later stage. These immune reactions controlling
the self-tolerance are mediated by T regulatory cells which maintain immune
homeostasis under healthy condition by keeping the effector CD4+ and CD8+ T cells
under regulated state. Upon loss of immune balance T regulatory cells cannot suppress
the effector T cells’ activity resulting in autoimmune or autoinflammatory reactions.
This review will discuss the various subtypes of T regulatory cells and their role in
autoimmune diseases and cancer.
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INTRODUCTION
Immunological tolerance is the key characteristic of the immune system.
Tolerance can be central or peripheral and is important to discriminate the self and nonself-antigens [1]. The main mechanism which maintains the central tolerance is the
clonal deletion or inactivation of self-reactive T cells.

Whereas, peripheral tolerance arises to limit
the immune responses when the peripheral CD4+ or
CD8+ cells get excited on encountering the foreign or
self-antigens [2]. Being a specific subpopulation of
CD4+ T cells, T regulatory cells control the activity of
other self-reactive T cells in periphery. Despite
identifying the potential tolerance mechanisms, more
details about cell lineage that lead to immune
suppression, differentiation factors, antigen specificity
and subsets of T regulatory (T reg) cells are not clear. It
is difficult to group all the T reg cells into category as
they vary based upon origin (Thymus vs peripheral),
mechanism of action, experimental/disease model and
even their proliferation is very low in vitro.
The understanding of how the immune system
does not react to self-antigens but can discriminate the
foreign antigens or bacterial antigens is important.
Tolerance to self-antigens occurs in the early stages of
T cell development by multiple mechanisms including
physical elimination, functional inactivation or anergy
of auto responsive T cells by clonal deletion in the
thymus [3, 4]. Initially anergy and suppression are
defined as independent mechanisms. But they are not
completely distinct. Anergy is the state of T cells in
which they do not respond to antigenic stimulation, not
proliferative and fail to produce IL-2. On the other
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hand, suppression is an active process where other cells
including T regs inhibit their activity to reach threshold.
Together, various mechanisms determine the peripheral
immune tolerance [5].
Nutrition is key factor to boost and support the
body immune system. Epidemiological studies have
indicated that few infections and other immune diseases
such as pneumonia, bacterial and viral diarrhea and
tuberculosis take advantage of malnutrition to grow [68]. For other cases, the effect on nutrition is either low
or moderate. The malnutrition impairs cell-mediated
immunity, phagocyte function, and even cytokine and
antibody secretion [9, 10]. Vitamins such as Vitamin E,
and C are known as antioxidants and anticancer agents
in the early days [11-14]. Later, the other functions of
the vitamins in immune system were also identified.
Vitamin C and E treated dendritic cells are resistant to
change from inflammatory environment. Further,
allogenic T cells in the environment were anergized to
act as regulatory T cells independent of IL-10 [15].
Vitamin A metabolite, all-trans retinoic acid (RA), also
concerts the naïve FoxP3 Cd4+ T cells into matured
FoxP3 regulatory T cells in mouse and animal models.
RA also induces the gene transcription in T reg cells to
favor their gut homing capability [15, 16].
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Most of the T regs are produced in the thymus
as functionally distinct T cell population and few of the
T regs can be generated de novo from peripheral naïve
CD4+ T cells once they are exposed to antigens [17]. If
the anergic T cells (CD4+ and CD8+) are activated with
high doses of anti-CD3 antibodies, they can proliferate
in regards to the antigenic stimulation and the subset of
T regs in them will be activated. It indicated that, T regs
can also be generated from T cells that are in anergy
state [18]. Molecular markers including CD25 and
transcription regulator, Foxp3 are used to identify the T
regs population among other T cells. Further it is
proven that Foxp3+CD25+CD4+ T regs negatively
control immune responses and can be targeted to treat
autoimmune and inflammation diseases and improve
host defense immune responses [19].
Recent advancements in the T regs explained
the role of these in controlling the severe autoimmune
diseases such as arthritis. Any abnormality in the
number, functionality or mutations in these T regs will
affect the autoimmune and inflammatory diseases in
humans [20]. T regs also play important role in tumor
growth and tolerance. Immune microenvironment of
tumor is controlled mostly by tumor associated
macrophages, mesenchymal stem cells, T regulatory
cells and functionally modified Antigen presenting cells
(APCs) [21, 22]. Human tumors express wide range of
tumor associated antigens (TAA). T reg cells suppress
the effector activity of CD4+ or CD8+ T cells and
maintain obstacle to generate TAA and TCR activity.
Hence successful immunotherapy and active
vaccination against cancer are becoming challenging
[23].
I summarize and review subcategories of T
regulatory cells in this paper, demonstrate their role in
cancer and mechanism of T reg cells’ immune
suppression
CD25+ T regulatory cells in autoimmunity/ selftolerance
Approximately 10% of peripheral CD4+ cells
in normal adult mice express the IL-2 receptor a-chain
(CD25) molecules. In early studies it was found that
CD25 molecule present on few CD4+ T cells or
CD4+CD8– mature thymocytes can differentiate the
immune-regulative T reg cells from other T cells [5]. To
define the role of CD25+ T cells in immune regulation,
research was conducted by depleting or populating
CD25+ T cells in the system and resulting immune
conditions were observed [24]. Even though the
molecular mechanisms and etiology that lead to
autoimmune diseases are not clear until now, it is
shown that simple altered manipulation of effector T
cells in the absence of T regs can result in
autoimmunity in mice. In a recent study, Thymectomy
was performed on neonatal mice (NTx) on Day 3 after
birth to prove that CD25+ T cells appear in the
periphery after Day 3 and populate to normal levels by
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2 weeks [20]. NTx on Day 3 eliminated most of the
CD25+ T regs from the periphery resulting in
autoimmune development. However, inoculation of
CD25+ splenic T cells from syngeneic adult mice
immediately after NTx prevents this autoimmunity
occurrence. At the same time, inoculation of CD25splenic T cells did not prevent the autoimmune
reactions in these mice. This implies that self-reactive T
cells that were generated before Day 3 or NTx in mice
can be activated by elimination of CD25+ T cells and
can cause auto immunity. These auto reactive T cells
exist in periphery by ignorance. The ignorance is
broken and is reactivated when exposed to auto antigens
in immunogenic form [20]. CD25+ T cells keep the
self-reactive cells in suppressed state throughout the life
to prevent autoimmunity. CD4+ CD25+ T cells not only
inhibit the organs specific autoimmunity but also can
suppress the disease caused by cloned autoantigens.
Further, these CD25+CD4+ T cells maintain anergy and
do not proliferate in vitro to TCR stimulation but
suppress the proliferation of other CD4+ or CD8+ T
cells. Their anergy state is broken by high doses of IL-2
(ligand for CD25) and their suppressive activity is
inhibited and CD4+ or CD8+ T cells co-cultured with
CD25+ T cells will regain their auto reactivity to selfantigens and generate autoimmune disease in nude
mice. As CD25+CD4+ T cells are generated by
thymocytes early in the neonatal mice or generated
from CD25-CD4+ T cells during various antigen
exposures in periphery. Both the subsets express similar
surface markers but display distinct immune regulatory
capabilities. This may be due to acquiring anergy in
thymus by selection process [1].
CD25+ CD4+ T cells maintain self-tolerance
by down-regulating immune response to self and nonself Ags in an Ag-nonspecific manner. When CD25
depleted CD4+ cell suspension from BALB/c nu/+ mice
lymph nodes and spleens were inoculated into BALB/c
nude mice, they showed significant immune responses
to the allogenic skin grafts, and reconstitution of
CD25+ CD4+ T cells normalized the responses. Hence,
elimination of CD4+CD25+ cells relieved general
immune suppression [24].
Types of T regulatory cells
T reg cells are functionally and phenotypically
diverse. Human T reg cells were first characterized as
CD4+ and CD25+ and they were proposed to
constitutively express CD25 cell surface molecule.
Subsequently, Foxp3 was described as a master
regulator of immune system by controlling the immune
related gene expression in T cells and used as a specific
marker for human T reg cells. However, CD25 and
FOXP3 can be induced in naive CD4+ T cells through
cell activation. Hence it became challenging to define T
reg cells [17].
Recently, CD25-CD4+ T cells with immune
suppression function are identified. They don’t express
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CD25 and the immune regulatory mechanism is
independent of IL-10/TGF-β like CD4+ CD25+ T reg
cells. Mice transgenic for a TCR that is directed against
the self-antigen MBP were crossed with mice deficient
in recombinase activation genes; the F1 generation
developed spontaneous autoimmune encephalomyelitis
due to the lack of CD4+ T reg cells which were not
contained in the CD25+ compartment [25]. When T reg
cells were transferred into these mice and activated in
vivo by ovalbumin, the T reg cells were not able to
protect the mice from encephalomyelitis. This indicates
the presence of other types of T reg cells and their
control over auto immune diseases. In contrary to the
CD25+ T reg cells, these special regulatory cells
depend upon IL-2 and IFNγ production for their
regulatory activity [25].
While large proportion of T reg cells belong to
the CD4+ T cell sub population, small fraction of the
CD8+ T cells also showed regulatory features in
immune suppression. However, so far they were shown
tolerance in intestinal immune suppression and systemic
immune responses are not yet observed [26, 27]. When
in vivo vaccination was performed in humans with
autoreactive CD4+ T cells, CD8+ T reg cells were
observed and CD4+ auto reactivity was suppressed by
both antigen specific and non-specific mechanisms.
They show great resistance against autoimmune
diseases and maintain self-tolerance. In addition, Alloand xeno-specific CD8+CD28– T reg cell lines that
may induce transplantation tolerance have been
described in the human. They could be isolated in vitro
following multiple stimulations and can suppress
alloreactive CD4+ T helper cells and impair the CD40
signaling pathway in Antigen presenting cells [28, 29].
While multiple subcategories of T reg cells
exist, it is hard to identify and characterize them as they
depend upon experiment/disease model. Different
assays will show various populations of T reg cells. It is
very important to identify the correlation between the
subsets.
T regulatory cells in cancer
Studies reported high frequency of T reg cells
in tumor micro environment or peripheral blood of
patients with multiple forms of cancer [23]. As T reg
cells express high CD25 molecule, it was targeted for
cancer immuno therapy. CD25 specific antibody
(PC61) or depletion of total CD4+ T cells were found to
improve tumor immunity and suppress tumor growth
[30]. Tumor specific CD8+ T cells were inoculated in
mice bearing melanoma along with either CD4+CD25+
T reg cells or CD4+CD25– T cells. In this scenario,
coadministration of CD4+CD25+ T cells inhibited the
CD8+ T cells’ immune effector function but the
CD4+CD25– T cells did not have any effect on
inoculated CD8+ T cells functionality [31]. Antibodies
against the check point inhibitors CDLA4, PD1 or
PDL1 molecule also showed significant benefit in
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cancer treatment [32, 33]. Mechanism of T reg cells in
cancer is not yet clear, but following are few of the
pathways.
Competitive consumption of IL-2: The IL-2
receptor (IL-2R) is a heterotrimeric complex made up
of CD25 (α-chain), CD122 (β-chain) and CD132 (γchain). IL-2 promotes CD8+ or CD4+ T cell
differentiation and proliferation. However, T reg cells
IL-2R show 100-fold higher affinity towards the ligand,
IL-2. Therefore, competition for IL-2 between T reg
cells and conventional T cells was suggested as a
suppressive
mechanism.
Established
tumor
microenvironment
is
populated
richly
with
CD4+CD25+ T reg cells. So, the limited supply of IL-2
is utilized only by T reg cells leaving the other effector
T lymphocytes not accessible to IL-2 [34].
Perforin and granzyme pathway: CD8+ T cells
and NK cells use the perforin and granzyme pathways
to kill tumor cells. However, activated human T reg
cells express granzyme A and kill the T cells and APCs
through perforin [35]. CTLA4 induction of IDO:
Indoleamine 2,3-dioxygenase (IDO) is an enzyme that
degrades the essential amino acid tryptophan. T reg
cells constitutively express CTLA4 and have high IDO
levels. It can reduce tryptophan in Antigen presenting
cells, and suppress T-cell activation and promote
tolerance [36].
CONCLUSION
Immune system protects us from pathogens
entering our body from environment, food or any other
means and maintains the tolerance against the selfantigens. T regulatory cells are important to maintain
tolerance against autoimmune diseases. Extensive work
in the field shed light on the fact that cytotoxic cells that
can initiate autoimmune diseases exist in our body but
kept in suppressed state by T regulatory cells. More
than one subtype of T regulatory cells exists in the body
arising from various pools of T cells or from thymus
and their mechanism of actions are not same. It is
evident that tumors take advantage of T regulatory cells
to escape immune evasion from cytotoxic CD8+ T
cells. Regulatory T cells inhibit TAA-specific priming
of T cells which further are recruited into tumor with
suppressed effector functions. It is quite important to
target T regulatory cells by various methods such as
depletion, blocking their recruitment into tumors,
reduce differentiation and inhibit their suppressive
mechanisms.
REFERENCES
1. Sakaguchi, S. (2000). Regulatory T cells: key
controllers
of
immunologic
selftolerance. Cell, 101(5), 455-458.
2. Pugliese, A. (2004). Central and peripheral
autoantigen
presentation
in
immune
tolerance. Immunology, 111(2), 138-146.
64

Khalilur Rahman., Sch. Bull., Vol-4, Iss-1 (Jan, 2018): 62-66
3. Ramsdell, F., & Fowlkes, B. J. (1990). Clonal
deletion versus clonal anergy: the role of the
thymus
in
inducing
self
tolerance. Science, 248(4961), 1342-1348.
4. Pircher, H., Rohrer, U. H., Moskophidis, D.,
Zinkernagel, R. M., & Hengartner, H. (1991).
Lower receptor avidity required for thymic clonal
deletion
than
for
effector
T-cell
function. Nature, 351(6326), 482.
5. Itoh, M., Takahashi, T., Sakaguchi, N., Kuniyasu,
Y., Shimizu, J., Otsuka, F., & Sakaguchi, S.
(1999). Thymus and autoimmunity: production of
CD25+ CD4+ naturally anergic and suppressive T
cells as a key function of the thymus in
maintaining immunologic self-tolerance. The
Journal of Immunology, 162(9), 5317-5326.
6. Scrimshaw, N. S., Taylor, C. E., Gordon, J. E., &
World Health Organization. (1968). Interactions
of nutrition and infection.
7. Keusch, G. T., Wilson, C. S., & Waksal, S. D.
(1983). Nutrition, host defenses, and the lymphoid
system. Advances in host defense mechanisms, 2,
275-359.
8. Ananthula, S. (2014). Bioavailability and
bioequivalence issues associated with oral
anticancer drugs and effect on drug market. J
Bioequiv Availab, 6, e56.
9. Chandra, R. K., & Newberne, P. M. (1977).
Immunocompetence
in
undernutrition.
In Nutrition, Immunity, and Infection (pp. 67-126).
Springer, Boston, MA.
10. Bendich, A., & Chandra, R. K. (1990).
Micronutrients and immune function. New York:
New York Academy of Sciences.
11. Ananthula, S., Parajuli, P., Behery, F. A.,
Alayoubi, A. Y., El Sayed, K. A., Nazzal, S., &
Sylvester, P. W. (2014). Oxazine derivatives of γand δ-tocotrienol display enhanced anticancer
activity in vivo. Anticancer research, 34(6), 27152726.
12. Behery, F. A., Akl, M. R., Ananthula, S., Parajuli,
P., Sylvester, P. W., & El Sayed, K. A. (2013).
Optimization of tocotrienols as antiproliferative
and antimigratory leads. European journal of
medicinal chemistry, 59, 329-341.
13. Ananthula, S., Parajuli, P., Behery, F. A.,
Alayoubi, A. Y., Nazzal, S., El Sayed, K., &
Sylvester, P. W. (2014). -Tocotrienol Oxazine
Derivative Antagonizes Mammary Tumor Cell
Compensatory Response to CoCl2-Induced
Hypoxia. BioMed research international, 2014.
14. Tan, P. H., Sagoo, P., Chan, C., Yates, J. B.,
Campbell, J., Beutelspacher, S. C., ... & George, A.
J. (2005). Inhibition of NF-κB and oxidative
pathways in human dendritic cells by antioxidative
vitamins generates regulatory T cells. The Journal
of Immunology, 174(12), 7633-7644.
15. Kang, S. G., Lim, H. W., Andrisani, O. M.,
Broxmeyer, H. E., & Kim, C. H. (2007). Vitamin
A metabolites induce gut-homing FoxP3+
Available Online: http://scholarsbulletin.com/

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

regulatory
T
cells. The
Journal
of
Immunology, 179(6), 3724-3733.
Mucida, D., Park, Y., Kim, G., Turovskaya, O.,
Scott, I., Kronenberg, M., & Cheroutre, H. (2007).
Reciprocal TH17 and regulatory T cell
differentiation
mediated
by
retinoic
acid. Science, 317(5835), 256-260.
Roncarolo, M. G., & Levings, M. K. (2000). The
role of different subsets of T regulatory cells in
controlling autoimmunity. Current opinion in
immunology, 12(6), 676-683.
Sakaguchi, S. (2005). Naturally arising Foxp3expressing CD25+ CD4+ regulatory T cells in
immunological tolerance to self and nonself. Nature immunology, 6(4), 345.
Sakaguchi, S., Miyara, M., Costantino, C. M., &
Hafler, D. A. (2010). FOXP3+ regulatory T cells
in the human immune system. Nature Reviews
Immunology, 10(7), 490-500.
Asano, M., Toda, M., Sakaguchi, N., & Sakaguchi,
S. (1996). Autoimmune disease as a consequence
of developmental abnormality of a T cell
subpopulation. Journal
of
Experimental
Medicine, 184(2), 387-396.
Ananthula, S., Sinha, A., El Gassim, M., Batth, S.,
Marshall Jr, G. D., Gardner, L. H., ... & ElShamy,
W. M. (2016). Geminin overexpression-dependent
recruitment and crosstalk with mesenchymal stem
cells enhance aggressiveness in triple negative
breast cancers. Oncotarget, 7(15), 20869.
Sylvester, P. W., Akl, M. R., Malaviya, A.,
Parajuli, P., Ananthula, S., Tiwari, R. V., &
Ayoub, N. M. (2014). Potential role of
tocotrienols in the treatment and prevention of
breast cancer. Biofactors, 40(1), 49-58.
Zou, W. (2006). Regulatory T cells, tumour
immunity and immunotherapy. Nature Reviews
Immunology, 6(4), 295-307.
Sakaguchi, S., Sakaguchi, N., Asano, M., Itoh, M.,
& Toda, M. (1995). Immunologic self-tolerance
maintained by activated T cells expressing IL-2
receptor alpha-chains (CD25). Breakdown of a
single mechanism of self-tolerance causes various
autoimmune
diseases. The
Journal
of
Immunology, 155(3), 1151-1164.
Goverman, J., Woods, A., Larson, L., Weiner, L.
P., Hood, L., & Zaller, D. M. (1993). Transgenic
mice that express a myelin basic protein-specific T
cell
receptor
develop
spontaneous
autoimmunity. Cell, 72(4), 551-560.
Grdic, D., Hörnquist, E., Kjerrulf, M., & Lycke, N.
Y. (1998). Lack of local suppression in orally
tolerant CD8-deficient mice reveals a critical
regulatory role of CD8+ T cells in the normal gut
mucosa. The Journal of Immunology, 160(2), 754762.
Garside, P., Steel, M., Liew, F. Y., & Mowat, A.
M. (1995). CD4+ but not CD8+ T cells are
required
for
the
induction
of
oral
65

Khalilur Rahman., Sch. Bull., Vol-4, Iss-1 (Jan, 2018): 62-66
tolerance. International Immunology, 7(3), 501504.
28. Liu, Z., Tugulea, S., Cortesini, R., & Suciu-Foca,
N. (1998). Specific suppression of T helper
alloreactivity by allo-MHC class I-restricted
CD8+
CD28-T
cells. International
immunology, 10(6), 775-783.
29. Li, J., Liu, Z., Jiang, S., Cortesini, R., Lederman,
S., & Suciu-Foca, N. (1999). T suppressor
lymphocytes inhibit NF-κB-mediated transcription
of CD86 gene in APC. The Journal of
Immunology, 163(12), 6386-6392.
30. Waldmann, T. A. (2003). Immunotherapy: past,
present and future. Nature medicine, 9(3), 269-277.
31. Antony, P. A., Piccirillo, C. A., Akpinarli, A.,
Finkelstein, S. E., Speiss, P. J., Surman, D. R., ...
& Rosenberg, S. A. (2005). CD8+ T cell immunity
against a tumor/self-antigen is augmented by
CD4+ T helper cells and hindered by naturally
occurring T regulatory cells. The Journal of
Immunology, 174(5), 2591-2601.
32. Garrett, M. D., & Collins, I. (2011). Anticancer
therapy with checkpoint inhibitors: what, where
and
when?. Trends
in
pharmacological
sciences, 32(5), 308-316.
33. Diep, J. K., Forrest, A., Krzyzanski, W., van
Hasselt, C., Russo, T. A., & Rao, G. G. C-02: John
Diep Host-Pathogen interactions: A mechanismbased disease progression model to describe the
pathogenesis
of
Acinetobacter
baumannii
pneumonia. Tuesday 6 June, 9, 66.
34. Busse, D., de la Rosa, M., Hobiger, K., Thurley,
K., Flossdorf, M., Scheffold, A., & Höfer, T.
(2010). Competing feedback loops shape IL-2
signaling between helper and regulatory T
lymphocytes
in
cellular
microenvironments. Proceedings of the National
Academy of Sciences, 107(7), 3058-3063.
35. Grossman, W. J., Verbsky, J. W., Barchet, W.,
Colonna, M., Atkinson, J. P., & Ley, T. J. (2004).
Human T regulatory cells can use the perforin
pathway to cause autologous target cell
death. Immunity, 21(4), 589-601.
36. Mellor, A. L., & Munn, D. H. (2004). IDO
expression by dendritic cells: tolerance and
tryptophan
catabolism. Nature
Reviews
Immunology, 4(10), 762-774.

Available Online: http://scholarsbulletin.com/

66

