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ABSTRACT

In recent years understanding and modulating the tumor microenvironment (MT) has been the focus of a
scientifically and clinically intense study. The role of T regulatory cells (Tregs) were investigated in terms of
the suppression of tumor-specific immune responses and the establishment of an immunosuppressive tumor
microenvironment (1). Regulatory T cells have a fundamental function in maintaining immune homeostasis in
healthy individuals, and in cancer and in particular in haematological malignancies they seem to play a rath-
er controversial role. Furthermore an increased frequency of Treg cells has been associated with tumor
progression and has been correlated with an increased risk of death and reduced survival (2). The role of T
cells in the pathogenesis of chronic lymphocytic leukemia has recently gained special attention due to the
constant interaction between neoplastic B cells with the micromedium substrate and T cells. There is often a
relatively large number of regulatory T cells in lymphoid tissues of CLL patients, that could affect the normal

immune function (3).

INTRODUCTION

Chronic lymphocytic leukemia (CLL) is one of
the most common blood disorder found in adults in
the West, with an estimated incidence of about 4.5
new cases per 100,000 people per year (4), the me-
dian age at diagnosis is currently considered 72
years, approximately 10% of patients with CLL
have less than 55 years (5).

The disease presents a heterogeneous clinical
development. Several factors play an important
role in CLL etiology, such as genetic predisposition
related to family history, environmental factors and
antigens or autoantigens that promote the division
of precursor cells and clonal evolution.

There is a genetic predisposition and a family
tendency to develop CLL. However, the gene /
genes that might support this predisposition and
underlie primary transformation events are not yet
known, while cytogenetic studies accurately map a
number of secondary genetic abnormalities impact-
ing CLL (6,7).
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Although the original genetic events are primar-
ily responsible for the first stage of neoplastic
transformation, the development and progression
of CLL clone is considered to be affected by vari-
ous signals from the microenvironment that regu-
late and promote malignant B cell proliferation and
survival. During these processes, other abnormali-
ties may occur after the initial genetic damage, and
these new abnormalities may include, for example,
somatic mutations of the TP53 or the latest
NOTCHI1, SF3B1, MyD88 and / or other damage
not identified, which allow a more efficient signal-
ing through BCR or other pathways, increased sen-
sitivity to cytokines or chemokines or more effi-
cient traffic at anatomical sites, transforming CLL
cells into cells with a more aggressive phenotype
(8-13).

Regarding CLL prognosis, the staging clinical
systems developed by Rai and Binet are still in use.
Additional indicators are available to predict CLL
prognosis, that included serum markers (microglob-
ulin B2, thymidine kinase, soluble CD23), cell
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markers (CD38, ZAP70) and genetic parameters
including cytogenetic abnormalities and mutant
status of IGHV genes. The coding of IGHV genes
together with BCR and other microtumoral recep-
tors, such as CD38 or CD49d type Il transmem-
brane glycoprotein, as well as the ZAP-70 intracy-
toplasmic signaling molecule, all negative
prognostic factors recognized in CLL, which con-
tribute to an unfavorable prognosis among patients
with CLL, who develop a type of aggressive dis-
ease requiring immediate therapy, these factors can
act in the so-called pseudo-follicular proliferation
centers of peripheral lymphoid organs and bone
marrow where they play a role in supporting the
survival and / or expansion of the leukemic clone
(11,14).

CHRONIC LYMPHOCYTIC LEUKEMIA
MICROENVIRONMENT

Chronic lymphocytic leukemia is a prototype of
malignant disease that not only depends on intrin-
sic genetic defects but is also supported by the in-
teractions with spectral cells from micromedium
niches (15). CLL can point out three problems:

1. if microenvironment favors the development
of the disease or its progression, or is in-
volved in both events (7).

2. identifying and defining microenvironmental
elements that influence the malignant clone
and relevant molecular pathways (7).

3. clarifying how the micromedium affects cell
proliferation relationships and their pro-
longed survival (7).

Also, CLL is associated with defective T-cell
function, leading to the failure of anti-tumor immu-
nity and to increase the susceptibility to infection
(16). Typically, CLL is associated with progressive
immune deficiency, resulting in hypogammaglobu-
linemia and deterioration of cellular responses
(3,17-18).

Malignant B cells have an aberrant behavior
compared to normal B cells in terms of prolifera-

TABLE 1. Characteristics of B CLL cells (20)
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tion and apoptosis resistance, having a number of
specific characteristics that are described in
Table 1. Malignant B cells occur during the various
stages of B cell maturation, and some of these cells
come from B cells derived from germinal center.
During the various stages of development of B
cells, T cells are able to control the fate of cell B as
follows: can destroy it, can promote cell survival B
by regulating anti-apoptotic mechanisms or can in-
duce its proliferation. The tumor malignant B cells
in CLL patients die quickly in vitro, which high-
lights the importance of the tumor microenviron-
ment in tumor survival (19). Many mechanisms are
involved in CLL pathogenesis. For example, Kik-
ushige et al. have proven that hematopoietic stem
cells that are self-renewing (HSCs), are involved in
CLL pathogenesis and that these HSCs from which
CLL cells are derived, generate B cell clones that
frequently express surface antigens CD5 and CD23
21).

Anergy is another important mechanism in
maintaining tolerance and has been detected in
CLL. Anergy is represented by inactive cells that
do not respond to antigens (22,23). Anergy B cells
have low levels of surface immunoglobulins and do
not respond to conventional stimuli that promote
the cellular cycle progression of normal B cells
(7,24).

Bone marrow stromal cells, nurse-like cells de-
rived from monocytes (NLC) and the T-cells are
key components of the CLL microenvironment. It
has been shown that the survival of CLL cells in
vitro can be supported by the auxiliary stromal cells
(19,25). Tsukada et al. have described in a subset of
patients with CLL, blood mononuclear cells which
can differentiate in vitro into large, round, adherent
cells, which are attached to the leukemia cells and
protects them from apoptosis in vitro (26). These
cells are known as nurse-like cells (NLCs) and
have been shown to be derived from CD14 positive
hematopoietic cells, indicating myelomonocytic
lineage. NLCs provide a supportive and immune
regulatory role in CLL. In addition, they induce the
release of CCL3 and CCL4 from CLL cells to at-

Characteristics Correlations

Decrease expression of CD80/CD86

B cells CLL present least antigen

Expression CD200

Inhibits Th1 cells and induces Treg cells

Decrease expression of FASL by FAS

Protect CLL B cells from FAS-mediated cell death; promotes T cell apoptosis

Increasing the soluble FAS

Role in CLL progression

Secretion of IL-2 and IL-10 soluble receptor

Inhibits Th1 cell differentiation

Secretion of IL-6

Protects B cells CLL from spontaneous apoptosis;T cells secrete IL-4; consistently positive impact
on the survival of B cell CLL.
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tract other immune cells such as T cells and mono-
cytes (27,28). Also, NCLs induce chemotactism
and promote the survival of CLL cells by several
incompletely defined mechanisms, such as:

- secretion of chemokine ligand type 12

(CXCL12) and type 13 (CXCL13) (4,29).
- expression of B cell activation factor (BAFF)
(4,30).

- expression of a proliferation promoting li-

gand (APRIL)(4,30).

- CD31 expression, the CD38 ligand that is ex-

pressed in turn by CLL cells (4).

Specialized cells or nurse-like cells of monocyt-
ic origin are a component part of the CLL microen-
vironment that activates BCR signaling pathways
and nuclear factor B (NF-kB) in CLL cells (4,28).
Mesenchymal stromal cells (MSCs) of the bone
marrow secrete chemokines that regulate the flow
of CLL cells, providing further signals that help
maintain CLL cell survival and support drug resist-
ance (4). MSCs also play a role in the activity of
aggressive markers of the disease such as ZAP70,
CD38, CXCR4, and decreased CD20 expression on
the surface of CLL cells with implications in the
resistance to anti-CD20 antibody treatment (4,31).
In addition, MSC can produce more cytokines that
can affect hematopoietic cells such as IL-6, IL-7,
IL-11, IL-2, IL-14, IL-15, the leukemia inhibitory
factor, macrophage stimulation factor, tyrosine ki-
nase 3 ligand (FLT-3), and stem cell factor (3).

Additional cellular micro-environment CLL el-
ements include endothelial cells and follicular den-
dritic cells (FDC) with role in tissues administra-
tion and retention of CLL cells into the tissues. In
CLL, FDC inhibits malignant B cell apoptosis via
MCL-1 and promotes tumor proliferation (32-33).
In vitro, FDCs can promote the survival of CLL
cells via CD44 and recruit CLL cells to lymphoid
tissues by secreting CXCL13 (3). Stromal cells
from the bone marrow summarizes several cy-
tokines (IL-6, IL-7, IL-10, TGF-B), regulates nor-
mal B lymphopoiesis, protects CLL B cells from
spontaneous apoptosis and apoptosis induced by
steroids in vitro, and the interactions between stro-
mal cells and bone marrow microenvironment are
important in the progression of the disease or re-
sistance to therapy. VLA-4 and its ligand VCAM-1
are proteins that help the adhesion of B-precursors
to stromal cells, and integrins b1 and b2 play a role
in the adhesion of CLL B cells to stromal cells (35).

In a normal bone marrow the imbalances that
arise between pro- and anti-angiogenic factors re-
sult in pathological angiogenesis, which also oc-
curs in CLL pathogenesis. Angiogenic factors are
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expressed by CLL cells, such as vascular endothe-
lial growth factor (VEGF), which is also an indica-
tor of poor prognosis, VEGF co-receptor neuropi-
lin-1 (NRP1), fibroblast growth factor basic (bFGF)
and factor platelet-derived growth (PDGF). The
levels of these factors are increased in patients with
CLL, and correlate with the disease state and CLL
resistance to chemotherapy (4). The explanation is
that high levels of angiogenic factors may decrease
the stability of the layer of endothelial cells, and
thus allowing neo-angiogenesis and the transen-
dothelial migration of CLL cells. Neo-angiogenesis
can be targeted in terms of immunomodulatory
agents such as lenalidomide therapy, which can re-
duce both the level of VEGF and bFGF and in-
crease the stability of the endothelium (4,36).

Surface molecules of CLL cells such as the B
cell antigen receptor (BCR), chemokine receptors,
adhesion molecules, and members of the TNF re-
ceptor superfamily (e.g., CD40, BCMA and
BAFF-R) are involved in interactions with the tu-
moral microenvironment ligands, which results in
the survival and expansion of the CLL clone and
the protection of CLL cells from conventional cyto-
toxic drugs (37). The cytokines of the TNF family
may provide survival signals or may induce apop-
tosis (38).

Proliferative compartment

By simply observing that CLL cells progres-
sively accumulate in vivo, but when are grown in
vitro undergo apoptosis, questions arise over the
microenvironment and its ability to release signals
to ensure the survival of malignant cells. This draws
attention to the peripheral blood cell compartment
where lymphocytes are continually accumulating
and which is plausibly to be fed by a upstream pro-
liferation compartment (7). The structure of the
proliferative compartment is represented by the fo-
cal aggregates of the proliferative prolymphocytes
and the proliferative para-immunoblasts, the so-
called pseudofolicular or proliferation centers
(7,39). Immunohistochemistry studies have re-
vealed that these pseudofolicular centers are CD5
+, Ki67 + cell groups surrounded by new vessels
(7,40).

Hematopoietic niche

Infiltration of CLL cells into bone marrow leads
to over-agglomeration and production of factors
that distort or affect normal hematopoietic mi-
croenvironment. Normal CD34+ haematopoietic
stem cells have to compete with CLL cells for



Revista MebicaLA RomANA — VoLumuL LXVI, NR. 2, An 2019

CXCL12, and a likely consequence is that patients
with CLL may have a small number of CD34 +
stem cells that may cause granulocytes / mac-
rophages, megakaryocytes and erythrocytes to in-
crease in the bone marrow compared to healthy in-
dividuals (3.,41). So, the ability to differentiate
hematopoietic stem cells seems to be affected by
CLL cells. CLL cells produce TNF-a, inhibiting the
growth of hematopoietic cells in vitro. CLL cells
not only infiltrate lymphoid structures but also un-
dermine surrounding cells to become more compe-
tent in promoting leukemic cell survival (3). Anti-
gens can activate CLL cells by crosslinking the
surface immunoglobulin (sIg) expressed by the leu-
kemic cell. In CLL, sIg expressed by leukemic cells
may dictate the fate of the cell and may participate
in primary events involved in leukemogenesis
(3,42-43).

In vitro, CLL cells secrete various soluble fac-
tors that can alter the normal niche of hematopoiet-
ic cells. For example, CLL cells express high levels
of CXCLS8 chemokine and its receptor, unlike nor-
mal CD5 + B cells (3,44). Also, CLL cells can ex-
press factors that promote cellular survival of CLL,
such as CXCL9 and BAFF, and furthermore can
express high levels of suppressive immune factors
(TGF-B and IL-10) and growth stimulating factors
(TNF-a and IFN-y).The secretion of these mole-
cules by CLL cells can configure the micromedium
and influence the linkages between CLL cells and
other leukemic niche cells (3). Interactions between
malignant B lymphocytes and tumor microenviron-
ment tissues play a major role in the pathogenesis
of CLL (Figure 1).

OBJECTIVE

The objective of this article is to address those
essential aspects of Treg cell biology that provide
insight into the importance of regulatory T cells in
the development of chronic lymphocytic leukemia
and its progress. Another objective is to monitor:
the activity of human Treg cells in CLL, their use as
progression biomarkers for CLL and their use as
therapies in CLL.

DISCUSSIONS

In many human cancers and in most murine
models of tumor growth, the frequency of Treg
cells and their suppressor functions are increased
compared to those reported for healthy subjects
(45). The role of Tregs in tumor growth, metastatic
progression, and prognosis of the disease continue
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to be intensely debated, however there is experi-
mental evidence and clinical argue that Treg cells
are involved in the suppression of antitumor im-
mune responses, thereby escaping the tumor from
the host immune system (45,46). Thus, the accu-
mulation of regulatory T cells in situ and in the pe-
ripheral circulation of oncological patients can be
regarded as an attempt by the tumor to contribute to
its own escape from the host immune system by
silencing the antitumor effector immune cells (45).

FIGURE 1. Tumoral microenvironment (TM) of malign
B cells (79)

Commentary: The neoplastic B cells with normal cells
co-evolve to create an immunosuppressive microenvironment
that promotes the survival of bone marrow and lymphatic
tissues. Tumoral microenvironment is composed of several
different cell types adjacent to tumor cells, including stromal
cells / mesenchymal stem cells (MSCs), nurse-like cells (NLC),
natural killer cells (NK), dendritic cells (DCs) CD4 + and CD8 +
T cells and regulatory T cells (Tregs). ECM = extracellular
matrix.

Despite the progress made so far in understand-
ing how Treg cells work, many aspects of their in-
teractions with the tumor and other immune or
non-immune cells remain obscure. For example, it
is not clear whether the Treg cells found in the tu-
mor microenvironment are the same cells that cir-
culate in the periphery or just the functional charac-
teristics are similar to / different from those present
in peripheral blood cells (45). Overexpression of
several receptors of the Treg cell checkpoints in the
tumor microenvironment suggests that these cells
acquire significant phenotypic and functional prop-
erties once entered into tumor (figure 2). Because
of their ability to suppress the functions of antitu-
mor effector T cells (Teff), Treg cells have been
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perceived as mediators of escape tumor, operating
in a silent mode, or are removed if the antitumoral
function is to be restored (45,47-48). Regulatory T
cells constitute a small subpopulation of CD4 + T
cells, accounting for about 1-4% of CD4+ circulat-
ing lymphocytes in humans (49).

FIGURE 2. Immunological interactions between B CLL
cells and CD4 T cells(20)

Initially, Treg cells were defined by CD4 and
CD25 expression, but in the last decade for better
identification and characterization, it is associated
with the expression of other molecules such as
CTLA-4 and GITR (2). In general, human Treg
cells have been difficult to study for two reasons.
First, they represent a minority subset of CD4+ T
cells (approximately 5%) and are not sufficiently
numerically available for extensive examinations
(45,50). Second, they do not have a specific pheno-
typic marker to confirm their identity and facilitate
their isolation and characterization. Currently, reg-
ulatory T cells can also be characterized by the ex-
pression of the transcription factor protein 3
(FoxP3), which is a marker of certainty for Treg
cells in mice, but in humans it is not as reliable as it
may be absent from certain Treg subsets and pres-
ent on cells that are not Treg (45,51-52). In addi-
tion, FoxP3 is an intracellular protein that is not
expressed on the cell surface, so it can not be used
to isolate Treg cells (45,53).

To be able to differentiate the two Treg subsets,
flowcytometry used expression of surface markers
such as CD25hi on the cell surface and intracellular
FoxP3, such that pTreg cells exhibit increased het-
erogeneity regarding the level of expression of the
two markers (45,54). Regulation on the surface of
receptors pTreg cells inhibitors of checkpoints such
as CTLA-4, PD-1, TIM-3, LAG-3, TGF-B, LAP,
GARP or co-expression of CD39 and CD73 is a
characteristic that distinguishes pTreg from tTreg
(45,54-56). These features of pTreg are particularly
highlighted at tumor sites and are interpreted as ev-
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idence of the ability of these cells to mediate sup-
pression (45,55). And the absence of Treg cell sur-
face markers CD127 or CD26 is often useful for
Treg differentiation from Teft CD4+ cells (45,57-
58). Treg also has a phenotype with CTLA-4+,
CD62L+, CD127low and GITR+, and other Treg
subsets were described by expression of different
markers, some of which are associated with in-
creased Treg cell suppression activity, including
CD39, HLA-DR and CD103 (59).

Cytokines are necessary for Treg homeostasis,
for example IL-2 is one of the key cytokines that
thanks to its CD25 receptor helps to proliferate
Treg cells, but the role of IL-2 in Treg biology is
not clear. Many of the Treg cells express the alpha
chain receptor (CD25) of the interleukin 2 receptor
(IL-2R), CD25 expression being closely related to
IL-2 signaling. Teff cells inside the tumor are those
that produce in a great measure IL-2. Regulatory T
cells can also produce TGF- which is another key
cytokine that plays a role in Teff cell suppression
and is also produced by other types of tumor mi-
croenvironment cells, immature dendritic cells
(DC) and suppressor cells derived from myeloid
(MDSCs). Treg cells, having the role of immuno-
suppressive cells, secrete several suppressive cy-
tokines, such as IL-10, IL-35 and in CLL IL-10
production is higher in the lymph node than in pe-
ripheral blood (15).

The role of Treg cells in early body response to
cancer cells was mainly investigated in murine
studies due to the technical difficulties of studying
the biology of Treg before the detection and trig-
gering of human cancer. Oncological experiments
targeting murine models offer a variety of knowl-
edge regarding the in vivo interactions of Treg
cells, but at the same time raise extra unanswered
questions, oriented to the differences between Treg
mouse phenotype and Treg human. Human Treg is
difficult to phenotype as opposed to Treg murine
due to the lack of specific markers and the very
wide phenotypic profile of human Tregs (55)., but
the combination of markers used for flux phenotyp-
ing are: CD3, CD4, CD25, FOXP3, CD127 with
CD45RA addition, to clarify Treg activation status,
and Ki-76 is useful in vivo and not in vitro as a
universal proliferation marker. CD25 and FOXP3
remain the most commonly used markers in the hu-
man Tregs phenotype, although not Treg-specific
markers.

A minimal phenotypic definition of human Treg
cells should include any of the three commonly
used immunophenotyping panels:

1. CD25 + CDI12710FOXP3 + Treg,

2. FOXP3 + HELIOS + Treg
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3. FOXP3hi CD45RA-vs. FOXP3int CD45RA+
to distinguish activated Treg cells from nTreg
cells (45,60).

A vision that deserves to be taken into consider-
ation is the identification of Treg subsets in cancer
patients where differences are observed between
the Treg cell phenotype in healthy donors to onco-
logical patients or between the Treg phenotype at
the tumor site versus the peripheral blood of the
cancer patients (45). Specifically, in oncological
patients, the frequency of pTreg cells in the blood
and tumor tissues is often increased and Tregs ex-
press increased levels of surface markers associat-
ed with suppression, for example CD39, CD73,
LAP, GARP, COX-2 (45,61,62). Also, these Treg
sites have intracytoplasmic expression of perforin
molecules, granzyme B and / or IL-10 associated
with immune suppression (45,56).

Overall, it is suggested that pTreg cells present
in the tumor microenvironment are functionally
and phenotypically distinct from tTreg cells. There-
fore a definition would be needed to allow for a
more precise discrimination of the tTreg from
pTreg in oncological patients. Although none of
these markers are specific to Treg cells, when com-
bined with surface-bound CD25hi and / or intracy-
toplasmic FoxP3, they are useful because they al-
low the evaluation of the potential functions of
Treg by flow cytometry (45). Recent efforts to
identify a Treg specific marker to distinguish tTreg
from pTreg have focused on factor 2 Kruppel
(KLF2), a transcription factor that regulates chron-
ic inflammation and is needed in the development
of pTreg cells, but not of tTreg cells (45,63).

Although it is known that Treg cells use a varie-
ty of mechanisms to mediate suppression, it is not
clear whether all Tregs are able to perceive these
different mechanisms, or Treg subsets specialized
in a certain type of suppression exist. Therefore, the
scenario in which different tumors creates microen-
vironments in which Treg cells are instructed to
preferentially adopt the suppression pathway that
matches tumor microenvironment schedule is how-
ever, plausible (45). The multiple mechanisms by
which Treg cells can accumulate in the tumor mi-
croenvironment could be:

* Recruitment: tumors recruit Tregs cell due to
chemokines secreted by tumor cells and he-
reditary immune cells; combinations include
CCL17 / 22-CCR4, CCL5-CCRS, CCL28-
CCR10 and CXCL9 / 10/11-CXCR3 (64).

* Extension: in response to factors derived
from the tumor microenvironment (TGF-p,
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IL-10), Treg sites can proliferate and expand
in situ (64).

* Conversion: Treg production from non-sup-
pressive conventional T cells CD25- under the
guidance of TGF-f and adenosine (64).

Miyara et al. (64-65) divide regulatory T cells
into three subsets based on their activation and dif-
ferentiation state:

» effector or activated Tregs cells CD45RA-

FoxP3hi

» Tregs cells at rest CD45RA+FoxP3lo

» non-suppressive T cells secreting cytokines
CD45RA- FoxP3lo or “non-Tregs”

Effector Tregs are a distinct and highly suppres-
sive subset, which modulates the expression of sup-
pressive molecules (GARP / LAP, CD39 / CD73)
and immune control points (CTLA-4, TIM-3,
GITR, PD-1, LAG-3) (65).

The role of regulatory T cells in chronic
lymphocytic leukemia

The importance of T cells in the pathogenesis
and development of chronic lymphocytic leukemia
is now well established and the role of Treg cells
has also been investigated. In addition, a correla-
tion has been described between increased number
of Treg cells and clinical and biological character-
istics and negative prognosis of CLL. The percent-
age of Treg cells in CLL is highly variable, and
when one takes into account the absolute number, it
has been observed that the number of Treg cells in
CLL is markedly increased compared with healthy
donors (49). Several authors have reported data
about Tregs cell in CLL, for example:
¢ Jak et al. have speculated that the accumulation of

Tregs in CLL is due to increased proliferation in-

duced by CD27 / CD70 interaction in lymph node

proliferation centers and low apoptosis sensitivity

(49,66). Also, using the expression CD4+ CD25

bright CD127 low, they found an increase in the

absolute number of Treg cells in CLL and using
the Rai classification reported that the percentage
of Tregs increased with the stage of the disease

(59,66). This group also reported a predominance

of Treg CD45RO + cells, suggesting that these

cells are derived from memory T cells in a CD70
dependent manner and accumulate due to dimin-

ished apoptosis (59,66).

* Dasgupta et al. tried to establish an optimal
threshold for prognostic scores in order to sepa-
rate the low-risk patients from high risk (49,67).

* D’Arena et al. have found that the absolute num-
ber of Tregs cells is an independent predictor of
the duration of time until the initiation of the treat-



138

ment in the group of Rai stage 0 patients with CLL
(49). Their data show that the absolute number of
Treg cells is able to identify patients with CLL 0
stage high risk requiring therapy. Their group also
tested the influence of green tea (a popular drink in
China and Japan) and showed that the number of B
lymphocytes and absolute numbers of Treg cells
were reduced after oral consumption of green tea
extract. Thus, it has been concluded that this prod-
uct can modulate circulating Treg cells in patients
with CLL early-stage and may also delay the pro-
gression of the disease (49).

Rissiek et al. evaluated the composition of circu-
lating T cell populations and generated T cell
scores showing that the proliferation of suppressor
T cell occurred earlier during monoclonal B cell
lymphocytosis (MBL) (49,68). As the disease pro-
gresses from monoclonal lymphocytosis to CLL, T
cell sequential changes occur which gradually
compromise T cell function and contribute to dis-
ease progression (49,69). In addition, the absolute
number of Treg cells correlates directly with an
advanced stage of disease and a greater number of
circulating B cells (49).

Piper et al. on the contrary, they showed that in
patients with CLL, Treg cells retain their function
and are not influenced by chemotherapy (49,70). A
normalization of Treg cell count was observed af-
ter fludarabine treatment and in patients treated
with lenalidomide, suggesting that drugs are able
to modulate cell mediated immunity in CLL
(49,71-72).

Beyer et al. used CD4 + CD25high expression to
identify Treg cells and found elevated Treg in CLL
compared to healthy donors and observed a corre-
lation between Treg frequency and disease status
using the Binet classification (57,72).
Giannopoulos et al. noted an increase in the per-
centage of Treg cells in CLL using CD4 +
CD25high FoxP3 and although they found a corre-
lation between the Treg frequency and the Binet
stage, they did not find a significant correlation
with ZAP-70 or CD38 (59,73-74).

Weiss et al. using the CD3 + CD4 + CD25 +
CD127 expression to identify Treg cells, found a
significant increase in the percentage of Treg in
CLL patients compared to healthy control donors.
In addition, in their study, the percentage of Treg
cells correlates with non-mutant IgVH expression,
increased expression of CD38 and specific cytoge-
netic characteristics. This group also determined
that Tregs are an independent predictor of treat-
ment initiation time in these patients (59,75).
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CLL cells affect the ability of T cells to recog-
nize leukemic antigens. In vitro, following direct
contact with CLL cells, T-cells from healthy donors
lose their ability to form an immunological syn-
apse, i.e., the cell-cell interaction that T cells pro-
duce with antigen-presenting cells (APC) (3). In
particular, they lose their ability to polymerize
F-actin or recruit accessory cells from places where
they are in contact with APC. T cells isolated from
CLL patients already show these defects, suggest-
ing that CLL cells similarly affect the ability of T
cells to form such immunological synapses in vivo
(3,76).

Regarding CLL progression, it appears that ef-
fector T cells along with the production of cytokine
IL-4 and IFN-y influence it by the fact that it regu-
lates BCL-2 function and protects CLL cells from
apoptosis (77-78). A presumption of CLL patho-
physiology describes the existence of an intrinsic
feedback mechanism in which CLL B cells could
induce the generation or accumulation of CD4 T
memory cells, which in turn could help them
achieve better survival and expansion (20). In the
lymph node, neoplastic B cells interact with naive
and activated CD4 T cells, and this action results in
the generation or accumulation of CD4 T cells in
peripheral blood. With the help of chemokine re-
ceptors and CD4 T memory cell receptors, T cells
can confer on the lymph nodes the survival signals
required for B CLL cells (20).

CONCLUSIONS

Recently published data indicate that the disrup-
tion of the function of regulatory T cells (Tregs)
may influence the prognosis of haematological dis-
eases and clinical outcomes. It is considered that
Tregs suppress tumor immunity and thus prevent
the body’s natural ability to control the prolifera-
tion of cancer cells. Regulatory T cells comprise
subsets of cells with distinct phenotypic and func-
tional features which helps to escape the tumor
from the host immune system. Abnormalities that
arise in T cell subsets may be associated with the
progression of chronic lymphocytic leukemia. The
attributes of the T subsets present in the chronic
lymphocytic leukemia microenvironment are un-
clear, they may favor the progression of CLL or
may represent the biological basis of CLL specific
immunodeficiency. Hence, understanding and dis-
covery of these mechanisms could lead to an im-
provement in prognostic information and therapeu-
tic approaches in CLL.
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It is also worth noting that the mechanical caus-
es of expansion and change of T cell direction re-
main largely unclear, but T cell defects may be the
basis for compensatory expansion seen in patients
with CLL. Data from the literature suggests that the
interdependence between leukemic B cells, extra-
cellular components of the microenvironment and
T cells modulates the clinical course of disease and
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