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ARTICLE INTFO ABSTRACT
Article history: Background: Although chronic lymphocytic leukemia is basically a B cell disease, its patho-
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Available online 11 June 2018 expansion, differentiation and survival. Chronic lymphocytic leukemia B cells may also drive
functional and phenotypic changes of non-malignant T cells. There are few data about the
Keywords: association between memory T cells and prognosis, especially related to ZAP-70, a common
Chronic lymphocytic leukemia reliable surrogate of the gold standard chronic lymphocytic leukemia prognostic markers.
ZAP-70 protein-tyrosine kinase Objective: The aim of this study was to investigate whether the expression of ZAP-70 in
Memory T cells chronic lymphocytic leukemia patients is associated with abnormal patterns of the distri-

bution of naive and memory T cells related to crosstalk between these cells.

Methods: In this cross-sectional, controlled study, patients with chronic lymphocytic
leukemia were compared with healthy blood donors regarding the expression of ZAP-70
and the distribution of naive and memory T cell subsets in peripheral blood as measured by
flow cytometry.

Results: ZAP-70 positive patients presented an increased frequency and absolute number of
central memory CD4* T cells, but not CD8* T cells, compared to ZAP-70 negative patients
and age-matched apparently healthy donors.
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Conclusions: Because central memory CD4* T cells are located in lymph nodes and express
CD40L, we consider that malignant ZAP-70-positive B cells may receive beneficial signals
from central memory CD4* T cells as they accumulate, which could contribute to more

aggressive disease.

© 2018 Associacao Brasileira de Hematologia, Hemoterapia e Terapia Celular. Published
by Elsevier Editora Ltda. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Chronic lymphocytic leukemia (CLL) is the most common
lymphoproliferative neoplasm in Western countries; it is char-
acterized by an accumulation of mature CD5* B cells in
hematopoietic tissue due to the imbalance in the rates of
proliferation and apoptosis. It has been reported that genetic
predisposition, mutations, familial history, environmental
factors and clonal evolution induced by antigens and/or auto-
antigens are elements related to the etiology of the disease.'™

The clinical course of CLL is heterogeneous and varies
between individuals.»* Several clinical and laboratory data
are considered prognostic markers, including Rai and Binet
staging, lymphocyte count doubling time, cytogenetics, differ-
ent genetic mutations, zeta-chain-associated protein kinase
70 (ZAP-70) expression and the Ig heavy chain V-III region VH26
(IgVH) gene mutational status.>>® Of these, ZAP-70 expres-
sion, detected by flow cytometry, is commonly used as a
reliable surrogate for gold standard prognostic markers.®

Although CLL is basically a B cell disease, it has been pro-
posed that its pathophysiology and evolution are significantly
influenced by T cells as they participate in their expansion,
differentiation and survival, which may also influence T lym-
phocyte function and phenotype,®'® with the accumulation
of memory T cells in CLL patients.'>'?> However there are few
data about the association between memory T cells and the
prognosis of CLL, especially related to ZAP-70.

Thus, this study analyzed the peripheral T cell compart-
ment of CLL patients, to evaluate whether ZAP-70 expression
is associated with an abnormal distribution of naive and mem-
ory T cells related to the crosstalk between these cells, and
consequently to the prognosis of the disease.

Methods
Study design, ethics and setting

This controlled cross-sectional study compared CLL patients
with healthy blood donors regarding the distribution of naive
and memory T-cell subsets in peripheral blood. The study was
conducted in two referral centers for hematology and oncol-
ogy in Brazil, one private and the other a public teaching
institution.

All healthy blood donors and patients signed informed con-
sent forms thereby agreeing to participate in this study. The
review boards of both institutions reviewed and approved the
study protocol.

Healthy donors and patients

The case group of this study were all adult patients admitted
for the diagnosis of CLL from September 2011 to September
2012. The control group comprised blood donors from the
same institutions during the same period.

A volume of approximately 10 mL of peripheral blood (PB)
was collected from all participants in tubes with anticoag-
ulant heparin or ethylenediaminetetraacetic acid (EDTA) for
flow cytometry. In the blood banks, the sample was collected
after voluntary donations.

Flow cytometry assay

The flow cytometry assay used in this study for the evalu-
ation of the ZAP-70 expression was performed in the Flow
Cytometry Laboratory of the Clinical Pathology Laboratory of
Hospital Israelita Albert Einstein. The technical procedures
and flow cytometry settings followed standard operating pro-
cedures (SOP) previously validated in the laboratory and the
quality was monitored by internal and external quality con-
trols as published by the American College of Pathology (CAP)
and United Kingdom National External Quality Assessment
Service (UKNEQAS).

The expression of ZAP-70 in B-cell CLL patients was always
evaluated in parallel to a sample of peripheral blood from a
healthy donor in order to validate the intracytoplasmic reac-
tion and the ZAP-70 antigenic expression in T-cells (positive)
and B cells (negative).

All fluorochrome-conjugated antibodies were validated
before use according to the reaction specificity and the best
volume capable of providing the antigen—antibody binding sat-
uration (titration).

Characterization of naive and memory T cells

Peripheral blood mononuclear cells (PBMC) from healthy
donors and CLL patients were obtained and purified using
Ficoll-Paque PLUS (GE Healthcare Bio-Sciences AB, Sweden)
and density gradient centrifugation.

The cell concentration and viability were assessed using an
optical microscope, Neubauer chamber and trypan blue. An
aliquot of 1 x 108 cells were stained with anti-CD3, anti-CD4,
anti-CD8, anti-CD45RA, anti-CD62L monoclonal antibodies
(mAbs) conjugated with peridinin chlorophyll protein (PerCP),
allophycocyanin cyanine 7 (APC-Cy7), phycoerythrin cyanine
7 (PE-Cy7), fluorescein isothiocyanate (FITC) and phycoery-
thrin (PE), respectively (Becton, Dickinson San Jose, CA, USA).
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Figure 1 - Characterization of naive and memory T cells in peripheral blood of healthy donors and chronic lymphocyte
leukemia (CLL) patients by flow cytometry. The lymphocyte region was evaluated considering the forward and side scatter
of cells. CD4* and CD8"* T cells were respectively determined by double positivity of CD3*CD4* and CD3*CD8*, and the
CD45RA and CD62L expression patterns were used to identity naive T cells (CD45RA*CD62L*), central memory T cells
(CD45RA~CD62L*), effector memory T cells (CD45RA~CD62L") and terminal effector memory T cells (CD45RA*CD62L"). For
standardization, 50,000 events were acquired in the CD3* T-cell population. This strategy was representative for healthy

donors and CLL patients.

After incubation and washing, samples were analyzed by flow
cytometry in a BDFACS Canto II apparatus (Becton, Dickinson,
San Jose, CA, USA) using the FlowJo software — (Tree Star, Inc.).

CD4* and CD8" T cells were respectively determined
by double positivity of CD3*CD4* and CD3*CD8*. More-
over, CD45RA and CD62L expressions were used to identify
naive T cells (CD45RA*CD62L*), central memory T cells
(Tcm; CD45RA-CD62L*), effector memory T cells (Tem;
CD45RA-CD62L") and terminal effector memory T cells
(Temra; CD45RA*CD62L™) (Figure 1). This strategy was used for
both healthy donors and CLL patients.

ZAP-70 expression in CLL patients

For the ZAP-70 flow cytometry assay, 5x 10° PB cells from
healthy donors and CLL patients were stained with anti-
CD3 and anti-CD19 mAbs and conjugated with phycoerythrin
cyanine (PE-Cy5) and PE, respectively (Beckman Coulter).
For cytoplasmic staining, cells were fixed, permeabilized

and stained with anti-ZAP-70 mAb conjugated with Alexa-
Fluor488 (clone 1E7.2, Invitrogen). Samples were analyzed in a
Cytomics FC500 apparatus (Beckman Coulter - Figure 2).

The cut-off for ZAP-70 positivity was based on published
data, which recommends positivity when more than 20% of
neoplastic B lymphocytes express ZAP-70.2

To standardize the technique, the ZAP-70 expression was
always analyzed in the samples of healthy donors in parallel
to CLL patients. Furthermore, the isotype control for Alexa-
Fluor488 was used as a negative control of the reaction, while
the expression of ZAP-70 on normal T lymphocytes was con-
sidered the positive control.'*

Statistical analysis

The normal distribution of the data was tested using the
Kolmogorov-Smirnov test for each type of cell and there was
no statistical significance to reject the assumption of normal-
ity. The comparison between cell types in total was performed
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Figure 2 - Detection of ZAP-70 expression in healthy donors and chronic lymphocyte leukemia (CLL) patients. An aliquot of
5 x 10° peripheral blood cells were stained with monoclonal antibodies (CD19PE, CD3PE-CyS5, intracellular mouse IgG1
AF488 and intracellular ZAP-70 AF488) and analyzed by flow cytometry. (A) First a gate in the lymphocyte region was
created according to forward and side scatter to better identify the specific populations. (B) Following the gate strategy,
CD19* B cells and CD3* T cells were characterized in the lymphocyte gate. The definition of negative fluorescence by mouse
IgG1 AF488 (C) in CD3* T cells and (D) in CD19* B cells. (E) ZAP-70 positive expression in normal CD3* T cells and (F) in
neoplastic CD19* B cells. The ZAP-70 expression in normal T cells of CLL patients was used as the internal control of
staining reaction. A total of 50,000 events was acquired for all counts.

using the paired Student t-test and the comparison between
the cell subpopulations was performed using repeated mea-
sures analysis of variance (ANOVA) followed by Bonferroni
multiple comparison. Comparison between groups (healthy
and case) and cell types or subtypes were achieved using
two-way ANOVA followed by Bonferroni multiple comparison
when necessary. Statistical differences were considered sig-
nificant when p-values were <0.05.

Results

In the study period, 21 CLL patients and 43 controls were
enrolled. In the control group, 17 patients were over 40 years
old. Table 1 summarizes the characteristics of the control
group and the clinical and laboratory data of the CLL patients
are summarized in Table 2.

Distribution profile of naive and memory T cells

As expected, the frequency and the absolute number of CD4*
T cells were higher than those of CD8* T cells in the Control
Group (Figure 3). The T cell compartment was also charac-
terized and the CD4 and CD8 subpopulations had different
distributions according to memory T cell subsets. Central
memory T cells (Tcy) were predominant in the CD4* T cell

Table 1 - Characteristics of healthy donors.

Characteristic Total Over 40-year olds
Patients — n (%) 43 (100) 17 (100)
Sex—n (%)
Male 26 (60.5) 9(52.9)
Female 17 (39.5) 8(47.1)
Age (years)
Median 36 55
Range 19-72 41-72

compartment, whereas Tcm were fewer of the CD8* T lym-
phocytes with Ty and Temra being distributed equally among
CD8* T lymphocytes (Figure 3C and D).

Characterization of T cell compartment in chronic
lymphocytic leukemia patients

The analysis of the T cell compartment in CLL patients showed
that, due to the increased numbers of neoplastic B lympho-
cytes in PB, the frequencies of CD4* and CD8* T lymphocytes
were extremely low compared to healthy donors (Figure 4).
Similar absolute numbers were observed in the PB of both
patients and healthy controls (Figure 4).
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Figure 3 - Distribution profile of T cells in healthy donors. (A) Frequency and (B) absolute number of peripheral blood CD4*
and CD8* T cells from healthy individuals as assessed by flow cytometry. Frequency of memory (C) CD4* and (D) CD8* T cell
subpopulations according to the CD45 and CD62L expression [central memory T cells (Tcm - CD45RA~ CD62LY), effector
memory T cells (Tem — CD45RA™ CD62L~) and terminal effector memory T cells (Temra — CD45RA* CD62L™)]. The values were
statistically significant with p-value <0.001 (***) and p-value =0.003 (**).
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Figure 4 - Absolute number of CD4 and CD8 T cells is not changed in chronic lymphocyte leukemia (CLL) patients. (A)
Frequency of peripheral blood CD4* and CD8* T cells in CLL patients compared to healthy donors. The values were

statistically significant with p-value <0.001 (***). (B) Absolute number of peripheral blood CD4* and CD8* T cells from CLL
patients compared to the healthy donors.

Distribution pattern of naive and memory T cells in absolute number of CD8* T cells in CLL patients compared to
chronic lymphocytic leukemia patients age-matched apparently healthy individuals (Figure 6).

No differences in the frequency and the absolute number of  Age-dependent differences in the distribution of naive and
naive, Tcm, Tem and Teuyra Were observed in the CD4* and memory T cells

CD8* T cell populations (Figure 5). However, ZAP-70 positive
patients had significant differences in the frequencies of
naive and absolute number of Tcy in the CD4* T cell com-
partment. There was no difference in the frequency or the

The literature suggests that events related to the age, such
as homeostatic regulation, thymus involution and anti-
genic stimulation could affect the naive and memory T cell
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Figure 5 - Naive and memory T cell distributions in chronic lymphocyte leukemia (CLL) patients. Peripheral blood T cell
subsets in CLL patients and age-matched healthy donors (Group 2) were determined by flow cytometry. (A) Frequency and
(B) absolute number of CD4* naive and memory T cells subsets. (C) Frequency and (D) absolute number of CD8* naive and
memory T cells subsets. Tgu: central memory T cells; Tgm: effector memory T cells; Tgmra: terminal effector memory T cells.

A CD4* T cells B CD4* T cells

[ Healthy donors (group 2)
@B CLL ZAP-70 negative
B3 CLL ZAP-70 positive

& @Q‘v

CD8* T cells D CD8* T cells

o]
o
N

15004

Frequency (%)
H [o2]
e

n
o
1

[ Healthy donors (group 2
50+ 200+ mm CLL ZAP-70 negative
CLL ZAP-70 positive

404 1504

1004

Frequency (%)
Cells/mm?®

504

N o
O & \a 4"’
Ny A A «@Q

&

Figure 6 — Naive and memory CD4"* T cell distributions are related to the ZAP-70 expression in chronic lymphocyte leukemia
(CLL) patients. (A-C) Frequency and (B-D) absolute number of CD4* and CD8* naive and memory T cells subsets in CLL
patients with and without ZAP-70 expression in comparison to age-matched healthy donors. Differences in the frequencies
of naive and absolute number of central memory T cells in the CD4* T cell compartment were statistically significant with

p-value <0.001 and p-value = 0.008, respectively. Tcy: central memory T cells; Tgm: effector memory T cells; Temra: terminal
effector memory T cells.
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Figure 7 - Distribution of naive and memory subtypes of CD8* T cells, but not CD4* T cells, is age dependent. Analysis of
the frequency distribution of (A-D) CD4* and (E-F) CD8* naive, central memory T cells (Tcwm), effector memory T cells (Tem)

and terminal effector memory T cells (Tgmra) in healthy donors (19-72 years old). Linear regression was used to evaluate the
changes.
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Table 2 - Clinical and laboratory data of chronic

lymphocyte leukemia patients.

Characteristic Value
n 21
Sex—n (%)

Male 16 (76.2)

Female 5(23.8)
Age (years)

Median 64

Range 46-88
Leucocytes (x103/uL)

Median 24.46

Range 2.60-61.00
Lymphocytes (x103/ulL) —n (%)

Median 20,465.0 (78.3)

Range 1.609 (41.7)-53,741.0 (92.0)
Hemoglobin (g/dL)

Median 13.6

Range 8.5-16.7

Hematocrit (fL)
Median 39.8
Range 25.6-54.2

Platelets (x109/L)
Median 205
Range 32,000-265,000

ZAP-70 expression — n (%)
Negative
Positive

16 (76.2)
5 (23.8)

distributions.® Therefore, the next step was to rule out the
possibility that the increase in Ty CD4* cells was due to dif-
ferences in the ages of the patients. On analyzing the healthy
group (19-72 years old), no differences were observed in the
naive and memory CD4* T cells with age (Figure 7), but in the
CD8* T cell compartment, the naive T cells diminished and
Tcm and Temra cells increased with age (Figures 7E-H).

Discussion

The involvement of T cells in the pathophysiology of
hematologic malignancies, especially in CLL, is widely dis-
cussed. The interaction of neoplastic B cells with their
microenvironment, particularly CD4* T lymphocytes and
with extracellular components, could regulate the expansion,
differentiation, and survival of neoplastic B cells, and pos-
sibly influence the T lymphocyte gene expression, function
and phenotype.”!? This study showed that ZAP-70 positive
patients presented increased Tcm CD4* T cells compared to
ZAP-70 negative patients and to age-matched healthy donors
(Figure 5).

Memory T cells represent a heterogeneous group of cells
characterized by their phenotypic diversity, proliferative index
versus effector function, and migratory capability to lymph
nodes and/or to peripheral tissues. They are classified into
three major groups: Tem, Tem, and Temra. Briefly, Tem are
located in lymph nodes and have low effector function with

a high proliferative index. On the other hand, Tem and Temra
are characterized by high effector function in the liver, lung,
and gut and with a low proliferative index. Together, these
cells provide immediate protection in peripheral tissues and
efficient secondary response in lymph nodes.’> 18

It is well established that the signaling and antigenic stim-
ulation by B cell receptors (BCRs) is crucial for survival and
growth of CLL cells, even though it is a disease with a low pro-
liferative index.’ In this context, Tcy CD4* cells can migrate
to the lymph nodes due to the expression of CD62L and CCR7,
and interact with B cells by CD40L and CXCR5, that conse-
quently could contribute to stronger BCR signaling, expansion
and evolution of the disease.'® These data could support the
finding that ZAP-70 positive CLL patients have increased Tcom
CD4* T cells.

In addition to the modulation of BCR signaling, the
cytokines produced by memory T cells, especially interleukin
(IL)-4 and interferon-gamma (IFN-v), could promote increased
survival of the CLL clone.?%?! Recently, a study showed that
ZAP-70 expression in CLL is associated with a reduction of
naive CD4* T cells and increases in activation/differentiation
of CD4* T cells to a memory profile that expresses IL-4 or IL-
10. In addition, these cytokines might favor the growth and
survival of CLL cells.??

Furthermore, as neoplastic CLL B cells are inefficient as
antigen presenting cells, the evidence thatincreased Ty CD4*
T cells could be a CLL mechanism is supported by the theory of
the generation of memory T cells; a weak stimulation of naive
T cells during antigen presentation drives the differentiation
of these cells into Ty cells.2324

To ratify that the changes detected in the CD4* memory T
cell compartment are a CLL intrinsic mechanism and not an
age-dependent event, the frequency of these cells was evalu-
ated in healthy donors stratified by age. Indeed, events related
to age, such as homeostatic regulation, thymus involution and
antigenic stimulation were observed,® but this mechanism
only affected the CD8* T cell compartment (Figure 7). There-
fore, our finding of increased Ty CD4 cells is a consistent
result and directly associated with CLL, in particular, associ-
ated to ZAP-70 expression in this disease.

This study has limitations in evaluating the real asso-
ciation between the results with CLL prognosis, especially
due to absent of experimental verification and correlation
with other clinical and laboratory data. Still, we believe
the increase in Ty CD4* T cells might be a result of the
crosstalk mechanism between CLL ZAP-70 positive B cells
with normal CD4* T cells, in which the neoplastic clone
could obtain greater survival and expansion signals due to
cytokines and costimulatory signals as described above. Inter-
estingly, it is reported that murine models using animals
deficient in B cells have impaired generation of CD4* memory
T cells.’>%

These findings could be important to understand the
pathophysiology, and consequently, they could help drive fur-
ther investigations in the prognosis and treatment of CLL.
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