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WBC, white blood cell; PB, peripheral blood; NK, natural killer; LAK, interleukin (IL)-2-activated killer; SCID, severe combined
immunodeficient mice; AML-1, acute myeloid leukemia patients with increased (>10 x 10°/L) WBC counts at the time of
diagnosis; ALL-1, acute lymphocytic leukemia patients with increased (>10 x 10°/L) WBC counts at the time of diagnosis;
AML-2, acute myeloid leukemia patients with low WBC counts (<10 x 10°/L) at diagnosis; ALL-2, acute lymphocytic leukemia

patients with low WBC counts (<10x10°/L) at diagnosis; CIK, cytokine-induced killer cell

Recent reports have highlighted the role of cellular immunity in anti-tumor defenses. T lymphocytes are known to play
important part in anti-cancer immunity. The number and function of T lymphocytes are altered in chronic leukemia
patients. CD3*CD56* T lymphocytes have also been found to be abnormal in cancer patients. We therefore investigated
changes in the number and cytotoxicity of CD3*CD56* T lymphocytes in the peripheral blood of acute leukemia (AL)
patients (excluding acute promyelocytic leukemia), to improve our understanding of the role of this T lymphocyte
subset. We analyzed CD3*CD56" T lymphocyte numbers and cytotoxicities in healthy controls, AL patients, and AL
patients with complete remission. Lymphocyte counts were performed in peripheral blood and flow cytometry was
used to determine cell numbers and cytotoxicities. The absolute number of CD3*CD56* T lymphocytes was increased in
AL patients (including acute myeloid [AML] and acute lymphocytic leukemia [ALL]) compared with healthy controls (P <
0.05), but their functioning was significantly reduced (P < 0.05). The number of CD3*CD56* T lymphocytes in AML and ALL
patients who achieved remission following chemotherapy was close to healthy controls (P > 0.05), but their functioning
was still significantly reduced (P < 0.05). In addition, the number of CD3*CD56* T lymphocytes increased significantly
in AML patients with increased peripheral blood white blood cell (WBC) counts, and in ALL patients without increased
WBCs. These results suggest that cellular immunity may respond to AML and ALL, but that lymphocyte cytotoxicity
remains impaired. Dysfunction of CD3*CD56* T lymphocytes in AML and ALL patients may contribute to the failure of the

host immune response against leukemic blasts.

Introduction

Immune evasion is an important mechanism in cancer progres-
sion. Several studies have identified abnormal cellular immunity
in cancer patients, thus indicating potential new strategies for
cancer treatment.! However, successful immunotherapy requires
a better understanding of the changes in the immune system in
cancer patients.

Acute leukemia (AL) is a malignant tumor of the hematological
system, characterized by malignant clones of leukemia cells in the
bone marrow. Its clinical manifestations include fever, bleeding,
and anemia. Abnormal peripheral blood (PB) cells and malignant
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leukemic clones can be identified by laboratory tests. AL can be
divided into acute myeloid leukemia (AML) and acute lymphocytic
leukemia (ALL), according to the FAB system. Chemotherapy and
stem cell transplantation (SCT) represent the main treatments
for AL, and long-term survival may require SCT, which is based
on rebuilding the immune system to produce a graft-vs.-leukemia
effect. However, its high cost, and significant side effects and mor-
tality limit the applicability of SCT in China. Doctors have there-
fore used novel immunotherapies, and research into abnormalities
of the immune system in AL patients has become a hot topic.
Several studies have shown changes in the numbers and functions
of T lymphocyte subsets in chronic lymphocytic leukemia.?¢
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Table 1. Numbers of CD3*CD56* T lymphocytes in the peripheral blood in patients with AML, ALL, CR-AML, CR-ALL, and in healthy controls

Healthy controls AML
Proportion 2.72% + 1.58% 6.05% + 1.83%*
Number (x 10%/L) 589 +34.7 162.4 + 54.1*

ALL CR-ALL CR-ALL
7.08% + 3.70%* 3.58% * 1.01% 3.26% * 1.53%
183.3£91.7 * 524+ 14.4 43.5+39

AL, acute leukemia; CR, complete remission; AML, acute myeloid leukemia; ALL, acute lymphocytic leukemia. *P < 0.05 in one-way ANOVA

CD3*CD56* T lymphocytes were first described as a distinct
subset of T cells more than a decade ago.”® This subset expresses
surface receptors that are also found on conventional T cells
(CD3), together with receptors characteristic of natural killer
(NK) cells (CD56), and they can therefore be referred to as NKT
cells. These cells have already been shown to have antitumor cyto-
toxicity.”!® Such cells possess a higher level of anti-tumor activ-
ity in vivo than interleukin (IL)-2-activated killer (LAK) cells.
This property has been demonstrated in various animal tumor
models, and survival of severe combined immunodeficient mice
(SCID) inoculated with a B-lymphoma cell line was prolonged
more by treatment with activated CD3*CD56* cells than with
LAK cells. Furthermore, CD3*CD56* cells have a higher rate of
proliferation than LAK cells.""*? In another SCID mouse model,
CD3*CD56" cells from patients with chronic myelogenous leu-
kemia were shown to have potent efficacy against autologous
tumor cells.”” The anti-tumor efficacy of some immune cells is
known to involve perforin, and several studies have shown high
levels of perforin expression in CD3*CD56" cells.'*"> We there-
fore compared the numbers and cytotoxicities of CD3*CD56*
T lymphocytes in patients with primary AL, healthy controls,
and in AL patients who achieved complete remission (CR-AL)
following chemotherapy. Only one previous study addressed the
issue of CD3*CD56* T lymphocyte numbers in the PB at the
time of diagnosis of AML,'® but no previous studies have inves-
tigated these factors at the time of diagnosis of ALL, and at the
time of complete remission from AL. Similarly, no studies have
examined changes in CD3*CD56* T lymphocyte numbers and
cytotoxicities in AL patients in relation to changes in white blood

cell (WBC) counts.
Results

Numbers of CD3*CD56* T lymphocytes in the PB of patients
presenting with AML and ALL. We assessed the proportions and
numbers of CD3*CD56* T lymphocytes in the PB of 24 primary
AML patients, 16 primary ALL patients, 14 CR-AML patients,
14 CR-ALL patients, and 20 healthy volunteers. The proportions
and numbers of CD3*CD56* T lymphocytes in the PB of AML
and ALL patients were significantly increased compared with
healthy controls (both P < 0.05, Table 1; Fig. 1A and B). At the
same time, there were significant decreases in the proportions and
numbers of CD3*CD56* T lymphocytes in the PB of CR-AML
and CR-ALL patients compared with primary AML and ALL
patients (P < 0.05, Table 1; Fig. 1B), but no difference compared
with healthy controls (both P > 0.05, Table 1; Fig. 1A and B).
There was no significant difference in numbers between AML
and ALL (? > 0.05, Table 1). Interestingly, both the proportion
and number of CD3*CD56* T lymphocytes in the PB of AML

www.landesbioscience.com

patients with WBC counts >10 x 10°/L at the time of diagnosis
(AML-1) were increased more significantly than those in AML
patients with WBC counts <10 x 10°/L at the time of diagnosis
(AML-2, P < 0.05, Table 2; Fig. 1A and C). In contrast, both the
proportion and number of CD3*CD56* T lymphocytes in the
PB of ALL patients with WBC counts <10 x 10°/L at the time of
diagnosis (ALL-2) were increased more significantly than those
in ALL patients with WBC counts >10 x 10°/L at the time of
diagnosis (Table 2; Fig. 1A and C)

Cytotoxicities of CD3*CD56* T lymphocytes in the PB of
patients with AML and ALL. We also examined the cytotox-
icities of CD3*CD56* T lymphocytes in the PB of patients with
AML and ALL. Previous studies identified a role for perforin
in the anti-tumor effect of CD3*CD56* T lymphocytes.'""> We
therefore examined the expression of perforin in CD3*CD56*
T lymphocytes and found significant decreases in perforin
expression in AML and ALL patients compared with healthy
controls (both P < 0.05, Table 3). Although CD3*CD56* T lym-
phocyte numbers in the PB recovered to normal levels in AML
and ALL patients who achieved CR after chemotherapy, perfo-
rin expression levels failed to recover to control levels in these
patients (both P < 0.05, Table 3; Fig. 2). There was no difference
in perforin levels between AML and ALL patients, but perforin
levels were significantly lower in CR-AML patients than in other
patients (P < 0.05, Table 3). Further studies with larger sample
sizes are needed to confirm this result. In contrast to the num-
bers of CD3*CD56* T lymphocytes in the PB, perforin levels
were unaffected by changes in WBC numbers in AML and ALL
patients, (P> 0.05, Table 4; Fig. 2).

Discussion

The results of this study demonstrated that CD3*CD56* T lym-
phocytes were significantly increased in AML and ALL patients
compared with healthy controls, and returned to almost nor-
mal levels at the time of CR. These data are in accordance with
the results of Le Dieu et al.'® This suggests that the appearance
of a malignant clone in AL patients could trigger an immune
response, similar to the increases in WBC count and C-reactive
protein level that occur in common infections, which return to
normal when the infection is controlled. CD3*CD56* T lympho-
cyte numbers were also affected by WBC counts. CD3*CD56* T
lymphocytes were significantly increased in AML patients with
relatively high WBC counts (>10 x 10°/L) at the time of diagno-
sis, but only slightly increased in patients with lower WBC counts
(<10 x 10°/L) at the time of diagnosis, compared with healthy
controls. This differed from the situation in ALL patients, in
whom CD3*CD56* T lymphocytes were significantly increased
in patients with higher WBC counts (<10 x 10°/L) at the time
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Figure 1. Levels and numbers of CD3*CD56* T lymphocytes in the peripheral blood of patients with AL, CR-AL, and healthy controls. CD3*CD56* T lym-
phocytes were significantly increased in AML and ALL patients compared with healthy controls, and levels recovered in AL patients who achieved

CR. CD3*CD56* T lymphocytes were also increased in AML patients with WBC counts >10 x 10°/L and ALL patients with WBC counts <10 x 10%/L. (A)
CD3*CD56* T lymphocytes. (B) Numbers in healthy controls, AML, ALL, CR-AML, and CR-ALL patients. (C) Numbers in healthy controls, AML-1, AML-2,
ALL-1, and ALL-2 patients.

Table 2. Numbers of CD3*CD56* T lymphocytes in the peripheral blood of patients with AML-1, ALL-1, AML-2, ALL-2, and in healthy controls

Healthy controls AML-1 ALL-1 AML-2 ALL-2
Proportion 2.72% + 1.58% 7.90% + 0.72%* 0.94% + 0.39% 3.89% + 0.54% 10.15% + 2.93%*
Number (x 10°/L) 58.9 + 34.7 206.5 + 31.2* 13.6 = 1.64 116.4 £ 31.8 220.9 + 59.7*

AML-1, acute myeloid leukemia patients with increased (>10 x 10%/L) WBC counts at the time of diagnosis; ALL-1, acute lymphocytic leukemia patients
with increased (>10 x 10°/L) WBC counts at the time of diagnosis; AML-2, acute myeloid leukemia patients with low WBC counts (<10 x 10°/L) at diagno-
sis; ALL-2, acute lymphocytic leukemia patients with low WBC counts (<10 x 10%L) at diagnosis. *P < 0.05 in one-way ANOVA

Table 3. Function of CD3*CD56* T lymphocytes in the peripheral blood . . . . . .
of patients with AML, ALL, CR-AML, CR-ALL, and healthy controls of dlagnosm, but decreased sllghtly in patients with lower WBC

counts at diagnosis (>10 x 10°/L), compared with healthy con-

Perforin P*
trols. The clinical significance of this is unclear, but it may reflect
hicaltjcenticl 63.8% +7.10% <005 the effect of different conditions, such as WBC numbers, on
L 2B 2k 2 < LB the normal lymphocyte population. However, this would not
ALL 21.2% * 4.23% <0.05 account for the difference in immune reactions between AML
CR-AML 13.2% + 4.81% <0.05 and ALL. Further studies with larger sample sizes are therefore
CR-ALL 27.3% + 2.70% <0.05 needed to clarify the clinical significance of these findings.

Although the numbers of CD3*CD56* T lymphocytes, which

AL, acute leukemia; CR, complete remission; AML, acute myeloid leuke- i . [
are known to possess anti-tumor cytotoxicity, were significantly

mia; ALL, acute lymphocytic leukemia. *P < 0.05 in one-way ANOVA
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Figure 2. Perforin expression in CD3*CD56* T lymphocytes in the peripheral blood of patients with AL patient, CR-AL, and healthy controls in relation
to WBC count. In each plot, the red peak represents the negative control for perforin, and the blue peak represents perforin expression in each group,
respectively.Perforin expression levels in AML and ALL patients were lower than in healthy controls, and remained lower even after CR. Changes in
WBC counts in AML and ALL patients had no effect on perforin expression. (A) Healthy controls, (B) AML-1, (C) AML-2; (D) ALL-1, (E) ALL-2, (F) CR-AML,

increased in AL compared with healthy controls, they were
unable to prevent disease progression. This may be related to dys-
function of these lymphocytes. Immunocytes are known to kill
abnormal cells both directly and by other means. Perforin is the
main factor involved in direct killing, and the expression levels of
perforin in CD3*CD56* T lymphocytes in vitro has been shown
to be very high."*” In the current study, however, perforin levels
were significantly reduced compared with healthy controls. This
suggests that the function of CD3*CD56* T lymphocytes may
be impaired, making them unable to kill the abnormal leuke-
mia cell clone. There was no difference in perforin expression
between AML and ALL patients, irrespective of WBC numbers,

www.landesbioscience.com

and perforin levels remained significantly lower than in healthy
controls, even in patients who achieved CR. This could help
to explain why patients who only receive chemotherapy relapse
easily. This is supported by the observation in our hospital that
patients who did not receive SCT after consolidation chemo-
therapy frequently relapsed within one year, and were unable to
achieve CR with subsequent chemotherapy, developing refrac-
tory leukemia.

Le Dieu et al.'® showed that CD3*CD56* T lymphocytes are
not true NKT cells, though a review of the literature?' sug-
gested that CD3*CD56* T lymphocytes may include several
subsets, including NKT and cytokine-induced killer cells (CIK).
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Table 4. Function of CD3*CD56* T lymphocytes in the peripheral blood
of patients with AML and ALL in relation to WBC count at diagnosis

Perforin P*

AML-1 22.5% *+ 4.53% >0.05
AML-2 35.5% + 4.80% >0.05
ALL-1 21.3% =+ 8.05% >0.05
ALL-2 21.1% + 1.82% >0.05

AML-1,indicates acute myeloid leukemia patients with increased

(>10 x 10%/L) WBC counts at the time of diagnosis;ALL-1, acute lympho-
cytic leukemia patients with increased (>10 x 10%/L) WBC counts at the
time of diagnosis;AML-2, acute myeloid leukemia patients whose WBC
counts were low (<10 x 10°/L) at diagnosis,ALL-2, acute lymphocytic leu-
kemia patients whose WBC counts were low (<10 x 10%/L) at diagnosis.
*One-way ANOVA

Table 5. Characteristics of AML/ALL and CR AML/ALL patients

Number

AML 24

WBC > 10 x 10°/L 14
WBC < 10 x 10%/L 10
ALL 16

WBC > 10 x 10°/L 6
WBC < 10 x 10°/L 10
CR-AML 14
CR-ALL 14

AL, acute leukemia; CR, complete remission; AML, acute myeloid leuke-
mia; ALL, acute lymphocytic leukemia; WBC, white blood cell

Future studies are planned to separate the different subpopula-
tions of CD3*CD56* T lymphocytes, to establish if the increas-
ing cell population represents NKT, CIK, or other CD3*CD56*
T lymphocytes. Changes in the function of the different subsets
over time in newly diagnosed patients with AL, and follow-up of
patients with CR will also be investigated.

In conclusion, the results of this study suggest that an immune
reaction may be triggered in newly diagnosed patients with AML
and ALL, but the cytotoxicities of CD3*CD56* T lymphocytes is
impaired, making them unable to kill the leukemia cells. We also
showed that the cytotoxicities of CD3*CD56* T lymphocytes
remained impaired in patients who achieved CR. These findings
suggest that reinforcing or repairing the function of immuno-
cytes with anti-tumor effects may prolong survival in AL patients
unable to undergo SCT, and may thus represent a useful strategy
for treating AL.

Materials and Methods

Patients. Fresh PB samples were collected from 40 randomly
selected patients with primary AL (24 AML and 16 ALL, exclud-
ing acute promyelocytic leukemia) and 28 CR-AL patients
(14 AML and 14 ALL, excluding acute promyelocytic leuke-
mia) who visited the Department of Haematology of the Second
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Affiliated Hospital of Wenzhou Medical College for treatment.
There were 14 AML patients and 6 ALL patients with increased
(>10 x 10°/L) WBC counts at the time of diagnosis (AML-1 and
ALL-1, respectively), and 10 AML and 10 ALL patients with low
WBC counts (<10 x 10°/L) at diagnosis (AML-2 and ALL-2,
respectively). The patient characteristics are shown in Table 5.
Normal fresh PB samples were obtained from 20 healthy volun-
teers. No individuals in the control group took any medication
or suffered from any known acute or chronic disease. All patients
and volunteers had given their signed consent to participate in

the study.
Reagents. Allophycocyanin  (APC)-anti-human CD45,
PerCP-Cy5.5-anti-human  CD3, phycoerythrin  (PE)-anti-

human CD56, fluorescein isothiocyanate (FITC) anti-human
perforin were purchased from eBioscience.

Lymphocyte membrane phenotype. Triple-labeling experi-
ments were performed using EDTA-anticoagulated PB samples
(AL, CR-AL, and healthy controls). Aliquots of 100 pL were
incubated for 30 min at room temperature with pre-titered dilu-
tions of APC-, PE-, and PerCP-Cy5.5-conjugated monoclonal
antibodies (mAb) CD45 (HI30), CD3 (OKT3 25 clone, IgGl),
and CD56 (IgGl). Isotype-matched control antibodies conju-
gated with FITC, PE, or PerCP-Cy5.5 were included to establish
background fluorescence. Erythrocytes were subsequently lysed
by adding 3 mL of NH,Cl for 10 min at room temperature. Cells
were then washed in phosphate-buffered saline (PBS) supple-
mented with 0.1 mM EDTA and 0.02% NaN, (PBS-EDTA) and
kept on ice until flow cytometric examination.

Expression of intracellular perforin. Intracellular staining
was performed as described previously.?> Aliquots of surface-
stained cells were resuspended in 100 pL of Fixation Medium
(Solution A, Fix and Perm™, Caltag Laboratories) and incu-
bated for 15 min at room temperature. After washing in PBS-
1% bovine serum albumin, cells were resuspended in 100 pL of
permeabilization medium (solution B) and pre-titered saturating
amounts of FITC-conjugated anti-Pf mAb (clone dG9, IgG2b),
incubated for 30 min at room temperature, washed in PBS-1%
BSA and kept on ice until flow cytometric examination.

Flow cytometry. An LSR flow cytometer (FACSCalibur, BD
Biosciences) was used for data acquisition and FlowJo (TreeStar
Inc.) software was used for analysis.

Statistical analysis. Results were expressed as mean and stan-
dard deviation (w + SD). The significance of differences was cal-
culated by one-way ANOVA, and the criterion for significance
was defined as P < 0.05.
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