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Could the Immune Modulation of Invariant Natural Killer T
Cell and the Expression of CD244 and CD196 on Natural
Killer Cell Subtypes Impact the Treatment Outcomes of
Acute Myeloid Leukemia Patients?
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Abstract

Background: The present study aimed to assess the CCR6 and
CD244 expression on natural killer (NK) and natural killer T (NKT)
cells, considering their different subsets and examining their asso-
ciations with molecular cytogenetics and clinical outcomes in newly
diagnosed adult acute myeloid leukemia (AML) patients.

Methods: We recruited 26 new cases of newly diagnosed adult AML
and 24 adult healthy participants as controls, after diagnosis of AML,
bone marrow studies, cytogenetics, and molecular studies; samples of
peripheral blood were collected from all participants for flow cytom-
etry to determine the expressions of CD244 and CD196.

Results: Invariant NKT cells were significantly more abundant in
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controls than in patients. In patients, CD244 expression was associat-
ed with increased accumulation of NKT cells, whereas CD196* NKT
cells were more frequently found in controls. Regarding CD3~ NK
cells, co-expression of CD244 and CD196 was significantly increased
in patients compared with controls across all CD3~ NK subpopula-
tions. CD244 expression was higher in controls, within CD16Pright
CD56Mright NK, CD16PrighCD569™ NK, and CD164mCD56bright NK
subsets. In contrast, in patients’ CD16"CD56~ NK cells, CD196
showed an inverse pattern: it was expressed more in patients with
CD16PrigttCD56%m NK cells, compared with controls’ CD16"CD56~
and CD16°CD56" NK cells. Dim CD56 expression on NK cells, re-
gardless of CD16 level, was associated with treatment remission. In
addition, the presence of CD244 and/or CD196 was linked to treat-
ment failure, whereas the dual absence of CD244 and CD196 was
associated with remission.

Conclusion: The expression pattern of CD244 (2B4 receptor) and
CD196 on NK and NKT cells was generally associated with remis-
sion status and prognostic features of AML patients.

Keywords: Natural killer cells; Invariant natural killer T cells;
CD244; CD196; AML; SDG3

Introduction

In adults, acute myeloid leukemia (AML) is the most common
type of acute leukemias representing about 80% of all leuke-
mias, but still fairly rare to account for 1% of all cancers with
an average age at diagnosis of 68 years. Although it is slightly
more common in males than females, the average lifetime risk
of having AML in both sexes is 0.5-1% [1], and only about
15% of patients older than 60 years remain alive at 5 years
and increase up to 40% for patients younger than 60 years [2].
Treatment of AML remains largely unchanged over years with
multiagent chemotherapy being the mainstay therapy.

Tumor microenvironment (TME) of hematologic ma-
lignancies differs considerably from that of solid ones. For
leukemias, bone marrow (BM) harbors most leukemic blasts,
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while secondary lymphoid organs such as lymph nodes and
spleen constitute components of TME. Being well described
in several hematologic malignancies including Hodgkin’s
disease (HD), chronic myeloid leukemia (CML), acute lym-
phoblastic leukemia (ALL), and chronic lymphocytic leuke-
mia (CLL), the immune microenvironment is still less de-
fined in AML [3]. Among TME cells are natural killer (NK)
cells which are a group of innate cells showing spontaneous
cytolytic activity against stressed cells like tumor cells, and
are phenotypically identified by expression of CD56 (neural
cell adhesion molecule), CD16 (human IgG Fc receptor IlI,
FcyRIID), and lack of CD3, T-cell receptors, and CD19 [4].
NK cells modulate the functions of other innate and adaptive
immune cells mediated by their secretions of cytokines such
as interferon-y (IFN-y), tumor necrosis factor-a, granulocyte
monocyte colony-stimulating factor, and chemokines. Fur-
thermore, they represent 5-15% of human peripheral blood
(PB) mononuclear cells, and are found in many tissues in
addition to BM and PB, including kidney, gut, liver, joints,
breast, thymus, and uterus [5].

Natural killer T (NKT) cells are immune cells harboring
the characteristics of both innate and adaptive immune cells.
NKT cells express a T-cell receptor (TCR), developed because
of somatic DNA rearrangement. However, whereas the TCR
repertoire of conventional T cells is highly diverse, most NKT
cells, are commonly referred to as invariant or type I NKT
cells [6].

Invariant NKT (iNKT) cells, a population of mature T
cells, are identified by lack of expression of CD4 or CDS or
both (double negative (DN)) but expressing TCR and NK cell
marker NK1.1. They required CD1d expression for their de-
velopment and recognition by lipids instead of peptides [7].
These cells are known as type I NKT cells to represent about
0.01-0.1% of T-cell population in human [8]. DN and CD8"
iNKT cells are associated with increased IFN-y secretion and
cytotoxic functions, while CD4" iNKT cells produce Th2 type
cytokines such as interleukin (IL)-4 and IL-13 [9]. Further-
more, human iNKT cells express NK-related markers such
as CD244, CD9%4, CCR6, NKG2A, and NKG2D. iNKT cells
were found to be enriched in the adipose tissue and omentum
of human compared to the liver in mice and their frequency in
PB was much lower than mice [10].

CD244 receptor (2B4 receptor), an Ig superfamily signal-
ing lymphocyte activation molecule (SLAM) family receptor,
binds CD48 which is a transmembrane receptor ubiquitously
expressed on hematopoietic cells, is expressed on all NK cells
[11], dendritic cells (DCs), T cells, and myeloid derived sup-
pressor cells (MDSCs), and acts as inhibitory or activating
receptor based on the adaptor protein recruited at the cytoplas-
mic tail. In human, CD244 has mainly an activating function
that can be disturbed by the relative expression of SAP, EAT-
2, and ERT molecules concerned in the downstream signaling
[12]. CD244-CD48 interaction is essential for optimal prolif-
eration of NK cells in response to IL-2 and cytokine secretion
[13]. In addition, the inhibitory CD244 signaling in NK cells
is demonstrated in TME and mediated by CD48*CD68" mac-
rophages, resulting in early increased INF-y and TNF-a fol-
lowed by exhaustion with decreased cytokine production and

NK cell apoptosis [14]. TME enhanced the inhibitory function
of CD244 through increasing its density and decreasing con-
centration of functional SAP [15].

CD196, chemokine receptor 6 (CCRO6), is a protein be-
longing to a family A of G-coupled receptor superfamily, ex-
pressed on B cells, immature DC, NK cells, NKT cells, T cells,
and neutrophils [16]. It also binds chemokine ligand CCL20.
Generally, chemokine receptors are comprised of seven trans-
membrane proteins which are classified into four major groups
of CXCR, CCR, CX3CR, and XCR to which four groups of
chemokines are bound (CXCL, CCL, CL, and CX3CL) and
are included in cellular development, differentiation, tissue
distribution, and functions [17, 18]. NK cells express CXCRI1,
CXCR3*, and CXCR4" and contain subsets expressing CCRI1,
CCR4, CCRS5, CCR6, CCRY, CXCRS5, and CXCR6. These
chemokine receptors are expressed mainly by CD56"gh NK
cells [19, 20].

The present study aimed to assess the CCR6 and CD244
expression on NK and NKT cells, considering their differ-
ent subsets and examining their associations with molecular
cytogenetics and clinical outcomes in newly diagnosed adult
AML patients.

Materials and Methods

The study was conducted in South Egypt Cancer Institute and
Assiut University Hospital and involved de novo AML cases.
We recruited 26 new cases and 24 adult healthy participants as
controls from January 2022 to December 2023. The study was
approved by Ethical Committee of Faculty of Medicine, As-
siut University (IRB 17300648), all methodology were carried
out in compliance with Helsinki Declaration, and according to
Sustainable Development Goals SDG3 of Assiut University.
Written informed consent was gathered from all participants
after describing the nature and aim of the current study assur-
ing that participants’ confidentiality was protected. Participa-
tion was entirely voluntary, and they were able to withdraw
at any time without providing any reason and their data were
destroyed if they wish.

It was a prospective case—control study and carried
out to determine the expressions of CD244 and CD196 on
CD3"CD56"CD16" NKT cells to characterize four subpopula-
tions of NKT cells: CD3"CD56"CD16"CD1967CD244", CD
3*CD56"CD167CD244 CD1967, CD3"CD56°CD16"CD24
4-CD196%, and CD3"CD56"CD16"CD244*CD196 cells in
PB of AML cases and healthy individuals. Furthermore, the
study aimed to determine the subtypes of CD3 CD56"CD16"
NK cells: CD3CD56ightCD16bright, CD3~CD56rigCD1 64
m_ CD3-CD564mCD16b g, CD3 - CD56%mCD164m NK cells
and, CD3°CD56"CD16~, CD3"CD56 CD16" cells, and also to
evaluate the expression of CD244 and CD196 on these cells.

Patients were diagnosed based on clinical data developed
as a result of progressive cytopenia, as well as oncologic emer-
gencies including renal failure secondary to tumor lysis and
hyperuricemia, neurologic and respiratory distress secondary
to leukostasis, disseminated intravascular coagulation (DIC),
and central nervous system (CNS) involvement [21, 22]. The
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presence of 20% blasts in PB or BM is the hallmark of AML
diagnosis, in addition to flow cytometric immunophenotyping
and cytogenetics studies [23].

Induction chemotherapy

This is the standard of care for AML treatment in younger
patients, elderly with low risk of treatment-related mortality,
and those with favorable and intermediate risk factors. It con-
sisted of 7 + 3 regimen with 7 days of continuous infusion
of cytarabine along with 1-3 days of anthracycline infusion.
Higher doses of cytarabine or the addition of fludarabine or
etoposide to cytarabine and idarubicin regimen were required
in refractory cases and patients without complete response as
a reinduction regimen, and elderly patients with high risk of
treatment-related mortality received decitabine or etoposide.

Based on the etiology, patients were classified into prima-
ry AML and secondary AML on top of myelodysplastic syn-
drome (MDS). Patients with t(8;21), inversion of chromosome
16, and genetic mutations in NPM1 gene were considered to
have favorable prognosis, those with FLT3 gene abnormali-
ties, del 5q, del 9q, t(9:22), monosomy 5, and monosomy 7 had
unfavorable prognosis, and those with trisomy 6, 8, and del Y
had intermediate prognosis.

Patients with blast counts less than 5% in their BM after
induction chemotherapy were considered to have complete re-
mission and shifted to consolidation therapy and bone marrow
transplantation (BMT).

Flow cytometric detection of the expression of CD196 and
CD244 on NKT cells and NK cell subtypes

The PB was stained for 20 min with CD3-V450, CD56-FITC,
CD196-APC, CD16-PE-CY7, and CD244-PE (Becton Dickin-
son Biosciences, CA, USA). After red blood cell (RBC) lysis
and washing, the cells were resuspended in phosphate-buff-
ered saline (PBS), and analyzed by FACSC antomated flow
cytometry (BD Biosciences, USA). Forward and side scatter
histogram was used to define the lymphocytes population. The
expression of CD3 was assessed on the lymphocytes, and then,
the CD3" and CD3~ were gated for further analysis. Then the
expression of CD16 and CD56 on CD3™ cells was assessed
to detect NK cells. The expressions of CD56 and CD16 were
assessed on CD3" lymphocytes to detect NKT cells. NK cells
were then divided into different NK cell subtypes according
to the positivity or negativity, dimness, or brightness of CD16
and CD56. Then, the expression of CD196 and CD244 on
NKT cells and NK cell subtypes was assessed. The results are
expressed as percentages and shown in Figure 1.

Statistical analysis

Data were analyzed using IBM-SPSS version 27 and Graph-
Pad prism version 8.4.0 and considered significant at P-value
of <0.05. All immune cells were not normally distributed with

Shapiro—Wilk test (P < 0.05). Descriptive statistics were ex-
pressed as mean + standard deviation (SD), range, median,
and percentages, while inferential statistics were analyzed by
Mann—Whitney test, Robust test, and Fisher’s exact. All were
carried out for significance.

Results

The current results revealed comparability of median age and
sex distribution between patients and healthy volunteers with
median age of 46 years and male predominance in patients as
mentioned in Table 1.

BM suppression with anemia, thrombocytopenia, leuko-
cytosis with subsequent hyperuricemia, increased lactate de-
hydrogenase (LDH), serum ferritin, and C-reactive protein,
decreased fibrinogen level in six patients with increased risk
of DIC (four patients) and increased D-dimer (five patients)
were the predominant laboratory findings (Table 2).

Only three cases were found to have secondary AML on
top of MDS. More than half of cases were M4/M5, and unfa-
vorable cytogenetics, and the common molecular genetic ab-
normalities were NPM1, FLT3 mutations, and CD117 expres-
sion (Table 3).

Differential expression of NKT subpopulations including
iNKT between AML patients and controls

The total CD3"* T lymphocytic mean percentage was signifi-
cantly higher in controls compared with patients; however,
NKT cells were significantly expressed in patients, iNKT sub-
group behaved in a different way, and they were significantly
expressed in controls compared with patients. The fraction of
NKT cells expressing CD244 was higher in patients while that
expressing CD196 was higher in controls with a significant
impact. The mean percentage of NKT cells losing the expres-
sion of CD244 and CD196 was insignificantly higher in pa-
tients compared with controls (Supplementary Material 1, jh.
elmerpub.com; Fig. 2).

We detected significant accumulation of NK cells in pa-
tients compared with controls (43.9 £ 20.3 vs. 11.8 £ 1.5, P
< 0.001). Regarding CD3 CD16PrightCD56b ight subpopula-
tion, we explored significant accumulations of those with co-
expression of CD244 and CD196 in patients compared with
controls; conversely, the subpopulation losing CD196 expres-
sion was accumulated in controls. Moreover, we revealed no
significant differences in the total CD3~CD16PrightCD56bright)
the subpopulations losing CD244 and both CD244 and CD196
between patients and controls (Supplementary Material 2, jh.
elmerpub.com; Fig. 3).

Differential expression of CD244 and CD196 on CD16right-
CDY%m subpopulation

The total CD3"CD16ieCD564™ NK cells and those cells
expressing only CD244 were significantly accumulated in
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Figure 1. Flow cytometric detection of lymphocytes, NK cells, NKT cells, and their expression of CD196 and CD244. (a) Forward
scatter area and height to define singlets and exclude duplicates. (b) Forward and side scatter dot plot was used to define lympho-
cyte population. (c) The expression of CD3 on lymphocyte population to detect CD3* and CD3~ lymphocytes. (d) The expression of
CD16 and CD56 on CD3* lymphocyte population to detect CD3*CD16*CD56* NKT cells. (e) The expression of CD196 and CD244
on CD3*CD16*CD56* NKT cells. (f) The expression of CD16 and CD56 on CD3~ population to detect different NK cell subtypes ac-
cording to the positivity or negativity, dimness, or brightness of CD16 and CD56. (g) The expression of CD196 and CD244 on CD3~
CD16*PrightCD56*bright NK cells. (h) The expression of CD196 and CD244 on CD3-CD16*rightCD56+dim NK cells. (i) The expression
of CD196 and CD244 on CD3-CD16*4mCD56*4m NK cells. (j) The expression of CD196 and CD244 on CD3-CD16*dmCD56*bright
NK cells. (k) The expression of CD196 and CD244 on total CD3"CD16*CD56* NK cells. (I) The expression of CD196 and CD244 on
CD3-CD16*CD56~ population. (m) The expression of CD196 and CD244 on CD3-CD16-CD56* population.
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Figure 1. (continued) Flow cytometric detection of lymphocytes, NK cells, NKT cells, and their expression of CD196 and CD244.
(a) Forward scatter area and height to define singlets and exclude duplicates. (b) Forward and side scatter dot plot was used to
define lymphocyte population. (c) The expression of CD3 on lymphocyte population to detect CD3* and CD3~ lymphocytes. (d)
The expression of CD16 and CD56 on CD3* lymphocyte population to detect CD3*CD16*CD56* NKT cells. (e) The expression of
CD196 and CD244 on CD3*CD16*CD56* NKT cells. (f) The expression of CD16 and CD56 on CD3~ population to detect different
NK cell subtypes according to the positivity or negativity, dimness, or brightness of CD16 and CD56. (g) The expression of CD196
and CD244 on CD3 CD16*rightCD56*Pright NK cells. (h) The expression of CD196 and CD244 on CD3-CD16*0rightCD56*dim NK
cells. (i) The expression of CD196 and CD244 on CD3-CD16*9mMCD56*9m NK cells. (j) The expression of CD196 and CD244 on
CD3-CD16*4mCD56*right NK cells. (k) The expression of CD196 and CD244 on total CD3-CD16*CD56* NK cells. (I) The expression
of CD196 and CD244 on CD3"CD16*CD56~ population. (m) The expression of CD196 and CD244 on CD3"CD16-CD56* population.
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Table 1. Demographic Data of Study Population

Patients Controls

Table 3. AML Types, Cytogenetics, Molecular Genetics, and
Risk Groups

DEvezaphic (n =26) (n=24) P-value Characteristics Frequencies
Age? 0.6 AML type
Mean + SD 455+18.1 47.6 +6.7 Primary 23 (88.5%)
Median 46 years 47 years Secondary 3 (11.5%)
Sex® 0.7 FAB types
Male (n=31) 17 (54.8%) 14 (45.2%) M1 2 (7.7%)
Female (n=19) 9 (47.4%) 10 (52.6%) M2 1 (3.8%)
Data are expressed as mean + SD, median, number, and percentages. MI/M2 4 (15.4%)
aMann-Whitney test. PFisher’s exact test. P < 0.05 is considered signifi- M4 2 (7.7%)
cant. SD: standard deviation. M4/MS5 14 (53.8%)
controls compared with patients; however, the populations co- M5 3 (11.5%)
expressing both CD196 and CD244, those without co-expres- Cytogenetics
sion of both CD.196 and CD244, and the.populatim.l with pnly Frovaibie 12 (46.2%)
CD196 expression were significantly increased in patients Unfavorable 14 (53.8%)

compared with controls (Supplementary Material 3, jh.elmer-
pub.com; Fig. 4).

Differential expression of CD244 and CD196 on CD3"CD
169mCD56Pright NK subpopulation

Regarding CD3~CD164mCD56right NK cells, we detected a
significant increase in the population expressing only CD244

Table 2. Laboratory Characteristics of AML Patients

Characteristics Descriptive
Hb (mean + SD) 81+14
WBCs (mean + SD) 749+ 77.5
Lymphocytic count (mean + SD) 159+6.1
Neutrophilic count (mean + SD) 243 +13.1
Platelet count (mean = SD) 48.14 +38.8
LDH (mean + SD) 929.3 +735.6
Uric acid (mean + SD) 9.6+4.8
Serum ferritin (mean + SD) 606.1 + 643.04
CRP (mean + SD) 46.4 +54.8
Peripheral blasts % (mean + SD) 529+19.5
BM blasts % (mean + SD) 57.7+19.8
Impaired liver function 10 (38.5%)
Raised renal function 6 (23.1%)
DIC, % 4 (15.4%)
Decreased fibrinogen level, % 6 (23.1%)
Raised D-dimer, % 5 (19.2%)
Impaired coagulation, % 5(19.2%)

Data are expressed as mean = SD, numbers, and percentages. AML:
acute myelocytic leukemia; CRP: C-reactive protein; DIC: disseminat-
ed intravascular coagulation; Hb: hemoglobin; LDH: lactate dehydroge-
nase; SD: standard deviation; WBC: white blood cell.

Molecular genetics

Positive FLT3 9 (34.6%)
Positive CD117 8 (30.8%)
Positive NPM 1 8(30.8%)

Data are expressed as numbers and percentages. AML: acute myelo-
cytic leukemia; FAB: French-American-British.

in controls compared with patients; conversely, those sub-
populations co-expressing CD244 and CD196 markers were
increased in patients compared with controls (Table 4; Sup-
plementary Material 4, jh.elmerpub.com).

Our results indicated that the total CD3"CD164mCD564im
NK subpopulation with those co-expressing of CD244 and
CD196 or lost expressions of both markers was significantly
accumulated in patients compared with controls (Table 5; Sup-
plementary Material 4, jh.elmerpub.com).

NK subpopulations with lost expressions of either CD16
or CD56

Regarding CD3"CD16°CD56~ NK cells, the subpopulations
with co-expression, co-absence of CD244 and CD196, and
those with lost expression of CD196 only were significantly
accumulated in patients compared with controls, while the to-
tal population and the fraction of them losing the expression of
CD244 were significantly increased in controls (Supplemen-
tary Material 5, jh.elmerpub.com; Fig. 5).

Regarding CD3"CD16 " CD56" cells, the mean percentage,
and the subpopulations co-expressing and losing both CD244
and CD196 were accumulated in patients compared with con-
trols, while those losing only the expression of CD244 were
accumulated in the controls compared with patients (Supple-
mentary Material 5, jh.elmerpub.com; Fig. 6).

Seventeen patients (65%) achieved complete remission,
with the most commonly used chemotherapy regimen being
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Figure 2. Differential expressions of CD244 and CD196 on CD3*CD56*CD16" cells between AML patients and healthy controls,

Mann—Whitney test.

3+7 regimen in > 61% of patients followed by low-dose Ara
C (Table 6).

Relation of NKT cells to remission

The current results revealed significant accumulations of the
mean percentage of CD3"CD16°CD56" NKT cells, and those
expressing both CD244 and CD196 (iNKT cells) in patients
who achieved remission compared with no remission (4.7 + 2.6
vs. 1.4 £ 0.6, P < 0.001 and 29.4 £ 16.2 vs. 19.5 £ 54, P =
0.034, respectively); however, NKT cells that lost the expres-
sion of CD196 were significantly accumulated in those without

remission compared to remission (76.3 = 8.9 vs. 57.6 £23.4,P=
0.008), while no significant differences were observed in mean
percentage of CD3™ T cells and NKT cells that lost the expres-
sion of CD244 with or without CD196 according to remission
status (59.4 + 11.8 vs. 65.0 + 20.8, P=0.4, 3.3 + 2.8 vs. 3.5 +
4.7,P=0.5,and 0.7 £ 0.8 vs. 0.6 = 0.7, P = 0.4, respectively for
remission compared with no remission) (Fig. 7a).

Relation of NK with the expressions of CD16 and CD56
subpopulations to response

The mean percentage of NK cells was significantly accumu-
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Figure 3. Differential expression of CD244 and CD196 on CD56"9"CDbright cells between patients and controls.
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Figure 4. Differential expression of CD1619MCD569™ between patients and controls with CD244 and CD196 expression.

lated in those without remission compared to those with re-
mission (64.6 +£22.2 vs. 33.0 +£ 5.1, P=0.003). NK cells with
low expressions of CD56 having whether bright or dim expres-
sion of CD16 were significantly higher in remitting patients
compared to those without remission (12.04 + 7.7 vs. 4.02 +

2.9, P <0.001 and 29.04 + 11.9 vs. 8.8 = 3.4, P < 0.001 for
CD3 CD16eMCD56%™ and CD3"CD16%mCD569™, respec-
tively). Furthermore, there were no significant differences in
CD3 CD16 e CD56brieht and CD3~CD169mCD56 gt sub-
populations (1.11 = 1.2 vs. 1.8 £2.9,P=05and 09 = 1.5

Table 4. Differential Expression of CD244 and CD196 on CD3-CD169mCD56P1sht NK Cells Between Patients and Controls

CD3-CD16%™CD56right subpopulations Group Mean% + SD P-value

CD3 CD16%mCD56bright Patients 1.1+2.1 0.6
Controls 0.9+04

CD37CD164mCD56ie"CD2447CD196" Patients 26.7+25.2 0.016
Controls 122+11.3

CD3 CD164mCD56"ieMCD244"CD196~ Patients 38.4+28.8 <0.001
Controls 80.3 +8.2

CD3CD16%4mCD56rig"CD244-CD196~ Patients 0.09+0.4 0.4
Controls 0.01 + 0.0

CD37CD16%4mCD56bie"CD244-CD196* Patients 04+1.3 0.9
Controls 03+1.1

Data are expressed as mean % + SD and analyzed by Mann-Whitney test. P < 0.05 is significant.
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Table 5. Differential Expression of CD244 and CD196 on CD3-CD169mCD569™m NK Cells Between Patients and Controls

CD3 CD16%™CD56%™ subpopulations Group Mean % + SD P-value

CD3CD16%mCD564m Patients 22.02+13.8 <0.001
Controls 5.7+2.6

CD37CD164mCD564mCD244"CD196* Patients 33.1+11.6 <0.001
Controls 184+72

CD3 CD164mCD564mCD244"CD196~ Patients 46.6 £19.0 0.3
Controls 544 +18.2

CD3°CD16%9mCD564mCD244-CD196* Patients 126 +11.6 0.2
Controls 16.0 + 3.7

CD37CD169™CD564mCD244CD 196~ Patients 77+72 <0.001
Controls 1515

Data are expressed as mean % + SD and analyzed by Mann—Whitney test. P < 0.05 is significant.

vs. 1.6 £ 2.9, P = 0.4 respectively) for those with and without
remission (Fig. 7b).

Expression of CD244 and CD196 in different NK cell sub-
populations and their relation to response

Dual expression of CD244 and CD196 on CD3 CD]16Pright
CD56Might was significantly higher on non-remitting com-
pared with remitting ones (51.5 + 12.9 vs. 31.7 £ 10.7, P <
0.001). Likewise CD3 CDI16MighCD564im cells expressing
only CD196 without co-expression of CD244 were signifi-
cantly accumulated in non-remitting patients compared with
those with remission (7.8 + 4.4 vs. 3.4 + 2.3, P = 0.017);
conversely, absence of co-expression of CD244 and CD196
on CD37CD16gMCD569m cells was significantly higher
on remitting patients compared to non-remitting ones (3.3 +
3.5vs.0.6+£0.7, P=0.036). Cells with dim co-expression of
both CD16 and CD56 and negative expression of CD244 and

CD196 were significantly accumulated in remitting patients
compared to those without remission (9.7 7.9 vs. 4.0+ 3.9, P
=0.05) (Fig. 7c). Other NK subpopulations showed no signifi-
cant association with remission status.

We explored significant accumulation of CD3"CD16"CD
56* NK, CD37CD16"CD56"CD244"CD196~ NK, and CD3~
CD16'CD56 NK cells in remitting patients compared to those
without remission (39.9 £ 15.3 vs. 19.7 + 15.4, P =0.004, 6.2
+3.2vs.2.6+2.8,P=0.009, and 154+ 6.8 vs. 8.3 +4.2,P=
0.009, respectively). No significant differences were observed
in other subpopulations according to remission status (Fig. 7d).

Association between immune cells and cytogenetics and
risk groups

We did not detect any significant association between the
current cytogenetics and different subpopulations of NKT
including iNKT except CD3*CD16"CD567CD244"CD196~
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o CD3CD16'CDS6CD244'CD196 Ly, =1 controls
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Figure 5. Differential expression of CD3-CD16*CD56~ subpopulations between patients and controls.
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Figure 6. Differential expression of CD3"CD16-CD56* subpopulations between patients and controls.

NKT cells which were accumulated in unfavorable cytogenet-
ics (53.3 £ 24.9 vs. 73.3 £ 12.4, P = 0.022), but CD3~ NK
cells were significantly increased in unfavorable cytogenet-
ics compared to favorable ones (52.6 = 24.6 vs. 33.8 + 3.6
respectively, P = 0.014). CD3-CD16YightCD56brightCD244+
CD196" cells were accumulated in unfavorable cytogenetics
(31.8 £ 10.4 vs. 44.4 + 15.8, P = 0.024); however, the total
CD3CD164mCD56%m NK and CD3~CD16¢CD564mCD2
44-CD196™ NK cells were significantly increased in favorable
compared with unfavorable cytogenetics (29.2 + 13.5 vs. 15.9
+11.1,P=0.01 and 4.03 + 3.9 vs. 0.9 £ 1.0, P=0.008, respec-
tively) (Fig. 8).

Association between risk groups and immune cells

We detected significant accumulations of CD3*CD16*CD56"
CD244 CD196 NKT,CD3 CD16eCD564m CD3 CD164im
CD564™ and CD3 CD16"CD56 CD244"CD196™ in low and
intermediate risk groups compared with the high-risk group,
while the total CD3~ NK, CD3-CD16bightCD56bright NK, and
CD3°CD16 CD56"CD244 CD196~ NK cells were signifi-

Table 6. Type of Chemotherapy Received and Responses

Type Descriptive
Chemotherapy
3+7 regimen 16 (61.5%)
Low-dose Ara C 9 (34.6%)
ATRA + low-dose Ara C 1 (3.8%)
Response
Remission 17 (65.4%)

No remission 9 (34.6%)

Data are expressed as numbers and percentages. Ara C: cytarabine;
ATRA: all-trans retinoic acid.

cantly accumulated in high-risk group compared with the other
two groups (Table 7).

Furthermore, no significant correlations were observed be-
tween peripheral blasts and NKT subsets including iNKT cells;
however, among different subgroups of NK cells, positive sig-
nificant correlations were detected between blast cell frequen-
cy and CD37CD169mCD569mCD244"CD196™ NK (r = 0.4, P
=0.041), and total CD3"CD16 CD56"NK (r = 0.4, P=0.037),
and significant negative correlations between blast frequency
and the followings: CD3~CDI164mCD564mCD244-CD196*
NK (r = =0.6, P = 0.001), CD3 CD164mCD56ig'CD244*C
D196~ NK (r = 0.6, P = 0.003), CD3"CD16"giCD564im NK
(r=-0.5,P=0.009), CD3"CD16"CD56"CD244"CD196" NK
(r=-0.63, P <0.001), CD3 CD16"CD56~ NK (r = -0.6, P =
0.001), and CD3 CD16 CD56"CD244 CD196" NK (r=-0.5,
P=0.012).

Discussion

In normal population, NKT cells represent 5—10% of peripher-
al lymphocytes, while NK cells form about 1-20% and 3—-28%
of circulating lymphocytes in males and females, respectively
[24, 25]. NK cells are actually capable of killing leukemic
blasts through mechanisms based on receptor ligand inter-
actions such as NKG2D and DNAM-1 receptors and NCRs
(NKp30 and NKp46) which are reported important for target-
ing AML [26].

Studies showed that NK-mediated cytotoxicity was
correlated with the expression of natural cytotoxicity
receptors(NCRs), which are immunoglobulin like class 1 trans-
membrane molecules [27]. AML patients have been reported
to show downregulated NCRs with subsequent suppressed
NK cell functions and cytokine production in a mechanism by
which AML blasts escape immune surveillance [28]. Previous
reports suggested that better outcomes and prolonged remis-
sions in AML could be associated with properly functioning
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Figure 8. Differential expression of immune cells according to cytogenetics.
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Table 7. Differential Expression of Immune Cells According to
Risk Groups

Immune cells Mean £ SD  P-value

CD3*CD16"CD567CD244 CD196 NKT

Low risk 1.2+£09 0.05

Intermediate risk 0.42+0.8

High risk 0.42+0.5
CD3™ NK

Low risk 32.8+3.5 0.013

Intermediate risk 36.5+£9.3

High risk 64.8 +25.0
CD3CD16ightCD56dm

Low risk 124+9.8 0.024

Intermediate risk 10.4+6.2

High risk 4.6+2.7
CD3-CD16brightCD56bright

Low risk 31.8t11.4  0.019

Intermediate risk 35.1+13.5

High risk 50.2 +14.0
CD3 CD16%mCD56dim

Low risk 304+14.3  0.005

Intermediate risk 24.0+12.7

High risk 10.4 +3.7
CD3°CD16"CD56 CD244"CD196~

Low risk 439+13.6  0.047

Intermediate risk 33.1+12.3

High risk 40.14 £ 18.6
CD3°CD16 CD56°CD244CD196~

Low risk 9.5+55 0.046

Intermediate risk 19.8+11.6

High risk 12.5+6.7

Data are expressed as mean = SD and analyzed by Robust tests. P <
0.05 is significant.

NK cells [29].

The current results indicated significant accumula-
tions of NK cells and different subpopulations including
CD3 CD16bightCD56reCD244CD196%, 16brightCD56dim
CD244*CD196%, CD3~CD16%ightCD564mCD244-CD196%,
CD3-CD16"ieCD564mCD244 CD196-, CD3 CD164™CD5
6bigtCD244*CD196" cells, total CD3 CD164mCD56%mcells,
CD3 CD164mCD564mCD244*CD196%, CD3~
CD169mCD564mCD244 CD196~, CD3 CD16'CD56 CD244
*CD196%, CD3°CD16"CD56°CD244*CD196~, CD3"CD16"C
D56"CD244-CD1967, total CD3"CD16 CD56" cells, CD37C
D16 CD56"CD244"CD196%, and CD3"CD16 CD56*CD244~
CD196™ cells in patients compared with controls.

Based on the surface expression of CDS56, two dis-
tinct groups of NK cells were defined; 90% belonged to

CD3 CD16rietCD564™ group which are considered cyto-
toxic cells, and 10% belonged to CD3 CD56PgCD164™ or
CD37CD56°CD16™ groups which exhibit more immunogenic-
ity role by releasing cytokines [30]. Compared to the previ-
ous study, the most common subtype of NK cells in healthy
controls was CD3"CD16gCD564™ representing ~78% and
the least subtype was CD3 CD56™ieMCD169m representing
~2.5%, while CD3 CD169mMCD569™ group represented the
most common subtype in ~65% of patients and the least one
was CD3 CD56™eMCD169M representing ~3%. The average
percentage of NK cells in AML patients was reported to be <
11.7% [31] which was much lower than that displayed in the
current study (mean percentage was 43.9%) and comparable to
that reported for healthy controls (mean percentage was 11.8%).

Analysis of the phenotype and cytokine production has
defined two major subsets of NKT cells: iNKT cells or type
I NKT and diverse NKT cells or type II NKT. iNKT cells
express antigen-specific TCR composed of semi-invariant o
chain paired with a restricted repertoire of  chain, while type
II NKT cells are restricted to CD1d and expressing polyclonal
TCR repertoire comparable to the diverse TCR of normal
CD4" and CD8" T cells [32]. Despite the semi-invariant TCR
of iNKT cells, they recognize a diverse group of antigens, and
iNKT cells can be activated during tumor immunosurveillance
either directly by presentation of their self-lipids on CD1d pos-
itive tumor cells or indirectly by cross presentation of tumor
lipids by antigen presenting cells.

CDId is expressed on myelomonocytic leukemias, B-
cell lineage malignancies, and multiple solid tumors includ-
ing breast, prostatic, and renal cell cancers and CNS tumors
[32]. Downregulation of CD1d by tumor cells inhibits iNKT-
mediated cytotoxicity and results in disease progression and
metastasis [33]. The average percentage of NKT cells in AML
patients was reported to be 11.6% [31], which was much high-
er than that reported in our results (average percentage was
3.6%). iNKT that recognized glycolipid antigens presented by
HLA class I has been examined in AML to display that lev-
els lower than 0.2 cells/uL were associated with poor clinical
outcomes [34]. Furthermore, one study indicated no signifi-
cant difference in the percentage of NKT cells between AML
patients and their healthy controls; however, it explored that
decreased percentages of NKT cells were correlated with bet-
ter outcomes in AML [35].

Conversely to the previously mentioned study, we detect-
ed a significantly elevated level of the total NKT cells in AML
patients compared with controls and their increased levels
were associated with remission but not related to clinical fea-
tures including risk groups and cytogenetics. Our results were
in alignment with Najera et al [34] where iNKT cells were
significantly lower in patients compared with controls and in-
creased levels were associated with better outcomes with no
relation to clinical features. Another report denoted that the to-
tal NK cells and NKT cells were accumulated in non-remitting
patients [31].

Previous reports investigated the frequency and functions
of iNKT cells in the PB in hematologic malignancies and vari-
ous solid tumors and observed reduced levels of these immune
cells in patients compared with controls independent of tumor
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type [36-39], and these reduced levels correlated with worse
outcomes in AML [34], and squamous cell carcinoma of head
and neck [40]. On the other hand, other reports indicated that
increased intra-tumoral or circulating levels of these cells were
associated with good prognosis in hematologic malignancies,
prostatic adenocarcinoma, colonic carcinoma, and neuroblas-
toma [41-43]. Comparable to these reports, we explored sig-
nificantly lower levels of iNKT cells in AML patients com-
pared with healthy volunteers, although increased levels were
associated with good prognosis in AML patients. Terabe et al
reported that targeting of iNKT cells is difficult due to high
variability of iNKT cell frequencies and may be only effective
in tumors with high iNKT cell frequency [32, 44].

CD56ight NK cells have a higher expression of NKG2A,
an inhibitory receptor, than CD56%™ NK cells which recogniz-
es specific non-classical HLA molecule, HLA-E, which fur-
ther transmits inhibitory signals to NK cells [45]. AML induc-
es overexpression of NKG2A receptor on NK cells explaining
the accumulation of CD56Prght NK in patients without remis-
sion [45, 46]. In the current results, CD569™ NK cells were ac-
cumulated in those with remission, while CD56b"ight NK cells
were insignificantly increased in non-remitting patients.

CDI16 is involved in antibody-dependent cellular cyto-
toxicity and mainly expressed on large granular cells includ-
ing NK, NKT, and T cells. Dim expression of CD16 is de-
tected in 15-20% of peripheral blood mononuclear neutrophils
(PBMNs) and 5% of BM lymphocytes, while bright expres-
sion of CD16 is mainly detected in monocytes, macrophages,
granulocytes, etc. CD16 is considered the powerful activating
receptor to human NK inducing strong cytotoxicity and cy-
tokine production [47, 48]. CD16 was downregulated in AML
and correlated markedly with poor prognosis and decreased
remission rate [49]. Our results came in alignment with the
previous report where CD16" expression irrespective of CD56
was associated with increased remission rate.

A recent study showed an evidence of moderate to high ac-
cumulation of CD16"CD56~ unconventional NK cells in 27%
of AML patients. These NK cells displayed low expressions
of activating receptors, NKG2A, NKp30, and NKp46. The in-
creased level of these cells at time of diagnosis of AML was
associated with adverse features and decreased remission rate
and survival [50]. Contrary to that study, our results revealed
a significant accumulation of these cells in heathy volunteers
compared to newly diagnosed AML patients. This accumula-
tion was associated with favorable prognostic features includ-
ing lower risk groups and decreased percentage of peripheral
blasts, and increased remission rate.

CD244 (2B4), which is a member of signaling lympho-
cyte activating molecule family of CD2-related receptors, is
expressed by all NK cells. Two isoforms were described: one
facilitates lysis of CD48-positive target tumor cells and the
other does not. The dual function of 2B4 receptor is controlled
partly by CD48 ligand density and the level of receptor expres-
sion [15]. Loss of 2B4 results in partial increase in NK lysis,
while loss of its ligand greatly increases tumor lysis by NK
cells [S1]. CD244 appears to predominantly induce inhibitory
signaling in tumor-associated immune cells, but the interplay
of factors determining activating versus inhibitory signaling

has not been fully clarified. In the current study, the expres-
sion level of 2B4 receptor showed specific pattern, where its
expression when combined with CD196 resulted in accumu-
lation of NK cells in AML patients compared with controls,
while its positive expression with loss of CD196 resulted in
accumulation of NK cells in controls. This effect was consist-
ent across all types of NK cells. This pattern of expression was
reversed in NKT cells. Furthermore, its expression was incon-
sistent with remission status and could be controlled with type
of NK cells and CD196 receptor expression. A finding could
be comparable with the previous reports; however, iNKT cells
with positive CD244 and CD196 were accumulating in remis-
sion status while NKT cells only expressing CD244 were ac-
cumulated in non-remission state, suggesting that it exerted an
inhibitory effect on NKT cells [52].

Tumor cells release signaling mediators such as cy-
tokines that activate multiple pathways to establish a tumor-
supportive microenvironment. In this context, chemokines
mainly contribute to cancer progression by recruiting im-
mune cells in a way that can benefit tumor growth. Specifi-
cally, interactions between chemokine receptors—such as
CCR6 or CD196 expressed on NK and NKT cells—and their
ligand CCL20, produced by tumor cells, have been linked to
cancer development, tumor progression, and poorer progno-
sis, as reported in breast cancer [53], colorectal cancer [54],
pancreatic cancer [55], lung cancer [56], and others [57]. In
the current results, CCR6 expression was generally linked
to higher accumulation of NKT cells in controls than in pa-
tients. Conversely, among NK cells, CCR6-expressing cells
were more abundant in patients compared with controls.
However, CD196" NKT cells showed increased accumula-
tion in non-remitting patients.

Moreover, CD196 positive expression on CD3~CD16bright
CD564m NK cells was associated with no remission, while
CD3CD16%mCD56%Mm NK and CD3 CD16°CD56* NK cells
losing CD196 expression were accumulated in remitting pa-
tients. In addition, CD196 expression was associated with poor
prognostic features including high blast frequency and unfa-
vorable cytogenetics. Our results came in line with the previ-
ously mentioned studies.

In a series of AML patients, the expression of CD244
on T cells was evident in relapsed cases than de novo ones,
and its expression correlated with exhausted phenotype of T
cells, decreased proliferation and expression of CD28, and
increased expressions of immunosuppressive molecules
such as PD1, TIM3, CTLA-4, and CD160 in cancer patients
compared to healthy controls [58]. Other studies showed no
correlations with PD1, proliferation, or cytokine production
[59]. However, Epling-Burnette et al demonstrated that in-
creased expression of CD244 was associated with decreased
expression of activating molecules like CD28, CD62L [60].
Collectively CD244 in hematologic malignancies and cancer
exhibited inhibitory effects on immune cells and immunosup-
pression with resistance to treatments and early relapse, in
compliance with the previous theories. CD244 in the current
results was associated with failure of response to treatments,
unfavorable risk features, and cytogenetics. Knockdown of
CD244 in AML resulted in impaired proliferation without
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comparable effect on normal hematopoietic stem cells [61].
Trials are ongoing to accurately evaluate the exact role and
impact of CD244 and CD196 leukemia and their differential
expressions on immune cells, taking into consideration their
relation to the expression of CD16, CD56 on NK and NKT
cells.

Conclusion

Together, NK and NKT cells contribute not only to the patho-
genesis of AML but also to the prognosis and overall survival
of patients. In addition, the expression pattern of CD244 (2B4
receptor) and CD196 on NK and NKT cells was generally as-
sociated with remission status and prognostic features of AML
patients.
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