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ABSTRACT

NK cell immunodeficiency has a variety of manifestations and complex mechanisms in the tumor. NK
cell immune deficiency is closely related to immune escape of acute leukemia. This paper demonstrates the
immunological escape mechanism of acute leukemia from NK cell immune deficiency manifestation and

cause.
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1. Introduction

Acute leukemia (AL) is a malignant clonal disease of hematopoi-
etic stem progenitor cells, with rapid onset and progression. The natu-
ral course of disease usually lasts only a few weeks or months. Alt-
hough chemotherapy and immunobiotherapy have seen great advances,
50% to 70% of patients with acute myeloid leukemia (AML) still suf-
fer from relapses, and so do 20% to 30% of children with acute lym-
phoblastic leukemia (ALL)™?. Part of the reason for relapse is the
immune surveillance dysfunction of the body’s innate immune cells.
Therefore, in order to develop more effective anti-leukemia drugs, it is
necessary to understand how leukemia cells evade innate immunity.
NK cell is a kind of large granular lymphocyte, which plays a very
important role in the anti-leukemia process. Its immune deficiency can
cause leukemia cells to evade the attack of host immune system. In this
paper, we review the manifestations and pathogenesis of NK cell im-
munodeficiency in acute leukemia.

2. Expression of NK cell immunodeficiency

2.1 Abnormal proportion and reduced number of NK cell
subsets

NK cells account for about 5%-15% of peripheral blood mononu-
clear cells (PBMC). Immature NK cells have high expression of CD56
(CD56" NK cells) and high expression of NKG2A, but no expres-
sion of CD16. Mature NK cells have low expression of CD56, but no
expression of NKG2A, namely, CD56%™ NK cells®®!. Data showed that
the percentage and absolute number of NK cells in peripheral blood of
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AL patients decreased®"). It has been reported that
the percentage of NK cells in various organs
(spleen, bone marrow, blood and lymph nodes) of
mice with leukemia is lower than that of mice
without leukemia. The absolute NK cell count
of bone marrow and lymph node was lower than
that of non-leukemia mice. There is the selective
reduction of CD27°CD11b" double positive NK
cells in various organs of mice with leukemia (the
maturation process of mouse NK cells is CD27"
CD11B —CD27'CD11b—CD27'CD11b*—CD27"
CD11b")®. Rouce et al. reported that CD56°""-
CD16'NK cells in ALL patients were more than
that in healthy people®. However, Mundy Bosse
and Rey et al. found that the reduction of total
CD56"™"" NK cells and CD56™"" CD16'NK cells
in peripheral blood of patients with AML may be
different from that of patients with ALL®. In
conclusion, NK cells in AL patients are not only
abnormal in proportion, but also have trouble ma-
turing, especially in AML patients.

2.2 Weakened NK cell killing ability

Activated NK cells can non-specifically kill
tumor cells through the following pathways. (1)
Directly kill tumor cells through FASL/FAS, per-
forin, granulation enzyme pathway. (2) FCYR(CD16)
mediated the ADCC effect by binding to the FC
segment of anti-tumor antibody™. (3) Secretion of
IFN-y, TNF-a, TNF-B can produce anti-tumor effect.
It was found that the B expression of perforin and
granase decreased in NK cells of leukemia mice,
and the intracellular IFN-y content decreased after
stimulation®. Clinical studies have shown that both
IFN-y and TNF-a of NK cells in patients with leu-
kemia are reduced, and their killing ability is
weakened!®*!,

2.3 Reduced NK cell proliferation®

Immune cells’ maintaining certain proliferation
ability is the basis of maintaining normal immune
function of the body. The percentage of NK cells in
spleen mitosis of leukemic mice was lower than that
of non-leukemic mice by flow cytometry. 24 h after
injection of IL-15 (which can promote NK cell pro-
liferation and differentiation), the NK cell prolifera-
tion capacity of all organs (spleen, bone mar-

row, blood, lymph node) was lower than that of
non-leukemia mice!®.

2.4 Abnormal NK cell receptor expression

Ho et al. analyzed the bone marrow of 78
newly diagnosed AML patients (46 cases < 60 years
old, 32 cases > 60 years old) and found that the re-
ceptor spectrum of NK cells was changed; except
the activation receptors KIR2DL4, KIR2DS4,
CD94/NKG2C, the expression level of other recep-
tors including natural cytotoxic receptors (NKp30,
NKp44, NKp46), killing immunoglobulin-like re-
ceptors (KIR2DL1, KIR2DL2, KIR3DL1) and ac-
tivated receptors (DNAM-1, NKG2D) was lower
than that of healthy people!”. Sanchez-Correa et al.
found that in AML patients younger than 65 years
old, the expression of DNAM-1 in NK cells of bone
marrow and the levels of NKp30 and NKp46 also
decreased, while the level of NKp46 in elderly
AML patients (> 65 years old) also decreased!?.
However, the expression of DNAM-1 and NKp30
was not different from that of healthy people. The
reason of different results of these two studies is
related to the different age distribution of patients in
the two studies, but both of them indicate that the
receptor spectrum of NK cells in leukaemia has
changed, leading to the weakening of NK cells’
recognition and activation ability.

NKG2A is a transmembrane protein with
C-type lectin structure in the extracellular region
and ITAM in the cytoplasmic region. CD94/NKG-
2A is a suppressor Killer cell receptor, which
can block NK cell-mediated cytotoxicity. Multiple
studies have shown increased NK cell CD94/NKG-
2A expression in AML patients!"**3!. Sandoval-
Borrego et al. found that CD158b was overexpress-
ed in NK cells of AML patients™. For example,
blocking CD158 recipient epitopes (CD158a,
CD158b) can increase the Killing activity of NK
cells in AML patients™,

3. The mechanism of NK cell im-
munodeficiency

The mechanism of tumor immune escape has
not been fully elucidated. The following viewpoints
have been proposed: (1) tumor cells lack the com-
ponents necessary to stimulate immune response; (2)
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tumor antigen induces immune tolerance; (3) tumor
cells induce apoptosis of immune cells or resist
apoptosis; (4) malignant tumors directly or indi-
rectly inhibit immune function®®. For AL immune
escape, NK cell immune deficiency is one of the
reasons. Recent studies have focused on the mecha-
nism of NK cell deficiency leading to AML im-
mune escape, mainly in the following aspects.

3.1 MicroRNA-29b mediates abnormal NK
cell development

MicroRNA-29b is one of the three members of
MicroRNA-29s family, and a large number of stud-
ies have confirmed that MicroRNA-29b is involved
in tumor occurrence, migration and invasionf*®l,
Mundy-Bosse et al. showed that the number of
CD5%"" NK cells in peripheral blood of patients
with acute myeloid leukemia (human NK cell de-

velopment process is shown in Figure 1) de-
creased™. In order to find the cause, they used
RT-PCR to measure the MicroRNA-29b of NK cells
in leukemia mice, and found that CD11b" NK cells
(including the NK cells of middle and late stage
mice): the expression of MicroRNA-29b in CD27*
CD11b* NK cells and CD27°CD11b* NK cells was
higher than that in non-leukemia mice. NK cells
with MicroRNA-29b knockdown were injected into
leukemia mice with reduced WBC and improved
survival. The same team also found increased Mi-
croRNA-29b expression in CD56°"™ NK cells from
AML patients. Currently, the cause of MicroRNA-
29b overexpression in leukemia NK cells is unclear
and further research is needed, but many research-
ers have begun to develop MicroRNA-29b inhibi-
tors to achieve anti-leukemia efficacy.
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Figure 1. Pattern of human NK cell development process.

3.2 Leukemia cells inhibit NK cells

3.2.1 CD200 binds to CD200L of NK cells

CD200 belongs to the immunoglobulin sub-
family, which is expressed on the surface of various
immune cells and is increased in solid tumors such
as bladder cancer and lung cancer. Damiani et al.
analyzed 244 AML patients and found that CD200
(also known as OX2) was expressed in leukemia
cells of 56% AML patients, and CD200 expression
was higher in patients with secondary leukemial*%.
CD200 on the surface of leukemia cells can bind to
CD200L on the surface of NK cells and inhibit the
cytotoxicity and cytokine secretion of NK cells. It
has been reported that the remission rate of patients
with CD200" is lower than that of patients with
CD2007, which is associated with poor prognosis of

AML patientst**2,

3.2.2 Leukemic cells secrete 1L-10

IL-10 is a negative regulator, mainly secret-
ed by macrophages and dendritic cells. Stringaris et
al. found that the killing ability of NK cells in pa-
tients with leukemia was weakened™. In order to
find the mechanism of NK cell inactivation, they
co-cultured NK cells from healthy donors with
acute myeloid leukemia cells (NK-AML) for 24 h.
The expression level of IL-10 in the supernatant of
NK-AML culture medium was significantly in-
creased. Therefore, it is believed that leukemia cells
of patients with AML can secrete IL-10, which has
a significant immunosuppressive effect on NK
cells.
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3.2.3 Expression of NKG2D weakens NK cell
function

NKG2D is generally expressed in NK cells
and T cells. Tang et al. found that U937 and THP-1
cell lines not only express MHC | molecular related
gene A of NKG2D ligand, but also express NKG-
2D If NKG2D expression of U937 and THP-1
cell lines is blocked, NK cells of patients were ac-
tivated by NKG2D ligand of U937 and THP-1 cell
lines, showing degranulation and increased expres-
sion levels of CD107a, IFN-y and TNF-a, namely,
the expression of NKG2D in leukemia cells weak-
ened the immune surveillance function of NK cells.

3.2.4 Secretion of TGF-p induces NK cell in-
activation

TGF-B is a polypeptide that regulates tumor
proliferation, growth, migration and invasion. Hong
et al. reported that there were different forms of
TGF-B exosomes in AML patients and they were
higher than the control group, and the proportion
was different at diagnosis, induction chemotherapy
and after induction chemotherapy, but they were
always present, which could inhibit NKG2D ex-
pression of NK cells, and the addition of TGF-f
antibody could reverse the inhibition of NK cells®?.
The authors suggest that TGF-p exosomes may pre-
dict the presence of minimal residual disease
(MRD). Rouce et al. found that TGF-p was the
most obvious cytokine in the supernatant of leuke-
mia cells cultured in ALL patients, and TGF-p
could be used to reconstruct NK cell functions such
as cytokine secretion and degranulation™. Further
experiments demonstrated that TGF-f3 mediated the
decline of NK cell immune surveillance function
through TGF-B/SMAD signaling pathway, leading
to the escape of leukemia cells. TGF-B/SMAD is
expected to be the target of novel therapies to re-
store the anti-leukemic toxicity of NK cells by in-
hibiting this pathway.

3.2.5 UL16 binding protein-3

UL16 binding protein-3 (ULBP3) is a kind of
NKG2D ligands, which is distributed in colorectal
adenocarcinoma, gastric adenocarcinoma and lung
adenocarcinoma tissue. Soluble ULBP3 exists in
serum of colorectal adenocarcinoma and gastric

adenocarcinoma and is considered as a potential
tumor marker?”. Jiang Q et al. reported that serum
sULBP3 level in the initial AML group was signif-
icantly increased and negatively correlated with the
proportion of NK cells®®. Vitro experiments
showed that exogenous ULBP3 protein affected the
number and cytotoxicity of NK cells through the
mechanism of apoptosis.

3.2.6 Expression of indoleamine 2,
3-dioxygenase 1

Indoleamine 2, 3-dioxygenase 1 (IDO1) is an
enzyme that can degrade tryptophan to canisurine,
and is associated with pathological inflammatory
response and tumor immune escape. Activation of
IDO1 can inhibit T cells, NK cells and promote the
proliferation of regulatory T cells. Studies have
shown that TIM-3 of NK cells binds to GAL-9 on
the leukemia cell membrane of AML patients and
releases IFN-y, which induces increased expression
of IDOL1 in leukemia cells, and IDO1 reduces the
degranulization activity of NK cells, thereby avoid-
ing NK cell killing®. Ma Jinfeng reported that
Gal-9 expression was increased in AML patients,
and Tim-3 expression level in NK cells of medi-
um-high risk AML patients was higher than that of
low-risk AML patients®). These two studies
demonstrate that the Tim-3/Galectin-9 pathway me-
diates immune escape of AML tumor cells by
down-regulating the NK cell immune response
through 1DO1, influencing patient outcomes.

3.2.7 Inducing NK cell to express receptor
activator for NF-kB (RANK)

Tumor necrosis factor family RANKL not only
regulates bone metabolism and immune cell func-
tion, but also affects the survival of dendritic cells
and the ability to stimulate T cells, and promotes
tumor cell metastasis. Schmiedel et al. reported that
68% of AML patients expressed RANKL in their
peripheral blood leukemia cells®?®!. On the one hand,
leukemia cells of RANKL" inhibit NK cells directly
or by secreting a variety of active substances (TNF,
IL-6, IL-8 and IL-10) through RANKL signal; on
the other hand, the active substances secreted in-
duce NK cells to express RANK. RANKL on leu-
kemic cells can bind to NK cell RANK. When
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RANKL is blocked by Denosumab, the secretion of
TNF, IL-6, IL-8 and IL-10 in leukemic cells is sig-
nificantly reduced and the NK cell inhibition is
weakened. In conclusion, a vicious circle is form-
ed between leukemia cells and NK cells, which
leads to NK cell inactivation and leukemia cells
evade immune surveillance.

3.3 TLR4" MSC inhibits NK cells

Mesenchymal stem cells (MSC) are non-hem-
atopoietic pluripotent cells that can be isolated
from bone marrow and adipose tissue and can se-
crete a variety of cytokines and chemokines to
promote tumor growth and metabolism. Lu et al.
isolated MSC from bone marrow of lung cancer
(LC) patients, AML patients and healthy people,
and co-cultured MSC from healthy people with
Hela cells (named CM™%-MSC)®?%. It was found
that LC-MSC, AML-MSC and CM™%-MSC were
all highly expressed TLR4mRNA. Further experi-
ments showed that intravenous injection of TLR4"
MSC into C57BL/6J mice could induce decrease of
peripheral blood NK cells. Co-culture of TLR4"
MSC and NK cells reduced the expression level of
NKG2D receptor in NK cells, and CytoTox 96
non-radioactive cytotoxicity test showed that NK
cell toxicity decreased. When TLR4 function
was blocked, NK cell function recovered. This
study demonstrates that TLR4 plays a key role in
MSC-induced NK cell function inhibition.

3.4 Immunological synapse defects in
NK-AML cells

NK cells and tumor cells can form an immu-
nological synapse (IS), also known as supermole-
culer activation cluster (SMAC). NK cell immune
synapse can be divided into two types. One is in-
hibitory synapse, in which actin recombination
is blocked and dissolved particles are not trans-
ferred to the synapse. The second is the dissolved
synapse, in which the actin skeleton is reorganized
and the dissolved particles are transferred to the
synapse (requiring NK cell receptor (NCRS) polari-
zation). It has been reported that the decrease of
soluble particles in the immune synapse of
NK-AML cells, and almost no aggregation of CD3(
(a marker of NCRs polarization) in the immune

synapse of NK-AML cells is the cause of the defi-
ciency of the immune synapse. Researchers have
found that lenalidomide can increase the dissolved
particles in the immune synapse of NK-THP1 and
NK-HLAG0 cells, while the activation and inhibi-
tory receptors of NK cells are not changed®”.
However, whether lenalidomide can increase the
soluble particles in the immune synapses of
NK-AML and NK-ALL cells is unknown and needs
further study.

3.5 IFN-y inhibits NK cells in tumor micro

Type Il interferon, or y-interferon (IFN-y), is
produced mainly by activated Th1l cells and almost
all CD8'T and NK cells. Previous studies have
shown that IFN-y has antitumor activity, while other
studies have shown that IFN-y has pro-tumor activ-
ity, but the reason for this contradictory result re-
mains unclear. Bellucci et al. reported IFN-y or the
supernatant of NK cells can induce leukemic cells
to up regulate programmed death-1 ligand
(PD-1)BY. If PD-L1 is blocked by antibodies, the
cleavage ability of NK cells is increased. If JAK
inhibitors are used, the cleavage ability of NK cells
is also increased. Therefore, the researchers believe
that IFN in the tumor microenvironment-y activate
JAK1 and JAK2 signaling pathways, and then up
regulate PD-L1; PD-L1 binds to programmed
death-1 (PD-1) of NK cells, weakening the anti-
tumor activity of NK cells.

4. Conclusion

Since one of the causes of AL relapse is im-
mune system dysfunction, understanding the causes
of immune system dysfunction is the basis for find-
ing more effective immunobiotherapy. As an im-
portant part of the immune system, the deficiency
of NK cells is one of the causes of leukemia im-
mune escape. NK cell immune deficiency is mani-
fested in many aspects, including abnormal number
of NK cells, maturation disorder, reduced Killing
ability, reduced proliferation ability, decreased ac-
tivation receptor expression and increased inhibito-
ry receptor expression. The mechanisms of NK cell
immune deficiency include: (1) MicroRNA-29b
mediates changes in NK cell dysplasia; (2) leuke-
mia cells inhibit NK cells through various mechan-
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isms; (3) TLR4" MSC inhibits NK cells; (4) NK-
AML cell immunological synapse defects; (5)
IFN-y in tumor microenvironment inhibit NK cells.
With the deepening of research, drugs targeting the
above targets have been developed, and some have
entered clinical research. NK cell-based immuno-
therapy is expected to become one of the effective
means to treat AL.

References

1.

Huang X, Huang H. Hematology. 2" ed. Beijing:
People’s Medical Publishing House; 2004. p. 9-13.
Zhang Z, Hao Y, Zhao Y, et al. Hematology. 2™ ed.
Beijing: People’s Medical Publishing House; 2015.
p. 853-854.

Caligiuri MA. Human natural killer cells. Blood
2008; 112(3): 461-469.

Yu X, Gu G, Wang L, et al. Peripheral blood lym-
phocyte subsets of the absolute value of precise and
quantitative analysis of immune function in acute
leukemia. China Journal of Modern Medicine 2014;
(17): 63-67.

Kong L, Ge J, Xia R. The significance of Treg and
T lymphocyte subsets in acute myelocytic leukemia.
Acta Universitatis Medicinalis Anhui 2015; (4):
512-515.

Sun H, Zhang L, Wang J. Clinical significance of
diagnosis and treatment of Treg cells, NK cells and
T lymphocyte subsets in patients with acute leuke-
mia. Journal of Clinical Hematology 2016;

(9): 741-743.

Ho X, Fook-Chong S, Linn YC. Natural killer cell
receptor repertoire is comparable amongst newly
diagnosed acute myeloid leukemia of different
French-American British subtypes, risk categories
and chemosensitivities. Leuk Lymphoma 2014;
55(2): 342-348.

Mundy-Bosse BL, Scoville SD, Chen L, et al. Mi-
croRNA-29b mediates altered innate immune de-
velopment in acute leukemia. The Journal of Clini-
cal Investigation 2016; 126(12): 4404-4416.
Rouce RH, Shaim H, Sekine T, et al. The
TGF-B/SMAD pathway is an important mechanism
for NK cell immune evasion in childhood B-acute
lymphoblastic leukemi. Leukemia 2016; 30(4):

10.

11.

12.

13.

15.

16.

17.

18.

19.

70

800-811.

Rey J, Fauriat C, Kochbati E, et al. Kinetics of cy-
totoxic lymphocytes reconstitution after induction
chemotherapy in elderly AML patients reveals pro-
gressive recovery of normal phenotypic and func-
tional features in NK cells. Frontiers in Immunolo-
gy 2017; 8(64): 1-12.

Stringaris K, Sekine T, Khoder A, et al. Leuke-
mia-induced phenotypic and functional defects in
natural killer cells predict failure to achieve remis-
sion in acute myeloid leukemia. Haematologica
2014; 99(5): 836-847.

Sanchez-Correa B, Gayoso |, Bergua JM, et al. De-
creased expression of DNAM-1 on NK cells from
acute myeloid leukemia patients. Immunology and
Cell Biology 2012; 90(1): 109-115.
Sandoval-Borrego D, Moreno-Lafont MC,
VazquezSanchez EA, et al. Overexpression of
CD158 and NKG2A inhibitory receptors and un-
derexpression of NKG2D and NKp46 activating
receptors on NK cells in acute myeloid leukemia.
Archives of Medical Research 2016; 47(1): 55-64.
Wu G, Yang Z, Wang Z, et al. Effect of CD158 re-
ceptor epitope blocking on killing activity of NK
cells in acute myeloid leukemia. Journal of Guang-
dong Medical College 2013; (5): 509-512.

Gong F. Medical Immunology. 4" ed. Beijing: Sci-
ence Press; 2014.

Chou J, Lin JH, Brenot A, et al. GATA3 suppresses
metastasis and modulates the tumour microenvi-
ronment by regulating microRNA-29b expression.
Nature Cell Biology 2013; 15(2): 201-213.

Yeh YY, Ozer HG, Lehman AM, et al. Characteri-
zation of CLL exosomes reveals a distinct mi-
croRNA signature and enhanced secretion by acti-
vation of BCR signaling. Blood 2015; 125(21):
3297-3305.

Kirimura S, Kurata M, Nakagawa Y, et al. Role of
microRNA-29b in myelodysplastic syndromes dur-
ing transformation to overt leukaemia. Pathology
2016; 48(3): 233-241.

Damiani D, Tiribelli M, Raspadori D, et al. Clinical
impact of CD200 expression in patients with acute
myeloid leukemia and correlation with other mo-
lecular prognostic factors. Oncotarget 2015; 6(30):



20.

21.

22.

23.

24.

25.

30212-30221.

Tiribelli M, Raspadori D, Geromin A, et al. High
CD200 expression is associated with poor progno-
sis in cytogenetically normal acute myeloid leuke-
mia, even in FIT;-ITD-/NPM1* patients. Leukemia
Research 2017; 58: 31-38.

Zhang X, Shen A, Guo R, et al. Expression charac-
teristics of CD200 in acute myeloid leukemia and
its clinical significance. Journal of Experimental
Hematology 2014; (6): 1531-1534.

Tang M, Acheampong DO, Wang Y, et al. Tumoral
NKG2D alters cell cycle of acute myeloid leukemic
cells and reduces NK cell-mediated immune sur-
veillance. Immunology Research 2016;

64(3): 754-764.

Hong CS, Muller L, Whiteside TL, et al. Plasma
exosomes as markers of therapeutic response in pa-
tients with acute myeloid leukemia. Frontiers in
Immunology 2014; 5(160): 1-9.

Mao C, Mou X, Jiang Q, et al. Detection and analy-
sis of human ULBP3 in different tumor cells and
tumor tissues (in Chinese). Chinese Journal of Cel-
lular and Molecular Immunology 2014; (12): 1307—
1310.

Jiang Q, Mou X, Mao C, et al. The level of serum
UL16 binding protein 3 (ULBP3) in patients with
acute myeloid leukemia increased and inhibited the
killing activity of NK cells (in Chinese). Chinese
Journal of Cellular and Molecular Immunology

26.

217.

28.

29.

30.

31.

71

2015; (10): 1396-1398, 1403.

Folgiero V, Cifaldi L, Li PG, et al. TIM-3/Gal-9
interaction induces IFNy-dependent IDO1 expres-
sion in acute myeloid leukemia blast cells. Journal
of Hematology & Oncology 2015; 8(36): 1-5.

Ma J. Characteristics of Tim-3 expression on NK
cells and its clinical significance in acute myeloid
leukemia patients [Master’s thesis]. Suzhou: Soo-
chow University; 2015.

Schmiedel BJ, Nuebling T, Steinbacher J, et al. Re-
ceptor activator for NF-«xB ligand in acute myeloid
leukemia: Expression, function, and modulation of
NK cell immunosurveillance. Journal of Immunol-
ogy 2013; 190(2): 821-831.

LuY, LiuJ, LiuY, et al. TLR4 plays a crucial role
in MSC-induced inhibition of NK cell function.
Biochemical and Biophysical Research Communi-
cations 2015; 464(2): 541-547.

Khaznadar Z, Henry G, Setterblad N, et al. Acute
myeloid leukemia impairs natural killer cells
through the formation of a deficient cytotoxic im-
munological synapse. European Journal of Immu-
nology 2014; 44(10): 3068-3080.

Bellucci R, Martin A, Bommarito D, et al. Interfer-
on-y induced activation of JAK1 and JAK2 sup-
presses tumor cell susceptibility to NK cells
through upregulation of PD-L1 expression. Onco-
immunology 2015; 4(6): e1008824.



