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Background: Leukemia stem cells (LSC) are involved in the incidence, drug resistance, and relapse of leukemia while LSC-
related antigen CD33, CD96, and DAPK expression in AML and its prognosis is still unclear. This study explored
LSC-related antigens expression in acute myeloid leukemia (AML) and its prognosis.
Material/Methods: Atotal of 156 cases of AML patients were enrolled in the experiment. The expression of CD33, CD96, and DAPK
in CD34+CD38-CD123+ LSC were tested by flow cytometry. The survival curve was established using the Kaplan-
Meier method.

Results: Among different subtypes of AML, the positive rate of CD33 was M3> M5> M1> M2> M4; for CD96 it was M5>
M4> M2> M3> M1; and for DAPK it was M3> M2> M5> M4> M1. After chemotherapy, the response rate in CD33
and CD96 high expression groups, and DAPK low expression group was significantly lower than the groups with
CD33 low expression, CD96 low expression, and DAPK high expression. The median survival time in the CD33
high expression group was markedly lower than the CD33 low expression group (36.5 months). The CD96 high
expression group exhibited obviously shorter median survival time than the CD96 low expression group. The
DAPK high expression group exhibited longer median survival time than the DAPK low expression group.

Conclusions: CD33 and CD96 overexpression, and DAPK downregulation in the LSC of AML patients were associated with
poor chemotherapy effect and prognosis, and higher recurrence rate.
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Material and Methods

Leukemia is a group of heterogeneous hematopoietic system
malignant tumor caused by the differentiation failure, apop-
tosis disorder, and malignant proliferation of hematopoietic
stem/progenitor cells at different differentiation stages. It is
a kind of acquired hematopoietic stem cell malignant clonal
disease [1,2]. At present, the priority treatment of leukemia is
chemotherapy [3]. Following medical science development, the
emergence of various new chemotherapy drugs significantly
increased the remission rate of leukemia [4]. However, most
patients may relapse over a period of time after treatment,
which can seriously affect life and health, quality of life, and
prognosis [5]. Numerous studies have shown a group of cells
with trace amount in the blood, only accounting for 0.1~1%
of all leukemia cells, that are called leukemia stem cells (LSC).
These cells usually lead to increased incidence of leukemia and
disease relapse, and exhibited a reduced sensitivity to chemo-
therapy drugs and drug resistance. Similar to the differentia-
tion grade in normal hematopoietic cells, leukemia cells also
have classification, such as stem/progenitor cells, immature
differentiated cells, and mature cells [6]. LSCs are derived from
normal hematopoietic stem cell gene mutation during the dif-
ferentiation development process, and they have the ability to
produce differentiated blood cells that can have induce leu-
kemia incidence, development, and recurrence [7]. Acute my-
eloid leukemia (AML) is a set of malignant diseases originated
from myeloid hematopoietic stem/progenitor cells. It is char-
acterized by abnormal proliferation of original and immature
myeloid cells in the bone marrow and peripheral blood. The
clinical manifestations of AML include anemia, bleeding, infec-
tion, fever, organs infiltration, and metabolic abnormalities of
the skin, gingiva, liver, spleen, lymph nodes, and joints. Most
cases present as acute and heavy state, and the prognosis is
poor [8]. The immune phenotypes of LSC differs among differ-
ent types of leukemia and individuals, and is related to clin-
ical characteristics, therapeutic response, survival, and prog-
nosis. Immune phenotype is one of the most commonly used
indicators to identify LSC. The recognized immune phenotype
of LSC in acute is CD34+CD38-CD123+ [9]. CD33 is also con-
sidered as a marker of LSC [10]. However, a variety of studies
found that CD33 was not expressed on all the surface of my-
eloid LSC[11]. As a member of the immunoglobulin superfamily,
CD96 expresses on the majority of CD34+CD38- acute myelog-
enous leukemia stem cells. It was reported that CD96 expres-
sion was correlated with the function of LSC [12]. Death asso-
ciated protein kinase (DAPK) was also reported to be express
in LSC with the phenotype of CD34+CD38-, while it was not
detected in normal hematopoietic stem cells [13]. LSC-related
antigen CD33, CD96, and DAPK expression in AML and their
relationship with prognosis is still unclear. This study investi-
gated LSC-related antigen CD33, CD96, and DAPK expression in
AML, and the relationship with curative effect and prognosis.

Objects

A total of 156 AML patients seen at the Second Affiliated
Hospital of Harbin Medical University between January 2013
and June 2015 were enrolled, including 86 males and 70 fe-
males with mean age of 38.2+10.5 (15-49) years old. According
to classification criterion published by FAB [14], there were 27
cases of M1, 35 cases of M2, 25 cases of M3, 40 cases of M4,
and 29 cases of M5. All the enrolled patients conformed to the
WHO diagnostic classification criterion as analyzed by immu-
nophenotyping and karyotype.

Main reagents and materials

CD45, CD33, CD34, CD38, CD123, and CD96 antibodies were
purchased from BD Pharmingen. DAPK antibody was procured
from Santa Cruz. Mononuclear cell separating medium Ficoll-
Paque PREMIUM was purchased from GE Healthcare.

Immunophenotyping detection

A total of 2 to 5 mL bone marrow was extracted with EDTA
anticoagulation from AML patients before chemotherapy. The
marrow was treated by density gradient centrifugation in Ficoll-
Paque PREMIUM to isolate mononuclear cells. Four colors (FITC,
PE, PerCP, and APC) fluorescent antibodies were used to la-
bel the cells. FSC/SSC was set to exclude debris, SSC/CD45
was set to select white blood cells, and CD34+CD38- was set
to select hematopoietic stem cells. Furthermore, CD123+ was
set among CD34+CD38- hematopoietic stem cells to identi-
fy LSC. CD33, CD96, and DAPK expression was analyzed in
CD34+CD38-CD123+ LSC. Positive cell rate >20% was consid-
ered as positive expression in LSC.

Treatment method

AML patients except acute promyelocytic leukemia (APL) were
treated by induction therapy based on harringtonine (HA, 2-3
mg/day, 5-7 days) or mitoxantrone (NA, 10 mg/day, 3 days),
followed by cytarabine (Ara-C, 150-300 mg/day, 5-7 days) for
consolidation therapy. APL patients were mainly treated by ar-
senite induction, or arsenite and retinoic acid dual induction
therapy. In addition to chemotherapy, all patients received blood
transfusion, anti-infection, and comprehensive support therapy
according to the state of illness. Curative effect was evaluated
based on the blood disease diagnosis and standard therapy
criterion [15]. (1) Complete remission (CR): no anemia, bleed-
ing, infection, or leukemia cells infiltrating performance; he-
moglobin >90 g/L, white blood cells normal or reduce, without
immature cells, platelets >100x10%/L; primitive cells and early
infant stage cells (or immature cells) in the bone marrow <5%,
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Figure 1. Flow cytometry detection of CD33, CD96, and DAPK expression in LSC. (A) SSC/CD45 set for white blood cells.
(B) CD34+CD38- set for hematopoietic stem cells. (C) CD33 expression in CD123+ LSC. (D) CD96 expression in CD123+ LSC.

(E) DAPK expression in CD123+ LSC.

normal RBC and megakaryocyte system. (2) Partial remission
(PR): one or two of three aspects of clinical, blood, and bone
marrow failed to meet CR criteria; primitive cells and early in-
fant cells in bone marrow <20%. (3) Not remission (NR): three
aspects of clinical, blood, and bone marrow failed to meet CR
criteria; primitive cells, and early infant cells in bone marrow
>20%, including invalid patients.

Statistical analysis

All data was input and analyzed by SPSS 18.0 software.
Enumeration data was presented as percentage and compared
by chi-square test, while measurement data was depicted as
mean # standard deviation (SD) and compared by rank sum
test. Patients’ survival curve was established by Kaplan-Meier
method. Progress free survival (PFS) was compared by Log-
rank test; p<0.05 was considered as statistical significance.

Results

LSC immunophenotyping analysis in AML patients with
different subtypes

The detection flow chart of CD33, CD96, and DAPK expression
in CD34+CD38-CD123+ LSC was showed in Figure 1. SSC/CD45
was set to select white blood cells (Figure 1A), and CD34+CD38-
was set to select hematopoietic stem cells (Figure 1B). Moreover,
CD33 (Figure 1C), CD96 (Figure 1D), and DAPK (Figure 1E) ex-
pression in CD123 positive LSC were detected. Among all AML
patients, CD33 presented the highest positive rate (80.8%), fol-
lowed by CD96 (50.6%), and DAPK (40.7%). A total of 126 cas-
es from 156 AML patients showed CD33 positive, with the ex-
pression quantity as 5.1-98.7% and median value at 47.2%.
CD96 positive rate in CD34+CD38-CD123+ LSC was 50.6%,
with the expression quantity as 3.1%-82.5% and median val-
ue at 40.7%. There were 31 cases exhibited DAPK positive in
CD34+CD38-CD123+ LSC (19.8%), with the expression quan-
tity as 4.9%-78.8% and median value at 39.2% (Table 1).
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Table 1. LSC related antigens expression in AML with different subtypes.

Phenotype M1 M2 M3 M4 [} Total
CD33 in LSC 25.9% 20.0% 44.0% 10.0% 31.0% 24.4%
Positive rate (%) (7/27) (7/35) (11/25) (4/40) (9/29) (38/156)
CD33 in LSC 42.5 38.8 55.6 35.3 50.6 47.2
Expression (median, %) (9.4~65.7) (6.6~56.8) (18.4~98.7) (5.1~43.2) (16.3~80.6) (5.1~98.7)
CD96 in LSC 25.9% 51.4% 32.0% 62.5% 72.4% 50.6%
Positive rate (%) (7/27) (18/35) (8/25) (25/40) (21/29) (79/156)
CD96 in LSC 21.8 37.2 33.8 45.5 52.1 40.7
Expression (median, %) (3.1~45.8) (3.6~56.1) (4.4~65.9) (5.2~80.4) (7.9~82.5) (3.1~82.5)
DAPK in LSC 11.1% 22.8% 36.0% 15.0% 17.2% 19.8%
Positive rate (%) (3727) (8/35) (9/25) (6/40) (5/29) (31/156)
DAPK in LSC 18.6 48.1 56.2 27.4 41.6 39.2
Expression (median, %) (3.9~25.8) (5.6~62.7) (6.4~78.8) (4.5~36.3) (4.8~49.1) (3.9~78.8)
Table 2. The relationship of CD33, CD96, and DAPK expression with curative effect.
Phenotype CR+PR (cases, %) NR (cases, %) X2 P
CD33 7.561 0.006
Low expression 53  (67.9%) 25  (32.1%)
High expression 36 (46.1%) 42 (53.9%)
CD9%6 13.839 <0.001
Low expression 56 (71.8%) 22 (28.2%)
High expression 33 (42.3%) 45  (57.7%)
DAPK 9.444 0.002
Low expression 35  (44.9%) 43 (55.1%)
High expression 54  (69.2%) 24 (30.8%)
CD33 CD96 DAPK 11.982 <0.001
CD33'%/CD96'"/DAPKHig" 20 (90.9%) 2 (9.1%)
Others 69 (51.5%) 65 (48.5%)

Among different subtypes of AML, the positive rate of CD33 was
highest in M3 (96.0%) and lowest in M4 (67.5%). The sequence
of CD33 was M3 >M5 >M1 >M2 >M4, for CD96 it was M5 >M4
>M2 >M3 >M1, and for DAPK it was M3 >M2 >M5 >M4 >M1.

The relationship of LSC-related antigens expression with
curative effect and recurrence

The patients were divided into two groups upon the median an-
tigen expression of CD33, CD96, and DAPK in LSC to compare the
chemotherapy effect. After two courses of chemotherapy, there
were 36 cases (46.1%) obtained remission (CR + PR) and 42 cases

(53.9%) showed no remission in CD33 high expression group.
Among CD33 low expression group after chemotherapy, 53 cas-
es (67.9%) presented remission (CR + PR) and 25 cases (32.1%)
exhibited no remission (x?=7.561, p=0.006). The response rate
(CR + PR) was 42.3% in CD96 high expression group, which was
significantly lower than that of the CD96 low expression group
(71.8%) (x?=13.839, p<0.001). On the contrary, the response
rate (CR + PR) of DAPK high expression group (69.2%) was ob-
viously higher than that of DAPK low expression group (44.9%)
(X?=9.444, p=9.444). The response rate in patients with CD33"
CD96'"/DAPKe" was 90.9%, which was significantly higher than
that in other patients (51.5%) (x?=11.982, p<0.001) (Table 2).
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Table 3. The relationship of CD33, CD96, and DAPK expression with relapse.

Phenotype Total cases
CD33
"""" low expression 53
"""" Highexpresson 36
s
"""" low expression 56
"""" Highexpression 33
oAk
"""" low expression 35
"""" Highexpression 54

Relapse cases (%) x? P

10.647 0.001
3o
19 GTew
"""""""""""""""""""""" s998 o014
1 Gl
1 o@sew
"""""""""""""""""""""" a0t o007

29  (42.0%)

In 88 cases of CR + PR patients, there were 53 cases in CD33
low expression group with 14 cases of relapse (26.4%), where-
as 36 cases in CD33 high expression group with 18 cases of
relapse (50.0%) (x?=5.179, p=0.023). Upon CD96, 13 cases
(23.2%) exhibited relapse among the 56 cases in low expres-
sion group, while 19 cases (57.6%) of 33 cases in high expres-
sion group presented relapse (x?=10.647, p=0.001). The relapse
rate was 51.4% (18/35) in DAPK low expression group, while it
was 25.9% (14/54) in DAPK high expression group (x?=5.998,
p=0.014). The relapse rate in patients with CD33**/CD96'"/
DAPK"&" was 15.0%, which was significantly lower than that in
other patients (42.0%) (x?=4.919, p=0.027) (Table 3).

The relationship between LSC related antigens expression
and prognosis

The complete follow-up information was obtained from 146
of the total 156 patients, with the follow-up rate at 93.6%
and the follow-up period at 8-37 months. The patients were
divided into two groups upon the median antigen expres-
sion of CD33, CD96, and DAPK in LSC. There were 71 cases in
CD33 high expression group, 75 cases in CD33 low expression
group, 74 cases in CD96 high expression group, 72 cases in
CD96 low expression group, 76 cases in DAPK high expression
group, and 70 cases in DAPK low expression group, 20 cases
with CD33"CD96""/DAPK"" and 126 cases for others. One-
year survival rate of CD33 high expression and low expression
group was 80.8% and 91.2%, respectively. Three-year surviv-
al rate was 28.4% and 49.6%, respectively. The median sur-
vival time in CD33 high expression group (29.8 months) was
markedly lower than the low expression group (36.5 months)
(x?=5.552, p=0.018) (Figure 2A). CD96 high expression patients

showed one-year and three-year survival rate as 78.5% and
25.5%, while CD96 low expression group presented one-year
and three-year survival rate as 87.4% and 45.4%. CD96 high
expression group exhibited obviously shorter median surviv-
al time (30.6 months) than the low expression (35.7 months)
(x?=4.689, p=0.030) (Figure 2B). DAPK high and low expres-
sion groups presented the one-year survival rate as 73.6% and
88.7%, while the three-year survival rate as 26.1% and 50.3%.
DAPK high expression group revealed longer median surviv-
al time (37.2 months) than the low expression group (30.3
months) (Figure 2C). One-year survival rate was 92.8% for pa-
tients with CD33"CD96'""/DAPK"" and 82.5% for other pa-
tients, and three-year survival rate was 85.1% for patients with
CD33%/CD96"/DAPK"ie" and 24.9% for other patients with
statistical significance of survival time (Figure 2D).

Discussion

AML has the high morbidity and mortality in China. It is of
great significance to explore the pathogenesis and progno-
sis associated factors of AML for clinical diagnosis and treat-
ment [16,17]. Several studies showed that the pathogene-
sis of AML was closely related to LSC. LSC is a type of small
amount of cell group with self-renewal ability in the leukemia.
They can produce heterogeneity leukemia cell group. LSC can
cause and maintain the leukemia both in the long-term in vi-
tro cell culture model and animal model [17,18]. Similar to
other cancer stem cells, LSC plays an important role in leuke-
mia cell proliferation, survival, metastasis, and recurrence [19].
Although the proportion and quantity are small, LSC stays in
relative dormant state for a long time. They express a variety
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Figure 2. The relationship between LSC related antigens expression and prognosis. (A) Survival curve analysis of CD33. (B) Survival
curve analysis of CD96. (C) Survival curve analysis of DAPK. (D) Survival curve analysis of CD33%*/CD96"/DAPKHis",

of drug resistance molecules, thus are insensitive to physical
and chemical factors stimulus and can escape the killing ef-
fect of radiation and chemotherapy. They can incubate for a
long time in the body, even become the source of recurrence
after leukemia cells are eliminated [20,21]. Following the de-
velopment of targeted therapy, the clinical remission rate of
leukemia patients largely increased. Discovery and in-depth
investigation of LSC provide new prospect for the treatment
of leukemia. A variety of biological therapies targeting LSC,
such as CD33 monoclonal antibody [10], CD44 monoclonal an-
tibody [22], and IL-3 cytokines coupling cytotoxin [23] achieved
good clinical effect. LSC are generated from normal hemato-
poietic stem cell genetic mutation in the development process,
thus having some of the phenotypes same to the normal he-
matopoietic stem cells, such as CD34+CD38-, HLA-DR-, and
CD71-. However, they also have different phenotypes com-
pared with hematopoietic stem cells, such as CD117 and CD90.
Jordan et al. [9] explored LSC in AML patients and found that
CD123 only exists on the surface of LSC but not the normal
hematopoietic stem cells. Misaghian et al. [24] showed that
CD34+CD38-CD123+ cells may induced and maintain leuke-
mia in animal model, suggesting that this group of cells has
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the feature of LSC, as CD34+CD38-CD123+ could be treated
as the surface marker of LSC.

CD33 is a type of myelocyte differentiation antigen mainly dis-
tributed in the early stage of myeloid cells differentiation. CD33
could be detected in more than 90% of AML patients, while
it was absent in normal hematopoietic stem cells, thus to be
considered as a marker of LSC [10]. Hauswirth et al. [25] and
Taussig et al. [11] reported that not all myeloid LSC expressed
CD33 on the surface, suggesting that LSC expression had the
heterogeneity. Hamann et al. demonstrated that monoclonal
antibody targeting CD33 exhibited significant clinical effect.
Combining the heterogeneity of CD33 expression on the sur-
face of LSG, it indicated that the curative effect and progno-
sis of patients with different CD33 expression were different.
CD96 is a kind of type | transmembrane protein belonging to
immunoglobulin superfamily. It plays a critical role in medi-
ating T cell and NK cell adhesion and immune inflammation
reaction [26]. Hosen et al. [12] found that CD96 could be de-
tected on most of CD34+CD38- AML stem cells, and CD96 ex-
pression was correlated with the function of LSC. Only CD96
positive LSC can induce AML in NOD/SCID mice, suggesting
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that CD96 expression difference may affect the pathogene-
sis and prognosis of AML. Guzman et al. [13] discovered that
tumor suppressor gene DAPK also expressed in LSC with the
phenotype of CD34+CD38-, while DAPK cannot be detected in
normal hematopoietic stem cells, revealing that DAPK was a
marker related to LSC. The expression characteristics of CD33,
CD96, and DAPK in AML, and their relationship with prognosis
are still unclear. This study investigated LSC-related antigens
CD33, CD96, and DAPK expression in AML and discussed their
correlation with curative effect and prognosis.

Our study found that their expression positive rate was CD96
>CD33 >DAPK in the LSC of AML patients. We detected the
expression rate of CD96 was 50.6%, which was similar to the
Hosen et al. report of 60% in LSC of AML patients [12]. As a
kind of myelocyte antigen marker, CD33 positive rate is high
in leukemia cells. However, its positive rate is lower in the LSC
of leukemia. Larson et al. [27] suggested that only one-third of
the LSC in AML patients expressed CD33. In this study, only 38
of 156 cases exhibited CD33 positive expression, accounting
for 24.4%, which was similar to the results of Larson et al. [27].
Among different subtypes of AML, CD33, CD96, and DAPK ex-
pressions were various. The positive rate of CD33 was M3 >M5
>M1 >M2 >M4; for CD96 it was M5 >M4 >M2 >M3 >M1; and
for DAPK it was M3> M2> M5> M4> M1. After chemothera-
py, the response rate in the CD33 and CD96 high expression
groups was significantly lower than the groups with CD33
and CD96 low expression, suggesting CD33 and CD96 eleva-
tion may reduce the sensitivity to chemotherapy and be re-
lated to poor prognosis. Further analysis demonstrated that
the one-year survival rate, three-year survival rate, and medi-
an survival time in the CD33 and CD96 high expression groups
were obviously lower than that in the groups with low CD33
or CD96 expression. Wang et al. [28] showed that the num-
ber of CD33+ LSC in AML patients obviously declined after
chemotherapy. Compared with refractory and recurrent AML,
AML patients with CR presented markedly lower CD33+ LSC
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number, revealing the adverse impact of CD33 elevation on
the effect of chemotherapy. Majeti et al. [22] revealed that
antibody targeting CD96 on LSC exhibited curative effect on
alleviating the disease and improving prognosis, suggesting
the value of CD96 downregulation on AML targeted therapy.
It also indicated that the role of CD96 elevation on the cura-
tive effect of AML patients, which may be the theoretical basis
of lower curative effect and increased recurrence rate in pa-
tients with CD96 high expression. Du et al. [29] reported that
the CR rate in AML patients with CD96 expression of <10% in
CD34+CD38- LSC was markedly higher than in the patients
with CD96 expression of >10%. DAPK is a kind of serine/thre-
onine kinase regulated by calcium/calmodulin, participating in
the multiple pathways mediated apoptosis, including p53 [30],
TGF-B [31], TNF-a, and Fas ligand [32]. It plays a positive reg-
ulatory role in cell apoptosis, and is associated with the sen-
sitivity of chemotherapy, radiotherapy, and endocrine thera-
py. Our study observed that the curative effect and prognosis
of patients with DAPK low expression in LSC was significantly
worse than for patients with DAPK high expression, whereas
the recurrence rate was higher. It may be related to DAPK re-
duction on LSC and apoptosis declination.

Conclusions

Out study observed that CD33 and CD96 elevation, and DAPK
reduction in LSC of AML patients declined the curative effect
and prognosis, and increased the recurrence rate, suggesting
CD33, CD96, and DAPK could be used as an indicator for eval-
uation of survival, curative effects, as well as relapse of pa-
tients with AML.
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