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Abstract. Amyloid precursor protein (APP) has been 
reported to be highly expressed in acute myeloid leukemia 
(AML)1-eight-twenty one (ETO)-positive AML. In the present 
study, the clinical and prognostic significance of APP expres-
sion was assessed in 65 patients with AML1-ETO-positive 
AML using reverse transcription-quantitative polymerase 
chain reaction. The patients were divided into an APP-high 
expression (APP-H) group (n=32) and an APP-low expres-
sion (APP-L) group (n=33) according to the cut-off value of 
APP relative expression, which was calculated by receiver 
operating characteristic curve analysis. It was observed that 
C-KIT mutations (14/32 vs. 3/33, P=0.009), white blood cell 
count (median, 23.2x109 vs. 12.4x109 cells/l; P=0.011) and 
bone marrow cellularity (median, 91.0 vs. 84.0%; P=0.039) 
and incidence of extramedullary leukemia (11/32 vs. 3/33, 
P=0.013) were all significantly increased in the APP-H 
group compared with the APP-L group. Furthermore, 
significantly lower rate of cumulative two-cycle complete 
remission (83.9 vs. 100%, P=0.016), major molecular 
remission following two courses of consolidation (34.5 vs. 
71.4%, P=0.005), and poorer relapse-free survival (RFS) 

(33.5±5.2% vs. 76.3±6.9%, P<0.001) and overall survival 
(OS) (44.5±7.0% vs. 81.9±5.8%, P=0.002) were associated 
with APP overexpression. Multivariate analysis revealed that 
APP overexpression was a significant adverse factor affecting 
both RFS and OS. Taken together, these data suggest that 
APP may be correlated with C-KIT mutations and involved 
in leukemia cell proliferation, and its overexpression has 
an adverse effect on the prognosis in AML1-ETO-positive 
AML.

Introduction

The ch romosomal t ranslocat ion t(8;21)(q22;q22), 
wh ich  gene r a t e s  t he  a cut e  myelo id  leu kem ia 
(AML)1-eight-twenty-one (ETO) fusion gene, represents one 
of the most common cytogenetic abnormalities in AML (1). 
It is usually associated with a relatively low risk of relapse 
and long survival (2,3). However, AML1-ETO-positive AML 
is a highly heterogeneous disease that harbors a high rate of 
C-KIT mutations (6-31%) (4,5), which have a negative effect 
on the relapse rate (≤70%) and survival of AML patients (6,7), 
and lead to high incidence of extramedullary leukemia 
(EML) (15.0-26.7%), which also adversely affects prog-
nosis (8). Amyloid precursor protein (APP), a type I integral 
membrane protein that is implicated in synapse formation 
and plasticity, and whose cleavage is directly associated 
with the pathogenesis of neurodegenerative disorders such 
as Alzheimer's disease (9), has been observed to be highly 
expressed in AML1-ETO-positive leukemia but not in other 
subtypes of leukemia (10,11). It has been reported that APP 
promotes cancer cell proliferation and metastasis, and has 
an adverse effect on prognosis in oral squamous cell carci-
noma, pancreatic cancer and colorectal cancer (12-15). In our 
previous study, APP was observed to be positively correlated 
with EML, and its overexpression enhanced the migration of 
Kasumi-1 cells via matrix metalloproteinase (MMP)-2 (16). 
However, APP does not have an obvious clinical and 
prognostic significance in other subtypes of leukemia (11). 
Therefore, APP is important in AML1-ETO-positive AML. 
With the exception of the correlation between APP and 
leukemia cell migration, whether there is another impor-
tant role of APP in AML1-ETO-positive AML remains to 
be investigated. The present study describes the clinical 
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and prognostic significance of APP in 65 patients with 
AML1-ETO-positive AML.

Materials and methods

Patients. From February 2006 to June 2013, a total of 65 patients 
from Nanfang Hospital (Guangzhou, China), who were 
diagnosed according to the World Health Organization 2008 
classification (17) as AML1-ETO-positive AML, were 
enrolled in the present study. The median observation time 
was 24 months (range, 3‑96 months). Of all patients, 58 were 
AML subtype M2, 5 were AML subtype M4 and 2 were AML 
subtype M5, according to the French-American-British classifi-
cation (18,19). The study included 13 pediatric cases (≤18 years 
of age; median, 13 years) and 52 adult cases (>18 years of age; 
median, 36.5 years). The main characteristics of the patients are 
listed in Table I. From the 65 patients, 64 completed 1-2 cycles of 
induction chemotherapy followed by ‘3+7’ regimens consisting 
of daunorubicin at a daily dose of 40-60 mg/m2, idarubicin at a 
daily dose of 8-10 mg/m2 or other anthracyclines for 3 days, and 
arabinosylcytosine (Ara-C) at 100-150 mg/m2/day for 7 days. A 
total of 62 cases who were followed up subsequent to complete 
remission (CR) were divided into two groups according to the 
consolidation protocols: i) Standard-dose Ara-C (SDAC)-based 
regimen group, in which the patients were treated by the afore-
mentioned conventional induction regimens with or without 
1-2 cycles of Ara-C (1-2 g/m2 every 12 h 6-8 times); and 
ii) median-dose Ara-C (MDAC)-based regimen group, in which 
the patients were treated with ≥3 cycles of Ara-C (1-2 g/m2 every 
12 h 6-8 times) with or without autologous hematopoietic stem 
cell transplantation.

Informed consent was obtained from all patients in accor-
dance to the regulations of the Institutional Review Board of 
Nanfang Hospital, Southern Medical College of Medicine 
(Guangzhou, China) and in agreement with the Declaration of 
Helsinki.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. For each patient, a bone marrow 
sample was collected at diagnosis, and mononuclear cells 
were enriched by density gradient centrifugation (447 x g for 
20 min at room temperature) with Ficoll solution (Fresenius 
Kabi Norge As, Oslo, Norway). Total RNA extraction, comple-
mentary DNA synthesis, design of PCR primer sequences for 
APP and β-actin, and APP expression assessment by RT-qPCR 
were performed as described earlier (16).

The levels of AML1-ETO messenger RNA (mRNA) 
transcripts expressed in bone marrow, which served as the 
index of minimal residual disease (MRD) monitoring at the 
time of diagnosis, following induction therapy, subsequent to 
every consolidation chemotherapy, at 3-month intervals for 
the first 2 years of follow‑up and at relapse, were quantified 
using RT-qPCR as previously described (20). Early treatment 
response was assessed as the rate of major molecular remission 
(MMR) following two courses of consolidation [which was 
defined as a >3-log reduction in AML1-ETO mRNA transcript 
levels compared with those during pre-treatment (20)] and the 
MRD negative rate during the period of complete continuous 
remission (CCR) [which was defined as PCR negativity 
according to the Europe Against Cancer criteria (21)].

Morphology, immunophenotyping and cytogenetics. Bone 
marrow cell morphology was studied using Wright-Giemsa 
staining, and cytochemical, peroxidase‑based, specific and 
non-specific esterase tests were performed for each patient at 
diagnosis.

Flow cytometric analysis of samples obtained at diag-
nosis was performed using antibodies (BD Biosciences, 
Franklin Lakes, NJ, USA) against the following: Human 
leukocyte antigen-antigen D-related (anti-HLA-DR 
APC‑Cy™7; #335814), cluster of differentiation (CD)13 (PE 
mouse anti-human CD13; #347837), CD33 (APC mouse 
anti-human CD33; #340474), CD34 (FITC mouse anti-human 
CD34; #348053), CD19 (PerCP mouse anti-human CD19; 
#347544), CD56 (FITC mouse anti-human CD19; #340410) 
and CD117 (PE-Cy™7 mouse anti-human CD117; #339195). 
All antibodies were diluted according to the manufacturer’s 
instructions and incubated with patient samples for 15‑20 min 
at room temperature prior to examination. Expression rates of 
≥20% were referred to as positive for all membrane antigens, 
with the exception of CD117, which was considered to exhibit 
a positive expression when the expression rate was ≥10% (22).

Chromosome banding analysis combined with fluores-
cence in situ hybridization was performed in all patients 
following standard methods (23). Karyotypes were described 
according to the International System for Human Cytogenetic 
Nomenclature (24).

Molecular analysis. DNA from mononuclear cells, which 
were isolated from bone marrow samples obtained at diag-
nosis, was extracted using a DNA extraction kit (Qiagen, 
Inc., Valencia, CA, USA) according to the manufacturer's 
protocol. The screening of Fms related tyrosine kinase 3 
(FLT3)-ITD, FLT3-TKD, C-KIT (exons 8 and 17), nucleo-
phosmin (NPM1), KRAS (exons 2 and 3), NRAS (exons 2 
and 3) and Janus kinase 2 (JAK2) (V617F) mutations was 
performed by PCR and direct Sanger sequencing, according 
to previously described protocols (25). PCR primers 
are shown in Table I. The total reaction volume of 25 µl 
contained 2 µl DNA (100 ng), 1 µl of each primer (50 pmol), 
12.5 µl PCR mix (Takara Biotechnology Co., Ltd., Dalian, 
China) and 8.5 µl double‑distilled H2O. Purified PCR prod-
ucts were sequenced by Sanger sequencing. The results were 
analyzed with Chromas software version 2.3 (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA).

Statistical analysis. SPSS 17.0 statistical software (SPSS, 
Inc., Chicago, IL, USA) was used for data analysis. To assess 
the prognostic effect of APP in AML1-ETO-positive AML, 
receiver operating characteristic (ROC) curve analysis was 
used to calculate the cut-off value of APP relative expression 
levels, which served to divide the patients into an APP-high 
expression (APP-H) group (with levels of APP ≥ cut-off 
value) and an APP-low expression (APP-L) group (with 
levels of APP < cut-off value). Not normally distributed data 
were described by the median. A comparison of distribution 
between two groups of data was performed by a Mann-Whitney 
nonparametric U test, and correlations between two variables 
were performed by Spearman rank correlation analysis. 
A nonparametric test was performed using the χ2 test, and 
survival analyses were calculated by Kaplan-Meier survival 
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curves and the log-rank test. Relapse-free survival (RFS) 
was measured from the CR date to relapse or last follow‑up. 
Overall survival (OS) was calculated from the diagnosis to 

the last observation or mortality. Univariate analysis with the 
log-rank test and multivariate analysis on categorized data 
were performed using Cox regression. P<0.05 was considered 
to indicate a statistically significant difference.

Results

APP expression in AML1/ETO‑positive AML patients. 
Previous studies reported that the APP gene is overexpressed 
in AML1-ETO positive AML patients (9,10). In the present 
study, the relative APP levels assessed by RT-qPCR exhibited 
a median value of 0.12422 (range, 0.00041-3.18640), and a 
mean ± standard deviation of 0.23131±0.05359.

ROC curve analysis revealed that APP had a negative effect 
on RFS [area under the ROC curve (AZ)=0.772, P<0.001] or 
OS (AZ=0.673, P=0.029). According to the coordinates of the 
ROC curve, a value of 0.12424, which had optimal sensitivity 
and specificity in RFS prediction, was considered as the cut-off 
value, while 0.12455 was selected for OS prediction. In order 
to balance the deviation, 0.12440, which is the mean value 
of 0.12424 and 0.12455, was considered as the cut-off value 
(Fig. 1). Among the 65 patients, 32 cases, whose APP expres-
sion levels were ≤0.12440, were included in the APP-H group, 
and the other 33 cases, whose APP levels were <0.12440, 
were included in the APP-L group. The median APP levels in 
the APP-H group were significantly higher than those in the 
APP-L group [0.19022 (range, 0.12484-3.18640) vs. 0.06890 

Table I. Sequence of the polymerase chain reaction primers for each gene.

Gene Primers Sequences

FLT3-ITD Forward 5'-GCAATTTAGGTATGAAAGCCAGC-3'
 Reverse 5'-CTTTCAGCATTTTGACGGCAACC-3'
FLT3-TKD Forward 5'-CCAGGAACGTGCTTGTC-3'
 Reverse 5'-TCAAAAATGCACCACAGTGAG-3'
NPM1 Forward 5'-TTAACTCTCTGGTGGTAGAATGAA-3'
 Reverse 5'-CAAGACTATTTGCCATTCCTAAC-3'
C-KIT 
  Exon 8 Forward 5'-CTCCCTGAAAGCAGAAAC-3'
 Reverse 5'-CAGAAAGATAACACCAAAATAG-3'
  Exon 17 Forward 5'-GCAAAGGCATATTAGGAACTC-3'
 Reverse 5'-GTTGTAGTAATGTTCAGCATACC-3'
NRAS
  Exon 2 Forward 5'-AGAACCAAATGGAAGGTCACA-3'
 Reverse 5'-TGGGTAAAGATGATCCGACA-3'
  Exon 3 Forward 5'-GCAATTTGAGGGACAAACCA-3'
 Reverse 5'-CCCTAGATTCTCAATGTCAAACAA-3'
KRAS
  Exon 2 Forward 5'-CTTAAGCGTCGATGGAGGAG-3'
 Reverse 5'-AGAATGGTCCTGCACCAGTAA-3'
  Exon 3 Forward 5'-TTTTTGAAGTAAAAGGTGCACTG-3'
 Reverse 5'-TGCATGGCATTAGCAAAGAC-3'
JAK2 (V617F) Forward 5'-ATCTATAGTCATGCTGAAAGTAGGAGAAAG-3'
 Reverse 5'-CTGAATAGTCCTACAGTGTTTTCAGTTTCA-3'

FLT3, Fms related tyrosine kinase 3; NPM1, nucleophosmin; JAK2, Janus kinase 2.
  

Figure 1. Cut-off value of high and low APP relative expression levels. The 
sensitivity and specificity of different APP expression levels in RFS and 
OS prediction were evaluated by receiver operating characteristic curve 
analysis. According to the coordinates of the curve, the cut-off value of APP 
expression levels was calculated for both RFS (point e, where the APP level 
was 0.12424 and the values of sensitivity and specificity were both 75.6%] 
and OS prediction (point f, where the APP level was 0.12455 and the sensi-
tivity and specificity values were both 66.0%). The value 0.12440 (line g), 
which is the mean value of 0.12424 and 0.12455, was considered the cut-off 
value, with sensitivity and specificity values of 76.5% (line a) and 73.2% 
(line b), respectively, in RFS prediction, and of 67.5% (line c) and 64.3% 
(line d), respectively, in OS prediction. APP, amyloid precursor protein; OS, 
overall survival; RFS, relapse‑free survival.
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(range, 0.00041-0.12422), respectively; AZ=-6.928, P<0.001] 
(Fig. 2A).

Distinct clinical features according to APP expression levels 
in patients with AML1‑ETO‑positive AML. With respect to 
gene mutations in AML1-ETO-positive AML patients, C-KIT 
mutations were the most common ones. Of the 65 investigated 
patients, 17 displayed C-KIT mutations, while 7 NRAS, 
1 FLT3-ITD, 1 JAK2 (V617F) and 3 NPM1 mutations were 
detected (Table II). Furthermore, no gene mutations, with the 
exception of C-KIT, were observed to be correlated with APP 
expression levels. In total, 13 out of the 17 cases with C-KIT 
mutations belonged to the APP-H group (13/32), whereas only 
4 mutations were observed in the APP-L group (4/33, P=0.009) 
(Table II). Additionally, APP was highly expressed in the 
C-KIT-mutated patients with a median of 0.15427 (range, 
0.07432-3.18640) as compared with the C-KIT wild-type 
cases (median, 0.09132; range, 0.00041-1.19080; Az=-2.672, 
P=0.008) (Fig. 2B).

According to other clinical parameters, a significantly 
higher white blood cell (WBC) count (median, 23.2x109 
vs. 12.4x109 cells/l; P=0.011) and bone marrow cellularity 
(median, 91.0 vs. 84.0%; P=0.039) were detected in APP-H 
patients compared with APP-L patients. Furthermore, EML 
was correlated with APP expression levels, since 11/32 patients 
exhibited EML in the APP-H group, while only 3/33 cases 
exhibited EML in the APP-L group (P=0.013). With respect 
to age, sex, peripheral hemoglobin levels, platelet counts, bone 
marrow blasts, immunophenotype and karyotype, no significant 
differences were observed between the two groups (Table II).

Patient outcomes. The median follow-up time was 24.0 months 
(range, 3.0-96.0 months) among the surviving patients. Of the 
64 patients analyzed, 59 received CR following 1-2 cycles 
of induction chemotherapy, and 62 patients achieved CR 
following induction. In total, 28 patients experienced a 
relapse, 20 succumbed to disease (15 due to relapse and 5 due 
to treatment-associated mortality) and 44 survived during 
the follow-up time. For the study population that could be 

analyzed, the cumulative two-cycle CR rate was 92.2%, the 
cumulative incidence of relapse was 45.2%, the RFS rate was 
54.8% and the OS rate was 67.7%.

APP overexpression indicates poor disease prognosis in 
AML1‑ETO‑positive AML patients. Poor early response was 
correlated with APP overexpression. By subgroup analysis, 
significantly lower cumulative two-cycle CR rate was identi-
fied in the APP-H group compared with that in the APP-L 
group (83.9 vs. 100.0%, P=0.016). APP overexpression also 
had an adverse effect on early molecular response, since the 
cumulative MMR rate following two courses of consolida-
tion [which is a significant predictor of relapse (20,26)] and 
the MRD negative rate during the CCR period in the APP-H 
group were statistically lower than those in the APP-L group 
(34.5 vs. 71.4%, P=0.005 and 44.8 vs. 82.1%, P=0.004, respec-
tively) (Table II).

APP overexpression had a significantly negative effect 
on RFS and OS. By subgroup analysis, in the APP-H group, 
the RFS rate was 33.5±5.2% and the OS rate was 44.5±7.0%, 
with medians of 10.0 months (range, 2.0-64.0 months) and 
20.0 months (range, 3.0-85.0 months), respectively. The 
3-year RFS and OS in the APP-H group were 31.9±5.5% 
and 39.4±7.1%, respectively. In the APP-L group, the 
RFS rate was 76.3±6.9% (P<0.001) and the OS rate was 
81.9±5.8% (P=0.002), with medians of 24.5 months (range, 
3.0-94.0 months) and 31.0 months (range, 6.0-96.0 months), 
respectively. In the APP-L group, the 3-year RFS and OS 
were 73.5±7.6% (P<0.001) and 77.3±7.3% (P=0.005), respec-
tively (Fig. 3). To avoid the influence of therapeutic regimens, 
the data in the patients receiving either SDAC-based or 
MDAC-based regimens were also analyzed: RFS was signifi-
cantly increased (P=0.002 and P=0.020, respectively; Fig. 4A 
and B) in the APP-L group compared with the APP-H group; 
whereas OS was significantly increased in patients receiving 
SDAC‑based therapy (P=0.021), but was not significantly 
different (P=0.219) in patients receiving MDAC‑based 
therapy in the APP-L group vs. the APP-H group (Fig. 4C 
and D).

Figure 2. The incidence of C-KIT mutations is positively correlated with APP expression. (A) APP relative expression level was evaluated by reverse 
transcription-quantitative polymerase chain reaction. The dashed line represents the cut-off value (0.12440) of high and low APP expression level. APP 
levels were significantly higher in the APP-H group (with relative levels of APP ≥0.12440) than in the APP-L group (with relative levels of APP <0.12440). 
(B) Significantly increased APP expression levels were observed in C-KIT-mutated patients. APP-H, APP-high expression; APP-L, APP-low expression; APP, 
amyloid precursor protein.

  B  A
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Table II. Clinical characteristics of 65 patients with AML1-eight-twenty-one-positive AML.

Characteristics Total APP-H APP-L P-value

Patients, n 65 32 33 
Median age (range), years 30 (4-69) 33 (5-69) 27 (4-58) 0.435
Adult/pediatric patients, n (ratio) 52/13 (4.0) 26/6 (4.3) 26/7 (3.7) 0.804
Male/female patients, n (ratio) 40/25 (1.6) 20/12 (1.7) 20/13 (1.5) 0.875
Blood counts
  Median WBC count (range), x109 cells/l 18.6 (1.7-97.6) 23.2 (3.1-97.6) 12.4 (1.7-70.3) 0.011
  Median hemoglobin level (range), g/dl 73.0 (39.0-154.0) 73.0 (39.0-154.0) 7.0 (41.0-123.0) 0.984
  Median PLT count (range), x109 cells/l 23.0 (5.0-137.0) 22.5 (5.0-93.0) 24.0 (7.0-137.0) 0.728
  EML, n/total (%) 14/65 (21.5) 11/32 (34.4) 3/33 (9.1) 0.013
  Median marrow blasts (range), % 35.0 (12.0-94.0) 38.0 (17.0-94.0) 34.0 (12.0-93.0) 0.446
  Median bone marrow cellularity (range), % 88.0 (47.0-99.0) 91.0 (47.0-99.0) 84.0 (52.0-98.0) 0.039
Immunophenotype, n/total (%)
  HLA-DR-positive 55/64 (85.9) 28/31 (90.3) 27/33 (12.8) 0.328
  CD13-positive  55/64 (85.9) 25/31 (80.4) 30/33 (90.9) 0.238
  CD33-positive 51/64 (79.7) 26/31 (83.9) 25/33 (75.8) 0.420
  CD34-positive 60/64 (93.8) 30/31 (96.8) 30/33 (90.9) 0.333
  CD19-positive 26/64 (40.6) 14/31 (45.2) 12/33 (36.4) 0.474
  CD56-positive 41/64 (64.1) 19/31 (61.3) 22/33 (66.7) 0.654
  CD117-positive 60/64 (93.8) 30/31 (96.8) 30/33 (90.9) 0.333
Cytogenetic aberrations in addition to
t(8;21)(q22;q22) (n=52)
  Solely t(8;21)/ACA, n 26/26 14/13 12/13 0.781
  Loss of sex chromosomes, n/total (%) 19/52 (36.5) 9/27 (33.3) 10/25 (40.0) 0.618
Molecular mutations in addition to
RUNX1-RUNX1T1, n/total (%)
  C-KITa 17/65 (26.2) 13/32 (40.6)   4/33 (12.1) 0.009
  JAK2 (V617F) 1/65 (1.5) 1/32 (3.1) 0/33 (0.0) 0.306
  NRAS   7/65 (10.8)   4/32 (12.5) 3/33 (9.1) 0.658
  KRAS 0/65 (0.0) 0/32 (0.0) 0/33 (0.0) -
  FLT3-ITD 1/65 (1.5) 1/32 (3.1) 0/33 (0.0) 0.306
  FLT3-TKD 0/65 (0.0) 0/32 (0.0) 0/33 (0.0) -
  NPM1 3/65 (4.6) 1/32 (3.1) 2/33 (6.1) 0.573
Induction therapy and regimens, n    
  DA 22 14   8 0.153
  IA 34 16 18 0.153
  Other   8   2   6 0.153
Consolidation therapy and regimens, n
  SDAC-based/MDAC-based 31/31 18/12 13/19 0.127
  Allo-HSCT/no allo-HSCT 12/50 5/25 7/25 0.604
Outcome, n/total (%)
  Cumulative two-cycle CR 59/64 (92.2) 26/31 (83.9) 33/33 (100.0) 0.016
  MMR following two courses 30/57 (52.6) 10/29 (34.5) 20/28 (71.4) 0.005
   of consolidation
  MRD negative 36/57 (63.2) 13/29 (44.8) 23/28 (82.1) 0.004
  Relapse 28/62 (45.2) 22/30 (73.3) 6/32 (18.8) <0.001
  Mortality subsequent to CR 20/62 (32.3) 15/30 (50.0) 5/32 (15.6) 0.004

aD816 (n=10), N822 (n=6), c.1253delACG (exon 8; n=1). AML, acute myeloid leukemia; WBC, white blood cell; PLT, platelet; EML, extra-
medullary leukemia; HLA-DR, human leukocyte antigen-antigen D related; CD, cluster of differentiation; ACA, additional chromosomal 
abnormality; RUNX1, Runt‑related transcription factor 1; RUNX1T1, RUNX1 translocation partner 1; JAK2, Janus kinase 2; FLT3, Fms 
related tyrosine kinase 3; NPM1, nucleophosmin; DA, daunorubicin + cytarabine; IA, idarubicin + cytarabine; SDAC, standard-dose Ara-C; 
MDAC, median-dose Ara-C; Ara-C, arabinosylcytosine; HSCT, hematopoietic stem cell transplantation; CR, complete remission; MMR, 
major molecular remission; MRD, minimal residual disease; APP-H, APP-high expression; APP-L, APP-low expression; APP, amyloid pre-
cursor protein.
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Univariate analysis revealed that ≥90% bone marrow 
cellularity (P=0.023), high APP expression (P<0.001) and 
C-KIT mutations (P=0.001) were unfavorable predictors for 

RFS, while EML (P=0.047), high APP expression (P=0.005) 
and C-KIT mutations (P=0.007) were the adverse factors for 
OS. MDAC as a consolidation regimen and MMR following 

Figure 4. Survival analysis of AML1-eight-twenty one-positive AML patients according to different chemotherapy regimens and APP expression. Significant 
differences in RFS between the APP‑L and APP‑H groups were observed in patients receiving (A) standard‑dose Ara‑C-based regimen or (B) median-dose 
Ara-C-based regimen. (C) A significant difference in OS, according to high or low APP expression, was observed in patients receiving standard‑dose 
Ara‑C‑based regimen. (D) No statistically significant difference in OS between the APP‑L and APP‑H groups was observed in those receiving median‑dose 
Ara-C-based regimen. APP, amyloid precursor protein; APP-H, APP-high expression; APP-L, APP-low expression; Ara-C, arabinosylcytosine; OS, overall 
survival; RFS, relapse‑free survival; AML, acute myeloid leukemia.

  C

  A

  D

  B

Figure 3. APP as an indicator of disease outcome in AML1-eight-twenty one-positive AML patients. (A) RFS and (B) OS according to APP expression levels. 
APP, amyloid precursor protein; APP‑H, APP‑high expression; APP‑L, APP‑low expression; OS, overall survival; RFS, relapse‑free survival; AML, acute 
myeloid leukemia.
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two courses of consolidation represented protective factors 
for both RFS (P=0.011 and P<0.001, respectively) and OS 
(P=0.007 and P<0.001, respectively). Multivariate analysis 
indicated that high APP expression was a significant adverse 
prognostic factor for both RFS and OS in the present series, 
while acquiring MMR following two courses of consolidation 
was beneficial for both RFS and OS, and MDAC as consolida-
tion regimen benefited OS (Table III).

Discussion

It has been reported that APP promotes cancer cell prolif-
eration and metastasis in solid cancer and has an adverse 
effect on the prognosis of patients (12-15). The present study 
demonstrates that APP has a clinical significance and an 
adverse effect on disease outcome in AML1-ETO-positive 
AML, suggesting that APP also is important in certain 
subtypes of leukemia.

APP has been reported to be positively correlated with 
leukemia cell metastasis, and its overexpression enhanced 
the migration of Kasumi-1 cells by MMP-2 in our previous 
study (16). In the current study, significantly higher incidence 
of EML was identified in APP-H patients compared with that 
in APP-L patients, which further confirmed the close associa-
tion of APP with leukemia cell metastasis, and could explain 
the high incidence of EML in AML1-ETO-positive AML.

Peripheral WBC count and bone marrow cellularity were 
correlated with APP expression in the present study, since 
elevated peripheral WBC count and higher bone marrow 
cellularity were observed in APP-H patients as compared with 
APP-L cases, indicating that APP may promote leukemia cell 
proliferation. These findings are in accordance with the notion 
that the APP gene may be involved in hematopoiesis (27) and 
the fact that APP promotes cancer cell proliferation in solid 
cancer (15).

The present study also identified that patients with APP-H 
had higher incidence of C-KIT mutations than APP-L patients 
(40.6 vs. 12.1% in the APP-H and APP-L groups, respectively; 
P=0.009). APP was highly expressed in C-KIT-mutated cases, 
suggesting that C-KIT mutations are correlated with APP expres-
sion. This could explain the high incidence of C-KIT mutations 
in AML1-ETO-positive AML. It is known that C-KIT mutation 
is one of the most important events subsequent to presentation of 
the RUNX1‑RUNXT1 fusion gene in AML1-ETO cells (4-7,28). 
Mutated C-KIT increases leukemia cell proliferation and 
cooperates with AML1-ETO to induce AML (8,29). Thus, it 
can be inferred from the clinical point of view that there is a 
cooperation between the APP gene and C-KIT mutations in the 
regulation of AML1-ETO cell proliferation.

Importantly, prognostic analysis demonstrated that APP 
is an independent indicator of poor disease outcome; thus, 
it may be considered an adverse prognostic biomarker. Poor 
early response, including hematologic and molecular response, 
was correlated with APP overexpression, since significantly 
lower cumulative two-cycle CR rate, MMR rate following 
two courses of consolidation and MRD negative rate during the 
period of CCR were observed in the APP-H group compared 
with the APP-L group. Furthermore, patients with APP-H had 
worse RFS and OS than APP-L patients, since the 3-year RFS 
and OS were much lower in patients with APP-H (31.9±5.5% 

and 39.4±7.1%, respectively) than in patients with APP-L 
(73.5±7.6%, P<0.001 and 77.3±7.3%, P=0.005, respectively). 
This was also observed in the patients receiving MDAC-based 
regimen, which has been reported to improve the prognosis 
of this leukemia subtype (30,31). Multivariate analysis further 
demonstrated that APP overexpression is an independent prog-
nostic factor for RFS and OS.

In summary, our results suggested that APP may be 
correlated with C-KIT mutations and involved in leukemia 
cell proliferation. In addition, the present data demonstrated 
that APP overexpression has an adverse effect on prognosis, 
indicating that APP could be a novel biomarker for targeting 
therapy in AML1-ETO-positive AML.
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