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Abstract: To investigate the clinical significance of ID1 expression in Chinese de novo AML patients. Real-time quan-
titative PCR was carried out to detect the status of ID1 expression in 102 de novo AML patients and 28 controls. ID1 
transcript level was significantly increased in AML compared to normal controls (P=0.029). The age in the patients 
with high ID1 expression is significantly older than in those with low ID1 expression (P=0.044). ID1 overexpres-
sion occurred with the highest frequency in the patients with poor karyotype (7/7, 100%), lower frequency in the 
patients with intermediate karyotype (28/60, 47%), and the lowest frequency in the patients with favorable karyo-
type (12/31, 39%). Both whole AML and non-M3 patients with high ID1 expression had significantly lower rate of 
complete remission than those with low ID1 expression (P=0.007 and 0.038). ID1 high-expressed patients showed 
significantly shorter overall survival (OS) than ID1 low-expressed patients in both whole AML and non-M3 according 
to Kaplan-Meier analysis (P=0.007 and 0.040). However, multivariate analysis indicated that ID1 overexpression 
was not an independent risk factor in both whole AML and non-M3 patients. However, the adverse impact of ID1 
overexpression on outcome was revealed by both Kaplan-Meier analysis and multivariate analysis in the non-M3 
patients less than 60 years old. Our study reveals that ID1 overexpression may be associated with higher risk karyo-
type classification and act as an independent risk factor in young non-M3 patients.
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Introduction

Acute myeloid leukemia (AML), a clonal hema-
tological malignancy, is a biologically, clinically, 
and etiologically heterogeneous disease [1, 2]. 
Cytogenetic alterations and molecular biologi-
cal changes play crucial roles in the pathogen-
esis and progression of AML. Despite the 
advancements in the treatment of leukemia, 
clinical outcome of AML remains unsatisfacto-
ry. Therefore, identifying genetic and epigenetic 
alterations which can recognize the patients 
who are at the risk of poor outcome is warrant-
ed to optimize treatment strategies. Over the 
past years, the prognosis of AML has been eval-
uated mainly based on cytogenetic analysis [3, 
4]. Recently, numerous genetic changes includ-
ing gene mutations, deletions, amplifications 
and gene expression abnormalities, have been 
identified [5-7]. These alterations contribute to 

further understanding of leukemogenesis and 
provide more prognostic markers in AML [8, 9].

ID (inhibitors of differentiation) gene encodes 
for a helix-loop-helix (HLH) protein, a group of 
dominant inhibitors of basic HLH transcriptional 
factors which promote cell differentiation [10, 
11]. ID1 (inhibitors of differentiation 1), a family 
member of ID genes, has been identified as a 
potential proto-oncogene for its role in inducing 
cell proliferation as well as invasion, and pro-
tecting cells against drug-induced apoptosis 
[11]. Overexpression of ID1 has been found in a 
variety of solid tumors [12-22]. However, few 
studies investigated the clinical relevance of 
ID1 expression in AML [23, 24]. Therefore, the 
current study was intended to investigate the 
clinical significance of ID1 expression in Chinese 
de novo AML patients.
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Materials and methods

Patients’ samples

Bone marrow (BM) was collected from 102 
patients with de novo AML treated at the 

Affiliated People’s Hospital of Jiangsu University. 
The diagnosis and classification of AML patients 
were established according to the revised 
French-American-British (FAB) classification 
and the 2008 World Health Organization (WHO) 
criteria [25, 26]. Written informed consent was 

Table 1. Correlation between ID1 expression and whole AML as well as CN-AML patients parameters

Patient’s parameters
Status of ID1 expression in whole AML Status of ID1 expression in CN-AML
Low (n=51) High (n=51) P Low (n=27) High (n=21) P

Sex, male/female 29/22 32/19 0.687 15/12 16/5 0.224

Median age, years (range) 51 (10-93) 60 (17-87) 0.044 61 (15-86) 61 (17-85) 0.809

Median WBC, ×109/L (range) 5.7 (0.3-528.0) 19.7 (1.1-185.4) 0.062 10.2 (0.8-528.0) 28.1 (1.2-136.1) 0.330

Median hemoglobin, g/L (range) 78 (32-131) 68 (40-138) 0.095 88.5 (32-131) 76.5 (40-138) 0.492

Median platelets, ×109/L (range) 40 (6-140) 42 (4-264) 0.657 44.5 (6-140) 30 (4-124) 0.336

BM blasts, % (range) 44.0 (1.0-97.5) 53.3 (3.0-109.0) 0.132 51.8 (17.0-97.5) 65.0 (6.0-109.0) 0.778

FAB 0.450 0.542

    M1 3 (6%) 5 (10%) 2 (7%) 1 (5%)

    M2 19 (37%) 19 (37%) 14 (52%) 9 (43%)

    M3 16 (31%) 8 (16%) - -

    M4 8 (16%) 15 (29%) 8 (30%) 8 (38%)

    M5 5 (10%) 2 (4%) 3 (11%) 1 (5%)

    M6 0 (0%) 2 (4%) 0 (0%) 2 (9%)

WHO 0.100 0.542

    AML with t(8;21) 3 (6%) 4 (8%) - -

    APL with t(15;17) 16 (31%) 8 (16%) - -

    AML without maturation 3 (6%) 5 (10%) 2 (7%) 1 (5%)

    AML with maturation 16 (31%) 15 (29%) 14 (52%) 9 (43%)

    Acute myelomonocytic leukemia 8 (16%) 16 (31%) 8 (30%) 8 (38%)

    Acute monoblastic and monocytic leukemia 5 (10%) 1 (2%) 3 (11%) 1 (5%)

    Acute erythroid leukemia 0 (0%) 2 (4%) 0 (0%) 2 (9%)

Karyotype classification 0.011 -

    Favorable 19 (37%) 12 (23%) - -

    Intermediate 32 (63%) 28 (55%) - -

    Poor 0 (0%) 7 (14%) - -

    No data 0 (0%) 4 (8%) - -

Karyotype 0.033 -

    normal 27 (53%) 21 (41%) - -

    T (8; 21) 3 (6%) 4 (8%) - -

    T (15; 17) 16 (31%) 8 (16%) - -

    complex 0 (0%) 6 (12%) - -

    others 5 (10%) 8 (16%) - -

    No data 0 (0%) 4 (8%) - -

Gene mutation*

    C/EBPA (+/-) 6/42 (13%) 4/44 (8%) 0.740 4/23 (15%) 3/17 (15%) 1.000

    NPM1 (+/-) 5/43 (10%) 3/45 (6%) 0.714 4/23 (15%) 1/19 (5%) 0.377

    FLT3 ITD (+/-) 7/41 (15%) 7/41 (15%) 1.000 4/23 (15%) 2/18 (10%) 1.000

    C-KIT (+/-) 0/48 (0%) 0/48 (0%) - 0/27 (0%) 0/20 (0%) -

    N/K RAS (+/-) 4/44 (8%) 5/43 (10%) 1.000 4/23 (15%) 2/18 (10%) 1.000

    IDH1/2 (+/-) 4/44 (8%) 1/47 (2%) 0.362 4/23 (15%) 0/20 (0%) 0.126

    DNMT3A (+/-) 4/44 (8%) 3/45 (6%) 1.000 2/25 (7%) 2/18 (10%) 1.000

    U2AF1 (+/-) 1/47 (2%) 4/44 (8%) 0.362 1/26 (4%) 1/19 (5%) 1.000

    CR (+/-) 30/18 (63%) 15/30 (33%) 0.007 14/13 (52%) 8/11 (42%) 0.562
WBC, white blood cells; FAB, French-American-British classification; AML, acute myeloid leukemia; CR, complete remission; *, percentage was equal to the number of 
mutated patients divided by total cases in each group.
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obtained from all patients. The study was 
approved by the Institutional Review Board of 
the Affiliated People’s Hospital of Jiangsu 
University. Karyotypes were analyzed by con-
ventional R-banding method and karyotype risk 
was classified according to reported previously 
[27]. Treatment protocol was described pre-
viously [28]. The characteristics of AML patients 
were summarized in Table 1. 28 healthy donors 
were collected as controls. Bone marrow mono-
nuclear cells (BMMNCs) were separated by 
Ficoll solution and washed twice with PBS.

RNA isolation, reverse transcription and RQ-
PCR

Total RNA was isolated from the BMMNCs using 
Trizol reagent (Invitrogen, Carlsbad, CA, USA). 
Reverse transcription was performed on iCycler 
Thermal Cycler (Eppendorf, Hamburg, Ger- 
many). The reactions with final volume 40 μL 
contained 5× buffer 10 mM, dNTPs 10 mM, 
random hexamers 10 μM, RNAsin 80 units, and 
200 units of MMLV reverse transcriptase (MBI 
Fermentas, Hanover, USA). The system of 

reverse transcription was incubated for 10 min 
at 25°C, 60 min at 42°C, and then stored at 
-20°C. Real-time quantitative PCR (RQ-PCR) 
was performed on a 7300 Thermo cycler 
(Applied Biosystems, CA, USA). The primer 
sequences of ID1 expression were 5’- 
CTCAGCACCCTCAACGG-3’ (forward) and 5’- 
GATCGGTCTTGTTCTCCCTC-3’ (reverse) with 
expected product of 199 bp. Reaction system 
with a volume of 20 μL was consisted of cDNA 
20 ng, 0.4 μM of primers, 10 μM of AceQTM 

qPCR SYBR Green Master Mix (Vazyme Biotech 
Co., Piscataway, NJ, USA), and 0.4 μM of ROX 
Reference Dye 1 (Invitrogen, Carlsbad, CA, 
USA). RQ-PCR conditions were carried out at 
95°C for 5 min, followed by 35 cycles at 95°C 
for 10 s, 62°C for 30 s, 72°C for 30 s, and 80°C 
for 30 s to collect fluorescence, finally followed 
by 95°C for 15 s, 60°C for 60 s, 99°C for 15 s, 
and 60°C for 15 s. Positive and negative con-
trols were included in all assays. Housekeeping 
gene (ABL) was used to calculate the abun-
dance of ID1 mRNA. Relative ID1 expression 
levels were calculated using the following equa-
tion: NID1= (EID1)

ΔCT ID1 (control-sample)÷(EABL)
ΔCT ABL (control-

sample). The parameter efficiency (E) was derived 
from the formula E=10(-1/slope) (the slope referred 
to CT versus cDNA concentration plot). ΔCT 
reflected the disparity in CT value between con-
trol and target or reference sequences. We 
selected the bone marrow sample from one 
normal control that possessed the minimal ΔCT 
between ID1 and ABL transcript as control and 
was defined as 100% expression for ID1 
transcript.

Gene mutation detection

IDH1/2, DNMT3A, N/K-RAS, C-KIT, NPM1, and 
U2AF1 mutations were detected by high-reso-
lution melting analysis (HRMA) as reported pre-
viously [29-32]. All positive samples were con-
firmed by DNA direct sequencing. FLT3-ITD and 
C/EBPA mutations were detected by direct DNA 
sequencing [33]. 

Statistical analysis

Statistical analyses were performed on SPSS 
17.0 software package (SPSS, Chicago, IL). 
Mann-Whitney’s U test was used to compare 
the difference of continuous variables in two 
groups. Pearson Chi-square analysis or Fisher 
exact test were employed to compare the dif-
ference of categorical variables. Receiver oper-
ating characteristic curve (ROC) and area under 

Figure 1. Relative expression levels of ID1 expres-
sion in AML patients and controls.

Figure 2. Electrophoresis results of RQ-PCR products 
in AML patients. 1: Gene RulerTM 100bp DNA ladder; 
2-3: normal controls; 4-8: AML samples; 9: positive 
control; 10: negative control. A: ID1; B: ABL.
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Figure 3. The impact of ID1 expression on overall sur-
vival of AML patients. A: All patients; B: Non-M3 pa-
tients; C: Young (age <60 years old) non-M3 patients. 

the ROC curve (AUC) were conducted to assess 
the value of ID1 expression in distinguishing 
AML and cytogenetically normal AML (CN-AML) 
patients from normal controls. Kaplan-Meier 
curve done by log-rank test and Cox regression 
backward stepwise likelihood ratio were per-
formed to analyze the impact of ID1 expression 
on survival respectively. For all analyses, a two-
tailed P value of 0.05 or less was determined 
as statistically significant.

Results

ID1 expression in normal controls and AML 
patients

ID1 transcript level in normal controls ranged 
from 0.000 to 1.000 with a median level of 
0.015. The level of ID1 expression (0.000-
3.536, median 0.029) was significantly 
increased in AML compared to normal controls 
(P=0.029, Figure 1). The representative elec-
trophoresis results of RQ-PCR products were 
shown in Figure 2.

Differentiating value of ID1 expression

ROC curve was applied to evaluate the differen-
tiating value of ID1 expression. It indicated that 
ID1 level might serve as a biomarker for distin-
guishing AML from controls (AUC=0.633, 95% 
CI: 0.523-0.742, P=0.032).

Clinical and laboratory characteristics of AML 
patients

The whole cohort of AML patients were divided 
into two groups at the median level of ID1 
expression, and defined as low ID1 expression 
(ID1low) group (<0.029) and high ID1 expression 
(ID1high) group (>0.029). There were no signifi-
cant differences in sex, hemoglobin (HB), plate-
lets (PLT), and BM blasts between the ID1high 
and ID1low groups (P>0.05, Table 1). However, 
ID1high cases tended to have a higher white 
blood cell (WBC) than ID1low cases (P=0.062). 
ID1high patients had significantly older age than 
ID1low patients (P=0.044). No significant differ-
ences were found between the two groups in 
the distribution of both FAB and WHO subtypes. 
While, significant difference was observed in 
the distribution of karyotype classification 
between the ID1high and ID1low patients 
(P=0.011). ID1 overexpression occurred with 
the highest frequency in the patients with poor 
karyotype (7/7, 100%), lower frequency in the 
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patients with intermediate karyotype (28/60, 
47%), and the lowest frequency in the patients 
with favorable karyotype (12/31, 39%). No sig-
nificant correlations were found between ID1 
expression and ten gene mutations (P>0.05, 
Table 1). In addition, among CN-AML patients, 
there were no significant differences in periph-
eral perameters, BM blasts, FAB subtypes, and 
gene mutations between the ID1high and ID1low 
patients (P>0.05, Table 1).

Correlation between ID1 expression and clini-
cal outcome

Follow-up data was obtained for 93 AML 
patients. After induction therapy, ID1high 
patients had significantly lower rate of com-
plete remission (CR) than ID1low patients (33% 
vs. 63%, respectively, P=0.007, Table 1). 
Among non-M3 patients, ID1high cases also 
showed significantly lower rate of CR than ID1low 
cases [30% (12/40) vs. 54% (19/35), respec-
tively, P=0.038]. However, there was no signifi-
cant difference among CN-AML patients (52% 
vs. 42%, respectively, P=0.562, Table 1). 
Moreover, significantly lower CR rate was 
observed in ID1high groups as compared with 
ID1low groups in both whole AML and non-M3 

patients less than 60 years old [48% (11/23) 
vs. 84% (26/31) and 40% (8/20) vs. 84% 
(16/19); P=0.007 and 0.008, respectively], but 
not in whole AML and non-M3 patients more 
than 60 years old (data not shown). Survival 
analyses were performed in 90 patients with 
follow-up data ranged from 1 to 92 months 
(median 10 months). ID1high patients showed 
significantly shorter overall survival (OS) than 
ID1low patients (median 5 versus 17 months, 
respectively, P=0.007, Figure 3A). Significant 
difference was also observed in non-M3 
patients. The median OS in ID1high and ID1low 

cases was 5 and 12 months, respectively 
(P=0.040, Figure 3B). However, significant dif-
ference was not found among CN-AML patients 
(median 6 versus 11 months, respectively, 
P=0.339). Multivariate analysis including age 
(≤60 y vs. >60 y), WBC (≥30×109/L vs. 
<30×109/L), karyotype classification (favorable 
vs. intermediate vs. poor), four gene mutations 
(mutant vs. wild-type), and ID1 expression (high 
vs. low) variables disclosed that ID1 overex-
pression was not an independent risk factor in 
both whole AML and non-M3 patients (Table 2). 
However, the adverse impact of ID1 overex-
pression on outcome was revealed by both 
Kaplan-Meier analysis and multivariate analy-

Table 2. Multivariate analyses of prognostic factors for overall survival in whole AML and non-M3 
patients

Whole AML non-M3
hazard ratio (95% CI) P value hazard ratio (95% CI) P value

Age 2.110 (1.141-3.901) 0.017 2.066 (1.129-3.782) 0.019
WBC 1.698 (0.929-3.102) 0.085 1.611 (0.844-3.076) 0.149
Karyotype classifications 2.561 (1.418-4.624) 0.002 2.521 (1.254-5.071) 0.009
ID1 expression 1.337 (0.725-2.468) 0.352 1.412 (0.750-2.659) 0.285
FLT3 mutation 0.551 (0.235-1.291) 0.170 0.715 (0.290-1.761) 0.466
NPM1 mutation 1.201 (0.338-4.266) 0.777 1.010 (0.270-3.777) 0.988
C/EBPA mutation 0.907 (0.310-2.653) 0.859 0.861 (0.290-2.557) 0.788

Table 3. Multivariate analyses of prognostic factors for overall survival in young (age <60 years old) 
whole AML and non-M3 patients

Whole AML non-M3
hazard ratio (95% CI) P value hazard ratio (95% CI) P value

WBC 2.738 (1.137-6.597) 0.025 3.249 (1.178-8.956) 0.023
Karyotype classifications 3.845 (1.695-8.724) 0.001 3.835 (1.465-10.041) 0.006
ID1 expression 2.114 (0.850-5.259) 0.107 3.012 (1.105-8.213) 0.031
FLT3 mutation 0.902 (0.190-4.278) 0.897 1.553 (0.274-8.809) 0.619
NPM1 mutation 0.685 (0.089-5.303) 0.717 0.704 (0.084-5.877) 0.745
C/EBPA mutation 1.149 (0.334-3.958) 0.826 1.151 (0.319-4.158) 0.830
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sis in the non-M3 patients less than 60 years 
old (Figure 3C; Table 3), but not in the whole 
AML patients less than 60 years old (Table 3) 
as well as whole AML and non-M3 more than 
60 years old (data not shown).

Discussion

The major biological effect of ID protein is the 
inhibition of differentiation and maintenance of 
self-renewal and multipotency of stem cells, 
which is coordinated with continuous cell 
cycling [11]. ID1 proteins which could be acti-
vated by oncogenic factors are essential com-
ponents of oncogenic pathways [11]. De- 
regulation of ID1 proteins plays a direct role in 
cancer initiation, maintenance, progression, 
and drug resistance [11]. Additionally, ID1 aber-
ration may contribute to the initiation of myeloid 
malignancy [34]. Thus, ID1 may represent a 
potential therapeutic target for tumors includ-
ing hematopoietic malignancy. 

The clinical significance of ID1 aberration has 
been widely investigated. Although ID1 overex-
pression predicts poor outcome in the majority 
of solid tumors [11], the impact of ID1 aberra-
tion remains controversial in AML patients. 
Tang et al revealed that high ID1 expression 
independently predicted lower CR rate and 
shorter disease-free survival (DFS) and OS in 
young (age <60 y) non-M3 or cytogenetically 
normal patients [23]. However, Damm et al dis-
closed that ID1 overexpression was not an 
independent prognostic factor in young CN-AML 
patients [24]. Our results confirmed the adverse 
impact of high ID1 expression on prognosis in 
non-M3 AML patients less than 60 years. The 
impact of ID1 expression on outcome was not 
investigated in CN-AML patients less than 60 
years due to the small size of case numbers. 

Interestingly, our study further found the signifi-
cant correlation between ID1 expression and 
karyotype classification and indicated that the 
incidence of ID1 overexpression was increased 
with the rising risk of karyotype. However, if M3 
patients were excluded from analysis, we did 
not observe the significant association between 
ID1 expression and karyotype classification, 
which was in accordance with the previous 
investigation [23]. An early study also observed 
the down-regulation of ID1 expression in pri-
mary acute promyelocytic leukemia (APL) cells 
and NB4 cell lines, which could be rapidly 

induced upon all-trans retinoic acid (ATRA) 
treatment [35]. Moreover, ID1 overexpression 
inhibited proliferation and induced a G0/G1 
accumulation in NB4 cells [35]. However, a 
later study revealed that ID1 overexpression 
enhanced the proliferation of primitive myeloid 
progenitor cells and immortalized bone marrow 
cells in vitro, and ID1 silencing inhibited leuke-
mic cell line growth [34]. These results indicat-
ed that the role of ID1 in the process of leuke-
mogenesis may be dependent on the context of 
different cytogenetics.

The association of ID1 expression with gene 
mutations has been investigated. Damm et al 
revealed the significantly decreased incidences 
of C/EBPAmut and NPM1mut/FLT3-ITDneg in ID1high 
patients [24]. Moreover, ID1high patients showed 
a significantly increased frequency of FLT3-
ITDmut [23, 24]. Our study did not observe the 
correlation between these gene mutations and 
ID1 expression, probably due to the low fre-
quency of these gene mutations in our cases. 
This difference may be attributed to the differ-
ences in ethnics and in AML subtype distribu-
tion. More cases of different races are needed 
to further determine the association of ID1 
expression with genetic mutations. 

The underlying mechanism of regulating ID1 
expression was poorly studied. Although a large 
CpG island was identified at the 5’ region of ID1 
promoter, ID1 expression silencing was not 
associated with its promoter methylation [36, 
37]. Our study further investigated the methyla-
tion status of ID1 in both normal controls and 
leukemic cell lines using bisulfite sequencing 
and manifested that ID1 promoter showed 
extremely low density in both normal controls 
and leukemic cell lines (data not shown). ID1 
expression was shown to be regulated by his-
tone acetylation of its promoter in leukemic cell 
lines [37]. Recently, two microRNAs (miR-29b 
and miR-381) have been demonstrated to play 
important roles in the regulation of ID1 expres-
sion in human lung adenocarcinoma [38, 39]. 
Garzon et al disclosed the decreased expres-
sion of miR-29b in AML [40]. Furthermore, ecto-
pic miR-29b expression could induce apoptosis 
and reduce cell growth in primary AML cells 
and cell lines, and inhibit tumorigenicity in a 
Xenograft leukemia model [40]. Further studies 
are required to explore the role of these microR-
NAs in regulating ID1 expression in AML 
patients. 
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In conclusion, our study suggests that ID1 over-
expression may correlate with higher risk karyo-
type classification and serve as an indepen-
dent risk factor in young non-M3 patients. 
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