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Abstract: Chronic myeloid leukemia (CML) is a clonal disease from hematopoietic stem cells. Surviving leukemia 
stem cells (LSCs) and progenitor cells are a potential source for CML relapse and progression. Recent data reported 
that IL-1 receptor accessory protein (IL1RAP) gene was differentially expressed in CML versus normal stem and 
progenitor cells. However, whether the level of IL1RAP is associated with clinical phases of CML, and correlations 
between IL1RAP expression and detections of diagnosis is still unclear. Here we demonstrated that IL1RAP was up-
regulated in CD34+ and CD34+CD38- cells which highly enriched with stem cells. Furthermore, IL1RAP expression 
in CD34+CD38- cells was tightly consistent with the generation of BCR-ABL fusion gene and Philadelphia chromo-
some. Importantly, we found that the level of IL1RAP increased with disease progression from chronic phase (CP) 
into accelerated phase (AP) and blast phase (BP), which was investigated not only in new diagnosed CML patients 
but also in patients treated with tyrosine kinase inhibitors (TKI) and hydroxyurea. Negative correlation was detected 
between IL1RAP expression and neutrophil (NE), whereas no relation was found in white blood cell (WBC), lympho-
cyte (LY), red blood cell (RBC), platelet (PLT), age or gender of CML patients. In conclusion, we identified IL1RAP as 
a surface marker of LSCs may be a potential indicator for CML clinical phases.

Keywords: Chronic myeloid leukemia, leukemia stem cells, IL-1 receptor accessory protein

Introduction

Chronic myeloid leukemia (CML) is a myelopro-
liferative disease associated with the t (9; 22) 
chromosomal translocation resulting in the 
generation of the BCR-ABL fusion gene that 
expresses the constitutively activated tyrosine 
kinase BCR-ABL. This enzyme leads to the 
malignant transformation of primitive hemato-
poietic cells and to the consequent disease. 
The central role of BCR-ABL in the pathogene-
sis of CML culminated in the discovery of tyro-
sine kinase inhibitors (TKI), such as imatinib, 
against leukemogenic BCR-ABL kinase [1]. TKI 
has resulted in unprecedented responses and 
survival rates in patients with CML, which is 
currently the frontline therapy for CML [2]. 
Unfortunately, the initial enthusiasm generated 

by its high response rate has been dampened 
by the development of BCR-ABL-dependent 
resistance and BCR-ABL-independent resis-
tance [3, 4]. Additionally, TKI does not kill quies-
cent leukemia stem cells (LSCs), which thus 
persist in a majority of patients [5-8]. Moreover, 
the original leukemic clone in CML patients in 
complete molecular remission after imatinib is 
detected [9]. These lead to the persistence of 
minimal residual disease (MRD) despite contin-
ued TKI therapy, which is likely to be the culprits 
in disease relapse. Thus, to achieve a cure of 
CML, a desirable strategy is to efficiently target 
the LSCs.

From the viewpoint of LSC, many researchers 
devoted to the exploration of LSC markers. IL-1 
receptor accessory protein (IL1RAP) was first 

http://www.ijcem.com


IL1RAP is related to CML clinical phase

4788 Int J Clin Exp Med 2014;7(12):4787-4798

identified as a subunit of the IL-1 type 1 recep-
tor complex in mouse cells that contributes to 
the affinity of the receptor for IL-1 [10, 11], and 
it has recently been shown to be required for 
IL-1 signal transduction [12-15]. Previous exper-
imental evidence suggested that the human 
gene encoding the IL1RAP is on chromosome 
3q28 [16]. Recently, IL1RAP protein was found 
to be overexpressed on the surface of LSCs of 
AML patients. Furthermore, high IL1RAP ex- 
pression was independently associated with 
poor overall survival in AML patients [17]. Other 
reported that IL1RAP was induced as a conse-
quence of retroviral P210 BCR/ABL expression 
and was also present on a population of 
CD34+CD38- cells from CML patients [18]. All 
these proof reveal that the expression of 
IL1RAP may participate in the pathogenesis of 
myelogenous disease. However, the associa-
tion of IL1RAP expression with the progression 
and phases of CML have not yet been suffi-
ciently elucidated. Furthermore, whether the 
level of IL1RAP is discrepant for different clini-
cal therapies, which has remained obscure.

Here we collected samples from 67 CML 
patients at diagnosis, summarized and ana-
lyzed their characteristics. By analyzing IL1RAP 
expression in CD34+ cells, CD34+CD38+ cells, 
CD34+CD38- cells from normal and CML 
patients, we identified that IL1RAP may act as a 
cell surface biomarker for CML stem cells. 
Moreover, we demonstrated the high consis-
tency of IL1RAP expression on LSC surface with 
generation of BCR-ABL fusion gene and 
Philadelphia (Ph) chromosome which were con-
sidered as molecular marker for CML. In addi-
tion, we found that the expression of IL1RAP in 
CD34+CD38- cells in Chronic phase (CP) of 
CML patients was the lowest and levels of 
IL1RAP were up-regulated when disease pro-
gressed to Accelerated phase (AP) and Blast 
phase (BP), which suggested that the detection 
of IL1RAP expression in CD34+CD38- cells may 
be helpful to monitor condition changes in CML 
patients and evaluate therapeutic effects in 
clinical practice.

Materials and methods

Patients and controls

A total of 67 CML patients (48 males and 19 
females; median age 40 years, range 8-88 
years) were enrolled by diagnostic criteria for 

CML. Regarding the disease phase according 
to the clinical diagnosis, 52 cases belonged to 
CP of CML, 8 cases belonged to AP and 7 cases 
belonged to BP. The control group composed of 
15 healthy individuals including 4 males and 
11 females with the median age of 56 (9-76) 
years. Informed consent was obtained from 
each participant. Ethical approval for the study 
was obtained from the Medical Ethical 
Committee of the Affiliated Hospital of Xuzhou 
Medical College. For CML patient detailed infor-
mation, see Table S1.

Samples

Peripheral blood (PB) samples of 65 CML 
patients were collected. Bone marrow (BM) 
samples from 22 CML patients were obtained 
by routine bone marrow aspirations after 
signed informed consent. Some CML samples 
used for our analysis were collected at the time 
of diagnosis, and others were during treatment. 
Mononuclear cells were separated using lym-
phocyte separation medium by density gradi-
ent centrifugation from PB and BM samples 
respectively. Fresh isolated cells were used for 
Flow cytometry, RT-PCR, Florescence in situ 
hybridization and chromosome karyotype anal-
ysis, while the remaining cells were store at 
-80°C for further study. 

Reagents and monoclonal antibodies 

Lymphocyte separation medium was pur-
chased from SCR (Shanghai, China). Monoclonal 
antibodies including APC conjugated anti-
human CD34 (Cat: 343510) and FITC conjugat-
ed anti-human CD38 (Cat: 303504) were pur-
chased from Biolegend (USA). PE conjugated 
anti-hIL-1RAcP monoclonal antibody was pur-
chased from R&D Company (USA).

Flow cytometric analysis

Isolated mononuclear cells from PB and BM 
were stained with anti-CD34, CD38 and 
IL1RAcP antibodies and incubated for 15 min 
at room temperature in the dark. After incuba-
tion, the cells were washed, centrifuged and 
were finally re-suspended in 300 μL PBS. Cells 
were acquired on Flow cytometer (Calibur, BD, 
USA) and data were analyzed with the program 
Cellquest (BD, USA). Isotype controls were 
included in each staining.
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RT-PCR

Bone marrow mononuclear cells from CML 
patients were isolated. The cells were lysed 
and mRNA was extracted by TRIzol (Invitrogen). 
RT-PCR for BCR-ABL fusion gene detection was 
performed with a standard procedure. The 
expression level of GAPDH was first evaluated 
as an internal control. The primer sequences 
were as follows: GAPDH, 5’-CTG GGC TAC ACT 
GAG CAC C-3’and 5’-AAG TGG TCG TTG AGG 
GCA ATG-3’; BCR, 5’-GAA GTG TTT CAG AAG CTT 
CTC C-3’; ABL, 5’-GTT TGG GCT TCA CAC CAT 
TCC-3’.

Florescence in situ hybridization (FISH)

Bone marrow (3-5 mL) samples from CML 
patients were processed using hypotonic solu-
tion to acquire nuclei. The nuclei were fixed in 
Carnoy solution. The following dual-color probe 
was used to detect BCR-ABL fusion gene: GLP 
BCR/ABL (DF) (Beijing GP Medical Technologies). 
FISH was performed according to the manufac-
turer’s instructions. Cells were counterstained 
with 4’, 6-diamidino-2-phenylindole (DAPI) and 
examined at room temperature on a micro-
scope (BX 51 OLYMPUS, JAPAN). The images 
were acquired and analyzed using Cyto Vision 
3.93 (APPLIED IMAGING).

Chromosome karyotype analysis

After bone marrow cells from CML patients 
were cultured in RPMI 1640 media (GIBCO 
BRL) for a period of time, dividing cells were 
arrested in metaphase by addition of colchi-
cines (Sigma). The cells were next treated with 
a hypotonic solution to obtain nuclei, which 
were then treated with a chemical fixative, 
dropped on a glass slide, and stained with 
Giemsa dye (Applichem, Germany). R-banding 
was used in our lab. Once chromosomes were 
stained, we began to analyze the number and 
structure of chromosomes under the micro-
scope (OLYMPUS, JAPAN). 

Statistical analysis

SPSS16.0 software was used for statistical 
analysis. Data were expressed as mean values 
± standard deviation (SD). Comparisons were 
carried out using Student’s t test if data con-
form to normality and homogeneity of variance, 
otherwise, using non-parametric two-tailed 

t-test for two-group comparisons. Multiple com-
parisons were performed by one-way ANOVA 
tests. The correlation between two parameters 
was expressed as Pearson or Spearman coef-
ficient. X2 test was used for analyzing the con-
sistency between expression of IL1RAP and 
BCR-ABL fusion gene, IL1RAP and Ph chromo-
some respectively. The P value < 0.05 was con-
sidered statistically significant.

Results

IL1RAP is overexpressed on stem and progeni-
tor cells of CML patients

To analyze IL1RAP expression in normal and 
CML patients, mononuclear cells from periph-
eral blood were isolated and stained with anti-
CD34, anti-CD38 and anti-IL1RAP Abs. Three 
cell subpopulations (CD34+, CD34+CD38+, 
CD34+CD38- subsets) were detected and ana-
lyzed by Flow cytometry. 62.84% of the total 
CD34+ cells were CD34+CD38- subpopulation. 
Results in Figure 1A showed that varying levels 
of IL1RAP expression was observed on the 
three subpopulations in CML patients and nor-
mal. For the total CD34+ cells, more increased 
IL1RAP expression were detected in CML group 
than normal group (P < 0.01). Similar phenom-
enon was observed for CD34+CD38- subpopu-
lation and statistical analyzed difference was 
significant (P < 0.05). However, within the 
CD34+CD38+ subpopulation, although an 
increased tendency of IL1RAP expression was 
shown in CML patients compared with normal, 
this discrepancy was no significantly different. 
As shown in Figure 1B, representative samples 
showed that higher percentage of IL1RAP+ 
cells was detected in CML patients than that in 
healthy volunteers. Altogether, these results 
indicated that the expression of IL1RAP was 
up-regulated in CD34+ cell of CML patients, 
which was mainly reflected on CD34+CD38- 
subset enriched with LSCs. Our data is consis-
tent with the previous study that IL1RAP may 
be a useful cell surface marker for LSC. 

IL1RAP is associated with generation of BCR-
ABL fusion gene and Ph chromosome

CML is characterized by Ph chromosome for-
mation, which is presented with the generation 
of BCR-ABL fusion gene at the molecular level. 
To date, it remains unclear whether the expres-
sion of IL1RAP as a cell surface marker for LSC 
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Figure 1. IL1RAP was overexpressed on stem and progenitor cells of CML patients. Peripheral blood mononuclear cells of CML patients (n = 65) and healthy volun-
teers (n = 15) were isolated and stained for Flow cytometry analysis. A. Statistical analysis of IL1RAP expression in CD34+, CD34+CD38+, CD34+CD38- subsets 
from normal and CML patients respectively. *P < 0.05, **P < 0.01, n.s represents that there is no significant difference between groups. The bars represent the 
mean ± SD. B. FACS dot plots showed IL1RAP expression within three subsets from representative CML patients and normal blood samples. The data in each square 
presents the percentage of IL1RAP+ cells. C. An example of the gating strategy used for selecting CD34+CD38- and CD34+CD38+ cell population in normal and 
CML patients.



IL1RAP is related to CML clinical phase

4791 Int J Clin Exp Med 2014;7(12):4787-4798

RAP is a hallmark of CML CD34+ cells and 
IL1RAP is strongly correlated with the forma-
tion of BCR-ABL fusion gene [18]. Accordingly, 
we analyzed whether there was correlation 
between IL1RAP and clinical phases of CML. 
Mononuclear cells form peripheral blood were 
isolated and analyzed for CD34+, CD34+CD38- 
and CD34+CD38+ subpopulation by Flow 

of CML is consistent with Ph chromosome and 
BCR-ABL fusion gene as molecular markers of 
CML or not. Therefore, we analyzed the expres-
sion of IL1RAP in CD34+CD38- cells and BCR-
ABL gene and Ph chromosome from blood and 
bone marrow samples of the same CML 
patients were detected simultaneously. Our 
data showed that 96.9% and 100% of CML 

cases was IL1RAP positive in 
CD34+CD38- cells in peripheral 
blood and bone marrow samples of 
BCR-ABL positive CML patients 
respectively (PB: n = 38, BM: n = 
13, Figure 2A). Conversely, 86.1% 
and 84.6% of CML patients wi- 
th IL1RAP+CD34+CD38- cells in 
blood and bone marrow was BCR-
ABL positive (Figure 2A). Then, we 
analyzed the correlation between 
IL1RAP expression in CD34+CD38- 
cells and Ph chromosome in CML 
patients. As shown in Figure 2B, 
91.7% of cases in the Ph+ group 
was IL1RAP+ and 81.5% of cases 
in the IL1RAP+ group carried the 
Ph chromosome (n = 24). Fur- 
thermore, as for bone marrow sam-
ples, observations revealed that all 
of Ph+ CML cases were IL1RAP+, 
while 92.9% of CML patients with 
IL1RAP+CD34+CD38- cells pre-
sented Ph+ chromosome (n = 14). 
Collectively, the above data dem-
onstrated the high consistency of 
IL1RAP as LSC surface marker with 
BCR-ABL expression and Ph chro-
mosome as intracellular marker for 
CML. This implied that expression 
of IL1RAP in CD34+CD38- cells 
may be a potential and reliable 
indicator for the generation of BCR-
ABL fusion gene and Ph chromo-
some in CML patients.

Level of IL1RAP were up-regulated 
with the development of clinical 
phase of CML patients 

The disease progression of CML 
occurs in three stages including CP, 
AP and BP, which are driven by the 
oncogenic activity of the BCR-ABL 
fusion kinase. Previous and our 
studies have suggested that IL1- 

Figure 2. IL1RAP expression was strongly associated with BCR-ABL gene 
and Ph chromosome formation. IL1RAP+CD34+CD38- cell and IL1RAP-
CD34+CD38- cell from blood and bone marrow were detected by Flow 
cytometry, while BCR-ABL fusion gene and Ph chromosome were detect-
ed by RT-PCR, FISH and chromosome karyotype analysis respectively. 
Stacked bars displayed the consistency between IL1RAP expression and 
BCR-ABL gene, IL1RAP expression and Ph chromosome respectively in 
blood and bone marrow samples from CML patients. 
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cytometry respectively. Results in Figure 3A 
showed that the IL1RAP expression in total 
CD34+ subset from CP patients was obviously 
lower than that in AP and BP patients. However, 
there was no significant difference in CD34+ 
cells between AP and BP stages. Further study 
gated in CD34+CD38- and CD34+CD38+ cells 
showed that the diverse of IL1RAP expression 
presented only in CD34+CD38- subset consid-
ered as enriched LSC, but not CD34+CD38+ 
subset. Similar phenomenon was observed 
that no significant difference between AP and 
BP was detected both in CD34+CD38- and 
CD34+CD38+ subsets from AP and BP patients. 
Representative cases for CML patients (n = 3) 
were shown in Figure 3B, in which higher 

IL1RAP expression in CD34+ and CD34+CD38- 
cells from AP and BP patients were detected. 
Summarizing the results, we concluded that 
the expression of IL1RAP in CP stage was low-
est and IL1RAP was up-regulated when disease 
progressed to AP and BP stages, which sug-
gested that the level of IL1RAP in CD34+CD38- 
cells could be an indicator for disease 
progression.

Percentage of IL1RAP+ cells in CD34+CD38- 
cells from patients following HSCT, TKI and 
Hydroxyurea

Several treatments options in CML are avail-
able including interferon, chemotherapy, TKI, 
Hydroxyure, and allo-HSCT [19, 20]. Our above 

Figure 3. IL1RAP expression in different subpopulations from CP, AP and BP phases. Peripheral blood mononuclear 
cells were isolated and stained for Flow cytometry analysis. A. The percentage of IL1RAP+ cells at different phases 
in CD34+, CD34+CD38-, CD34+CD38+ subsets respectively. Bars represent mean ± SD. **P < 0.01, n.s P > 0.05. 
B. Representative dot plots from CP, AP and BP were present and IL1RAP expression was detected by Flow cytom-
etry. C. Gating strategy for CD34+CD38+ and CD34+CD38- cells in each disease subtype.

Figure 4. The levels of IL1RAP were up-regulated with the development of clinical phases of CML patients after treat-
ment. A, B. The percentage of IL1RAP+CD34+CD38- cells from peripheral blood of CML patients in CP, AP and BP 
following HSCT, TKI and Hydroxyurea was analyzed respectively. Horizontal bars represent mean value; *P < 0.05; 
**P < 0.01; n.s means P > 0.05. Each symbol represents one data point from one patient. C. Representative dot 
plots showed IL1RAP expression within CD34+CD38- cells from peripheral blood of CML patients after treatment in 
different phases. The data in each square presents the percentage of IL1RAP+ cells.
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es. Previous and our above studies have dem-
onstrated that IL1RAP may be a cell surface 
marker for stem cells of CML [18]. However, the 
relationship between the expression of IL1RAP 
in HSCs and all differentiated blood cells aris-
ing from HSCs was not clear so far. Thus, we 

studies have demonstrated that level of IL1RAP 
were up-regulated with the development of clin-
ical phase of CML patients. Next, we would like 
to explore whether IL1RAP expression was still 
correlated with clinical stages after treatment. 
Here we analyzed the expression of IL1RAP in 

CD34+CD38- cells from CML 
patients following TKI (CP: n = 
13; AP: n = 6; BP: n = 5), 
Hydroxyure (CP: n = 30) and 
allo-HSCT (n = 5) respectively, 
which were used the most 
common in clinical therapy. 
According to statistical analy-
sis showed in Figure 4A, lower 
levels of IL1RAP in CD34+ 
CD38- cells from patients fol-
lowing HSCT were observed 
than that from patients in CP 
following Hydroxyure (P < 
0.05). In contrast, although 
IL1RAP expression in CD34+ 
CD38- cells from patients fol-
lowing HSCT was lower com-
pared with patients in CP fol-
lowing TKI, no statistically 
significant difference was 
detected (P > 0.05) (Figure 
4B). Furthermore, we com-
pared the expression of 
IL1RAP in CD34+CD38- cells 
from patients after TKI in dif-
ferent stages. Results in 
Figure 4B showed that IL1RAP 
expression in CD34+CD38- 
cells from patients after TKI in 
CP was obviously lower than 
that in AP (P < 0.01) and BP (P 
< 0.05). However, there was 
no statistical difference be- 
tween AP and BP in CD34+ 
CD38- cells from patients after 
TKI. In combination with our 
above results, these data fur-
ther proved that levels of 
IL1RAP were up-regulated with 
the development of clinical 
phases of CML patients. 

IL1RAP expression is nega-
tively correlated with NE

As we all know, hematopoietic 
stem cells (HSCs) are the ori-
gin of all kinds of blood cells in 
myeloid and lymphoid lineag-

Figure 5. The correlation between expression of IL1RAP in CD34+CD38- 
cells and cells in blood and bone marrow. Expression of IL1RAP was gated 
on CD34+CD38- cells. Graphs in left and right columns showed samples 
from peripheral blood and bone marrow respectively. Each symbol repre-
sents one data point from one patient. The lines show trend line.
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analyzed the association between IL1RAP 
expression in CD34+CD38- cells and number 
of WBC, NE, LY, RBC, PLT. As shown in Figure 5, 
IL1RAP expression in CD34+CD38- cells was 
negatively correlated with NE in Blood (r = 
-0.533, P = 0.000) and in BM (r = -0.682, P = 
0.004) from CML patients respectively, and the 
statistical analyzed difference was significant. 
In addition, for blood samples, IL1RAP was also 
negatively correlated with LY (r = -0.386, P = 
0.007) and positively correlated with WBC (r = 
0.341, P = 0.006), which was not observed for 
bone marrow samples. As for RBC and PLT, we 
did not find any relationship with IL1RAP regard-
less of blood or bone marrow. 

No statistical correlation between the level of 
IL1RAP and age or gender 

Statistical data reported that the median age 
at diagnosis of CML is 55 years, with a third of 
all patients with CML older than 60 years [21]. 

Furthermore, it is reported that CML occurs 
more frequently in men than in women, with a 
male:female ratio of 1.3:1, and the incidence 
increases with age [22, 23]. CML is a myelopro-
liferative disorder resulting from clonal expan-
sion of transformed hematopoietic progenitor 
cells. However, the correlation of IL1RAP as a 
surface marker of LSC and patients’ age or gen-
der is still not clear. Thus, next we analyzed the 
correlation of age and IL1RAP expression in 
CD34+CD38- cells from peripheral blood and 
bone marrow of patients respectively. Results 
in Figure 6A showed that no correlation 
between the percentage of IL1RAP positive 
CD34+CD38- cells in blood and age was 
observed (n = 65, r = 0.052, P = 0.682). The 
same phenomenon was obtained for bone mar-
row cells (n = 22, r = -0.111, P = 0.622). 
Furthermore, we compared the IL1RAP levels in 
CD34+CD38- cells in blood and bone marrow 
samples from male and female patients respec-
tively. As shown in Figure 6B, although a 

Figure 6. IL1RAP expression in CD34+CD38- subsets was not correlated with age or gender. A. Correlation between 
the percentage of IL1RAP+CD34+CD38- cells and age in patients’ Blood and BM. Each symbol represents one data 
point from one patient. The lines show trend line. B. The correlation of IL1RAP expression in CD34+CD38- cells from 
peripheral blood and bone marrow with gender was analyzed respectively. Horizontal bars represent mean value; 
n.s means P > 0.05.
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increased tendency of the mean percentage of 
IL1RAP+CD34+CD38- cells was observed in 
male patients, no statistical significant differ-
ence was detected between male and female 
in blood group and BM group (P > 0.05). Our 
results indicated that the expression of IL1RAP 
in CD34+CD38- subsets was not correlated 
with patients’ age or gender. In other words, 
although CML is common in old people and 
occurs more frequently in men than in women, 
after the onset of CML, there is no correlation 
between IL1RAP level in LSC of patients and 
age or gender.

Discussion

Chronic myeloid leukemia accounts for 15-20% 
of newly diagnosed cases of leukemia in adults. 
The majority of CML cases are characterized by 
cells carrying the Ph chromosome, which con-
tains the oncogenic BCR-ABL fusion protein. 
Treatment with imatinib mesylate and other TKI 
revolutionized the therapy of CML by inhibiting 
the BCR-ABL tyrosine kinase [24-26]. However, 
CML patients require chronic daily treatment 
with TKIs, and interruption or discontinuation of 
therapy almost invariably results in disease 
relapse. Moreover, it also alone does not cure 
this disease because of the persistence of 
MRD which is thought to reside in LSC despite 
continued TKI therapy. Because TKIs does not 
kill quiescent LSCs, which thus persist in a 
majority of patients and are likely to be the cul-
prits in disease relapse [4, 27, 28]. Therefore, 
some other means are essential and ultimately 
the goal for the development of new CML treat-
ments will be to target TKI-resistant cells, which 
are the LSCs of CML. 

IL-1RAP is identified as a subunit of membrane-
bound form of the IL-1 receptor [29, 30]. It have 
been described as candidate hepatocellular 
carcinoma markers in several microarray-
based studies [31]. Furthermore, studies have 
shown that IL1RAP overexpression is implicat-
ed in the molecular pathogenesis of different 
myeloid malignancies, including CML and sub-
sets of AML and MDS [17, 32]. In order to fur-
ther validate the role of IL1RAP in CML, we 
compared IL1RAP expression on stem and pro-
genitor cells from CML patients and normal. 
Our data show that IL1RAP is up-regulated in 
CD34+ and CD34+CD38- subsets of CML 
patients. This is consistent with previous stud-
ies that IL1RAP is overexpression on LSC sur-
face [18]. Moreover, we analyzed the correla-

tion between IL1RAP and BCR-ABL fusion gene, 
Ph as characteristic mark of CML. As demon-
strated in this study, IL1RAP is closely associ-
ated with BCR-ABL and Ph generation. Although 
large prospective studies are needed in our 
ongoing research, in collaboration with previ-
ous findings we can draw a conclusion that 
IL1RAP as cell surface marker may be a poten-
tial indicator for reflecting the generation of 
BCR-ABL and Ph as intracellular marker of CML. 
Furthermore, targeting IL1RAP may open up a 
previously unexplored avenue for therapy of 
CML. 

Notwithstanding the remarkable success in 
treating patients in CML-CP with TKI, to which 
some patients acquire resistance or intoler-
ance, culminating in disease progression from 
CML-CP to the AP and BP. However, mecha-
nisms responsible for the disease progression 
remain largely unknown and the current litera-
ture on the changing of patients’ clinical, labo-
ratory and molecular data when they transform 
CP to AP or BP is little. Our above results have 
demonstrated that IL1RAP as a cell surface 
marker distinguish normal stem cell and LSC of 
CML. Thus, we next explored the correlation of 
IL1RAP with CML disease progression. As 
shown in our study, for the total CD34+ and 
CD34+CD38- cells, IL1RAP levels in patients 
with AP and BP are significantly higher than in 
patients with CP (P < 0.05). However, there is 
no significant difference between IL1RAP levels 
in patients with AP and BP. It suggests that 
higher levels of IL1RAP are associated with 
poor course of the disease or transformation 
into AP or BP. Thus we hope that IL1RAP may 
become an advantageous tool to help predict 
the severity of disease in the clinic. However, it 
is noteworthy that because approximately 90% 
of CML patients are in CP at diagnosis, we do 
not have sufficient AP and BP samples now. 
Therefore, the levels of IL1RAP elevated could 
indicate transformation into AP or BP need to 
be cleared by expanding our samples.

Our examination of clinical samples reveal that 
the percentage of IL1RAP+ cells in CD34+CD38-
subset is markedly lower in HSCT group com-
pared to in Hydroxyurea group. We all know that 
patients after HSCT are similar to normal and 
our above findings have indicated that IL1RAP 
levels on the total CD34+ cells and CD34+CD38- 
cells are significantly lower in normal versus 
CML patients. Moreover, IL1RAP expression in 
CD34+CD38- cells from patients after TKI 
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treatment in CP is obviously lower than that in 
AP and BP. So these data confirm again that 
IL1RAP expression is tightly associated with 
CML clinical phases and might be an effect 
indicator for disease progression. Now we are 
prolonging our study and following up patients 
until they obtain complete remission to better 
explore the association of IL1RAP with 
therapy. 

Besides, to better understand other factors of 
affecting IL1RAP, we performed multivariate 
analysis. The multivariate analysis studying 
age, sex, blood components of CML patients 
showed that only a negative significant correla-
tion of IL1RAP with NE in blood and in bone 
marrow was detected simultaneously. In the 
classical CML, only the myeloid and mega-
karyotytic compartments show a neoplastic 
expansion, and the granulocytic progenitors 
have a moderate degree of impairment of their 
differentiation and maturation capacity, where-
as the erythroid, monocytic and B- and 
T-lymphoid lineages do not reveal any function-
al damage [33]. This might at least in part 
account for our finds.
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Table S1. The detailed information of CML patients

Sample Phase Patient Sex Age Treatment
Blood test (109/L)

BCR-ABL
IL1RAP + cell%

Karyotype
WBC NE LY RBC PLT CD34+ CD34+CD38- CD34+CD38+

PB CP 1 M 40 hydroxyurea 91.01 0 8.8 4.99 217 + 0 7.09 0 T (9; 22) (q34; q11)

PB CP 2 M 40 hydroxyurea 15.21 9.33 3.3 4.64 220 No Det. 0 16.13 3.97 No Det.

PB CP 3 M 40 hydroxyurea 3.61 1.64 1.6 4.02 127 No Det. 10.84 24.73 53.38 No Det.

PB CP 4 F 29 hydroxyurea 1.67 0.44 0.7 2.93 416 + 32.59 49.17 77.98 No Det.

PB CP 5 F 29 hydroxyurea 4.58 1.77 1 3.05 1303 + 51.31 32.48 95.65 No Det.

PB CP 6 M 49 hydroxyurea 208.29 0 0 3.01 340 No Det. 36.82 40.32 38.59 No Det.

PB CP 7 M 50 TKI 3.7 2.93 0.7 2.32 98 No Det. 11.86 24.02 39.44 No Det.

PB CP 8 M 24 hydroxyurea 56.48 - - 3.87 124 No Det. 70.83 87.28 84.4 No Det.

PB CP 9 M 25 HSCT 3.91 2.45 1.2 3.18 89 + 7.63 56.47 82.74 46, XY, t (9; 22)

PB CP 10 M 48 hydroxyurea 19.34 0 0 3.59 491 No Det. 51.87 49.65 68.34 No Det.

PB CP 11 M 58 hydroxyurea 152.85 - - 2.97 489 + 85.89 23.68 85.3 46, XY, t (9; 22) [5]

PB CP 12 F 58 hydroxyurea 181.84 0 0 3.26 702 - 53.36 39.15 45.1 46, XX [5]

PB CP 13 M 22 hydroxyurea 18.59 13.08 3.2 5.09 1463 No Det. 26.19 27.63 53.14 No Det.

PB CP 14 M 22 TKI 9.89 6.37 2.3 4.78 889 + 9.45 17.57 69.44 46, XY, t (9; 22) [5]

PB CP 15 M 60 IFN 61.93 0 3.8 6.06 406 No Det. 67.57 86.25 74.81 46, XX [6]

PB CP 16 M 60 hydroxyurea 20.67 18.17 1.5 5.6 115 No Det. 44.85 81.68 66.51 No Det.

PB CP 17 F 43 HSCT - - - - - No Det. 5.43 14.97 82.85 No Det.

PB CP 18 M 39 hydroxyurea 202.13 0 0 3.69 182 + 63.91 79.25 78.12 46, XY, t (9; 22) [10]

PB CP 19 F 34 HSCT 3.17 1.89 0.8 2.7 89 No Det. 3.37 4.96 35.47 No Det.

PB CP 20 F 34 HSCT 6.56 4.36 1.5 3.31 185 - 2.53 0.56 93.94 46, XY [20]

PB CP 21 M 51 TKI 4.15 2.16 1.6 4.19 137 + 1.23 3.34 66.48 46, XX [11]

PB CP 22 F 50 hydroxyurea 68.99 60.5 3.6 2.79 1159 + 21.14 18.04 45.87 No Det.

PB CP 23 M 34 TKI 4.84 2.06 2.2 4.23 137 No Det. 28.4 67.83 50.24 46, XY, t (9; 2 2) (q34; q11) [2]/46, 
XY [8]

PB CP 24 M 68 TKI 4.28 1.84 1.9 3.53 144 + 27.06 68.19 57.68 No Det.

PB CP 25 M 47 hydroxyurea 8.47 5.68 2.3 4.08 191 No Det. 0 4.48 90.61 46, XY, t (9; 22) (q34; q11) [2]

PB CP 26 M 41 hydroxyurea 29.47 26.41 1.4 4.11 385 + 9.16 25.66 67.56 46, XY, t (9; 22) [6]

PB CP 27 F 38 hydroxyurea 25.92 19.16 3.2 3.59 1158 No Det. 10 14 53.57 No Det.

PB CP 28 F 24 hydroxyurea 52.08 43.95 5.5 4.24 592 + 10.12 9.81 37.72 46, XX, t (9; 22) [10]

PB CP 29 M 58 hydroxyurea 365.46 - - 3.26 227 No Det. 27.95 30.57 7.31 46, XY, t (9; 22) (q34; q11) [10]

PB CP 30 M 65 IFN and hydroxyurea 82.13 - - 3.68 510 - 65.05 46.58 36.04 No Det.

PB CP 31 M 22 TKI 249.6 - - 2.67 88 + 40.4 38.79 60.32 No Det.

PB CP 32 M 22 TKI 5.99 4.61 1.1 4.03 176 No Det. 1.04 27.47 81.92 No Det.

PB CP 33 M 24 TKI 6 3.01 2.6 4.54 158 No Det. 1.64 0.27 38.88 No Det.

PB CP 34 M 42 hydroxyurea 130.79 - 6.1 3.91 364 + 15.65 59.2 78.89 46, XY, t (9; 22) [10]

PB CP 35 M 37 TKI 4.44 2.93 1 3.27 154 No Det. 30 38.64 78.83 No Det.

PB CP 36 M 35 TKI 2.02 1.22 0.5 3.13 56 No Det. 1.72 3.01 35.86 No Det.

PB CP 37 F 48 hydroxyurea 357.77 □ □ 2.7 454 + 65.72 27.59 21.16 46, XX, t (9; 22) (q34; q11) [10]
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PB CP 38 M 51 TKI 6.33 3.53 2.3 4.44 178 - 0.84 6.89 26.42 46, XY, [3]

PB CP 39 M 72 hydroxyurea 118.03 - - 3.99 427 + 59.2 29.13 33.21 46, XY, t (9; 22) (q34; q11) [10]

PB CP 40 F 68 hydroxyurea 4.3 3.3 0.8 0.98 37 - 1.43 8.5 17.84 46, XX [20]

PB CP 41 F 88 hydroxyurea 80.11 - - 3 324 - 48.72 39.22 66.58 46, XX, add (5) (q35), del (6) (p22), 
del (3) (?q14) [8]/46XX [2]

PB CP 42 F 40 hydroxyurea 82.53 72.98 4.5 3.88 1041 + 51.18 38.44 53.99 No Det.

PB CP 43 F 44 leukapheresis 197.65 - - 3.38 608 + 51.92 27.89 61.64 46, XX, t (9; 22) (q34; q11) [10]

PB CP 44 F 11 TKI 6.87 3.15 3.3 4 165 + 7.39 17.63 83.95 46, XX, t (9; 22) (q34; q11) [4]/46, 
XX [16]

PB CP 45 F 46 hydroxyurea 505.6 0 0 1.74 314 + 21.54 90.95 1.47 No Det.

PB CP 46 M 8 HSCT 5.6 3.66 1.4 3.46 240 No Det. 24.62 2.9 4.04 No Det.

PB CP 47 F 28 TKI 17.9 0 2.9 1.79 276 No Det. 14.49 10.54 37.51 No Det.

PB CP 48 M 22 IFN 4.76 2.96 1.4 4.55 213 + 9.87 10.31 39.71 46, XY, t (9; 22) [6]/46, XY [16]

PB CP 49 M 50 leukapheresis 7.82 6.77 0.5 3.6 334 + 0.78 6.7 84.29 46, XY, der (1) t (1; 8) (q43; q13), 
der (3), del (6) (p23), del (8) (q11), 

t (9; 22) [3]

PB CP 50 M 58 hydroxyurea 146.4 0 10.1 2.73 1791 No Det. 19.51 11.32 82.77 No Det.

PB CP 51 F 63 hydroxyurea 4.8 3.61 0.7 3.4 280 No Det. 2.21 10.82 55.95 No Det.

PB AP 52 M 50 TKI 23.6 0 0 3.31 92 + 57.1 88.11 30.39 No Det.

PB AP 53 M 31 TKI 13.29 - - 2.96 163 + 95.82 95 98.4 45, XY, -7, t (9; 22) [10]

PB AP 54 M 51 TKI 29.25 - - 0.85 785 + 62.12 71.86 93.05 46, XY, t (9; 22) (q34; q11) [8]/46; 
idem, -1, der (11) t (1; 11) (p32; 
q23), del (12) (q21), +mar [2]

PB AP 55 M 23 TKI 24.28 □ □ 5.57 22 + 96.55 82.23 85.26 No Det.

PB AP 56 M 23 TKI 5.87 1.39 3.9 5.31 12 No Det. 48.31 55.93 41.02 No Det.

PB AP 57 M 25 TKI 321.89 0 0 2.04 17 No Det. 95.67 92.11 92.77 No Det.

PB AP 58 M 52 hydroxyurea 66.8 0 0 1.88 289 + 93.3 93.64 93.08 No Det.

PB BP 59 M 31 TKI 12.24 0 0 2 84 No Det. 95.85 97.13 99.53 No Det.

PB BP 60 M 23 TKI 10.76 0 0 3.69 67 + 84.73 91.79 75.9 No Det.

PB BP 61 M 55 TKI 9.97 - - 1.57 321 + 80.87 73.71 74.97 46, XY, t (3; 3) (q21; q26), -7, t (9; 
2 2), +mar [inc4]

PB BP 62 M 55 TKI 5.19 0.91 2.4 2.37 21 + 36.67 30.49 8.42 No Det.

PB BP 63 M 34 anti-infective treatment 52.45 0 0 2.37 20 + 96.52 86.02 99.65 54, XY, +Y, +4, +8 t (9; 22), +15, 
+19, +19, +21, +ph [CP10]

PB BP 64 M 18 TKI 122.45 - - 2.78 14 + 20.78 10.83 10.17 45, XY, dic (7; 9) (p11; p11), t (9; 
22) [6]/46, idem, +ph (4)

PB BP 65 F 26 hydroxyurea 250.8 □ □ 3.62 309 No Det. 1.3 88.36 16.41 No Det.

BM CP 5 F 29 hydroxyurea 4.58 1.77 1 3.05 1303 No Det. 27.68 21.14 85.17 No Det.

BM CP 9 M 25 HSCT 3.91 2.45 1.2 3.18 89 + 3.23 21.91 4.12 46, XY, t (9; 22)

BM CP 10 M 48 hydroxyurea 106.57 0 0 3.52 307 No Det. 79.88 24.84 84.26 46, XY, t (9; 22) [1]

BM CP 18 M 39 hydroxyurea 202.13 0 0 3.69 182 + 40.15 64.66 83.29 46, XY, t (9; 22) [10]

BM CP 22 F 50 hydroxyurea 68.99 60.5 3.6 2.79 1159 + 12.43 13.66 22.09 No Det.

BM CP 25 M 41 hydroxyurea 29.47 26.41 1.4 4.11 385 + 15.3 18.44 26.51 46, XY, t (9; 22) [6]
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BM CP 30 M 65 IFN and hydroxyurea 82.13 - - 3.68 510 - 54.55 65.36 36.79 No Det.

BM CP 66 M 24 TKI 4.4 2.32 1.8 4.35 150 No Det. 10.54 23.79 -35.28 46, XY, t (9; 22) [8]/46, XY [2]

BM CP 33 M 24 TKI 6 3.01 2.6 4.54 158 No Det. 4.55 12.66 45.11 No Det.

BM CP 34 M 42 hydroxyurea 130.79 - 6.1 3.91 364 + 33.06 53.24 62.24 46, XY, t (9; 22) [10]

BM CP 35 M 37 TKI 4.44 2.93 1 3.27 154 No Det. 19.96 21.35 35.08 No Det.

BM CP 37 F 48 hydroxyurea 357.77 - - 2.7 454 + 66.55 8.71 16.89 46, XX, t (9; 22) (q34; q11) [10]

BM CP 39 M 72 hydroxyurea 118.03 - 3.99 427 + 54.2 20.92 34.5 46, XY, t (9; 22) (q34; q11) [10]

BM CP 40 F 68 hydroxyurea 4.3 3.3 0.8 0.98 37 - 2.9 12.26 74.89 46, XX [20]

BM CP 42 F 40 hydroxyurea 82.53 72.98 4.5 3.88 1041 + 25.13 23.07 45.46 No Det.

BM CP 51 F 63 hydroxyurea 4.8 3.61 0.7 3.4 280 □ 4.09 9.13 48.86 No Det.

BM CP 48 M 22 IFN 4.76 2.96 1.4 4.55 213 + 4.23 13.01 5.41 46,XY,t (9; 22) [6]/46, XY [16]

BM CP 49 M 50 leukapheresis 7.82 6.77 0.5 3.6 334 + 14.45 16.45 18.49 46, XY, der (1) t (1; 8) (q43; q13), 
der (3), del (6) (p23), del (8) (q11), 

t (9; 22) [3]

BM CP 50 M 58 hydroxyurea 146.4 0 10.1 2.73 1791 No Det. 36.72 32.73 47.68 No Det.

BM AP 67 M 50 TKI 5.35 0 0 2.49 53 No Det. 67.07 76.74 83.38 No Det.

BM BP 63 M 34 anti-infective treatment 15.08 - - 2.79 34 + 98.29 97.41 99.51 54, XY, +Y, +4, +8, t (9; 22), +15, 
+19, +19, +21, +ph [CP10]

BM BP 65 F 26 hydroxyurea 250.8 - - 3.62 309 No Det. 73.41 65.89 38.28 No Det.


