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Introduction
Acute myeloid leukemia  (AML) is a genetically 
heterogeneous, malignant clonal disorder of the 
hematopoietic system characterized by uncontrolled 
proliferation of immature, abnormal blast cells and 
impaired production of normal blood cells  [1]. The 
resistance of the AML clone to treatment seems to be 
the hallmark feature of the disease; this highlighted 
the role of genomics in predicting the response 
to standard therapy  [2]. It is now recognized that 
deciphering somatic mutations should be included 
in the routine initial workup for diagnosing and 
predicting the course of the disease, thus tailoring the 
management plan of each patient  (induction therapy, 
postremission therapy, and postrelapse). Genomics is 
now considered an essential clinical decision‑making 
tool  [3]. Cytarabine  (Ara‑C) is a cytosine analog 
indicated for the treatment of AML. The human 
equilibrative nucleoside transporter‑1  (HENT1) 
is responsible for 80% of Ara‑C influx in human 
leukemic blast cells inside the cell  [4]. Ara‑C is 

a prodrug that requires cellular influx primarily 
through the HENT1 and active phosphorylation 
within the cell by the deoxycytidine kinase enzyme 
to produce a monophosphorylated product, which is 
biphosphorylated and triphosphorylated to act as an 
antimetabolite  [5]. Untreated AML patients with 
higher HENT1 levels have a higher response rate and 
better overall survival  (OS)  [6]. This study aimed to 
measure HENT1 expression in AML and correlate its 
levels with the response to Ara‑C and OS.

Patients and methods
This study included 80 patients with newly diagnosed 
untreated AML from May 2016 to November 2018. 
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Objectives
This study aimed to demonstrate human equilibrative nucleoside transporter‑1 (HENT1) 
gene expression patterns in acute myeloid leukemia (AML) patients and its role in disease 
progression.
Background
Cytarabine is the primary drug in different treatment schemas for AML and requires the HENT1 
to enter cells.
Patients and methods
In this study, we analyzed HENT1 expression levels in 40 AML patients and 20 controls using 
the real‑time quantitative reverse‑transcriptase PCR.
Results
HENT1 was expressed in 42.5% of AML cases and 36% of controls. Our results showed 
a correlation between the HENT1 gene expression and the overall survival (OS), where 
HENT1‑positive patients had a higher survival rate than HENT1‑negative patients (P = 0.04). 
The results also showed a correlation between gene appearance and the response rate of 
treatment, as patients with positive HENT1 gene expression had a higher rate of complete 
recovery (58.8%) than the patients with negative HENT1 gene expression (30.4%). HENT1 
expression was significantly correlated with OS and complete remission.
Conclusion
HENT1 gene expression is associated with better response to cytarabine treatment, with 
better OS in AML patients, both children and adults. HENT1 signaling may represent a novel 
therapeutic approach for the treatment of AML.
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Sixty‑five healthy individuals matched for age and sex 
were included as a control group. Inclusion criteria 
were as follows: newly diagnosed untreated AML 
and patients with good performance status  (ECOG 
PS score  <3)  [7]. Exclusion criteria were as follows: 
previously treated patients, ECGO score more than 3 
and patients with renal or hepatic impairment. Patients 
were classified according to the FAB classification as 
follows: 12 (15%) patients with M1, 24 (30%) patients 
with M2, 12  (15%) patients with M3, 24  (30%) 
patients with M4, three (7.5%) patients with M5, and 
one (2.5%) patient with M6. All included participants 
were subjected to an assessment of history, full clinical 
examination including liver, spleen, and lymph node 
examinations, chest radiograph, abdominopelvic 
ultrasound, and other radiological examinations if 
required, routine biochemical investigations including 
kidney function tests and liver function tests and all 
Laboratory investigations essential for the diagnosis 
and typing of AML including complete blood count, 
bone marrow  (BM) examination, cytochemical 
stain studies and immunophenotyping analysis. 
The diagnosis of AML was made based on the 
morphologic findings from Giemsa‑stained smears 
of BM aspirates, cytochemical stain criteria such as 
myeloperoxidase and Sudan black B positivity in 
AML and immunophenotyping criteria of positivity 
of CD13, CD33, CD14, CD15, CD41, and CD61 for 
AML patients. Patients’ samples were obtained before 
treatment. Follow‑up of patients was carried out for 
2 years. Patients were treated according to the standard 
AML protocol of the National Cancer Institute. All 
patients received the seven and three protocols, which 
consisted of a course of (Ara‑C 100 mg/m2/dose every 
12  h for 7  days) plus  (doxorubicin 60  100  mg/m2/
dose on days 1–3). If the patient did not enter into 
remission, this protocol was repeated. In case of no or 
minimal response, patients were shifted to high‑dose 
chemotherapy. Patients who entered into remission 
received four courses of high‑dose Ara‑C (2 g/m2 on 
2 h infusion every 12 h days 1, 3, and 5) as consolidation. 
By the end of 28 days of induction therapy, remission 
for AML was defined as morphologic complete 
remission  (CR): absolute neutrophil count more 
than or equal to 1000/cm3 platelet count more than 
or equal to 100 000/cm3, less than 5% BM blasts, no 
Auer rods and no evidence of extramedullary disease. 
No CR was established in patients who did not fulfill 
the above‑mentioned criteria. Sample collection 
was performed as follows: peripheral blood and BM 
aspiration samples from acute leukemia patients 
were collected at diagnosis and centrifuged to obtain 
PB mononuclear cells. Three milliliters of peripheral 
blood samples were collected from patients under 
sterile aseptic conditions into a vacutainer tube 
containing EDTA and mixed immediately to avoid 

clotting. Samples were processed within a few hours 
of collection for mRNA extraction as mRNA from 
blood cells have different stability and mRNA of 
regular genes have a shorter half‑life than mRNA of 
the housekeeping gene. There are three major steps 
in PCR: denaturation (at 94°C), annealing (at 54°C), 
and extension (at 72°C), which are repeated for 30 or 
40  cycles. RNA extraction was performed using an 
RNA isolation kit  (QIAamp RNABlood Mini Kits, 
Catalog No: 52303; Qiagen, Hilden, Germany). The 
procedure was performed according to the instructions 
of the manufacturers’ kits. Complementary DNA 
was synthesized from total RNA samples using 
the high‑capacity complementary DNA archive 
kit  (Part  Number: 4322171; Applied  Biosystems 
Waltham,MA USA); the procedure was performed 
according to the instructions of the manufacturers’ 
kits. Real‑time PCR quantification was performed 
using the TaqMan Gene Expression Assay  (Applied 
Biosystems), according to the instructions of the 
manufacturers’ kits.

The study was approved by the local committee (approval 
number BSU/FM/2017/4). Informed consent was 
obtained from all patients and the caregivers of the 
children.

The sequence of HENT1: Forward primers: 
F: (5′GCAAAGGAGAGGAGCCAAGA3′).

Reverse primers: 
R (5′‑CCCAAC‑CAGTCAAAGATATTG‑3′).

The sequence of GAPDH: Forward primers: 
F: (5′‑GTCCATGCCATCACTGCCAC‑3′).

Reverse primers: 
R: (5′‑ATGACCTTGCCCACAGCCTT‑3′).

The results were interpreted using the comparative CT 
method for relative quantification according to the 
following arithmetic formulas:

∆fold change = 2‑∆∆CT.

Arithmetic formulas: the amount of target, normalized 
to an endogenous reference and relative to a calibrator, 
is given by 2‑∆∆CT.

where CT = threshold cycle.

∆CT = CT target‑CT reference.

where ∆ CT = the difference in threshold cycles for the 
target and the reference.

∆∆CT=∆CT case‑∆CT calibrators.
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The comparative CT method requires an endogenous 
control, a gene target used to normalize quantitative 
PCR results. The endogenous control should 
consistently be expressed in all samples, and no 
experimental condition should alter the expression 
level.

Statistical analysis was carried out using IBM 
SPSS Statistics, version  22  (IBM Corp., Armonk, 
New York, USA). Numerical data were expressed as 
median and range. Qualitative data were expressed 
as frequency and percentage. χ2 test or Fisher’s exact 
test was used to examine the relationship between 
qualitative variables. The comparison between 
the two groups was performed using the Mann–
Whitney test (nonparametric t test) for non‑normally 
distributed quantitative data. Survival analysis was 
carried out using the Kaplan–Meier method. The 
comparison between the two survival curves was 
performed using the log‑rank test. All tests were 
two‑tailed. A P  value less than 0.05 was considered 
significant. The regression test was used to evaluate 
the influence of different variables on the response to 
treatment.

Sample size was calculated according to the following:

t tests – means: difference between two independent 
means (two groups).

Analysis: an a priori analysis was carried out to compute 
the required sample size.

Input: Tail(s)=2.

Effect size d = 0.5.

α error prob = 0.05.

Power (1‑β err prob)=0.80.

Allocation ratio N2/N1 = 0.7.

Output: noncentrality parameter δ=2.8244066.

Critical t = 1.9783804.

df = 130.

Sample size group 1 = 78.

Sample size group 2 = 54.

Total sample size = 132.

Actual power = 0.8005319.

Results
Patients’ characteristics are shown in Table  1. The 
median age of the study population was 35.5  (1–
73) years; 16  (20%) of these patients were younger 
than 18  years of age. The male/female ratio was 
62.5/37.5%. According to the FAB classification, the 
most frequent AML subtypes were M2 and M4 (30% 
for each). Hepatomegaly was found in 32.5%, 
splenomegaly in 17.5%, and lymphadenopathy in 
27.5% of patients.

Gene expression
Gene overexpression was considered when the fold 
change values were more than one and underexpressed 
when the fold change was less than 1. Gene expression 
was considered normal or overexpressed in 42.5% and 
underexpressed in 57.5% of leukemia patients, while in 
controls, it was overexpressed in 36% of participants, 
with no significant statistical difference between the 
two groups (P = 0.6). There was no significant difference 
between patients with overexpression and patients 
with underexpression of the HENT1 gene in terms 
of age, total leukocyte count (TLC), hemoglobin, and 
platelets BM blasts. The medians of gene expression 
levels and survival durations were significantly higher 
in patients with overexpressed genes  (P  =  0.001 and 
0.04, respectively; Table  2). On stratification of 
the patients according to age  (children and adults), 
there was no significant difference between the two 
age groups in gene expression levels  (P  =  0.69), but 
survival duration  (months) was significantly lower in 
the children [1.75 (00–32)] than the adults [13.5 (0–
30)] (P = 0.04).

Response to treatment
Eleven patients who dropped out of the analysis 
either died during the induction phase  (six patients) 

Table 1 Baseline clinical and laboratory characteristics of the 
patient group
Patients’ characteristics Mean (range)
Age (years) 35.5 (1‑73)
Sex (%) (male/female) 62.5/37.5
TLC ×103 (cell/cmm) 28.9 (1.3‑530.0)
Hemoglobin (g/dl) 7.1 (4.3‑13.8)
Platelets ×103 (cell/cmm) 34.5 (2‑271)
BM blast (%) 65 (20‑98)
FAB‑type n
M1 12
M2 24
M3 12
M4 24
M5 6
M6 2

BM, bone marrow; FAB, The French American British classification; 
TLC, total leukocyte count.
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or did not attend the follow‑up visits  (five patients). 
Thirty‑five  (43.7%) leukemic patients had achieved 
CR. The multiple regression test was carried out to 
assess the factors that may influence the response to 
treatment  (Table  3). Both BM blast percentage and 
HENT1 expression levels significantly influenced 
the response to treatment  (P  =  0.045 and 0.012, 
respectively). The CR rate was higher in leukemic 
patients with the overexpressed gene  (58.8%) than 
patients with the underexpressed gene  (30.4%), but 
this was statistically insignificant (P = 0.2).

Overall survival
The OS rate in the entire group was 47.5% at 1 year 
and 33% at 2  years. The OS was significantly higher 
in patients with the overexpressed gene than patients 
with the underexpressed gene (P = 0.04) (Fig. 1). We 
did not found any correlations between OS and age, 

gene expression level, TLC, hemoglobin, platelets, or 
BM blast percentages.

Discussion
This study was carried out to evaluate the role of the 
HENT1 gene in patients with AML and their response 
to Ara‑C treatment. Ara‑C is a nucleoside analog that 
functions by inhibiting DNA synthesis. It is incorporated 
into cancer cells using specialized membrane transport 
proteins  [8]. The HENT1 families are known 
transporters for naturally occurring nucleosides and 
nucleoside analogs  [9]. Ara‑C requires cellular influx 
through the HENT1 and active phosphorylation 
within the cell by deoxycytidine kinase  [10]. In this 
study, the response and the OS rate were higher in 
patients with HENT1 gene overexpression. Similar 
findings were reported by Candelaria et  al.  [5], who 

Table	3	Multiple	regression	test	to	evaluate	factors	influencing	response	to	cytarabine	treatment
Independent variables Coefficient SE rpartial t P
Age 0.002701 0.004704 0.1079 0.574 0.5704
Sex −0.03484 0.1857 −0.03543 −0.188 0.8525
Hb −0.05425 0.04321 −0.2308 −1.255 0.2197
TLC 0.001832 0.001078 0.3058 1.700 0.1003
BM blasts −0.008‑ 0.004 −0.354‑ −2.080‑ 0.045
Gene expression 0.4232 0.1574 0.4529 2.688 0.0120
Δ fold change value −0.3240 0.1634 −0.3508 −1.982 0.047
Immunophenotyping −0.08647 0.06905 −0.2303 −1.252 0.2209

Constant variable is a good response. BM, bone marrow; Hb, hemoglobin; TLC, total leukocyte count.

Table	2	Comparison	between	characteristics	of	patients	with	overexpressed	and	underexpressed	gene
Overexpressed gene Underexpressed gene P

Age (years) 31 (1‑73) 4 (2‑65) 0.52
TLC ×103 (cells/cmm) 46.19 (2.6‑530) 19 (1.3‑450) 0.2
Hemoglobin (g/dl) 7.2 (4.30‑13.80) 7.1 (4.30‑12.20) 0.71
Platelets ×103 (cells/cmm) 30 (2‑204) 36 (7‑271) 0.52
BM blasts % 41 (25‑88) 54 (20‑95) 0.52
HENT1 level 4.97 (0.01‑129.86) 0 (0‑3.58) 0.001
Survival duration (years) 17 (1.5‑32) 10.5 (1‑28) 0.032

BM, bone marrow; HENT1, human equilibrative nucleoside transporter‑1; TLC, total leukocyte count.

(a) Overall survival in the study group at 1 year. (b) Overall survival according to HENT1 gene expression at 1 year. HENT1, human equilibrative 
nucleoside transporter‑1.

Figure 1

ba
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concluded that higher response rates and better 
OS were noted in newly diagnosed AML patients 
with high HENT1 expression levels. Similarly, when 
Ara‑C is administered in standard induction therapy, 
AML patients with negative HENT1 expression 
blast cells had shorter disease‑free survival  (7.7  vs. 
13 months) and approximately eight‑fold higher risk 
of early relapse than HENT1‑positive patients  [11]. 
Furthermore, HENT1 expression measured by flow 
cytometry was associated with sensitivity to Ara‑C 
in AML and ALL cells  [12,13]. Interestingly, some 
studies revealed that HENT1 protein expression 
was associated with increased OS and disease‑free 
survival in pancreatic cancer patients treated with 
gemcitabine (a pyrimidine nucleoside analog) compared 
with HENT1 underexpression [14–16]. Furthermore, 
it has been shown that in  vitro HENT1 expression 
correlates positively with the half‑maximal inhibitory 
concentration 50 of gemcitabine, proposing a direct 
role of HENT1 expression in cancer cell sensitivity 
to gemcitabine in nonsmall‑cell lung cancer  [17]. 
Greenhalf et al.[16] concluded that pancreatic cancer 
patients with HENT1 underexpression should not be 
treated with gemcitabine. Similarly, higher expression 
of HENT1 was associated with prolonged survival or 
better therapeutic response in patients with advanced 
biliary tract cancer treated with gemcitabine  [6]. We 
also found no effect of age or sex, TLC, hemoglobin 
levels, or platelet counts on the HENT1 expression 
levels or response to Ara‑C treatment and the OS. 
However, despite the association between BM 
blast percentage and the OS duration, BM blast 
percentages significantly influenced the response rate. 
In the study carried out by DiNardo et al. [18], it was 
reported that the blast percentage at diagnosis was 
not an independent factor for survival in their study 
population. In addition, in agreement with our findings, 
Candelaria et al.[5] reported that the blast percentage 
significantly influenced the patients’ response.

Although the first‑line chemotherapy regimens 
containing Ara‑C can induce CR in 65–80% of newly 
diagnosed AML patients, most of these patients 
develop relapse, with inadequate response to subsequent 
therapies. Therefore, the development of cellular 
resistance to Ara‑C remains the main obstacle to 
successful AML therapy [11]. Previous in‑vitro studies 
have revealed that the intracellular concentrations 
of Ara‑CTP are lower in Ara‑C‑resistant cells than 
in sensitive cells  [19]. Moreover, leukemic cells from 
patients with Ara‑C‑resistant chronic myeloid leukemia 
have only half the Ara‑CTP levels compared with 
leukemic cells from patients with Ara‑C‑responsive 
AML [20]. Thus, the principal mechanism underlying 
Ara‑C resistance is deficient intracellular levels of 
active triphosphate metabolite Ara‑CTP due to 

inefficient cellular uptake of Ara‑C because of low 
levels and/or activity of the transporter, HENT1[21] 
Based on this, new therapeutic options included the 
addition of cladribine to regimens containing Ara‑C 
and anthracyclines (idarubicin), yielding a higher CR 
rate, including patients with unfavorable karyotype, 
and a more significant advantage in OS [22]. Similarly, 
chemical modifications of Ara‑C, such as the addition 
of elaidic acid to produce the elaidic acid ester derivative 
of Ara‑C and modification of the drug so that its 
cellular influx becomes independent of HENT1  (as 
elacytarabine), are other therapeutic options to treat 
Ara‑C‑resistant AML [5].

Conclusion
HENT1 gene expression is associated with better 
response to Ara‑C treatment, with better OS in AML 
patients in both children and adults.
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