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ORIGINAL ARTICLE: RESEARCH

Clinical significance of HLA-E genotype and surface/soluble expression levels
between healthy individuals and patients with acute leukemia

Yun-Ping Xua,b, Lotte Wietenb, Song-Xing Wanga, Yun Caic, Timo Olieslagersb, Li Zhanga, Liu-Mei Hea,
Marce G. J. Tilanusb and Wen-Xu Honga

aImmunogenetics Laboratory, Shenzhen Institute of Transfusion Medicine, Shenzhen Blood Center, Shenzhen, China; bTransplantation
Immunology, Tissue Typing Laboratory, Maastricht University Medical Center, Maastricht, The Netherlands; cDepartment of
Hematopathology, Shenzhen Second People’s Hospital, Shenzhen, China

ABSTRACT
Human leukocyte antigen (HLA)-E is a nonclassical HLA molecule with limited polymorphisms.
Genotype frequency and expression of HLA-E were examined here for the first time in acute
leukemia patients and healthy controls. The frequency of HLA-E�01:03/�01:03 individuals was
significantly higher (p¼ .008, OR¼ 1.845), while the frequency of HLA-E�01:01/�01:01 individuals
was much lower in the patient group (p¼ .002, OR¼ .363) than in control group. The surface
expression on HLA-E�01:03/�01:03 individuals was found to be significantly higher than on HLA-
E�01:01/�01:01 individuals in both of acute leukemia and control groups, but no significant
difference was observed between the corresponding genotypes in two groups. However, the
level of expression of soluble HLA-E is significantly higher in patients than in the control group,
but there was no genotype-specific expression in either group. These findings indicate that
soluble HLA-E secretion and HLA-E�01:03/�01:03 genotype that brings higher surface expression
might play important roles in the mechanisms underlying tumor escape in acute leukemia.
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Introduction

Human leukocyte antigens (HLA) are cell surface pro-
teins encoded by genes located on the short arm of
chromosome 6. Two major classes of HLA can be dis-
tinguished; HLA class I molecules bind peptides that
are mainly derived from intracellular proteins, and HLA
class II molecules present peptides from extracellular
proteins [1,2]. Among these, the HLA-E gene is charac-
terized by lower polymorphism than the classical HLA
class I antigens. Currently, only 26 HLA-E alleles encod-
ing nine different protein variants are known (IPD-
IMGT/HLA Database version 3.29.0) [3]. The presence
of HLA-E polymorphism has been investigated in indi-
viduals from different populations, including ethnic
groups from Brazil [4], Mexico, Colombia, Chile [5],
China [6], and Europe [7]. Overall, only two pheno-
types, HLA-E�01:01 and �01:03, have been frequently
observed worldwide.

HLA-E plays a critical role in both innate and adap-
tive immunity immune response [8,9]. The HLA-E mol-
ecule regulates NK and T cells through direct contact
with surface receptors. The NK cell inhibitory receptor

NKG2A and the activating receptor NKG2C were ini-
tially found to bind HLA-E on the cell surface [10].
However, the affinity of HLA-E to the inhibitory recep-
tor CD94/NKG2A is generally greater than that of
CD94/NKG2C, so high expression of HLA-E on the sur-
face of tumor cells may be an important mechanism
underlying viral entry or tumor-escape [11]. The
immune system can detect, recognize, and eliminate
mutated cells, and objects carrying newly expressed
antigens, or alien components. However, some tumors
may escape attack from immune system. This is called
immune evasion. The relative expression of HLA-E has
repeatedly been associated tumor and viral immune
escape [12–18]. HLA-E displays limited polymorphism
with only nine alleles listed in the IMGT/HLA database
[3]. Only two of these alleles, i.e. HLA-E�01:01 and
E�01:03, have been regularly detected with similar fre-
quencies of around 50% in human populations. The
Arg-Gly dimorphism at amino acid position 107, the
genetic difference between HLA-E�01:01 and �01:03,
has been shown to affect protein expression levels by
altering the peptide binding affinity of the protein
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[9,20]. It is well documented that changes in the level
of HLA-E expression level alteration and allele specifi-
city are related to various clinical manifestation, such
as viral infection, tumor progression, and the develop-
ment of autoimmune diseases, but only rarely are
genotype and expression data combined for studies of
their correlation. In this study, we carried out a series
assay to assess both the surface and soluble expres-
sion levels and their correlations with the genotype of
HLA-E in Chinese patients with leukemia. We com-
pared all three indexes to those of healthy individuals
from the same population, to provide a systematic
image of the correlation of HLA-E with acute leukemia.

Materials and methods

Subjects

A simple random sampling method was used to select
182 healthy donors in the Shenzhen blood center
from the year 2013 to 2015. Generally, individuals had
to be healthy to participate in this study. More specif-
ically, inclusion criteria were age 18–60 years old, and
negative indexes for hepatitis B surface antigen, hepa-
titis C antibodies, Treponema pallidum antibodies,
human immunodeficiency virus antigens and antibod-
ies, and other infectious diseases. They were all con-
sistent with the regulations issued by the Shenzhen
Special Economic Zone on blood donors. According to
the provisions of Medical Ethics Committee in
Shenzhen Blood Center, blood donors who did not
sign a form providing their informed consent for med-
ical research experiments were excluded. The healthy
group contained 101 men and 71 women. The age
ranged from 18 to 58 years with an average age of
38 ± 19. A total of 136 leukemia patients were
recruited from the hematology department of
Shenzhen Second hospital. All the patients were diag-
nosed with acute myeloid leukemia (72) and acute
lymphoblastic leukemia (64). In patient group, there
were 78 men and 58 women. The age ranged from 14
to 64 years with an average age of 39 ± 23 years old
(Table 1). For each subject, 5mL of whole blood col-
lected from elbow vein mixed up and down in an
EDTA-K2 anticoagulant tube, 200 lL of whole blood
was used to extract DNA and the remaining whole
blood was used to separate the lymphocytes within
24 h of the collection.

DNA isolation

Genomic DNA was extracted from whole blood of all
subjects using MagCore Nucleic acid Extraction Kit

(RBC Bioscience, Taiwan, China). DNA concentrations
were measured by the NanoDrop ND-1000 spectro-
photometer (Thermo Scientific, Waltham, MA) and
adjusted to 50–100 ng/lL before reaction.

HLA-E amplification

After reviewing to the genomic sequence of HLA-E gene
released on the IMGT/HLA database, we used the Oligo
6 software (Molecular Biology Insights, Colorado Springs,
CO) to design the amplifying and sequencing primers of
HLA-E, and the primers were synthetized by Takara Bio
Inc. in Dalian, China. The sequence of forward amplifica-
tion primer was 50-CAGCGTCGCCACGACTCCCGAC-30 and
the sequence of reverse amplification primer was 50-
CCTAAGTGCTGGGA TTACAGG-30. The volume of PCR
reaction was 40lL, including 1lL pfuUltraTMk Fusion HS
DNA Polymerase (Agilent Stratagene, Santa Clara, CA),
4lL 10�pfuUltraTM Rxn Buffer, 2lL dNTP (2.5mM)
Mixture, 1lL forward and reverse primer (10lmol/L),
respectively, and 100ng DNA. The amplification proced-
ure was as follows: 68 �C pre-denaturation 5min, 95 �C
denaturation 20 s, 64 �C annealing 20 s, 72 �C annealing
for 3min, 5 cycles; 95 �C for 20 s, 62 �C for 20s, 72 �C for
3min, 30 cycles; 72 �C for 10min, and the amplified
product was stored at 4 �C. The PCR products were
stained with SYBR green I and subjected to 2% agarose
gel electrophoresis. According to the design position of
the amplified primers, the specificity of amplified bands
was estimated to be about 3.6 kb.

Purification of PCR amplification products
and sequencing

The PCR product was purified using Mag-Bind EZ Pure
magnetic beads (Omega Bio-Tek, Norcross, GA) purifi-
cation reagent. A volume of 18lL magnetic beads was
added to each well with 10lL PCR product and fully
mixed. The mixture was then allowed to stand for
10min. It was placed on a magnetic frame and the
liquid supernatant was discarded. Then, 200 lL 70% of
ethanol was added into each well twice to wash its
contents. After 20min at room temperature, 30lL

Table 1. Clinical characteristics of the Chinese acute leukemia
patients and healthy controls.

Groups Items Total
HLA-E surface/

soluble expression

Chinese acute leukemia
patient

Number 136 54
Male/Female 72/64 33/21
Average 39 ± 23 43 ± 19

Healthy controls Number 182 64
Male/Female 101/71 37/27
Average age 38 ± 19 37 ± 19
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ddH2O was added to dissolve the purified PCR prod-
uct. Exon3 of the HLA-E gene was sequenced using
forward primer 50-AGATTCACCCCAAGGCTG-30 and
reverse primer 50-TCCCTGTTTCTTCTAC-30. The sequenc-
ing reaction included 0.5lL BigDyeVR Terminator ver-
sion 3.1 cycle, 2lL 5� sequencing buffer (Applied
Biosystems by Life Technologies, Foster City, CA),
0.2 lL sequencing primer (10lmol/L), 5.3lL ddH2O,
and 2lL purified PCR product. The reaction procedure
was as follows: 95 �C 1min, 95 �C 10 s, 50 �C 5 s, 60 �C
4min, 25 cycles. Finally, the sequencing products were
stored at 4 �C. For each sequencing product well,
2.5 lL NaOAc/EDTA and 50 lL 80% ethanol were
added to wash under 3000� g centrifuge. Then, 15 lL
Hi-di formamide solution was added to dissolve the
product. The sequencing product was denatured at
95 �C for 2min and analyzed by electrophoresis on the
ABI3730 DNA sequencer, and the data were analyzed
by Sequencing Analysis 5.3 software (Applied
Biosystems, Life Technologies).

Separating PBMC from peripheral whole blood
of subjects

A volume of 2mL EDTA-K2 anticoagulated whole
blood and 3mL PBS solution were mixed to prepare
5mL diluted blood for use. A volume of 4.5mL of
lymphocyte separation solution (LymphoprepTM, Axis-
Shield, Norway) was first added into the bottom of a
15mL SepMate tube (Stem Cell Technologies,
Cambridge, MA), and 3mL diluted blood was slowly
added into the tube. After 10min of centrifugation at
120� g, the supernatant liquid was quickly poured
into a new tube and 10mL PBS was added to wash its
contents. After 5min of centrifugation at 700� g, the
supernatant liquid was discarded and the pellet was
washed in 600 lL PBS. Finally, the peripheral blood
mononuclear cells (PBMC) were extracted and stored
at 4 �C. The concentration of the cells was calculated
by Biorad TC20 (Bio-Rad Laboratories, Hercules, CA)
and diluted to 1� 106 cells/mL.

Expression of HLA-E antigen on peripheral blood
lymphocytes was detected by flow cytometry

A volume of 100lL lymphocytes (105 cells) from each
individual was added to the 96-well V-shaped plates, 3
wells per individual, and the plates were centrifuged
for 3min at room temperature at 800� g. The super-
natant was discarded, and the pellet was washed
with 200lL FBS. At room temperature, the plates were
centrifuged for 1min at 800� g, and the supernatant
was discarded. Then 0.5lL anti-human HLA-E-PE

antibody was added (3D12, Affemetrix Ebiosciences,
Santa Clara, CA) and 1lL mouse IgG1 Isotype control-
PE antibody was added as an isotype control
(P3.6.2.8.1, Affemetrix Ebiosciences). The 96-well V plate
was placed in the dark at 4 �C for 30min. Then 200lL
FBS was added twice to wash its contents. Then the
mixture was centrifuged at 800� g for 1min at room
temperature, and the supernatant was discarded. Then,
100lL of FBS was added, and the surface expression of
HLA-E antigen was detected on BD Fascanto II (BD,
Franklin Lakes, NJ) by gating lymphocytes and calculat-
ing the mean fluorescence intensity (MFI).

Expression of soluble HLA-E was detected by a
sandwich Elisa

Human HLA-E Elisa Kits were supplied by Shanghai
Jianglai Biotech Co. Ltd in China and used in strict
accordance with the manufacturer’s instructions strictly.
First, we used purified human HLA-E antibody to coat
the wells of microtiter plates. Then we added standard
curve samples and biological samples with HLA-E (in
duplicate) to the wells, respectively. The plates were
incubated at 37 �C for 30min. After five rounds of wash-
ing, we added HRP labeled HLA-E antibody to the wells.
The plates were incubated at 37 �C for 30min to allow
the antibody–antigen– antibody–HRP complex to form.
After thorough washing, we added TMB substrate solu-
tion. The reaction was terminated by addition of a sul-
furic acid solution and absorbance was measured at
450nm. The concentration of human HLA-E in the sam-
ples is then determined by comparing the OD of the
samples to the standard curve. Ten standard wells were
set on the ELISA plates, and the density of HLA-E anti-
gen was 30, 20, 10, 5, and 2.5 pg/mL, respectively. Blank
wells without sample and HRP-conjugate reagent were
set separately. The testing wells were set as follows: we
added 40lL sample dilution solution to test the sample
well, then added 10lL testing sample with a final dilu-
tion of 5-fold.

Statistical analysis

The data were analyzed using GraphPad Prism 6.02 stat-
istical software (GraphPad Software, Inc., La Jolla, CA;
https://www.graphpad.com/scientific-software/prism/).
The genotype frequencies were calculated by direct
counting as follows: Genotype frequency (%)¼Number
of genotypes/Total number of subjects �100%. The cal-
culated gene frequency was run through the
Hardy–Weinberg equilibrium test and the genotype bal-
ance frequency was calculated and multiplied by the
total number, and the expected value was obtained. We
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compared the observed value to the expected value
using the chi-square test. There was no significant differ-
ence between the observed and expected values of the
genotype distribution (p> .05), which was consistent the
law of genetic balance. The level of expression of HLA-E
antigen on the surface of lymphocytes from blood
donors was expressed using the relative expression,
which is the MFI value of the HLA-E antigen/the isotype
control MFI value. The relative expression of HLA-E anti-
gen in different genotype blood donors was plotted
using GraphPad Prism 6.02 software. The relative expres-
sion of HLA-E antigen in different genotypes was com-
pared using the two-tailed t test. A value of p< .05 was
considered indicative of statistical significance.

Results

The frequency of E�01:03/�01:03 in acute
leukemia patients is significantly higher than in
healthy controls

In this study, exon 3 of the HLA-E gene in 182 healthy
individuals and 136 acute Leukemia patients were
sequenced (Figure 1 (a–c)). All study participants were
from southern China. The frequency of three geno-
types of HLA-E and their correlation are shown in
Table 2. In 182 healthy controls, we found 41 E�01:01/
�01:01 homozygous individuals with the frequency of
22.5%, and 64 E�01:03/�01:03 homozygous individuals
with the frequency of 35.2%, and 77 E�01:01/�01:03
heterozygous individuals with the frequency of 42.3%.
In the acute leukemia patient group, we found 13
E�01:01/�01:01 homozygous individuals with the fre-
quency of 9.6%, and 64 E�01:03/�01:03 homozygous
individuals with the frequency of 50.0%, and 77
E�01:01/�01:03 heterozygous individuals with the fre-
quency of 40.4%. The number and frequency of
E�01:01/�01:01 detected in acute leukemia patients
was much lower than that detected in healthy controls
(v2¼ 9.286, p¼ .002, OR¼ .363), and the number and
frequency of E�01:03/�01:03 detected in acute leuke-
mia patients is much higher than that in healthy con-
trols (v2¼ 7.056, p¼ .008, OR¼ 1.845). The number
and frequency of E�01:01/�01:03 were not signifi-
cantly changed.

There is significant more HLA-E surface expression
in individuals with the HLA-E�01:03/�01:03
genotype than in those with the HLA-E�01:01/
�01:01 genotype

In this study, the lymphocytes from 54 leukemia
patients and 64 controls were extracted from the per-
ipheral blood and incubated with human HLA-E-PE
antibody (Figure 1 (d2)) and mouse isotype control-PE
antibody (Figure 1 (d1)). The relative expression of HLA-
E antigen on the surface of 64 healthy blood donors
and 54 leukemia patients were detected and compared
(Table 3 and Figure 2(a)). In both the control and
patient group, the surface expression on the lympho-
cytes of individuals with HLA-E�01:03/�01:03 genotype
(the mean fold expression is 3.80 in healthy control
group and the mean fold expression is 4.14 in leukemia
group) were significantly higher than on HLA-E�01:01/
�01:01 individuals (the mean fold expression is 1.58 in
healthy control group and the mean fold expression is
1.55 in leukemia group) individuals (p< .05).

However, as shown in Table 3 and Figure 2(a),
among healthy controls and leukemia patients of the
same genotype, there was no significant difference
between HLA-E�01:01/�01:01 in control group (the
mean fold expression is 2.54) and leukemia group (the
mean fold expression is 1.55). In the same situation,
there is no significant difference between HLA-
E�01:03/�01:03 in the control group (the mean fold
expression is 3.80) and leukemia group (the mean fold
expression is 4.14), and also no significant difference
between HLA-E�01:01/�01:03 in control group (the
mean fold expression is 3.33) and leukemia group (the
mean fold expression is 2.32). When comparing the
total number of individuals of the surface expression
between control (the mean fold expression was 3.40)
and leukemia groups (the mean fold expression was
3.15), there was no significant difference.

Table 2. Genotype frequency and correlation in healthy Chinese individuals and leukemia patients.
Genotypes Healthy (n¼ 182) Leukemia (n¼ 136) v2 p OR (95%CI)

E�01:01/�01:01 41 (22.5%) 13 (9.6%） 9.286 .002 0.363 (0.186–0.708)
E�01:03/�01:03 64 (35.2%) 68 (50.0%） 7.056 .008 1.845 (1.186–2.899)
E�01:01/�01:03 77 (42.3%) 55 (40.4%） 0.112 .738 0.926 (0.590–1.453)

The bold values of p (p< .05) indicates a significant difference.

Table 3. Fold surface expression on lymphocytes in healthy indi-
viduals and acute leukemia patients with different genotypes.

Genotype

Healthy controls Leukemia patients

p valueN Max Min Mean N Max Min Mean

E�01:01/�01:01 11 3.53 1.58 2.54 4 2.21 1.20 1.55 .11 ns
E�01:01/�01:03 28 5.27 1.47 3.33 22 5.91 1.02 2.32 .56 ns
E�01:03/�01:03 25 6.38 1.96 3.80 28 13.73 1.07 4.14 .05
Total 64 6.38 1.47 3.40 54 13.73 1.02 3.15 .47 ns

ns: not significant.
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Levels of expression of soluble HLA-E are
significantly higher in acute leukemia patients
than in healthy control

In this study, soluble levels of HLA-E in plasma of 54
leukemia patients, and 64 controls were quantitatively
analyzed in Chinese individuals using the double anti-
body sandwich ELISA method. The soluble expression
of HLA-E in plasma from individuals of three different
genotypes (HLA-E�01:01/�01:01, HLA-E�01:01/�01:03,
and HLA-E�01:03/�01:03) in both study groups, as
shown in Table 4 and Figure 2(b). Based on our
results, the average level of sHLA-E in healthy controls
was found to be 18.34 pg/mL. In acute leukemia
patients, the average level of sHLA-E (p< .001) is sig-
nificantly higher, reaching 31.32 pg/mL. When we sep-
arately compared the levels of expression in different
genotypes, sHLA-E expression was significantly higher
in HLA-E�01:01/�01:01 (p< .01), HLA-E�01:03/�01:03
(p< .001), and HLA-E�01:01/�01:03 (p< .001) individu-
als who were also acute leukemia patients than in

their healthy counterparts. There was also no allele-
specific expression of the soluble HLA-E molecule in
either the control or patient group.

Discussion

Although it has been reported that there are some
new allele sequences in the IMGT/HLA (http://www.ebi.
ac.uk/ipd/imgt/hla/) [3], database including E�01:04,
E�01:05, E�01:06, E�01:07, E�01:08N, E�01:09, and
E�01:10, they are rarely detected because of racial dif-
ferences or very low frequency of the alleles. At pre-
sent, two major kinds of alleles including HLA-E�01:01
and HLA-E�01:03 are found among Caucasian and
Asian populations [4–7]. In healthy group in this study,
the frequency of nucleotide change (T/C) in exon 3
(rs1264457) which differentiates HLA-E�01:01 (43.6%)
from HLA-E�01:03 (56.3%), was consistent with Chinese
population as listed in the 1000 genome project
(http://browser.1000genomes.org/index.html) [21–23].

Figure 1. The sequencing peaks of the exon3 of HLA-E in samples studied (a–c) and the detection of MFI value on lymphocyte
using flow cytometry (d). (a) The arrows indicated the mutant peaks. When position nt 382 (rs1264457) shows C/T, the genotype
of this sample is HLA-E�01:01/�01:03 heterozygous. (b) When position nt 382 shows T/T, the genotype of this sample is E�01:01/�01:01 homozygous. (c) When position nt 382 shows C/C, the genotype of this sample is HLA-E�01:03/�01:03 homozygous.
d1: MFI value of PE fluorescence on lymphocytes after incubating with mouse IgG-Isotype control antibody; d2: MFI value of PE
fluorescence on lymphocytes after incubating with human HLA-E antibody.
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Because the HLA-E�01:03 gene binds more
strongly to the antigenic peptide than E�01:01 [19],
we see that HLA-E�01:03 can express higher levels of
the molecules on the surfaces of lymphocyte cells
than HLA-E�01:01 (Table 3 and Figure 2(a)) in both of
the control and acute leukemia groups. These higher
numbers of surface-expressed HLA-E molecules have
a greater chance to interact with immune cells on

the inhibitory CD94/NKG2A pathway, we speculate it
is much easier for individuals with HLA-E�01:03/
�01:03 genotype to escape the immune surveillance
of NK cells. For this reason, individuals with HLA-
E�01:03 genes are predisposed to cancer [24,25] and
the odds of the immune response after transplant-
ation are correspondingly lower [26,27]. In this study,
as expected, the frequency of HLA-E�01:03 in the
cancer group was significantly higher than that in the
control group. Moreover, this is the first work to
report that the frequency of HLA-E�01:01/�01:01
homozygous individuals is significantly lower in acute
leukemia patients than in control individuals. The
protective mechanism for HLA-E�01:01 gene might
have the same explanation.

Higher surface expression of HLA-E is unfavorable
for NK cell activity to tumors. One may also speculate
that surface expression of HLA-E may also be amplified
on the lymphocytes of leukemia patients. As shown in
Table 3 and Figure 2(a) shows, we detected a slightly
higher level of HLA-E�01:03, �01:03 patients (the
average fold conduction was 4.14) than HLA-
E�01:03,�01:03 controls (the average fold conduction
was 3.80), and the highest level of HLA-E surface
expression was also observed in a patient (the fold
conduction was 13.73), but there was no significant
difference between the two groups (the p value was
.05). This may be because we extracted whole blood
lymphocytes from all subjects, not only malignant
cells. This mechanism may not be necessary for acute
leukemia cells to trigger immune escape.

In addition, the soluble expression of HLA-E is com-
pletely different from the surface expression. In both
healthy and leukemia groups, soluble HLA-E expres-
sion was found to be independent of HLA-E genotype.
However, when soluble expression was compared
across healthy and acute leukemia groups, there was
significantly more soluble HLA-E in the patient group
(Table 4 and Figure 2(b)). The higher expression of sol-
uble HLA-E molecule appears to be an important fac-
tor in the formation of blood tumors, although HLA-E

Table 4. Soluble expression of HLA-E in plasma of healthy
individuals and acute leukemia patients with differ-
ent genotypes.

Genotype

Healthy controls
(pg/mL)

Leukemia patients
(pg/mL)

p valueN Max Min Mean N Max Min Mean

E�01:01/�01:01 11 22.32 14.67 18.84 4 35.14 29.13 32.92 .007
E�01:01/�01:03 28 22.94 14.40 18.34 22 34.87 26.89 31.52 <.0001
E�01:03/�01:03 25 22.68 14.76 18.13 28 35.49 26.71 30.93 <.0001
Total 64 22.94 14.40 18.34 54 35.49 26.71 31.32 <.0001

Figure 2. Surface expression and soluble expression in 64
healthy controls (indicated by abbreviation ‘Ctrl’) and 54 acute
leukemia patients (indicated by abbreviation ‘Leu’). (a) Fold
expression of HLA-E on PBMC in individuals with different
genotypes. (b) Soluble expression of HLA-E in plasma of
individuals with different genotypes. The graph is plotted with
GraphPad Prism 6.02 software, and the fold expression level
in different HLA-E genotype groups was compared by t test,��p< .01, ���p< .001.

6 Y.-P. XU ET AL.



is an inhibitory receptor for NK cells, the surface
expression of HLA-E may also trigger the function of
CD8þ T cells [28]. Soluble molecule secretion might
be a more effective way for tumor cells to inhibit NK
cells and it is also not helpful to T cell cytotoxicity.
Furthermore, the explanation for soluble expression
being independent of the genotype while surface
presenting genotype-specific expression may be the
peptide-binding mechanism. In a previous study,
researchers found that the differences in surface
expression between HLA-E�01:01 and HLA-E�01:03 can
be attributed to differences in binding ability. That is,
HLA-E�01:03 is much stronger than HLA-E�01:01 [19].
Soluble molecules of HLA-E do not bind peptide,
which may be the reason why soluble molecules are
independent of the genotype.

In summary, we here concluded that HLA-E�01:03
homozygous is a susceptible gene for acute leukemia
and HLA-E�01:01 homozygous is protective. A surface
molecule of HLA-E on lymphocytes shows genotype-
specific expression in both acute leukemia patients
and healthy individuals. The expression of soluble
HLA-E was found to be higher in acute leukemia
patients is higher than that in healthy individuals, but
this difference did not appear to be genotype-specific.
Our study indicates that soluble HLA-E secretion and
HLA-E�01:03 homozygous genotype that brings higher
surface expression might play important roles in
the mechanisms underlying tumor escape in acute
leukemia.
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