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Abstract: Objective: To examine the expression level of B7-H6 in chronic myeloid leukemia (CML) patients and to explore its clinical significance. Methods: Two hundred twenty-eight CML patients were included and peripheral blood
(PB) and bone marrow (BM) mononuclear cells were collected for B7-H6 mRNA expression analyses by quantitative
real time polymerase chain reaction (PCR). Results: The expression of B7-H6 mRNA was successfully detected in all
PB and BM samples. According to the clinical characteristics of CML patients, no difference was found in the B7-H6
level of PBMCs. However, a significantly decreased B7-H6 level was noted in BM samples from CML with BCR-ABL1/
ABL > 0.1% (10 copies of BCR-ABL1/10000 copies of ABL) compared to ≤ 0.1% (P < 0.0001), and a negative correlation was found between the expression level of B7-H6 in BM and the number of BCR-ABL1/ABL transcripts (r =
-0.26, P = 0.0057). A significant difference in PFS was observed between patients with high expression level of B7H6 and low expression level in BM (χ2 = 12.53, P = 0.0004). Conclusion: The expression of the B7-H6 gene in CML
is correlated with BCR-ABL1 copy number and responsiveness to treatment, and monitoring of B7-H6 expression
may be used to predict CML prognosis, progression, and treatment efficacy evaluation.
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Introduction
Chronic myeloid leukemia (CML) is a malignant
myeloproliferative disease, characterized by
clonal expansion and accumulation of bone
marrow cells [1]. Recent application of tyrosine
kinase inhibitor (TKI) in clinical practice has
resulted in transition of malignant CML into a
controllable disease, and an estimated more
than 80% 10-year overall survival has been
achieved. However, the prognosis of CML is still
poor due to the rapid malignant progression of
the disease despite of TKI treatment. In addition, adverse reactions associated with longterm TKI treatment, including toxicity and
acquired resistance, could also deteriorate in
CML patients [2, 3]. Therefore, seeking an
effective disease biomarker to monitor disease
progression and treatment response is urgently
needed in current clinical practice.
B7-H6, a newly discovered member of the B7
family, encodes a 454-aa-long type I trans-

membrane protein, which is selectively expressed on certain tumor cells such as leukemia, lymphoma, and gastric carcinoma [4]. It is
reported that B7-H6 can bind with NKp30 on
the surface of natural killer cells and initiates
NKp30-dependent innate immune responses
[5, 6]. Although B7-H6 exists extensively on the
leukemia cell surface, its exact role in different
subtype of leukemia is largely unknown.
In the present study, we aimed to examine the
expression level of B7-H6 in peripheral blood
(PB) and bone marrow mononuclear cells
(BMMCs) of CML patients and to explore its
possible clinical significance.
Materials and methods
CML patients
A total of 120 PBMCs and 108 BMMCs samples of CML patients between November 2014
and June 2017 were obtained from the tissue
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respectively. For Taqman method, PCR was carried out using an Ex Taq™ HS PCR kit
Target gene
Primer sequence
(Takara, Dalian, China) and a
B7H6
Forward 5’-GACCTGGAGCCATTGTGTCT-3’
MJ Research Opticon TM2 syReverse 5’-AAGCTGGACTGTTCCCTGTG-3’
stem (MJ Research, Waltham,
GAPDH
Forward 5’-GCAAATTCCATGGCACCGT-3’
MA, USA) for evaluation of the
Reverse 5’-TCGCCCCACTTGATTTTGG-3’
expression level of BCR-ABL
BCR-ABL
Forward 5’-AGCATTCCGTCTGACCATCA-3’
and ABL. For SYBR green meReverse 5’-ACTCAGACCCTGAGGCTCAAAG-3’
thod, PCR was carried out using a SYBR Green PCR MaProbe
FAM-AAGCCCTTCAGCGGCCAGTAGCAT-TAMRA
ster Mix (Roche, Basel, SwitABL
Forward 5’-GATACGAAGGGAGGGTGTACCA-3’
zerland) and a StepOne Plus
Reverse 5’-CTCGGCCAGGGTGTTGAA-3’
Real-Time PCR System (AppliProbe
FAM-TGCTTCTGATGGCAAGCTCTACGTCTCCT-TAMRA
ed Biosystems, foster City, CA,
USA) for evaluation of the exbank of the Department of Hematology of The
pression level of B7-H6. Expression of the glyceraldehyde-3-phosphate dehydrogenase (GAFirst Affiliated Hospital of Soochow University.
PDH) gene was assessed simultaneously in all
The clinical data of all enrolled CML patients
samples as an internal control for mRNA. The
were obtained from the patient database of the
actual copy numbers were determined for both
First Affiliated Hospital of Soochow University.
the BCR-ABL fusion gene and the ABL gene.
PBMCs samples were derived from 81 male
The ratio of the BCR-ABL fusion gene and the
patients and 39 females with a median age of
ABL gene was calculated according to 10 BCR41 yrs (5-72 yrs), including 7 cases of accelerABL copies/10000 ABL copies unless noted
ated phase (AP), 9 cases of blast phase (BP),
otherwise. Relative gene expression of B7-H6
and 104 cases of chronic phase (CP). BMMC
was determined by the ΔCT method as follows:
samples were derived from 78 male patients
ΔCT = CTB7-H6 -CTGAPDH. Oligonucleotide sequencand 30 females with a median age of 41 years
es specific for B7-H6, GAPDH, BCR-ABL and
(7-88 yrs), including 5 cases of accelerated
ABL are listed in Table 1.
phase (AP), 14 cases of blast phase (BP) and
Positive control plasmid construction
89 cases of chronic phase (CP) (See Supplemental Data).
The fragment of the ABL gene was amplified,
This study was approved by the Ethics Compurified and cloned into PUCm-T vector, and
mittee of the First Affiliated Hospital of Soothen transformed and screen to obtain PUCmchow University, adhered to the guidelines of
ABL-T plasmid. After DNA quantification by
the Declaration of Helsinki and written informNanoDrop 2000, the molecular copy number
ed consents were obtained from all included
was calculated according to molecular weight
patients.
and Avogadro constant (6.023 × 1023 molecules/mol), and diluted for 10 times with 109
Reverse transcription real time quantitative
copies/μL to establish a positive template graPCR
dient as reference for comparison. All the positive controls were frozen at -20°C for further
RNA was extracted from the above PBMCs and
experiments.
BMMCs using Trizol reagent (Thermo Fisher,
CA, USA) and the quality and quantity evaluaStatistical analysis
tion was performed using NanoDrop 2000
(Thermo Fisher, CA, USA). cDNA synthesis was
All statistical analyses were performed using
then carried out using RevertAid RT Reverse
GraphPad Prism 6 (GraphPad Software, Inc.,
Transcription Kit (Thermo Fisher, CA, USA) acSan Diego, CA, USA). The expression levels of
cording to manufacturer’s instruction, followB7-H6 were expressed as Mean ± Standard
ed by Taqman method and SYBR green methdeviation (SD). The categorical data were exod for real time quantitative PCR analysis for
pressed as number and percentage. KruskalBCR-ABL and ABL genes and B7-H6 expression,
Wallis H test and Mann-Whitney U test were
Table 1. Oligonucleotide sequences specific for B7-H6, GAPDH,
BCR-ABL and ABL
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Table 2. Difference in the expression level of B7-H6 in peripheral
blood according to clinical features of CML patients
Clinical parameters
Sex
Male
Female
Age
≤ 41 yrs
> 41 yrs
Phases
Acceleration phase
Blast phase
Chronic phase
BCR-ABL1/ABL
≤ 10 copies/10000 copies
> 10 copies/10000 copies
Additional chromosome abnormalities
Yes
No
ABL kinase domain mutation
Yes
No
Hematopoietic stem cell transplantation
Yes
No
Chemotherapy
Yes
No
TKI medication
First generation
Second generation
Complete cytogenetic response (CCR)
Yes
No

Patient No.
(%)

B7-H6
level

P-value
0.904

81 (67.5%)
39 (32.5%)

9.11 ± 2.15
8.87 ± 1.66

64 (53.3%)
56 (46.7%)

8.96 ± 2.22
9.12 ± 1.74

0.317

0.655
7 (5.8%)
9.44 ± 1.59
9 (7.5%)
9.21 ± 3.77
104 (86.7%) 8.99 ± 1.84
0.494
60 (50.0%)
60 (50.0%)

8.99 ± 2.07
9.08 ± 1.95

9 (7.5%)
18 (15%)

8.43 ± 1.54
9.95 ± 2.01

15 (12.5%)
49 (40.8%)

9.55 ± 2.86
9.08 ± 2.14

0.115

0.637

0.195
15 (12.5%) 10.25 ± 3.47
105 (87.5%) 8.86 ± 1.65
0.232
3 (2.5%) 10.61 ± 2.69
117 (97.5%) 8.99 ± 1.98

compared by Log-rank test. P < 0.05 indicates statistically significance.
Results
Difference of expression
of B7-H6 in PBMCs according to clinical features
of CML patients
No difference was found
in B7-H6 level of PBMCs
according to the clinical
characteristics of CML patients including sex, age,
phase, BCR-ABL1/ABL fusion gene number, additional chromosome abnormality, ABL kinase region,
with or without chemotherapy, transplantation, TKI
medication, and presence
or absence of CCR or MMR
(Table 2).
Difference of the expression of B7-H6 in BMMCs
according to clinical features of CML patients

Patients with BCR-ABL1/
ABL ≤ 0.1% or with com0.735
plete cytogenetic response
21 (17.5%) 8.63 ± 1.50
(CCR) after TKI treatment
35 (29.2%) 8.87 ± 2.46
respectively had significa0.120
ntly higher B7-H6 level in
65 (54.2%) 8.86 ± 2.04
BMMCs than those with
17 (14.2%) 9.51 ± 2.21
BCR-ABL1/ABL > 0.1% (P <
Patient no. was obtained from available data, and expressed as number and percent0.0001) or without CCR
ages, whereas the expression of B7-H6 was expressed as mean ± standard deviation.
(P = 0.001) (Table 3). HowTKI: Tyrosine kinase inhibitors.
ever, no difference was
found in B7-H6 level in
respectively employed for the multiple groups
BMMCs based on other clinical measures inand between groups comparison. Spearman
cluding sex, age, phase, additional chromosorank test was used for correlation analysis.
me abnormality, ABL kinase region, with or wiMoreover, the expression levels of B7-H6 in
thout chemotherapy, transplantation, and TKI
BMMCs samples were divided into high and low
medication (Table 3).
expression groups according to the mean value
Correlation analysis between the expression
of the ΔCT in the setting of Progression-free
level of B7-H6 gene in BMMCs and BCR-ABL1/
survival (PFS)-calculation. PFS is defined as the
time elapsed from initial diagnosis to disease
ABL transcripts
progression, PFS and hazard ratio (HR) with
We also performed correlation analyses betwo-sided 95% confidence interval (CI) of CML
tween the expression level of B7-H6 in BMMCs
patients with high and low B7-H6 expression
were calculated by Kaplan-Meier method and
and BCR-ABL1/ABL transcript s. Negative cor570
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Table 3. Difference of the expression level of B7-H6 in bone marrow according to clinical features of
CML patients
Clinical parameters
Sex
Male
Female
Age
≤ 41 yrs
> 41 yrs
Phase
Acceleration phase
Blast phase
Chronic phase
BCR-ABL1/ABL
≤ 10 copies/10000 copies
> 10 copies/10000 copies
Additional chromosome abnormalities
Yes
No
ABL kinase domain mutation
Yes
No
Hematopoietic stem cell transplantation
Yes
No
Chemotherapy
Yes
No
TKI medication
First generation
Second generation
Complete cytogenetic response (CCR)
Yes
No

Patient No. (%)

B7-H6 level

78 (72.2%)
30 (27.8%)

8.07 ± 3.17
8.81 ± 1.74

P-value
0.310

0.208
55 (50.9%)
53 (49.1%)

7.94 ± 3.07
8.62 ± 2.60
0.597

5 (4.6%)
14 (13.0%)
89 (82.4%)

8.96 ± 3.82
7.35 ± 3.83
8.38 ± 2.63
< 0.0001****

52 (48.1%)
56 (51.9%)

9.34 ± 2.82
7.28 ± 2.52
0.339

18 (16.7%)
19 (17.6%)

7.38 ± 2.88
8.66 ± 2.53

8 (7.4%)
37 (34.3%)

9.34 ± 3.55
8.37 ± 2.88

9 (8.3%)
99 (91.7%)

8.07 ± 5.16
8.29 ± 2.59

10 (9.3%)
98 (90.7%)

8.52 ± 3.22
8.25 ± 2.83

15 (13.9%)
13 (12.0%)

9.13 ± 2.24
8.88 ± 2.15

0.610

0.948

0.411

0.672

0.001**
53 (49.1%)
9 (8.3%)

9.09 ± 2.75
5.74 ± 2.67

Patient no. was obtained from available data, and expressed as number and percentages, whereas the expression of B7-H6
was expressed as mean ± standard deviation. TKI: Tyrosine kinase inhibitors. **P < 0.01; ****P < 0.0001.

relations were found between the expression
level of B7-H6 and BCR-ABL1/ABL ratio (r =
-0.26, P = 0.0057) (Figure 1).

than those with low level (Hazard Ratio: 0.06
vs 15.58, 95% CI: 0.03-0.37 vs 2.68-30.23)
(Figure 2).

Survival analysis

Discussion

A significant difference in PFS was observed
between patients with high expression level of
B7-H6 and patients with low level in BMMCs
(χ2 = 12.53, P = 0.0004). B7-H6-high group
(n = 36; median PFS, not achieved; 8-year PFS,
92.3%), B7-H6-low group (n = 23; median PFS,
81 months; 8-year PFS, 41.8%). Patients with
high B7-H6 level had significantly longer PFS

B7-H6, a novel molecule of the B7 family, can
bind its receptor NKp30 to exert anti-tumor
effects by helping NK cells to recognize abnormal cells [7]. Studies have shown that the expression of B7-H6 is restricted to tumor cells,
and not expressed on normal hematopoietic
cells of healthy individuals or in a steady state.
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Figure 1. Spearman rank correlation analysis of the
relationship between the expression level of B7-H6
gene in BMMNCs and BCR-ABL1/ABL transcripts (r =
-0.26, P = 0.0057).

Figure 2. Kaplan-Meier curves for progression-free
survival (PFS) of CML patients in BM according to
B7-H6 expression levels. B7-H6-high group (n =
36; median PFS: not achieved; 8-year PFS: 92.3%;
Hazard Ratio: 0.06; 95% CI = 0.03-0.37), B7-H6-low
group (n = 23; median PFS, 81 months; 8-year PFS:
41.8%; Hazard Ratio: 15.58; 95% CI = 2.68-30.23)
(P = 0.0004).

However, B7-H6 expression can be induced
under the stimulation of pro-inflammatory cytokines [8, 9].
Chronic myeloid leukemia (CML) is caused by
the uncontrolled proliferation of bone marrow
myeloid progenitor cells harboring BCR-ABL1
oncoprotein [10]. Studies have shown that increased expression of BCR-ABL1 could lead
to a progression of CML from chronic phase
to acute phase or to an explosive crisis [11].
Currently, quantification of BCR-ABL transcripts
has proven to be the most sensitive method
available for monitoring the progression of CML
[12]. Our study found that the expression level
of B7-H6 in BMMCs in patients with BCR-ABL1/
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Figure 3. The relative expression of B7-H6 mRNA in
PBMCs was higher than that in BMMCs. B7-H6 expression levels in PBMCs vs BMMCs (9.03 ± 2.00 vs
8.27 ± 2.85).

ABL > 0.1% was significantly lower than that of
patients with BCR-ABL1/ABL ≤ 0.1%. We further analyzed the correlation between the
expression level of B7-H6 gene and the relative
amount of BCR-ABL1 transcripts in BMMCs and
confirmed a negative correlation between them. Moreover, the results of survival analysis
also shown that CML patients with high B7-H6
expression level had longer progression-free
survival. Christiansson et al. previously showed that upregulated B7-H1 in myeloid cells from CML patients served as one of the mechanisms of immune escape from immunotherapy
in combination with tyrosine kinase inhibitors.
Moreover, enhanced B7-H1 and B7-DC expression was found in bone marrow derived CD34+
cells from myelodysplastic syndrome patients
treated with hypomethylating agents [13, 14].
These data together with ours suggested that enhanced B7 family molecules expression
might serve as protective indicators predicting
prognosis of CML patients in clinical practices.
Decreased expression level of B7-H6 in BMMCs implied poor prognosis or malignant transform in CML.
Complete Cytogenetic Response (CCR) is the
gold standard during TKI treatment and should
be maintained in a long-term manner during
the course of CML [12]. Our study found that
the expression level of B7-H6 in BMMCs from
CML patients who achieved CCR after TKI treatment was higher than in those without CCR,
supporting our conclusion that enhanced B7H6 expression might be used as a protective
indicator in CML patients.
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Figure 4. The relative expression of B7-H6 mRNA in
PBMCs of the same individual was higher than that
in BMMCs. B7-H6 expression levels in PBMCs vs
BMMCs (8.79 ± 1.79 vs 7.21 ± 4.74).

However, we found no significant difference in
the expression level of B7-H6 according to BCRABL1/ABL ratio and CCR status in PBMCs from
CML patients. We attributed this result to the
cell differentiation status. B7-H6 is considered
to be related to the differentiation status of
cancer tissues, and upregulated B7-H6 expression is significantly associated with high differentiation [15, 16]. Our results also showed that the relative expression of B7-H6 mRNA in
PBMCs was higher than that in BMMCs (9.03 ±
2.00 vs 8.27 ± 2.85) and the results were the
same in PBMCs and BMMCs of the same
patient. (8.79 ± 1.79 vs 7.21 ± 4.74) (Figures 3,
4).
Although BCR-ABL transcripts by reverse transcription real time quantitative PCR is the gold
standard strategy to evaluate response to TKI
therapy, there are some shortcomings for RTPCR to detect BCR-ABL transcripts [17]. Above
all, using RT-qPCR to detect CML patients with
low-copy number transcripts is limited [18].
Recently, several studies point that only 40% of
CML patients without detecting BCR-ABL transcripts after treatment with tyrosine kinase inhibitors therapy, and did not relapse after drug
discontinuation, whereas 60% of patients relapsed [19, 20]. According to previous descriptions, calibration errors between targets and
standards and ABL as the control gene gives a
spuriously high result at high transcript levels
contribute to the uncertainty in this method
[21, 22]. Finally, each laboratory’s BCR-ABL assay has own characteristics including accuracy,
precision, analytic sensitivity and specificity,
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and reportable range, which leads to differences in measuring BCR-ABL transcripts between
laboratories. So a standardized international
scale should be established, but lack of flexibility to improve individual laboratory testing will
be the main limitation [23]. However, detection
of B7-H6 mRNA by real-time quantitative PCR
was not restricted by low-copy number transcripts or control genes and there was little difference in each laboratory. It is easier and
more convenient to use real-time quantitative
PCR to detect the expression level of B7-H6 in
bone marrow as an adjunct to monitor CML progression and predict prognosis.
Our study also has some limitations: First, the
number of included patients was relatively
small, which may result in relative high deviation. Second, we only employed real-time quantitative PCR here to analyze the mRNA level of
B7-H6, but the protein level was not confirmed
due to the lacking of protein samples. Third, the
emergence of TKI makes the 10-year overall
survival rate of CML patients exceed 80% [2].
Our survival analysis did not include overall survival because all patients were still alive when
conducting this study. Furthermore, confirmation of the expression profiles of B7-H6 and the
accurate location of B7-H6 in the cell subpopulation could not be achieved. Taken together,
further study with a larger number of CML patients with similar clinical features and available of the sufficient amount of bone marrow
cells and PBMCs might be analyzed to confirm
the results obtained here in the near future.
In summary, our study demonstrated for the
first time the clinical significance of B7-H6
expression in chronic myeloid leukemia. By analyses of the B7-H6 expression in PBMCs and
BMMCs of CML patients and exploration its
possible clinical significance, we found that a
decreased level of B7-H6 is an unfavorable
indicator of CML development and is inversely
related to the copy number of the fusion gene
BCR-ABL1 transcript, suggesting that the detection of B7-H6 expression levels in BM may
be further employed to assist CML progression
monitoring and prognosis prediction in clinical
practice.
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