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Background: B7-H6 is a novel co-stimulatory protein exclusively expressed on a variety of cancer cells and 
associated with poor prognosis. T-cell lymphoblastic lymphoma (T-LBL) is a highly aggressive hematological 
malignancy whose treatment requires reliable prognostic biomarkers and therapeutic targets. However, the 
rare nature and delayed progression of T-LBL have limited its clinical management. 
Methods: The expression of B7-H6 was analyzed by immunohistochemistry (IHC) in 65 T-LBL samples; 
the association with the clinicopathological characteristics and prognosis was also investigated. B7-H6-
depleted Jurkat cells were also generated to investigate the effect of B7-H6 on cell proliferation, migration, 
and invasion. RNA sequencing was used to explore differentially expressed genes.
Results: B7-H6 was expressed in 61.5% (40/65) of T-LBL patients; of note, 38.5% (25/65) of patients 
showed membrane/cytoplasmic expression of B7-H6. Although the expression of B7-H6 varied across 
samples and did not correlate with patient survival, it was significantly associated with B symptoms, high 
ECOG scores (3 to 4), elevated serum lactate dehydrogenase level, and reduced complete remission at 
interim evaluation. B7-H6 underwent translocation into the nucleus of T-LBL cells, showing a specific 
nuclear localization sequence in the C-terminus. Moreover, the depletion of B7-H6 in Jurkat cells impaired 
cell proliferation, migration, and invasion. RNAseq showed the differential expression of RAG-1, which may 
be involved in the tumorigenesis of T-LBL. 
Conclusions: B7-H6 may serve as a novel prognostic biomarker and therapeutic target of T-LBL.
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Introduction

T-cell lymphoblastic lymphoma/acute lymphoblastic 

leukemia (T-LBL/ALL) is a very aggressive subtype of 

non-Hodgkin lymphoma (NHL) most frequently detected 

in late childhood and young adulthood (1). T-LBL 

comprises 15–25% of all ALL cases and 2% of adult 

NHL cases, especially in males (2,3). T-LBL is associated 
with very poor prognoses, with a 5-year survival rate of 
30–50%, despite the use of treatment approaches such 
as intensified chemotherapy and hematopoietic stem 
cell transplantation (4). Recent reports have identified a 
number of prognostic factors and therapeutic targets in the 
context of T-LBL. The expression of CD1a and the lack 
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of the expression of CD13 are associated with improved 
survival in patients with T-LBL (5). Importantly, complex 
cytogenetic abnormalities were reported to further lower 
the 5-year survival of T-LBL patients to 19% (5). Patients 
are categorized into “low-risk” and “high-risk” prognosis 
groups based on mutations in NOTCH1 and/or FBXW7 
(N/F), K-RAS, and PTEN (6-8); of note, although ALL 
and T-LBL are currently considered the same disease 
with different clinical manifestations, these observations 
are pertinent for ALL, but not for T-LBL. However, the 
above-mentioned classifications are not generally used 
in the context of daily clinical practice. Moreover, there 
are limited options currently available for the treatment 
of T-LBL (9,10). Thus, it is imperative to identify novel 
targets and biomarkers to better predict and improve the 
prognosis of T-LBL.

B7-H6 is a novel co-stimulatory protein exclusively 
expressed on a variety of cancer cells; B7-H6 is a ligand 
of NKp30, an activating receptor on natural killer (NK) 
cells (11,12). The non-immunological and immunological 
roles of B7-H6 are currently under investigation (13). 
The majority of the previous studies have shown that B7-
H6 is a poor prognostic factor for various cancers (14-25), 
excluding gastric carcinoma (26). On the other hand, NKT 
cells expressing NKp30 in patients with melanoma are 
associated with improved prognosis (27,28). In fact, clinical 
studies have suggested the use of antibody- or NKp30-
based chimeric antigen receptor T (CAR-T) cells for the 
determination of the expression of B7-H6 in tumors (29-31).  
Of note the expression of B7-H6 in the membrane of 
tumor cells was reported to increase upon inhibiting 
m e t a l l o p r o t e a s e  ( M M P ) - m e d i a t e d  s h e d d i n g  o r 
chemotherapy, enhancing the efficacy of NK cell-based 
cancer therapies (32,33). In contrast, histone deacetylase 
inhibitors were reported to impair NK cell-mediated tumor 
cell recognition via the downregulation of B7-H6 (34).

We have previously shown that B7-H6 promotes cancer 
cell migration and aggressiveness and reduces apoptosis via 
the STAT3 pathway in B cell NHL (21). Of note, B7-H6 
is expressed on the Jurkat and MOLT-4 cell lines, derived 
from patients with T cell ALL. However, the effect of 
B7-H6 on T-LBL/ALL is not yet fully understood. This 
study aimed at the determination of the expression and 
location of B7-H6 in 40/65 paraffin-embedded tissues 
from individuals with T-LBL. Furthermore, we have 
explored the correlation between B7-H6 levels and the 
clinicopathological characteristics, response to therapy, and 
prognosis of patients using survival analysis. Importantly, 

this study is in accordance with the REMARK reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
5308).

Methods

Clinical data

We used specimens from 89 patients with T-LBL 
admitted to the Department of Hematology from the 
Peking University Third Hospital, and to the PLA 
General Hospital between 2008 and 2019. The clinical 
characteristics of all patients were collected from the 
relevant electronic medical databases and listed in Table 1.  
We excluded 24 samples due to incomplete data. All of 
the patients included were administered chemotherapy 
agents recommended for the treatment of ALL. Patients 
underwent interim response evaluation via computed 
tomography scan prior to their third cycle of chemotherapy. 
Twenty normal tissues from 18 lymph nodes (LNs) and 2 
thymuses were used as negative controls. Of note, patients 
with a poor clinical condition upon diagnosis who were 
administered 1–2 cycles of cyclophosphamide, doxorubicin, 
vincristine, and prednisone (CHOP) before the adoption 
of intensified ALL or ALL-like chemotherapy were also 
enrolled in this study. All pathological data were reviewed 
independently by two senior pathologists (LS and XC). 
Follow-up data were available for all the patients up to 
January 2020 with a follow-up time ranging between 6 and 
132 months.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Institutional Review Board of Peking 
University Third Hospital (No. 2016060). Due to the 
study’s retrospective nature, written informed consent was 
waived.

Immunohistochemistry (IHC)

IHC was performed according to the instructions provided 
below. We used paraffin-embedded 3-μm thick lymph node 
sections from biopsies. All the sections were de-waxed 
using xylene and rehydrated with ethanol and water. Citrate 
buffer (pH 6.0) was used to retrieve antigens at 95 ℃ for  
2 min. We used hydrogen peroxide (3%) to block the 
activity of endogenous peroxidase for 10 min followed by 
rinsing with Tris-buffered saline. Subsequently, sections 
were incubated at room temperature with primary 
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Table 1 Characteristics of the 65 T-LBL patients enrolled in this study.

Characteristics Cases (n=65)
B7-H6 protein expression

Negative (n=25) Positive (n=40) P

Gender 0.36

Male 53 19 34

Female 12 6 6

Age, years 0.20

≤30 45 15 30

>30 20 10 10

Ann Abor stage† 0.79

III 6 2 4

IV 59 23 36

Serum LDH (U/L) 0.04

≤500 42 20 22

>500 23 5 18

ECOG score 0.02

0–2 50 23 27

3–4 15 2 13

IPI score‡ 0.69

0–2 37 15 22

3 28 10 18

B symptoms 0.01

Yes 42 11 31

No 23 14 9

BM infiltration 0.56

Yes 44 18 26

No 21 7 14

Mediastinum mass 0.97

Yes 47 18 29

No 18 7 11

Interim response§ 0.02

CR 37 18 19

Not CR 19 3 16
†, no patient with Ann Abor stage of I–II in the entire cohort; ‡, only 1 patient with IPI of ≤1 in the whole cohort; §, 9 patients failed to 
complete interim evaluation were excluded (4 in B7-H6 negative and 5 in positive group, respectively). LDH, lactate dehydrogenase; IPI, 
international prognostic index; BM, bone marrow; CR, complete remission. 
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Table 2 The sequence of PCR primer pairs and siRNA, shRNA targeting B7H6

Name Sequences Annealing temperature, ℃/cycles

Primer: B7-H6-Q-F CTTTACCCTGACTGCTGC 60/40

Primer: B7-H6-Q-R ATATGAGGTGCTCTTTCTTC 60/40

Primer: RAG1-Q-F TTCTGCCCCAGATGAAATTC 60/40

Primer: RAG1-Q-R TGACCATCAGCCTTGTCCAG 60/40

Primer: GAPDH-Q-F TCAAGGCTGAGAACGGGAAG 60/40

Primer: GAPDH-Q-R TCGCCCCACTTGATTTTGGA 60/40

siRNA-B7H6 CATCTTCAGCCTATACTCCTCTCAA

shRNA-B7H6: top strand GATCCGCATCTTCAGCCTATACTCCTCTCAATTCAAGAGATTGAG
AGGAGTATAGGCTGAAGATGTTTTTTG

shRNA-B7H6: bottom strand AATTCAAAAAACATCTTCAGCCTATACTCCTCTCAATCTCTTGAAT
TGAGAGGAGTATAGGCTGAAGATGCG

rabbit anti-human B7-H6 polyclonal antibody (Abcam, 
Cambridge, MA, catalog number 121794; diluted 1:400 in 
antibody diluent) for 60 min. After a new rinsing step with 
Tris-buffered saline, sections were incubated with secondary 
horseradish peroxidase-labeled IgG anti-rabbit for 40 min.

The IHC data from previous reports have shown the 
membrane and cytoplasmic localization of B7-H6 protein 
in tumor cells (19,20,22,26,35). Thus, we measured both 
the percentage and staining intensity [negative (−), weakly 
positive (+), moderately positive (++), and strongly positive 
(+++)] of positively stained cells. Tissue sections were 
observed using an Olympus BX53 microscope (Olympus 
Corporation, Japan) at ×400 magnification. Using at least 
five randomly selected fields per section irrespective of the 
intensity, the percentage and intensity of B7-H6 positive 
cells were calculated independently by two experienced 
hematopathologists (LS and XC). In brief, unequivocal 
staining in >10% of tumor cells on the membrane, 
cytoplasm, and/or nucleus was defined as positive; we 
used a positive B7-H6 staining threshold of 10% owing to 
the limited number of cases enrolled in this study and for 
convenience in the context of the daily clinical practice, 
regardless of the IHC staining intensity.

Cell culture

The T-LBL cell line Jurkat (Jurkat-wt, clone E6-1, ATCC, 
TIB-152), the B7-H6 knockdown derivative (Jurkat-
sh-B7H6), and control cells transfected with the mock 
lentiviral vector (Jurkat-sh-Luc) were cultured at 37 ℃ 

and 5% CO2 in RPMI-1640 (Gibco) with 10% heat-
inactivated fetal bovine serum (FBS) and 1% penicillin/
streptomycin as described previously (36). The Jurkat cell 
line was purchased from ATCC and maintained in our 
laboratory. Human embryonic kidney 293T (HEK-293T) 
cells (Invitrogen, Carlsbad, CA USA) were cultured in 
high glucose Dulbecco's modified Eagle medium (DMEM) 
supplemented with 10% FBS (Thermo Fisher Scientific, 
Waltham, MA, USA) at 37 ℃ and 5% CO2.

RNA interference and lentiviral infection

A  l e n t i v i r a l  v e c t o r  e x p r e s s i n g  t h e  B 7 - H 6 -
s p e c i f i c  s m a l l  h a i r p i n  R N A  ( s h R N A ;  H a n B i o 
Cop.  Shanghai ,  China)  was used to deplete cel ls 
of B7-H6. The target sequence of the siRNA was 
5'-CATCTTCAGCCTATACTCCTCTCAA-3' (Table 2). 
To generate the recombinant lentiviruses, HEK-293T cells 
were seeded into 15-cm cell culture dishes and cultured for 
24 h prior to transfection to allow the obtention of 70–80% 
confluent cultures. The two packaging plasmids pSPAX2 
and pMD2G were co-transfected into HEK-293T cells 
using the LipofiterTM Liposomal Transfection Reagent 
according to the manufacturer's instructions (HanBio Cop. 
Shanghai, China). The cell culture medium was replaced 
with fresh complete medium 6 h after transfection. Forty-
eight to 72 h after transfection, the culture medium was 
collected for the isolation of the lentiviruses.

The titration of lentiviruses was performed using 
HEK-293T cells previously seeded into 96-well plates (1× 
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105 cells/mL in a volume of 100 μL/well) and cultured for 
24 h. Cells were then transduced with 6 dilutions of the 
vectors, cultured for 72 h. Puromycin-resistant cells were 
then quantified using fluorescence microscopy. The titers 
were calculated based on the following formula:

Lentivirus titer = cell  number × (percentage of 
fluorescent positive cells/100) × Vector dilution factor × 
MOI × 103 TU/mL

The Jurkat cells were transduced using polybrene (Sigma 
Aldrich, St. Louis, MO, USA) following the manufacturer’s 
instructions. A total of 300,000 cells were seeded before 
transfection into 24-well plates and then infected in the 
presence of 5 µg/mL polybrene (Sigma Aldrich). Puromycin 
(2 μg/mL) was used as the selection agent. Knockdown of 
B7-H6 was confirmed by qRT-PCR and western blotting, 
72 h after transfection.

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR)

Total RNA was extracted using TRIzol (Life Technologies, 
Carlsbad, CA, USA) in accordance with the manufacturer’s 
protocol. cDNA was synthesized using the ReverTra Ace 
qPCR RT Kit (FSQ-101, Toyobo, Osaka, Japan) and a 
Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, 
USA). Quantitative PCRs were performed using the 
LightCycler® 96 System (Roche Diagnostics, Indianapolis, 
IN, USA) and SYBR Green according to the manufacturer’s 
instructions. GAPDH was used as an internal standard gene, 
and the relative gene expression was calculated using the  
2−ΔΔCT method. The cycling conditions for and the 
sequences of primers used in this study are listed in Table 2. 

Cell proliferation, migration, and invasion assays

For the evaluation of cell proliferation, we seeded  
3,000 cells/well in triplicates in 96-well pre-coated culture 
plates. Twenty-four, 48, 72, and 96 h after transfection, 
10 μL of Cell Counting Kit-8 reagent (CCK-8, Dojindo, 
Kumamoto, Japan) was added to the medium and incubated 
for 3 h at 37 ℃. The absorbance at 450 nm was measured 
using a Multiskan GO microplate spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). This 
experiment was repeated 3 times.

Cell migration was evaluated using Transwell chambers 
(24-well insert; Corning, Inc., Corning, NY, USA). A 
total of 50,000 Jurkat, Jurkat-shLuc, and Jurkat-shRNA-
B7H6 cells suspended in RPMI-1640 containing 1% FBS 

and seeded into the upper chamber of the insert 48 h after 
transfection. RPMI-1640 containing 15% FBS was added 
to the lower chamber to serve as a chemoattractant. Cells 
were allowed to migrate for 24 h. The cells on the upper 
surface of the membrane were collected using a cotton bud 
along with the migrating cells in the lower chamber. These 
cells were subjected to light microscopy and photographed 
(COIC, Chongqing, China). In some experiments, we 
added Matrigel (BD Bioscience, Corning, NY, USA) to 
evaluate cell invasion. These experiments were repeated 
three times.

Sequencing

Sequencing libraries were generated using the NEBNext® 
Ultra™ RNA Library Prep Kit for Illumina® (NEB, 
Ipswich, MA, USA) following the recommendations of 
the manufacturer; index codes were added to attribute 
sequences to each sample. We performed PCR using the 
Phusion High-Fidelity DNA polymerase, universal PCR 
primers, and Index (X) Primer. PCR products were purified 
(AMPure XP system), and the quality of the library was 
assessed using the Agilent Bioanalyzer 2100. Differential 
gene expression was analyzed using the DESeq R package 
(1.20.0). P values were adjusted using the Benjamini and 
Hochberg’s approach to control the false discovery rates. 
A corrected P value of 0.005 and a log2 (Fold change) of 1 
were set as the threshold for differential gene expression.

Analysis of the nuclear binding domain

We searched the BioGRID platform to identify the possible 
interactions between B7-H6 and other proteins (37,38). 
We selected XPO-5, part of the karyopherin β family 
of transport factors, that induces the nucleocytoplasmic 
shuttling of proteins (39). We further predicted nuclear 
localization sequence (NLS) recognition by Kapβ2:NLSs 
using the following three rules: (I) NLS is structurally 
located in the substrate; (II) NLS is positively charged; 
(III) consensus sequences are associated with NLS (40). 
We used a central hydrophobic or basic motif followed by 
a C-terminal R/H/KX(2-5)PY consensus sequence as the 
control.

Statistical analysis

Statistical analyses were performed using Stata, version 
14.0 (Stata, Houston, TX, USA) and the R software (R 
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version 3.63, www.R-project.org). The GraphPad prism 8.0 
(GraphPad Software, La Jolla, CA, USA) was used to obtain 
the data graphical representations. The χ2 test was used to 
analyze the correlation between the expression of B7-H6 
and the patients’ clinicopathological parameters. Kaplan-
Meier plots were used to represent the overall survival of 
the patient cohort. Differences in the survival were assessed 
using the log-rank test. P<0.05 was considered statistically 
significant.

Results

B7-H6 is overexpressed in T-LBL tissues

B7-H6 was overexpressed in T-LBL and detected in 61.5% 
(40/65) of the T-LBL patient samples (Figure 1, Table 1). 
Consistent with its function as a structural membrane 
glycoprotein, B7-H6 predominantly localized to the 
membrane and cytoplasm of cells in the tissues collected 
from patients with T-LBL. We also observed the expression 
of B7-H6 in the cytoplasm of plasma cells infiltrating the 
T-LBL tumor (4 cases, figures not shown). Furthermore, 
with respect to the 20 normal tissues, seven were positive 
for B7-H6 (P=0.037). Of note, B7-H6 was expressed in 
the subcortical regions of the normal LNs (n=7), whereas 
the remaining regions were negative. In addition, B7-H6 
was only expressed in the nucleus of cells (most probably 
T cells) with weak intensity in that region (Figure 1C,D). 
We were unable to distinguish between the expression of 
B7-H6 in the cytoplasm or in the membrane of cells from 
T-LBL samples since they had very limited cytoplasm. 
Therefore, we combined the two patterns of cytoplasmic 
expression of B7-H6 (Figure 1E). Among the 40 positive 
cases, 57.5% (23/40) showed positive staining for B7-H6 in 
the cytoplasm (Figure 1E). B7-H6 staining was also detected 
exclusively in the nucleus (Figure 1F) and in both the 
cytoplasm and the nucleus in 37.5% (15/40) and 5.0% (2/40) 
of the cases, respectively (Figure 1B).

The intensity of B7-H6 expression in T-LBL was weak (+; 
16/40; 40.0% of the cases, Figure 1J) to moderately positive 
(++; 21/40; 52.5% of the cases, Figure 1K); only 7.5% 
(3/40) of the cases were strongly positive (+++, Figure 1L). 
Although statistically insignificant, we observed a positive 
correlation between the study population and the intensity 
of B7-H6-positive tumor cells (Figure 1A). However, this 
phenomenon was neither observed for the frequency of B7-
H6-positive T-LBL cells, nor for the localization of B7-H6 
(Figure 1B).

Correlation between the expression B7-H6 and the 
clinicopathological features of T-LBL patients

Table 1 summarizes the correlation between the expression 
of B7-H6 and the T-LBL-related clinical features. The 
expression of B7-H6 was associated with tumor samples 
with an ECOG score ≥3 (P=0.02), lactate dehydrogenase 
levels ≥500 U/L (P=0.04), and B symptoms (fever, 
weight loss, and night sweats) (P=0.01). However, other 
characteristics such as the Ann Abor stage, international 
prognostic index, and mediastinum mass did not correlate 
significantly with the expression of B7-H6. Since the Ki-
67 proliferation index was >90% in almost all cases, no 
correlation analysis was performed. Overall, our data 
suggested that the expression of B7-H6 increased tumor 
burden. Thus, we further explored the potential clinical 
implications of the expression of B7-H6. We divided the 
cohort into 2 groups (B7-H6-positive and B7-H6-negative) 
based on the expression of B7-H6. Probably owing to 
the interference caused by response adjusted therapy, the 
overall survival was not significantly different between 
the groups (Figure 1M). Thus, we made the appropriate 
comparisons in the context of response to chemotherapy 
(Table 1). Interestingly, the expression of B7-H6 was not 
dependent on the sex or age of the patients. Of note, data 
were not available on the interim response evaluation for 
nine patients [B7-H6 positive group (n=5), negative group 
(n=4)] since consent was not provided by the patients at 
this stage. Using interim response evaluation, we found 
a significant difference in complete remission between 
the patients in the two groups; more patients in the B7-
H6 negative group achieved complete remission (87.5%,  
14/16 cases) as compared to patients expressing B7-H6 
(53.3%, 16/30 cases; P=0.02). These results suggest that 
T-LBL patients expressing B7-H6 require intensified 
chemotherapy and targeted therapy.

B7-H6 knockdown suppresses cell proliferation, migration, 
and invasion

To further explore the role of B7-H6 in the tumorigenesis 
of T-LBL/ALL, we downregulated the expression of B7-
H6 in a highly invasive T-LBL/ALL cell line (Jurkat cells) 
using lentiviruses encoding a B7-H6 shRNA, and evaluated 
cell proliferation, migration, and invasion. The knockdown 
efficiency of B7-H6 was 69% in Jurkat-sh-B7H6 cells, as 
per qRT-PCR results with western blotting (Figure 2A).  
Importantly, we observed a significant reduction in the 
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Figure 1 B7-H6 expression in human T-LBL tissues. (A) A trend that the proportion of positive cells increased with the staining intensity 
of B7-H6 in human T-LBL tissues; (B) the proportion of B7-H6 positive cells was similar nevertheless the location. B7-H6 expression on 
normal LNs (C: negative, D: positive; ×400). B7-H6 expressed on the membrane and/or in the cytoplasm (E, ×400), and in the nuclei (F, 
×400). Representative T-LBL cases immunostained for B7-H6 with various levels of intensity and frequency. B7-H6 frequency (G: 20%, 
H: 50%, I: 80%; ×400) or intensity (J: weak, K: moderate, L: strong; ×400). The Kaplan-Meier curve of overall survival, T-LBL patients 
with negative B7-H6 expression was similar with that of the patients with positive B7-H6 expression (K). The statistical significance of the 
comparisons is indicated as follows: ns, not significant; **P≤0.01, ***P≤0.001, ****P≤0.0001. T-LBL, T-cell lymphoblastic lymphoma; LNs, 
lymph nodes. 
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proliferation, migration, and invasion of Jurkat-sh-
B7H6 cells as compared to that of Jurkat-sh-Luc cells  
(Figure 2B,C,D).

B7-H6 expression correlates with T-LBL aggressiveness 
and unfavorable prognosis 

In line with previous reports, RNAseq did not show a 

correlation between the expression of B7-H6 and T-LBL-
related biomolecules in Jurkat-sh-Luc and Jurkat-sh-
B7H6 cells (Table 3) (7,8,41). However, our RNAseq 
data showed that RAG-1 was differentially expressed 
(log2 fold change, −1.792676147; P=2.96E-185) which 
was validated by qRT-PCR (Figure 3). RAG-1 drives the 
development of B-ALL and T-ALL. ADAMTS-17 was 
also differentially expressed to a low extent in Jurkat cells 
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Figure 2 Establishment of stable knockdown of B7-H6 expression in T-lymphoblastic leukemia cell line Jurkat. The knockdown efficiency 
was confirmed by real-time RT-PCR and western blotting analysis, and the data showed that the expression level of B7-H6 was significantly 
decreased in the Jurkat-sh-B7H6 compared with Jurkat-sh-Luc group cells (A). The proliferation (B), migration, (C) and invasion (D) ability 
of the Jurkat cell line after knockdown B7-H6 expression in the Jurkat-sh-B7H6 group was examined compared with the Jurkat-sh-Luc 
group cells. The statistical significance of the comparisons is indicated as follows: ns, not significant; *P≤0.05, ***P≤0.001, ****P≤0.0001.
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(log2 fold change, −0.686892977; P=1.25167E-28) and 
may regulate their potential for invasion. Although the 
function of ADAMTS-17 has not yet been fully understood, 

a study reported that it increases tumor aggressiveness 
upon secretion into the extracellular matrix (42). Taken 
together, these observations suggest that the levels of 
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Table 3 Dataset for oncogenic signature

Symbol Description Log2 fold change P value P value adjusted

RAG1 recombination activating 1 −1.792676147 2.96E-185 5.04E-181

SIPA1L2 signal induced proliferation associated 1 like 2 −0.846566674 5.67902E-50 4.8337E-46

CD1E CD1e molecule −0.481949563 6.83434E-37 3.87803E-33

ADAMTS17 ADAM metallopeptidase with thrombospondin type 1 motif 17 −0.686892977 1.25167E-28 5.32681E-25

FYB FYN binding protein −0.557854965 1.88611E-27 6.42145E-24

ZEB2 Zinc Finger E-Box Binding Homeobox 2 0.042079661 0.366302695 0.989140054

TAL2 T-cell acute lymphocytic leukemia 2 0.006766538 0.611920593 0.991542865

HES1 hairy and enhancer of split 1 0.092151197 0.126162197 0.989140054

NOTCH1 Notch homolog 1, translocation associated 0.156228532 0.001143096 0.109319746

MYC v-myc myelocytomatosis viral oncogene homolog −0.146533316 0.001911958 0.162517342

EML1 echinoderm microtubule associated protein like 1 −0.032219497 0.531900019 0.989140054

MLLT1 myeloid/lymphoid or mixed-lineage leukemia; translocated to 1 −0.020902342 0.707683807 0.993184135

JAK1 Janus kinase 1 (a protein tyrosine kinase) 0.051038028 0.38861059 0.989140054

IL7R interleukin 7 receptor −0.223593475 0.002079926 0.169409466

ABL1 v-abl Abelson murine leukemia viral oncogene homolog 1 0.085166997 0.104511434 0.989140054

MLLT10 myeloid/lymphoid or mixed-lineage leukemia; translocated to 10 0.012531175 0.853967079 0.997185656

ETV6 ETS variant gene 6 (TEL oncogene) −0.062379857 0.288721553 0.989140054

DNMT3A DNA (cytosine-5-)-methyltransferase 3 alpha 0.004804468 0.928572883 0.997185656

KMT2A Lysine Methyltransferase 2A −0.017169454 0.761728013 0.995148309

KRAS v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog −0.058466791 0.3222959 0.989140054

JAK3 Janus kinase 3 (a protein tyrosine kinase, leukocyte) 0.130584511 0.080110803 0.989140054

LMO2 LIM domain only 2 (rhombotin-like 1) 0.02655466 0.449184814 0.989140054

TRIB2 tribbles homolog 2 0.123113225 0.083919667 0.989140054

PIK3CG phosphoinositide-3-kinase, catalytic, gamma polypeptide −0.03780978 0.591169672 0.991542865

LYL1 lymphoblastic leukemia derived sequence 1 −0.018457417 0.428999661 0.989140054

JAK2 Janus kinase 2 (a protein tyrosine kinase) 0.031883242 0.678417689 0.993184135

PTPN11 protein tyrosine phosphatase, non-receptor type 11 −0.003644875 0.932729998 0.997185656

CCND2 cyclin D2 −0.217044408 0.004744834 0.273240741

PICALM phosphatidylinositol binding clathrin assembly protein −0.040184312 0.482268574 0.989140054

TLX1 T-cell leukemia homeobox 1 0.00320448 0.525506719 0.989140054

MYB v-myb myeloblastosis viral oncogene homolog −0.024571408 0.565013089 0.98962747

PIK3CD phosphoinositide-3-kinase, catalytic, delta polypeptide 0.08294399 0.227132002 0.989140054

TLX1 T-cell leukemia homeobox 1 0.00320448 0.525506719 0.989140054

NKX3-1 NK3 transcription factor related, locus 1 0.300610069 1.26526E-05 0.003214708

NRAS neuroblastoma RAS viral (v-ras) oncogene homolog 0.131476901 0.045169024 0.832387256

TLX2 T-cell leukemia homeobox 2 0.023813597 0.747510978 0.99487425
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B7-H6 correlate with T-LBL tumor aggressiveness and 
poor prognosis. Therefore, B7-H6 may serve as a novel 
prognostic biomarker of T-LBL.

Discussion

In this study, we investigated the expression of B7-H6 in 
T-LBL; moreover, we determined the correlation between 
the expression of B7-H6 and factors related to the poor 
prognosis of T-LBL. Importantly, we demonstrated that 
the downregulation of B7-H6 in Jurkat cells was associated 
with a decrease in their tumorigenic properties. To the 
best of our knowledge, this is the first report on the 
nuclear translocation of B7-H6. B7-H6 showed a nuclear 
localization pattern in cells of tissues from patients with 
T-LBL. This could be attributed to the presence of an 
NLS. Finally, this study showed that B7-H6 is a potential 
biomarker for the poor prognosis of T-LBL and may be a 
potential therapeutic target.

B7-H6 correlated with poor prognostic factors of 
T-LBL, such as elevated levels of lactate dehydrogenase, 
ECOG, and B symptoms. Previously, B7-H6 was associated 
with reduced survival after surgery in the context of 
several solid tumors (14-24,35). However, in this study, 

the expression of T-LBL was not predictive of reduced 
overall or progression-free survival. Since T-LBL is a 
highly aggressive subtype of lymphoma with extremely 
poor prognosis, the treatment regimen is restricted to 
multi-drug intensified chemotherapy in combination with 
hematopoietic stem cell transplantation. Thus, one possible 
explanation for the phenotype with respect to the overall 
survival (no association with the expression of B7-H6) could 
be the hypothesis that the use of response adjusted therapy 
might have affected the prognosis of T-LBL subjects. 
Moreover, another possibility could be the balance of the 
immunological and non-immunological roles of B7-H6 in 
patients with T-LBL (13). Although previous reports have 
shown the negative effect of the expression of B7-H6 on 
the survival of cancer patients, B7-H6 is an activating ligand 
of NKp30, a stimulating receptor on NK cells. Of note, 
studies have revealed that NKp30-positive NK/T cells 
are biomarkers for the favorable prognosis of melanoma 
(27,28). Therefore, the potential negative effects of B7-H6 
on patient survival are balanced by the positive role of B7-
H6 in the activation of NKp30-positive NK or NKT cells. 
Therefore, extensive lab testing and further studies focusing 
on the regimens used to treat T-LBL patients will help to 
better understand the pathobiology of T-LBL.

Our results suggest that B7-H6 may serve as a therapeutic 
target for the treatment of T-LBL. Although CD7 or CD5-
specific chimeric antigen receptor T cells (CAR-T) have 
shown preliminary success in early-stage clinical trials, 
this therapy is associated with several limitations and side 
effects (43-46). In this study, we observed membrane and 
cytoplasmic expression of B7-H6 in 38.5% of the samples 
with weak to moderate staining intensity. B7-H6-specific 
therapies using NKp30 or antibodies have shown optimal 
responses in vitro (29-31). Similarly, we used NKp30-
based CAR-T cells, specifically targeting B7-H6 expressed 
on Jurkat cells, and observed in vitro tumor elimination 
(data not shown). Of note, B7-H6 was not detected on 
the membrane of other cells except activated monocytes, 
thereby highlighting its specificity. Importantly, patients 
with negative membrane expression of B7-H6, but with 
the presence of B7-H6 in the nucleus, benefit from the 
treatment with histone deacetylase inhibitors to reduce the 
expression of B7-H6 on activated monocytes and leukemia 
cells (34).

N o t a b l y,  I H C  s u g g e s t e d  t h a t  B 7 - H 6  w a s  a 
nucleocytoplasmic shuttling protein. Most of the previous 
reports have shown the expression of B7-H6 on the 
membrane or in the cytoplasm of several tumor cells  
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Figure 3 RAG-1 expression validated by real-time RT-PCR. The 
mRNA expression level of RAG-1 was significantly decreased in 
the Jurkat-sh-B7H6 compared with Jurkat-sh-Luc group cells 
(A). The statistical significance of the comparisons is indicated 
as follows: ns, not significant; *P≤0.05. RT-PCR, reverse 
transcription-polymerase chain reaction.
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(15-24,26,35). Since the nuclear translocation of proteins 
is critical in tumorigenesis, we used the BioGRID system 
to predict any nuclear localization domains in B7-H6. 
B7-H6 was predicted to interact with XPO-5 and XPO-
6, members of the karyopherin-β family responsible for 
the nucleocytoplasmic shuttling of proteins. Of note, the 
binding domain of karyopherin-β is well described and quite 
conserved (40).

The immunological effects of B7-H6 have been well-
studied. The non-immunological role of B7-H6 in signaling 
has also been reported (13). B7-H6 binds to NKp30 and 
activates NK cell toxicity. B7-H6 is associated with JAK-
STAT signaling in lymphoma and several other solid 
cancers, improving tumor cell viability (21). However, this 
is the first report to show the nuclear localization of B7-
H6 in tumor cells; these results are in line with the role and 
properties of B7-H4 (47). Mutations in the NLS of B7-
H4 increased its surface expression and inhibited T cell 
proliferation and cytokine production. In vivo studies have 
shown that a mutant form of B7-H4 also impairs the G1/S 
phase transition in HEK293 cells, thereby reducing tumor 
cell proliferation and tumorigenicity (47). Importantly, 
wildtype B7-H4 is associated with chemosensitivity in 
rectal/colon cancer cell lines. However, in this study, we 
failed to determine a correlation between the nuclear 
localization of B7-H6 and patients’ survival or prognosis 
(data not shown). This could be attributed to the limited 
sample size and the heterogeneity of treatments used in 
our cohort. Nevertheless, the findings in this study helped 
to unveil the effect of B7-H6 on the tumorigenesis of 
certain types of cancer. Although this study investigated the 
preliminary role of the NLS of B7-H6, future studies will 
help to provide mechanistic insight into the role of NLS in 
cancer progression.

We have previously shown that depleting NHL cells 
of B7-H6 inhibits tumor progression and enhances tumor 
chemosensitivity (21); moreover, increased apoptosis of B 
cell NHL was reported upon the depletion of B7-H6. In 
fact, we observed a correlation between the expression of 
B7-H6 and the response to chemotherapy in patients with 
T-LBL. It should be noted that chemotherapy may increase 
the mRNA and protein levels of B7-H6 and enhance the 
cytotoxicity of NK cells against cancer cells expressing 
B7-H6 (33). However, whether the chemotherapy- or 
radiation-induced overexpression of B7-H6 impairs 
sensitivity to chemotherapy remains unknown. Although 
enhanced recognition and toxicity by NK cells has been 
verified in vitro, the effects may not be reflected in vivo (33). 

This said, several studies have shown the hydrolysis of B7-
H6 in the cytoplasm and subsequent downregulation of 
the NKp30 receptor on NK cells as a strategy for immune 
escape in various types of cancers (11-13,15,23,24).

Moreover, in this study, the results of RNAseq revealed 
that RAG-1 was differentially expressed in cells depleted 
of B7-H6. Interestingly, patients with T-ALL and B-ALL 
showed a high expression of RAG-1, determined as an 
important factor for cancer development (48-50). Unlike 
in the previous reports, here we failed to identify other 
differentially expressing genes related to the aggressiveness 
of T-LBL. In fact, since we obtained a limited set of 
differentially expressed genes after the depletion of B7-
H6, we conclude that B7-H6 is not likely a driver of 
tumorigenesis in T-LBL.

This study is not without limitations. First, due to the 
retrospective nature of the study, the clinical data obtained 
with the relatively small population failed to identify a 
correlation between the expression of B7-H6 and reduced 
survival in patients, and made a multivariate analysis 
impossible. Second, due to the clinical context, we could 
not use the H score to evaluate the expression of B7-H6 
via IHC, unlike other studies (14,15,17,18). However, we 
believe that our approach may be easier to perform and 
more helpful for daily clinical practice. Finally, owing to 
the scarcity of sufficient tissue mass (many tissues were 
collected by fine-needle aspiration), we failed to define the 
pathological diagnosis according to the origin of T-LBL.

Conclusions

Taken together, B7-H6 may be a negative prognostic factor 
and potential therapeutic target of T-LBL. B7-H6 levels 
in Jurkat cells correlated with the functioning of multiple 
signaling pathways. Proliferation, migration, and invasion 
were impaired by the downregulation of B7-H6. Moreover, 
nuclear translocation of B7-H6 may play an important role 
in the pathogenesis of T-LBL.
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