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Background: The B cell leukemia 11A (BCL11A) gene was identified as a proto-oncogene in hematopoietic
cell malignancies and breast cancer. Alternative RNA splicing generates three main transcripts designated as
Extra-long (XL; 5.9 kb/125 kD), Long (L; 3.8 kb/100 kD) and Short (S; 2.4 kb/35 kD). Our previous study
results demonstrated that BCL11A expression levels were specifically upregulated in non-small cell lung
cancer (NSCLC) tissues, especially in squamous cell carcinoma (SCC) and large cell carcinoma (LCC).
Methods: In this study, we detected the BCL11A protein isoforms with immunohistochemistry (IHC)
method in NSCLC with in a cohort (n=40) of BCL11A overexpression NSCLC patients. All 40 cases were
BCLI11A overexpression including 27 SCCs, 8 LCCs and 5 adenocarcinomas (ACs). Relationship between
BCLI11A isoforms and the clinicopathological parameters were also analyzed.

Results: Compare to the BCL11A-L and S isoforms, the BCL11A-XL isoform was specifically expressed
in SCC and LCC (P=0.006). There were 19 (19/40, 47.5%) cases positive for BCL11A-XL expression, SCC
accounted for 63.2% (12/19) and LCC accounted for 36.8% (7/19). The survival analysis indicated that
BCL11A-XL expression was an independent prognostic factor for disease-free survival (DFS) [hazards ratio
(HR) 0.246; 95% confidence interval (CI), 0.065-0.939, P=0.040] but not for overall survival (OS) in patients
with SCC and LCC.

Conclusions: Our results demonstrated that the BCL11A-XL isoform might be a potential prognostic
biomarker of SCC and LCC.
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Introduction

Some cases of human lymphoblastic leukemia related
to chromosomal translocation t(2;14)(p13;q32) and the
comparative genomic hybridization analysis approved
that 2p13 abnormalities associated with human malignant
lymphoma (1,2). According to these findings, the B cell
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leukemia 11A (BCL11A) gene was considered as a proto-
oncogene of malignant hematopoietic diseases, also
further studies showed that it is essential for pre-B-cell
development, lymphocyte maturation, and goblin switching
(3-6). The BCLI11A gene also has three mRNA transcripts:
BCL11A-XL, BCL11A-L and BCLI11A-S (7). The
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Figure 1 The structure diagram of the three isoforms of BCL11A. BCL11A, B cell leukemia 11A.

BCLI11A-L and S isoforms show 98.7% identity and 99.2%
similarity to the mouse Evi9-a and Evi9-c, respectively (8).
BCL11A-XL protein isoform was specifically generated
in human and was restricted expression in bone marrow,
lymphoid tissue and brain (3,7). Also BCL11A-XL expressed
in a range of tumor-derived cell lines, such as primary
mediastinal B-cell lymphoma (PMBLs), germinal center
B-cell diffuse large B-cell lymphoma (GCB-DLBCLs)
and activated B-cell diffuse large B-cell lymphoma (ABC-
DLBCLs) (9). Function studies showed BCL11A-XL was
a DNA-sequence-specific transcriptional repressor that
associated with itself and with other BCL11A isoforms, as
well as with the BCL6 proto-oncogene. So BCL11A-XL
might play an essential role in tumor development (7,9).

BCL11A gene involvement in solid tumors has been
rarely investigated. Khaled er a/. reported BCLI1A4
becomes an oncogene of triple-negative breast cancer and
its overexpression promotes tumor formation (10). Our
previous results also demonstrated that BCL11A protein
expression levels were specifically upregulated in non-
small cell lung cancer (NSCLC) tissues, especially in
squamous cell carcinoma (SCC) and large cell carcinoma
(LCC). Multivariate analysis showed that BCL11A was an
independent prognostic factor for both disease-free survival
(DFS) and overall survival (OS) (11). We investigated the
protein isoforms of BCL11A in NSCLC and analysed
the relationship between isoforms and clinicopathological
parameters.

Materials and methods
Tissue samples and clinicopathological characteristics

Specimens were all BCL11A overexpression selected from
Jiang ez 4l’s database and obtained informed consent from
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40 NSCLC cases (27 SCCs, 8 LCCs and 5 adenocarcinomas
(ACs)] who underwent potentially curative surgery at
Guangdong Lung Cancer Institute between 2003 and
2008 (11). Form each samples, seven sections were prepared,
one section for pathological assessment, the other three for
negative control. Hemotoxylin and eosin (H&E) staining
was performed on sections of each tissue to determine the
percentage of tumor cells by two independent pathologists.
Only those samples with tumor content >80% were
allowed to enter this study. This study was approved by the
Institutional Review Board (IRB) of Guangdong General
Hospital. The staging and histological classifications were
based on the World Health Organization (WHO) system. A
follow-up evaluation was performed according to standard
follow-up protocol. The median follow-up period was
73.9 months (range, 3.27-130.1 months).

Immunobistochemistry (IHC) antibodies

The primary mouse monoclonal antibody BCL11A/123
(Active Motif, USA) was raised against a recombinant
protein corresponding to amino acids 637-835 of BCL11A-
XL isoform protein (9). The other two primary mouse
monoclonal antibodies BCL11A (ab19487 and ab18688;
Abcam, USA) were applied against human BCL11A-L
and S isoforms. The ab19487 antibody which epitope is in
core of amino acids 172-434 can identify the BCL11A-XL
and L isoforms (12). The Figure 1 shows the specificity of
the three antibodies. We can use the exclusive method to
distinguish the two isoforms. The ab18688 antibody which
epitope is in the core of amino acids 1-171 can identify all
the three isoforms (13). The previous study showed that the
S isoform locates in cytoplasm while the XL and L are both
in the nucleus (3,14). So in theory we can distinguish the
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Table 1 Relationships between BCL11A-XL expression and

clinicopathological factors

BCL11A-XL (%)

Parameters Positive 19  Negative 21 P value
(47.5) (52.5)

Histology type 0.006
SCC 12 (44.4) 15 (55.6)
LCC 7 (87.5) 1(22.5)
AC 0 (0.0 5(100.0)

Smoking status 0.049
NO 8 (72.7) 3(14.3)
Yes 11 (37.9) 18 (62.1)

Gender 0.085
Male 14 (41.2) 20 (58.8)
Female 5(83.3 1(16.7

Stage 0.370
| 11 (42.3) 15 (567.7)
11-111 8 (57.1) 6 (42.9)

Lymph node status 0.583
Negative 13 (44.8) 16 (55.2)
Positive 6 (54.5 5(@45.4

Age 0.726
<65 11 (50.0) 11 (50.0)
>65 8 (44.4) 10 (55.6)

BCL11A, B cell leukemia 11A; SCC, squamous cell carcinoma;
LCC, large cell carcinoma; AC, adenocarcinoma.

three isoforms from each other. The second antibody was
Mouse IgG (GeneTex, USA) labeled by enzyme horseradish
peroxidase.

IHC on tissue samples

Immunohistochemical staining process was performed
according to the protocol provided by DAKO
(DakoCytomation, Glostrup, Denmark) (15). Primary
antibodies were applied to the sections at a dilution of 1:100
at 4 °C temperature overnight. Those in the control group
underwent the same way by add PBS. The sections were
counterstained with Harris’s hematoxylin. Each tumor was
assigned a score according to the intensity of the nucleic
or cytoplasmic staining (0= no staining, 1= weak staining,
2= moderate staining, and 3= strong staining) and to the
proportion of stained tumor cells (0=0%, 1=1-10%, 2=11-
50%, 3=51-80%, and 4=81-100%), and judged by two
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pathologists, independently (15). The final immunoreactive
score was determined by multiplying the intensity scores
by the extent of positivity scores of stained cells, with a
minimum score of 0 and a maximum score of 12 (11).
Tumors with scores >2 were classified into the positive
BCLI11A isoforms expression group, while the others were
classified into the negative group.

Statistical analysis

All analyses were performed using SPSS 13.0 software.
The chi-square test was used to compare qualitative
variables, and those with an expected frequency of <5
were analyzed by Fisher’s exact test. A non-parametric
test was used to analyze quantitative data. Chi-square tests
were used to assess the association of BCL11A-XL level
with clinical variables. Survival curves between subgroups
divided according to BCL11A-XL expression level were
analyzed using the Kaplan-Meier method, and significant
differences among subgroups were compared by log-
rank test. A multivariate analysis was performed using the
stepwise method. Hazards ratios (HR) and 95% confidence
intervals (CI) were calculated using Cox proportional
hazards models. P values <0.05 were considered statistically
significant.

Results
The isoforms of the BCL11A in NSCLC tissues

In our study we found that the BCL11A-XL protein
isoform differentially expressed in SCC, LCC and AC. For
the total 40 cases, 19 (47.5%) cases had positive BCL11A-
XL expression and 21 (52.5%) cases had negative BCL11A-
XL expression. For the 19 BCL11A-XL positive patients,
SCC accounts for 63.2% (12/19), LCC accounts for 36.8%
(7/19) and no positive case for AC (Table 1). The subcellular
location was in the nucleus, which is accordance with
other study results (7,9) (Figure 2). The BCL11A-L and
S isoforms were positive for all 40 cases with no histology
difference in my research (data not shown).

Correlation analysis between the expression of BCL11A4-XL
and patient clinicopathological characteristics

According to the results, the BCL11A-XL protein isoform
was differentially expressed in SCC, LCC and AC (AC
carcinoma). So the correlation analysis was performed to
explore whether BCL11A-XL expression was related to
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Figure 2 Detection of BCLI11A isoforms by immunohistochemical staining in NSCLC cancer. Representative images of positive staining
of BCL11A-XL isoform, (A) is for SCC and (B) is for LCC, and (C) negative staining in AC. BCL11A, B cell leukemia 11A; NSCLC, non-

small cell lung cancer; SCC, squamous cell carcinoma; LCC, large cell carcinoma; AC, adenocarcinoma.

clinicopathological variables in patients with NSCLC.
The result showed that BCL11A-XL expression had no
relationship with gender, clinical stage, lymph node status
and age, but it did correlate with histology (P=0.006) and
smoking status (P=0.049) (Table 1).

BCL11A-XL protein expression correlates with DFS in
early stage patients with NSCLC

For all 40 patients subjected to immunohistochemical
staining for BCL11A-XL, 19 (47.5%) had positive
BCL11A-XL expression and 21 (52.5%) had negative
BCLI11A-XL expression. In all patients, the DFS and OS
were both no statistically significant different between
BCL11A-XL positive and negative groups (P>0.1)
(Figure 34,B). However, in the subgroup of patients with
SCC and LCC, BCL11A-XL expression was predictive of
better DFS (x’=5.32, P=0.021) (Figure 3C). The median
DFS of subgroup patients without BCL11A-XL expression
was 20.8 months, but in the BCL11A-XL positive
expression group, only 36.8% of patients relapsed at the
endpoint of follow-up. Although no relationship between
BCL11A-XL expression and OS was found in SCC and
LCC patients, there was a tendency towards decreased
survival in patients whose tumors lack of BCL11A-XL
(P>0.1) (Figure 3D). The Cox regression survival analysis
indicated that BCL11A-XL expression was an independent
marker of DFS (HR 0.246; 95% CI, 0.065-0.939, P=0.040)
in patients with NSCLC (7ible 2), but not for OS.

Discussion

The current study analyzed the protein isoforms of BCL11A
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in NSCLC. The result demonstrated that BCL11A-XL
protein differentially expressed in SCC and LCC. Statistical
analyses demonstrated that BCL11A-XL expression was
strongly associated with histology with NSCLC. Moreover,
the survival analysis found that patients with BCL11A-XL
expression had better DFS outcomes.

The BCL11A gene was first detected in B-cell chronic
lymphocytic leukemia and considered as a proto-
oncogene of malignant hematological diseases (14,15).
Jiang et al. reported for the first time the role of BCL11A
overexpression in predicting survival and relapse in early
stage NSCLC (11). And according to the previous research
(Jiang et al.), there were no advanced patients expressed
BCL11A protein. So our study is also the first description
of BCL11A-XL isoform in early stage lung cancer and
its function as a prognostic factor for DFS. Pulford ez al.
detected the BCL11A-XL isoform in both normal and
malignant tissues. The results showed BCL11A-XL
expression was only observed in CD20-positive B cells and
in a variety of B-cell tumors but was undetectable in the
myeloma cases (9). We demonstrated that the BCL11A-XL
protein was an independent prognostic factor of DFS for
SCC and LCC patients. The survival analysis also showed
that there was a tendency towards decreased survival in
patients whose tumors lacked BCL11A-XL. Because most
of the patients were diagnosed ten years ago, there were
not enough tissues to detect the EGFR, ALK and KRAS
mutation genes to exclude the survival difference were not
caused by these mutation status. Maybe these mutation
genes should be detected in further studies.

It is also need to explore the potential mechanisms of
abnormal BCL11A activation in NSCLC. Luo ez 4/. revealed
that the BCL11A high expression in Burkitt lymphoma

www.jthoracdis.com 7 Thorac Dis 2015;7(9):1630-1636



1634 Zhang et al. The BCL11A-XL expression predicts the relapse of SCC and LCC

Ao ) B o
_JNIBCL11A-XL negative (n=21) _[BOLT1A-XL negative (n=21)
_JIBCL11A-XL positive (n=19) _I"I BCL11A-XL positive (n=19)
0.8 0.8
= = ] 1
> 0.6 =06+ ——
g g
7] 2]
E g
3 0.4 304
0.2 0.2
0.0 Log-rank test: ’=2.567, P=0.021 0.0 Log-rank test: ’=0.21, P=0.644
T T T T T T T T T T T T T T T T
000 2000 40.00 60.00 80.00 100.00 120.00 140.00 000 2000 40.00 60.00 80.00 100.00 120.00 140.00
DFS oS
C 1o D 10
_[") BCL11A-XL negative (n=16) _[BCL1TA-XL negative (n=16)
_n BCL11A-XL positive (n=19) _n BCL11A-XL positive (n=19)
0.8 0.8
£ 06 £ 06
> <
=1 3
7] [zl
I £
3 0.4 3047
0.2 0.2
.2 — |
00- Log-rank test: ’=5.32, P=0.021 00 Log-rank test: ;=1.51, P=0.219
T T T T T T T ' o :)0 20.00 40100 soloo soloo 100.00 120.00 14(% 00
000 2000 40.00 60.00 80.00 100.00 120.00 140.00 : - - " : : : :
DFS oS

Figure 3 Kaplan-Meier curves of NSCLC patients according to BCL11A-XL protein: DFS and OS in all patients (A,B), DFS and OS in
subgroup SCC and LCC patients (C,D). P values were calculated by log rank tests. BCL11A4, B cell leukemia 11A; NSCLC, non-small cell
lung cancer; SCC, squamous cell carcinoma; LCC, large cell carcinoma; DFS, disease-free survival; OS, overall survival.

Table 2 Cox regression analysis of BCL11A-XL and DFS in patients with NSCLC patients

Variables HR (95% CI) Unfavorable/favorable P value
BCL11A-XL expression 0.246 (0.065-0.939) Negative/positive 0.040
Smoking status 2.361 (0.435-12.825) Never smoker/smoker 0.320
Gender 0.000 (0.000-1.484E+088) Female/male 0.926
Stage 515,964.970 (0.000-1.847E+098) 1/11-111 0.904
Age 1.022 (0.349-2.987) <65/>65 2.987
Lymph node status 0.000 (0.000-1.907E+087) Negative/positive 0.911
Histology type 0.493
SCC* 3.430 (0.407-28.898) SCC/AC 0.257
Lcc? 4.774 (0.321-70.964) LCC/AC 0.256

*, SCC vs. AC; ¥, LCC vs. AC. BCL11A, B cell leukemia 11A; NSCLC, non-small cell lung cancer; HR, hazards ratio; SCC,
squamous cell carcinoma; LCC, large cell carcinoma; Cl, confidence interval; DFS, disease-free survival; AC, adenocarcinoma.
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cell line (NAB-2) was associated with Epstein-Barr virus
integration in human genome chromosome 2p13 (16).
Many studies also reported that a subset of pulmonary
squamous-cell carcinomas and ACs show EBV associated,
especially lymphoepithelioma-like carcinoma (17-19). Our
current findings show that BCL11A-XL was abundant
in SCC and LCC, further studies might need to examine
whether EBV associate with high expression of BCLI11A in
lung cancer. The BCL11A protein has three isoforms and
all of them associated to malignancies (3,9,14.15). Compare
to the other two isoforms, the BCL11A-XL protein was
differently expressed in NSCLC tissues. In the future, we
might do further researches to explore the BCL11A-XL
function in NSCLC patients.

In summary, we report the BCL11A isoforms in NSCLC
at the protein level for the first time. Thus, further studies
need to investigate the corresponding mRNA transcripts in
order to if the isoforms could promote or suppress NSCLC.
Also, this study was performed in a limited number of
NSCLC histology type and other samples should be

analyzed to validate this results.

Conclusions

Activation of the BCL11A-XL may be a potential
prognostic biomarker of NSCLC, and the BCL11A-XL
isoform may play an important role in the tumorigenesis of
SCC and LCC.
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