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Background: Lung cancer claims more lives than any other cancer worldwide. Lung adenocarcinoma
(LUAD) accounts for approximately 40% of all lung cancers. Members of the Transducin-like Enhancer of
split (TLE) protein family repress transcription through multiple mechanisms; however, their prognostic
value in LUAD is still unclear.

Methods: A dataset from The Cancer Genome Atlas was used to analyze the relationship between the
expression of TLE family members and outcomes of LUAD. The expression of TLE family members in
59 normal and 513 tumor samples in the TCGA dataset was selected. For paired analysis, 57 normal and
57 tumor paired tissues were selected. Gene Ontology (GO) term and Reactome pathway enrichment
analyses of the TLE family members were performed. Progression-free survival (PFS) and overall survival
(OS) served as endpoints in this study. All statistical analyses were performed with R 3.6.0.

Results: The expression levels of TLE family proteins differed between 59 normal and 513 tumor samples.
High TLEL and low TLE2 levels were associated with poor progression-free and OS (all P<0.050).
Multivariate analysis demonstrated that high TLE!I expression and low TLE2 expression were independent
risk factors for a poor outcome in LUAD. Moreover, the combined expression of these two proteins was a
good tool for prognostication.

Conclusions: High TLE] expression and low TLE2 are independent adverse prognostic factors in LUAD

and can serve as prognostic biomarkers.
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Introduction The outcomes of patients with LUAD are capricious and

Lung cancer takes more lives each year than any other unpredictable (3,4). Therefore, reliable and predictive

cancer worldwide. In 2018 alone, there were 2.1 million biomarkers are needed for the identification and
new lung cancer cases (1). Lung adenocarcinoma stratification of patients.

(LUAD) is the most common type of lung cancer (2). Members of the Transducin-like Enhancer of split (TLE)
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family of proteins are involved in many developmental
processes, including lateral inhibition, segmentation,
sex determination, eye development, and pancreatic
development (5). TLE family proteins repress the
transcription process through multiple mechanisms (6).
Instead of binding to DNA directly, TLE proteins are
recruited to the template by DNA-bound repressor proteins
(7,8). Seven TLE homologs have been found in humans,
namely TLE 1-7. Four TLE proteins (I'LE 1-4) are full
length, while another two homologous proteins, TLES
and TLEG6, are expressed in truncated forms (9,10). All
TLE proteins interact with Tcfl and Lefl. They are also
enriched in the Wnt signaling pathway, suggesting their
involvement in T-cell development and function (11-13).
TLE corepressors predominantly partner with Tefl/Lefl to
form CD8+ T-cell identity and are physiologically required
for T-cell development (14).

TLEI and TLE4 have been found to function as tumor
suppressors in myeloid leukemia (15). Overexpression
of TLE1 was also detected in a subset of aggressive
and advanced lung cancers, and might regulate lung
cancer aggressiveness (16). Yao ez al. reported that TLEI
promoted epithelial-mesenchymal transition in A549 lung
cancer cells by suppressing E-cadherin. In human lung
cancer cells, TLE1 promotes tumorigenicity and inhibits
anoikis through ZEB1-mediated E-cadherin repression
(17,18). Furthermore, TLE4 interacts with PU.1 and Pax5
transcription factor in blood lineage cells, indicating that it
plays a role in B-cell function (19).

Lee JH reported that immunohistochemical expression
of TLEL1 in invasive breast cancer and its association with
clinicopathological parameters, prognosis, and intrinsic
subtype (20). Hu S provides new insights and evidence that
TLE2 functions as a tumor suppressor gene and prognostic
marker in pancreatic ductal adenocarcinoma (21).
However, these two paper focus on only one member’
function. The novel idea in this paper is to analysis the
whole TLE family members, and then select two family
members (TLE1 and TLE2) according to the statistic
significance. Furthermore, we combined these two
members as one group. So, the combined biomarkers
could be more precise and effective. More research
is needed to ascertain the prognostic value of TLEs
in LUAD. Therefore, we conducted a study of the
correlation between TLE protein expression and survival
outcomes in LUAD. We present the following article
in accordance with the REMARK reporting checklist
(available at https://dx.doi.org/10.21037/tlcr-21-582).

© Translational Lung Cancer Research. All rights reserved.
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Methods
Patients

Gene expression data of LUAD tissues from The Cancer
Genome Atlas (TCGA) were obtained via the Genomic
Data Commons (GDC, available at: http://potal.gdc.cancer.
gov/) data portal on November 6, 2019. The expression of
TLE family members in 59 normal and 513 tumor samples
in the TCGA dataset was quantified as fragments per
kilobase of exon, per million reads mapped (FPKM). For
paired analysis, 57 normal and 57 tumor paired tissues were
selected. In accordance with the database policy, access to
the de-identified linked dataset was obtained from TCGA.
Clinicopathological data for the patients in the TCGA
dataset, including age, sex, pathologic stage, molecular data, and
survival information, were also retrieved. Only patients with
survival information and expression data available at that time
point were included in the study. The study was conducted in
accordance with the Declaration of Helsinki (as revised in 2013).
Gene Ontology (GO) term and Reactome pathway
enrichment analyses of the TLE family members were
performed. GO terms include biological processes (BPs),
cellular components (CCs), and molecular functions (MFs).
An adjusted P value <0.05 was considered to be statistically
significant in both GO and Reactome pathway analysis.

Statistical analysis

Progression-free survival (PFS) and overall survival (OS)
served as endpoints in this study. PES refers to the length
of time for which a patient lives with the disease without
progression. OS is defined as the time from diagnosis to
death from any cause or the last follow-up visit.

The Wilcoxon rank-sum test was employed for numerical
data comparisons. Categorical data were compared using
Fisher’s exact test. For survival analysis, the Kaplan-Meier
method and log-rank test were applied. For the analysis of
PFS and OS, univariate and multivariate Cox proportional
hazard models were constructed, and 95% confidence
intervals (95% Cls) were calculated. All statistical analyses
were performed with R 3.6.0.

Results

The expression of TLEs in normal and LUAD tissue
samples

In this study, we examined the expression levels of TLEs
in LUAD tissue samples in a TCGA dataset. We observed
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Figure 1 The expression levels of TLEs in normal and LUAD tissues in the TCGA dataset. The x-axis represents the sample type; the

y-axis represents the TLE expression levels. The different expression levels of TLE 1-7 in normal (n=59) and tumor (n=513) tissues. TLE,
Transducin-like Enhancer of split; LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas.

remarkable differences in the expression levels of TLEs in
tumor samples compared with normal tissues (Figure I).
The same trends were also validated in the paired samples
(Figure S1). The results suggested that the expression levels
of TLEs might be related to LUAD progression.

The prognostic value of TLE expression levels in LUAD

The patients in the TCGA dataset were divided into two
groups according to the median expression level of each
TLE family member. 7able 1 shows the differences between
the high and low expression groups. A high expression of
TLEL (Figure 24) and a low expression of TLE2 were found
to have an adverse affect on both PFS and OS (Figure 2B)
(PFS: P<0.001, P=0.003; OS: P<0.0001, P=0.004,
respectively).

The expression of TLE family members in LUAD

The correlations between the expression levels of TLE
members in LUAD were analyzed. As shown in Figure 3,

© Translational Lung Cancer Research. All rights reserved.

the expression levels of the TLE family members were
interrelated (all | Rpyyon | >0.1, Figure 34), especially those of
TLE3/TLE1, TLE4/TLE1, TLE6/TLEL, TLE3/TLE2,
TLE5/TLE2, TLE6/TLE2, TLE6/TLE4, and TLE6/
TLES (all 1Rpeyeon! >0.1, Figure 3B,C,D,E,F,G,H,I). These
results suggest that the TLEs might be transcriptionally co-
regulated together. Previous research has shown that TLE1,
TLE2, and TLES work as a complex to regulate DNA
transcription. A protein-protein interaction (PPI) network
was constructed for the TLE family members and revealed
interactions between TLE 1-6 (Figure 37).

Clinical and molecular characteristics

The clinical and molecular characteristics of 513 LUAD
patients in TCGA are shown in 7able 2. Compared to those
in the TLE1"" group, patients in the TLE1™" group were
more likely to have received radiation therapy (P=0.021).
Furthermore, high TLE1 expression showed a trend toward
pathologic T1 stage (P=0.060). The TLE1"¢" group also had
a lower proportion of patients with RET (rearranged during
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Table 1 Comparison of PFS and OS between the high and low expression levels of TLE family in 513 LUAD samples of TCGA

PFS 0Ss

Family members

b P value » P value
TLE1 (high vs. low) 15.382 <0.001 15.445 <0.001
TLE2 (high vs. low) 8.633 0.003 8.167 0.004
TLES (high vs. low) 0.621 0.431 0.438 0.508
TLE4 (high vs. low) 0.014 0.907 0.158 0.691
TLES (high vs. low) 4.490 0.034 2.688 0.101
TLES (high vs. low) 0.709 0.400 0.565 0.452
TLE7 (high vs. low) 3.609 0.057 0.653 0.419

PFS, progression-free survival; OS, overall survival; TLE, Transducin-like Enhancer of split; LUAD, lung adenocarcinoma; TCGA, The

Cancer Genome Atlas.
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Figure 2 The Kaplan-Meier curves of PFS and OS in the TCGA cohort. (A) Patients with high TLE1 expression had shorter PFS and OS
than those with low TLE] expression; (B) patients with high TLE2 expression had longer PFS and OS than those with low expression. PFS,
progression-free survival; OS, overall survival; TCGA, The Cancer Genome Atlas; TLE, Transducin-like Enhancer of split.
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Figure 3 Correlations between the expression levels and PPI network of the TLE family members. (A) Co-expression heat map of TLE
genes in TCGA; (B) co-expression relationship between the TLE3 and TLE1L genes in TCGA; (C) co-expression relationship between
the TLE4 and TLEI genes in TCGA; (D) co-expression relationship between the TLE6 and TLE1 genes in TCGA; (E) co-expression
relationship between the TLE3 and TLE2 genes in TCGA; (F) co-expression relationship between the TLES and TLE2 genes in TCGA,;
(G) co-expression relationship between the TLE6 and TLE2 genes in TCGA; (H) co-expression relationship between the TLE6 and TLE4
genes in TCGA; (I) co-expression relationship between the TLE6 and TLES genes in TCGA; (J) the PPI network of the TLE family
members. PPI, protein-protein interaction; TLE, Transducin-like Enhancer of split; TCGA, The Cancer Genome Atlas.
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Table 2 Patients’ characteristics of 513 LUAD patients in TCGA
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TLE1 TLE2
Characteristics
Low (n=256) High (n=257) P value Low (n=256) High (n=257) P value
Age, mean (range) 65.78 (33-88) 64.41 (38-87) 0.980 65.24 (33-88)  64.96 (39-87) 0.690
Gender, n (%) 0.892 0.102
Female 139 (54.3) 137 (53.31) 128 (50.00) 148 (57.59)
Male 117 (45.7) 120 (46.69) 128 (50.00) 109 (42.41)
Race, n (%) 0.906 0.226
White 198 (86.09) 199 (86.9) 203 (88.65) 194 (84.35)
Others 32 (13.91) 30 (13.1) 26 (11.35) 36 (15.65)
Stage, n (%) 0.460 0.011
| 135 (52.53) 145 (56.64) 158 (61.48) 122 (47.66)
Il 61 (23.74) 59 (23.05) 48 (18.68) 72 (28.12)
11l 47 (18.29) 33 (12.89) 39 (15.18) 41 (16.02)
\% 11 (4.28) 14 (5.47) 8 (3.11) 17 (6.64)
Pathologic T, n (%) 0.060 0.001
T 73 (28.4) 98 (38.28) 104 (40.47) 67 (26.17)
T2 146 (56.81) 129 (50.39) 132 (51.36) 143 (55.86)
T3 24 (9.34) 22 (8.59) 16 (6.23) 30 (11.72)
T4 11 (4.28) 7 (2.73) 4 (1.56) 14 (5.47)
Pathologic N, n (%) 0.386 0.191
NO 164 (63.81) 171 (66.8) 175 (68.09) 160 (62.5)
N1 45 (17.51) 49 (19.14) 38 (14.79) 56 (21.88)
N2 40 (15.56) 29 (11.33) 35 (13.62) 34 (13.28)
N3 2(0.78) 0 (0) 2(0.78) 0 (0)
NX 5 (1.95) 7 (2.73) 6 (2.33) 6 (2.34)
Pathologic M, n (%) 0.140 0.212
Mo 184 (71.6) 158 (61.72) 171 (66.54) 171 (66.8)
M1 10 (3.89) 14 (5.47) 8 (3.11) 16 (6.25)
MX 61 (23.74) 81 (31.64) 74 (28.79) 68 (26.56)
Pharmaceutical therapy, n (%) 0.681 0.057
No 36 (14.01) 34 (13.28) 33 (12.84) 37 (14.45)
Yes 35 (13.62) 29 (11.33) 24 (9.34) 40 (15.62)
Radiation therapy, n (%) 0.021 0.242
No 32 (12.45) 42 (16.41) 32 (12.45) 42 (16.41)
Yes 41 (15.95) 22 (8.59) 28 (10.89) 35 (13.67)

Table 2 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 2 (continued)
TLE1 TLE2
Characteristics
Low (n=256) High (n=257) P value Low (n=256) High (n=257) P value
Surgery locoregional procedure, n (%) 0.420 0.059
No 54 (21.01) 47 (18.36) 40 (15.56) 61 (23.83)
Yes 6 (2.33) 3(1.17) 5(1.95) 4 (1.56)
Surgery metastatic procedure, n (%) 0.702 0.015
No 44 (17.12) 38 (14.84) 31 (12.06) 51 (19.92)
Yes 12 (4.67) 10 (3.91) 8 (3.11) 14 (5.47)
EGFR mutation, n (%) 0.306 0.529
No 104 (40.47) 87 (33.98) 102 (39.69) 89 (34.77)
Yes 40 (15.56) 41 (16.02) 39 (15.18) 42 (16.41)
KRAS mutation, n (%) 0.133 0.435
No 135 (52.53) 117 (45.7) 131 (50.97) 121 (47.27)
Yes 34 (13.23) 29 (11.33) 34 (13.23) 29 (11.33)
EML4 ALK, n (%) 0.392 0.168
No 111 (43.19) 96 (37.5) 112 (43.58) 95 (37.11)
Yes 17 (6.61) 18 (7.03) 20 (7.78) 15 (5.86)
High NRAS, n (%) 110 (42.97) 147 (57.2) 0.728 159 (62.11) 98 (38.13) 0.074
High ALK, n (%) 131 (51.17) 126 (49.03) 0.197 119 (46.48) 138 (53.7) 0.153
High PIK3CA, n (%) 110 (42.97) 147 (57.2) 0.128 138 (53.91) 119 (46.3) <0.001
High ROS1, n (%) 140 (54.69) 117 (45.53) 0.300 107 (41.8) 150 (58.37) 0.003
High EGFR, n (%) 126 (49.22) 131 (50.97) 0.576 118 (46.09) 139 (54.09) 0.287
High BRAF, n (%) 128 (50) 129 (50.19) 0.245 116 (45.31) 141 (54.86) <0.001
High RET, n (%) 133 (51.95) 124 (48.25) 0.029 119 (46.48) 138 (53.7) 0.714
High KRAS, n (%) 116 (45.31) 141 (54.86) 0.546 137 (53.52) 120 (46.69) 0.011
High ERBB2, n (%) 115 (44.92) 142 (55.25) 0.099 97 (37.89) 160 (62.26) 0.508

LUAD, lung adenocarcinoma; TCGA, The Cancer Genome Atlas.

transfection) mutation (48.25% vs. 51.95%, P=0.029).

Compared to the TLE2"™ group, high TLE2 expression
was correlated with stage (P=0.011) and pathologic T stage
(P=0.001). Moreover, high TLE2 expression showed a trend
toward more pharmaceutical therapy (P=0.057). In the
TLE2"¢" group, lower proportions of patients had PIK3CA
mutation (46.3% vs. 53.91%, P<0.001) and KRAS mutation
(46.69% wvs. 53.52%, P=0.011), but a higher proportion of
patients had BRAF mutation (54.86% vs. 45.31%, P<0.001),
compared with the TLE2'" group.

© Translational Lung Cancer Research. All rights reserved.

Univariate and multivariate analysis of PFS and OS

To further assess the prognostic significance of TLE1/2,
the expression levels of TLE 1-7 (high vs. low), age (=60 wvs.
<60 years), sex, and common genetic mutations (ALK, BRAF,
EGFR, ERBB2, KRAS, NRAS, PIK3CA, RET, and ROSI)
were enrolled in univariate and multivariate analysis (Zizble 3).
The univariate analysis identified three independent risk
factors for PFS. They were high expression levels of TLEL,
TLE2, and TLES (P<0.001, P=0.004, and P=0.035). While,
the univariate analysis identified five independent risk factors
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Table 3 Univariate and multivariate cox regression analyses of PFS and OS in 559 multiple myeloma patients

Univariate cox regression

Multivariate cox regression

Characteristics PFS (O] PFS (ON]

HR (95% Cl) P value HR (95% ClI) P value HR (95% CI) P value HR (95% CI) P value
AGE (=60 vs. <60) 0.97 (0.71-1.32)  0.839 1.40(1.03-1.89) 0.029 0.89(0.64-1.24) 0.492 1.42(1.04-1.95)  0.027
Gender 1.05(0.77-1.43)  0.750 0.97 (0.72-1.32) 0.860 1.22(0.87-1.70) 0.257 1.03(0.75-1.43)  0.842
ALB 0.72 (0.53-0.97)  0.033 0.47 (0.35-0.64) <0.001  0.82(0.59-1.13) 0.220  0.55(0.40-0.76) <0.001
B2M 1.72 (1.27-2.33) <0.001  2.22 (1.64-3.01) <0.001  1.13(0.75-1.70) 0.553  1.34 (0.89-2.00)  0.157
BMPC 1.63(1.18-2.27)  0.003 1.82(1.30-2.56) 0.001  1.39(0.95-2.03) 0.089 1.45(0.98-2.14) 0.066
CREAT 1.36 (0.99-1.87)  0.055 1.73(1.28-2.35) <0.001  1.07 (0.74-1.56) 0.714 1.19(0.83-1.70) 0.344
CRP 0.97 (0.71-1.34)  0.869 1.49 (1.10-2.01)  0.011 0.85(0.6-1.19) 0.338 1.17(0.84-1.62)  0.361
LDH 2.58 (1.65-4.05) <0.001 3.68 (2.53-5.37) <0.001  2.62 (1.62-4.23) <0.001 2.91(1.93-4.40) <0.001
HGB 0.54 (0.39-0.74) <0.001 0.61(0.45-0.84) 0.002 0.70(0.48-1.01) 0.055 1.04(0.73-1.49) 0.819
MRI 1.26 (0.93-1.71)  0.141 1.89(1.38-2.60) <0.001  1.61(1.17-2.22) 0.004 2.21(1.58-3.08) <0.001
SUNT1 (high vs. low) 1.21(0.89-1.64) 0.235 1.21(0.89-1.64) 0.222 1.03(0.74-1.43) 0.853 1.08 (0.78-1.49)  0.649
SUN2 (high vs. low) 1.40(1.03-1.90)  0.029 1.42(1.05-1.91) 0.024  1.34(0.97-1.84) 0.074 1.52(1.11-2.07)  0.009
SUNS3 (high vs. low) 0.90 (0.67-1.22)  0.509 1.02 (0.75-1.37)  0.920 0.90(0.65-1.25) 0.527 0.99 (0.72-1.37)  0.968
SPAG4 (high vs. low)  0.60 (0.44-0.82)  0.001 0.65(0.48-0.88) 0.006  0.69(0.49-0.97) 0.031 0.65(0.47-0.91)  0.012
SUNS (high vs. low) 1.10(0.81-1.50)  0.525 1.12(0.83-1.52) 0.445 1.15(0.83-1.59) 0.416 1.15(0.83-1.59)  0.393
CCND1 0.65 (0.48-0.88)  0.006 0.74 (0.55-1.01) 0.054 0.59 (0.42-0.83) 0.003 0.88(0.63-1.22)  0.440
CDK4 1.22 (0.90-1.66) 0.197 1.36(1.01-1.84) 0.045 1.07 (0.76-1.50) 0.689 1.15(0.81-1.63)  0.422
CDK5 0.88 (0.65-1.19)  0.396 1.09 (0.81-1.47) 0.579 0.70(0.49-1.00) 0.050 0.82(0.58-1.15)  0.247
FGFR3 0.90 (0.67-1.22)  0.508 0.80 (0.60-1.09) 0.154  0.84 (0.60-1.17) 0.310 0.78 (0.57-1.08)  0.136
HK2 1.74 (1.28-2.37)  0.000 1.65(1.22-2.25)  0.001  1.85(1.33-2.57) 0.000 1.61(1.15-2.24)  0.005
LIG4 0.84 (0.62-1.14)  0.268 0.85(0.63-1.14) 0.276  0.89 (0.65-1.22) 0.454 0.94 (0.69-1.29) 0.714
TP53 1.06 (0.78-1.44)  0.700 0.85(0.63-1.15)  0.291  1.05(0.76-1.46) 0.757 0.86 (0.62-1.20)  0.382

PFS, progression-free survival; OS, overall survival; CR, complete remission; HR, hazard ratio; Cl, confidence interval; ALB, albumin, 35 g/

L; B2M, beta-2 microglobulin, mg/L; HGB, haemoglobin, g/dL.

for OS. They were high expression levels of TLE1L, TLE2,
and TLES, ALK mutation, and NRAS mutation (P<0.0001,
P=0.003, P=0.024, P=0.036, and P=0.045). The multivariate
analysis identified high TLE1 and TLE2 expression as
independent risk factors for both PFS and OS (PFS: P<0.001,
P=0.020; OS: P<0.0001, P=0.047, respectively).

The combined prognostic effect of TLE1 and TLE2 in

LUAD

The effects of TLE1 and TLE2 on PFS and OS were
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subsequently examined. The results showed that the
subgroup with both TLE1"#" and TLE2"" had significantly
shorter PFS and OS than the other subgroups (TLE1""/
TLE2"Y, TLE1""/TLE2"" TLE1"¢"/TLE2"¢") (P<0.0001

and P<0.0001, respectively, Figure 4).

GO and Reactome pathway envichment analysis of the
TLE family members

Reactome pathway enrichment analysis of the TLE family
members showed that they are related to the repression
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Figure 4 Kaplan-Meier curves of PFS and OS for patients in TCGA. (LL: TLE1""/TLE2"", LH: TLE1"/TLE2"¢", HL: TLE1"¢"/
TLE2", HH: TLE1"*"/TLE2"®"). (A) TLE1"*"/TLE2"" expression had shorter PFS; (B) TLE1""/TLE2"" expression had shorter OS.

PFS, progression-free survival; OS, overall survival; TLE, Transducin-like Enhancer of split.

of WNT target genes, TCF-dependent signaling in
response to WN'T, and deactivation of the beta-catenin
transactivating complex (Figure 5). GO term enrichment
analysis revealed that the TLE family members were related
to repressing transcription factor binding, beta-catenin-
TCF-complex, transcription factor complex, negative
regulation of canonical WN'T signaling pathway, and cell-
cell signaling by WNT (Figure 5). A model illustrating the
relationship between the TLE family members and Wnt
pathway is shown in Figure S2.

Discussion

This study found an increasing trend in TLE1 expression
and a decreasing trend in TLE2 expression in LUAD.
Furthermore, a high TLE1 level and a low TLE2 level
were poor prognostic factors in patients with LUAD.
Co-expression analysis confirmed that TLE1 and TLE2
were strongly correlated in LUAD. Based on multivariate
analysis, TLE1 and TLE2 were also found to be
independent risk factors for PFS and OS. Compared with
the use of a single marker, the combined application of
biomarkers seems to have higher value in the assessment of
tumor prognosis.

The relationships between TLE family members and
cancers have been studied recently. TLEI has been shown
to bind to Runxl, which is essential for the maintenance
and generation of hematopoietic stem/progenitor cells
(HSPCs) (22,23). TLE1 is related to chromatin through its
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interactions with the amino-terminal tail of histone H3 (24).
The silencing function of the TLEI gene is dependent on
recruitment of the histone deacetylase (HDAC) protein.
In a study by Chen ez 4l., acetyl groups were removed from
nearby DNA bound histones (25). TLEL1 is highly expressed
in diseased metaplastic and neoplastic transformed states as
well as in proliferative epithelial tissues (26). TLE1 is also
involved in the pathogenesis of cancers. For instance, it is
abnormally expressed in various human cancers including
synovial sarcoma (27), breast cancer (28), and lung cancer (16).

There were function differences of TLE proteins in
different types of tumors. Seo er 4/. found that inhibition
of TLEI altered cancer cell proliferation and apoptosis
through suppression of Bcl-2 expression (27). TLEI
is selectively over-expressed in invasive breast tumors
compared to non-invasive ductal carcinoma in situ and
normal mammary epithelial tissue (28). Allen et /. found
that transgenic mice carrying the human TLE1 homolog
developed LUAD. TLE1 was found to be overexpressed
in approximately 11% of patients with lung squamous cell
carcinomas and 20% of patients with LUADs. It is a putative
lung-specific oncogene that positively regulates Bcl2
expression and ErbB1/ErbB2 signaling to promote cancer
progression (16). Yao et 4l. found that the ZEB1/TLEL/
E-cadherin transcriptional mechanism was a pathway that
promoted the oncogenicity of lung cancer cells (18). TLE1
was also found to be an effector of epithelial-mesenchymal
transition via transcriptional silencing of the epithelial
marker E-cadherin in lung cancer cells (17). The TLE1
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gene functions as a tumor suppressor in myeloid leukemia.
Epigenetic inactivation of the TLE1 gene was shown
to promote myeloid cell proliferation and survival (15).
Elevated expression of TLEL is frequently observed in
glioblastoma, and is associated with poor OS (29). TLEI
expression is a good prognostic indicator in gastric cancer
and that it exerts oncogenic effects (30). TLE1 may act as a
tumor suppressor in hepatocellular carcinoma (31).

TLEL, which is a negative regulator of apoptosis, has
been observed to inhibit low potassium-induced neuronal
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apoptosis (32), and to exhibit anti-neurogenic activity in
mammalian forebrain development. Furthermore, Yao et 4.
reported that upregulation of TLEI in transgenic mice
inhibited neuronal development in vivo (33). In their study,
Nuthall ez al. observed that ectopic TLE1 expression in
neural progenitor cells promoted their un-differentiation
status with concomitant increased proliferation ability (34).
In conjunction with Forkhead box protein G1 (FoxGl),
TLE1 promoted survival in post-mitotic neurons in Zhang
et al.’s study (32). It has also been observed to inhibit
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caspase-independent cell death induced by Bitl (Bcl2-
inhibitor of transcription 1) (35), and to positively regulate
Bcl2 expression and ErbB1 and ErbB2 signaling (16).
Furthermore, downregulation of TLEI can result in excess
inflammatory cytokine production (36). Also, Sonderegger
et al. observed that exogenous TLEI expression stimulated
anchorage-independent growth in chicken embryo
fibroblasts (37). These findings show that TLE1 play an
important role in the BP.

TLE2 can form a complex with the replication and
transcription activator (RTA) to access the cognate DNA
sequence of the RTA-responsive element at different
promoters and subsequently inhibit replication and
transactivation (38). TLE2 and B-catenin are physically
associated with NDRGI to affect the Wnt pathway in
esophageal cancer cells (39). TLE2 is also associated with
the survival and progression of bladder cancer. A low
expression of TLE2 was associated with shorter OS and
PFS, whereas a high expression of TLE2 was associated
with favorable OS. This was consistent with Wu et al.’s
analysis of a cohort from the TCGA (40). In our study, the
results showed that the subgroup with both TLE1high and
TLE2low had significantly shorter PFS and OS than the
other subgroups. High TLE1 expression and low TLE2 are
independent adverse prognostic factors in LUAD and can
serve as prognostic biomarkers.

Regarding TLE3, Qian et a/. found that it was highly
expressed in slow-proliferating and -migrating breast cancer
cell lines like MCF-7; however, it was downregulated in
more malignant stromal cells like ZR-75-30. These results
revealed TLE3 as the possible key factor in breast cancer
cell proliferation and migration (41).

The transcriptional pathways of the TLE family include
Whnt, Notch, Pax2, and Runx2 (19). Cell fate determination
during embryogenesis in adults is mediated by Wnt growth
factors. Co-repressors of TLEs are known to contribute to
the repression of Wnt targets in the absence of signaling;
however, inactivation or displacement of TLE by Wnt
signaling is still poorly understood. Ramakrishnan et al.
reviewed the prevalence and molecular mechanisms of the
Wnt transcription switch, and found that the regulation of
gene expression by the Wnt pathway is complex (42). Fu
et al. revealed that loss of Lats1/2 mobilized a previously
unrecognized TLE/YAP/TAZ-Groucho interaction to
suppress Wnt/TCF-mediated transcription, which led to
Wnhnt-uncoupled progenitor expansion and intestinal stem
cell depletion (43). Wnt acts by stabilizing cellular levels of
the transcriptional coactivator beta-catenin, which forms

© Translational Lung Cancer Research. All rights reserved.

3261

complexes with sequence-specific DNA-binding Tcf/
Lef transcription factors. Tef/Lefs acts as transcriptional
repressors by binding to Groucho/TLE proteins in the
absence of nuclear B-catenin. Hanson et 4/. revealed a
mechanism by which XIAP-mediated removal of Gro/
TLE from TCF/Lef allows assembly of B-catenin-TCF/
Lef complexes that initiate a Wnt-specific transcriptional
program (44). Daniels et a/. confirmed that B-catenin
displaced Groucho/TLE from Tecf/Lef by binding to a
previously unidentified second, low-affinity binding site
on Lef-1 that includes sequences just N-terminal to the
DNA-binding domain, and that overlaps the Groucho/
TLE-binding site (45). Wu ez al. found that the removal
of O-GlcNAc was important for gene activation via Wnt-
responsive promoters and demonstrated how Groucho/
TLEs repress gene transcription (46).

In conclusion, we found that the expression levels
of TLEs shows a significantly different trend with the
progression of LUAD. A high expression TLE1 and
a low expression of TLE2 were associated with a poor
prognosis. Furthermore, TLE1 and TLE2 were found to
be independent prognostic factors for patients with LUAD,
and might also be potential therapeutic targets. Moreover,
the combined use of TLE1 and TLE2 was better than the
use of a single biomarker. However, further studies of the
molecular mechanism of TLEs in LUAD are needed.
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