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Prognostic effects of the expression of inhibitor of DNA-binding
family members on patients with lung adenocarcinoma
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Abstract. The basic helix-loop-helix (bHLH) transcription
factors are negatively regulated by inhibitor of DNA-binding
(ID) proteins. Several studies have demonstrated that 1D
family proteins are dysregulated in a variety of cancer types,
including in lung adenocarcinoma (LUAD). In current study,
the prognostic value of ID family members was evaluated
by investigating publicly accessible databases, including
Oncomine, Kaplan-Meier plotter, UALCAN and the Human
Protein Atlas. It was observed that the mRNA expression of
all ID members was downregulated in LUAD tumor tissues
compared with those in normal tissues according to the
Oncomine and UALCAN databases. Additionally, increased
mRNA expression levels of ID2 and ID1 were associated with
improved and poorer survival time, respectively. Notably,
ID3 and ID4 expression was not associated with survival in
patients with LUAD. At the protein level, high ID2 signifi-
cantly predicted an improved survival outcome while high
ID1 is associated with shorter survival time. Thus, the results
indicate that the ID proteins, particularly ID2, exhibit signifi-
cant prognostic value in LUAD. More studies are required to
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elucidate the underlying molecular mechanisms behind the
role of the ID family in the development of LUAD.

Introduction

Lung cancer represents one of the leading causes of
cancer-associated mortality, both globally as well as within
China (1,2). Non-small cell lung cancer (NSCLC) accounts for
80-85% of lung cancer cases, the majority of which are lung
adenocarcinoma (LUAD) (3). Despite advances in the preven-
tion, diagnosis and treatment of LUAD, the 5-year overall
survival (OS) rate is <15% (4). There have been numerous
studies investigating LUAD prognosis-associated factors,
including age, sex, tumor stage and certain genetic mutations
[such as epidermal growth factor receptor (EGFR)], which
may help to predict the OS; however, effective monitoring of
certain genetic mutations is yet to be achieved, as they are
either invasive or costly (5,6). Therefore, the identification of
more economical and convenient biomarkers able to predict
OS time in patients with LUAD is imperative to facilitate
efficient management and treatment of the disease.

The inhibitor of DNA binding (ID) proteins is a class
of helix-loop-helix (HLH) transcription regulatory factors,
including ID1, ID2, ID3 and ID4 (7). These proteins have
been demonstrated to serve crucial roles in a wide range of
tumor-associated processes, such as tumorigenesis, cell differ-
entiation, cell cycle, migration and invasion, angiogenesis and
metastasis (8,9). Aberrant expression of the ID proteins has
been revealed in a variety of human malignancies, including
LUAD (10) and breast cancer (11,12). However, the association
between the expression of IDs and LUAD prognosis is yet to be
elucidated. In the present study, compared with other malignan-
cies, IDs, including ID1, ID2, ID3 and ID4, were universally
downregulated in LUAD samples. Notably, cigarette smoke
contains a complex mixture of >6000 chemicals, thus may
alter gene expression and contribute to smoking-associated
disease such as lung cancer. Thus, the association between IDs
expression and smoking status was also analyzed in LUAD
here.
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Notably, to the best of our knowledge, the prognostic
value of IDs expression in predicting OS time in patients with
LUAD has not yet been investigated. Therefore, the purpose of
the present study was to summarize and update the currently
available evidence from openly accessible databases regarding
the association between the expression of various IDs and OS
time in patients with LUAD.

Materials and methods

Oncomine analysis. The expression level of all ID proteins
was analyzed in different types of human malignancies using
a free-access public online database, Oncomine (Www.onco-
mine.org), which contains a large amount of cancer microarray
information. The paired Student's t-test was used to compare
cancer vs. normal tissues and a fold-change of 2 with a P-value
of <0.01 was considered to represent a clinically significance
difference in expression, as in a previous study (13). Gene rank
was analyzed by the percentile of the target gene in the top of
all genes(top 10%) measured in each study. The cell color was
determined by the gene rank percentile for the analyses within
the cell as follow: Dark blue, 100%; blue, 50%; light blue 10%;
dark red, 100%, red, 50%; and light red, 10%.

UCLAN database analysis. The open access database UCLAN
(http://ualcan.path.uab.edu/analysis.html) was used to analyze
the association between the expression levels of various IDs
and Tumor-Node-Metastasis (TNM) staging and smoking
status of patients with LUAD (14). This database provides easy
access to the publicly available cancer OMICS information
from The Cancer Genome Atlas (TCGA) and the MET500
(a database comprised of whole-exome and -transcriptome
sequencing of 500 adult patients with metastatic solid tumors
of diverse lineage and biopsy sites), allowing users to identify
biomarkers or perform in silico validation of potential genes of
interest. The median expression value was used as cut-off and
significant difference between groups was assessed using the
unpaired two-sample Student's t-test.

Human protein atlas. The HPA (https://www.proteinatlas.
org/) is an open access program that maps all human proteins
in cells and tissues (15). The Pathology Atlas of the HPA
depicts the association between specific protein expression
levels and the OS time of the patients with LUAD (16). Here
the HPA was used to analyze the relationship between IDs
protein expression and survival time.

Kaplan-Meier plotter survival analysis. To analyze the
prognostic values of ID expression levels in LUAD samples,
the Kaplan-Meier plotter (www.kmplot.com) was used. This
demonstrated the association between the OS time of patients
with LUAD with high- or low-ID mRNA expression based on
median expression as cut-off value. The Log-rank was used to
compare the difference between curves and is presented on the
webpage (17).

Statistical analysis. All data are presented as the
mean + standard deviation (SD). All statistical analyses
were performed using one-way ANOVA or unpaired two
sample t test (SPSS 22.0; IBM Corp.). The survival curves were

calculated using the Kaplan-Meier method and statistically
compared using a log-rank test. Differences were considered
statistically significant when the P-values were <0.05, unless
otherwise specified.

Results

mRNA expression levels of ID family members in human
lung cancer tissues. 1D proteins (ID1, ID2, ID3 and ID4)
exhibited varied expression patterns in tumors and normal
tissues, as well as in other human malignancies. The differ-
ence in expression levels was analyzed using the online tumor
database Oncomine, which had a total of 445, 457, 420 and
442 analyses describing ID1, ID2, ID3 and ID4 expression,
respectively. Regarding lung cancer, 8 studies reported that
ID1 was significantly downregulated compared with normal
tissues. Of these, 6 studies revealed that ID1 was significantly
downregulated in LUAD compared with the normal tissues.
Regarding ID2, 5 studies revealed that it was significantly
downregulated in lung cancer and, of these, 4 studies
described the significant downregulation of ID2 in LUAD
tissues. ID3 was revealed to be significantly downregulated in
4 studies of LUAD tissues. Moreover, ID4 was demonstrated
to be downregulated in 9 studies on lung cancer, 7 of which
were specifically describing LUAD tissues compared with
normal tissues (Fig. 1).

Downregulation of ID mRNA levels according to UCLAN
database. To further explore the expression of ID proteins in
LUAD, data was analyzed using the UCLAN database and it
was observed that the entire ID family, comprising ID1, ID2,
ID3 and ID4, were all significantly downregulated in LUAD
compared with that in normal tissues (Fig. 2).

Downregulation of the ID family according to TCGA data-
base of different clinical features. ID family expression was
further analyzed between different stages of LUAD and
it was observed that all ID proteins were downregulated
between stage I and IV in LUAD compared with those in the
normal tissues (Fig. 3A-D). Moreover, smoking status did not
significantly influence expression levels, as IDs expressions
were significantly downregulated in LUAD compared with
that in the normal tissues, irrespective of the smoking history
(Fig. 3E-H). The current data indicate that IDs serve an impor-
tant role in the tumorigenesis rather than in progression of
LUAD, and that their expression is not significantly associated
with tobacco usage.

Dysregulation of ID1 and ID2 mRNA expression, and its asso-
ciation with OS time. Subsequently, data from the KM plotter
was analyzed to identify whether members of this family are
associated with the survival time of patients with LUAD. It
was observed that higher expression of ID1 was associated
with poor survival in LUAD (P<0.05 vs. P=0.0083; Fig. 4A).
However, higher ID2 mRNA expression was significantly
associated with a longer OS time in LUAD (P<0.05; Fig. 4B).
Notably, regarding ID3 and ID4, there was no significant
difference in OS time between the high- and low-expression
group, with the median expression used as the cut-off value
(both P>0.05; Fig. 4C and D).
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Figure 1. mRNA expression patterns of IDs in different types of human malignancy. mRNA expression of ID family members (cancer vs. normal tissue)
was analyzed with the Oncomine database. Red indicates high expression and blue indicates low expression of the target gene. The P-value threshold was
maintained to be 0.01. The number in each cell represents the number of analyses that meets this threshold. Gene rank was analyzed by the percentile of the
target gene in the top of all genes measured in each study. The cell color was determined by the gene rank percentile for the analyses within the cell. P<0.01
and fold-change >2 were used to establish the threshold. ID, inhibitor of DNA binding; CNS, central nervous system.

Upregulation of IDI1 and ID2 protein expression is associ-
ated with OS time in patients with LUAD. Data from the HPA
database were analyzed to discover whether there was an asso-
ciation between level of protein expression and OS time. It was
observed that increased ID2 protein expression was positively
associated with improved survival time while high IDI protein
was associated with poor survival time in patients with LUAD
(Fig. 5A and B; P<0.05). However, the protein expression levels of
ID3 and ID4 did not have any significant influence on the OS time
of the patients with LUAD (P=0.077, Fig. 5C; P=0.18, Fig. 5SD).

Discussion

LUAD treatment modality has been revolutionized by the
implementation of targeted therapy against genes such as

EGFR and ALK, which has improved clinical outcomes
significantly (18,19). Other targeted treatments include those
against more uncommon mutations such as BRAF V600E
and ROSI1 (20,21). Immunotherapy can to be used alone
or in combination with chemotherapy to treat LUAD as the
first-line therapeutic option, depending on the expression level
of PD-L1 (22-24). This paradigm shift in targeted treatment
options is based on the underlying mechanisms of LUAD
progression, such as the EGFR signaling pathway and ALK
translocations.

IDs are a family of transcription regulators containing
a highly conserved HLH domain. These proteins influ-
ence a variety of tumor processes, including tumorigenesis,
progression, tumor differentiation, cell cycle progression and
metastasis (8). Moreover, IDs are the downstream targets



4 LU et al: ID PROTEINS ARE ASSOCIATED WITH LUNG ADENOCARCINOMA PROGNOSIS

A Expression of ID1 in LUAD B Expression of ID2 in LUAD
500 200 *
* 1
400 i
— 150 !
i
[ c 1
2 300 -1 = i
E | E 100 |
3 i @ i
2 200 H a H 5
= H B :
[ : ]
100 — o
£ £ ;
—— _I_I
0 S R 0
-100 -50
Normal Primary tumor Normal Primary tumor
(n=59) {n=515) (n=59) (n=515)
TCGA samples TCGA samples
Cc Expression of ID3 in LUAD D Expression of ID4 in LUAD
350 80 *
* —
300
i 60
250 i
s : s
= - i =
£ 200 i E 40
H ' g
g "7 T B S
G 1 S _ '
2 100 i g 20 E
' o
- | T —
50 — i
! 0 - ——
. )
-50 -20
Normal Primary tumor Normal Primary tumor
{n=59) (n=515) (n=59) (n=515)

TCGA samples

TCGA samples

Figure 2. mRNA expression of the ID family members in LUAD and normal tissues from the TCGA database. mRNA expression levels of (A) ID1, (B) ID2,
(C) ID3 and (D) ID4 in LUAD compared with those in normal tissues. Significant difference between groups was assessed using the unpaired two-sample
Student's t-test. The two comparison groups are normal vs. primary tumor. All data are presented as the mean =+ standard deviation (SD). All groups are
different groups of patients or normal controls. “P<0.05. ID, inhibitor of DNA binding; TCGA, The Cancer Genome Atlas; LUAD, lung adenocarcinoma.

of a number of oncogenic pathways, making them potential
targets for cancer therapeutics (25). However, from the
known literature, the different ID members have contradic-
tory roles in distinct types of cancer, and the role of IDs
in LUAD is yet to be elucidated. In the present study, the
mRNA expression of the ID family members was identified
using the Oncomine database. It was revealed that IDs were
differentially expressed between different types of human
malignancies. In lung cancer, all ID family members were
significantly downregulated. Notably, IDs were decreased
mostly when observing the histology of the LUAD compared
with that in the normal tissues. To confirm the aforemen-
tioned results, data from UCLAN (a large accessible database
containing data from TCGA and MET500) were investigated.
It was revealed that all IDs were significantly downregulated
in LUAD tissues compared with those in normal tissues,
irrespective of stage or smoking history, indicating their role
in tumorigenesis and tumor progression. Castafion et al (26)
reported that IDI is upregulated in NSCLC tissues and that
this is associated with shorter OS time. ID family members
may influence cell fate determination, differentiation and cell

proliferation by binding to bHLH. However, each individual
ID has diverse role in these processes. It was found that IDI1,
ID3 and ID4 were co-expressed in LUAD. Moreover, in the
study by Castafion et al (26), the expression levels of ID1 and
ID3 were demonstrated to be associated with each other, and
were also associated with a poor clinical outcome in patients
with locally advanced NSCLC treated with definitive chemo-
radiotherapy. In the present study, it was revealed that all ID
family members were downregulated in LUAD, irrespective
of stage or smoking habits. However, to understand the distinct
mechanisms underlying the roles of the different IDs in LUAD
progression, further research is needed.

It has been reported that in methylated glioblastomas,
ID4 mRNA is significantly reduced and ID4 methylation is
significantly associated with a favorable clinical outcome (27).
Other studies reported that an increased expression level of
ID4 along with a concomitant loss of the BRCA proteins in
triple-negative breast cancer adversely affect the survival
outcome of affected patients (28). However, it was revealed
that higher ID2 mRNA expression predicted an improved
survival outcome, while the expression levels of both ID3 and
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Figure 3. Association between the gene expression levels of ID family proteins with cancer stage or smoking status, using data from TCGA. mRNA expression
levels of (A) ID1, (B) ID2, (C) ID3 and (D) ID4 in normal tissues compared with those in tissues at various different cancer stages. (E) ID1, (F) ID2, (G) ID3
and (H) ID4 mRNA expression levels in normal tissues normalized to patient status. Data are presented as the mean =+ standard deviation (SD). One-way
ANOVA was used to test differences among groups. If statistical significance was obtained through ANOVA (P<0.05), Tukey's post-hoc test was used to make
multiple comparisons. P<0.05 was considered to indicate a statistically significant difference. ID, inhibitor of DNA binding; TCGA, The Cancer Genome Atlas;
LUAD, lung adenocarcinoma.
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Figure 4. Genetic analysis of the prognostic values of the ID family members in patients with LUAD. Kaplan-Meier overall survival time estimates for (A) ID1,
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ID4 mRNA did not exert any significant effect on clinical
outcome. Notably, ID1 was downregulated in LUAD and the
high mRNA expression group was significantly associated
with a poorer survival time in patients with LUAD. Thus,
contradictory results were obtained, which should be validated
on tumor samples. At the protein level, it was revealed that
high ID2 expression was associated with a longer OS time,
while high ID1 was associated with a shorter survival time.
Thus, the expression of ID1 and survival time is contradictory
and should be validated on tumor samples. Therefore, it was
supposed that amongst the ID family members, ID2 may serve
a critical role in the genesis and progression of LUAD, thereby
having a significant clinical outcome favoring survival of the
patients with LUAD.

Wen et al (12) revealed that ID2 upregulated notch3 expres-
sion via blocking the binding of E2A to an E-box motif in the
notch3 promoter; further decreased expression of ID2 was asso-
ciated with worse long-term metastasis-free survival in patients
with breast cancer (12). Moreover, Bae et al (29) revealed that ID2
expression was significantly higher in the head and neck squa-
mous cell carcinoma (HNSCC) cells with stemness, compared
with that in differentiated HNSCC cells; furthermore, increased
expression of ID2 was closely associated with poorer post-treat-
ment survival rates in patients with HNSCC. By contrast, it was
observed in the current study that increased expression of 1D2
was strongly associated with better survival outcomes in patients
with LUAD. These differential findings indicate that different
types of human cancer have varied ID2 expression patterns.

Several potential limitations of the present study should be
noted; although it was demonstrated that IDs proteins serve
an important role in LUAD and may represent a therapeutic
target, all data were retrieved from public databases and not
validated using tumor and normal samples. In addition, Gene
Ontology and Kyoto Encyclopedia of Genes and Genomes
pathway analyses were not performed to identify genes associ-
ated with IDs in LUAD, as the current study was focused on
determining the role of the ID family in the progression of
LUAD. In the present study, it was revealed that the mRNA
expression of ID1 and ID2 was associated with survival
outcomes, and at the protein level, ID1 and ID2 was associ-
ated with OS time in patients with LUAD. However, based on
the contradictory results of ID1, it was proposed that ID2 may
serve a critical role in the genesis and progression of LUAD. To
further elucidate the underlying molecular mechanism behind
the role of ID2 in LUAD, more in-depth studies are warranted
to investigate the exact functions of ID2 in tumorigenesis and
the development of LUAD.
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