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Abstract

Background Although much progress has been made in the diagnosis of early-stage lung adenocarcinoma (ES-LUAD), the
prognosis for ES-LUAD patients with rapid recurrence is still poor. Importantly, there is currently no effective and precise
method to screen patients who may develop rapid recurrence. Therefore, it is necessary to identify potential differentially
expressed genes (DEGs) in ES-LUAD patients with rapid recurrence and non-rapid recurrence.

Methods Affymetrix GeneChip Human Transcriptome Array was used to identify DEGs between ES-LUAD patients with
rapid recurrence and non-rapid recurrence. Rapid recurrence was defined as recurrence-free survival (RFS) = 1 year and
non-rapid recurrence was defined as RFS 2 3 years. The biological functions of the DEGs were analyzed by GO and KEGG
pathway enrichment analyses. The protein—protein interaction (PPI) network of identified DEGs was conducted by STRING
and Cytoscape software. The expression level of crucial hub genes and tumor-infiltrating lymphocytes (TILs) was verified
by immunohistochemistry (IHC).

Results A total of 416 DEGs were identified between ES-LUAD patients with and without rapid recurrence. The results
of GO analysis revealed that 2 of the top 10 categories in the domain of cellular component, 2 of the top 10 in the domain
of molecular function, and 9 of the top 10 in the domain of biological process were functionally related to immunity. The
results of KEGG analysis showed that 6 of the top 8 pathways were functionally involved in immune regulation and inflam-
matory response. The PPI network analysis identified ten crucial nodal protein, including EGFR, MMP?9, IL-1p, PTGS2,
MMP1, and 5 histone proteins, which constituted 25 key interactions. IL-1p and PTGS2 expression were closely related to
immunity and IHC analysis further revealed that low expression of IL-1p and PTGS?2 is associated with rapid recurrence.
Kaplan—Meier analysis further revealed that LUAD patients with lower IL-1p or PTGS2 expression had a worse RFS. When
the TIL density of CD3*, CD4", CD8" and CD20" subsets was less than 20%, ES-LUAD patients have a higher probability
of rapid recurrence.

Conclusion There were significant differences in the expression of immune-related genes between patients with rapid recur-
rence and patient with non-rapid recurrence. Immune-related genes such as IL-1f and PTGS2 and TIL density (20%) play
important roles in rapid recurrence of ES-LUAD. This study provided a theoretical basis for distinguishing the two types of
patients from an immunological perspective.

Keywords Microarray - Early-stage lung adenocarcinoma - Rapid recurrence - Differentially expressed genes - Tumor-
infiltrating lymphocytes - IL-1p - PTGS2

Introduction

Electronic supplementary material The online version of this Lung cancer is one of the most commonly diagnosed cancer
article (https://doi.org/10.1007/s00432-020-03287-7) contains in the world, accounting for 11.6% of the total number of
supplementary material, which is available to authorized users. cancer cases, and is also the leading cause of cancer death,
accounting for 18.4% of the total number of cancer deaths
(Bray et al. 2018). In China, the 5-year survival rate of
lung cancer is only 16.1%, and 70% of patients are initially
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diagnosed with advanced-stage lung cancer with a 5-year
survival rate of less than 5% (Zeng et al. 2015). Lung adeno-
carcinoma (LUAD) is the most common histological type of
lung cancer. According to the definition of American Joint
Committee on Cancer (AJCC), ES-LUAD refers to tumor
size £ 5 cm, no lymph node and distant metastasis, also
indicated as T1-2NOMO (IA-ITA).

Currently, the main treatment for ES-LUAD is surgery,
and the 5-year overall survival rate is close to 67% (Yana-
gawa et al. 2013). However, in our clinical practice, some
patients with ES-LUAD were relapsed within one year
after surgery (16.2%), and the 5-year survival rate was
extremely poor, well below the reported 67%, suggesting
that ES-LUAD may not be a homogenous but complex dis-
ease (unpublished observation). Therefore, it is important to
provide more aggressive adjuvant therapy for LUAD patients
with rapid recurrence to improve their prognosis. In the past
decades, various proteins (Gold et al. 2014), mRNAs (Wis-
tuba et al. 2013), miRNAs (Lu et al. 2012), and DNA meth-
ylation (Brock et al. 2008) have been reported to predict
postoperative recurrence of early-stage lung cancer, but none
of these have been applied for clinical practice. Therefore,
it is necessary to understand the molecular mechanism of
rapid recurrence of ES-LUAD from a new perspective, and
to predict the high-risk ES-LUAD patients who may develop
rapid recurrence.

Microarray is a widely used technology to screen dif-
ferentially expressed genes (DEGs) between cancer and
normal tissues and was recently used to study hotspot mol-
ecules such as IncRNA (Bach and Lee 2018). However, to
the best of our knowledge, there is no study using microar-
ray to investigate the rapid recurrence of ES-LUAD. After
hierarchical clustering analysis, we noticed that ES-LUAD
patients can be divided into two different categories in the
cluster analysis. GO enrichment and KEGG pathway anal-
ysis further indicated that these DEGs were mostly func-
tionally related to immunity. Moreover, protein—protein
interaction (PPI) network analysis identified many crucial
nodal proteins related to immunity function, such as IL-1p,
PTGS2, etc. Furthermore, ES-LUAD patients with rapid
recurrence had a lower density of CD3*, CD4*, CD8" and
CD20™ tumor-infiltrating lymphocytes (TILs) subsets. These
results suggested that immune-related genes and TILs par-
ticipated in the rapid recurrence of ES-LUAD.

Materials and methods
Clinical characteristics of patients
The study was conducted in accordance with the guide-

line of the Helsinki Declaration and was approved by the
Ethics Committee of Daping Hospital. All patients in this
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study underwent surgical treatment at the Daping Hos-
pital from 2011 to 2014, and pathological diagnosis of
all patients was confirmed as LUAD. The TNM staging
of all patients was T1-2NOM, which was based on the
International Union Against Cancer (UICC) 8th Edition
TNM lung cancer staging criteria, and was consistent with
the definition of ES-LUAD in AJCC. A total of 20 cases
with no statistically significant differences in age, gender,
smoking history, and degree of differentiation were used
for microarray analysis. Among the 20 cases, 8 cases had
recurrence within 1 year (classified as rapid recurrence
group), and 12 cases had no recurrence within 3 years
(non-rapid recurrence group). The clinical characteristics
of the 20 patients are shown in Table 1. Microarray was
used to examine the expression patterns of 20 patients
to identify DEGs between ES-LUAD patients with rapid
recurrence and ES-LUAD patients with non-rapid recur-
rence. On the other hand, another 136 patients were fur-
ther used to explore the possible molecular of action and
involved pathway. Among the 136 patients, 22 cases had
recurrence with 1 year, 40 patients had recurrence within
1-3 years, and the remaining 74 patients had no recurrence
within 3 years. Patients with recurrence-free survival
(RFS) = 1 year were classified as rapid recurrence group,
and patients with RFS = 3 years were classified as non-
rapid recurrence group. The clinical characteristics of the
two groups of patients are shown in Table 2. There were
no significant differences in clinical variables between the
two groups, including age, gender, smoking history, and
degree of differentiation. The clinical data were acquired
from medical records and telephone follow-up.

Table 1 Clinical characteristics of the patients for gene chip (n=20)

Rapid recurrence Non-rapid P value
(n=28) recurrence
(n=12)
Age 61.88+10.78 57.67+8.74  0.349
Age range
> 60 years 5(62.5%) 5(41.7%) 0.65
< 60 years 3 (37.5%) 7 (58.3%)
Smoking history
No 4 (50%) 7 (58.3%) 1
Yes 4 (50%) 5(41.7%)
Gender
Male 5(62.5%) 8 (66.7%) 1
Female 3 (37.5%) 4 (33.3%)
Differentiation grade
Low 3 (37.5%) 8 (66.7%) 0.362
Medium or high 5(62.5%) 4 (33.3%)

Fisher’s exact test
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Table 2 Clinical characteristics of the two group of the patients

Rapid recurrence Non-rapid P value
(n=22) recurrence
(n=74)
Age 55.77+9.023 59.23+7.357 0.07
Age range
> 60 years 9 (40.9%) 37 (50%) 0.454
< 60 years 13 (59.1%) 37 (50%)
Smoking history
No 13 (59.1%) 48 (64.9%) 0.621
Yes 9 (40.9%) 26 (35.1%)
Gender
Male 14 (63.6%) 33 (44.6%) 0.117
Female 8 (36.4%) 41 (55.4%)
Differentiation grade
Low 15 (68.2%) 36 (48.6%) 0.107
Medium or high 7 (31.8%) 38 (51.4%)

Pearson Chi-square test

Microarray and computational analysis

Microarray analysis was performed using Affymetrix
GeneChip® Human Transcriptome Array 2.0 as described in
the previous study (Dalma-Weiszhausz et al. 2006). Briefly,
total RNAs were extracted and purified separately from 20
paraffin-embedded tumor tissues using QTAGEN’s RNeasy®
FFPE Kit, reverse-transcribed into cDNA and biotinylated,
and then hybridized with GeneChip® Human Transcrip-
tome Array 2.0. The hierarchical clustering analysis was
performed by importing the chip data into Transcriptome
Analysis Console (TAC) Software 3.0.0. The 416 DEGs
were carried out by the Bioconductor package limma using
linear modelling and empirical Bayes methods (Ritchie
et al. 2015). In this study, DEGs were considered as fold
change>2.0 or<— 2.0 and P <0.05.

Functional profiling the DEGs by Gene Ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG)

Gene Ontology (GO) enrichment and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathways analysis were
conducted to clarify the functional roles of DEGs. Enriched
functional categories of gene—ontology associations were
performed by clusterProfiler R software. The KEGG analysis
was performed using the Database for Annotation, Visuali-
zation and Integrated Discovery (DAVID) database (https
//'www.david.ncifcrf.gov/home.jsp) (Sherman et al. 2007).
Adjusted P values less than 0.05 was considered statistically
significant.

Analysis of the protein—protein interaction (PPI)
network

All 416 DEGs were imported to The Search Tool for the
Retrieval of Interacting Genes/Proteins (STRING) data-
base (https://www.string-db.org/) for PPI network analy-
sis (Szklarczyk et al. 2019). A composite score > 0.4 was
considered statistically significant. The node proteins
obtained from the STRING database were then imported
into Cytoscape software to obtain a PPI network map. The
cytoHubba plug-in of Cytoscape software was used to ana-
lyze and identify the top 10 crucial node proteins and the top
10 crucial genes in the PPI network.

Immunohistochemistry (IHC)

The paraffin-embedded tissues were cut into approximately
3 um sections and spread on glass slides. The sections were
deparaffinized, rehydrated, and then antigen retrieval by high
pressure heating streamer using Tris/EDTA buffer (heat-
induced epitope retrieval). After leaving to cool, the sections
were treated with 3% H,0,—methanol solution for 10 min to
eliminate endogenous peroxidase activity. The sections were
then washed with PBS and incubated overnight at 4 °C with
a primary antibody: IL-1f (sc-32294, 1:200, Santa Cruz
Biotechnology), PTGS2 (ZA-0515, ZSGB-BIO), CD3 (ZM-
0417, ZSGB-BIO), CD4 (ZA-0519, ZSGB-BIO), CD8 (ZA-
0508, ZSGB-BIO) or CD20 (ZA-0293, ZSGB-BIO). After
washing with PBS, the sections were incubated with a horse-
radish peroxidase-conjugated secondary antibody (Rabbit
HRP EnVision TM+, Dako, Denmark) for 30 min at 37 °C.
After washing with PBS, the sections were incubated with
3,3-diaminobenzidine (DAB) substrates for 3 min, counter-
stained with hematoxylin for 2 min, and finally dehydrated.
The brown color indicated positive staining. For the nega-
tive control, the steps were the same except that the primary
antibody was omitted.

For calculating the density of tumor-infiltrating lym-
phocytes (TILs) subsets (CD3*, CD4*, CD8* and CD20"
TILs), five microscope fields were randomly selected, and
the number of positive stained cells and nucleated cells in
each field was calculated by Image-Pro Plus software 6.0.
IHC staining score of IL-1f and PTGS2 was determined
based on the staining intensity of cancer cells and graded as
follows: negative, score 0; weak, score 1; moderate, score 2;
and strong, score 3. Scoring was independently performed
by two experienced pathologists.

Statistics
All statistical analyses were performed using GraphPad

Prism version 8.0.2 (GraphPad, La Jolla, CA). Compari-
sons of proportions were used Fisher’s exact test or Pearson
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Chi-square test, as appropriate. In the Kaplan Meyer anal-
ysis, comparisons of survival curves were used Log-rank
(Mantel-Cox) test. And P <0.05 was considered statistically
significant.

Results
Overview of DEGs

Figure 1 shows a clustering analysis of 72 significant DEGs
(Table S1) microarray data from ES-LUAD patients with
rapid recurrence or non-rapid recurrence. The results indi-
cated that the two groups of patients can basically be divided
into two different categories. Using the Bioconductor pack-
age limma, a total of 416 DEGs (Table S2) were obtained
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Fig. 1 Hierarchical clustering analysis of DEGs in ES-LUAD patients
with/without rapid recurrence. The number 1 in the orange back-
ground indicated ES-LUAD patients with rapid recurrence. There
were 8 patients in this group. The number 2 in the green background
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between rapid recurrence group and non-rapid recurrence
group. Of these DEGs, 156 and 260 genes were up-regulated
and down-regulated in the rapid recurrence group, respec-
tively (fold change = 2.0 or £ — 2.0; P < 0.05). The top 10
DEGs with the highest fold change are listed in Table 3.

Gene Ontology (GO) term enrichment analysis
of 416 DEGs

The Gene Ontology (GO) covers three domains, includ-
ing cellular component, molecular function, and biological
process. The 416 DEGs were classified into differential
functional categories according to the GO term enrichment
analysis. And the top 10 functional categories from 416
DEGs in each domain are shown in Fig. 2. In the domain
of cellular component, two of the top 10 categories were

1.50 11.26

Zoom
Scroll

ﬂ

indicated 12 ES-LUAD patients without rapid recurrence, but only 11
patients were classified in this group. The remaining 1 case was clas-
sified as group 1. Red, high expression; green, low expression
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Table3 Top 10 differentially expressed genes in rapid recurrence
compared with Non-rapid recurrence

Up Down

Gene Foldchange Gene Foldchange
XAGEIE 13.96 XIST 304
MTI1A 7.64 CEACAMS  21.27
HLA-DQA1 7.3 S100A9 11.77
MMP13 7.28 1GJ 10.31
DSP 7.26 GDF15 9.42
MTIL 6.71 SPINK1 9.13
SNORD14D 6.39 PTGS2 9.02
MMP1 6.19 PLAT 8.96
COL12A1 5.26 IGLV7-43 7.93
AREG 4.09 IGLV7-46 7.89

related to immunity, including immunoglobulin complex
(GO:0019814) and immunoglobulin complex, circulating
(G0O:0042571). In the domain of molecular function, two
of the top 10 categories were related to immune response,
including antigen binding (G0:0003823) and immuno-
globulin receptor binding (G0O:0034987). Remarkably,
in the domain of biological process, nine of the top 10
categories were related to the immune process, includ-
ing humoral immune response (GO:0006952), adaptive

immune response based on somatic recombination of
immune receptors built from immunoglobulin superfam-
ily domains (G0O:0002460), phagocytosis (GO:0006909),
lymphocyte mediated immunity (G0:0002449), com-
plement activation (GO:0006956), complement activa-
tion, classical pathway (GO:0006958), humoral immune
response mediated by circulating immunoglobulin
(G0O:0002455), and immunoglobulin mediated immune
response (GO:0016064), and B cell mediated immunity
(GO:0019724).

Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway analysis

To understand the possible pathways of the 416 upregu-
lated or downregulated DEGs in the cell, these genes were
mapped to the KEGG pathway. As shown in Fig. 3, the
DEGs were highly clustered in eight metabolic or sign-
aling pathways. It is worth noting that six of the top 8
pathways were functionally involved immune regulation or
inflammatory disease, including systemic lupus erythema-
tosus, rheumatoid arthritis, complement and coagulation,
arachidonic acid metabolism, cytokine-cytokine receptor,
chemokine signaling pathway.
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Fig.2 GO enrichment analysis of DEGs between the two groups. a
The top 10 GO categories in the domain of cellular components by
analyzing 416 DEGs. Two of these categories were related to immu-
nity. b The top 10 GO categories in the domain of molecular func-
tion. Two of these categories were related to immunity response. ¢

0.170.180.190.200.21
GeneRatio

The top 10 GO categories in the domain of biological process. Nine
of these categories were related to immunity or inflammation. Gen-
eRatio: number of DEGs annotated to the GO category/total number
of DEGs

@ Springer



2304

Journal of Cancer Research and Clinical Oncology (2020) 146:2299-2310

A sig pathway of DE genes
Systemic lupus erythematosus [ ]
Rheumatoid arthritis
Protein digestion and absorption
Comy and i
Arachidonic acid metabolism

Cytokine-cytokine receptor
Cell adhesion molecules (CAMs)
Chemokine signaling pathway

IIII. T 1
0 3 6 9 15 20 25 30

GeneRatio (%)

Fig.3 KEGG pathway analysis of DEGs between the two groups.
The top 8 pathways significantly enriched in DEGs were listed. Of
these, 6 of the 8 pathways were functionally related to immunity or
inflammation. The x-axis represents the GeneRatio (a) and the -log10

PPl network

For the 416 identified DEGs identified from rapid recur-
rence samples, 216 nodal proteins and 1149 interacted
edges were obtained for PPI network analysis based on
the STRING database. As shown in Fig. 4a, 117 proteins
were up-regulated (red oval) and 99 proteins were down-
regulated (green rectangle). Topological analysis was
performed using cytoHubba, a Java plug-in for Cytoscape
software, to analyze 216 nodal proteins and identify 10
key nodal proteins, including epidermal growth factor
receptor (EGFR), matrix metalloproteinase 9 (MMP9),
interleukin 1p (IL-1p), cyclooxygenase2 (PTGS2), matrix
metalloproteinase 1 (MMP1), and 5 histones (HIST1H4E,
HIST2H4A, HIST1H4A, HIST1IH4D and HIST1HA4J).
These nodal proteins were considered to be key proteins
in the whole network and ultimately constituted a total of
25 key interactions (Fig. 4b).

Fig.4 PPI network analysis

for DEGs for rapid recurrence
LUAD samples. a The PPI
network consisted of 216 nodes
(nodal proteins) and 1149 edges
(interactions between proteins).
In addition, the green rectangle
indicated down-regulated pro-
tein and the red oval indicated
up-regulated protein. b PPI
network showed the top 10

hub genes, including EGFR,
MMPY, PTGS2, IL1B, MMP1,
HIST1H4E, HIST2H4A,
HIST1H4A, HIST1H4D, and
HIST1H4J. The 10 key genes
constituted 25 interactions with
each other. The darker the color,
the more critical the effect
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total number of DEGs

Immunohistochemistry (IHC) analysis of the two
immune-related genes IL-1§ and PTGS2

The expression of IL-1p (Fig. 5a) and PTGS2 (Fig. 5b) in
136 patients with early-stage LUAD were examined by IHC
analysis. In consistent to the microarray results, the expres-
sion of IL-1p and PTGS2 were relatively low in the rapid
recurrence ES-LUAD tissues (Table 4). Compared to the
non-rapid recurrence group, the proportion of low IL-1p
expression in the rapid recurrence group was significantly
higher (31.8% vs 8.1%, P=0.012). The proportion of low
PTGS?2 in the rapid recurrence group was also significantly
higher than that in the non-rapid recurrence group (68.2%
vs 10.8%, P <0.001). Furthermore, survival analyses were
performed to explore the individual prognostic significance
of IL-1p and PTGS2 in ES-LUAD patients using IHC stain-
ing (Fig. 5a, b) and Kaplan—Meier analysis (Fig. 5c, d).
The results showed a significant difference in recurrence-
free survival (RFS) between high and low expression of
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Fig.5 Recurrence-free survival in ES-LUAD patients. Representa-
tive images showed the expression level of IL-1p (a) or PTGS2 (b) in
clinical samples from ES-LUAD patients (x 100). The Kaplan—-Meier

Table 4 the protein expression of IL-1p and cox-2 between the two
groups

Expression Rapid recur- Non-rapid recur- P
rence (n=22) rence (n="74)
IL-1p Low 7 (31.8%) 6 (8.1%) 0.012
High 15 (68.2%) 68 (91.9%)
Ccox-2 Low 15 (68.2%) 8 (10.8%) 0.000
High 7 (31.8%) 66 (89.2%)

Pearson Chi-square test

IL-1p (Fig. 5c) and PTGS2 (Fig. 5d). The median RFS was
21.5 months and 55.0 months in low and high expression
of IL-1, respectively (P =0.0057). As to the PTGS2, the
median RFS was 19.0 months and 77.0 months in low and
high expression of PTGS2 (P <0.001), respectively.

The relationship between tumor-infiltrating
lymphocytes subsets and rapid recurrence
in ES-LUAD patients

To further investigate the association between the den-
sity of tumor-infiltrating lymphocytes (TILs) subsets and
rapid recurrence, tumor lymphocyte infiltration rates were
determined and analyzed by IHC staining the infiltrating
lymphocyte subsets. The TILs density was classified as
high (2 20%) and low (<20%). And the THC images of

low expression of PTGS2

-| high expression of PTGS2

P gy et
LA DN

w)

PTGS2 RFS

100 —— low expression of PTGS2
——high expression of PTGS2

Percent survival
v
o

P <0.001
0 T T T T T 1
0 20 40 60 80 100
RFS(months)

analyses of RFS for ES-LUAD patients with low or high expression
of IL-1p (c) or PTGS2 (d). Patients with higher IL-1p or PTGS2 had
a better RFS

TILs density of CD3", CD4*, CD8* and CD20" subsets
are shown in Fig. 6a. Herein, the CD3*%, CD4*, CD8™, and
CD20™ subsets represented the total T cells, CD4* helper T
cells, CD8* cytotoxic T cells, and B cells, respectively. As
shown in Fig. 6b—e and Table 5 (P < 0.05, Chi-square test),
the density of all 4 TILs subsets were significantly different
between rapid recurrence (n=22) and non-rapid recurrence
groups (n="74). The results indicated that when the TILs
density was less than 20%, ES-LUAD patients have a higher
probability of rapid recurrence.

Discussion

The histological subtypes of LUAD are closely related to
the prognosis. Warth et al. reported that among the lepidic,
acinar, papillary, micropapillary and solid predominant sub-
types, the lepidic predominant subtype had the longest over-
all survival (OS) (Warth et al. 2012). Ujiie et al. reported
that the solid predominant subtype is an independent pre-
dictor of recurrence in patients with stage I LUAD (Ujiie
et al. 2015). In addition to histological subtypes, some bio-
markers were also used to predict the postoperative recur-
rence of early-stage lung cancer (Gold et al. 2014; Wistuba
et al. 2013; Lu et al. 2012; Brock et al. 2008), but they do
not really distinguish patients with rapid recurrence. In our
clinical practice, ES-LUAD patients had extremely poor
prognosis after rapid recurrence. Therefore, it is necessary
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Fig.6 Tumor-infiltrating T and B lymphocytes in the rapid and non-
rapid recurrence patients. a Representative images of CD3*, CD4*,
CD8* and CD20* TILs by IHC analysis (x 100). The upper panels
showed the TILs density (tumor lymphocyte infiltration rate) = 20%,
and the below panels showed TILs density <20%. The densities of
CD3" (b), CD4* (¢), CD8* (d), and CD20" (e) TILs subsets in rapid

to identify these patients who will have rapid recurrence
and provide them with more aggressive treatment. Thus, in
this study, 20 ES-LUAD patients were classified into rapid
recurrence group (RFS = 1 year) and non-rapid recurrence
group (RFS 2 3 years), and DEGs between the two groups
were analyzed by microarray. 72 DEGs were clustered by
the Transcriptome Analysis Console (TAC) Software 3.0.0.
We found that 20 patients could be basically divided into
two categories: all 8 patients with rapid recurrence were
classified into one category, and 11 of 12 patients with non-
rapid recurrence were classified into another category. This
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recurrence and non-rapid recurrence groups were analyzed and dis-
played. When the TILs density = 20%, the proportion of patients in
the rapid recurrence group was significantly lower than that in the
non-recurrence group: CD3%(18.2% vs. 45.9%), CD4% (13.6% vs.
44.6%), CD8" (9.1% vs. 37.8%) and CD20™" (4.5% vs. 28.4%)

supported the hypothesis that from a genetic perspective, ES-
LUAD patients with rapid recurrence or non-rapid recurrence
may be two different disease subtypes. Thus, screening ES-
LUAD patients for rapid recurrence is theoretically feasible.
Next, we used the Bioconductor package limma to identify
DEGs because it has been a popular choice for gene discov-
ery through differential expression analyses of microarray
over the past decade (Ritchie et al. 2015). A total of 416
DEGs were obtained by this method. It should be pointed out
that the DEGs identified through the Transcriptome Analy-
sis Console (TAC) Software 3.0.0. and the Bioconductor
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Table 5 Tumor-infiltrating lymphocytes between the two groups

TILs Infiltration ~ Rapid recur- Non-rapid recur- P value
ratio (%) rence (n=22) rence (n=74)

CD3 <20 18 (81.8%) 40 (54.1%) 0.019
220 4 (18.2%) 34 (45.9%)

CD4 <20 19 (86.4%) 41 (55.4%) 0.008
220 3(13.6%) 33 (44.6%)

CD8 <20 20 (90.9%) 46 (62.2%) 0.011
220 2(9.1%) 28 (37.8%)

CD20 <20 21 (95.5%) 53 (71.6%) 0.020
220 1 (4.5%) 21 (28.4%)

Pearson Chi-square test

package limma are not completely consistent, which may be
caused by different algorithms and statistical methods.

To further understand the functions of these DEGs
involved in cells, GO enrichment and KEGG pathway analy-
sis were performed on these 416 DEGs. GO and KEGG anal-
yses are commonly used to demonstrate function enrichment
of the DEGs between tumor and non-tumor tissues (Yuan
et al. 2018), and can also be used to predict oncogenes (Xing
et al. 2016). Thus, a functional enrichment analysis was first
conducted to analyze 416 DEGs identified from rapid recur-
rence group and non-rapid recurrence group. In GO analysis,
whether it is the cellular component aspect, the molecular
function aspect or the biological process aspect, the functions
of these DEGs were obviously related to immunity. In detail,
in the top 10 categories of the three GO aspects, 2 of top 10
in cell components category, 2 of top 10 in the molecular
function category, and 9 of 10 in the biological process cat-
egory were all functionally related to immunity. Interestingly,
all the three GO aspects contained humoral immunity-related
terms (GO:0019814, GO:0034987, GO:0006952, etc.), sug-
gesting that humoral immunity played a special role in the
rapid recurrence of ES-LUAD. In the KEGG analysis, these
DEGs were also found to be functionally involved in immune-
related or inflammation-related pathways, that is, there were
6 of the top 8 pathways. Of interest, systemic lupus erythe-
matosus (SLE) ranked first. SLE is due to the inability of
individual’s immune system to distinguish between self and
non-self-antigens, resulting in the production of antibodies
against self-antigens and triggering an over-active inflamma-
tory response (Hui-Yuen et al. 2016). Since impaired B cells
are typical characteristics of SLE and B cells are the main
cells involved in humoral immunity (Bakshi et al. 2018), this
implies that in ES-LUAD patients, the occurrence of rapid
recurrence may be closely related to humoral immunity. In
summary, the GO enrichment results indicated that there is
a large difference in the expression of immune-related genes
between ES-LUAD patients with rapid recurrence and non-
rapid recurrence.

We also found that among 416 DEGs, 156 genes were
up-regulated and 260 genes were down-regulated. Xu et al.
suggested that key genes play important biological functions,
rather than those with the highest expression difference (Xu
et al. 2018). Thus, the PPI network analysis was conducted
using the STRING database to identify the key genes and
finally obtained 216 key nodal proteins. Subsequently, 10 key
genes (EGFR, MMP9, IL1B, PTGS2, MMP1, HIST1HA4E,
HIST2H4A, HIST1H4A, HIST1H4D, and HIST1H4J) were
obtained by Cytoscape software. Interestingly, similar to
the results of GO functional enrichment analysis, we found
that many of these 10 key genes were functionally related to
immunity or inflammation, such as IL1B and PTGS2.

IL-1p is a potent proinflammatory cytokine and was
originally discovered as the main endogenous pyrogen that
induces the synthesis of prostaglandin. It was later confirmed
that IL-1p has multiple functions, including T cell activa-
tion and cytokine production, B cell activation and antibody
production, promoting Th17 differentiation of T cells, etc.
(Schett et al. 2016). Studies have also shown that sustained
induction of IL-1p enhanced the intensity of the inflamma-
tory response and generated an inflammatory microenviron-
ment to promote the initiation and development of tumors
(Bhat et al. 2014; Dinarello 2006). Furthermore, high levels
of IL-1f in tumors and serum were associated with higher
tumor grades and increased invasion of breast, pancreatic
cancer, and myelogenous leukemia, and were also associ-
ated with poor prognosis (Setrerrahmane and Xu 2017).
PTGS?2, also known as COX-2, encodes the rate-limiting
enzyme cyclooxygenase, which converts arachidonic acid to
prostaglandins. Unlike the constitutive expression of COX-1,
PTGS?2 is an inducible enzyme that is activated in response
to extracellular stimuli, such as growth factors and proin-
flammatory cytokines. Some investigators demonstrated that
PTGS?2 is overexpressed in a variety of epithelial malignan-
cies, such as lung, breast, pancreas, colon, and esophagus,
and is usually associated with poor prognosis (Hida et al.
1998; Hwang et al. 1998; Okami et al. 1999; Ogino et al.
2008; Takatori et al. 2008). Although high expression of
either IL-1p or PTGS?2 is believed to be associated with
poor prognosis in many types of tumors, our microarray data
showed different results indicating that IL-1p and PTGS2
expression were significantly lower in patients with rapid
recurrence than in patients with non-rapid recurrence. In
other words, IL-1p and PTGS2 may act as protective factors
to reduce the occurrence of rapid recurrence. Because our
results of IL-1p and PTGS2 were inconsistent with some lit-
erature reports, we further performed IHC analysis to exam-
ine the expression of IL-1p and PTGS2 in another group of
136 ES-LUAD patients. Consistent with our microarray data,
IHC results also indicated that the expression of IL-1f and
PTGS?2 in the rapid recurrence group were significantly lower
than in the non-rapid recurrence group. Our survival analyses
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of 136 patients further supported the results that patients with
high expression of IL-1p or PTGS2 have a better RFS.

IL-1 promotes the expansion of natural killer (NK) cells
and CD4" CD8* T cells by combining with IL2 (Ben Aribia
et al. 1950). IL-1p down-regulated TGF-p-induced Foxp3
expression, thereby inhibiting the differentiation of regula-
tory T cells (Ikeda et al. 1950). These reports illustrate the
potential role of IL-1f in antitumor immunity. In Allen’s
in vivo studies, IL-1p also showed protective effects in
mouse models of chemical colitis and colon cancer (Allen
et al. 2010). Therefore, it can be reasonably assuming
that IL-1f acts as a protective factor for preventing rapid
recurrence in ES-LUAD patients. From the perspective
of inflammation and tumors, our reasonable theory is that
early inflammation can exert anti-tumor effects, but long-
term persistent chronic inflammation induces tumorigenesis.
Supporting this theory, high levels of IL-1 in chronic inflam-
mation was found to promote tumor development by driving
sustained NF-kB activation and MAPK activity (Bent et al.
2018). In another aspect, the LUAD patients in this study
were in early tumor stage rather than late/advanced tumor
stage. Thus, IL-1f may not promote tumor development
through sustained long-term inflammatory stimulation, but
may inhibit tumors through an anti-tumor immunity. As to
PTGS2, PTGS2 encoded prostaglandin-endoperoxide syn-
thase 2 is responsible for the production of prostaglandins,
which plays a key role in the inflammatory response (Ric-
ciotti and FitzGerald 2011). As mentioned above, inflam-
mation is a double-edged sword that promotes or inhibits
tumor development. Therefore, similar to IL-1f, PTGS2 will
not promote tumor progression through sustained inflamma-
tory stimuli in early-stage LUAD. Moreover, studies have
shown that high level of PTGS2 can inhibit tumor growth
and migration by regulating 8-HOA, another derivative
of PTGS2 (Hashemi Goradel et al. 2019). In summary,
2 immune-related genes of the 10 key genes, IL-1p and
PTGS2, were identified in this study. They were functionally
closely related to immunity or inflammatory response, sug-
gesting a significant immune difference between ES-LUAD
patients with rapid recurrence and non-rapid recurrence.

It is worth noting that EGFR is the central linker to IL1B
and PTGS2, but it has not been studied in this paper because
our research focuses on immune-related genes. Overexpres-
sion of EGFR in NSCLC tumors has been reported in many
series, and the reported results of EGFR (over)expression
range from 43 to 89% (Hirsch et al. 2003). The prognostic
significance of EGFR overexpression in NSCLC has also
been studied. Some studies showed that EGFR overexpression
was associated with shortened survival, while others found
no prognostic implication of EGFR overexpression (Hirsch
et al. 2003). In our microarray data, we found that EGFR was
lower in the rapid recurrence group (foldchange=—2.11) on
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the level of mRNA, but the relationship between EGFR pro-
tein level and recurrence needs further research.

In addition to IL-1p and PTGS2, TILs may also be closely
related to rapid recurrence in ES-LUAD patients. NSCLCs
are frequently associated with prominent TILs and other
inflammatory cells (Rekhtman et al. 2013). Several stud-
ies suggested that there was a positive correlation between
patient survival, treatment response, and the number of TILs
(Schalper et al. 2015; Donnem et al. 2015; Brambilla et al.
2016). In stage 1A NSCLC patients, the levels of intratu-
moral TILs are positively associated with improved RFS
(Horne et al. 2011). In addition, the spatial distribution of
TILs in tumors was related to the recurrence of early-stage
NSCLC (Corredor et al. 2019). However, there is no report
on whether TILs are involved in the rapid recurrence of ES-
LUAD patients. Therefore, IHC was performed to determine
the density of TILs subsets in the rapid recurrence group and
the non-rapid recurrence group, and the results showed that
the number of infiltrating total T cells (CD3"%), CD4* helper
T cells (CD4"), CD8™ cytotoxic T cells (CD8%), and B cells
(CD20%) were all significantly reduced in the rapid recur-
rence group. Since IL-1p can promote the proliferation and
differentiation of activated B cells (Lipsky et al. 1950) and
stimulate T cell replication (North et al. 1988), it is likely that
IL-1p play a crucial role in the regulation the number of TILs
in the recurrence of ES-LUAD patients. In this study, IL-1
expression was significantly lower in the rapid recurrence
group than in the non-rapid recurrence group. It is possible
that in non-rapid recurrence of ES-LUAD patients, higher
level of IL-1p may promote the proliferation or replication
of TILs within tumors to exert anti-tumor immunity. This
warrants further investigation.

The results of the functional enrichment analysis and the
identified key DEGs and TILs clearly revealed that there
are significant differences in the immune level between
two groups of ES-LUAD patients. Therefore, in ES-LUAD
patients, rapid recurrence and non-rapid recurrence may be
two different disease subtypes and have their unique phe-
notypes in immunity. Furthermore, our research may help
broaden the application of lung cancer immunotherapy. In
the past, immune checkpoint inhibitors have achieved amaz-
ing results in non-small cell lung cancer (NSCLC), whether
in mono (Peters et al. 2018) or combination immunotherapy
(Borghaei et al. 2019), but only for advanced NSCLC. Even
recently, the combination of Neoadjuvant and consolidation
immuno-oncology therapy has been propose as an effective
treatment for stage Il NSCLC (Yeh et al. 2018). Currently, an
important predictive biomarker for lung cancer immunother-
apy is PD-L1. It is reported that patients with PD-L1 overex-
pressing have a 67-100% response rate; whereas for PD-L1
negative, the response rate is about 0-15% (Patel and Kur-
zrock 2015). However, for early-stage LUAD (IA-IIA), the
current treatment is still surgery-based, and immunotherapy
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is not recommended. Because the prognosis of patients with
rapid recurrence is extremely poor, and their immune status
are unique, these DEGs are very likely to become the first
potential targets or biomarkers other than PD-L1 for immu-
notherapy in early-stage lung cancer in the future.

In conclusion, our findings provided a possible mecha-
nism for the rapid recurrence of ES-LUAD patients and
a theoretical basis for distinguishing ES-LUAD patients,
who may develop rapid recurrence from an immunological
perspective. Moreover, these DEGs will be the most likely
potential targeting gene in future immunotherapy for ES-
LUAD patients with rapid recurrence.

Acknowledgments We thank Professor Quan-Zhen Li of the University
of Texas Southwestern Medical Center for providing support for micro-
array data analysis. We thank Dr. Feilong Zhao of Genetron Health,
Beijing for his help in bioinformatics analysis.

Funding This study was supported by Grant NSFC #81772495 from
the National Natural Science Foundation of China (NSFC).

Compliance with ethical standards

Conflict of interest All authors declare they have no conflict of inter-
est.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Allen IC, TeKippe EM, Woodford RM, Uronis JM, Holl EK, Rogers
AB, Herfarth HH, Jobin C, Ting JP (2010) The NLRP3 inflam-
masome functions as a negative regulator of tumorigenesis during
colitis-associated cancer. J Exp Med 207(5):1045-1056

Bach DH, Lee SK (2018) Long noncoding RNAsS in cancer cells. Can-
cer Lett 419:152-166

Bakshi J, Segura BT, Wincup C, Rahman A (2018) Unmet needs in the
pathogenesis and treatment of systemic lupus erythematosus. Clin
Rev Allergy Immunol 55(3):352-367

Ben Aribia MH, Leroy E, Lantz O, Métivier D, Autran B, Charpen-
tier B, Hercend T, Senik A (1987) rIL 2-induced proliferation
of human circulating NK cells and T lymphocytes: synergis-
tic effects of IL 1 and IL 2. J Immunol (Baltimore, Md: 1950)
139(2):443-451

Bent R, Moll L, Grabbe S, Bros M (2018) Interleukin-1 beta-a friend
or foe in malignancies? Int J Mol Sci 19(8):2155

Bhat IA, Naykoo NA, Qasim I, Ganie FA, Yousuf Q, Bhat BA, Rasool
R, Aziz SA, Shah ZA (2014) Association of interleukin 1 beta

(IL-1p) polymorphism with mRNA expression and risk of nons-
mall cell lung cancer. Meta Gene 2:123-133

Borghaei H, Langer CJ, Gadgeel S, Papadimitrakopoulou VA, Pat-
naik A, Powell SF, Gentzler RD, Martins RG, Stevenson JP, Jalal
SI et al (2019) 24-Month overall survival from KEYNOTE-021
cohort G: pemetrexed and carboplatin with or without pembroli-
zumab as first-line therapy for advanced nonsquamous non-small
cell lung cancer. J Thorac Oncol 14(1):124-129

Brambilla E, Le Teuff G, Marguet S, Lantuejoul S, Dunant A, Graziano
S, Pirker R, Douillard J-Y, Le Chevalier T, Filipits M et al (2016)
Prognostic effect of tumor lymphocytic infiltration in resectable
non-small-cell lung cancer. J Clin Oncol 34(11):1223-1230

Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A
(2018) Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA Cancer J Clinicians 68(6):394-424

Brock MV, Hooker CM, Ota-Machida E, Han Y, Guo M, Ames S,
Glockner S, Piantadosi S, Gabrielson E, Pridham G et al (2008)
DNA methylation markers and early recurrence in stage I lung
cancer. N Engl J Med 358(11):1118-1128

Corredor G, Wang X, Zhou Y, Lu C, Fu P, Syrigos K, Rimm DL,
Yang M, Romero E, Schalper KA et al (2019) Spatial architecture
and arrangement of tumor-infiltrating lymphocytes for predicting
likelihood of recurrence in early-stage non-small cell lung cancer.
Clin Cancer Res 25(5):1526-1534

Dalma-Weiszhausz DD, Warrington J, Tanimoto EY, Miyada CG
(2006) The affymetrix GeneChip platform: an overview. Meth-
ods Enzymol 410:3-28

Dinarello CA (2006) The paradox of pro-inflammatory cytokines in
cancer. Cancer Metastasis Rev 25(3):307-313

Donnem T, Hald SM, Paulsen E-E, Richardsen E, Al-Saad S, Kilvaer
TK, Brustugun OT, Helland A, Lund-Iversen M, Poehl M et al
(2015) Stromal CD8+ T-cell density—a promising supplement
to TNM staging in non-small cell lung cancer. Clin Cancer Res
21(11):2635-2643

Gold KA, Kim ES, Liu DD, Yuan P, Behrens C, Solis LM, Kadara
H, Rice DC, Wistuba II, Swisher SG et al (2014) Prediction of
survival in resected non-small cell lung cancer using a protein
expression-based risk model: implications for personalized chem-
oprevention and therapy. Clin Cancer Res 20(7):1946-1954

Hashemi Goradel N, Najafi M, Salehi E, Farhood B, Mortezaee K
(2019) Cyclooxygenase-2 in cancer: a review. J Cell Physiol
234(5):5683-5699

Hida T, Yatabe Y, Achiwa H, Muramatsu H, Kozaki K, Nakamura
S, Ogawa M, Mitsudomi T, Sugiura T, Takahashi T (1998)
Increased expression of cyclooxygenase 2 occurs frequently in
human lung cancers, specifically in adenocarcinomas. Can Res
58(17):3761-3764

Hirsch FR, Scagliotti GV, Langer CJ, Varella-Garcia M, Franklin WA
(2003) Epidermal growth factor family of receptors in preneo-
plasia and lung cancer: perspectives for targeted therapies. Lung
Cancer 41(Suppl 1):5S29-42

Horne ZD, Jack R, Gray ZT, Siegfried JM, Wilson DO, Yousem SA,
Nason KS, Landreneau RJ, Luketich JD, Schuchert MJ (2011)
Increased levels of tumor-infiltrating lymphocytes are associated
with improved recurrence-free survival in stage 1A non-small-cell
lung cancer. J Surg Res 171(1):1-5

Hui-Yuen JS, Nguyen SC, Askanase AD (2016) Targeted B cell thera-
pies in the treatment of adult and pediatric systemic lupus erythe-
matosus. Lupus 25(10):1086-1096

Hwang D, Scollard D, Byrne J, Levine E (1998) Expression of cycloox-
ygenase-1 and cyclooxygenase-2 in human breast cancer. J Natl
Cancer Inst 90(6):455-460

Ikeda S, Saijo S, Murayama MA, Shimizu K, Akitsu A, Iwakura Y
(2014) Excess IL-1 signaling enhances the development of Th17

@ Springer


http://creativecommons.org/licenses/by/4.0/

2310

Journal of Cancer Research and Clinical Oncology (2020) 146:2299-2310

cells by downregulating TGF-B-induced Foxp3 expression. J
Immunol (Baltimore, Md: 1950) 192(4):1449-1458

Lipsky PE, Thompson PA, Rosenwasser LJ, Dinarello CA (1983) The
role of interleukin 1 in human B cell activation: inhibition of B
cell proliferation and the generation of immunoglobulin-secreting
cells by an antibody against human leukocytic pyrogen. J Immu-
nol (Baltimore, Md: 1950) 130(6):2708-2714

Lu Y, Govindan R, Wang L, Liu PY, Goodgame B, Wen W, Sezhiyan
A, Pfeifer J, Li YF, Hua X et al (2012) MicroRNA profiling and
prediction of recurrence/relapse-free survival in stage I lung can-
cer. Carcinogenesis 33(5):1046-1054

North RJ, Neubauer RH, Huang JJ, Newton RC, Loveless SE (1988)
Interleukin 1-induced, T cell-mediated regression of immu-
nogenic murine tumors. Requirement for an adequate level
of already acquired host concomitant immunity. J Exp Med
168(6):2031-2043

Ogino S, Kirkner GJ, Nosho K, Irahara N, Kure S, Shima K, Hazra A,
Chan AT, Dehari R, Giovannucci EL et al (2008) Cyclooxyge-
nase-2 expression is an independent predictor of poor prognosis
in colon cancer. Clin Cancer Res 14(24):8221-8227

Okami J, Yamamoto H, Fujiwara Y, Tsujie M, Kondo M, Noura S,
Oshima S, Nagano H, Dono K, Umeshita K et al (1999) Overex-
pression of cyclooxygenase-2 in carcinoma of the pancreas. Clin
Cancer Res 5(8):2018-2024

Patel SP, Kurzrock R (2015) PD-L1 expression as a predictive bio-
marker in cancer immunotherapy. Mol Cancer Ther 14(4):847-856

Peters S, Kerr KM, Stahel R (2018) PD-1 blockade in advanced
NSCLC: a focus on pembrolizumab. Cancer Treat Rev 62:39-49

Rekhtman N, Ang DC, Riely GJ, Ladanyi M, Moreira AL (2013)
KRAS mutations are associated with solid growth pattern and
tumor-infiltrating leukocytes in lung adenocarcinoma. Mod Pathol
26(10):1307-1319

Ricciotti E, FitzGerald GA (2011) Prostaglandins and inflammation.
Arterioscler Thromb Vasc Biol 31(5):986—-1000

Ritchie ME, Phipson B, Wu D, Hu Y, Law CW, Shi W, Smyth GK
(2015) Limma powers differential expression analyses for RNA-
sequencing and microarray studies. Nucleic Acids Res 43(7):e47

Schalper KA, Brown J, Carvajal-Hausdorf D, McLaughlin J, Velcheti
V, Syrigos KN, Herbst RS, Rimm DL (2015) Objective meas-
urement and clinical significance of TILs in non-small cell lung
cancer. J Natl Cancer Inst 107(3):dju435

Schett G, Dayer JM, Manger B (2016) Interleukin-1 function and role
in rheumatic disease. Nat Rev Rheumatol 12(1):14-24

Setrerrahmane S, Xu H (2017) Tumor-related interleukins: old vali-
dated targets for new anti-cancer drug development. Mol Cancer
16(1):153

Sherman BT, da Huang W, Tan Q, Guo Y, Bour S, Liu D, Stephens R,
Baseler MW, Lane HC, Lempicki RA (2007) DAVID Knowledge-
base: a gene-centered database integrating heterogeneous gene
annotation resources to facilitate high-throughput gene functional
analysis. BMC Bioinform 8:426

Affiliations

Jie Liu' - Xiao Yang' - Liang Zhang' - Bo Yang' - Wen Rao'
Lei Zhang' - Hualiang Xiao? - Dong Wang'

Cancer Center, Daping Hospital, Army Medical University
(Third Military Medical University), No. 10 Changjiang Zhi
Rd., Yuzhong Dist., Chongqing 400042, China

Department of Pathology, Daping Hospital, Army Medical
University (Third Military Medical University), No. 10

@ Springer

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S, Huerta-Cepas
J, Simonovic M, Doncheva NT, Morris JH, Bork P et al (2019)
STRING v11: protein-protein association networks with increased
coverage, supporting functional discovery in genome-wide experi-
mental datasets. Nucleic Acids Res 47(D1):D607-d613

Takatori H, Natsugoe S, Okumura H, Matsumoto M, Uchikado Y,
Setoyama T, Sasaki K, Tamotsu K, Owaki T, Ishigami S et al
(2008) Cyclooxygenase-2 expression is related to prognosis in
patients with esophageal squamous cell carcinoma. Eur J Surg
Oncol 34(4):397-402

Ujiie H, Kadota K, Chaft JE, Buitrago D, Sima CS, Lee MC, Huang
J, Travis WD, Rizk NP, Rudin CM et al (2015) Solid predomi-
nant histologic subtype in resected stage I lung adenocarcinoma
is an independent predictor of early, extrathoracic, multisite
recurrence and of poor postrecurrence survival. J Clin Oncol
33(26):2877-2884

Warth A, Muley T, Meister M, Stenzinger A, Thomas M, Schirmacher
P, Schnabel PA, Budczies J, Hoffmann H, Weichert W (2012)
The novel histologic International Association for the Study of
Lung Cancer/American Thoracic Society/European Respiratory
Society classification system of lung adenocarcinoma is a stage-
independent predictor of survival. J Clin Oncol 30(13):1438-1446

Wistuba II, Behrens C, Lombardi F, Wagner S, Fujimoto J, Raso MG,
Spaggiari L, Galetta D, Riley R, Hughes E et al (2013) Valida-
tion of a proliferation-based expression signature as prognostic
marker in early stage lung adenocarcinoma. Clin Cancer Res
19(22):6261-6271

Xing Z, Chu C, Chen L, Kong X (2016) The use of Gene Ontology
terms and KEGG pathways for analysis and prediction of onco-
genes. Biochim Biophys Acta 1860(11 Pt B):2725-2734

Xu X, Cao L, Zhang Y, Yin Y, Hu X, Cui Y (2018) Network analysis
of DEGs and verification experiments reveal the notable roles of
PTTGI1 and MMP?9 in lung cancer. Oncol Lett 15(1):257-263

Yanagawa N, Shiono S, Abiko M, Ogata SY, Sato T, Tamura G (2013)
New IASLC/ATS/ERS classification and invasive tumor size are
predictive of disease recurrence in stage I lung adenocarcinoma.
J Thorac Oncol 8(5):612-618

Yeh J, Marrone KA, Forde PM (2018) Neoadjuvant and consolidation
immuno-oncology therapy in stage III non-small cell lung cancer.
J Thorac Dis 10(Suppl 3):S451-s459

Yuan F, Lu L, Zhang Y, Wang S, Cai YD (2018) Data mining of the
cancer-related IncRNAs GO terms and KEGG pathways by using
mRMR method. Math Biosci 304:1-8

Zeng H, Zheng R, Guo Y, Zhang S, Zou X, Wang N, Zhang L, Tang J,
Chen J, Wei K et al (2015) Cancer survival in China, 2003-2005:
a population-based study. Int J Cancer 136(8):1921-1930

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

- Mengxia Li' - Nan Dai’ - Yuxin Yang' - Chengyuan Qian' -

Changjiang Zhi Rd., Yuzhong Dist., Chongqing 400042,
China


http://orcid.org/0000-0001-6585-2704

	Microarray analysis of the expression profile of immune-related gene in rapid recurrence early-stage lung adenocarcinoma
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Clinical characteristics of patients
	Microarray and computational analysis
	Functional profiling the DEGs by Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG)
	Analysis of the protein–protein interaction (PPI) network
	Immunohistochemistry (IHC)
	Statistics

	Results
	Overview of DEGs
	Gene Ontology (GO) term enrichment analysis of 416 DEGs
	Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis
	PPI network
	Immunohistochemistry (IHC) analysis of the two immune-related genes IL-1β and PTGS2
	The relationship between tumor-infiltrating lymphocytes subsets and rapid recurrence in ES-LUAD patients

	Discussion
	Acknowledgments 
	References




