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Skin cancers are classified into melanoma and non-
melanoma types. Most skin cancers are of the non-
melanoma type, which originate from epidermal 
keratinocytes and are further classified into cutaneous 
basal cell carcinoma (cBCC) and cutaneous squamous cell 
carcinoma (cSCC). cSCC is the second most common skin 
tumor in humans, adversely affecting the quality of life [1]. 
It most frequently develops in the skin due to long-term 
exposure to the sun, which results in ultraviolet (UV)-
induced DNA damage in the epidermal keratinocytes 

[2]. cSCC carcinogenesis includes premalignant lesions 
[actinic keratosis (AK) and in situ squamous carcinoma/
Bowen’s disease] and invasive and metastatic cSCCs, 
however, a multistep process is not always detected [3].
Although multiple AKs are clearly strong risk factors 
of developing invasive cSCC, the rate of progression of 
an AK to invasive cSCC is not precisely known [4]. Most 
patients with localized cSCC usually have an excellent 

outcome if the lesion is completely excised by surgery [5]. 
However, a large number of patients have developed an 
aggressive form of cSCC with distant metastases by the 
time of diagnosis, leading to both severe morbidity and 
mortality rates [6]. Furthermore, although radiotherapy 
and chemotherapy have been utilized in the treatment 
of advanced cSCC, their effect is very limited [7]. Besides, 
at present, the knowledge on the molecular basis of cSCC 
progression from premalignant lesions to cSCC in situ 
and eventually to invasive cSCC is limited [8]. Therefore, 
clarifying the pathogenesis of this tumor is of great 
significance and may contribute to the identification 
of novel biomarkers and new therapeutic strategies [7].
Increasing evidence has demonstrated that tumorigenesis, 
progression, invasion and metastasis of cSCC involve 
several genes such as TP53, NOTCH1/2, CDKN2A, 
TGFBR1, and RAS [9]. Notwithstanding these advances, 
the genetic mechanisms of tumor development are far 
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Abstract Cutaneous squamous cell carcinoma (cSCC) is the second most common skin tumor in humans. Ultraviolet 
(UV) radiation is an important environmental risk factor for cSCC; other risk factors include human papilloma 
virus (HPV) infection, chronic inflammation, and chronic wounds. A large proportion of patients present 
with an aggressive form of cSCC at the time of diagnosis, which is often accompanied by regional lymph 
node involvement and distant metastases. The long-term prognosis for these highly metastatic diseases is 
extremely poor, with a 10-year survival rate of less than 10%. Therefore, clarifying the pathogenesis of this 
tumor is of great significance and may contribute to the identification of novel biomarkers and development 
of new therapeutic strategies. In this review, we focus on the recent progress in genes related to the 
development of this tumor, intending to aid future investigations into the genetic alterations related to cSCC. 
Key words: cutaneous squamous cell carcinoma (cSCC); genetics; pathogenesis; carcinogenesis
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from clarified. With this in mind, we sought to review 
the latest advances regarding the role of mutated genes in 
carcinogenesis (Table 1). This review intends to aid future 
investigations into the genetic alterations related to 
cSCC. To simplify the analysis, the genetic alterations are 
presented according to different mechanisms associated 
with the development of cSCC.

Proliferation and apoptosis

In previous studies, many genes have been shown 
to play crucial roles in regulating the proliferation and 
apoptosis of tumor cells. For example, p53, the gene most 
commonly and earliest mutated in cSCC, prevents tumor 
cell apoptosis and allows clonal expansion of tumor 
cells. The CDKN2A gene encodes two alternatively 
spliced proteins, p16 and p14, which regulate cell cycle 
progression and proliferation through the retinoblastoma 
and p53 pathways, respectively [10]. In recent years, more 
genes such as NBPF1, miR-221, and ID4 have been found 
to be involved in the development of cSCC by regulating 
the proliferation and apoptosis of tumor cells.

Inhibitor of DNA binding/differentiation 4 
(ID4)

ID4 is a downstream mediator of the TGF-β/BMP/
SMAD signaling pathway and regulates the growth and 
differentiation of embryonic tissues [11]. Our research 
group found that UVB exposure could downregulate ID4 
expression via DNA methylation to initiate cutaneous 
tumorigenesis [12]. Silencing of DNMT1 and overexpression 
of TET1 and TET2 can increase ID4 expression, leading to 
reduced cell proliferation, migration, and invasion, and 
increased apoptosis in cSCC cell lines [12]. Based on the 
results presented above, ID4 acts as a tumor suppressor 
gene in cSCC carcinogenesis [12].

miR-221
miR-221 is a member of the miR-221/222 cluster, 

which is located on the X chromosome [13]. It is 
significantly upregulated in cSCC tissues and cell lines. 
It can regulate several hallmarks of cSCC, including cell 
growth and colony formation. In addition, miR-221 may 
act as anoncogene, and its aberrant expression may be 
linked to the progression of human cSCC. By targeting 
and repressing the expression of PTEN, miR-221 can 
regulate the expression of numerous genes related to cell 
proliferation, apoptosis, and invasion and is implicated in 
the progression of several tumors. These results suggest 
that miR-221 may be a potential target for cSCC diagnosis 
and treatment [14].

Anaplastic lymphoma kinase (ALK)
ALK, a receptor tyrosine kinase of the insulin receptor 

superfamily, plays a pivotal role in the pathogenesis of 
cSCC. The overexpression of the mutated ALK, ALKF1174L, 
is able to initiate the development of cSCC. ALKF1174L 
cooperates with oncogenic KrasG12D and loss of p53, 
resulting in a more aggressive cSCC type associated 
with a higher histological grade. As mentioned above, 
inactivation of p53 induces cell cycle arrest, apoptosis, 
senescence, DNA repair, or changes in metabolism. As a 
key player in the pathogenesis of cSCC, oncogenic ALK 
signaling may serve as a target for future clinical trials [15].

Neuroblastoma breakpoint family member 1 
(NBPF1)

NBPF1 is located on chromosome 1p36 where many 
tumor suppressor genes have been identified. The NBPF1 
gene is expressed at low levels in cSCC tissues and 
shows the lowest expression in the A431 cell line. In the 
A431 cell line, increased expression of NBPF1 leads to a 
significant decrease in cell viability and cell cycle arrest 
in the G1 phase. Meanwhile, overexpression of NBPF1 
promotes apoptosis by promoting Bax and inhibiting Bcl-
2 and survivin. Bax directly regulates apoptosis-related 
proteins and promotes apoptosis. Bcl-2 can inhibit 
apoptosis, and its overexpression is common in cSCC. 
Survivin is associated with cell viability [16–17]. In addition, 
NBPF1 can inhibit the activation of the Akt-p53-Cyclin 
signaling pathway. Akt regulates a variety of signaling 
pathways and is involved in tumor proliferation and 
cell apoptosis [18]. Cyclin D1 and p53 are important Akt 
downstream factors that directly regulate the cell cycle 

[19]. By inhibiting the phosphorylation of Akt protein, 
NBPF1 can inhibit the activation of p53 and cyclin D1, 
thereby promoting apoptosis and arresting the cell cycle 
in the G1 phase [20].

Table 1 The role of mutated genes in carcinogenesis
Function Gene
Proliferation and apoptosis ID4, ALK, miR-221, NBPF1, 

miR-506, Drp1
Wnt signaling pathway SFRP, TCF4, HOXB7
MAPK pathway TPL2, miR-202
Terminal differentiation factors CYFIP1, P63
Glycolysis HOXA9
Inflammsome ASC
Epidermal growth factor receptor EGFR-PPARGC1A
Migration, invasion and OVOL1-OVOL2, EphB2,

microenvironment NQO1
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miR-506
MicroRNAs (miRNAs) are non-coding RNAs that have 

a regulatory effect on protein expression at the post-
transcription level [21]. They are involved in the regulation 
of many biological processes such as proliferation, 
differentiation, migration, and invasion of cells. miR-
506 expression is upregulated in cSCC tissues. Decreased 
miR-506 levels result in decreased proliferation of cSCC 
cells. Furthermore, miR-506 inhibition can also induce 
apoptosis and autophagy in cSCC cells. In addition, miR-
506 decreases cSCC cell migration and invasion in vitro. 
miR-506 functions as an oncogene in cSCC by targeting 
p65 and LAMC1 genes. P65 is a member of the NF-κB 
family, which can regulate many genes associated with 
apoptosis, proliferation, and differentiation of cells. 
The silencing of miR-506 increases p65 expression, and 
consequently increases cellular apoptosis and impairs 
cell viability. LAMC1, an oncogene that belongs to 
the laminin family, is associated with the metastasis, 
signaling, differentiation, and adhesion of tumor cells. 
Silencing of LAMC1, which can be directly targeted 
by miR-506 in cSCC cells, restores the migration and 
invasion properties of cSCC cells. Thus, it plays an 
important role in the activation and progression of cSCC. 
In conclusion, reduced miR-506 expression is highly 
associated with impaired tumor cell growth. Therefore, 
miR-506 can be further developed as a diagnostic and 
prognostic biomarker for cSCC [22].

Dynamin-related protein 1 (Drp1)
Drp1, a cytosolic protein, can mediate mitochondrial 

fission [23] and is involved in the process of cell proliferation 
or cell remodeling that facilitates the development of 
malignant neoplasms. Drp1 is more highly expressed in 
SCC than in the normal epidermis. Drp1 knockdown 
causes ATM-dependent G2/M cell cycle arrest and 
apoptosis. Morphologically, the depletion of Drp1 results 
in an elongated, hyper-fused mitochondrial network 
[24]. Disrupted mitochondrial networks promote cell 
cycle arrest and apoptosis. In addition, Drp1 can also be 
regarded as a prognostic factor in several malignancies, 
and the expression levels of Drp1 positively correlate 
with advanced clinical stages. In conclusion, Drp1 plays 
an important role in cell proliferation, apoptosis, and cell 
cycle in cSCC and may serve as a novel target for skin 
tumor therapies [25].

Wnt signaling pathway

The Wnt/β-catenin signaling pathway is involved in 
cell growth, and its inhibition may lead to abnormal cell 
growth and differentiation. The abnormal expression of 
the Wnt pathway activates growth- and mitosis-related 
genes such as c-myc and cyclin D1, thus leading to the 

proliferation of tumor cells.

Secreted frizzled-related protein (SFRP)
SFRPs have been identified as negative regulators of 

Wnt signaling and play an important role in oncogenic 
activation of the Wnt pathway and tumor progression.

In hepatocellular carcinoma, SFRP1 can attenuate 
Wnt signaling, decrease the abnormal accumulation 
of β-catenin in the nucleus, and suppress cell growth. 
However, the precise role of the Wnt pathway in cSCC 
is unclear. Moreover, SFRP promoter hypermethylation 
has been identified in human cancers. Hypermethylation 
of these SFRPs, particularly SFRP1, is associated with 
the development of cSCC. The SFRP1 CpG site can be a 
possible biomarker of cSCC [26]. Besides, SFRP1 loss results 
in early tumor initiation and cancer stem cell regulation. 
In an in vivo mouse skin carcinogenesis model of multiple 
human epithelial cancers, SFRP1 downregulation was 
found to be associated with poor survival [27]. Nevertheless, 
further studies are necessary to clarify the roles of SFRPs 
in Wnt signaling and tumor pathogenesis.

T-cell factor 4 (TCF4)
TCF4 is a high-mobility group (HMG) box-containing 

transcription factor that activates the Wnt/β-catenin 
signaling pathway in many cancers. Silencing of 
TCF4 can effectively inhibit tumor cell growth and 
invasion, indicating that TCF4 plays an oncogenic role 
in carcinogenesis and the development of cSCC. It may 
also be a novel therapeutic target for cancer treatment. 
In addition, TCF4 knockdown can also regulate the 
MAPK, insulin, and Rap1 signaling pathways. The MAPK 
pathway could antagonize the activity of Wnt/β-catenin, 
whereas insulin and Rap 1 can affect downstream targets 
of the Wnt/β-catenin pathway. Additionally, in cSCC 
cells, aberrant activation of TCF4 may result in a Wnt/β-
catenin-independent regulation of gene transcription. 
In conclusion, TCF4 plays an important role in the 
development of cSCC via activation of different signaling 
pathways and may be a new therapeutic target for cSCC 
[28].

Homeobox B7 (HOXB7)
HOXB7 gene, a member of the HOX family, serves as a 

transcriptional factor that regulates cell viability, growth, 
morphogenesis, and differentiation. Overexpression of 
HOXB7 is common in various cancers and is associated 
with tumorigenesis and tumor proliferation. Cancer 
patients with a higher expression of HOXB7 are more 
susceptible to distant metastasis and have a lower 
survival rate. The knockdown of HOXB7 can inhibit the 
expression of Wnt/β-catenin signaling pathway-related 
downstream genes, including c-myc, cyclin D1, and LEF1. 
Through inactivation of the Wnt/β-catenin signaling 
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pathway, silencing of HOXB7 can promote cell apoptosis 
and suppress cell migration and invasion in cSCC. Further 
studies are needed to assess whether HOXB7 can serve as 
a therapeutic target and prognostic biomarker [6].

MAPK pathway

The MAPK/ERK pathway is the most important cell 
survival pathway in non-tumorigenic keratinocytes and is 
triggered by EGF. Negative MAPK regulation and EGFR-
induced STAT3 activation can increase the expression 
of anti-apoptotic molecules and thus lead to malignant 
progression of keratinocytes towards cSCC [1].

Tumor progression locus 2 (TPL2)
TPL2 is a serine/threonine MAP kinase kinase kinase 

8 (MAP3K8) that regulates various signaling pathways 
associated with inflammation and cell growth. TPL2 
overexpression has been found in cutaneous metastatic 
SCC and plays an important role in the tumorigenesis 
of cSCC. The overexpression of TPL2 in immortalized 
human keratinocytes promotes cell proliferation, inhibits 
apoptotic cell death, and induces cell transformation by 
activating its downstream signaling pathways, MEK/
ERK MAPK, mTOR, NF-κB, and p38 MAPK. Rapamycin, 
an mTOR inhibitor, is routinely used for the treatment 
of SCC. In addition, TPL2 overexpression is necessary 
for maintaining the iTPL2 TG-driven SCC. The data 
presented above show that TPL2 is an oncogenic driver in 
cSCC, and further studies are needed to assess its potential 
as a new therapeutic target for cSCC treatment [29].

miR-204
miR-204 is an intronic miRNA located at the TRPM3 

gene, and its aberrant expression can affect several 
biological processes, including proliferation, apoptosis, 
and invasiveness. cSCC shows low expression of miR-204 
compared to AK, a type of precancerous lesion. miR-204 
may act as a “rheostat” that controls signaling towards the 
MAPK pathway or the STAT3 pathway in the progression 
from AK to cSCC. DNA methylation of the miR-204 
promoter can lead to miR-204 silencing, which results 
in STAT3 activation and translocation to the nucleus. 
miR-204 activates the MAPK pathway, which is the most 
important cell survival pathway in non-tumorigenic 
keratinocytes. Both the MAPK and STAT3 pathways can 
drive the expression of multiple anti-apoptotic molecules 
and transform AK to cSCC [30].

Terminal differentiation factors

Previous studies have shown that NOTCH is involved 
in terminal differentiation of cSCC. Notch signaling has 
been associated with cellular development, progression, 

and differentiation [10]. Besides, CYFIP1 and p63 can also 
regulate differentiation through different mechanisms.

CYFIP1
CYFIP1 functions as a novel invasion inhibitor in 

a variety of epithelial cancers. It is downregulated in 
cSCC at both mRNA and protein levels and is associated 
with differentiation and metastatic properties of tumors. 
CYFIP1 is a direct Notch1 target in keratinocytes. Notch 
signaling plays an important role in cell fate determination, 
and it induces differentiation and suppresses development 
of cSCC [27]. Moreover, Notch activation is involved in the 
control of the cell cycle of keratinocytes via p21WAF1/
Cip1. NOTCH 1 can also function as a promoter of 
differentiation and an inhibitor of invasion by inducing 
CYFIP1 expression. CYFIP1 may be a link between the 
loss of differentiation and invasive properties of cSCC [31].

P63
P63 gene is a member of the p53/p63/p73 family 

of transcription factors and plays a critical role in the 
development and homeostasis of squamous epithelium, 
such as the epidermis. Dysregulated expression of p63 
has been found in many squamous cancers and may 
contribute to cancer development through disruption 
of many cellular processes. ΔNP63α, the predominant 
p63 isoform in stratified squamous epithelium, is a key 
regulator of epidermal morphogenesis and epithelial 
tissue homeostasis. It influences keratinocyte lineage 
commitment, proliferation, and survival and blocks 
terminal differentiation, apoptosis, and senescence; 
additionally, it modulates the tissue microenvironment 
through remodeling of the extracellular matrix and 
vasculature and potentially influences the tumor immune 
microenvironment [32]. Besides, p63 may be a strong 
predictor of poor differentiation in non-melanoma skin 
cancer [33]. The clarification of the molecular mechanism 
of p63 holds promise for novel interventions in cancer 
prevention and treatment.

Glycolysis – HOXA9

HOXA9, a direct target of onco-miR-365, functions 
as a tumor suppressor in cSCC and is significantly 
downregulated in cSCC. The hypoxia-inducible factor 
(HIF)-1 pathway is involved in cancer-related biological 
processes, including hypoxic response, angiogenesis, 
glycolysis, and proliferation of cSCC stem-like cells. Loss 
of HOXA9 upregulates HIF-1α and the downstream 
glycolytic genes of the HIF-1 pathway, which contributes 
to glycolytic reprogramming, a key pro-survival 
mechanism of cancer that helps tumor cells to meet their 
oxygen demand. Besides, HOXA9 interacts with CRIP2 
and epigenetically represses HIF-1α expression and 
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inhibits the expression of glycolytic genes, such as HK2, 
GLUT1, and PDK1, which is critical for the inhibition 
of tumor cell growth. Future studies should focus on the 
newly identified miR-365-HOXA9-HIF-1α axis that may 
provide novel intervention targets for cSCC therapy [34].

Inflammasome – Apoptosis-associated 
speck-like protein (ASC)

The inflammasome adaptor ASC is essential for the 
secretion of pro-tumorigenic innate cytokines. ASC not 
only regulates caspase-1 activation and IL-1 expression 
but also controls cell proliferation in cSCC. ASC functions 
as a tumor suppressor gene, and downregulation of ASC 
expression by aberrant methylation has been found 
in numerous cancers. In addition, ASC might regulate 
the epithelial-mesenchymal transition (EMT)-like 
dedifferentiation of keratinocytes through activation 
of p53. Moreover, ASC expression does not correlate 
with metastatic potential but with the degree of 
dedifferentiation and can serve as an indicator for 
highly differentiated tumors. ASC is silenced in cSCC by 
promoter-specific methylation and impairs inflamma-
some function. This could be of therapeutic relevance as 
some treatment options for early skin cancers demand 
immune system activation [35].

Epidermal growth factor receptor 
(EGFR) – EGFR-PPARGC1A

Wild-type full-length EGFR is a transmembrane 
glycoprotein that binds EGF. EGFR activation or 
overexpression leads to upregulation of both MAPK 
and PI3K signaling pathways and is involved in the 
proliferation and pathogenesis of SCC, including cSCC. 
EGFR-PPARGC1A may induce tumor formation via 
phosphorylation, probably through conformational 
changes or through interaction with wild-type 
endogenous EGFR. EGFR-PPARGC1A is a fusion gene 
that is associated with chronic sun exposure. Detection 
of EGFR-PPARGC1A by RT-PCR may be useful for 
the early diagnosis of cSCC, because this fusion can be 
detected in situ. EGFR inhibitors (erlotinib and getinib) 
and EGFR antibodies (cetuximab and panitumumab) are 
widely used for lung SCC [36], and cetuximab has been 
reported to have therapeutic effects against cSCC. Further 
studies are needed to explore how the fusion gene EGFR-
PPARGC1A regulates tumor formation in cSCC, which 
may lead to a better understanding of the pathogenesis 
of cSCC and the development of EGFR-targeted cancer 
therapies [7].

Migration, invasion, and 
microenvironment

Metastasis begins with the invasion of tumor cells 
into the stroma and migration toward the bloodstream. 
Multiple genes are involved in the regulation of tumor 
cell migration and invasion through different signaling 
pathways.

OVOL1-OVOL2
OVOL1 and OVOL2 are ubiquitous and conserved 

genes that encode C2H2 zinc-finger transcription factors 
in mammals. OVOL1 and OVOL2 act as guardians against 
epithelial-to-mesenchymal transition (EMT) [37] and 
govern the development, maintenance, and proliferation 
of epithelial cells via the Wnt signaling pathway. 
OVOL1, an upstream suppressor of c-myc in squamous 
cell carcinoma cells, is markedly downregulated in cSCC, 
and the downregulation of OVOL1 may be responsible 
for the aberrant expression of c-myc and is related to 
poor tumor prognosis. OVOL2 is typically expressed 
in the cytoplasm, but only sporadically in the nucleus. 
OVOL2 negatively affects the EMT process, and the 
downregulation of OVOL2 activity in SCC might be 
involved in the invasiveness of this tumor. OVOL1 can 
suppress OVOL2 expression, and the OVOL1-OVOL2 
axis coordinately regulates the EMT transition process 
and invasiveness of cSCC [38].

EPHB2
Erythropoietin-producing hepatocellular (Eph) 

receptors and their ligand ephrins are membrane-bound 
molecules that are highly expressed in cSCC. EPHB2 
functions as a biomarker for cSCC and plays an important 
role in the early stages of tumor progression to invasive 
cSCC. EPHB2 knockdown suppresses the expression of 
genes involved in cell viability, migration, and invasion. 
Among the genes most downregulated by EphB2 
knockdown are MMP1 and MMP13, two important 
proteinases that promote cSCC cell invasion [8]. Besides, 
silencing of EPHB2 induces EMT-like morphological 
changes, which reduce cell-cell adhesion and expression 
of E-cadherin on the cell surface. EPHB2 plays a crucial 
role in promoting anchorage-independent cell growth 
through the suppression of EMT [39]. Therefore, EphB2 
may serve as an effective therapeutic target in this 
invasive skin cancer.

NAD(P)H dehydrogenase 1 (NQO1)
NQO1 is a ubiquitous flavoenzyme that plays a role 

in the mechanism of cellular defense against oxidative 
stress. Knockdown of NQO1 promotes colony forming 
activity and the proliferation, invasion, and migration 
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of SCC cells, which may promote cancer development. 
By contrast, the overexpression of NQO1 can suppress 
the cell proliferation and colony forming activity. 
Besides, the expression of NQO1 can regulate the levels 
of phosphorylated AKT, JNK, and p38 MAPK. This may 
be one possible mechanism underlying the suppressive 
function of NQO1. Further studies are needed to clarify 
the precise link between NQO1 and intracellular signaling 
pathways [40].

Conclusion and future perspectives

In this review, we summarized the latest advances 
in genes involved in the pathogenesis of cSCC and 
analyze their role in the development of this cancer. 
As mentioned before, these genes can regulate many 
biological processes, such as proliferation, apoptosis, 
terminal differentiation, glycolysis, and many signaling 
pathways. Specifically, HOXB7, TCF4, and SFRP can 
target the Wnt pathway. TPL2 and many other genes 
participate in the MAPK and PI3K/Akt/mTOR pathways 
(Fig. 1). Among these pathways, we identified three 
pathways that deserve further investigation. The first 
is the Wnt pathway. It has been long investigated but 
the mechanism was still not fully elucidated. Recently, 
our research group (unpublished data) specifically 
focused on the the Wnt/calcineurin/NFAT pathway, 
which functions in keratinocyte differentiation, 
migration, and DNA repair. Furthermore, dysregulation 

of this signaling pathway contributes to squamous cell 
carcinoma formation, abnormal growth, and tumorigenic 
microenvironment. Our research group found that 
Wnt5a, FZD4, PLC, and NFATc4 are downregulated in 
cancer tissue. Wnt5a/Ca2+ suppresses the development of 
cSCC, and FZD4 and NFATc4 interact with each other. 
However, further research is needed to clarify the specific 
mechanisms. The second pathway is the p63 pathway. 
P63 can directly target gene transcription and function 
as a key driver of critical networks linked to cellular 
identity and cell fate determination. Besides influencing 
keratinocyte lineage commitment, proliferation, and 
survival, p63 can modulate the tissue microenvironment 
and regulate the immune system. As p63 is involved in 
these coordinated pathways and plays an important 
role in cSCC development; it may serve as a promising 
target for cancer treatment. The last pathway involves 
Drp1, which regulates mitochondrial fission and plays 
an important role in cell proliferation, apoptosis, and cell 
cycle in cSCC. Therefore, this pathway may serve as a 
novel target for skin tumor therapies.

Many new therapeutics targeting these specific 
pathways are available. For example, cetuximab, an 
EGFR inhibitor, is administered to patients with cSCC. 
Patients with locally advanced SCC show good responses 
to cetuximab. However, it is ineffective in treating distant 
metastatic diseases. In addition, EGFR inhibitors are 
used in advanced cSCCs as a second-line treatment after 
chemotherapy failure and disease progression [10]. The 

Fig. 1 The figure depicts all the genes that are reviewed in this review. The arrows indicate facilitation of the pathway, and the black T-shaped line 
indicates inhibition of the pathway. Our research group mainly studied the pathway marked in blue
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MEK inhibitor, PD325901, can inhibit cell proliferation, 
as well as the phosphorylation of ERK1/2 and Drp1 [41]. 
Good clinical results have been achieved with PD1-
inhibitors in the treatment of cSCC, and Cemiplimab 
is currently the only immune checkpoint inhibitor 
approved by the FDA and EMA to treat patients with 
locally advanced or metastatic cSCC. Although many new 
drugs with various molecular targets have been developed 
and significant improvements in surgery, chemotherapy, 
and radiotherapy have been achieved, overall survival 
of patients with advanced cSCC has not markedly 
improved [36]. Thus, further studies for a comprehensive 
understanding of the molecular basis of cSCC are of 
outstanding importance, especially for patients with 
metastatic disease in which prognosis is poor and effective 
therapies are lacking. Considering the complex molecular 
network, combined therapies targeting different genetic 
alterations and signaling pathways might provide more 
effective and personalized therapies for patients with 
cSCC. More accurate prognostic biomarkers make early 
intervention possible. In the next few years, scientists 
will be able to develop effective drugs or prognostic 
biomarkers that target these genetic alterations and 
improve the survival rate of patients with cSCC.
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Lung cancer is the leading cause of cancer-related 
deaths worldwide, with a predicted 5-year survival rate of 
16% [1]. More than 85% of cases are classified as non-small 
cell lung cancer (NSCLC), with lung adenocarcinoma 
(LUAD) being the most common pathological subtype [2]. 
In recent decades, the discovery of driver gene mutations 
in tumors has allowed for the introduction of personalized 

molecular-targeted therapy for NSCLC [3]. However, this 
approach is not feasible for treating tumors that do not 
carry gene alterations, and the inevitable resistance to 
tyrosine kinase inhibitors further suggests the need for 
alternative therapeutic options in lung cancer patients 
[4]. In recent decades, immunotherapy targeting immune 
checkpoints has made great progress in the treatment of 
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Abstract Objective Tumor-infiltrating immune cells and stromal cells in the tumor microenvironment (TME) 
significantly affect the prognosis of and immune response to lung adenocarcinoma (LUAD). In this study, 
we aimed to develop a novel TME-related prognostic model based on immune and stromal genes in LUAD.
Methods LUAD data from the TCGA database were used as the training cohort, and three Gene 
Expression Omnibus (GEO) datasets were used as the testing cohort. The Estimation of STromal and 
Immune cells in MAlignant Tumor tissues using Expression data algorithm was used to analyze the immune 
and stromal genes involved in the TME. Kaplan-Meier and Cox regression analyses were used to identify 
prognostic genes and construct a TME-related prognostic model. Gene set enrichment analysis and TIMER 
were used to analyze the immune features and signaling pathways of the model.
Results A TME-related prognostic model based on six hub genes was generated that significantly 
stratified patients into the high- and low-risk groups in terms of overall survival. The model had strong 
predictive ability in both the training (TCGA) and testing (GEO) datasets and could serve as an independent 
prognostic factor for LUAD. Moreover, the low-risk group was characterized by greater immune cell 
infiltration and antitumor immune activity than the high-risk group. Importantly, the signature was closely 
associated with immune checkpoint molecules, which may serve as a predictor of patient response to 
immunotherapy. Finally, the hub genes BTK, CD28, INHA, PIK3CG, TLR4, and VEGFD were considered 
novel prognostic biomarkers for LUAD and were significantly correlated with immune cells. 
Conclusion The TME-related prognostic model could effectively predict the prognosis and reflect the 
TME status of LUAD. These six hub genes provided novel insights into the development of new therapeutic 
strategies.
Key words: lung adenocarcinoma; tumor microenvironment; immunotherapy; immune checkpoint molecules; 
prognostic biomarkers
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NSCLC [5]. Immune checkpoint inhibitors (ICIs) enhance 
the antitumor effects of the immune system to obtain a 
potent and durable cure [6]. However, the overall response 
rate to ICIs is relatively low, and only one-fifth of cancer 
patients benefit from these agents [7]. Therefore, it is 
necessary to identify novel biomarkers for predicting 
LUAD patient survival and response to ICI therapy.

A growing body of evidence has demonstrated the 
importance of the tumor microenvironment (TME) in 
oncogenesis and tumors [8]. The TME is a complex network 
composed of tumor cells, immune cells, mesenchymal 
stem cells, fibroblast cells, endothelial cells, inflammatory 
mediators, and extracellular matrix [9]. The interactions 
between tumor cells and their surrounding supporting 
cells contribute to the malignant biological behaviors 
of cancer, such as unlimited proliferation, resistance 
to apoptosis, and evasion of immune surveillance [10]. 
Therefore, the TME significantly affects the therapeutic 
response to and clinical outcomes of patients with 
cancer. The major non-tumor components of the TME, 
tumor-infiltrating immune cells and stromal cells have 
been proposed to be valuable for the diagnostic and 
prognostic assessment of patients with tumors [11, 12]. The 
development of a comprehensive model of the TME based 
on immune and stromal signature genes may contribute 
to the prognostic evaluation of LUAD patients and predict 
the efficacy of immunotherapy. With advancements 
in sequencing techniques, bioinformatics tools such as 
Estimation of STromal and Immune cells in MAlignant 
Tumor tissues using Expression data (ESTIMATE) and 
CIBERSORT, make it feasible to estimate the distribution 
of immune and stromal cells in the TME by analyzing 
specific gene expression signatures of immune and stromal 
cells [13]. This algorithm has been successfully applied to 
quantitative analysis of the TME in various tumors and 
the identification of immune and stromal genes involved 
in the TME, and its effectiveness has been proven [14]. 

To date, several predictive models have been 
constructed for LUAD prognosis stratification, mainly 
focusing on immune-related genes or immune cells [15]. 
However, few studies have investigated the influence of 
TME on LUAD patient survival outcomes and response 
to immunotherapy, specifically based on immune and 
stromal components. To fill this knowledge gap, we aimed 
to develop a TME prognostic model based on immune 
and stromal genes to predict the survival outcomes and 
immune responses. In the present study, we systematically 
investigated the expression details and clinical significance 
of immune and stromal genes in the TME of LUAD and 
developed a novel TME-related prognostic model. In 
addition, we validated this model using independent 
datasets and analyzed its potential prognostic mechanism 
and association with immunotherapy responses. Our 
findings provide promising biomarkers for the prognostic 

stratification and selection of patients responsive to 
ICIs, which would facilitate accurate management and 
appropriate personalized therapies for patients with 
LUAD.

Materials and methods

Data source and preprocessing
The gene expression profiles of 594 LUAD case were 

downloaded from the TCGA database (https://portal.
gdc.cancer.gov/), along with their corresponding clinical 
and survival data. Datasets GSE26939, GSE37745, and 
GSE29016, which contained microarray expression 
data and clinical information of LUAD patients, were 
downloaded from the Gene Expression Omnibus (GEO) 
database (https://www.ncbi.nlm.nih.gov/geo/). In our 
study, data from TCGA were used as the training cohort, 
whereas the three GEO datasets were used as validation 
cohorts. 

Generation of the immune score  
and stromal score

ESTIMATE is an algorithm for estimating the 
infiltration of immune and stromal cells in tumor samples 
by analyzing the specific gene expression signatures 
of immune and stromal cells. Here, we calculated the 
immune and stromal scores to predict the proportion of 
immune and stromal components in each sample using 
the ESTIMATE algorithm with the aid of the R software 
estimate package.

Identification of differentially expressed 
genes related to the TME and 
functional enrichment analysis

All patients in the training cohort were divided into 
high and low immune/stromal score groups according 
to the median immune and stromal scores, respectively. 
Kaplan–Meier analysis was conducted to compare the 
survival difference between the two groups, and the 
p-value of the log-rank test was calculated. The limma 
package was used to identify differentially expressed 
genes (DEGs) between the high and low immune/
stromal score groups with a fold change (FC) =1 and false 
discovery rate (FDR) < 0.05. DEGs between the high 
and low immune score groups were defined as immune 
DEGs, whereas the DEGs between the high and low 
stromal score groups were defined as stromal DEGs. 
Finally, the intersecting genes between the immune and 
stromal DEGs were considered for subsequent analysis. 
Heatmaps of DEGs were generated to show expression 
differences using the heatmap package heatmap. Gene 
Ontology (GO) enrichment and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway enrichment 
analyses of intersecting DEGs were performed using the 
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clusterProfiler, enrichplot, and ggplot2 packages. Only 
terms with p- and q-values of < 0.05 were considered 
significantly enriched. Moreover, we downloaded a list 
of immune-related genes from the Immunology Database 
and Analysis Portal (Immport) to select immune-related 
DEGs among these DEGs using the VennDiagram 
package.

Construction and evaluation of the TME-related 
prognostic model in the training set

Univariate Cox and Kaplan–Meier analyses were 
performed in the training cohort to identify significant 
prognostic genes among the immune-related DEGs. 
A P value < 0.05 in the log-rank test was considered 
significant. Multivariate Cox regression analysis was 
performed to obtain the respective coefficients (βi) 
of each gene. Finally, the TME prognostic model was 
constructed on the basis of the key prognostic genes, and 
the risk score of each patient was calculated on the basis 
of the expression level of each key prognostic gene and its 
regression coefficient.

Kaplan-Meier and receiver operating characteristic 
(ROC) analyses were used to assess the accuracy of the 
model in predicting clinical outcomes. Univariate and 
multivariate Cox regression analyses were performed 
to evaluate the prognostic value of the model and other 
common clinical factors such as age, sex, stage, and TNM 
stage.

Validation of the TME-related prognostic  
model in the testing set

The feasibility and stability of the TME-related 
prognostic model were confirmed using the GEO database 
model. Patients in the three testing datasets were divided 
into the high- and low-risk groups according to the 
formula of risk score derived from the training dataset 
using the same methods as above. Kaplan–Meier survival 
analysis and ROC curve analysis were used to evaluate 
the performance of the six-gene prognostic model in 
predicting the outcomes of patients with LUAD.  

Evaluation of immune status between  
the high-risk and low-risk groups stratified  
by prognostic model

To explore the potential mechanism of the prognostic 
effects of the model, we analyzed the immune status and 
pathway enrichment of high-risk and low-risk samples. 
First, we quantified the enrichment levels of the 29 
immune signatures in each LUAD sample using single-
sample gene set enrichment analysis (ssGSEA) score. 
Based on the ssGSEA score, we performed a hierarchical 
clustering analysis to compare immune activities between 
the high-risk and low-risk samples. CIBERSORT is an 
algorithm used for estimating the proportion of immune 

cell subsets through cell type identification by estimating 
the relative subsets of RNA transcripts. In this study, we 
used the CIBERSORT algorithm to construct 21 types of 
immune cell profiles in LUAD samples and compared the 
differences in immune cell subtypes between the high- 
and low-risk groups. KEGG enrichment analysis was 
performed to analyze the functions or pathways that were 
upregulated in the two groups. Finally, we compared the 
mRNA levels of immune checkpoints and their ligands 
and the expression of HLA genes in the high- and low-
risk groups.

Comprehensive analysis of prognostic  
hub genes in the model

To reveal the regulatory mechanisms of the prognostic 
hub genes in the TME, we systematically analyzed the 
genetic alterations and functional enrichment of these six 
genes. First, RNA expression and gene-encoding protein 
expression level alterations in LUAD compared with 
normal tissue were estimated by the Wilcoxon test and 
immunohistochemistry (IHC), respectively. IHC results 
for hub genes were obtained from the Human Protein 
Atlas (HPA) database. The String online database and 
Cytoscape software were used to construct a protein–
protein interaction (PPI) network between the molecules. 
We then analyzed the pathways of hub genes by gene set 
enrichment analysis (GSEA), using the gene expression 
level as the phenotype. The curated KEGG gene set was 
downloaded from the Molecular Signature Database, 
and FDR < 0.05 was considered significant. Finally, we 
evaluated the correlation between hub gene expression 
and immune cell infiltration in LUAD using TIMER. 

Results

Immune scores and stromal scores  
were correlated with survival outcomes

A total of 510 LUAD cases from TCGA were used as 
the training cohort, and three GEO datasets were used 
as the validation cohorts. The clinical information for 
all cohorts is summarized in Table 1. We calculated the 
immune and stromal scores of each LUAD patient in 
TCGA and divided them into high and low immune/
stromal score groups on the basis of the median value. 
Kaplan-Meier survival analysis showed that patients with 
high immune and stromal scores showed better survival 
outcomes than those with low scores, with log-rank tests 
of P = 0.01 and 0.026, respectively (Fig. 1a, 1b).

Identification of DEGs based on immune score 
and stromal score

The heatmap showed that genes in the high score group 
had lower expression levels than those in the low score 
group, both for immune and stromal scores (Figure 1C, 
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D). A total of 776 immune DEGs were obtained from the 
comparison of immune scores (samples with high scores 
vs. low scores), of which 613 genes were upregulated 
and 163 genes were downregulated. Similarly, 792 
stromal DEGs were obtained from a comparison of the 
stromal scores, consisting of 678 upregulated genes and 
114 downregulated genes. Moreover, Venn diagrams 
showed that 297 DEGs were commonly upregulated in 
the high-score groups, and 66 DEGs were commonly 
downregulated (Fig. 1e, 1f). These notable DEGs were 
potentially determinant factors of TME status.

GO and KEGG enrichment analysis
Results of the GO enrichment analysis showed that 

these DEGs were mainly involved in immune-related 
functions, such as T-cell activation and lymphocyte 
proliferation (Fig. 2a, 2c). KEGG analysis also revealed 
enrichment of the T cell receptor signaling pathway, 
chemokine signaling pathway, and hematopoietic cell 
lineage (Fig. 2b, 2d). Since the DEGs were correlated with 

immune functions or pathways in LUAD, we further 
identified the top 89 immune-related DEGs from the 
Immport database for subsequent analysis (Fig. 3a). 

Construction of the TME-related 
prognostic model

Univariate Cox and Kaplan–Meier analyses were 
conducted to determine the significant prognostic genes 
among the 89 immune-related DEGs. A total of 24 genes 
were identified as significant in the Cox regression analysis 
(Fig. 3b), of which 6 genes were also significant in the 
Kaplan-Meier analysis. Among them, higher expression 
levels of BTK, CD28, PIK3CG, TLR4, and VEGFD 
correlated positively with poor survival outcomes, 
whereas INHA expression correlated negatively with 
prognosis (Fig. 3c). Then, the six prognostic genes were 
subjected to multivariate Cox regression analysis, and 
the risk coefficient of each gene was calculated (Table 2). 
The TME-related prognostic model was constructed as 
follows: risk score = (–0.111958) × EXPBTK + 0.279096 × 

Table 1 Clinical characteristics of LUAD patients included in this study

Features
Number of patients (%)

Training cohort
TCGA (n = 510)

Testing cohort1
GSE26939 (n = 116)

Testing cohort2
GSE37745 (n = 196)

Testing cohort3
GSE29016 (n = 72)

Age (years)
≤ 65 235 (46.08) 59 (50.86) 102 (52.04) 33 (45.83)
> 65 275 (53.92) 57 (49.14)   94 (47.96) 39 (54.17)

Gender
Female 271 (53.14) 63 (54.31)   89 (45.41) 41 (56.94)
Male 239 (46.86) 53 (45.69) 107 (54.59) 31 (43.06)

AJCC stage
Stage I 272 (53.33) 62 (53.45) 130 (66.33) 46 (63.89)
Stage II 124 (24.31) 19 (16.38) 35 (17.85) 15 (20.83)
Stage III 85 (16.67) 19 (16.38) 27 (13.78) 5 (6.95)
Stage IV 22 (4.31) 2 (1.72) 4 (2.04) 0 (0)
Unknown 7 (1.38) 14 (12.07) 0 (0) 6 (8.33)

T stage 
T1 168 (32.94) – – 25 (34.72)
T2 276 (54.12) – – 36 (0.50)
T3 47 (9.21) – – 7 (9.72)
T4 19 (3.73) – – 4 (5.56)

N stage 
N0 335 (65.69) – – 65 (90.28)
N1–3 175(34.31) – – 7 (9.72)

M stage
M0 349 (68.43) – – 68 (94.44)
M1 22 (4.31) – – 0 (0)

 Unknown 139 (27.26) – – 4 (5.56)
Survival status

Alive 0 184 (36.08) 50 (43.10)  51 (26.02) 22 (30.56)
Dead 1 326 (63.92) 66 (56.90) 145 (73.98) 50 (69.44)

AJCC, American Joint Committee on Cancer
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EXPCD28 + 0.008079 × EXPINHA + (–0.357674) × EXPPIK3CG 

+0.099561 × EXPTLR4 + (–0.102261) × EXPVEGFD. 

Prognostic value of the TME-related model in 
the training and validation cohorts

We calculated the risk score for each patient in the 
training cohort (n = 510) and divided them into the high- 
and low-risk groups according to the median cutoff value 
(cutoff value: –0.261). The Kaplan-Meier plot showed 
that patients in the high-risk group had worse survival 
outcomes than those in the low-risk group (Fig. 4a). The 
ROC curve of the 5-year survival prediction was drawn 
to assess the predictive accuracy, with an area under 

the curve of 0.688 (Fig. 4b). Additionally, the risk curve 
indicated that the high-risk group had a higher mortality 
and worse prognosis than the low-risk group (Fig. 4c, 
4d). The prognostic value of our model in patients with 
LUAD was further evaluated using other common 
prognostic factors. Although univariate Cox analysis 
indicated that the pathological stage and risk score had 
prognostic effects, only the risk score could be used as an 
independent prognostic factor (P < 0.001; Fig. 4e, 4f).

Consistent with the results in the training dataset, 
the six-gene model stratified the samples of the three 
GEO testing datasets into high-risk and low-risk 
groups. Patients with low-risk scores had better survival 

Fig. 1 Identification of differential expressed genes(DEGs). (a) Kaplan-Meier survival curve of high and low immune score groups; (b) Kaplan-Meier 
survival analysis for high and low stromal score groups; (c) Heatmap for DEGs generated by comparison of gene expression profiles in high and low 
immune score groups; (d) Heatmap for DEGs in high and low stromal score groups; (e, f) Venn diagrams showed the common up-regulated and down-
regulated DEGs shared by immune and stromal score groups 
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Fig. 2 Functional enrichment analysis. (a) GO enrichment analysis of 363 DEGs; (b) KEGG enrichment analysis of DEGs; (c)Circle plot show the 
DEGs involved in top 5 enriched terms of GO analysis; (d)Circle plot show the DEGs involved in top 5 enriched terms of KEGG analysis 
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outcomes than those in the high-risk group (P < 0.05; Fig. 
5a–5c). The areas under the ROC curves for predicting 

5-year survival in the three testing datasets were 0.679, 
0.666, and 0.732 (Fig. 5d–5f). These results suggest that 

Fig. 3 Univariate Cox and Kaplan Meier analysis for prognostic genes screening. (a) Identification of immune-related DEGs; (b) The forest plot of 
24 prognostic immune-related DEGs screened out by Univariate Cox regression analysis with P < 0.005; (c) Survival curves of the 6 prognostic genes 
extracted by the Kaplan-Meier analysis. Patients were labeled with high expression or low expression according to the median expression level of the 
6 genes 
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the TME-related prognostic model is robust in predicting 
the survival outcomes of patients with LUAD.

Evaluation of the immune status between  
low-risk and high-risk groups

The strong stratification power of the TME-related 
model in predicting the survival of patients with LUAD led 
us to explore the difference in functional characteristics 
between the two risk groups. The ssGSEA score of the 

Fig. 4 Construction and validation of the TME-related prognostic model in the training cohort. (a) Kaplan-Meier survival curve of low- and high-risk 
groups stratified by the TME-related prognostic model; (b) The ROC analysis of the TCGA dataset for survival prediction by the TME prognostic model; 
(c) The distribution of risk score and survival time in high- and low-risk groups; (d) Heatmap of the six prognostic genes; (e)The Univariate Cox analysis 
evaluating the prognostic effect of the model and common clinical factors; (f) Multivariate Cox analysis evaluating independent predictive ability of our 
model for overall survival



261Oncol Transl Med, December 2021, Vol. 7, No. 6

29 immune signatures was used to evaluate the immune 
status of the two groups. The heatmap showed that the 
low-risk group had a higher immune activity than the 
high-risk group (Fig. 6a). Consistent with the ssGSEA 
results, immune and stromal scores in the low-risk group 
were significantly higher, and the tumor purity of the 
low-risk group was significantly lower (Fig. 6b–6d). This 
finding indicated that more immune and stromal cells 
infiltrated the TME of low-risk samples, whereas more 
tumor cells were present in high-risk samples. Moreover, 
we identified the immune cell subtypes in the two groups. 
The low-risk group had a significantly higher proportion 
of memory B cells, memory CD4+ T cells, monocytes, 

and dendritic cells than the high-risk group, whereas 
the high-risk group had a markedly higher proportion of 
M0 macrophages (Fig. 6e). Taken together, these results 
suggest that patients with low-risk scores show elevated 
antitumor immune activity, leading to more favorable 
clinical outcomes.

Potential mechanisms of the prognostic effects 
of the TME-related model

GSEA was conducted to elucidate the specific 
regulatory mechanisms resulting in the differences in 
prognosis and immune status between the two risk 
cohorts. The results showed that the low-risk group was 

Fig. 5 Validation of the TME-related prognostic model in the testing cohort. Kaplan-Meier survival curves showing overall survival outcomes of high- 
and low-risk groups in GSE37745 (a), GSE26939 (b) and GSE29016 (c). The ROC curves for judging the predictive accuracy of the model in GSE37745 
(d), GSE26939 (e) and GSE29016 (f)

Table 2 Genes in the TME-related prognostic model
Gene symbol Gene description Coefficient
BTK Bruton tyrosine kinase –0.111958
CD28 CD28 molecule 0.279096
INHA Inhibition alpha subunit 0.008079
PIK3CG Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit gamma –0.357674
TLR4 Toll like receptor 4 0.099561
VEGFD Vascular endothelial growth factor D –0.102261
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enriched not only in immunoregulation and immune cell 
activation, but also in many cancer-associated pathways, 
such as JAK-STAT signaling, cell adhesion molecules, 
and transendothelial migration (Fig. 7a). In contrast, the 
high-risk group was impoverished in immune signatures 
but enriched in metabolic signaling. Notably, most HLA 
genes showed significantly higher expression in the low-
risk group than in the high-risk group, indicating that 

local immune regulation and immunogenicity were more 
active in the low-risk group (Fig. 7b). 

Relationship between the TME-related model 
and immunotherapy response

In recent years, immune checkpoint proteins such 
as cytotoxic T lymphocyte antigen 4 (CTLA-4) or the 
programmed cell death ligand 1/protein 1 pathway 

Fig. 6 Evaluation of immune status and immune cell infiltration levels between high- and low- risk groups. (a) The heatmap of the overall immune status 
of high- and low-risk groups in TCGA database, showing greater heterogeneity between the two groups; (b–d) The violin plots showed the difference 
in immune score, stromal score and tumor purity between low- and high-risk groups. ***P < 0.001; **P < 0.01; *P < 0.05; (e) The violin plot shows the 
difference in the proportion of 21 kinds of immune cells between high- and low-risk groups, and the Wilcox rank-sum was used for the significance test 
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(PD-L1/PD-1) have been used as crucial targets 
for immunotherapy in LUAD [16]. We explored the 
relationship between the model and immunotherapy 
response by analyzing the expression of common 
immune checkpoints in the high- and low-risk groups 
and found that the expression of CTLA-4, PD-1, PD-L1, 
PD-L2, TIM-3, and LAG-3 in the low-risk group was 
significantly higher than that in the high-risk group (all P 
< 0.001; Fig. 7c). This suggests that patients with low-risk 
scores might respond better to ICI treatment than those 
with high-risk scores because the expression of immune 
checkpoint molecules tends to be positively associated 
with immunotherapeutic responsiveness. Therefore, the 
construction of a risk cohort using our model could be 
a good stratification method for patients with LUAD 
regarding whether to conduct immunotherapy.

The mechanism of action of prognostic hub 
genes in the TME

To further analyze the potential function of the hub 
genes, our results were verified using the HPA and 
TIMER databases. We found that CD28 and INHA had 
significantly higher expression levels in LUAD samples 
than in normal lung samples, whereas BTK, PIK3CG, 
TLR4, and VEGFD had lower expression levels in 
tumor tissues (Fig. 8a). In terms of protein levels, the 
protein expression patterns of BTK, INHA, PIK3CG, 
TLR4, and VEGFD were consistent with their RNA-seq 

expression alterations (Fig. 8b). However, CD28 showed 
no significant difference. The PPI network also showed 
extensive interactions among BTK, CD28, PIK3CG, and 
TLR4.

GSEA suggested that BTK, CD28, PIK3CG, TLR4, 
and VEGFD were enriched in the same pathways. High 
expression of these five genes was mainly correlated with 
immune-related activities, such as antigen processing and 
presentation, the chemokine signaling pathway, and the 
JAK-STAT signaling pathway, whereas low expression 
of these genes was associated with metabolic pathways 
(Fig. 9a, 9b). In contrast, high expression of INHA was 
correlated with metabolic pathways, and low expression 
was involved in the activation of immune pathways 
(Fig. 9c, 9d). More importantly, the expression of BTK, 
CD28, PIK3CG, TLR4, and VEGFD positively correlated 
with the infiltration of CD4+ T cells, CD8+ T cells, B 
cells, neutrophils, dendritic cells, and macrophages (Fig. 
10). However, INHA was negatively correlated with 
infiltration of the six immune cells. Collectively, these 
results suggest that these six hub genes affect the immune 
activity of the TME.

Discussion 

In this study, we aimed to identify a novel TME-
related prognostic model for LUAD. We embarked on 
TME-related DEGs generated by comparing the immune 

Fig. 7 Functional mechanisms of the TME-related model and association with immune checkpoint molecules. (a) KEGG pathways enriched in high- 
and low-risk samples; (b) The expression profiles of HLA genes of low- and high-risk groups. ***P < 0.001; **P < 0.01; *P < 0.05; (c) Comparison of 
expression levels of CTLA-4, PD-1,PD-L1, PD-L2,TIM-3 and LAG-3 between high-risk and low-risk groups (Wilcox rank-sum test) 
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and stromal scores in LUAD samples. Subsequently, a 
list of TME-related genes that contribute to the survival 
outcomes of patients with LUAD was extracted. Finally, 
a six-gene prognostic model, based on prognostic TME-
related genes, was constructed. Both immune and stromal 
genes in LUAD samples were analyzed to better reflect 
the complete TME status. Furthermore, we validated 
its prognostic value in three testing sets from the GEO 
datasets. Kaplan-Meier and ROC analyses revealed the 
strong predictive ability of our model for LUAD prognosis 
in both the training and testing sets. Univariate and 
multivariate Cox analyses confirmed the independent 
prognostic value of the six-gene model. Accordingly, 
unlike those developed previously, the TME-related 
prognostic model developed herein could reflect the 
tumor immune microenvironment status and predict 
the prognosis of LAUD more accurately. Moreover, an 
enhanced understanding of the model and related hub 

genes would help to elucidate regulatory mechanisms of 
the TME and develop new treatment strategies.

Experimental and clinical studies have demonstrated 
that the immune and stromal components of the TME 
play significant roles in lung cancer development and 
progression [17]. The immune and stromal cells infiltrating 
the TME are composed of different cell types. As the most 
important immune cells in the TME, tumor-infiltrating 
T lymphocytes execute key effector cytotoxic functions 
and mediate responses to ICIs [18]. Tumor-associated 
macrophages are another class of immune cells that interact 
with lung cancer cells. Macrophage-tumor cell interactions 
lead to the release of pro-inflammatory cytokines, 
chemokines, and growth factors, which in turn recruit 
additional inflammatory cells to the microenvironment 

[19]. Other immune cells in the TME include B cells, NK 
cells, dendritic cells (DCs), T regulatory cells (Tregs), and 
B regulatory cells (Bregs). Cancer-associated fibroblasts 

Fig. 8 Expression profiles of the six hub genes in the model. (a) The expression levels of the six prognostic genes in LUAD samples and normal lung 
samples in the TCGA database (BTK, CD28, INHA, PIK3CG, TLR4 and VEGFD). Wilcox test was used to calculate the significance level between the 
two groups; (b) The immunohistochemistry results reflecting the gene-encoding protein levels of the six hub genes in LUAD and normal lung tissues 
from the HPA database 
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are the most abundant stromal cells in the TME and play 
critical roles in the inflammatory response and immune 
suppression of tumors [20]. Fibroblasts promote tumor 

progression via multiple pathways, including regulation 
of the extracellular matrix, production of growth factors 
or cytokines, and promotion of angiogenesis, whereas 

Fig. 9 The GSEA enrichment analysis of the hub prognostic genes. (a) The enrichment pathways of high expression of BTK, CD28, PIK3CG, TLR4 
and VEGFD. Each line representing one particular pathway with unique color, only pathways with p and q < 0.05 were considered significant. And only 
several leading gene sets were displayed in the plot; (b) The enrichment pathways of low expression of the five genes; (c) Enrichment pathways of high 
INHA expression; (d) Enrichment pathways of the low INHA expression 
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some fibroblast subtypes also show antitumor activities 
by secreting immunosuppressive cytokines [21]. 

To determine the distinct gene expression profiles 

in the TME with respect to immune and stromal 
components, DEGs based on immune and stromal scores 
were screened. Six prognostic hub genes among these 

Fig. 10 Correlation between hub prognostic genes and immune cell infiltration. (a–f) The gene expression levels against tumor purity are displayed 
on the left-most panel
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DEGs were identified (survival positive correlation: 
INHA; negative correlation: BTK, CD28, PIK3CG, TLR4, 
and VEGFD). Interestingly, functional analysis showed 
that BTK, CD28, PIK3CG, TLR4, and VEGFD could 
promote immune infiltration, while INHA inhibited 
immune cell infiltration. These results suggest that the 
six hub genes participate in the immune regulation of 
the TME and affect the prognosis of patients with LUAD, 
which might be potential immune prognostic markers 
and therapeutic targets for LUAD.   

Among these six genes, Bruton tyrosine kinase (BTK) is 
a member of the Tec kinase family. As a key component of 
the B-cell antigen receptor signaling pathway, BTK plays 
a vital role in B lymphocyte development, differentiation, 
and signaling [22]. Ibrutinib is a small-molecule irreversible 
inhibitor of BTK that has been approved for the treatment 
of hematological malignancies and some solid tumors 
owing to its ability to inhibit tumor growth by modifying 
the tumor microenvironment and its potential synergistic 
activity with ICIs [23, 24]. CD28 is a key T-cell costimulatory 
molecule that binds to B7 molecules, which are involved 
in the regulation of T cell proliferation and activation, 
along with cytokine production [25]. Previous studies 
have demonstrated that CD28 can predict the response 
to anti-PD-1 therapy in patients with lung cancer [26]. 
PIK3CG encodes the PI3Kγ enzyme, which can activate 
the signaling molecule Akt and modulate various cell 
functions such as cell proliferation, migration, and 
adhesion [27]. Novel PI3K inhibitors are important for the 
treatment of hematologic malignancies [28]. The protein 
encoded by TLR4 is a member of the toll-like receptor 
family. Studies have shown that TLR4 is highly expressed 
in immune cells, such as monocytes and lymphocytes, 
but is expressed at low levels in epithelial, endothelial, 
and cancer cells. Thus, TLR4 agonists have been widely 
explored as potential immunotherapeutic agents for the 
treatment of cancer [29]. VEGFD belongs to the vascular 
endothelial growth factor family and can induce both 
angiogenesis and lymphangiogenesis [30]. Clinical studies 
have shown that low expression of VEGFD is a predictor 
of greater survival benefits from bevacizumab treatment 
in patients with CRC [31]. INHA encodes a member of the 
transforming growth factor-beta (TGF-beta) superfamily 
of proteins. However, its function in lung cancer remains 
unknown. Our results suggest that high expression of 
INHA is associated with a poor prognosis of LUAD. A 
possible mechanism might be that INHA is involved in 
vascularization and tumor metastasis, leading to a poor 
prognosis [32]. Further studies are required to clarify the 
role of these hub genes in the TME in the initiation and 
development of LUAD.

Finally, a TME-related prognostic model was 
developed using the six hub immune genes for survival 
prediction. The low-risk group showed higher expression 

of HLA genes. HLA-related genes play a significant 
role in immune regulation, and their expression is 
advantageous for immunotherapy efficacy [33]. Our results 
showed elevated antitumor immune activity in the low-
risk group, which could explain why the low-risk group 
had more favorable clinical outcomes than the high-risk 
group. In addition to survival prediction, this TME-related 
signature was also a predictor of patient response to ICI 
treatment. To date, many biomarkers have been verified 
to indicate the efficacy of ICI treatment, including TMB, 
PD-L1 expression level, neoantigens, and gut microbiota 
[34]. Generally, most biomarkers reflect the status of the 
tumor immune microenvironment in a certain aspect. 
Thus, a prognostic model based on the TME may aid 
in the stratification of patients with LUAD to identify 
those responsive to immunotherapy. It is possible that 
patients with low-risk scores are more sensitive to 
immunotherapy than those with high-risk scores, since 
immune checkpoint molecules are more highly expressed 
in low-risk groups, and the increased levels of immune 
checkpoints indirectly indicate pre-existing T cell 
activation in the low-risk group.

This study has some limitations. The six-gene model 
was derived from retrospective data, and more prospective 
data are needed to validate our results. Second, this study 
lacked basic experiments to validate the function of the 
six hub genes and their association with immune cell 
infiltration. Third, patients receiving immunotherapy 
were not included in this study; therefore, the predictive 
ability of the model for immunotherapy response was 
evaluated indirectly.  

Conclusions
In conclusion, we constructed a TME-related 

prognostic model to predict LUAD patient survival 
outcomes and responses to immunotherapy. Patients with 
low risk scores had better prognoses and were expected to 
benefit from ICI treatment. This model might be valuable 
for prognostic management and patient selection before 
immunotherapy and deserves further validation. A 
significant association was observed between the hub 
genes and patient prognosis and immune infiltration, 
providing novel insights for the development of new 
treatment strategies.
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Breast fibroadenoma is the most common benign breast 
tumor in women. It is primarily composed of proliferative 
breast fibrous tissue and ducts, and its occurrence may 
be related to an abnormal quality or quantity of estrogen 
receptors contained in fibroblasts; however, the precise 
etiology remains unclear [1].

The intestinal tract is the largest digestive organ 
of the human body, which contains a large number of 
bacteria and has a genome approximately 100 times 
that of humans [2].The human intestinal flora contains 
genes that encode thousands of microbial enzymes and 

metabolites [3–4]. The intestinal flora is closely related 
to the estrogen metabolism in the body. The intestinal 
microbes contain genes related to estrogen metabolism 
and encode β-glucuronidase. When the content of this 
enzyme in the intestine increases, the glucuronidase-
estrogen conjugate is decomposed; estrogen returns to the 
free state and is re-absorbed into the blood through the 
hepatointestinal circulation, thus leading to an increase 
in endogenous estrogen levels [5].Therefore, changes in 
estrogen levels caused by the imbalance of intestinal flora 
may be an important factor in the occurrence of breast 
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Abstract Objective To analyze the characteristics of the intestinal microflora in patients with breast fibroadenoma 
using 16S ribosomal RNA (rRNA) high-throughput sequencing.
Methods Fecal samples from 20 patients with breast fibroadenoma and 36 healthy subjects were 
randomly collected and analyzed using high-throughput sequencing technology for 16S rRNA V4 region 
sequencing, and the alpha diversity (Chao index, Shannon index) was calculated using Mothur (v.1.39.5) 
software. Beta diversity was analyzed using QIIME (v1.80). SPSS software (version 23.0) and the t-test 
of two independent samples were used to analyze differences in the abundance of bacteria between the 
two groups.
Results  Compared with  that  in  the healthy control group,  the α diversity of  the  intestinal microflora  in 
breast fibroadenoma patients increased, but the difference was not statistically significant (P > 0.05). At the 
phylum level, significant differences were observed between the two groups. The abundance of Firmicutes 
was higher in the breast fibroadenoma group (P < 0.05), whereas the abundance of Synergistetes was 
higher in the healthy control group (P < 0.005). A total of five bacterial genera showed significant differences 
between the two groups: the breast fibroadenoma group showed higher levels of Bautia (P < 0.005), 
Coprococcus (P < 0.005), Roseburia (P < 0.05), and Ruminococcus (P < 0.005), whereas Sutterella was 
more abundant in the healthy control group than in the breast fibroadenoma group (P < 0.05).
Conclusion The diversity and abundance of the intestinal flora in patients with breast fibroadenoma are 
significantly different from those in healthy subjects, suggesting that an imbalance in the intestinal flora is 
correlated with the occurrence of breast fibroadenoma. 
Key words: intestinal flora; estrogen; breast fibroadenoma; 16S ribosomal RNA; high-throughput sequencing
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fibroadenoma.
A number of studies have confirmed that the intestinal 

flora can affect the occurrence and development of breast 
cancer through estrogen metabolism, immune regulation, 
and generation of short-chain fatty acids (SCFAs) [5–8]; 
however, a correlation between breast fibroadenoma and 
intestinal microbes has not been reported. This study 
involved the collection of stool samples from 20 female 
patients with breast fibroadenoma and 36 healthy adult 
women. Through 16S rRNA sequencing of the V4 area 
and variance analysis, the intestinal flora diversity and 
composition of the samples were evaluated. These results 
provide a new theoretical basis for the diagnosis and 
prevention of breast fibroadenoma.

Materials and methods

Case selection
Patients admitted to the Breast Surgery Department 

of Qingdao Central Hospital and diagnosed with breast 
fibroadenoma via postoperative paraffin section pathology 
in the Pathological Diagnostic Center and healthy adult 
females without any breast-related diseases, as confirmed 
by the Physical Examination Center, were selected. All 
subjects had a normal body mass index (BMI) and had 
not used antibiotics, probiotics, antacids, gastrointestinal 
motility agents, or other drugs that could affect the 
intestinal flora in the 6 months before enrollment. The 
subjects did not have hypertension, coronary heart 
disease, diabetes, cirrhosis, malignant tumors, or other 
primary diseases. A total of 56 female subjects were 
included in this study, including 20 patients with breast 
fibroadenoma and 36 healthy adult females. All subjects 
signed an informed consent form and volunteered to 
participate in the study.

Specimen collection
Fresh fecal samples (no less than 10 g) from the 

56 subjects were collected with sterile cotton swabs, 
placed in a sterile container, and immediately stored in 
a refrigerator at –80°C for low-temperature preservation. 
All of the above procedures were performed under sterile 
conditions.

Amplifier sequencing
The collected fecal samples were cryopreserved and 

sent to Qingdao BGI Institute for gene sequencing. The 
process was as follows: (1) Genomic DNA extraction: The 
cetyltrimethylammonium bromide (CTAB) or sodium 
dodecyl sulfate (SDS) method was used to extract genomic 
DNA from the samples, and agarose gel electrophoresis 
was used to detect the purity and concentration of the 
DNA. An appropriate amount of the samples was placed 
in a centrifuge tube, and the samples were diluted to 1 

ng/μL with sterile water. (2) PCR amplification: Diluted 
genomic DNA was used as a template. According to the 
selection of the sequencing region, specific primers with 
Barcode were used; the 16S V4 primer was 515F-806R. 
The Phusion® High-Fidelity PCR Master Mix and 
GC Buffer from New England Biolabs were used. PCR 
was performed using high-efficiency and high-fidelity 
enzymes to ensure amplification efficiency and accuracy. 
The PCR was conducted on the Bio-Rad T100 gradient 
PCR instrument. PCR products were detected by 
electrophoresis on a 2% agarose gel. (3) Mixing and 
purification of PCR products: The PCR products were 
mixed and purified according to the concentration of 
the PCR products, and the PCR products were mixed at 
the same concentration. After thorough mixing, the PCR 
products were purified by electrophoresis with a 1× TAE 
concentration of 2% agarose, and the target bands were 
recovered by gelling, using the Thermo Scientific Genejet 
Gel Recovery Kit. (4) Library construction and computer 
sequencing: The Illumina TruSeq DNA PCR-Free Library 
Preparation Kit was used to construct the library. After 
Qubit quantification and library testing, NovaSeq 6000 
was used for computer sequencing of the qualified library.

Bacterial community information analysis
The software Mothur v.1.39.5 was used to remove all the 

redundant tags, and the software USEARCH (v7.0.1090) 
was used to cluster the spliced tags into operational 
taxonomic units (OTUs). After the OTU representative 
sequence was obtained, species annotation was carried 
out by comparing the OTU representative sequence with 
the Greengenes database using RDP Classifier (V2.2) 
software, and the confidence threshold was set to 0.8. 
Alpha diversity was calculated using Mothur (v.1.39.5) 
software, and beta diversity was analyzed using QIIME 
(v1.80).

Statistical analysis
SPSS software (version 23.0) was used for data analysis, 

and the t-test of two independent samples was used to 
analyze differences in the abundance of bacteria between 
the two groups. Statistical significance was set at P < 0.05.

Results

Sequencing data, sample out, 
and diversity analysis

A total of 5004,192 high-quality sequences were 
obtained from 56 samples in the two groups, with an 
average sequence length of approximately 252 bp, and 
a total of 3911 OTUs were generated. The sequencing 
coverage of all samples reached 99.9%. The dilution 
curve reflects whether the sequencing quantity of the 
sample was sufficient. If the curve flattens or reaches the 
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plateau stage, the sequencing depth can be considered to 
have covered all the species in the sample. The contrary 
means that the species diversity in the sample is high and 
there are more species that have not been detected by 
sequencing. As shown in Fig. 1, the Chao index dilution 
curve gradually flattened with the increase in sequencing 
data, as did the Shannon index dilution curve. Therefore, 
it can be concluded that the sequencing depth covered 
all species.

The α diversity index was calculated based on the 
species and abundance of OTUs.

The Chao index reflects the richness of the community 
in the sample; the higher the index, the richer the 
species. The Shannon index reflects the diversity of the 
community; the larger the Shannon index, the greater the 
diversity of the community, as shown in Fig. 2a and 2b. 
There was no significant difference in the abundance of 
intestinal microbial species (P > 0.05), but there was an 

increasing trend of α diversity in the breast fibroadenoma 
group. In addition, principal component analysis (PCA) 
was conducted based on the OTU level (Fig. 2c). The 
samples from the breast fibroadenoma group (shown in 
green in Fig. 2c) and the healthy control group (shown in 
blue in Fig. 2c) were compared and analyzed. The results 
showed that the bacterial flora compositions of the two 
groups were different.

Analysis of flora structure  
and relative abundance

In this study, the structure and composition of the 
intestinal flora of the breast fibroadenoma group and the 
healthy adult female group were analyzed at the phylum 
and genus levels, respectively.

(1) Relative abundance analysis of the intestinal flora 
at the phylum level

At the phylum level, the top 13 strains were selected 

Fig. 1 Chao index and Shannon index dilution curve

Fig. 2  α-diversity analysis and principal component analysis (PCA)
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for relative abundance analysis, as shown in Fig. 3a. 
The dominant bacterial phyla in the healthy control 
group were Cyanobacteria, Proteobacteria, Nitrospirae, 
Verrucomicrobia, and Fusobacteria, Tenericutes, 
Actinobacteria, Lentisphaerae, Synergistetes, 
Bacteroidetes and Gemmatimonadetes, whereas the 
dominant phyla in the breast fibroadenoma group were 
Acidobacteria and Firmicutes. As shown in Figure 3B, at 
the phylum level, the dominant species in both groups 
were Firmicutes, Bacteroidetes, Verrucomicrobia, 
and Actinobacteria. However, there were significant 
differences in species composition between the healthy 
control group and the breast fibroadenoma group. Based 
on the abundance data of the two groups, the t-test of 
two independent samples was used to analyze the species 
with different phylum levels in the intestinal flora of 
the breast fibroadenoma group and the healthy adult 
female group. As shown in Fig. 3c, there were significant 
differences in the two categories between the two groups. 
The abundance of Firmicutes was higher in the breast 
fibroadenoma group than in the healthy control group 
(P < 0.05). Synergistetes were more abundant in the 
healthy control group than in the breast fibroadenoma 
group (P < 0.005). According to these results, the two 

abovementioned phyla may be correlated with the 
occurrence of breast fibroadenoma; however, further 
analysis is necessary.

(2) Relative abundance analysis of the intestinal flora 
at the genus level

The top 19 bacterial genera were selected for 
further analysis of the relative abundance. As shown 
in Fig. 4a, the dominant genera in the healthy control 
group were Dialister, Parabacteroides, Bacteroides, 
Sutterella, Oscillospira, Collinsella, Bifidobacterium, 
and Lactobacillus. The dominant species in the 
breast fibroadenoma group were Streptococcus, 
Coprococcus, Roseburia, Gemmiger, Ruminococcus, 
Facecalibacterium, Lachnospira, Clostridium, Prevotella, 
Blautia, and Phascolarctobacterium. As shown in Fig. 4b, 
the dominant species in both groups were Bacteroides, 
Prevotella, and Roseburia. Based on the abundance data 
of the two groups, the t-test of two independent samples 
was used to analyze the species with a different intestinal 
flora at the genus level between the breast fibroadenoma 
group and the healthy adult female group. As shown in 
Fig. 4c, a total of five bacterial genera showed significant 
differences between the two groups of samples. The 
breast fibroadenoma group and the healthy control group 

Fig. 3 Analysis of relative abundance of the intestinal flora at the phylum level between the healthy control group and the breast fibroadenoma group
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had comparable levels of Bautia (P < 0.005), Coprococcus 
(P < 0.005), Roseburia (P < 0.05) and Ruminococcus (P < 
0.005). The abundance of Sutterella in the healthy control 
group was higher than that in the fibroadenoma group (P 
< 0.05).

Discussion

Breast fibroadenoma is the most common breast 
fibroepithelial tumor in women. These tumors are 
hormone dependent; they increase in size due to 
factors such as estrogen, progesterone, prolactin, and 
pregnancy and decrease after menopause [9, 10]. Currently, 
there are no effective preventive measures for breast 
fibroma, and the treatment primarily consists of surgical 
resection, which is associated with a risk of recurrence 

[11, 12]. Studies have shown that breast fibroadenoma is 
an independent risk factor for breast cancer, and the 
risk of breast cancer 20 years later in patients with 
breast fibroadenoma is twice that in healthy women [13]. 
Studies have confirmed that the intestinal flora plays 
an important role in the occurrence and progression of 

breast cancer [6–8]. However, it is still unclear whether 
there is a correlation between breast fibroadenoma and 
the intestinal flora. Therefore, this study used 16S rRNA 
high-throughput sequencing to evaluate the intestinal 
flora of patients with breast fibroadenoma. The results 
of this study showed that compared with that of the 
healthy control group, the intestinal microflora of the 
patients with breast fibroadenoma showed an increased 
α diversity, indicating an imbalance of the intestinal 
microflora in patients with breast fibroadenoma. The 
dominant phyla in the breast fibroadenoma group and 
the healthy control group were Firmicutes, Bacteroidetes, 
Verrucomicrobia, and Actinobacteria. However, the 
abundance of Firmicutes was higher in the breast 
fibroadenoma group than in the healthy control group, 
and the abundance of Synergistetes was higher in the 
healthy control group than in the breast fibroadenoma 
group. A total of five bacterial genera showed significant 
differences between the two groups. Compared with that 
in the healthy control group, the abundance of Blautia, 
Coprococcus, Roseburia and Ruminococcus in the breast 
fibroadenoma group was higher. The abundance of 

Fig. 4 Analysis of relative abundance of the intestinal flora at the genus level between the healthy control group and the breast fibroadenoma group
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Sutterella was higher in the healthy control group than 
in the fibroadenoma group. Chan et al. [14] pointed out 
that Firmicutes, Proteobacteria, and Bacteroidetes have 
β-glucuronidase activity. Exogenous estrogen levels are 
closely related to β-glucuronidase [15]. In this study, we 
found that the abundance of Firmicutes was higher in the 
breast fibroadenoma group than in the healthy control 
group, and the difference was statistically significant 
(P < 0.05). Therefore, the significant differences in the 
abundance of Firmicutes suggest that the imbalance of 
the intestinal flora may influence the development of 
breast fibroadenoma by affecting estrogen metabolism, 
which is consistent with the previous hypothesis. 
Patients with breast fibroadenoma have a relatively 
high Prevotella content; Prevotella can induce intestinal 
mucosal inflammation [16]. Therefore, patients with breast 
fibroadenoma may show intestinal mucosal injury. In 
addition, the content of SCFA-producing bacteria, such as 
Streptococcus, Coprococcus, Ruminococcus, Lachnospira, 
and Clostridium, in breast fibroadenoma patients was 
relatively high. SCFAs, primarily acetate, propionate, 
and butyrate, are bacterial fermentation products derived 
from soluble dietary fiber in the colon. A growing 
body of evidence suggests that SCFAs play a key role in 
maintaining the intestinal barrier by stabilizing specific 
transcription factors, promoting the composition of tight 
junctions and the secretion of mucins [17]. SCFAs also 
regulate the differentiation of T cells into effector cells or 
regulatory T cells and are considered potential predictors 
of immunotherapeutic responses in some cancers [18]. 
Therefore, the results of this study suggest that the 
intestinal flora of patients with breast fibroadenoma may 
be associated with an immune response. In conclusion, 
patients with breast fibroadenoma show an imbalance of 
the intestinal flora. 

This study had the following limitations: a small 
sample size, analysis by 16S rRNA level observational 
studies, lack of validation using large samples and animal 
experiments. Nevertheless, when combined with relevant 
clinical indicators, the findings of this study might provide 
important theoretical guidance for the prevention, 
diagnosis, and treatment of breast fibroadenoma.
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Esophageal cancer is a common malignant tumor of 
the digestive system, which gravely threatens human 
health and safety. Most esophageal cancer patients are 
already in the middle or late stages of the disease by the 
time they seek treatment and are no longer suitable to 
undergo surgery, and have a 5-year survival rate of less 
than 20% [1]. Radiotherapy has become an important 
method of treatment for middle and advanced esophageal 
cancer [2–3]; however, due to the different sensitivities of 

each individual to radiotherapy, identification of effective 
indicators is needed to determine the therapeutic effect 
of radiotherapy. Serum tumor markers are rapid, simple, 
and less invasive detection indicators. Radiotherapy can 
treat esophageal cancer, but may also affect the normal 
immune function of the body. To further understand 
the clinical effect of radiotherapy on esophageal cancer 
and its influence on the immune function, changes in 
serum tumor markers and T cell subsets in patients with 

Received: 6 November 2021
Revised: 21 November 2021
Accepted: 29 November 2021

Abstract Objective This study aimed to investigate the effect of radiotherapy on serum immune-associated cells 
and tumor markers in patients with esophageal cancer.
Methods A total of 87 patients with esophageal cancer admitted to our hospital between October 2016 
and July 2020 were selected as the observation group, and all patients received radiotherapy. A total of 
87 healthy volunteers who underwent physical examination at our hospital during the same period were 
selected as the control group in order to compare the changes in serum immune-associated cells and tumor 
markers between the two groups.
Results The levels of carcinoembryonic antigen (CEA), cancer antigen (CA) 125, CA72-4, C-terminus of 
cytokeratin (CYFRA) 21-1, and squamous cell carcinoma (SCC) antigen in the observation group before 
radiotherapy were higher than those in the control group, and the differences were significant (P < 0.05). 
The levels of CEA, CA125, CA72-4, CYFRA21-1, and SCC antigen in the research group after radiotherapy 
were significantly lower than those before radiotherapy, but were still significantly higher than those in the 
control group (P < 0.05). The levels of CD3+, CD4+, CD4+/CD8+, and natural killer cells in the research 
group before and after radiotherapy were significantly lower, while the levels of Treg and CD8+ cells were 
significantly higher than those in the control group (P < 0.05). The levels of CD3+, CD4+, and CD4+/CD8+ 
cells in the observation group after radiotherapy were lower, while the levels of CD8+ cells were significantly 
higher than those before radiotherapy (P < 0.05).
Conclusion Radiotherapy can effectively reduce the level of serum tumor markers in patients with 
esophageal cancer; these antigens and cells can be used as tumor markers of esophageal cancer in order 
to determine its prognosis. However, radiotherapy has adverse effects on the immune function of the body. 
The reasons behind this need to be further studied and analyzed. 
Key words: radiotherapy; esophageal cancer; tumor markers, immune-associated cells
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esophageal cancer were determined before and after 
radiotherapy and analyzed in this study.

Materials and methods

Data 
A total of 87 patients with esophageal cancer admitted 

in our hospital between October 2016 and July 2020 were 
selected as the observation group, based on the following 
inclusion and exclusion criteria.

(1)Inclusion criteria: Patients who underwent 
endoscopic examination, ultrasound examination, and 
pathological examination to confirm the presence of TNM 
stage Ш; who had esophageal cancer metastasis; who 
refused to undergo surgical treatment or were unable to 
undergo surgery prior to radiotherapy; with no history 
of radiation or chemotherapy; with no contraindications 
to radiotherapy or chemotherapy; who had an expected 
survival time of not less than 6 months; who had a quality 
of life score of > 60 points; and who signed an informed 
consent, were included in the study.

(2)Exclusion criteria: Patients with severe heart, liver, 
and renal insufficiencies; mental disorders; and immune 
system diseases were excluded.

The observation group comprised 55 men and 32 
women, with ages ranging from 43 to 82 years (mean age: 
61.7 ± 8.2 years); with regard to the TNM stage, 37 patients 
had stage III disease, while 50 had stage IV disease. In 
terms of the pathological type, 73 patients had squamous 
cell carcinoma (SCC), while 14 had adenosquamous cell 
carcinoma. Ninety healthy volunteers who underwent 
physical examination in our hospital during the same 
period were selected as the control group, which 
included 53 men and 34 women. Their ages ranged from 
41 to 83 years (mean age: 62.4 ± 9.2 years). No significant 
difference was observed in the sex, age, and other basic 
data between the two groups (P > 0.05), thus indicating 
comparability (Table 1).

Methods
Treatment
All patients underwent computed tomography (CT). 

Continuous spiral CT scanning was performed with the 
upper boundary at the upper edge of the fourth cervical 
vertebra and the lower boundary at the lower edge of 
the second lumbar vertebra. The scanning images were 
transmitted to the three-dimensional (3D) treatment 
planning system; the target area was determined 
according to the examination results, and 3–5 coplanar 
fields were selected for irradiation. The radiotherapy 
techniques used were Varian linear accelerator 3D 
conformal radiotherapy, image-guided intensity-
modulated radiotherapy, or volume rotation intensity-
modulated radiotherapy. A total radiotherapy dose of 60 

Gy (2 Gy/fraction) was delivered, and the radiotherapy 
was performed for 30–32 cycles.

Fasting venous blood 
Fasting venous blood was collected before and 1 month 

after radiotherapy in the observation group. Fasting 
venous blood was collected from the control group in the 
morning of the physical examination day and centrifuged 
at 3,000 r/min for 10 min; the serum was separated and 
stored at 2 °C to 6 °C for detection. Levels of the following 
serum tumor markers were measured using an Abbott 
I2000 chemiluminescence analyzer and the associated 
reagents: carcinoembryonic antigen (CEA), carbohydrate 
antigen 19-9 (CA19-9), carbohydrate antigen 72-4 
(CA72-4), cytokeratin 19 fragment (CYFRA21-1), and 
SCC antigen. The levels of T cell subsets, including CD3+, 
CD4+, CD8+, and CD4+/ CD8+ cells, were measured using 
a FACS Canto II flow cytometer.

Statistical analysis 
The SPSS22.0 software was used to perform all data 

analyses. The measurement data were expressed as 
mean ± standard. Independent-sample t test was used to 
perform a between-group comparison, while paired t-test 

Table 1 Characteristics of patients in observation group
Factor n %
Age (years)

≤ 60 21 24.1
> 60 66 75.9

Sex 5
Male 55 63.2
Female 32 36.8

Smoking
No 29 33.3
Yes 58 66.7

Pathological types 
Squamous 73 83.9
Adenosquamous cell carcinoma 14 16.1

Tumour site
Upper 1/3 30 34.5
Middle 1/3 41 47.1
Lower 1/3 16 18.4

T stage
II 2 2.3
III 35 40.2
IV 50 57.5

N stage (/)
0 55 63.2
1 32 36.8

Clinic stage
II 4 4.6
III 33 37.9
IV 50 57.5
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was used to perform a within-group comparison.

Results

Comparison of serum tumor markers 
The CEA, CA19-9, CA72-4, CYFRA21-1, and SCC 

antigen levels before radiotherapy in the observation 
group were higher than those in the control group, and 
the differences were significant (P < 0.05). The CEA, 
CA19-9, CA72-4, CYFRA21-1, and SCC antigen levels in 
the observation group after radiotherapy were lower than 
those before radiotherapy, but were still higher than those 
of the control group; the differences were significant (P 
< 0.05; Table 2).

Comparison of T cell subsets 
The levels of CD3+, CD4+, and CD4+/CD8+ cells before 

and after radiotherapy in the observation group were 
lower than those in the control group, while the levels 
of CD8+ were higher than those in the control group; 
the differences were significant (P < 0.05). The levels of 
CD3+, CD4+, and CD4+/CD8+ cells in the observation 
group after radiotherapy were lower than those before 
radiotherapy, while the levels of CD8+ cells were higher 
than those before radiotherapy; the differences were 
significant (P < 0.05; Table 3).

Discussion

Esophageal cancer is a common malignant tumor of 
the digestive system and poses a serious threat to the life 
and health of Chinese residents. At present, surgery is 
the primary treatment method for early-stage esophageal 
cancer; however, for patients with middle and advanced 
stage esophageal cancer, surgical resection is no longer 

effective, and thus, radiotherapy is often preferred 
for the clinical treatment of middle and advanced 
stage esophageal cancer [4]. In recent years, continual 
development in 3D conformal radiotherapy technology 
has allowed focus on the target area of tumor cells for 
irradiation, while reducing unnecessary damage to the 
surrounding normal tissues. However, radiotherapy may 
inhibit the immune function of the body, thus affecting 
its therapeutic effects. Therefore, it is of great clinical 
significance to explore effective detection indicators to 
evaluate the outcomes of radiotherapy and detect changes 
in immune function. 

Comprehensive treatment is recommended for 
patients with inoperable advanced esophageal cancer. 
In this group, patients with medical diseases, of older 
age, or those unwilling to synchronize radiotherapy and 
chemotherapy prior to radiotherapy were selected. This 
study aimed to understand the effects of radiotherapy 
alone on tumor markers and immune cells and to provide 
a preliminary understanding of the mode of radiotherapy 
combined with other treatments. For patients with 
long-term follow-up, comprehensive treatment was 
preferred; for patients with advanced stage esophageal 
cancer, chemotherapy or immunotherapy combined with 
traditional Chinese medicine was provided.

Serum tumor markers are expressed in malignant 
tumor cells or are generated after the tumor tissue is 
stimulated; they play a predictive role in the occurrence 
and development of tumors [5]. CEA is a broad-spectrum 
tumor marker, and its high level of expression in the 
serum has suggestive effects on esophageal cancer, 
breast cancer, gastric cancer, among others [6]. CA19-9 
is a glycoprotein tumor marker, and its serum level is 
increased in various types of cancer [7]. CA72-4 dynamic 
monitoring can be performed to assist in the clinical 

Table 2 Comparison of serum tumor markers

Groups n CEA (ng/mL) CA19-9 (U/mL) CA72-4 (U/L) CYFRA21-1 (ng/mL) SCC (ng/mL)

Observation group 87
Before radiotherapy 4.25 ± 0.98a 15.25 ± 3.98a 5.64 ± 1.08a 4.45 ± 0.98a 2.45 ± 0.78a

After radiotherapy 2.37 ± 0.86ab 11.67 ± 2.86ab 3.67 ± 0.89ab 2.27 ± 0.56ab 0.87 ± 0.32ab

Control group 87 1.02 ± 0.73 7.52 ± 2.53 1.11 ± 0.33 1.02 ± 0.73 0.18 ± 0.05
a: Compared with the control group, P < 0.05; b: compared with that before radiotherapy, P < 0.05

Table 3 Comparison of T cell subsets

Groups n CD3+ CD4+ CD8+ CD4+/ CD8+ NK cells Treg cells

Observation group 87
Before radiotherapy 62.25 ± 7.58a 35.95 ± 8.13a 27.45 ± 6.42a 1.31 ± 0.29a 15.64 ± 2.23a 17.31 ± 2.29a

After radiotherapy 55.32 ± 8.75ab 32.21 ± 6.17ab 32.07 ± 7.69ab 0.81 ± 0.16ab 20.01 ± 0.53ab 10.48 ± 1.76ab

Control group 87 66.42 ± 6.01 40.32 ± 5.53 23.89 ± 2.57 1.69 ± 0.73 26.19 ± 2.93 3.37 ± 0.43
a: Compared with the control group, P < 0.05; b: compared with that before radiotherapy, P < 0.05
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diagnosis of esophageal cancer and observation of the 
curative effects of treatments [8]. CYFR21-1 can be used 
as a tumor marker to predict the tumor changes in lung 
and breast cancers, and to effectively distinguish patients 
with cancer from those without cancer [9]. SCC antigen 
is a tumor-related glycoprotein fragment that can be 
detected in the tissues of patients with esophageal, lung, 
and cervical cancer. Although CA19-9, CA125, and 
CA72-4 have been used as tumor markers in the clinical 
detection of digestive tract adenocarcinoma, some studies 
have reported that esophageal SCC antigen can also 
be used as a tumor marker to help clinically judge the 
prognosis of esophageal SCC; therefore, this marker was 
also included in the current study [8]. In the observation 
group, the levels of CEA, CA19-9, CA72-4, CYFRA21-1, 
and SCC antigen after radiotherapy were lower than those 
before radiotherapy, which was evidently related to the 
response of the tumor to radiotherapy. The results from 
this study showed that the levels of CEA, CA19-9, CA72-
4, CYFRA21-1, and SCC antigen in the observation group 
before and after radiotherapy were higher than those in 
the control group; moreover, radiotherapy could inhibit 
the proliferation of cancer cells. However, whether the 
effect on the level of tumor markers is different from that 
after chemotherapy has not been reported.

T cell subsets are the main markers that reflect the 
immune function of the body. The co-receptors of 
CD3+ T cells are common markers on the surface of T 
lymphocytes. CD4+ cells can induce the differentiation of 
lymphocytes and production of antibodies, to induce an 
immune response. CD8+ cells can act as inhibitory T cells, 
and often show cytotoxic activity, while inhibiting the 
secretion of antibodies. Tumor cells can directly activate 
or induce the increase in the expression of CD8+ T cells to 
inhibit cellular immune responses, resulting in a decrease 
in the ratio of CD3+, CD4+, and CD4+/CD8+ cells, and 
a decrease in the immune function of the body, thus 
allowing the tumor cells to evade immune surveillance 
and grow progressively [10]. The results of this study showed 
that the levels of CD3+, CD4+, and CD4+/CD8+ cells in 
the observation group before and after radiotherapy were 
lower, while the levels of CD8+ cells were higher than 
those in the control group; this indicated that the immune 
function of esophageal cancer patients was significantly 
reduced, which was consistent with the above results. In 
addition, the levels of CD3+, CD4+, CD4+/CD8+, and NK 
cells in the observation group after radiotherapy were 
lower, and the levels of CD8+ and Treg cells were higher 

than those before radiotherapy; this suggested that the 
immune function of patients with esophageal cancer was 
suppressed after undergoing radiotherapy, which may be 
caused by the significant non-selective killing effect of 
radiotherapy on normal tissues.

In conclusion, radiotherapy can effectively reduce the 
level of serum tumor markers in patients with esophageal 
cancer, but has adverse effects on the immune function 
of the body; hence, further clinical studies are needed to 
obtain a better clinical efficacy.

Conflicts of interest
The authors indicated no potential conflicts of interest.

References

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer Statistics, 2021. CA 
Cancer J Clin, 2021, 71: 7–33.

2. Watanabe M, Otake R, Kozuki R, et al. Recent progress in 
multidisciplinary treatment for patients with esophageal cancer. Surg 
Today, 2020, 50: 12–20.

3. Wang J, Liu F, Wu YY, et al. Survival outcomes of patients with 
cervical esophageal cancer who received definitive radiotherapy: a 
retrospective study conducted in a single institution. Oncol Transl 
Med, 2020, 6: 135–142.

4. Smyth EC, Lagergren J, Fitzgerald RC, et al. Oesophageal cancer. 
Nat Rev Dis Primers, 2017,3: 17048.

5. Zhang J, Zhu Z, Liu Y, et al. Diagnostic value of multiple tumor 
markers for patients with esophageal carcinoma. PLoS One, 2015, 
10: e0116951.

6. Scarpa M, Noaro G, Saadeh L, et al. Esophageal cancer management: 
preoperative CA19.9 and CEA serum levels may identify occult 
advanced adenocarcinoma.World J Surg, 2015, 39: 424–432. 

7. Silsirivanit A. Glycosylation markers in cancer. Adv Clin Chem, 2019, 
89: 189–213. 

8. Yang YC, Huang XZ, Zhou LK, et al. Clinical use of tumor biomarkers 
in prediction for prognosis and chemotherapeutic effect in esophageal 
squamous cell carcinoma. BMC Cancer, 2019, 19: 526.

9. Ma R, Xu H, Wu J, et al. Identification of serum proteins and 
multivariate models for diagnosis and therapeutic monitoring of lung 
cancer. Oncotarget, 2017, 8: 18901–18913.

10. Wang XB, Wu DU, Chen WP, et al. Impact of radiotherapy on 
immunological parameters, levels of inflammatory factors, and 
clinical prognosis in patients with esophageal cancer. J Radiat Res, 
2019, 60: 353–363.

DOI 10.1007/s10330-021-0532-2
Cite this article as: Gao W, Liu XX, Ma HB. Effect of radiotherapy on 
tumor markers and serum immune-associated cells in patients with 
esophageal cancer. Oncol Transl Med, 2021, 7: 275–278.



Oncology and Translational Medicine                                            December 2021, Vol. 7, No. 6, P279–P285  
DOI 10.1007/s10330-021-0503-3

Malnutrition as a predictor of prolonged length  
of hospital stay in patients with gynecologic 
malignancy: A comparative analysis*
Yongning Chen1, 2, Runrong Li2 (Co-first author), Li Zheng2, Wenlian Liu2, Yadi Zhang2, 
Shipeng Gong2 ()

1 Department of Gynecology, The First Affiliated Hospital of Jinan University, Guangzhou 510630, China
2 Department of Obstetrics and Gynecology, Nanfang Hospital, Southern Medical University, 
  Guangzhou 510515, China

ORIGINAL ARTICLE

 Correspondence to: Shipeng Gong. Email: gsp2103@163.com
* Supported by grants from the Guangdong Medical Research Fund (No. A2021054) and Nanfang Hospital President’s Fund  
(No. 2019B019).
© 2021 Huazhong University of Science and Technology 

Malnutrition in hospitalized patients is a crucial 
issue and has been related to higher rates of morbidity 
and mortality [1]. Several studies have reported that the 
prevalence of malnutrition among those with cancer 
ranges from 31%-97% [2–3]. The association between 
malnutrition and hospitalization has been established 
for some diseases, in particular, malignant diseases [4]. 
Hence, it is important to identify malnourished patients. 
Knowing the patient’s nutritional status may help improve 
patient outcomes during hospitalization. The assessment 
of nutritional status may be directed to several nutrition 

features as further discussed below.
The Patient-generated Subjective Global Assessment 

(PG-SGA) is a further modification of the SGA. The 
PG-SGA was developed specifically for cancer patients 
with a number of different conditions, and adapted by 
Ottery [5] for cancer patients. The PG-SGA as a patient’s 
nutritional assessment has been used in various cancers, 
including colorectal cancer [6], head and neck cancer 

[7], esophageal cancer, and gynecological cancer [8]. It 
provides a numerical score, which translates as the 
level of nutrition intervention required. A higher score 
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Abstract Objective To explore the consistency of the Patient-generated Subjective Global Assessment (PG-SGA) 
and Nutritional Risk Screening-2002 (NRS-2002) for nutritional evaluation of patients with gynecologic 
malignancy and their predictive effect on the length of hospital stay (LOS).
Methods We recruited 147 hospitalized patients with gynecologic malignancy from Nanfang Hospital in 
2017. Their nutritional status was assessed using the PG-SGA and NRS-2002. The consistency between 
the two assessments was compared via the Kappa test. The relationship between malnutrition and LOS 
was analyzed using crosstabs and Spearman’s correlation.
Results  The  PG-SGA  demonstrated  that  66.7%  and  54.4%  of  patients  scoring  ≥  2  and  ≥  4  were 
malnourished, respectively. Furthermore, the NRS-2002 indicated that 55.8% of patients were at nutritional 
risk. Patients with ovarian cancer had a relatively high incidence of malnutrition. However, this was only 
significant for patients who scored ≥ 4 in the PG-SGA (P = 0.001 and P = 0.019 for endometrial carcinoma 
and cervical cancer, respectively). The PG-SGA and NRS-2002 showed good consistency in evaluating the 
nutritional status of patients with gynecologic malignancy (0.689, 0.643 for PG-SGA score ≥ 2, score ≥ 4 
and NRS-2002, respectively). Both the scores of PG-SGA and NRS-2002 were positively correlated with 
LOS. Furthermore, prolonged LOS was higher in patients with malnutrition than in those with adequate 
nutrition.
Conclusion The PG-SGA and NRS-2002 shared a good consistency in evaluating the nutritional status 
of patients with gynecologic malignancy. Both assessments could be used as predictors of LOS. 
Key words: malnutrition; patient-generated subjective global assessment; nutritional risk screening-2002; 
length of hospital stay; gynecologic malignancy
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indicates a greater risk for malnutrition. Rodrigues et 
al [9]. showed that the PG-SGA could be used as a major 
predictor of prognosis and mortality in patients with 
gynecologic cancer. The Nutritional Risk Screening-2002 
(NRS-2002) is a simple process for triaging at-risk patients 
indicated for nutrition interventions by assessing body 
mass index, appetite, weight loss, and severity of the 
disease. The NRS-2002 has been reported to effectively 
predict the nutritional risk for gynecologic patients. 
According to these studies, malnourished patients as 
determined by the NRS-2002, showed a significantly 
higher complication rate and longer LOS [4]. Malnutrition 
identified by the PG-SGA and NRS-2002 may reflect 
the patient prognosis and has been frequently used as an 
outcome measure [10]. Hence, the PG-SGA and NRS-2002 
are useful for detecting the nutritional status of patients 
with cancer [11–12]. Additionally, the PG-SGA and NRS-
2002 are considered the best validated tools for oncology 
patients [13]. However, studies have consistently shown 
the inadequacy of any single assessment tool in accurately 
determining a patient’s nutritional status [14]. Therefore, 
we used the PG-SGA and NRS-2002 in combination for 
assessing patients with gynecologic malignancy. The 
assessment tools were applied before patients showed 
any signs of malnutrition and nutritional risk. To our 
knowledge, no study has yet evaluated the nutritional 
status of patients with gynecologic malignancy using 
both PG-SGA and NRS-2002.

The length of hospital stay (LOS) is used as the 
surrogate marker of a patient’s recovery [15] and as an 
indicator of resource consumption [16]. Predicting LOS 
helps to minimize costs and maximize hospital resources 

[17] and facilitates an effective health care plan [15]. Guaitoli 
et al [15]. have shown that malnutrition as evaluated by 
the PG-SGA and the risk of malnutrition as evaluated by 
NRS-2002 are associated with a prolonged LOS. 

The study aimed to evaluate the consistency of the 
PG-SGA and NRS-2002 in the nutritional evaluation of 
patients with gynecologic malignancy. The study also 
investigated if nutritional status as assessed by both can 
predict LOS.

Materials and methods

Participants and setting
All patients were recruited from Nanfang Hospital, 

Southern Medical University. The inclusion criterion 
was patients with histologically verified malignant 
gynecologic tumors. The exclusion criteria included 
patients who did not sign informed consent, patients who 
declined nutritional assessment, and patients younger 
than 18 years of age. From January 2017 to December 
2017, 147 patients met the inclusion criteria. Patients 
were categorized according to their cancer sites: (1) 

cervical cancer (88 cases); (2) endometrial carcinoma (26 
cases), and 3) ovarian cancer (33 cases).

Instruments 
PG-SGA
The PG-SGA was used as previously reported to assess 

nutritional status 5, based on features of the physical 
examination and patient history. It consists of two 
sections including (1) a questionnaire about recent weight 
loss, food intake, and symptoms (such as nausea, diarrhea, 
and vomiting), and (2) information about the patient’s 
disease and metabolic needs. Based on the global rating, 
those with a score < 2 were classified as well-nourished; 
a score between 2 and 4 as moderately malnourished 
or suspected of being malnourished; and ≥ 4 as severely 
malnourished 5. For analysis, each patient was classified 
as well-nourished (score < 2) or malnourished (score ≥ 2) 
5. We also identified those with a malnutrition score of ≥ 
4 to distinguish the patients who were in critical need of 
nutritional intervention [18]. 

NRS-2002
The NRS-2002 evaluates recent unintentional 

weight loss, appetite, and disease severity, and was 
recommended by the European Society of Parenteral and 
Enteral Nutrition as a preferred method of nutritional 
risk screening in hospital patients [19]. The final NRS-
2002 score was between 0 and 7, and a score of ≥ 3 was 
classified as having nutritional risk [19]. The NRS-2002 
examiners were not aware of the experimental test results 
at the time of the assessment.

Prolonged LOS
To explore whether the PG-SGA and NRS-2002 scores 

could predict the LOS of patients with gynecologic 
malignancy, prolonged LOS was defined as more than 
the median hospitalization day20, and the patients were 
divided into two categories, surgery and chemotherapy 
patients.

Data collection
By the time the patients were admitted to the hospital, 

our researchers had already obtained basic information 
from the nurses’ station. Within 48 h after admission, we 
described the purpose of our study to potential patients 
and recruited those who were willing to participate in 
the study and provide informed consent. Subsequently, 
the investigators were trained by a nutritional specialist 
from our hospital and informed of relevant precautions 
when completing the PG-SGA and NRS-2002. 
Furthermore, whether the patients underwent surgery 
or chemotherapy, and their LOS, were determined after 
discharge from the hospital.
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Statistical analysis
Measurement data were expressed as medians (P25, 

P75) and analyzed using the Mann-Whitney U test. 
The Kappa test was used to analyze the consistency of 
nutritional assessment via the PG-SGA and NRS-2002. 
Additionally, the receiver operator curve was plotted 
on the basis of the ability of the PG-SGA to evaluate the 
diagnostic value of NRS-2002. Crosstabs and Spearman’s 
correlation were used to evaluate the relationship 
between malnutrition and LOS. Statistical analysis was 
performed using the SPSS statistics version 20.0 (IBM 
Corp., Armonk, NY). P < 0.05 was considered statistically 
significant.

Results

Patient characteristics 
In our retrospective analysis, the patient’s age, previous 

anti-tumor treatment, type of tumor, treatment methods, 
and the most recent LOS of the 147 recruited patients are 
shown in Tables 1–3.

Nutritional status assessed by the PG-SGA 
and NRS-2002

The PG-SGA median score was 4 (1, 7), and the NRS-
2002 score was 3 (1, 3 Based on the PG-SGA); 98 patients 

(66.7%) scored ≥ 2, and 80 patients (54.4%) scored ≥ 4. In 
the NRS-2002 assessment, 82 patients (55.8%) scored ≥ 3 
(Table 2).

The incidence of malnutrition in patients with cervical 
cancer, endometrial carcinoma, ovarian cancer, and other 
cancers such as gynecologic malignancy was assessed 
using the PG-SGA and NRS-2002 scores (Table 2). The 
results showed that patients with ovarian cancer have a 
relatively high incidence of malnutrition (78.8%, PG-
SGA ≥ 2; 75.8%, PG-SGA ≥ 4; 69.7%, NRS-2002 ≥ 3). 
In contrast, patients with endometrial have the lowest 
incidence of malnutrition (53.8%, PG-SGA ≥ 2; 34.6%, 
PG-SGA ≥ 4; 42.3%, NRS-2002 ≥ 3). Only the incidence 
of malnutrition (PG-SGA≥ 4) was significantly different 
between patients with ovarian cancer and those with 
endometrial carcinoma or cervical cancer (P = 0.001 and 
P = 0.019, respectively).

Consistency between the PG-SGA  
and NRS-2002

The Kappa test was used to assess the consistency of 
the two instruments for assessing malnutrition. When the 
PG-SGA score ≥2 was set as the standard for a diagnosis 
of malnutrition, we found that the positive rate of PG-
SGA was significantly consistent with the NRS-2002 for 
all patients (k = 0.689) and patients with cervical cancer 
(k = 0.626), endometrial carcinoma (k = 0.772), or ovarian 

Table 1 Basic clinical characteristics of patients
Item
Previous anti-tumor treatment Untreated (n = 52) Neoadjuvant treatment (n = 30) Surgery (n = 20)   Postoperative chemotherapy (n = 45)
Treatment received in our hospital Chemotherapy patients (n = 82) Surgical Patients (n = 65)
Length of hospital stay (days) 4 (3, 6) 10 (9, 13)
Age (years) 47.5 (41.75, 55) 48 (40.5, 54.5)

Table 2 The incidence of malnutrition in gynecologic malignant patients according to the score of PG-SGA and NRS-2002 [n (%)]

Reference method Total patients
(n = 147)

Cervical cancer patients
(n = 88)

Endometrial carcinoma patients
(n = 26)

Ovarian cancer patients
(n = 33)

PG-SGA ≥ 2 Well 49 (33.4) 30 (34.1) 12 (46.2) 7 (21.2)
Malnutrition 98 (66.7) 58 (65.9) 14 (53.8) 26 (78.8)

PG-SGA ≥ 4 Well 67 (45.6) 42 (47.7) 17 (65.4) 8 (24.2)
Malnutrition 80 (54.4) 46 (52.3) 9 (34.6) 25 (75.8)

NRS-2002 ≥ 3 Well 65 (44.2) 40 (45.5) 15 (57.7) 10 (30.3)
Malnutrition 82 (55.8) 48 (54.5) 11 (42.3) 23 (69.7)

Table 3 Consistency of NRS-2002 and PG-SGA (score ≥ 2 or 4) in gynecologic malignant patients (k value)

Reference method
/ Pathological classification

NRS-2002 ≥ 3
Total patients

(n = 147)
Cervical cancer patients

(n = 88)
Endometrial carcinoma patients

(n = 26)
Ovarian cancer patients

(n = 33)
PG-SGA ≥ 2 0.689 0.626 0.772 0.765
PG-SGA ≥ 4 0.643 0.589 0.516 0.848
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cancer (k = 0.765) (Table 3). When the PG-SGA score ≥4 
was set as the standard for the diagnosis of malnutrition, 
the result was similar for all patients (k = 0.643) and 
patients with cervical cancer (k = 0.589), endometrial 
carcinoma (k = 0.516), or ovarian cancer (k = 0.848) 
(Table 3).

When a PG-SGA score ≥ 2 was set as the “gold 
standard” to calculate the sensitivity and specificity of the 
NRS-2002 score ≥ 3, the sensitivity was 80.6% and the 
specificity 93.9% for all the patients (Fig. 1). When a PG-
SGA score ≥ 4 was set as the “gold standard” to calculate 
the sensitivity and specificity of a NRS-2002 score ≥3, the 
sensitivity was 85.0% and the specificity was 79.1% for all 
the patients (Fig. 1).

Association between nutritional 
scores and LOS

The nutritional scores of PG-SGA and NRS-2002 were 
positively correlated with LOS in the surgery group 
(Table 4) and chemotherapy group (Table 5). The specific 
manifestation presented a significantly higher proportion 
of prolonged LOS in malnourished patients than in those 
with normal nutritional status as assessed by either the 
PG-SGA or NRS-2002. 

Discussion

Nutritional screening is the first step in developing an 
effective nutritional plan during admission. In our study, 
we explored the value of using the PG-SGA and NRS-
2002 in assessing nutritional status and their predictive 
effects on LOS in a series of 147 gynecologic malignancy 

patients. 
In this study, based on the PG-SGA, over 66.7% 

(PG-SGA score ≥ 2) and 54.4% (PG-SGA score ≥ 4) of 
patients had poor nutritional status. Using the NRS-2002 
(score ≥ 3), we found 55.8% of patients at nutritional 
risk. The above results demonstrated that hospitalized 
patients with gynecologic malignancy had a substantial 
malnutrition or nutritional risk. These findings 
concurred with other studies, in which the prevalence 
of malnutrition was 62.4% as evaluated by the PG-SGA 
in those with gynecologic cancer [9, 18]. According to the 
PG-SGA, only 23.7% were classified as malnourished [21]. 
Moreover, using the NRS-2002, 35.8% were identified as 

Table 4 Comparison of Prolonged LOS in Surgical Patients Evaluated by PG-SGA and NRS-2002 [n (%)]

Reference method LOS Spearman’s Coefficients P valueNormal LOS Prolonged LOS

PG-SGA ≥ 2 Well (n = 29) 23 (79.3) 6 (20.7)

0.666
< 0.001Malnutrition (n = 36) 12 (33.3) 24 (66.7)

PG-SGA ≥ 4 Well (n = 39) 31 (79.5) 8 (20.5) < 0.001Malnutrition (n = 26) 4 (15.4) 22 (84.6)

NRS-2002 ≥ 3 Well (n = 31) 27 (87.1) 4 (12.9) 0.071 < 0.001Malnutrition (n = 34) 8 (23.5) 26 (76.5)

Table 5 Comparison of Prolonged LOS in Chemotherapy Patients Evaluated by PG-SGA and NRS-2002 [n (%)]

Reference Method LOS Spearman’s Coefficients P valueNormal LOS Prolonged LOS

PG-SGA ≥2 Well (n = 20) 16 (80.0%) 4 (20.0%)

0.734
< 0.001Malnutrition (n = 62) 23 (37.1%) 39 (62.9%)

PG-SGA ≥4 Well (n = 28) 23 (82.1%) 5 (17.9%) < 0.001Malnutrition (n = 54) 16 (29.6%) 38 (70.4%)

NRS-2002 ≥3 Well (n = 34) 28 (82.4%) 6 (17.6%) 0.728 < 0.001Malnutrition (n = 48) 11 (22.9%) 37 (77.1%)

Fig. 1 Receiver-operating characteristic curve comparing NRS-2002 
(score ≥ 3) to PG-SGA (score ≥ 2) or PG-SGA (score ≥ 4) in gynecologic 
malignant patients at admission
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having nutritional risk [4]. Malnutrition or nutritional risk 
is also related to perioperative fasting, surgical trauma 
stress responses, increased metabolism, and decreased 
intake caused by radiotherapy and chemotherapy [12, 22–

23]. In our study, not only patients who were previously 
untreated, but also those who had received surgery and 
(or) chemotherapy were included. This may be the main 
reason for the higher malnutrition rate or nutritional risk 
in this study. 

The prevalence of malnutrition may be affected 
by different evaluation tools and tumor sites. Orell-
Kotikangas et al. found that 69.5% of patients with 
multiple types of malignant tumors had nutritional risks 
as evaluated by NRS-2002 [24]. Another study reported 
20-88% of patients with gynecological cancer had some 
degree of malnutrition 23. We also observed malnutrition 
in patients with malignant gynecologic tumors in 
different sites. We found that patients with ovarian 
cancer had a relatively high incidence of malnutrition, 
while patients with endometrial carcinoma had a 
relatively low incidence of malnutrition. Rodrigues et al. 
18 also found that patients with endometrial carcinoma 
showed a significantly lower median score compared to 
those with cervical and ovarian tumors. Additionally, 
Zorlini et al. reported a significantly higher prevalence 
of malnutrition in patients with endometrium cancer 
as opposed to those with cancer at other sites [25]. Laky 
and colleagues found that patients with ovarian cancer 
were more susceptible to nutritional status alterations, 
whereas those with endometrial and uterine cancers 
comprise a less predisposed group to such alterations 

[8]. This discrepancy may be related to (1) differences in 
sample size; (2) regional differences resulting in different 
dietary patterns that may influence the population 
nutritional status; (3) complications caused by cancer; and 
(4) different previous treatment regimens. Furthermore, 
the rate of malnutrition in patients with cancer seems 
to depend on multiple factors, including tumor sites, 
treatment, staging, and histology.

A general concordance and agreement (k value = 
0.523) were observed between the PG-SGA and NRS-
2002 in the diagnosis of malnutrition among patients with 
cervical cancer [13]. In our study, we also detected a high 
concordance and agreement (k statistic was 0.689 and 
0.643 when the PG-SGA score was ≥ 2 and 4, respectively) 
between the two assessments when used for patients with 
gynecologic malignancy. Concordance between the PG-
SGA and NRS-2002 was also supported by Helena in a 
study of patients with head and neck cancer [24]. The 
concordance between the PG-SGA and NRS-2002 was 
also observed in different gynecologic tumor sites. Despite 
the lack of homogeneity studies, both the PG-SGA and 
NRS-2002 are currently recommended for nutritional 
screening of patients with gynecologic malignancy. 

Although there are other nutrition assessment tools, 
there is a lack of consensus on which tool is the most 
suitable for patients with malignant tumors. Our findings 
demonstrated a high concordance between the two 
assessment tools and supported the use of the NRS-2002 
and PG-SGA in patients with gynecologic cancer. 

Good nutritional screening tools should show good 
specificity and sensitivity [14]. In our study, the NRS-
2002 cut-off score of ≥ 3 compared with the PG-SGA 
showed high specificity and sensitivity in patients with 
gynecologic cancer. As mentioned before, this concurs 
with the findings from a large oncology study in patients 
with head and neck squamous cell carcinoma by Helena 
et al [24]. In particular, a PG-SGA nutritional status score 
of 7.5 predicted febrile neutropenia, with a sensitivity of 
100% and a specificity of 60% in patients with gynecologic 
cancer, suggesting that these patients may have a higher 
baseline PG-SGA score [26]. A higher baseline provides a 
more accurate identification of malnourished patients. 
Our results showed that a NRS-2002 cut-off score of ≥ 3 
and PG-SGA score≥ 2 or 4 are suitable for predicting the 
nutritional status of patients with gynecologic cancer.

Many nutritionally at-risk patients present with 
complications during admission. The effect of poor 
nutritional status on early readmissions and the 
development of complications have been previously 
demonstrated [27–28]. We also showed a positive correlation 
between LOS and compromised nutritional status as per 
the PG-SGA or NRS-2002. Further analysis revealed 
that a prolonged LOS is more common in patients with 
nutrition risk or those who are undernourished than 
patients with a good nutritional status. The PG-SGA 
has been validated as an assessment of nutritional status, 
which can be used to indicate a longer length of stay in 
patients with multiple types of cancer [15, 29]. A longer LOS 
was also observed in surgical patients with nutritional 
risks as identified by the NRS-2002 [30]. Overall, the LOS 
increased significantly in cancer patients with severe 
malnutrition and nutritional risk as identified by the 
PG-SGA or NRS-2002 [10, 31]. In patients with gynecologic 
malignancy, an association between malnutrition and 
LOS based on the PG-SGA score was found by Laky and 
colleagues [20]. In that study, the medial hospitalization 
time of patients with malnutrition as assessed by the 
NRS-2002 (score ≥ 3) was increased from 7 to 10 days 
[4]. The PG-SGA and NRS-2002 shared similar validity 
and good consistency in predicting the LOS of patients 
with gynecologic malignancy. This suggests that they 
could be used for nutritional screening at the time of 
admission of patients with gynecologic malignancy. 
The PG-SGA and NRS-2002 can be completed in a few 
minutes, unlike the Mini Nutritional Assessment, which 
is the most time-consuming tool (410 min) [32]. However, 
LOS is influenced by many factors other than nutritional 
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status, such as illness severity, disease, and age. Therefore, 
related research about LOS may have been biased because 
these studies did not address all the potential contributing 
factors [33].

It may be necessary for trained physicians to improve 
their competency in using the PG-SGA properly. NRS-
2002 requires less training and is more convenient 
than the PG-SGA. In addition, several patient-related 
factors are influential to LOS, such as diagnosis, age, and 
hospital procedures such as elective surgeries. Therefore, 
further studies should 1) increase the number of research 
samples, 2) reduce population heterogeneity, and 3) 
apply the same treatment regimen as for other patients 
with cancer and specifically define the associations with 
age, complications, mortality, costs, and so on, in patients 
with gynecologic cancer.

In summary, our findings suggest that a high prevalence 
of moderate and severe malnutrition or nutritional risks 
are common among patients with gynecologic malignancy 
based on evaluations using the PG-SGA and NRS-2002. 
Furthermore, the PG-SGA and NRS-2002 correlated 
with each other. Either assessment can be used to predict 
prolonged LOS in patients with gynecologic malignancy. 
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According to the global cancer statistics in 2018, 
it was estimated that there would be 18.1 million new 
cancer cases and 9.6 million cancer deaths in 2018 [1]. The 
World Health Organization estimated that the number 
of cancer cases worldwide is likely to increase by 60% 
over the next 20 years [2]. Cancer incidence and mortality 
is rapidly increasing worldwide. The reasons are 
complex, but they reflect population aging and growth 
and changes in the prevalence and distribution of the 
major cancer risk factors associated with socioeconomic 
development [3]. Cancer is associated with various genes, 
and the accumulation of molecular modifications in the 
somatic genome is fundamental to cancer progression. 
Traditional therapies, including surgery, radiotherapy, 
and chemotherapy, remain the first treatments for most 
cancer patients. However, breakthroughs in targeted 
therapy and immune checkpoint blockade therapy have 

significantly improved cancer patient survival [4–6].
Thus far, many studies have investigated how 

microenvironments and immune cell infiltration 
contribute to cancer development. Cancer tissue 
contains not only cancer cells but also non-cancer cells, 
such as stromal and immune cells [7]. Non-cancer cells 
dilute cancer cell purity and play an important role in 
cancer biology [8]. Under different purity conditions, the 
generally accepted prediction index is no longer valid. 
Therefore, the composition and proportion of stromal 
cells and immune cells in a tumor may determine the 
clinical prognosis of patients. In colon cancer, low tumor 
purity is associated with poor prognosis because of the 
high mutation frequency of key pathways and purity-
related microenvironment changes [9]. In these biological 
processes, immune-related genes may affect cancer patient 
prognosis by affecting the abundance of infiltrating 
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Abstract Objective Glutamine fructose-6-phosphate transaminase 2 (GFPT2) is involved in a wide range of 
biological functions in human cancer. However, few studies have comprehensively analyzed the correlation 
between GFPT2 and different cancer prognoses and tumor microenvironments (TMEs).
Methods We evaluated the expression level and prognostic value of GFPT2 using updated public 
databases and multiple comprehensive bioinformatics analysis methods and explored the relationship 
between GFPT2 expression and immune infiltration, immune neoantigens, tumor mutational burden (TMB), 
and microsatellite instability in pan-cancer.
Results GFPT2 was highly expressed in five cancers. GFPT2 expression correlates with the prognosis 
of several cancers from The Cancer Genome Atlas (TCGA) and is significantly associated with stromal 
and immune scores in pan-cancer. High GFPT2 expression in BLCA, BRCA, and CHOL was positively 
correlated with the infiltration of immune cells, such as B-cells, CD4+ T, CD8+ T cells, dendritic cells, 
neutrophils, and macrophages.
Conclusion High GFPT2 expression may modify the outcomes of patients with BLCA, BRCA, or CHOL 
cancers by increasing immune cell infiltration. These findings may provide insights for further investigation 
into GFPT2 as a potential target in pan-cancer.
Key words: Glutamine fructose-6-phosphate transaminase 2 (GFPT2); pan-cancer, prognosis, immune, 
microenvironment
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immune cells. Therefore, it is necessary to identify the 
immune-related genes of a specific tumor phenotype to 
clarify its exact mechanism and find biomarkers or targets 
for tumor diagnosis and treatment. 

As a key factor in the hexosamine biosynthesis signaling 
pathway, glutamine fructose-6-phosphate transaminase 2 
(GFPT2) protein phosphorylation promotes glycosylation 
of downstream protein O-GlcNAc and mediates various 
physiological and pathological cell activities. Recent 
studies have confirmed that GFPT family proteins play 
an important role in the occurrence and development 
of various cancers. However, the relationship between 
GFPT2 and cancer immune cells is still unclear, limiting 
our understanding of the specific function of GFPT2 
in the occurrence and development of cancer and the 
implementation of therapeutic measures.

In the current study, we comprehensively analyzed 
the prognostic value of GFPT2 in pan-cancer via multiple 
databases, including the GTEx, Cancer Genome Atlas 
(TCGA), TIMER, and PrognoScan. We also evaluated 
the potential association between GFPT2 expression and 
the tumor microenvironment (TME). Furthermore, we 
examined the relationship between GFPT2 expression 
and immune score and matrix score in pan-cancer. We 
comprehensively evaluated the expression level and 
prognostic value of GFPT2 based on multiple public 
resources and integrated bioinformatics analysis.

Materials and methods

Analyzing  expression in various cancers
Considering there are a relatively small number of 

normal samples in TCGA database, we analyzed the 
expression differences of 27 kinds of tumors based on the 
data of normal tissues in the GTEx database and TCGA 
tumor tissues. In the figure, * indicates P < 0.05, ** indicates 
P < 0.01, and *** indicates P < 0.001.

Prognostic analysis of  expression  
in cancer patients

We used gene expression profile data to analyze gene 
expression and prognosis in tumors. Considering that 
there may be non-tumor death factors during follow-
up, the researchers analyzed the relationship between 
gene expression and prognosis of disease-specific survival 
(DSS) in 33 tumors of TCGA database and made a forest 
map and Kaplan–Meier (KM) curve of tumor prognosis. 

Gene expression and immune relationship  
in various tumor cells

Tumor-infiltrating lymphocytes are an independent 
predictor of the status and presence of cancer in sentinel 

lymph nodes. We studied whether gene expression is 
related to the level of immune cell infiltration in different 
types of cancer. Firstly, we downloaded the score data of 
six kinds of immune infiltrating cells in 33 types of cancer 
from the TIMER database, and the correlations between 
gene expression and immune cell score were analyzed, 
respectively. Three tumors in which GFPT2 is most 
closely related to immune cells are demonstrated. Then, 
the immune scores and matrix scores of various tumor 
samples were analyzed by using the R software package 
estimate. The relationship between gene expression and 
immune score, gene expression, and matrix score the 
most significant first three tumors were observed in 33 
tumors. Finally, we collected more than 40 common 
immune checkpoint genes, analyzed the relationship 
between gene expression and immune checkpoints, 
extracted these immune checkpoint genes, respectively, 
and calculated the correlation with the target gene’s 
expression. * represents P < 0.05, ** represents P < 0.01, and 
*** represents P < 0.001.

Results

Gene expression in pan-cancer
Combined with the data analysis of normal tissue in 

the GTEx database and TCGA tumor tissue, GFPT2 was 
differentially expressed in 27 types of cancer. Among 
them, GFPT2 was highly expressed in CHOL, GBM, 
HNSC, LAML, LGG, and PAAD but was significantly 
lower in BLCA, BRCA, CESC, COAD, ESCA, KICH, 
LUAD, LUSC, OV, PRAD, SKCM, TGCT, THCA, UCEC, 
and UCS (Fig. 1). Therefore, GFPT2 can be used as a 
biomarker to detect these 21 kinds of cancer. 

Prognosis analysis of genes in pan-cancer
Prognosis analysis (Fig. 2) showed that there was a 

significant correlation between gene expression and 
cancer hazard ratios (HRs), including KICH [1.12 (1.02–
1.21), P = 1.2e-02], KIRC [1.03 (10.2–1.04), P = 2.5e-19], 
OV [1.03 (1.01–1.06), P = 1.4e-01], and THCA [1.07 
(1.02–1.12), P = 6.4e-03]. The HR value of GFPT2 in pan-
cancer and the prognosis analysis showed that the ratio 
of GFPT2 to the risk function of renal cancer was higher, 
which may be related to the larger energy demands of 
the kidneys, and GFPT2 played an important role in 
the regulation of glucose metabolism. According to the 
prognosis survival curve, high and low GFPT2 expression 
was related to prognosis survival period intervention in 
many cancer patients. The results of the survival curve 
showed that GFPT2 over- and under-expression was 
significant in 12 cancers, namely, BLCA, GBM, KICH, 
KIRC, KIRP, LUAD, LUSC, MESO, OV, THGA, UCEC, 
and UVM (Fig. 3).
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Relationship between gene expression  
and immunity in various tumors

The immune system allows the human body to defend 
against foreign pathogens. It can identify adverse agents 
and attack and eliminate pathogenic microorganisms, 
such as bacteria, viruses, and molds [10]. Studies have 

shown that some cancer cells can actively induce immune 
cells to secrete growth factors, thus, promoting cancer 
cell growth and metastasis themselves [11–12]. Based on the 
correlation between gene expression and immune cells, 
the latter mainly including B, CD4+, CD8+, and dendritic 
cells and neutrophils and macrophages, BLCA, BRCA, 

Fig. 1 GFPT2 expression in normal and cancer tissues

Fig. 2 Correlation between GFPT2 expression and cancer risk
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Fig. 3 ROC curve analysis of GFPT2 expression in pan-cancer. Fig. (a–l) showed the relationship between GFPT2 expression and survival possibility 
of patients with bladder urothelial carcinoma (BLCA), glioblastoma multiforme (GBM), kidney chromophobe (KICH) kidney renal clear cell carcinoma 
(KIRC), kidney renal papillary cell carcinoma (KIRP), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), mesothelioma (MESO), 
ovarian serous cystadenocarcinoma (OV), thyroid carcinoma (THCA), uterine corpus endometrial carcinoma (UCEC) and uveal melanoma (UVM).
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and CHOL were the most significantly correlated tumors. 
The Spearman’s correlation coefficients between GFPT2 
and the above three types of cancer were as follows: B 
cells (R = -0.153, P = 0.0019; R = 0.28, P = 4.06e-21; R = 
0.56, P = 0.000475), CD4+ cells (R = 0.452, P = 6.64e-22; 
R = 0.492, P = 1.01e-67; R = 0.576, P = 0.000304), CD8+ 
cells (R = 0.496, P = 1.14e-26; R = 0.466, P = 6.28e-60; R = 
0.504, P = 0.00196), dendritic cells (R = 0.654, P = 0; R = 
0.564, P = 6.38e-93; R = 0.673, P = 1.19e-05), neutrophils 
(R = 0.615, P = 0; R = 0.547, P = 1.58e-86; R = 0.689, P = 
6.41e-06), and macrophages (R = 0.527, P = 1.58e-30; R = 
0.498, P = 1.41e-69; R = 0.57, P = 0.000365) (Fig. 4).

R software package estimate analyzed the immune 
scores and matrix scores of the gene and tumor samples. 
The three most significant tumors were BLCA (R = 0.826, 
P = 0), CESC (R = 0.504, P = 0), and COAD (R = 0.885, P 
= 0; Fig. 5).

Discussion

Using independent data sets from the GTEx and 
TCGA, we investigated GFPT2 expression in 27 different 

cancer types and tumor or normal tissues. Previous 
research has shown that activated GFPT2 binds to many 
signaling proteins, stimulating the activation of several 
signaling pathways and contributing to human cancers. 
Analysis of 27 cancer datasets from the GTEx and TCGA 
was consistent with those in previous studies that 
demonstrated that GFPT2 was significantly overexpressed 
in five types of cancer compared to that in normal tissues, 
while GFPT2 expression was downregulated in 15 types of 
cancer (Fig. 1). Therefore, our research provides insights 
into the application of GFPT2 as a pan-cancer prognostic 
marker in the context of oncology, thereby potentiating 
the development of targeted therapy research for GFPT2.

Our current study also identified the relationship 
between GFPT2 expression level and pan-cancer 
prognosis in the GTEx and TCGA databases (Fig. 3). The 
high expression level of GFPT2 is significantly correlated 
with an improved overall survival (OS) in MESO and 
UVM (Fig. 2 and 3).

GFPT2 expression is related to reduced treatment 
response and poor outcomes in non-small-cell lung cancer 
[13]. Likewise, increased GFPT2 expression is related to poor 

Fig. 4 Correlation between GFPT2 expression and immune cells in BLCA, BRCA, and CHOL
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outcomes, including decreased OS, locoregional relapse, 
and treatment failure in UVM [14]. These data contradicted 
our current results. GFPT2 had a detrimental effect in 
MESO and UVM, which is consistent with the results 
of previous studies that the OS of UVM patients with 
high GFPT2 expression is significantly lower than that 
of patients with low GFPT2 expression [15]. In summary, 
these findings strongly suggest that GFPT2 can be used as 
a prognostic marker for pan-cancer.

The presence of GFPT2 in lung tumors has been 
shown to predict adequate diagnosis [16]. Recent studies 
have shown that lung function decline is related to 
the downregulation of GFPT2-regulated immune 
microenvironments and lung microenvironments present 
favorable anti-tumor immune response features [17]. High 
GFPT2 expression can reduce the inflammatory response 
of macrophages [18]. These studies confirmed that GFPT2 
might improve or worsen the disease by regulating 

Fig. 5 TME of GFPT2 expression in BLCA, COAD, and ESCA



292  http://otm.tjh.com.cn

immune-related cells and microenvironments. In this 
study, the Spearman’s correlation coefficient increased 
as GFPT2 expression increased (Fig. 4). High GFPT2 
expression significantly enhanced the body’s immune 
ability, providing a precise target for the treatment of 
patients with BLCA, BRCA, and CHOL.

Another essential finding in this study was that GFPT2 
expression was related to TMEs in pan-cancer (Fig. 5). 
TMEs act in tumorigenesis and progression [19–21]. The 
ESTIMATE algorithm is based on single sample Gene Set 
Enrichment Analysis and generates three scores: stromal 
score, which captures the presence of stroma in tumor 
tissue; immune score, which represents immune cell 
infiltration in tumor tissue; and estimate score, which 
infers tumor purity [22]. Exploring potential therapeutic 
targets can help reshape the TME and promote it 
from tumor-friendly metastasis to tumor-suppressive 
metastasis. Many studies have revealed the importance 
of the immune microenvironment in tumorigenesis 
[23–27]. The results of our transcriptome analysis on the 
pan-cancer data from TCGA database show that the 
immune components in the TME contribute to patient 
prognosis. In particular, the ratio of stromal and immune 
components in the TME is significantly related to BLCA, 
CESC, and COAD (Fig. 5). These results emphasize the 
importance of exploring the interaction between tumor 
cells and immune cells to provide new insights for 
developing more effective treatment options. It is also 
crucial to distinguish the inherent stemness of cancer 
stem cells from the dedifferentiation caused by the TME. 
However, to solve this problem, other genome data sets 
and/or laboratory experiments need to be used for further 
verification, which is beyond the scope of this paper.

In conclusion, GFPT2 was screened as a key immune-
related gene in BLCA, BRCA, CHOL, CESC, and COAD. 
The present study data suggest that GFPT2 might predict 
unfavorable cancer outcomes. The effect of tumor purity 
and immune cell infiltration on prognosis should also be 
considered in cancer research.
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Despite its declining incidence in many developed 
countries, cancer remains the most common cause of 
death across the globe. More than nineteen million people 
were diagnosed and over nine million people died as a 
result of cancer in 2020 alone. Cancer is characterized by 
a high degree of malignancy, rapid development and poor 
prognosis [1–3]. In the wake of the rapid strides being made 
by scientists and clinicians to explore novel prognostics, 
diagnostics and therapeutic options, cancer still remains 

one of the most elusive diseases in terms of treatment and 
management.        

The human UBR5 gene, which is widely expressed in 
various cell types, has 59 exons encoding approximately 
10 kb of mRNA and > 300 kDa of protein [4]. It is highly 
conserved in metazoans, has unique structural features, 
and has been implicated in the regulation of the DNA 
damage response, metabolism, transcription, and 
apoptosis [5–7]. UBR5 is a key regulator of cell signaling 
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Abstract Objective UBR5, recently identified as a potential target for cancer therapeutics, is overexpressed in 
multiple malignant tumors. In addition, it is closely associated with the growth, prognosis, metastasis, and 
treatment response of multiple types of cancer. Although emerging evidence supports the relationship 
between UBR5 and cancer, there are limited cancer analyses available.
Methods In this study, online databases (TIMER2, GEPIA2, UALCAN, c-BioPortal, STRING) were 
employed to comprehensively explore expression levels and prognostic values of the UBR5 gene in cancer, 
using bioinformatic methods.
Results We found that various characteristics of the UBR5 gene such as gene expression, survival 
value, genetic mutation, protein phosphorylation, immune infiltration, and pathway activities in the normal 
tissue were remarkably different from those in the primary tumor. Furthermore, “protein processing in 
spliceosome” and “ubiquitin mediated proteolysis” have provided evidence for their potential involvement 
in the development of cancer.
Conclusion Our findings may provide insights for the selection of novel immunotherapeutic targets and 
prognostic biomarkers for cancer. 
Key words: UBR5; cancer; tumor; prognosis; biomarker
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related to the field of tumor biology. Recent studies have 
primarily demonstrated that UBR5 plays an important role 
in the development of many tumors, and its expression 
may be closely associated with growth and proliferation 
of malignant tumors [8–9]. For example, in breast cancer, 
UBR5 is coamplified with Myelocytomatosis (MYC) to 
limit MYC-dependent apoptosis by encoding a ubiquitin 
ligase [10]. Also in breast cancer, others have shown that 
triple-negative breast cancer (TNBC) metastasis and 
cisplatin resistance may be mediated by elevated UBR5 
expression [11–13]. Similarly, in colorectal cancer, Xie 
et al. concluded that an elevated UBR5 levels play an 
oncogenic role and may be a potential prognostic marker 

[14]. The trends elucidated in the various studies point to 
the likelihood of UBR5 as an oncogenic mediator in most 
cancers. However, contrary to other cancers, inactivating 
mutations have been observed in the UBR5 gene, as is 
the case in approximately 18% of mantle cell lymphoma 
cases [15]. It is therefore clear that UBR5 is a key cell 
signaling regulator that has been strongly associated with 
cancer; however, its function as a promoter or inhibitor 
of tumorigenesis still remains inconclusive.

In this study, we conducted an in-depth and 
comprehensive bioinformatic analysis of the expression 
of the UBR5 gene and evaluated its potential as a 
therapeutic target and prognostic biomarker. Findings 
from this study will provide a better understanding of this 
gene, and help clinicians select appropriate therapeutic 
drugs and more accurately prognose long-term outcomes 
in cancer patients.

Materials and methods

TIMER2
TIMER2 (http://timer.cistrome.org/) is a reliable tool 

that provides the expression status of UBR5 across The 
Cancer Genome Atlas (TCGA) datasets from different 
tumor tissues and adjacent normal tissues. It also provides 
a robust estimation of immune infiltration levels for 
TCGA or user-provided tumor profiles using six state-
of-the-art algorithms. In this study, the expression status 
of UBR5 across the TCGA dataset, and the correlation 
between the infiltration of immune cells and UBR5 
expression was evaluated [16–18]. 

GEPIA2 
GEPIA2 (http://gepia2.cancer-pku.cn/#index) is a 

tool for analyzing the RNA sequencing expression data 
of 9,736 tumors and 8,587 normal samples from TCGA 

[19]. GEPIA2 was employed in this study to perform 
a differential UBR5 expression analysis of tumor and 
adjacent normal tissue, expression of UBR5 total protein, 
pathological stage analysis, and correlative prognostic 
analysis of the UBR5 gene.

UALCAN 
UALCAN (http://ualcan.path.uab.edu/index.html) is 

an interactive web resource that provides analysis based 
on TCGA and MET500 cohort data [20]. It allows analysis 
of relative expression of query genes across tumor and 
normal samples, as well as in various tumor sub-groups 
based on individual cancer stages, tumor grade or other 
clinicopathological features. Protein expression analysis 
was conducted using Clinical Proteomic Tumor Analysis 
Consortium (CPTAC) and the available datasets of six 
tumors were selected in our study.

cBioPortal 
The cBioPortal (http://cbioportal.org) is a web resource 

for exploring, visualizing, and analyzing multidimensional 
cancer genomics data. This web resource provides the 
option of querying a single cancer study or querying 
across multiple cancer studies. It is also possible to view 
relevant genomic alterations in cancer samples and 
analyze multidimensional cancer genomics data [21]. The 
alteration frequency, type of alterations of UBR5 and copy 
number alterations are shown in our study. In addition, 
we aimed to assess the genetic alterations of UBR5 and its 
correlation with survival values in cancer patients, using 
data from TCGA.

STRING 
STRING (https://string-db.org/) is a web resource that 

integrates all known and predicted associations between 
proteins [22]. We conducted a protein-protein interaction 
network analysis of differentially expressed levels of the 
UBR5 gene, to explore the interactions among them with 
STRING. 

Results 

Aberrant expression of  in patients  
with cancer

To understand the oncogenic role of human UBR5, we 
examined its expression status across the TCGA dataset 
from different cancer types using the TIMER2 approach. 
The expression level of UBR5 in the tumor tissues of breast 
invasive carcinoma (BRCA), cholangiocarcinoma (CHOL), 
colon adenocarcinoma (COAD), esophageal carcinoma 
(ESCA), glioblastoma multiforme (GBM), head and neck 
squamous cell carcinoma (HNSC), liver hepatocellular 
carcinoma (LIHC), lung adenocarcinoma (LUAD), lung 
squamous cell carcinoma (LUSC), pheochromocytoma 
and paraganglioma (PCPG), prostate adenocarcinoma 
(PRAD), rectum adenocarcinoma (READ), and stomach 
adenocarcinoma (STAD) was higher than in normal 
tissues. On the contrary, the expression level of kidney 
chromophobe (KICH), kidney renal clear cell carcinoma 
(KIRC), thyroid carcinoma (THCA), and uterine corpus 
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endometrial carcinoma (UCEC) was lower than in normal 
tissues (Fig. 1a).

Based on clinical data extracted from the GTEx 
dataset, we compared the differential expression level 
of UBR5 in tumor tissues with that in matched normal 
tissues of CHOL, lymphoid neoplasm diffuse large B-cell 
lymphoma (DLBC), pancreatic adenocarcinoma (PAAD), 
and thymoma (THYM). The results showed a significantly 
elevated UBR5 expression among the tumor tissues (P < 
0.05) compared to that in normal tissues (Fig. 1b).

In the CPTAC dataset, we observed significantly 
higher expression of UBR5 total protein in the primary 
tissues of breast cancer (P < 0.001), clear cell RCC (P < 
0.001), colon cancer (P < 0.001), LUAD (P < 0.001), UCEC 

(P < 0.001) and ovarian cancer (P < 0.05), than in normal 
tissues (Fig. 1c). 

To assess the association between UBR5 expression 
and the pathological stages of cancer, the “Pathological 
Stage Plot” module of GEPIA2 was employed to analyze 
pathological data from COAD (P < 0.001), ESCA (P < 
0.05) and KICH (P < 0.001) patients in the TCGA database 
(Fig. 1d).

Prognostic value of  in patients  
with cancer

Patients were grouped into high-expression and low-
expression groups. We examined the association between 
UBR5 expression and the prognosis of patients with 
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cancer using TCGA and GEO datasets. UBR5 expression 
was linked to cancer prognosis: the Fig. 2 plot showing 
overall survival (OS) for BRCA (P = 0.041) within the 
TCGA project indicates that higher UBR5 expression is 
linked to a poor prognosis. Disease-free survival (DFS) 
for PRAD (P = 0.013) and READ (P = 0.037) values also 
supported this conclusion.

Genomic alterations of  in cancer
The cBioPortal was used to determine the genetic 

alteration status of UBR5 in cancer, based on TCGA 
datasets. As shown in Fig. 3a, the highest alteration 
frequency was found in the bladder urothelial carcinoma 
tumor with “Amplification” as the primary type, 
whereas PCPG exhibited the lowest alteration among 

all of the cancer samples queried. It is noted that all 
uveal melanoma cases with genetic alterations showed 
copy number amplifications of UBR5. As shown in Fig. 
3b, 519 mutations were identified in patients. Out of 
the alterations, 377 missense mutations, 126 truncating 
mutations, 4 in-frame mutations and 12 fusion mutations 
were detected. Missense mutations of UBR5 were 
identified as the main type of genetic alteration, and 
E2121Kfs*28/E2121Rfs*13/K2120Rfs*13 alteration was 
predicted to induce a frame shift mutation of the UBR5 
gene. The 3D structure of the UBR5 protein can be 
observed in Fig. 3c. In addition, genetic alterations have 
been found in patients with different types of cancer, 
which is related to survival prognoses. As shown in 
Fig. 3d, STAD cases with altered UBR5 showed better 

Fig. 1 Expression levels of the UBR5 gene in different cancer samples. (a) UBR5 expression status varies in different cancers through TIMER2, *P < 
0.05, **P < 0.01, ***P < 0.001; (b) Differential expression of UBR5 between the normal tissues and the tumor tissues through GEPIA2, *P < 0.05; (c) Higher 
expression of UBR5 total protein in the primary tissues through UALCAN, all P < 0.05; (d) Expression levels of UBR5 in different pathological stages 
through GEPIA2, P < 0.05.
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Fig. 2 Relationship between UBR5 gene expression level and survival in cancer patients using GEPIA2. Clinical survival curves of BRCA (OS), PRAD 
(DFS), and READ (DFS) are presented, P < 0.05.
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prognosis in progression-free (P = 0.0492), but not overall 
(P = 0.920), disease-specific (P = 0.392) and disease-free 
(P = 0.362) survival, compared with cases without UBR5 
alteration. UCEC cases with altered UBR5 showed better 
prognosis in disease-specific (P = 0.0492), but not overall 
(P = 0.0643), disease-free (P = 0.761) and progression-free 
survival (P = 0.148), compared with cases without UBR5 
alteration.

Protein phosphorylation of  in patients 
with cancer

We also investigated UBR5 phosphorylation levels 
using the CPTAC dataset. Clear cell clear cell renal 
cell carcinoma (RCC), ovarian cancer, LUAD, UCEC 
and breast cancer were analyzed. The analysis of UBR5 
phosphoprotein expression level is presented in Fig. 4a. 
The clinical data showed a higher phosphorylation level 
of the S327 locus in all primary tumor tissues compared 
with that seen in normal tissues (Fig. 4b–f, all P < 0.05), 
followed by a lower phosphorylation level of the S636 
locus for colon cancer (Fig. 4f, P = 1.2e-06), LUAD (Fig. 
4d, P = 1.8e-05), colon cancer (Fig. 4f, P = 1.3e-14) and 
the S1549 locus for ovarian cancer (Fig. 4c, P = 5.2e-03), 

Immune cell infiltration of  in patients 
with cancer

Next, we used the TIMER2, TIDE, XCELL, 
MCPCOUNTER and EPIC algorithms to assess the 
correlations of UBR5 expression with immune infiltration 
levels. Heat map of different expressed UBR5 gene are 
further presented in Fig. 5a. We found a significant 
negative correlation between UBR5 expression and 

the estimated infiltration value of cancer-associated 
fibroblasts for Testicular Germ Cell Tumor (TGCT). (Fig. 
5b, cor = −0.242, P = 3,11e-03) 

Enrichment analysis of -related partners
In an attempt to investigate the potential enrichment 

of particular molecular mechanisms in tumorigenesis, 
we attempted to screen out targeting UBR5-binding 
proteins and UBR5 expression-related genes using 
STRING and GEPIA2. Fig. 6a showed the interaction 
network of 50 UBR5-binding proteins supported by 
experimental evidence. There were significant positive 
correlations between the expression level of UBR5 and 
that of cell division cycle and apoptosis regulator 1 
(CCAR1) (R = 0.56), Arginine/serine-rich coiled-coil 2 
(RSRC2) (R = 0.52), Suppressor of mek1 (SMEK1) (R = 
0.52), Ubiquitin specific peptidase 7 (USP7) (R = 0.52) 
and Zinc finger protein 7 (ZNF7) (R = 0.68) genes (all P 
< 0.001; Fig. 6b). As shown in Fig. 6c, the heatmap also 
revealed that the above-mentioned genes were positively 
correlated with UBR5 in the majority of types of tumor. 
An intersection analysis of 50 UBR5-binding proteins and 
100 UBR5 expression-related genes showed one common 
member, namely, SRSF1 (Fig. 6d). In addition, the 
KEGG data suggested that “spliceosome” and “ubiquitin 
mediated proteolysis” pathways were involved in cancer 
progression. (Fig. 6e). 

Discussion 

It is understood that UBR5 is a tumor-related gene that 
affects the biological behavior of tumors in many aspects, 

Fig. 3 Genetic features of mutations of UBR5 in different tumors (cBioPortal). (a) Alteration frequency in different tumor samples; (b) Sites and case 
number of UBR5 genetic alterations; (c) 3D structure of the UBR5 protein; (d) Clinical survival curve of STAD and UCEC.
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such as cell cycle regulation, apoptosis regulation, tumor 
suppressor gene regulation, invasion and metastasis 
regulation [23]. Some studies have reported a correlation 
between the UBR5 gene, tumor microenvironment, 
and cancer immunotherapy, suggesting that the gene 
may modulate tumor progression and provide an 
immunotherapeutic effect [24–25]. However, the prognostic 
value and the biological function of the UBR5 gene in 
cancer has not been well-characterized. With further 
investigation into this gene, knowledge regarding its 

regulatory mechanism in cancer will become increasingly 
clear, which will aid in the molecular diagnosis and 
targeted therapy of cancer, as well as improving 
prognostic assessments in cancer patients. Thus, we 
present a comprehensive overview of the UBR5 gene 
based on data from TCGA, CPTAC and GEO databases.

We first explored expression of the UBR5 gene and its 
correlation with the pathological cancer stage. We found 
that 17 genes were differentially expressed in cancerous 
tissues compared with the corresponding control tissues 

Fig. 4 Phosphorylation analysis of different tumors. (a) Analysis of UBR5 phosphoprotein expression level based on the CPTAC dataset, S139, S327, 
S612, S626, S1549, S1551, S1990, S2028, S2241, and S2485; The box plots for different cancers, including clear cell RCC (b), ovarian cancer (c), 
LUAD (d), UCEC (e) and breast cancer (f), all P < 0.05.
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Fig. 5 Correlation analysis of UBR5 in the tumor microenvironment and immune infiltration. (a) Correlation heat map of differentially expressed UBR5 
gene (TIMER2); (b) The correlation between differentially expressed UBR5 gene and immune cell infiltration (TIMER2).
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(higher expression of BRCA, CHOL, COAD, ESCA, 
GBM, HNSC, LIHC, LUAD, LUSC, PCPG, PRAD, READ 
and STAD; lower expression of KICH, KIRC, THCA and 
UCEC). UBR5 gene expression in cancerous tissues was 
further confirmed in studies from GTEx and CPTAC 
datasets. These data demonstrate that differentially 
expression of UBR5 may play a significant role in cancer.  

Furthermore, in BRCA, PRAD and READ patients, 
high expression of UBR5 were significantly associated 
with a poor prognosis. Zhang et al. found that UBR5 was 
overexpressed in gallbladder cancer tumor tissues and 
was significantly associated with tumor size, histological 
and tumor differentiation [26]. Yang et al. revealed that 
high expression of UBR5 was associated with poor 

overall and disease-free survival in patients with gastric 
cancer [27]. This analysis demonstrates that UBR5 may be 
an important biomarker for predicting the prognosis of 
patients with cancer.

Since the UBR5 gene was significantly differentially 
expressed in cancer tissues, we explored its molecular 
characteristics. There were frequent genetic alterations in 
the UBR5 gene expressed in cancer tissues, with mutation 
and amplification being the most common. It has been 
reported that the UBR5 gene is localized to chromosome 
8q22 [28]. Mutation and amplification occur frequently 
in this region in many types of cancer, including 
breast cancer, esophageal cancer and mammary ductal 
carcinoma [29–31]. Tumorigenesis and the progression 

Fig. 6 UBR5-related gene enrichment analysis. (a) Interaction network of 50 UBR5-binding proteins through STRING tool; (b) UBR5 expression level 
was positively correlated with that of CCAR1, RSRC2, SMEK1, USP7 and ZNF7 genes; (c) Correlation heat map of the differentially expressed UBR5 
gene; (d) One common member named SRSF1 was observed through intersection analysis; (e) UBR5 expression-related genes for enrichment analysis.
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of cancer are complex and multi-faceted, and genetic 
alteration plays an important role in these processes. We 
found a low to high correlation of prognoses with the 
differential expression of the UBR5 gene, suggesting that 
UBR5 plays a synergistic role in tumorigenesis and the 
progression of cancer.

We then focused on protein phosphorylation of UBR5 
in patients with cancer using UALCAN. Phosphorylation 
is a formidable regulator of many proteins involved in 
essential intracellular processes. Studies have reported 
on the possible role of phosphorylation in both protein 
function and the progression of specific cancers [32]. 
Phosphorylation may provide key information about the 
derangements and serve as major targets for therapeutics, 
which is a rapidly growing area of cancer research [33]. The 
results showed that S327, S636 and S1549 all exhibited 
a higher phosphorylation level of UBR5. Bethard et al. 
revealed that UBR5 has 477 potential phosphorylation 
sites. However, few studies have specifically targeted the 
identification of these phosphorylation sites [34]. Further 
laboratory studies to evaluate the potential role of UBR5 
phosphorylation in tumorigenesis are needed. 

We also found a negative correlation between UBR5 
expression and immune infiltration of cancer-associated 
fibroblasts. Evidence indicates that cancer development 
is a complex process that involves interactions between 
tumor cells, stromal fibroblasts, and immune cells. 
Tumor-infiltrating immune cells play a role in the 
promotion or inhibition of tumor growth [35–37]. This 
analysis demonstrates the role of UBR5 in the tumor 
microenvironment and the promotion or inhibition in 
different types of cancer.

Additionally, analysis of “protein processing in 
spliceosome” and “ubiquitin mediated proteolysis” 
pathways may bring novel insights into the potential 
association of UBR5 with etiology or pathogenesis of 
cancers [38].

In conclusion, we hope these results will be a helpful 
guide to aid in helping diagnose cancer and to assist in the 
design of new immunotherapeutic drugs. 
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According to Chen et al ’s statistical analysis of cancer 
data from the National Central Cancer Registry of China 
from 2009 to 2011, colon cancer was ranked in the top five 
cancers in China regarding new incidence and mortality 

[1]. Surgery is still the main treatment for colon cancer, 
though combinations of radiotherapy, chemotherapy, 
and neoadjuvant chemotherapy may be used in cases 
where surgery alone is unable to treat the cancer [2]. With 
developments in biomedical research in recent years, 
molecularly targeted drugs have become an option for 
the non-surgical treatment of patients [3]. However, the 
current median overall survival rate from colon cancer is 
only approximately two years [4]. At present, the incidence 
and mortality of colon cancer are increasing in China; 
particularly concerning is the increased incidence among 
young people [5]. Therefore, there is an urgent need to find 

new treatment targets for colon cancer to improve the 
prognosis of patients.

Unlike messenger RNA (mRNA), long noncoding 
RNA (lncRNA) does not participate in gene expression 
as a template for protein translation but can affect 
various biological activities in the human body by 
regulating protein synthesis and was found to be strongly 
correlated with cancer [6]. There are almost 8000 cancer-
related lncRNAs in The Cancer Genome Atlas (TCGA) 
that can affect different stages of cancer, including cell 
proliferation, apoptosis, and metastasis [7]. Autophagy 
is an important metabolic pathway for maintaining 
homeostasis in the human body and is responsible for 
the degradation of macromolecular substances, such 
as damaged organelles and long-lived macromolecular 
proteins [8]. Studies have reported that autophagy can 
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Abstract Objective Colon cancer is a type of cancer with high morbidity and mortality, of which adenocarcinoma 
is the most common type. Numerous studies have found that long noncoding RNAs (lncRNAs) are related 
to the occurrence and development of colon cancer. Autophagy is a key metabolic process in the human 
body and has a role in affecting cancer growth. In this study, our aim was to explore the correlation between 
lncRNAs and colon adenocarcinoma (COAD) from the perspective of autophagy.
Methods A series of bioinformatics methods were used to explore the correlation between lncRNA and 
COAD from the perspective of autophagy.
Results Four autophagy-related lncRNAs related to the prognosis of COAD were identified: EB1-AS1, 
LINC02381, AC011462.4, and AC016876.1. These four lncRNAs may act as oncogenes involved in the 
occurrence and development of COAD. The prognostic model was established, and the accuracy of 
the model was verified by the receiver operating characteristic curve. The risk score of the model could 
independently predict the prognosis of patients and was preferable to other clinical indicators, with higher 
values indicating a worse prognosis of the patients. Gene Set Enrichment Analysis was performed for 
these four lncRNAs, which showed that the high expression group of these were enriched in the basal cell 
carcinoma pathway. To make it more convenient for clinicians to use, we constructed a nomogram based on 
age and risk score, which can be used to evaluate the one-, three-, and five-year survival rates of patients.
Conclusion These results can help us understand the mechanism of action of lncRNA on COAD from 
the perspective of autophagy and may provide new directions for the diagnosis and treatment of COAD. 
The EB1-AS1 gene in this study is a potential candidate biological target for COAD treatment in the future. 
Key words: colon adenocarcinoma (COAD); prognostic model; long noncoding RNA (lncRNA); EB1-AS1
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promote the occurrence, development, and metastasis 
of cancer and is related to the invasiveness of cancer 
cells [9]. In addition to being regulated by the expression 
of autophagy-related genes, lncRNAs are also involved 
in autophagy regulation [10]. The most common type of 
colon cancer is adenocarcinoma (colon adenocarcinoma, 
hereafter referred to a COAD) originating from 
the epithelium of the colonic mucosa. Therefore, 
understanding autophagy-related lncRNAs and their 
molecular mechanisms in COAD is beneficial for the 
treatment of colon cancer and may bring improvements 
to colon cancer therapy. To achieve this, we analyzed the 
expression level of autophagy-related genes in COAD 
tissues that were extracted from the TCGA and used a co-
expression (Cox) analysis to obtain the related lncRNAs. 
The independent prognostic genes that were strongly 
correlated with COAD were then used to establish a 
clinically relevant prognosis model. To understand the 
usefulness of this prognosis model to clinicians, it was 
compared to other clinically relevant indicators. We also 
investigated the role of these lncRNAs in COAD using 
Gene Set Enrichment Analysis (GSEA). Finally, we used 
the risk score and patient age to prepare a nomogram to 
predict the survival of patients, whose accuracy we then 
verified using relevant biological methods.

Materials and methods

Data download and preprocessing
Construction of the lncRNA and mRNA matrix: 

tissues from COAD patients were obtained from TCGA 
to construct the lncRNA and mRNA matrix. Since the 
data used in this study were obtained exclusively from 
the TCGA database and strictly followed the TCGA 
publication guidelines (http://cancergenome.nih.gov/
abouttcga/policies/publicationguidelines), it was not 
necessary to obtain the approval of the ethics committee. 
Autophagy-related genes were obtained from the Human 
Autophagy Database (HADb), and the expression levels of 
these genes were extracted from the mRNA matrix. The 
lncRNA matrix and the expression level of autophagy 
genes were used for the joint analysis. Autophagy-related 
lncRNAs were found by setting CorFilter > 0.4 and P < 
0.001, and the expression level of lncRNAs in the matrix 
was extracted by Cox analysis. 

Building a prognostic signature
The obtained autophagy-related lncRNAs were 

combined with the clinical data obtained from the TCGA 
database [including age (divided into > and < 65 years old 
groups), T (the extent of the primary tumor), M (whether 
there is distant metastasis), and N (the involvement of 
local lymph nodes) staging, grading, and other related 
data]. Currently, clinical prognosis is mainly based on 

the stage and grade of tumor cells and the patient’s age. 
Univariate cox (unicox) analysis was performed to obtain 
autophagic lncRNAs related to the prognosis of COAD, 
and then, multivariate cox (multicox) analysis was 
performed with the obtained genes to obtain independent 
prognostic lncRNAs that were strongly related to COAD. 
These lncRNAs were found to be related to specific 
clinical indicators by the Clinical correlation analysis, 
and the specific formula was as follows: 

                
The risk score =

 
EXP β

where n represents the number of prognostic lncRNAs, 
the regression coefficient is β, and EXP is the expression 
value. 

Evaluation of the prognostic signature
By calculating the risk score of all samples in this 

study, the median expression level was obtained. With 
the median as the boundary, samples with higher 
expression levels were defined as the high expression 
level group, and those with lower expression levels were 
the low expression level group. The receiver operating 
characteristic (ROC) curve was drawn to evaluate 
whether the signature was representative of the groups.

An independent prognostic analysis was used to 
assess whether the prognostic signature could be used 
as a prognostic factor independent of the other clinical 
indicators. In order to better understand how these 
lncRNAs affect autophagy, Cox analysis of these genes 
and the mRNA was performed. In addition, the “survival” 
package in R4.0.3 was used to draw a survival curve to 
evaluate the impact of a single prognostic lncRNA and 
risk score on patient survival.

Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analysis

In order to better understand the ways in which 
these lncRNAs acted, KEGG enrichment analysis was 
performed for both groups using GSEA 4.1.0 (set at P < 
0.05, |ES| > 0.6, gene size ≥ 100, and false discovery rate 
< 25%) to identify the biological pathways that were 
enriched in the high and low groups. 

Construction and evaluation of the nomogram
In order to better serve clinicians, we included the 

age and risk score to draw nomograms and evaluated 
them. First, the ROC curve was used to evaluate their 
representativeness, and then a c-index was used to 
evaluate their predictive ability. Finally, a calibration 
curve for one, three, and five-year survival rates was 
established.
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Results

The entire research process is shown in Fig. 1.

Screening of autophagy-related lncRNA
Four-hundred and thirty-seven tissues were obtained 

from the TCGA, of which 398 were COAD tissues and 39 
were adjacent tissues. A total of 257 autophagy-related 
genes were obtained from the HADb, and their respective 
expression levels were obtained. A total of 922 autophagy-
related lncRNAs were yielded from the Cox analysis.

Cox regression analysis and clinical correlation 
analysis

The unicox analysis showed that 18 lncRNAs were 
correlated with the prognosis of COAD, and anything 
with P < 0.05 was considered meaningful. Finally, four 
lncRNAs were obtained by the multicox analysis, namely 
EB1-AS1, LINC02381, AC011462.4, and AC016876.1. 
The clinical correlation analysis showed that these four 
lncRNAs were related to the classification and staging of 
COAD (Fig. 2), and the higher their expression, the higher 
the COAD grade and staging level, meaning that these 
four lncRNAs may act as oncogenes in the occurrence 
and development of COAD. 

Fig. 1 The entire research process

Fig. 2 Clinical correlation analysis, integrating prognostic genes with tumor staging and grading (ns, none significance; *, P < 0.05; **, P < 0.01; ***, 
P < 0.001)
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Construction and evaluation of risk signatures
The prognostic model of autophagy-related lncRNAs 

is given in Fig. 3 (with the left showing the Independent 
prognostic analysis and significance denoted by P < 0.05). 
Both the high and low expression groups had P-values 
< than 0.05, indicating that the score could be used to 
independently judge the prognosis of patients. Age was 
also an independent prognostic risk factor (P < 0.05 in 
both expression groups). The ROC curve on the right 
showed that the area under the curve (AUC) of the risk 
score was 0.678, higher than the tumor cell grade and 
T/N/M stage, which indicated that the accuracy of the 
risk score in predicting survival was higher than other 
clinical features, thus verifying the accuracy of the model. 

Construction of the core lncRNA co-expression 
network

Fig. 4 shows the co-expression network diagram 
of autophagy-related lncRNAs (left panel), where the 
diamond block was the prognostic gene and the purple 
ellipse was the autophagy mRNA. It was evident that the 
four genes interacted with the autophagy mRNA. The 
Sankey diagram in the right panel shows the interaction 
between them more visually. In addition, it showed that 
these four lncRNAs belonged to the risk group, which 

was consistent with the data presented in Fig. 2. 
Fig. 5 further validates the results displayed in Fig. 4b 

which includes the survival analysis, risk curve, and heat 
map, indicating that these genes play a negative role in 
cancer prognosis.

KEGG enrichment analysis
According to the KEGG analysis of COAD patients 

(Fig. 6), the high expression group of these lncRNAs was 
mainly enriched in the basal cell carcinoma pathway, 
indicating that the basal cell carcinoma pathway may 
be the carcinogenic target of these lncRNAs. This 
provides new insights for molecular research of COAD. 
The pathways for the enrichment of the low expression 
group were abundant. During the transcription process, it 
mainly affected DNA replication, pyrimidine metabolism, 
DNA mismatch repair, nucleotide excision repair, 
pentose phosphate pathway, RNA metabolism, purine 
metabolism, and spliceosomes. In the translation process, 
it mainly affected the cell cycle, proteasomes, protein 
export and transportation, ribosomes, and AA-tRNA.

Construction and evaluation of a nomogram
To provide a quantitative method for predicting the 

probability of survival time, we used information from all 

Fig. 3 Receiver operating characteristic (ROC) curve evaluation prognostic model. Independent prognostic analysis of high and low expression 
groups, which includes age, gender, risk score, tumor stage, and tumor grade
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samples to construct a nomogram that integrated the risk 
score and patient age (Fig. 7). In the previous steps, we 
observed that age was related to prognosis, which Aquina 
et al [11] also found in COAD patients. The older the age, 
the worse the prognosis. Therefore, in the nomogram, we 
integrated the age and risk score to provide patients with 
a comprehensive score to better predict the one-year, 

three-year, and five-year survival rates. The nomogram 
showed that the risk score made the biggest contribution 
to the nomogram. The accuracy of the model was verified 
by the ROC curve (AUC = 0.708) and C-index = 0.691.

Fig. 4 Co-expression network diagram and Sankey diagram of autophagy-related long noncoding RNAs (lncRNAs). The diamond blocks are prognostic 
genes, and the purple ellipses are autophagy-related messenger RNAs (mRNAs) showing the autophagy mRNAs with which these four prognostic 
genes interact. The Sankey diagram (right panel) shows the interaction between these more intuitively. All four genes are in the high-risk group

Fig. 5 Correlation between these four prognosis genes and the prognosis of colon adenocarcinoma (COAD) based on survival analysis. The risk curve 
and heat map further validate the results in Fig. 4b, indicating that these genes play a negative role in cancer prognosis
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Discussion

Globally, COAD has high morbidity and mortality 
rates [12]. Current screening methods for colon cancer 
have shortcomings [13]. The gold standard is colonoscopy, 
but bowel preparation and contraindications make 
it unacceptable for many patients. The commonly 

used intestinal tumor biomarker, carcinoembryonic 
antigen, lacks sensitivity and specificity. The fecal 
immunochemical test has a high false positive rate [13]. 
Therefore, there is an urgent need to develop screening 
tests that are relevant for prognosis and suitable for all 
patients to improve the detection rate, prognosis, and 
five-year survival rate of patients with colon cancer. 

Fig. 6 Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of the four long noncoding RNAs (lncRNAs). High gene expression was related 
to the basal cell carcinoma pathway, and low expression was enriched in a variety of pathways, including gene transcription and translation
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Thus, lncRNAs have attracted attention. Firstly, lncRNA 
detection is performed through taking plasma samples, 
which are easy to obtain and inexpensive [14]. Secondly, 
numerous studies have shown that lncRNAs are closely 
related to the occurrence, development, and metastasis 
of COAD [15]. The lncRNA activated by TGF-β can 
promote the epithelial-mesenchymal transition process 
by inhibiting the expression of E-cad, thereby affecting 
the occurrence of colon tumors. The lncRNA CASC1 
can regulate the miR-4310/LGR5/Wnt/β-catenin signal 
transduction pathway to promote the proliferation and 
metastasis of COAD [16]. HOTAIR may be related to distant 
metastasis and short survival rates from colon cancer by 
inhibiting the transcription of the tumor suppressor gene 
miR-34a [17]. Autophagy is a major metabolic pathway in 
the human body, and many studies have found that it plays 
an important role in the occurrence and development of 

colon cancer, although the precise mechanism is not yet 
clear [18].

Therefore, this study was conducted to explore 
the relationship between lncRNAs and COAD from 
the perspective of autophagy. First, relevant genetic 
information and clinical information in TCGA and 
HADb were integrated, and four independent prognostic 
lncRNAs that strongly correlated with COAD were 
obtained by Cox analysis. These lncRNAs (EB1-AS1, 
LINC02381, AC011462.4, and AC016876.1) may act like 
oncogenes. These lncRNAs were used to construct a 
prognostic signature, and a series of biological processes 
was used to verify the signatures. Finally, a nomogram 
was made using risk scores and age, which was converted 
into specific numbers to predict the one-, three-, and 
five-year survival of patients.

In this study, EB1-AS1 was the most central among 

Fig. 7 A nomogram drawn from the risk score and age factors. The patient’s value was marked on each axis, and the above variables which include
risk score and age were added. The results show that the risk score contributed the most to the nomogram. The receiver operating characteristic (ROC) 
curve (area under the curve; AUC = 0.708) and C-index (= 0.691) verified the accuracy of the model
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the four lncRNAs, that is, it had a greater prognostic 
correlation than the other lncRNAs. There have been 
many studies in recent years on the relationship between 
EB1-AS1 and COAD, but these have identified differences 
in the specific ways of action. For example, ZEB1-AS1 
can promote cancer by binding to Mir-181A-5p and 
inhibiting the microRNA (miRNA)-induced β-catenin 
inhibitory pathway [19]; ZEB1-AS1 can also inhibit miR-
101 to promote the proliferation and metastasis of cancer 
cells. The expression level was positively correlated with 
the histological grade and T stage of the cancer, that is, 
the higher the expression level, the worse the prognosis 
of the patients [20]. Current studies mainly focus on the 
interaction between ZEB1-AS1 and miRNA. MicroRNA 
is a kind of non-coding RNA that generally acts as a 
tumor suppressor gene, probably mainly by inhibiting 
transcription or mediating degradation [21]. In this study, it 
was found that the autophagy effect of ZEB1-AS1, namely 
the interaction between lncRNA and mRNA, may play a 
very important role in the occurrence and development 
of COAD, which is a novel result from this study.

 Studies have found that LINC02381 may play an 
inhibitory role in COAD by regulating the PI3K-Akt 
signaling pathway [22]. In this study, the expression 
level of this lncRNA was inversely related to survival, 
indicating that it may act as an oncogene. In another 
study of autophagy-related lncRNAs, this gene was also 
considered to act as an oncogene [23]. This indicates that 
lncRNA may affect the growth of COAD cells through 
a variety of ways. Whether it is inhibited or enhanced 
in cancer cells may be tissue-specific. As far as we are 
aware, no published studies currently exist for the other 
two lncRNAs (AC011462.4 and AC016876.1). 

Based on the GSEA, we know that high expression 
of these four genes may play a role in promoting tumor 
cell recurrence and metastasis through the basal cell 
carcinoma pathway. A bioinformatics analysis previously 
showed that the basal cell carcinoma pathway may be 
the oncogenic target of lncRNAs [24]. However, there is 
a lack of relevant experiments to confirm this, so this is 
a direction we can consider in the future. The lncRNAs 
from our study differ from those in previous studies [23, 

25–26], but we believe our findings may be more credible. 
The reasons for this are: (1) our study only identified four 
lncRNAs, which was less than in other studies, indicating 
that our study found more core lncRNAs; (2) our study 
identified one core lncRNA, the involvement of which 
in COAD has been confirmed in many experiments 
and is likely to be a future biological target of COAD 
treatment; (3) half of the genes we identified (EB1-AS1 
and LINC02381) have been experimentally proven to be 
related to COAD. 

Conclusion
In summary, four independent prognostic lncRNAs 

related to COAD were found in this study, and among 
these, EB1-AS1 is very likely to be a new biological target 
for COAD treatment. Moreover, these four lncRNAs were 
used to construct a prognostic signature that was superior 
to the prognostic indicators currently used in clinical 
practice. Finally, the possible carcinogenic pathways 
of these four lncRNAs were determined through the 
enrichment analysis. The EB1-AS1 gene and basal cell 
carcinoma pathway were specifically daintified and will 
be the focus of the future research direction of our team, 
and relevant experiments will be carried out to verify 
their roles in COAD.
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