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Abstract. Mammaglobin B, also referred to as secretoglobin 
family  2A member  1 (SCGB2A1), has been reported to 
be highly expressed in uterine corpus endometrial cancer 
(UCEC) compared with in the normal endometrium. However, 
the prognostic value of SCGB2A1 in UCEC remains unclear. 
The Oncomine, The Cancer Genome Atlas (TCGA) and 
Clinical Proteomic Tumor Analysis Consortium databases 
were used to explore the differential expression of SCGB2A1. 
Furthermore, data of patients with UCEC were downloaded 
from TCGA, and logistic regression analysis, survival 
analysis, univariate and multivariate analyses, and nomogram 
construction were performed to identify its prognostic value 
in UCEC. Additionally, gene set enrichment analysis (GSEA) 
was utilized to estimate the mechanisms of SCGB2A1 in 
UCEC. Finally, immune infiltration of SCGB2A1 in UCEC 
was analyzed using the Tumor Immune Estimation Resource. 
Decreased mRNA and protein expression levels of SCGB2A1 
were significantly associated with poor prognostic clinico‑
pathological characteristics (all P<0.05). Additionally, low 
expression levels of SCGB2A1 were associated with decreased 
survival of patients with UCEC compared with high expression 
levels of SCGB2A1. Furthermore, the independent prognostic 
value of SCGB2A1 in UCEC was identified by univariate and 
multivariate analyses. A nomogram based on 6 variables, 
including SCGB2A1 expression, was developed for the estima‑
tion of the 1‑, 3‑, and 5‑year survival probability in UCEC. 
Additionally, GSEA suggested that the vascular endothelial 
growth factor, PTEN, platelet‑derived growth factor, DNA 
repair, KRAS signaling, and PI3K‑AKT‑mTOR signaling 

pathways were differentially enriched in the low SCGB2A1 
expression phenotype. Finally, high infiltration levels of CD8+ 
T cells were associated with SCGB2A1 in UCEC and this was 
associated with prognosis. The present results indicated that 
SCGB2A1 may be a promising independent prognostic factor 
in UCEC. These signaling pathways may be crucial for the 
regulation of UCEC via SCGB2A1.

Introduction

Uterine corpus endometrial cancer (UCEC) is the second most 
prevalent type of malignancy among women in the United States 
of America (1). Despite the rapid development of the modern 
medical industry, the mortality of UCEC has been continuously 
increasing (2). Due to a lack of effective therapeutic strategies, 
the 5‑year survival rate of patients with advanced‑stage disease 
is only 16%. However, patients diagnosed at an early stage have a 
favorable prognosis (3,4). Recently, cancer antigen 125 (CA125) 
and human epididymis protein 4 (HE4) have been utilized as 
serum biomarkers in UCEC; however, they only have modest 
effects due to relatively low predictive accuracy (5‑7). Therefore, 
it is necessary to identify reliable molecular biomarkers to 
predict prognosis, guide treatments and monitor recurrence.

Mammaglobin  B, also referred to as secretoglobin 
family 2A member 1 (SCGB2A1), is a member of the utero‑
globin superfamily which is localized on chromosome 11q12.2 
and includes nine human secretoglobins (8,9). SCGB2A1 was 
first isolated from the human endometrium, and it is highly 
homologous to mammaglobin A (secretoglobin family 2A 
member 2) (10). Although its biological function has not been 
clarified, the differential expression and specific significance 
of SCGB2A1 in various malignancies have been reported (11). 
SCGB2A1 has been identified as a candidate biomarker 
for the detection of lymph node micrometastases in breast 
cancer (12,13) and abdominal cancer types (14). In addition, 
SCGB2A1 has been considered as a promising diagnostic 
marker for occult tumor cells in effusions of several malig‑
nancies (15,16) and as a potential immunotherapeutic target 
in ovarian cancer (17). However, to the best of our knowledge, 
the prognostic value of SCGB2A1 in UCEC has not been 
reported, although Tassi et al (18) observed the overexpression 
of SCGB2A1 in endometrioid endometrial cancer.
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The present study assessed the prognostic significance of 
SCGB2A1 in UCEC using bioinformatics. Additionally, gene 
set enrichment analysis (GSEA) was performed to further 
explore the function of SCGB2A1. A number of other data‑
bases were utilized to explore the significance of SCGB2A1 in 
transcriptomics, proteomics, and the immune microenviron‑
ment. In conclusion, the present study may provide further 
insights into potential therapeutic targets in UCEC.

Materials and methods

Oncomine database analysis. The Oncomine database 
(http://www.oncomine.com) (19) was utilized to compare the 
differential expression levels of SCGB2A1 between tumor and 
normal tissues in various tumor types. The threshold was set 
according to the following values: P<0.0001; fold change >2; 
and gene ranking of all.

Clinical Proteomic Tumor Analysis Consortium (CPTAC) 
database analysis. The CPTAC database enables large‑scale 
proteome and genome analyses, in order to understand the 
molecular basis of cancer (20). UALCAN (http://ualcan.path.
uab.edu) (21), a comprehensive web resource for analyzing 
cancer‑omics data, includes CPTAC analysis for various tumor 
types. The analysis of protein expression levels of SCGB2A1 
in UCEC was performed by UALCAN based on the CPTAC 
database. UALCAN performed the comparison of differential 
expression between each two groups by using t‑tests (22), and 
similar results from the UALCAN using the same statistical 
methods have been published previously (23‑25). Differential 
protein expression of SCGB2A1 between UCEC and normal 
tissues, and the association between clinical characteristics 
and protein expression levels of SCGB2A1, were analyzed. 
Additionally, all P‑values from the UALCAN were adjusted 
using Bonferroni's correction.

Tumor Immune Estimation Resource (TIMER) analysis. TIMER 
(https://cistrome.shinyapps.io/timer/)  (26) is a tool for the 
systematic analysis of tumor‑infiltrating immune cells (TIICs) 
across diverse types of cancer in The Cancer Genome Atlas 
(TCGA) database (https://cancergenome.nih.gov/) (27). TIMER 
consists of several modules: The ‘DiffExp’ module provides 
the differential expression between tumor and adjacent normal 
tissues for genes in TCGA; the ‘Gene’ module provides visu‑
alization of the association between gene expression and tumor 
purity and immune infiltration levels in tumors; the ‘Survival’ 
module provides survival curves of TIICs at high and low levels 
and genes in specific tumors; and the ‘SCNA’ module provides 
the comparison of tumor infiltration levels among tumors with 
different somatic copy number alterations (SCNAs) for a given 
gene. Defined by Genomic Identification of Significant Targets in 
Cancer 2.0 (28,29), SCNAs include deep deletion (‑2), arm‑level 
deletion (‑1), diploid/normal (0), arm‑level gain (1) and high 
amplification (2). The infiltration level for each SCNA category 
in UCEC was compared with that in normal tissues using a 
Wilcoxon rank‑sum test. SCGB2A1 was analyzed using the 
‘DiffExp’, ‘Gene’, ‘Survival’, and ‘SCNA’ modules.

Downloaded data. RNA‑sequencing (RNA‑seq) expres‑
sion data of UCEC and corresponding clinical data were 

downloaded from TCGA. The details of RNA‑seq data were as 
follows: Project, TCGA‑UCEC; data category, transcriptome 
profiling; data type, gene expression quantification; workflow 
type, HTSeq‑FPKM. Furthermore, data of normal samples 
were excluded.

Statistical analysis and nomogram construction. Statistical 
analysis was performed using R  software (v.3.6.2)  (30). 
Expression differences for discrete variables were visual‑
ized using boxplots and the survival curve was drawn using 
the survival package (https://cran.r‑project.org/web/views/
Survival.html). The association between clinical character‑
istics and SCGB2A1 expression was determined by logistic 
regression analysis. Notably, the median value of SCGB2A1 
expression was set as the cut‑off value. Furthermore, univar‑
iate Cox analysis was used to estimate the prognostic value of 
certain clinicopathologic variables, including age, BMI, grade, 
stage, peritoneal cytology, pelvic lymph node status, para‑aortic 
lymph node status, histological subtype, myometrial invasion, 
residual tumor and tumor status. Additionally, multivariate 
Cox analysis was performed to identify the independent 
prognostic value of SCGB2A1 with stage, peritoneal cytology, 
pelvic lymph node status, myometrial invasion, and tumor 
status.

Following integration of the results of univariate and 
multivariate Cox analysis, 6 variables (stage, tumor status, 
peritoneal cytology, pelvic lymph node status, myometrial 
invasion, and SCGB2A1 expression) were selected for nomo‑
gram construction. The rms package (https://cran.r‑project.
org/web/packages/rms/index.html) in R was used to construct 
the nomogram.

GSEA. The present study performed GSEA  (31), which 
determines whether an a priori defined set of genes indicates 
statistically significant differences between 2 biological states, 
to identify the potential mechanism of SCGB2A1 in UCEC. 
In the present study, GSEA software v3.0 was used to analyze 
the ‘h.all.v6.2.symbols.gmt’ and ‘c2.cp.biocarta.v6.2.symbols.
gmt’ gene sets from the Molecular Signatures Database (32). 
Based on the expression levels of SCGB2A1, ‘high’ and ‘low’ 
were applied as phenotype labels. For each analysis, 1,000 gene 
set permutations were run to obtain the normalized enrich‑
ment score (NES). False discovery rate <0.25 and normal 
P<0.05, were used as the cut‑off to identify the significantly 
enriched gene sets.

Results

Pan‑cancer analysis of SCGB2A1 mRNA expression in 
different databases. The Oncomine and TCGA databases 
were utilized to determine the mRNA expression levels of 
SCGB2A1 in tumor and normal tissues in different tumor 
types. According to the Oncomine database, SCGB2A1 was 
expressed at low levels in breast, colorectal, gastric, and 
kidney cancer, melanoma, ovarian and prostate cancer, and 
sarcoma, whereas overexpression of SCGB2A1 was identi‑
fied in breast, esophageal, kidney, and ovarian cancer in 
some analyses (P<0.0001; Fig. 1A). Detailed information of 
SCGB2A1 expression in various cancer types based on the 
Oncomine database is shown in Table SI. In addition, all tumor 
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and adjacent normal tissues in TCGA were analyzed to further 
comprehend the differential expression of SCGB2A1 (Fig. 1B). 
The results revealed that SCGB2A1 expression was markedly 
decreased in breast invasive carcinoma, colon adenocarci‑
noma, esophageal carcinoma, head and neck cancer, kidney 
renal clear cell carcinoma, lung adenocarcinoma, lung 
squamous cell carcinoma, prostate, rectum, and stomach 
adenocarcinoma, and thyroid carcinoma compared with in 
adjacent normal tissues. However, SCGB2A1 expression was 

markedly increased in cholangiocarcinoma, liver hepatocel‑
lular carcinoma and UCEC tissues compared with in adjacent 
normal tissues.

Patient characteristics. Gene expression and clinical data 
of 545 primary tumors from the TCGA‑UCEC project were 
downloaded in June 2019. After discarding unqualified 
samples with apparently abnormal data or gene expression 
data missing (Table SII), the data of 540 patients were retained 

Figure 1. Pan‑cancer analysis of SCGB2A1 mRNA expression in different databases. (A) SCGB2A1 mRNA expression in different tumor types compared 
with normal samples according to different analyses of the Oncomine database. The number represents the count of significant unique analyses. Red represents 
overexpression of the gene and blue represents low expression of the gene. All P<0.0001 cancer vs. normal. (B) mRNA expression levels of SCGB2A1 in 
different tumor types analyzed by TIMER based on TCGA. Red indicates tumor tissues and blue indicates normal tissues. *P<0.05, **P<0.01 and ***P<0.001. 
SCGB2A1, secretoglobin family 2A member 1; TIMER, Tumor Immune Estimation Resource; TCGA, The Cancer Genome Atlas; BRCA, breast invasive 
carcinoma; CHOL, cholangiocarcinoma; COAD, colon adenocarcinoma; ESCA, esophageal carcinoma; HNSC, head and neck cancer; KIRC, kidney renal 
clear cell carcinoma; LIHC, liver hepatocellular carcinoma; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; PRAD, prostate adenocar‑
cinoma; READ, rectum adenocarcinoma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma; THCA, thyroid carcinoma; UCEC, uterine 
corpus endometrial carcinoma.
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for further analysis. Notably, a 64‑year‑old female patient 
was identified in the database with a weight of 93 kg, but 
her height was recorded as only 66 cm. As the accuracy of 
these data could not be verified, the data of this patient was 
excluded in a previous study (33). Therefore, this data was 
defined as apparently abnormal data in the present study. The 
clinicopathological characteristics of these patients, including 
age, BMI, grade, stage, peritoneal cytology status, lymph 
node status, histology, myometrial invasion, tumor status, 
residual tumor, and surgery approach, are shown in Table I. 
The median age of these patients was 64 years old, ranging 
between 31 and 90 years old, while the median BMI was 32.2, 
ranging between 17.4 and 81.6.

mRNA expression levels of SCGB2A1 in UCEC according 
to TCGA. As shown in Fig. 2A and S1, the expression levels 
of SCGB2A1 in normal tissues were significantly decreased 
compared with those in UCEC, G3 cancer, stage III or IV, with 
tumors, and peritoneal cytology‑positive tissues (P<0.05), and 
no significant differential expression was identified between 
normal tissues and serous endometrial adenocarcinoma 
and stage IV tissues. Furthermore, the association between 
SCGB2A1 expression and clinicopathological variables in 
UCEC was analyzed using boxplots. The results indicated 
that the decreased expression levels of SCGB2A1 were signifi‑
cantly associated with the grade (P<0.001), stage (P<0.001), 
tumor status (P<0.001), histological subtype (P<0.001) and 
peritoneal cytology status (P=0.005) (Fig. 2B‑F). Additionally, 
the results of the logistic regression analysis revealed that 
decreased expression levels of SCGB2A1 were significantly 
associated with poor prognostic clinicopathological features, 
including grade [odds ratio (OR)=0.11 for grade 3 vs. grade 1 
or 2; P<0.001], stage (OR=0.35 for stage III or IV vs. stage I or 
II; P<0.001), peritoneal cytology status (OR=0.37 for positive 
vs. negative; P=0.001), pelvic lymph node status (OR=0.26 for 
positive vs. negative; P<0.001), para‑aortic lymph node status 
(OR=0.49 for positive vs. negative; P=0.045), histological 
subtype (OR=0.09 for serous vs. endometrioid; P<0.001), 
myometrial invasion (OR=0.47 for >50 vs. ≤50%; P<0.001), 
status (OR=0.31 for with tumor vs. tumor‑free; P<0.001) and 
residual tumor (OR=0.49 for R1 or R2 vs. R0; P=0.044) (Table II).

Protein expression levels of SCGB2A1 in UCEC according to 
CPTAC database. Analysis of the protein expression levels of 
SCGB2A1 in UCEC was performed by UALCAN based on 
the CPTAC database. As shown in Fig. 3A, the protein expres‑
sion levels of SCGB2A1 in UCEC were significantly increased 
compared with those in normal tissues (P<0.05). Furthermore, 
the association between SCGB2A1 protein expression and 
clinicopathological variables in UCEC is shown in Fig. 3B‑E. 
The results revealed that decreased protein expression levels 
of SCGB2A1 were associated with high grade (P<0.05). No 
significant association was identified between decreased 
protein expression levels of SCGB2A1 and serous histological 
subtype, advanced stage and advanced age.

Analysis of the prognostic value of SCGB2A1 mRNA 
expression and clinicopathological variables in UCEC. 
The survival curve suggested that low expression levels of 
SCGB2A1 were associated with poor prognosis in UCEC 

(Fig. 4A). Furthermore, the prognostic value of SCGB2A1 
was estimated by univariate Cox analysis (Table III). It was 
revealed that low expression levels of SCGB2A1, advanced 
stage, positive peritoneal cytology status and pelvic lymph 
node status, deep myometrial invasion, ‘with tumor status’ and 
residual tumor were associated with poor prognosis in UCEC 
(Table III). As defined in TCGA, ‘with tumor status’ meant 
that new tumors occurred after operation during the follow‑up, 

Table I. Clinical characteristics of patients with uterine corpus 
endometrial cancer (n=540) downloaded from The Cancer 
Genome Atlas database.

Clinical characteristics	 Value	 %

Median age (range), years	 64 (31‑90)	
Median BMI (range)	 32.2 (17.4‑81.6)	
Grade, n		
  1	 97	 18.3
  2	 120	 22.7
  3	 312	 59.0
Stage, n		
  I	 337	 62.4
  II	 51	 9.4
  III	 123	 22.8
  IV	 29	 5.4
Peritoneal cytology, n		
  Negative	 349	 86.0
  Positive	 57	 14.0
Pelvic lymph nodes, n 		
  Negative	 366	 83.2
  Positive	 74	 16.8
Para‑aortic lymph nodes, n		
  Negative	 327	 89.6
  Positive	 38	 10.4
Histology, n 		
  Endometrioid	 404	 74.8
  Mixed serous and endometrioid	 22	 4.1
  Serous	 114	 21.1
Myometrial invasion, n		
  ≤50%	 314	 67.1
  >50%	 154	 32.9
Status, n 		
  With tumor	 78	 15.5
  Tumor‑free	 425	 84.5
Residual tumor, n 		
  R0	 370	 90.7
  R1	 22	 5.4
  R2	 16	 3.9
Surgical approach, n		
  Minimally invasive	 201	 38.8
  Open	 317	 61.2

BMI, body mass index.
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while ‘tumor‑free status’ meant that no new tumors occurred 
until the follow‑up finished. Finally, multivariate Cox analysis 
was performed to estimate the independent prognostic value 
of SCGB2A1. Considering that residual tumor was uncommon 
in clinical practice, this variable was not included in the 
multivariate analysis. The results revealed that, in addition to 
stage, peritoneal cytology, pelvic lymph node status, myome‑
trial invasion, and tumor status, SCGB2A1 was independently 
associated with poor prognosis in UCEC (hazard ratio, 0.88; 
P=0.025; Table III).

Construction of the nomogram. A nomogram was constructed 
for the prediction of 1‑, 3‑, and 5‑year survival probabilities 

of patients with UCEC based on 6 variables, including stage, 
tumor status, myometrial invasion, peritoneal cytology, pelvic 
lymph node status, and SCGB2A1 expression (Fig.  4B). 
According to this nomogram, the variables corresponded to 
the respective points, and the sum of the six variable points 
was defined as the total points. Additionally, the estimated 
1‑, 3‑, and 5‑year survival probability could be obtained based 
on the total points.

GSEA. Based on the value of the NES, the most significantly 
enriched signaling pathways were selected. As demon‑
strated in Fig.  5, the vascular endothelial growth factor 
(VEGF) pathway, PTEN pathway, platelet‑derived growth 

Figure 2. mRNA expression levels of SCGB2A1 according to The Cancer Genome Atlas database. (A) Differential mRNA expression of SCGB2A1 between 
UCEC and normal tissues. Boxplots of the association between SCGB2A1 mRNA expression and clinicopathological characteristics, including (B) grade, 
(C) histology, (D) stage, (E) tumor status, and (F) peritoneal cytology. SCGB2A1, secretoglobin family 2A member 1; UCEC, uterine corpus endometrial 
carcinoma; EEA, endometrioid endometrial adenocarcinoma; MSE, mixed serous and endometrioid; SEA, serous endometrial adenocarcinoma.

Table II. Logistic regression on the association between SCGB2A1 expression and clinical pathological characteristics.

Clinical characteristics	 Total (N)	 Odds ratio in SCGB2A1 expression	 P‑value

Age (continuous)	 538	 0.96 (0.94‑0.98)	 <0.01a

BMI (continuous)	 509	 1.04 (1.02‑1.07)	 <0.01a

Grade (3 vs. 1 or 2)	 529	 0.11 (0.08‑0.17)	 <0.01a

Stage (III or IV vs. I or II)	 540	 0.35 (0.23‑0.51)	 <0.01a

Peritoneal cytology (positive vs. negative)	 406	 0.37 (0.20‑0.67)	 0.001a

Pelvic lymph nodes (positive vs. negative)	 440	 0.26 (0.14‑0.45)	 <0.01a

Para‑aortic lymph nodes (positive vs. negative)	 365	 0.49 (0.23‑0.97)	 0.045a

Histology (serous vs. endometrioid)	 518	 0.09 (0.05‑0.16)	 <0.01a

Myometrial invasion (>50vs. ≤50%)	 468	 0.47 (0.32‑0.70)	 <0.01a

Status (with tumor vs. tumor free)	 503	 0.31 (0.18‑0.53)	 <0.01a

Residual tumor (R1 or R2 vs. R0)	 408	 0.49 (0.24‑0.97)	 0.044a

Surgical approach (open vs. minimally invasive)	 518	 0.95 (0.67‑1.36)	 0.787

aP<0.05. SCGB2A1, secretoglobin family 2A member 1.
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factor (PDGF) pathway, DNA repair, coactivator associated 
arginine methyltransferase (CARM) and estrogen receptor 
(ER) pathway, KRAS signaling pathway, PI3K‑AKT‑mTOR 
signaling pathway, ataxia‑telangiectasia and Rad3‑related 
(ATR) and BRCA pathway, and G2M checkpoint were signifi‑
cantly enriched in the SCGB2A1 low‑expression phenotype. 
The details are shown in Table IV.

Systematic analysis of immune infiltrates associated with 
SCGB2A1 mRNA expression in UCEC. TIMER was used to 
further investigate the association between SCGB2A1 and 

immune infiltration in UCEC. SCGB2A1 exhibited a significant 
positive association with the infiltration level of CD8+ T cells 
(P<0.05) and macrophages (P<0.05), and a negative asso‑
ciation with neutrophils (P<0.05) (Fig.  6A). Furthermore, 
high infiltration levels of B cells and CD8+ T  cells were 
statistically significant in UCEC according to the cumulative 
survival analysis (P<0.05; Fig. 6B). Finally, the distribution of 
tumor infiltration levels in UCEC with different SCNAs for 
SCGB2A1 is shown in Fig. 6C. Compared with those in normal 
tissues, the infiltration levels of B cells, CD8+ T cells, CD4+ 
T cells, macrophages, neutrophils and dendritic cells for high 

Figure 4. Survival analysis for SCGB2A1 in UCEC. (A) Kaplan‑Meier curves for overall survival and SCGB2A1 mRNA expression in patients with UCEC 
in The Cancer Genome Atlas cohort. (B) Nomogram for prediction of 1‑, 3‑, and 5‑year survival probabilities of patients with UCEC based on 6 variables. 
SCGB2A1 mRNA expression levels were normalized. SCGB2A1, secretoglobin family 2A member 1; UCEC, uterine corpus endometrial carcinoma.

Figure 3. Protein expression levels of SCGB2A1 in UCEC analyzed by UALCAN based on the Clinical Proteomic Tumor Analysis Consortium database. 
(A) Differential protein expression of SCGB2A1 between UCEC and normal tissues. Boxplots of the association between protein expression levels of SCGB2A1 
and clinicopathological characteristics, including (B) grade, (C) histology, (D) stage and (E) age. ***P<0.001. SCGB2A1, secretoglobin family 2A member 1; 
UCEC, uterine corpus endometrial carcinoma.
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amplification in UCEC were significantly different (P<0.05). 
In addition, the infiltration levels of CD8+ T cells and dendritic 
cells for arm‑level gain in UCEC were statistically different 
from those of the normal tissues (P<0.05).

Discussion

The present study revealed that decreased expression levels 
of SCGB2A1 were associated with poor prognostic clinico‑
pathological characteristics and short survival time in UCEC. 
In addition, the significance of SCGB2A1 in transcriptomics, 
proteomics and the immune microenvironment was explored 
using Oncomine, CPTAC and TIMER. However, in certain 
cancer types, SCGB2A1 expression is controversial. In breast, 
kidney, and ovarian cancer, SCGB2A1 was identified to be 

highly expressed in some analyses, while in other analyses, 
it was identified to be expressed at low levels (Fig. 1A). Based 
on the detailed information in Table SI, it was proposed that 
different cancer subtypes and the number of samples may 
affect SCGB2A1 expression. Additionally, a nomogram based 
on 6 variables, including SCGB2A1 expression, was developed 
for the estimation of the 1‑, 3‑, and 5‑year survival prob‑
ability in UCEC. GSEA was utilized to further understand 
the function of SCGB2A1, which revealed that the VEGF, 
PTEN, and PDGF pathways, DNA repair, CARM and ER, 
KRAS, and PI3K‑AKT‑mTOR signaling pathways, and the 
ATR and BRCA pathway were differentially enriched in the 
low SCGB2A1 expression phenotype. These results suggested 
that SCGB2A1 may be considered as a candidate prognostic 
marker and a novel therapeutic target in UCEC.

Table III. Univariate and multivariate analyses of the association between SCGB2A1 expression with overall survival among 
patients with uterine corpus endometrial cancer.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameters	 HR (95% CI)	 P‑value	 HR (95% CI)	 P‑value

Age (continuous)	 1.03 (0.99‑1.08)	 0.156	 ‑	 ‑
BMI (continuous)	 1.03 (0.97‑1.09)	 0.284	 ‑	 ‑
Grade (3 vs. 1 or 2)	 1.91 (0.76‑4.81)	 0.167	 ‑	 ‑
Stage (III or IV vs. I or II)	 5.62 (2.29‑13.79)	 0.000a	 1.27 (0.50‑3.22)	 0.615
Peritoneal cytology (positive vs. negative)	 4.21 (1.62‑10.97)	 0.003a	 2.75 (1.27‑5.97)	  0.010a

Pelvic lymph nodes (positive vs. negative)	 1.58 (1.26‑1.98)	 0.000a	 1.82 (0.77‑4.33)	 0.174
Para‑aortic lymph nodes (positive vs. negative)	 1.57 (0.36‑6.78)	 0.546	 ‑	 ‑
Histology (serous vs. endometrioid)	 2.35 (0.90‑6.14)	 0.081	 ‑	 ‑
Myometrial invasion (>50 vs. ≤50%)	 2.62 (1.09‑6.31)	 0.032a	 1.51 (0.71‑3.21)	 0.290
Status (with tumor vs. tumor‑free)	 6.00 (2.49‑14.43)	 0.000a	 3.93 (1.97‑7.87)	 <0.01a

Residual tumor (R1 or R2 vs. R0)	 3.19 (1.16‑8.77)	 0.025a	 ‑	 ‑
SCGB2A1 expression (continuous)	 0.82 (0.72‑0.93)	 0.003a	 0.88 (0.79‑0.98)	 0.025a

aP<0.05. SCGB2A1, secretoglobin family 2A member 1; HR, hazard ratio.

Table IV. Gene sets enriched in phenotype low.

			   NOM	 FDR
MSigDB collection	 Gene set name	 NES	 P‑value	 q‑value

c2.cp.biocarta.v6.2.symbols.gmt	 BIOCARTA_VEGF_PATHWAY	 ‑1.681	 0.027	 0.072
	 BIOCARTA_PTEN_PATHWAY	 ‑1.703	 0.025	 0.070
	 BIOCARTA_PDGF_PATHWAY	 ‑1.896	 0.000	 0.042
	 BIOCARTA_ATRBRCA_PATHWAY	 ‑1.690	 0.025	 0.069
	 BIOCARTA_CARM_ER_PATHWAY	 ‑1.698	 0.019	 0.069
h.all.v6.2.symbols.gmt	 HALLMARK_DNA_REPAIR	 ‑1.722	 0.044	 0.069
	 HALLMARK_KRAS_SIGNALING_DN	 ‑1.675	 0.009	 0.073
	 HALLMARK_PI3K_AKT_MTOR_SIGNALING	 ‑1.777	 0.008	 0.057
	 HALLMARK_G2M_CHECKPOINT	 ‑2.278	 0.000	 0.005

MSigDB, Molecular Signatures Database; VEGF, vascular endothelial growth factor; PDGF, platelet‑derived growth factor; ATR, ataxia‑telan‑
giectasia and Rad3‑related; CARM, coactivator associated arginine methyltransferase; ER, estrogen receptor; FDR, false discovery rate; NES, 
normalized enrichment score; NOM, nominal.
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As a member of the uteroglobin gene family, SCGB2A1 was 
first isolated from the human endometrium (10); however, it 
has rarely been investigated in UCEC. Tassi et al (18) reported 
that SCGB2A1 was upregulated in endometrioid endometrial 
cancer tissues compared with normal tissues; however, the 
aforementioned study presented some limitations due to a lack 
of prognostic analysis and subgroup analysis in UCEC. The 
present study revealed the differential expression of SCGB2A1 
in UCEC, and that the mRNA and protein expression levels 
of SCGB2A1 in serous carcinoma were decreased compared 
with those in endometrioid carcinoma, which suggested that 
SCGB2A1 may be involved in the carcinogenesis of UCEC 
cells. Although no significant differential expression of 
SCGB2A1 was identified between normal tissues and serous 
carcinoma and stage IV cancer tissues, the expression levels 
of SCGB2A1 in normal tissues were significantly decreased 

compared with those in G3 cancer, stage III or IV, with tumor 
and peritoneal cytology‑positive tissues (P<0.05). The specific 
mechanism requires further exploration. In UCEC, genetic 
alternations of KRAS and PTEN are common (34,35). PTEN 
is an essential tumor suppressor gene in UCEC  (36), and 
changes in PTEN could result in disorders of the cell cycle, 
and abnormal proliferation and differentiation in carcino‑
genesis (37). As an oncogene, KRAS has a synergistic effect 
with PTEN in tumorigenesis and upregulates the expres‑
sion levels of ER (38,39). Furthermore, the activation of the 
PI3K‑AKT‑mTOR signaling pathway via the ER signaling 
pathway results in cell proliferation (40). The present results 
revealed that SCGB2A1 was associated with the PTEN, 
KRAS, and PI3K‑AKT‑mTOR signaling pathways. Therefore, 
SCGB2A1 may be involved in the carcinogenesis of UCEC 
by mediating cell proliferation via these signaling pathways. 

Figure 5. Enrichment plots from gene set enrichment analysis. (A) VEGF pathway, (B) PTEN pathway, (C) PDGF pathway, (D) ATR and BRCA pathway, 
(E) CARM and ER pathway, (F) DNA repair, (G) KRAS signaling pathway, (H) PI3K‑AKT‑mTOR signaling pathway, and (I) the G2M checkpoint were 
differentially enriched in SCGB2A1‑associated uterine corpus endometrial carcinoma. VEGF, vascular endothelial growth factor; PDGF, platelet‑derived 
growth factor; ATR, ataxia‑telangiectasia and Rad3‑related; CARM, coactivator associated arginine methyltransferase; ER, estrogen receptor; SCGB2A1, 
secretoglobin family 2A member 1.
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Although these pathways have not been reported to be associ‑
ated with SCGB2A1, further exploration is required.

In the past, the prognostic value of SCGB2A1 expression 
has been analyzed in some specific tumors. Higher expres‑
sion levels of SCGB2A1 may decrease the risk of recurrence 
of epithelial ovarian cancer  (9). However, upregulation of 
SCGB2A1 in colorectal cancer decreases the sensitivity to 
5‑fluorouracil and oxaliplatin, and promotes chemoresistance 
and radio‑resistance, which results in poor prognosis (16). To 
the best of our knowledge, the prognostic value of SCGB2A1 
in UCEC remains unclear. The results of the present study 
revealed that decreased SCGB2A1 expression was associated 
with short survival time in UCEC. Furthermore, a nomogram 
was constructed to predict the prognosis of patients with 
UCEC more accurately. Notably, SCGB2A1 expression levels 
decreased as age, stage, grade, and level of myometrial inva‑
sion increased, suggesting that SCGB2A1 may be associated 
with the progression of UCEC. Furthermore, SCGB2A1 was 
downregulated in samples with positive peritoneal cytology, 
and positive pelvic lymph node and para‑aortic lymph node 
statuses, and upregulated in the samples with negative statuses 
of these indicators. It has been acknowledged that angiogenesis 
is a common process in the development of tumors, including 
UCEC (41,42). VEGF acts as a key mediator of tumor angio‑
genesis, and it is upregulated by the induction of several 
growth factors and hypoxia (43,44). In addition, overexpression 
of VEGF in UCEC has been reported to be associated with 
deep myometrial invasion and lymph node metastasis (45). 
Therefore, SCGB2A1 may be involved in the progression of 

UCEC by mediating angiogenesis via the VEGF signaling 
pathway. Additionally, serum biomarkers are critical during 
the management of patients with cancer in clinical practice, 
while advances in UCEC are limited. CA125 and HE4 have 
been identified as promising serum biomarkers in guiding 
the management of UCEC, but some limitations remain (46). 
Further analysis of serum levels of SCGB2A1 may prompt it to 
become a potential marker for monitoring the development of 
UCEC and predicting prognosis (47).

The present study performed immune infiltration analysis 
of SCGB2A1 in UCEC, and the levels of B cells, CD8+ T cells, 
macrophages and neutrophils were identified to be statistically 
significant. To the best of our knowledge, no studies have been 
reported regarding the association between SCGB2A1 and 
TIICs in UCEC, but there are some analyses regarding the 
effect of TIICs on UCEC (48‑50). A previous study revealed 
that high levels of CD8+ T lymphocytes are an independent 
favorable prognostic predictor in UCEC (51), which is consis‑
tent with the results of the present study. A high density of 
macrophages is associated with type 2 endometrial cancer (52), 
and tumor‑associated macrophages have been reported to 
promote the invasion of UCEC cells (53). However, the present 
results indicated that the infiltration levels of macrophages 
were positively associated with SCGB2A1. As the immune 
infiltration analysis by TIMER was limited to the general 
scope of macrophages, further specific analysis is required.

One of the limitations of the present study was that it was 
primarily based on in silico analysis, while in vitro and in vivo 
experiments were lacking. The present study developed a 

Figure 6. Systematical analysis of immune infiltrates associated with SCGB2A1 mRNA expression in UCEC using the Tumor Immune Estimation Resource. 
(A) Association between SCGB2A1 mRNA expression and the infiltration levels of tumor‑infiltrating immune cells in UCEC. (B) Kaplan‑Meier plots for 
immune infiltrates and SCGB2A1 mRNA expression to visualize survival differences in UCEC. (C) Distribution of tumor infiltration levels among different 
SCNAs for SCGB2A1 in UCEC. The infiltration levels for each SCNA category in UCEC were compared with those in normal tissues. *P<0.05, **P<0.01, and 
***P<0.001. SCGB2A1, secretoglobin family 2A member 1; UCEC, uterine corpus endometrial carcinoma; SCNAs, somatic copy number alterations.
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multi‑omics analysis and prognostic module, and several data‑
bases were utilized to validate the results. However, it remains 
necessary to conduct further assessments using in vitro and 
in vivo analyses. Furthermore, the validation of the feasibility 
of serum SCGB2A1 levels is also essential for clinical practice 
value.

In conclusion, low expression levels of SCGB2A1 in UCEC 
may predict poor prognosis, and these signaling pathways may 
be crucial for the regulatory effect of SCGB2A1 in UCEC. 
As the present results were primarily based on bioinformatics 
analysis, further studies are required to validate the role of 
SCGB2A1 in UCEC and to improve the understanding of the 
underlying mechanisms.
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