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Abstract
Background

Esophageal squamous cell carcinoma (ESCC) ranks the sixth in mortality rates in cancers due to a lack of
a speci�c target of diagnosis and treatment in the early stages. Although Forkhead box M1 (FOXM1) has
been reported to be differentially expressed in ESCC, its clinical role and function in ESCC remained
unclari�ed.

Methods

Data from our hospital and public databases (n = 1906) were combined to estimate how FOXM1
overexpression showed its discriminatory ability between ESCC and non-ESCC esophageal tissues.
Downstream targets of FOXM1 were predicted by using Cistrome database. Functional enrichment
analyses were performed to explore the potential signaling pathways related to FOXM1 in ESCC. Based
on the available clinical parameters, we investigated the prognosis potential of FOXM1 and its targets.

Results

The pooled standard mean difference (SMD) for FOXM1 is 2.62 (95% CI: 2.08–3.16), indicating that
FOXM1 is upregulated in ESCC. FOXM1 has an extremely high discrimination potential in ESCC because
the area under the curve (AUC) of the summary receiver operating characteristic curve (sROC) is 0.99
(95% CI: 0.97–0.99). A total of 168 downstream targets were identi�ed, and nine hub genes were
screened from them. We found that FOXM1 and its targets were signi�cantly enriched in the cell cycle.
Additionally, the correlation between FOXM1 and clinical parameters had not been observed, except for
age.

Conclusions

FOXM1 is upregulated in ESCC and has an extremely high discrimination potential in ESCC.

1. Introduction
Esophageal cancer (ESCA) is considered one of the most common neoplasms worldwide, ranking the
sixth among cancer-associated causes of death (1),(2). Esophageal squamous cell carcinoma (ESCC) is
the most common histological type of ESCA worldwide (3),(4),(5). Comparing with other countries, China
has the highest ESCC incidence rate and accounts for more than half of the total cases in the world (6).
Due to the lack of speci�c clinical symptoms, ESCC in early stages is usually ignored by patients (7),(8),
(9). Sadly, with high metastasis and recurrence rates, the prognosis of ESCC patients in advanced stages
is extremely awful (10),(11),(12). To date, surgery remains the �rst choice for treating ESCC in early
stages and has a considerable effect, but therapists do not obtain optimistic e�cacy whether surgery or
other therapy methods (13),(14),(15),(16),(17). The latest practice guidelines recommended postoperative
neoadjuvant chemotherapy as the �rst choice for patients with advanced ESCC, but according to the
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statistics, the 5-year survival rate of advanced patients who accepted neoadjuvant chemotherapy
remains less than 40% (18). Thus, exploring the molecular markers related to the occurrence,
development, and prognosis of ESCC, and then applying them to the early diagnosis and target therapy of
ESCC is of great signi�cance for the clinical treatment and prognosis amelioration of ESCC.

Forkhead box M1 (FOXM1) is a typical transcription factor associated with cell proliferation. As a
member of the Forkhead box family, a conserved wing helix DNA-binding domain comprising 100 amino
acids characterizes FOXM1 (19). FOXM1 is considered to participate in cell cycle regulations, which are
re�ected in G1/S and G2/M transitions, mitosis, and the cytokinesis process (20),(21). The previous
evidences showed that FOXM1 is upregulated in liver cancer, lung cancer, gastric cancer, and many
human malignant tumors, which is accosiated with tumor growth, metastasis, angiogenesis, and
prognosis (22),(23),(24),(25),(26). Similarly, some researchers have reported the biological functions of
FOXM1 in ESCC. For example, a report written by Su et al. indicated that upregulated GACAT3 could
regulate the expression of miR-149 and then regulate the expression of FOXM1 in ESCC. They also
reported that upregulated FOXM1 plays an oncogene role and promotes ESCC metastasis (27). In a study
that included 115 ESCC patients, Cheng et al. reported that the expression of FOXM1 has a signi�cantly
negative correlation with the survival time of patients and promotes the proliferation of ESCC cells by
participating in the formation of Vasculogenic Mimicry (28). After analyzing 186 ESCC tissues, Xiao et al.
found that FOXM1 is upregulated in ESCC and signi�cantly associated with tumor sizes and
differentiation (29). Unfortunately, some limitations of the researches about FOXM1 in ESCC are obvious:
the existing research had included small sample sizes, and most of them were single-center researches;
the expression of FOXM1 in patients with different clinical parameters has not been fully clari�ed. In
addition, the authors have not found any reports on the downstream target genes or signal pathways of
differentially expressed transcription factor FOXM1 regulating the development of ESCC. Therefore, we
herein aimed to �ll the above gaps.

In the presented study, the authors wanted to explore the expression, potential signaling pathway, and
prognostic role of transcription factor FOXM1 in ESCC. Thus, the mRNA-sequencing data and microarray
chips from our hospital alongside 1542 samples from public databases were included and analyzed to
reveal the clinical signi�cance and potential mechanism of FOXM1 in ESCC.

2. Methods
The �ow chart of this study is displayed in Supplementary Figure 1. 

2.1 The detection of FOXM1 protein expression based on immunohistochemistry (IHC)

We obtained three tissue microarrays (ESC242, ESC1503, and ESC1504) from Fanpu, Inc. (Guilin, P.R.
China), which comprised 162 non-cancerous esophagus tissues and 162 ESCC tissues. FOXM1 was
detected with recombinant anti-FOXM1 antibody (ab207298), then we �xed, stained and examined the
IHC chips. Before knowing the sample in advance, we randomly selected 10 visual �elds with a 400X
optical microscope and calculated the percentages of tumor cells with FOXM1 positive expression.
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Finally, the mean percentages of the above tumor cells were estimated according to the previous
studies (16),(30),(31),(32).

2.2 Clinical samples and RNA sequencing

From August 2019 to December 2019, we obtained eight pairs of ESCC and paracancerous tissues from
the First A�liated Hospital of Guangxi Medical University, and none of the mentioned tissues received
chemotherapy or radiotherapy before resection. These samples were then subjected to mRNA
sequencing. Finally, mRNA-sequencing data of about 30,000 genes was obtained. In order to make more
researchers bene�t from our data, we also uploaded the mRNA-sequencing data to gene expression
omnibus (GEO) database (accession number: GSE164158)(33).

2.3 Clinical signi�cance of FOXM1 in ESCC

Before the subsequent analysis, we collected ESCC series from public databases, including the cancer
genome atlas (TCGA), genotype-tissue expression (GTEx), GEO, ArrayExpress, Oncomine and sequence
read archive (SRA). “Esophageal squamous cell carcinoma” was used as the search keyword. The
included series should meet the following conditions: (1) Tissues or body �uid were collected from homo
sapiens; (2) the series should comprise microarrays or RNA sequencing; (3) contains at least three pairs
of ESCC and adjacent tissues or can be merged with series on the same sequencing platform; and (4)
contains the expression data of FOXM1. The �ow chart of the data �ltering process for the series is
shown in Supplementary Figure 2. All the included series were performed a log2(x + 1) conversion and
merged according to their platforms.

The authors extracted the FOXM1 expression data and assessed the differences in FOXM1 expression
between ESCC and adjacent tissues through student’s t-tests in IBM SPSS 23.0. Scatter plots and receiver
operating characteristic (ROC) curves were plotted using Graphpad Prism 8.0 to show the expression and
discrimination potential of FOXM1 in every series. Moreover, the standardized mean difference (SMD),
funnel plot, and a summary receiver operating characteristic curve (sROC) was analyzed through Stata
14.0. Then, patients’ clinical information from the TCGA dataset, in-house sequencing, and IHC were
collected, and correlation analysis between the expression of FOXM1 and different clinical parameters
were performed.

2.4 Identi�cation of FOXM1 differentially co-expressed genes (DCEGs)

2.4.1 Identi�cation of FOXM1 differentially expressed genes (DEGs)

Based on 60 collectable public datasets and in-house sequencing data including eight pairs of ESCC and
normal tissues, we respectively evaluated the SMD of all genes. When lower 95% CI > 0 and SMD > 0, the
genes are considered upregulated in ESCC. The genes would be identi�ed as DEGs when they met both of
the conditions.

2.4.2 Identi�cation of FOXM1 co-expressed genes (CEGs)
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As mentioned earlier, 13 series were merged and normalized from 60 public datasets. Then, the authors
calculated Pearson’s r-values between FOXM1 and other genes. We screened the genes with r > 0.3 and p
< 0.05 and then made an interaction among 13 series, and when the gene appeared seven or more times
in 13 series, it would be identi�ed as CEG.

An interaction was made between DEGs and CEGs, and the DCEGs of FOXM1 were identi�ed and
performed in the subsequent study.

2.5 Screening of transcription factor FOXM1 targets

We pretended that the differentially expressed transcription factor FOXM1 would affect the differential
expression of downstream genes in ESCC and then promote the proliferation and invasion of ESCC cells.
To �nd out the potential downstream genes regulated by FOXM1, we downloaded 40 gene lists with
FOXM1 putative targets from Cistrome DataBase (CistromeDB) and screened genes with a score ≥ 0.5,
and then we interacted them with FOXM1 DCEGs. We considered that the obtained genes have the
greatest potential to be FOXM1 targets in ESCC.

2.6 Exploration of FOXM1 potential mechanisms in regulating ESCC

To reveal the potential signal pathways of differentially expressed FOXM1 in regulating ESCC
development, a clusterPro�ler package supported by R v3.6.2 was used to predict signal pathways
in gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG). Then, we listed the genes
enriched in the top three KEGG terms and entered them into the search tool to retrieve interacting genes
(STRING) to structure the protein–protein interaction (PPI) network as previously reported (34),(35),(36),
(37). Next, we downloaded the PPI network analysis result and screened the top nine signi�cant hub
genes through degree conversion; the CytoHubba module achieved this step in cytoscape v3.7.1. Finally,
the correlations between FOXM1 and its hub genes were estimated, and the binding peaks between
FOXM1 and its hub genes were found in cistromeDB.

2.7 Prognosis analysis of FOXM1 and hub genes

We wanted to investigate the correlation between the expression level of FOXM1 and patients’ prognosis.
As mentioned earlier, we collected patients’ clinical information from TCGA databases, so we performed a
survival analysis for samples with high and low FOXM1 expression. The same operation was applied to
the nine hub genes to explore whether the hub genes also in�uenced patients’ prognosis.

2.8 Statistic analysis

Herein, we performed log2(x+1) conversion on all the mRNA expression data from collected published
series. Student’s t-test was performed by IBM SPSS 23.0 and we showed the mean and standard
deviation (SD). The scatter plots and ROC curves were plotted by Graphpad Prism 8. Stata 14.0 was
applied to plot forest plot of SMD, funnel plot and sROC curve, which represent the expression level,
publication bias and discrimination potential of FOXM1 in ESCC. R v3.6.2 was used to calculate and plot
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the correlation between FOXM1 and its targets. In addition, p < 0.05 was considered statistically
signi�cant.

3. Results
3.1 Clinical signi�cance of FOXM1 in ESCC

IHC results indicated that the FOXM1 protein is overexpressed in ESCC tissues, but we did not observe the
FOXM1 protein expressed in normal tissues (Figure 1). The mRNA-sequencing data from our hospital
also indicated that FOXM1 is signi�cantly upregulated in ESCC (p < 0.05) (Figure 2A). According to the
public data, FOXM1 was signi�cantly upregulated in ESCC cells, and the same results were also observed
in every public series (Figure 2B-N). To visualize the results, a forest plot is shown in Figure 3A, which
indicates that FOXM1 was upregulated in ESCC (SMD = 2.62, 95% CI: 2.08–3.16). No publication bias
was observed (Figure 3B). Moreover, an sROC was plotted to explain ROC curves synthetically, and it
indicated that FOXM1 had an extremely high potential to discriminate ESCC patients from healthy people
due to AUC = 0.99 (95% CI: 0.97–0.99) (Figure 3C). With high sensitivity and speci�city (comprehensive
sensitivity = 0.95, comprehensive speci�city = 0.96), FOXM1 has the potential for clinical application
(Figure 3D). After that, the relationship between FOXM1 expression and the patients’ clinical parameters
was also discussed. According to sequencing data from the TCGA database, we found that the
expression level of FOXM1 was signi�cantly different in the group and age of patients (p < 0.05) (Table
2). However, although our clinical and IHC samples also present differential FOXM1 expression in
different groups, differential expression between the two age groups was not observed (Supplementary
Tables 1 and 2). 

3.2 Identi�cation of FOXM1 downstream targets

After screening, 984 DEGs and 2142 CEGs of FOXM1 in ESCC were identi�ed from 61 series. Based on
cistromeDB, 1841 putative targets were screened. We interacted with the above three terms (DEGs, CEGs
and putative targets), and then 168 targets were identi�ed and used for the follow-up research (Figure
4A).

3.3 Enrichment analysis

First, 168 targets were used for enrichment analysis. The GO analysis results indicated that FOXM1
targets signi�cantly enriched in mitotic nuclear division, kinetochore, and ATP binding, and the KEGG
analysis results indicated that the above targets signi�cantly enriched in cell cycle, progesterone-
mediated oocyte maturation, and oocyte meiosis (Figure 4B-D and Figure 5A). Then, the genes enriched in
the mentioned top 3 KEGG signaling pathways were entered into STRING and structured a PPI network
(Figure 5B). Based on degree conversion, nine hub genes were identi�ed, including polo-like kinase 1
(PLK1), cyclin-dependent kinase 1 (CDK1), cyclin-dependent kinase 2 (CDK2), mitotic arrest de�cient 2 like
1 (MAD2L1), cyclin B1 (CCNB1), BUB1 mitotic checkpoint serine/threonine kinase (BUB1), cell division
cycle 20 (CDC20), cyclin B2 (CCNB2), and cell division cycle 25A (CDC25A) (Figure 5C).
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3.4 The relationship between FOXM1 and its hub genes

We extracted the expression data from the aforementioned datasets and explored the correlations
between FOXM1 and its hub genes. Obviously, not only was FOXM1 signi�cantly associated with other
hub genes, but also there were signi�cant correlations among the hub genes that were observed (Figure
6). To verify that FOXM1 has targeted regulatory effects on hub genes, we explored the binding sites of
hub genes in cistromDB and found binding peaks between FOXM1 and the transcription initiation points
of hub genes (Figure 7).

The survival status and survival time of the TCGA patients were collected. After performing survival
analysis of FOXM1 and its nine downstream targets, we found that there is no signi�cant correlations
between survival time and the mentioned genes (p > 0.05) (Figure 8).

4. Discussion
By analyzing the eight pairs of clinical samples from our hospital, IHC data from 174 patients, and 1542
ESCC mRNA-sequencing data from public databases, this study solved the following problems: First, the
expression of FOXM1 is upregulated in ESCC and has an extremely high discrimination potential in ESCC;
second, the downstream target genes of FOXM1 were predicted and veri�ed; and �nally the potential
signaling pathways of FOXM1 in regulating ESCC were also indicated. To our knowledge, we indicated
the expression of FOXM1 is upregulated in ESCC and has a great ability to discriminate ESCC from
healthy cells for the �rst time, these results were based on the largest sample size at present. Moreover,
not only the mRNA expression of FOXM1 were revealed, we also explored the protein expression of
FOXM1 in ESCC, and obtained a same result.

In previous researches, FOXM1 was considered differentially expressed in ESCC. Many researchers,
including Yuan, Pedro, and Song et al., have reported that FOXM1 is upregulated in ESCC based on
samples from their hospitals (38),(39),(40). However, studies have shown an interesting view. Takata et
al. detected the expression level of FOXM1 protein in 174 ESCC tissues and found that only 54% of ESCC
samples showed positive FOXM1 expression; although they did not detect FOXM1 expression in normal
tissues, the results showed that only half of the tissues were positive and FOXM1 was not considered
differentially expressed in ESCC (41). Obviously, most of the researches had similar results to ours. This
study indicated that the expression of FOXM1 is signi�cantly upregulated in ESCC and that it has a very
high discriminated effect between ESCC and healthy cells. Nevertheless, the expression level of FOXM1 in
ESCC remains controversial; although we have larger samples, more data remain to be collected and
analyzed in the future. Additionally, many studies have indicated the correlations between FOXM1
expression and patients’ clinical parameters. Cheng et al. performed a correlation analysis between the
expression of FOXM1 and the prognosis of patients; the results showed that FOXM1 expression is
negatively correlated with patients’ survival time (28). Nevertheless, there was no signi�cant correlation
between FOXM1 expression and patients’ survival time observed in our results. It is noteworthy that Hui et
al. observed that FOXM1 expression is associated with the pathological stages of patients, which is also
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inconsistent with our results (42). In data from the TCGA database, we observed that FOXM1 expression
is only signi�cantly related to patients’ ages, and other clinical parameters do not show positive results.
To date, the relationship between FOXM1 and patients’ prognosis/clinical parameters remains
controversial, and the clinical information that we could collect is limited. Thus, it is essential to conduct
further research with larger sample sizes and prognostic information.

As a transcription factor, transcriptional regulation of FOXM1 has been reported in multiple types of
cancers. Yang et al. indicated that FOXM1 can bind with the FKH sequence located on the HMMR
promoter region and activate the transcription initiation of HMMR, and the expression of HMMR
promotes metastasis of bladder cancer cells through the Wnt/β-catenin signaling pathway (43). Liu et al.
observed that FOXM1 plays a regulatory role in tumor proliferation, invasion, chemotherapy resistance,
and genomic mutation by regulating downstream ovarian cancer-related genes (44). In a study focus on
pancreatic cancer, Wang et al. thought that upregulated FOXM1 will activate the production of miRNA-
552 and in�uence the expression of DACH1, PCDH10, and SMAD4, which promotes the development of
pancreatic cancer (45). Moreover, the transcriptional regulation of FOXM1 has also been reported in head
and neck cancer, prostatic cancer, breast cancer, hepatocellular carcinoma, and other cancers (46),(47),
(48),(49). In our results, due to the lack of research on the transcriptional regulation of FOXM1 in ESCC,
we could only infer the downstream target genes of FOXM1 from 40 putative target lists of FOXM1 in
other tumors. Finally, 168 genes were identi�ed as FOXM1 downstream targets.

In this study, nine hub genes were identi�ed. According to the existing literature, most of the hub genes
are related to FOXM1 in various cancer types. Wang et al. reported that FOXM1 and PLK1 are risk factors
for breast cancer, and FOXM1 might play a regulatory role in PLK1 transcription (48). In Qi’s opinions,
FOXM1 was identi�ed as a hub gene in lung cancer, and differentially expressed FOXM1 regulates CDK1,
CCNB2, and CDC20 through upregulated SBF2-antisense RNA 1 (50). In a study on liver cancer, Wu et al.
indicated that FOXM1 inhibits the production of thyroid hormones and the expression of CDK2 (51). Li et
al. found that there is a great binding site between FOXM1 and the promoter of CCNB1, and
downregulated CCNB1 inhibits the expression of FOXM1 in cervical squamous cell carcinoma (52). Yu et
al. indicated that FOXM1 can bind with the promoter region of BUB1 and then participate in the radio-
resistance of glioblastoma (53). In addition, CDC25A was also considered an important gene in the
FOXM1-miR-21-5p-CDC25A axis, which regulates the development of acute lymphoblastic leukemia (54).
Unfortunately, we did not �nd any study on the relationship between FOXM1 and MAD2L1; we will
continue to pay attention to relevant progress.

Furthermore, to our knowledge, some researchers have also reported the potential molecular mechanisms
of FOXM1 in ESCC. Yuan et al. thought that upregulated FOXM1 can eliminate the inhibitory effect of
miRNA-134 and relates proteins on the proliferation and invasion of ESCC cells and then promote the
development of ESCC (38). Pedro et al. indicated that overexpressed FOXM1 regulates AKT
phosphorylation by participating in the PIK3/AKT signaling pathway, which can promote the proliferation
of ESCC. This regulatory effect is related to the poor prognosis of patients (39). As mentioned earlier, the
downstream targets of FOXM1 were applied to predict potential signaling pathways. In this study, we
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indicated that the downstream targets of FOXM1 are signi�cantly enriched in the cell cycle, which has not
been reported in ESCC. After searching literature, the following researches supported our conclusions
would be showed. Lee et al. found that downregulated FOXM1 arrests the cell cycle in hepatocellular
carcinoma by inhibiting the expression of downstream targets AURKA and PLK1 (55). Researchers have
also reported that panobinostat induces the G2/M cell cycle arrest in gastric metastatic cancer cells,
which is based on the downregulation of FOXM1 (56). Furthermore, Shi et al. thought that lncRNA OSER1-
AS1 targets FOXM1 expression and then promotes cell apoptosis and cell cycle arrest in lung
adenocarcinoma cells (57). Interestingly, Pedro et al. reported that FOXM1 not only regulates ESCC cell
proliferation in G1/S and G2/M phase but also plays a regulatory role in the M phase (58). The authors
found that many other researchers’ results are similar to ours; FOXM1 downstream targets, including
PLK1 and CDK1, are probably the key targets of FOXM1 in regulating the cell cycle (55),(20).

This study revealed the expression of FOXM1 mRNA and protein in ESCC using 1906 samples. We
showed the potential regulatory mechanisms of FOXM1. However, some limitations are obvious: First, all
the samples were collected from tissues of homo sapiens, and we could not know the expression level of
FOXM1 in body �uids; second, as a controversial topic, only a few clinical parameters and patient
prognosis information were collected in this study, and we hope to clarify the relationship between
FOXM1 and clinical parameters more objectively in the future; �nally, all the analysis on the potential
mechanisms is still based on bioinformatics, and further experiments in vivo and in vitro are needed to
verify our conclusions.

5. Conclusion
Overall, based on clinical samples from our hospital and public databases, we reported that FOXM1 was
signi�cantly upregulated in ESCC in large sample sizes for the �rst time, and that upregulated FOXM1
had an extremely high potential to discriminate ESCC from healthy cells. Furthermore, the downstream
targets of FOXM1 and the potential signaling pathways for regulating ESCC were also predicted. We �lled
the de�ciency of previous studies about FOXM1 in ESCC, and proposed that FOXM1 might be an
important target for the diagnosis and treatment of ESCC.
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Tables
Table 1. Basic information of datasets of esophageal squamous cell carcinoma.
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Platform Study ESCC Non-ESCC Platform Study ESCC Non-ESCC

GPL13287 GSE70409 17 17 GPL13607 GSE45350 4 4

GPL16956 GSE89102 5 5 GPL571 GSE36223 0 23

GPL18109 GSE53624 119 119 GSE39491 0 40

GPL9052 GSE119436 4 4 GSE53892 3 0

GPL13497 GSE97558 3 0 GSE38129 30 30

GSE45168 5 5 GSE29001 21 24

GPL570 GSE3526 0 4 GSE20347 17 17

GSE161533 28 56 GSE44021 73 73

GSE77861 7 7 GPL16791 GSE111011 7 7

GSE100942 4 5 GSE156651 0 4

GSE26886 9 19 GSE103356 0 6

GSE33810 2 1 GSE116272 0 4

GSE17351 5 5 GSE113341 0 10

GSE7307 0 4 GSE113777 0 1

GSE19472 0 2 GPL96 GSE1420 0 8

GSE148247 0 3 GSE13083 0 7

GSE146808 3 0 GSE52138 1 2

GSE45670 0 10 GSE44021 34 34

GSE17353 0 4 GSE23400 53 53

GSE63941 22 0 GPL20301 GSE149609 17 10

GSE13378 8 0 GSE142556 2 0

GSE67508 8 0 GPL20795 GSE164158 8 8

GSE86013 2 0 GSE128914 3 0

GSE27424 0 6 GSE124514 2 0

GSE69925 274 0 GSE128913 3 0

GSE44021 6 6 GPL5175 GSE75241 15 15

GSE32701 20 0 GSE49292 0 3

GSE35975 1 0 GSE65013 0 6
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GSE11373 1 0 GSE75243 2 0

TCGA-GTEx TCGA 81 2 In-house - 8 8

GTEx 0 291

Note: ESCC, esophageal squamous cell carcinoma; TCGA, The Cancer Genome Atlas; GTEx, The
Genotype-Tissue Expression.

Table 2. Relationship between FOXM1 expression of RNA-sequencing dataset and clinicopathological
parameters of ESCC patients.
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Clinical parameters Case(n) FOXM1 expression T-test

Mean SD T-value P-value

Group

  ESCC 81 5.941  0.917  -16.312 0.000*** 

  Non-ESCC 293 4.178  0.619 

Gender

  Male 69 6.311  1.029  1.018 0.312 

  Female 12 5.987  0.940 

Race†

  Asian 37 6.406  1.018  1.44 0.243 

  Black or African American 5 6.697  0.674 

  White 37 6.074  1.058 

Age (years)

  < 60 48 6.595  0.988  3.836 0.000*** 

  ≥ 60 33 5.779  0.866 

Clinical T stage†

  T1 5 5.912  1.593  0.396 0.757 

  T2 8 6.306  1.627 

  T3 19 6.509  0.849 

  T4 3 6.602  0.351 

N stage†

  N0 14 6.243  1.551  0.258 0.775 

  N1 12 6.388  0.724 

  N2 2 6.897  0.708 

M stage

  M0 31 6.333  1.167  -0.758 0.454 

  M1 4 6.791  0.793 

Clinical stage†

  II 18 6.370  1.362  0.245 0.784 
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  III 11 6.457  0.479 

  IV 4 6.791  0.793 

Note: ESCC, esophageal squamous cell carcinoma; Non-ESCC, control group without esophageal
squamous cell carcinoma samples; SD, standard deviation. Race†, Clinical T stage†, Clinical stage†, N
stage†, Clinical stage† were analyzed by single factor ANOVA, and the rest were analyzed by student’s T
test. *, p<0.05; **, p<0.01; ***, p<0.001.

Figures
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Figure 1

Immunohistochemistry of FOXM1. (A, C, E): Normal esophageal tissue. B, D, F: Esophageal squamous cell
carcinoma. Magni�cation, ×400. Note: FOXM1, Forkhead box M1
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Figure 2

Expression level of FOXM1 in esophageal squamous cell carcinoma datasets. Scatter plots showed the
differential expression of FOXM1 in esophageal squamous cell carcinoma and normal esophageal tissue,
and ROC plots showed the ability of FOXM1 to distinguish esophageal squamous cell carcinoma from
normal esophageal tissue. In the case of AUC > 0.5, the closer AUC is to 1, the stronger the ability of
FOXM1 to distinguish esophageal squamous cell carcinoma from normal esophageal tissue. A: In-house
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sequencing data; B: GPL96; C: GPL570; D: GPL5175; E GPL13497; F: GPL16791; G: GPL20301; H:
GPL20795; I: GPL136-7; J: GPL18109; K: GPL13287; L: GPL16956; M: GPL9052; N: TCGA-GTEx.

Figure 3

Integrated analysis of FOXM1 expression. A: Forest plot, SMD = 2.62 [2.08–3.16]. B: Funnel plot. C: SROC
plot, AUC = 0.99 [0.97–0.99]. D: Plot of comprehensive sensitivity and comprehensive speci�city,
comprehensive sensitivity = 0.95 [0.86–0.98], comprehensive speci�city = 0.96 [0.87–0.99]. Note: SD,
standard deviation; SMD, standardized mean difference; CI, con�dence interval; FOXM1, Forkhead box
M1; SROC, summary receiver operator characteristic curve; AUC, area under the curve.
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Figure 4

Bioinformatics analysis of the molecular mechanism of FOXM1 in esophageal squamous cell carcinoma.
A: Venny diagram. B: Tableau diagram of biological process. C: Tableau diagram of a cellular
component. D: Tableau diagram of molecular function. Note: DEGs, differentially expressed genes; CEGs,
co-expressed genes.
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Figure 5

Enrichment analysis of FOXM1 DCEGs in esophageal squamous cell carcinoma. A: Kyoto Encyclopedia
of Genes and Genomes enrichment analysis. B: PPI networks showed the connection among the DCEGs.
C: The top nine hub genes were screened out. DCEGs, differentially co-expressed genes; PPI, protein–
protein interaction. 
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Figure 6

The correlations between FOXM1 and its hub genes based on the collected data sets. A: GPL96; B:
GPL570; C: GPL5175; D: GPL9052; E: GPL13287; F: GPL13497; G: GPL13607; H: GPL16791; I: GPL16956;
J: GPL18109; K: GPL20301; L: GPL20795; M: TCGA-GTEx; N: In-house sequencing data.
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Figure 7

There are binding peaks between FOXM1 and its hub genes. A: PLK1; B: CDK1; C: CDK2; D: MAD2L1. E:
CCNB1. F: BUB1. G: CDC20. H: CCNB2. I: CDC25A
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Figure 8

Prognosis analysis of patients with esophageal squamous cell carcinoma in RNA sequencing database.
A: FOXM1; B: PLK1; C: CDK1; D: CDK2; E: MAD2L1; F: CCNB1; G: BUB1; H: CDC20; I: CCNB2; J: CDC25A; P
< 0.05* statistical signi�cance.
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