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Among women, cervical cancer (CC) ranks as the third most frequent form of carcinoma and the fourth greatest cancer-related
cause of deaths. There is increasing evidence that points to the dysregulation of EPH receptor B6 (EPHB6) in various cancers. On
the other hand, neither the expression nor the function of EPHB6 in CC has been researched. In the first part of this investigation,
we analyzed the data from the TCGA and discovered that the level of EPHB6 was much lower in CC tissues than in normal cervical
tissues. ROC assays revealed that high EPHB6 expression had an AUC value of 0.835 for CC. The survival study revealed that both
the overall and disease-specific survivals in this condition were considerably lower among patients who had a low EPHB6 level
compared to those who had a high EPHB6 level. It is important to note that the multivariate COX regression analysis indicated
that the expression of EPHB6 was an independent predictive factor. In addition to this, the C-indexes and calibration plots of
a nomogram derived from multivariate assays revealed an accurate prediction performance among patients with CC. Immune
infiltration analysis indicated that the expression of EPHB6 was positively associated with the levels of Tcm, TReg, B cells, T cells,
iDC, T helper cells, cytotoxic cells, and DC, while negatively associated with NK CD56bright cells and neutrophils. In summary,
the downregulation of EPHB6 was strongly linked to a more aggressive clinical development of CC, suggesting its potential utility

as a diagnostic and therapeutic target in CC.

1. Introduction

Cervical cancer (CC) is one of the most common gyneco-
logical malignant tumors worldwide, which has become
a prominent public health issue [1]. It is observed that the
incidence of CC ranks second among gynecological ma-
lignant tumors, but its mortality rate ranks first among
female malignant tumors in the genital tract [2]. As a result,
CC has evolved into a condition that poses a risk to the
wellbeing of women [3]. The average age at which CC de-
velops is getting younger, which poses a significant risk to
women’s health and even life, particularly in less-developed
nations [4, 5]. Adenocarcinoma, squamous cell carcinoma,
and adenosquamous carcinoma are three subtypes of CC
that may be identified histologically, which are results of the

heterogeneity that characterizes CC [6, 7]. Chemotherapy,
radiation, and surgery are the primary treatment options
available to people who have colon cancer at the present time
[8]. However, the prognosis of patients continues to be
dismal as a result of the spread of metastases and the re-
sistance of the cancer to chemotherapy [9, 10]. Oncotherapy
is still faced with significant obstacles despite the progress
that has been made in the field of health care. These obstacles
include a delayed diagnosis, recurrence or metastasis, and
cancer-associated mutations [11, 12]. As a result, the in-
vestigation of sensitive biomarkers is of utmost importance.

In the human genome, the erythropoietin-producing
hepatocytes, Ephs, or receptors make up the biggest fam-
ily of tyrosine kinase receptors. EphA1-A10 and EphB1-B6
are the names of the two sets of members that make up the


https://orcid.org/0009-0008-1333-6810
https://orcid.org/0000-0002-3512-1756
https://orcid.org/0009-0007-1411-3937
mailto:zhaolimei_gynaec@163.com
mailto:anpinglin2022@163.com
mailto:xiongzhengai2008@163.com
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/2258906

Eph receptor subfamily at this point [13]. There are a total of
16 members making up this subfamily. During embryonic
development, Eph receptors play a mediating role in the
processes of cell compartmentalization and directional cell
migration [14]. Ephs are thought to play crucial roles in the
invasiveness of cancers due to their ability to govern cell
adhesion and migration [15]. Despite the fact that the
functions of various EphB receptors in cancers appear to be
in conflict with one another, the Eph receptors have been
linked to a number of other malignancies. EPHB6 is con-
sidered to be a kinase-dead receptor tyrosine kinase due to
the fact that its kinase domain is catalytically inactive, which
exhibits many changes in amino acids that are normally
conserved [16]. The protein EPHB6 is deleted in more ag-
gressive breast cancers, melanomas, and neuroblastomas
[17-19]. It has been demonstrated in the past that the
epigenetic silencing of the EPHB6 gene caused by promoter
methylation is connected to the downregulation of the
EPHB6 gene. Additionally, reports on the predictive sig-
nificance of EPHB6 in tongue squamous cell carcinoma have
also been made [20]. However, very little information is
available for the expression and function of EPHB6 in CC.

Because it is intimately connected to the investigation of
tumor etiology and the responsiveness of immunotherapy,
the interaction between tumor microenvironment (TME)
and tumors has become an essential element of studies on
tumor biology in recent years [21]. The efficacy of immu-
notherapy in the treatment of several forms of cancer sheds
information on the critical function of TME [22]. However,
as CC is a heterogeneous illness, it poses a significant ob-
stacle to the development of customized treatments due to
the wide variety of phenotypes it exhibits and its poor
outlook. Through complex, two-way, and dynamical in-
teractions between tumors and the stroma, CC tumor cells
gain a heightened capacity to penetrate and spread into
surrounding tissues, according to a growing body of research
[23, 24]. In recent years, bioinformatics assays have played
a highly significant role in improving both our un-
derstanding of various diseases and our abilities to treat
them. One of these diseases is cancer. The expression level of
certain markers may be used as a reflection of the invasion of
particular cell types in tumor tissues by employing algo-
rithms such as ssGSEA [25, 26]. It is possible to assess the
significance of the correlations between the infiltration levels
of various cell types and the survival rates of patients by
analyzing the follow-up information of numerous cohorts in
their entirety. As a result, we wanted to investigate the
expression of EPHB6 in patients with CC and its predictive
relevance. In addition, we investigated whether or not there
was a connection between the expression of EPHBG6
and TME.

2. Materials and Methods

2.1. TCGA Data Acquisition. The TCGA database was
accessed to get the survival data of patients with CC, together
with the RNA transcriptome data presented in the format of
FPKM. The TCGA publishing standards were adhered to
throughout the entirety of the analysis process. A total of 306
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CC specimens and 3 nontumor specimens were enlisted for
later studies when duplicate samples from the same in-
dividuals were determined to be disregarded. The studies on
CC of the TCGA were consulted to get fundamental clinical
information pertaining to patients with CC. Following the
application of the aforementioned filters, a total of 306
individuals diagnosed with CC in the TCGA dataset were
included in this analysis.

2.2. Differential Expression of EPHB6 in CC Tissues in the
TCGA Database. In order to calculate the differential ex-
pression of EPHB6, boxplots and scatter plots were pro-
duced using the illness state as a variable. The disease state
was either tumorigenic or normal. How well EPHB6 per-
formed as a diagnostic tool was determined through the use
of receiver operating characteristic (ROC) curves. It was
determined that a statistical ranking of EPHB6 expression
that was either higher or lower than the median value was
designated as EPHB6-high or EPHB6-low, respectively.

2.3. Clinical Statistical Analysis on Prognosis, Model Con-
struction, and Evaluation. The Wilcoxon signed-rank sum
test and logistic regression were utilized to delve into the
nature of the connection existing between clinical pathologic
characteristics and EPHB6. Using Cox regression and the
Kaplan-Meier technique, patients with TCGA were ana-
lyzed to determine the clinicopathological features that were
linked with 10-year overall survival (OS) and disease-specific
survival (DSS). In order to evaluate the impact of EPHB6
expression on survivals in conjunction with other clinical
parameters, a multivariate Cox regression model was uti-
lized (stage, myometrial invasion, lymph node status, distant
metastasis status, histological grade, and subtype). The
median value of EPHB6 expression was used to establish the
value that served as the cut-off point. In every experiment,
a p value of less than 0.05 was deemed to indicate statistical
significance. Using the Kaplan—Meier technique and a two-
sided log-rank test, we were able to determine the difference
between the 10-year OS and DSS of groups with a high and
low level of EPHB6.

The independent prognostic indicators acquired from
a multivariate analysis were utilized to build nomograms,
through which the expected survival probability for one 1,
3, and 5 years was individualized. These nomograms were
established on the basis of Cox regression models. The
RMS software was decidedly used to create nomograms
containing important clinical features and calibration
plots. The calibration curves were visually evaluated by
mapping the nomogram-predicted probability against the
occurrences observed; the 45° line represented the best
predictive value among all the lines in the assessment. To
evaluate the accuracy of discrimination based on the
nomogram, a concordance index, abbreviated as C-index,
was utilized, whose value was determined using the
bootstrap method with a total of 1,000 resamples. The C-
index was utilized to make a comparison between the
prediction accuracy of the nomogram and that of indi-
vidual prognostic parameters. In this particular research
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endeavor, all statistical tests were conducted using two
different sets of data, and the threshold of statistical
significance was established as 0.05.

2.4. Immune Infiltration Analysis. We calculated the in-
filtration extent of 28 immune cell types using the single-
sample gene set enrichment analysis (ssGSEA) method in-
cluded in the GSVA R package [27]. Our calculations were
based on the expression levels of genes included in 28
published gene sets that were associated with immune cells.

2.5. Statistical Analysis. All statistical analyses were con-
ducted with R Studio (4.0.2, Boston, USA). All hypothetical
tests were two-sided, and a p value <0.05 was considered
significant.

3. Results

3.1. EPHB6 is Downregulated in Human CC Specimens.
In order to evaluate the relevance of the expression of
EPHB6 in CC, we began by examining its expression in
patients with CC based on TCGA datasets. This allowed us to
analyze both the expression of EPHB6 and its significance in
CC. The expression of EPHB6 was dramatically down-
regulated in CC tissues compared to normal cervical tissues,
as is illustrated in Figure 1. This difference was statistically
significant (p < 0.01).

3.2. The Diagnostic Significance of EPHB6 Expression in CC.
Previous research has demonstrated that a number of
functional genes have diagnostic significance for patients
with CC. After that, we carried out ROC tests, which
demonstrated that a high EPHB6 expression possessed an
AUC value of 0.835 for CC (Figure 2).

3.3. Association of EPHB6 with the Clinicopathological Pa-
rameters of CC. Further investigations into the relationships
between EPHB6 and the clinicopathological factors of CC
were carried out so that we could examine the clinical
significance of EPHB6 in CC. According to what is presented
in Table 1, our team did not identify a discernible distinction
between the expression of EPHB6 and a number of clinical
variables, including age and clinical stage.

3.4. Prognostic Values of EPHBG6 Expression in Patients with
CC. The Kaplan-Meier survival curves indicated that the
overall survival (Figure 3, p=0.001) and illness-specific
survival (Figure 4, p=0.008) of patients with a low
EPHB6 level were considerably lower than those of patients
with a high EPHB6 level. An investigation using univariate
Cox regression revealed that clinical stages and EPHB6
expression had a significant impact on both the overall
survival rate and the survival rate specific to the illness
(Tables 2 and 3). Additionally, a multivariate COX re-
gression analysis demonstrated that the expression of
EPHB6 was an independent predictive predictor for both
overall and disease-specific survivals (Tables 2 and 3).
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FIGURE 1: The expression of EPHB6 was analyzed based on TCGA
datasets for both CC and non-tumor samples.
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F1GURE 2: Diagnostic utility of EPHB6 expression in screening CC
and non-tumor tissues, as is measured by receiver operating
characteristic curves.

3.5. The Construction and Validation of a Nomogram Based on
EPHB6. In order to give a quantitative method for pre-
dicting the outcome of patients with GC, a nomogram was
constructed using EPHB6 in conjunction with other
clinical risk indicators that are independent of one an-
other (Figure 5(a)). A point scale was utilized in the
construction of a nomogram based on a multivariate Cox
analysis. Each variable was given a certain number of
points depending on the scale. The total number of points
given to each variable was recalculated to fall within the
range of 1 to 100. The number of points earned across all
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TaBLE 1: Correlation of clinicopathological features of CC with the expression level of EPHB6.
Characteristic Low expression of EPHB6 expressi(l)_xlllg:f EPHEBG p
n 153 153
Age, n (%) 0.127
<50 101 (33%) 87 (28.4%)
>50 52 (17%) 66 (21.6%)
Clinical stage, n (%) 0.449
Stage 85 (28.4%) 77 (25.8%)
Stage II 29 (9.7%) 40 (13.4%)
Stage 111 25 (8.4%) 21 (7%)
Stage IV 12 (4%) 10 (3.3%)
Histologic grade, n (%) 1.000
G1 9 (3.3%) 10 (3.6%)
G2 67 (24.5%) 68 (24.8%)
G3 60 (21.9%) 59 (21.5%)
G4 0 (0%) 1 (0.4%)
Age, median (IQR) 45 (37, 55) 47 (40, 59) 0.071

Overall Survival
o
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F1GURE 3: Overall curves of two groups defined by a low and high
expression of EPHBG6 in patients with CC.

the factors was then used as the basis for the final score. A
vertical line was drawn immediately downwards from the
total point axis to the outcome axis, where the chance of
survivals was calculated for patients with CC 1, 3, and
5years after their diagnosis (Figure 5(a)). We also per-
formed an analysis on the ability of the nomogram to
accurately forecast the future, and the findings showed
that the C-index of the model was greater than 0.7, which
indicated that the ability of the nomogram to accurately
predict the future was only moderate. The bias-corrected
line in the calibration plot was utilized to be close to the
ideal curve, which was the line at 45°, showing that the
prediction and the observation were in close agreement
with one another (Figure 5(b)). These findings revealed
that the nomogram was a more accurate model than in-
dividual prognostic indicators for predicting the short- or
long-term survival of patients who had CC.
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FIGURE 4: Disease-specific survivals in the two groups defined by
a low and high expression of EPHB6 in patients with CC.

3.6. Comparison of Immune Infiltration. We carried out
ssGSEA tests so that we could investigate the relationship
between the level of EPHB6 and the immune microenvi-
ronment. The expression of EPHB6 was shown to be fa-
vorably linked with the levels of TCM, TReg, B cells, T cells,
iDC, T helper cells, cytotoxic cells, and DC, as is shown in
Figure 6. On the other hand, it was found to be negatively
associated with NK CD56bright cells and neutrophils. Based
on our findings, it seems likely that EPHB6 is involved in the
intricate workings of the immunological microenvironment.

4. Discussion

In recent years, the technology of microarrays has been used
in conjunction with integrated bioinformatic analyses to find
new genes associated with a variety of disorders [28, 29].
These genes have the potential to operate as biological
markers for diagnosis and prognosis. For instance, Yang
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TaBLE 2: Univariate and multivariate analyses on the overall survival based on the cox regression model.

Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard Hazard
ratio (95% CI) p value ratio (95% CI) p value

Age 306

<50 188 Reference

>50 118 1.289 (0.810-2.050) 0.284
Clinical stage 299

Stage I and Stage II 231 Reference

Stage III and Stage IV 68 2.369 (1.457-3.854) <0.001 2.529 (1.551-4.123) <0.001
Histologic grade 274

Gl and G2 154 Reference

G3 and G4 120 0.866 (0.514-1.459) 0.589
EPHB6 306

Low 153 Reference

High 153 0.439 (0.272-0.709) <0.001 0.420 (0.259-0.680) <0.001

The bold values mean statistically significant.

TaBLE 3: Univariate and multivariate analyses on disease-specific survivals based on the cox regression model.

Univariate analysis Multivariate analysis
Characteristics Total (N) Hazard Hazard
ratio (95% CI) p value ratio (95% CI) p value

Age 302

<50 186 Reference

>50 116 1.295 (0.761-2.204) 0.340
Clinical stage 295

Stage I and Stage II 227 Reference

Stage III and Stage IV 68 2.675 (1.550-4.615) <0.001 2.800 (1.620-4.839) <0.001
Histologic grade 271

G1 and G2 152 Reference

G3 and G4 119 0.922 (0.514-1.654) 0.785
EPHB6 302

Low 149 Reference

High 153 0.473 (0.275-0.813) 0.007 0.454 (0.263-0.783) 0.005

The bold values mean statistically significant.
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FIGURE 5: A quantitative approach that can be used to forecast the likelihood of a cancerous patient’s overall survival after 1, 3 and 5 years.

(a) A nomogram used to estimate the likelihood of 1-year, 3-year and 5-year overall survival of patients with cancers. (b) Plots of calibration
based on the nomogram used to forecast the chance of overall survival after 1, 3 and 5 years.
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FIGURE 6: Relationships between EPHB6 and infiltrating immune cells in CC.

et al. reported that the expression level of PAMRI in cervical
cancer tissues was lower than that in normal cervix tissues,
which was negatively associated with clinicopathologic
characteristics. This is the case for all cervical cancer tissues.
A positive prognosis was also predicted for individuals with
CC who had a high expression level of PAMRI. The results
of the CCKS, transwell, and wound-healing experiments
revealed that CC cells were allowed to proliferate, migrate,
and invade into surrounding tissues more easily through
inhibiting PAMRI [30]. He et al. showed that the expression
of MYO10 was shown to be higher in cancerous cervical
tissues and cells compared to normal controls. Furthermore,
studies on survivals revealed that patients with a high
MYO10 expression had a worse chance to survive the disease
overall. In addition, by rewiring the PI3K/Akt signaling
pathway of CC caused by the knockdown or overexpression
of MYO10, the capability of cervical cells in terms of pro-
liferation, invasion, and migration was dramatically hin-
dered or improved [31]. These findings showed that some
tumor-related genes might have the potential to be
employed as new biomarkers for the diagnosis and prognosis
of individuals suffering from CC.

In the past, a number of studies have revealed the
deregulation of EPHB6 in a variety of malignancies, in-
cluding breast cancers, colorectal cancers and pediatric T-
cell acute lymphoblastic leukemia, among others [32-34].
However, whether EPHB6 was operating in an aberrant
manner in CC has not been determined. After doing an

analysis of TCGA and GTEx data, the first thing that we did
in this study was to report that the expression of EPHB6
was significantly lower in CC specimens compared with
nontumor samples. According to our findings, EPHB6
might act as a positive regulator in the evolution of CC. The
findings of the ROC tests verified the diagnostic utility of
EPHB6 expression in screening CC specimens from non-
tumor ones, which highlighted its potential as a diagnostic
biomarker for CC. In addition, a survival study showed that
a decreased expression of EPHB6 was connected to a bad
outcome of individuals who had CC. It is important to note
that the multivariate Cox regression analysis indicated that
the expression of EPHB6 was an independent predictive
factor for both overall and illness-specific survivals. After
that, an exhaustive review was carried out on a nomogram,
in which EPHB6 was combined with other significant
clinical patterns (clinical stage and EPHBG6 specifically), so
as to produce a more accurate diagnosis. According to the
calibration plot, there was a satisfactory concordance be-
tween the observed values and those expected for 1, 3, and
5years of OS. Our approach was built on a complimentary
perspective for each different tumor, which supplied an
individualized score for each individual patient. As a con-
sequence of this, our nomogram has the potential to be-
come a very helpful new prognostic tool in the near future.

TME is a multilayered intricate system created when
cancer cells interact with the stromal and immune cells in
their surroundings [35], which are involved throughout the
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whole process, from the beginning of the tumor growth to its
response to treatment. Patients with colorectal cancers have
a highly-immunosuppressive TME, which is one of the
primary factors that contributes to their immunotherapy
resistance in CC [36, 37]. The accumulation of lactate as
a byproduct of aerobic glycolysis results in the formation of
an acidic environment that makes tumor penetration easier,
which plays a crucial role in the formation of an immu-
nosuppressive TME. The primary components of this im-
munosuppressive TME are known as tumor-associated
macrophages (TAMs), regulatory T cells (Tregs), and
myeloid-derived suppressor cells (MDSCs), respectively. It
has been shown that these cells can enhance systemic T cell
failure, which avoids immune detection and the spread of
CC. The results of an examination of immune infiltration
indicated that the expression of EPHB6 was favorably linked
with the level of TCM, TReg, B cells, T cells, iDC, T helper
cells, cytotoxic cells, and DC, but was negatively associated
with NK CD56bright cells and neutrophils. As a result, the
relationship that exists between EPHB6 and the immune
cells may be partially responsible for the anti-cancer impact
that it has.

Nonetheless, there are certain limitations. Because the
tests took place in different labs, first of all, there was a lack of
standardized treatments and a dearth of clinical data in
public databases. Secondly, research into the molecular
pathways through which EPHB6 might contribute to car-
cinogenesis was lacking. Future wet lab work is planned to
investigate the potential role of EPHB6 in CC signaling
pathways.

5. Conclusion

Together, our findings suggest that EPHB6 may improve our
ability to predict the outcomes of people with CC, encourage
the creation of cutting-edge immune-based treatments, and
maximize clinical effectiveness. Overall, the possible impact
and mechanism of EPHB6 in CC need more investigations.
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