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Abstract

Background. Cervical carcinoma and endometrial carcinoma are the most common gynecologic cancers
worldwide. Forkhead-box R2 (FOXR2) plays an important role in the progression of various malignant tumors.
However, the effects of FOXR2 on the development of uterine lesions remain unclear.

Objectives. This prospective observational study aimed to investigate the diagnostic performance of FOXR2
and transvaginal three-dimensional power Doppler ultrasonography (3D-PDU) for malignant uterine lesions.

Materials and methods. This study included 404 uterine lesion patients and 200 healthy individuals
who visited the hospital for a physical examination from April 2014 to May 2016. All patients received
FOXR?2 detection and 3D-PDU examination at admission. The demographic data and clinical data, including
age, body mass index (BMI), and the International Federation of Gynecology and Obstetrics (FIGO) stage,
were collected. All the patients were followed up for 5 years. The overall survival (OS) was analyzed using
Kaplan—Meier (K—M) curve analysis. The diagnostic value of FOXR2 and 3D-PDU was evaluated using receiver
operating characteristic (R0C) curves.

Results. Serum levels of FOXR2 mRNA were uprequlated in patients with malignant uterine lesions. Patients
with high expression of FOXR2 showed a higher expression of the cancer biomarkers CA125, CA199, CEA, and
SCCA. It was also found that FOXR2 expression was associated with the clinical outcomes of patients with
malignant uterine lesions. Moreover, higher expression of FOXR?2 predicted a poor prognosis. The combined
use of FOXR2 and 3D-PDU showed favorable potential for the diagnosis of malignant uterine lesions, especially
for cervical carcinoma and endometrial carcinoma.

Conclusions. The combination of serum FOXR2 and transvaginal 3D-PDU has a potential in the diagnosis
of uterine lesions.
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Background

Cervical carcinoma and endometrial carcinoma are
the most common gynecologic cancers in developed
countries, ranking 2" and 4, respectively, in malignant
tumors of the female reproductive system.!~* In the last
decade, the incidence and mortality rates of malignant
gynecologic cancers have been increasing year by year.>~”
As reported, the 5-year survival for cervical carcinoma
patients with high tumor stage is no more than 60%.8 Al-
though huge progress has been made in the treatment,
such as radiotherapy and chemotherapy, the long-term
survival for patients with tumor metastasis is still not sat-
isfactory.?~!! Therefore, finding a novel diagnostic method
is important.

Three-dimensional power Doppler ultrasonogra-
phy (3D-PDU) is a new imaging technique widely used
in gynecology, especially in gynecologic oncology.!?~1*
The 3D-PDU exhibits a similar diagnostic performance
as magnetic resonance imaging (MRI) in predicting deep
myometrial invasion and cervical involvement for en-
dometrial cancer staging.'>-7 Zhang et al. found that
combined applications of 3D-PDU and MRI showed
a better effect on the staging diagnosis of endometrial
cancer with hepatitis B virus infections than a single
examination using 3D-PDU or MRI.!8 Several biomarkers
are proven to be associated with the diagnosis of endo-
metrial carcinoma and cervical carcinoma, including
CA125, CA15-3, CA19-9, CEA, and SCCA.¥-2l Among
these biomarkers, forkhead-box R2 (FOXRZ2) is involved
in gynecologic oncology. A previous study revealed
the upregulation of FOXR2 in the tissues of patients
with ovarian cancer, suggesting an obvious association
of the biomarker with the prevalence of ovarian cancer.?
Another study demonstrated that FOXR2 accelerated
tumor metastasis and the growth of ovarian cancer cells
by stimulating angiogenesis and activating the Hedgehog
signaling pathway.?® However, the evidence shows that
FOXR2 serves as a tumor promoter in different cancers,
such as human colorectal cancer,?* lung cancer?® and
thyroid cancer.?® The clinical significance of FOXR2
in uterine lesions needs further investigation.

Objectives

We conducted an observational study to investigate
the association between the expression of FOXR2 and
the prognosis of uterine lesion patients, and analyze the di-
agnostic performance of combined applications of FOXR2
and 3D-PDU for uterine lesions.
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Materials and methods
Participants and samples

Our prospective observational study included 404 uter-
ine lesion patients who reported to Hunan Provincial
People’s Hospital (The First Hospital Affiliated with
Hunan Normal University), Changsha, China, for treat-
ment between April 2014 and May 2016. All patients
were diagnosed with uterine lesions through histologi-
cal analysis. The inclusion criteria were as follows: 1) no
history of severe drug allergy; 2) no serious cardiovascular
diseases, including uncontrolled hypertension, coronary
heart disease, angina pectoris, heart failure, or myocar-
dial infarction; and 3) patients without dyspnea or severe
pulmonary insufficiency. The following patients were
excluded: 1) patients who received chemotherapy or ra-
diotherapy before the study; 2) patients who underwent
a traumatic operation before examination, such as hys-
teroscopy and diagnostic curettage; and 3) patients with
other cancers. The tumor stage was evaluated accord-
ing to the International Federation of Gynecology and
Obstetrics (FIGO) criteria.?” Additional 200 healthy fe-
male patients who visited the hospital for physical ex-
aminations during the same period were enrolled in our
study as controls. Blood samples were collected from all
participants. The tumor tissues of all patients were ob-
tained and immediately stored at —80°C for the following
analysis. Fasting peripheral venous blood samples (5 mL)
were collected from all patients within 24 h of admission
and stored at —80°C for the following experiments. This
study obtained the approval from the Ethics Committee
of the Hunan Provincial People’s Hospital (The First Hos-
pital Affiliated with Hunan Normal University, approval
No. HuNPPH-20150058). Written informed consent
was provided by all participants. The study conformed
to the principles outlined in the Declaration of Helsinki.

Calculation of sample size

The following formulas (Equation 1,2) were implemented:

7 _«,SEN(1 - SEN)

Ngen = > 1)
dsen P

Z7 «,SPE(1 - SPE)

Nsp = 5 ()
dspe P

Minimal sample size (N) = max (Nggn, Nspg), where
o stands for the test level, d indicates the tolerance error,
Z represents the Z score, Z) ), indicates that the sample
follows a standard normal distribution, Z,_ o/, is identified
as 1.96, SEN stands for sensitivity, SPE indicates specificity,
and P represents the prevalence of disease.
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The mean SEN value was 0.828 and the SPE level was
0.834, according to previous studies. The p-value was
0.456 for the prevalence of malignant uterine lesions, and
0.544 for the prevalence of benign lesions. Thus, a = 0.05,
Zi_a2 = 1,96, d = 0.1, Nggy = 120, Ngpe = 98, and minimal
sample size (N) = 120.

Reverse transcription-quantitative
polymerase chain reaction

Total RNAs were extracted from serum samples using
Trizol reagent (Tiangen Biotech, Beijing, China). The RNA
concentrations were detected using a NanoDrop spec-
trophotometer (Thermo Fisher Scientific, Waltham,
USA). Subsequently, reverse transcription of RNA was
conducted using a PrimeScript RT reagent Kit (Takara,
Shiga, Japan), and the target genes were quantified us-
ing ABI PRISM7300 Sequence Detection System (Ap-
plied Biosystems, Waltham, USA) with the SYBR Premix
ExTaq (Thermo Fisher Scientific). The following primers
were used: F 5-ACTGGGTCTCATGATGGTGG-3’ and
R 5-CTCCATCCAGGAGGTGATCT-3’ for FOXR2 and
F 5-TAGACTTCGAGCAGGAGATG-3" and R 5-ACT-
CATCGTACTCCTGCTTG-3’ for B-actin. The -actin was
utilized as an internal control, and the relative expression
of FOXR2 mRNA was calculated using the 2724t method.

Transvaginal three-dimensional power
Doppler ultrasonography (3D-PDU)

The vaginal volume probe with the power Doppler mode
(Voluson E8; GE Healthcare, Chicago, USA) was used to ex-
amine the uteri of all patients. The sampling volume was
placed on the color central blood flow, adjusted to about
5 mm from the edge of the tumor. Subsequently, the piezo-
electric chip of the probe was rotated automatically at a 90°
angle to scan the whole lesion. A complete three-dimen-
sional power Doppler image was obtained. The thick-
ness, shape, echo, and integrity of the endometrial con-
tour, the location, number, size, shape, boundary, echo,
and surface of lesions, as well as the relationship between
basement and endometrium, were evaluated. The Virtual
Organ Computer-aided Analysis (VOCAL) software (GE
Healthcare) for the 3D power Doppler histogram analysis
with computer algorithms was used to analyze the indices
of blood flow and vascularization, including the vascular-
ization index (VI), flow index (FI) and vascularization flow
index (VFI).

Data collection and follow-up

Demographic data of all patients, including age, body
mass index (BMI) and tumor stage, were collected. Se-
rum levels of cancer-related biomarkers, including se-
rum CA15-3, CA125, CA19-9, CEA, and SCCA, were
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determined using chemiluminescence immunoassay, as re-
ported in a previous study.?® All patients were followed up
for 5 years from admission to death or the last follow-up.

Statistical analyses

First, the Kolmogorov—Smirnov analysis was used to con-
firm whether the data were normally distributed. The nor-
mally distributed data were expressed as mean + standard
deviation (M SD), and non-normally distributed data
were presented as median with range. The heterogeneity
of variance was analyzed using Levene’s test. For normally
distributed data (data expressed as M +SD), the compari-
son between 2 groups was conducted using Student’s t-test,
while the non-normally distributed data (data expressed
as median with range) were compared using the Mann—
Whitney U test. The rates were compared with the ¥ test.
A receiver operating characteristic (ROC) curve was used
to analyze the diagnostic value. A Kaplan—Meier (K-M)
curve with a log-rank test were used to examine the sur-
vival time. A p-value <0.05 was considered statistically
significant. All calculations were made using SPSS 18.0
(SPSS Inc., Chicago, USA) and GraphPad v. 6.0 (GraphPad
Software, San Diego, USA) software.

Results
Basic clinical characteristics of all patients

This prospective observational study included 204 cases
of malignant uterine lesions, 200 cases of benign lesions and
200 healthy controls. All participants were consecutively
enrolled. Compared to the benign lesion group, the ma-
lignant lesion group had higher serum levels of CA15-3,
CA125,CA19-9, CEA, and SCCA, and a higher ratio of posi-
tive human papillomavirus (HPV). No significant differ-
ence was found for age and BMI between the malignant
lesion group and the benign lesion group, as well as between
the uterine lesion group and the healthy group (Table 1).

Serum levels of FOXR2 were elevated
in malignant uterine lesion patients

Subsequently, the expression of FOXR2 in serum
samples and tissue samples was determined. As shown
in Fig. 1A, the serum FOXR2 expression was notably up-
regulated in all uterine lesion patients, including benign
lesion patients, compared to healthy controls (p < 0.001).
The FOXR2 expression in tissue samples was increased
in all malignant uterine lesion patients, endometrial carci-
noma patients and cervical carcinoma patients compared
to benign uterine lesion patients (Fig. 1B, p < 0.001). These
findings illustrate that FOXR2 expression is upregulated
in patients with malignant uterine lesions.



702

Table 1. Basic clinical characteristics of all patients

All patients
(n=404)

Malignant lesions

VELELIES (n = 204)

P.Zhang, Q. Zhou, Z. Zeng. FOXR2 and 3D-PDU in uterine lesions

Test value

Benign lesions

Healthy

Age [years]®

BMI [kg/m?2)?
CA153 [U/mLP
CA125 [U/mLIP
CEA [ng/mL]P
CA199 [U/mL]P
SCCA [ug/LIP
Positive HPV, n (%)°

5346 +£5.05
21.20 +5.00
39.91 (32.25,49.32)
50.85 (30.53, 68.30)
746 (5.06, 11.96)
47.79 (39.70, 69.88)
1.51(1.28, 3.06)
147 (36.39)

5338 +5.24
21.05 +4.85
49.13 (45.62,54.77)
68.26 (59.76, 77.53)
11.81(9.89, 15.39)
69.61 (59.94, 78.78)
3.04(1.62,4.32)
120 (58.82)

(n = 200) (n = 200) Auler el
5355 +4.85 5310 4463 0343 0732
21344517 21314528 0608 0544

32.21(30.37,34.28) 22.09 (20.82, 23.49) 41 <0.001
3038(2527,3588) | 2269(19.16,27.14) 0 <0001
5.05 (4.74,5.29) 249 (234,2.64) 0 <0001
39.69 (37.54,41.92) 1744 (13.60,21.15) 66 <0.001
1.31(1.18,1.46) 1.02(0.89,1.13) 3292 <0.001
27 (13.50) 14 (7.00) 44487 <0.001

* comparison for all variables was conducted between the malignant lesion and benign lesion groups; @ comparison for normally distributed data (data
expressed as mean + standard deviation (M +£5D)) was conducted using Student’s t-test; ® non-normally distributed data (data expressed as median with
range) were compared using the Mann-Whitney U test; € x? test was used for the comparison of rates. Positive human papillomavirus (HPV): at least 1 HPV

subtype was positive.

Serum FOXR2 was associated with cancer-
related biomarkers and clinical outcomes
of malignant uterine lesion patients

To further investigate the role of FOXR2 in uterine le-
sions, all malignant uterine lesion patients were divided into
2 groups, namely a high FOXR2 expression group and a low
FOXR2 expression group, according to the median value
of FOXR2 mRNA (0.855 compared to -actin). Basic char-
acteristics, including levels of tumor markers and the rate

Fig. 1. Forkhead-box R2 (FOXR2) levels in serum and tissue samples were
elevated in malignant uterine lesion patients. A. Detection of serum
levels of FOXR2 in all uterine lesion patients (0.65 +£0.24), healthy

controls (0.30 £0.08) and benign lesion patients (0.43 +0.09) using
quantitative reverse transcription polymerase chain reaction (RT-qPCR)
assay. The comparison was made between the uterine lesion patients
and healthy group (p < 0.001, 95% Cl: —0.382-—-0.328), and between

the benign lesion patients and healthy group (p < 0.001, 95% CI: —0.161—
—0.128) using Student’s t-test; B. Determination of the mMRNA expression
of FOXR2 in tissue samples of all malignant lesion patients (0.86 +0.17),
endometrial carcinoma patients (0.84 £0.18), cervical carcinoma patients
(0.88 £0.16), and benign lesion patients (0.44 £0.10) using RT-qPCR assay.
The comparison was made between the benign lesion and malignant
lesion groups (p < 0.001, 95% Cl: 0.392-0.444), between the benign lesion
and endometrial carcinoma patients (p < 0.001, 95% Cl: —0.450-—0.358),
and between the benign lesion and cervical carcinoma groups (p < 0.001,
95% Cl: —0.471-—-0.407) using Student’s t-test

***5 < 0.001 compared to healthy controls; #¥p < 0.001 compared
to benign lesion patients; SE — standard error; 95% Cl — 95% confidence
interval.

of positive HPV, were detected. As shown in Table 2, serum
levels of CA15-3, CA125, CA19-9, CEA, and SCCA were sig-
nificantly higher in the high FOXR2 group than in the low
FOXR2 group for all malignant lesion patients and cervi-
cal carcinoma patients (all p < 0.001). However, endome-
trial carcinoma patients with high/low FOXR2 expression
showed no significant difference in SCCA expression. Ad-
ditionally, the ratio of positive HPV (p < 0.001 for all com-
parisons), advanced FIGO stage (p < 0.001 for malignant
lesions and cervical carcinoma, x? = 11.746 and p = 0.001
for endometrial carcinoma), lymph node metastasis (LNM)
(p < 0.001 for malignant lesions and cervical carcinoma,
x? = 8.749 and p = 0.003 for endometrial carcinoma), and
distant metastasis (p < 0.001 for malignant lesions and
cervical carcinoma, x? = 8.749 and p = 0.003 for endome-
trial carcinoma) were notably higher in patients with high
expression of FOXR2. We further identified the early di-
agnostic value of FOXR2 for malignant lesions. As shown
in Table 3, the ratio of patients with high FOXR2 expression
increased along with the FIGO stage in all malignant lesion
patients. The K—M curve analysis showed that patients with
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Table 2. Basic characteristics of all uterine lesion patients

Malignant lesions (n = 204) Endometrial carcinoma (n = 64) Cervical carcinoma (n = 116)
Variables low FOXR2 low FOXR2 low FOXR2
(n=102) (n=33) (n=53)
fy?;rs]a 53264500 53.50+550 -0330 0741 52964503 53264522 -0233 0817 52964485 5400+590 —1042 0300
Fk“é”/mz]a 2094530 21.16+438 -0323 0747 | 20664621 21264432 -0448 0656 20914507 21.20+458 -0323 0747
- 54.71 46.19 53.90 4897 54.68 4669
W/mLp (50.80, (43.84, 1019 <0.001 (4937, (46.28, 217 | <0001 (51.27, (43.88, 264 <0001
58.74) 48.46) 58.84) 53.52) 58.33) 48.42)
CA1S 76.02 59.79 76.11 73.50 77.54 59.39
/L (68.14, (56.44, 1345 | <0.001 (71.50, (66.03, 293 <0001 (70.23, (55.66, 197 | <0001
83.34) 68.52) 84.90) 79.30) 83.64) 65.44)
1539 14.40 1540
CEA 9.96 1041 9.81
(13.82, 168 <0001 (13.60, 20 <0001 (13.80, 46 <0.001
b
[ng/mL] looa | (926,1087) 15y | 091,141 1700 (8941100
CA199 7869 59.94 77.95 60.66 78.89 62.21
/il (73.96, (55.96, 322 | <0001 (74.73, (5833, 8 <0.001 (7481, (55.93, 165 = <0001
82.70) 64.56) 82.26) 63.08) 84.37) 67.60)
SCCA 403 260 1.50 1.51 501 3.12
Lol (163,521 (158325 - 000V qsghen gazien B 9882 o6 548 57,355 20 <0001
Positive 89 31 24 11 59 17
HPV,n (9%) | (87.25) G039) | 0094 <001 1 74 727) | C0MT <0001 o365 | 3209 BN <0001
FIGO
49 19 10 4 33 12
;tzz(i))eczlll, e (1863 | 19461 <0001 e (1212 | 11746 0001 e 2es | 18871 <0001
LNM, 43 17 9 4 30 10
n (%) @i | aesn | 0 00T og0ny oy B 003 oy (sey | 18622 <0007
Distant
. 38 15 9 4 27 9
nm(i/toe)lcstasw, 6725 G4y | 13047 <0001 2903) (1212) 8749 0003 4285) 160y | 1991 <0001
Mortality,
o O 50(49.02) | 17(1667) | 23723 <0001 & 11(3548) = 3(9.09) | 20.106 <0001 = 35(55.56) = 12(22.64) @ 22756 = <0.001

FOXR2 - forkhead-box R2; FIGO - the International Federation of Gynecology and Obstetrics; LNM — lymph node metastasis; *comparison for all variables
was made between the high/low FOXR2 expression groups;  comparison for normally distributed data (data expressed as mean + standard deviation

(M £SD)) was conducted using Student’s t-test; ® non-normally distributed data (data expressed as median with range) were compared using the Mann-
Whitney U test; © x? test was used for the comparison of rates. Positive human papillomavirus (HPV): at least 1 HPV subtype was positive.

Table 3. Forkhead-box R2 (FOXR2) expression in all uterine lesion patients with different International Federation of Gynecology and Obstetrics (FIGO) stages

FIGO stage
Indices
I (n=68) Il (n=68) Il (n=36) IV (n=32)

high FOXR2 20(29.41) 33 (48.53) 24 (69.44) 25(78.13)
Malignant lesions

low FOXR2 48 (70.59) 35(5147) 12 (33.33) 7(21.87)

high FOXR2 9(13.24) 12 (17.65) 4(11.11) 6 (18.75)
Endometrial carcinoma

low FOXR2 18 (26.47) 11(16.18) 3(833) 1(3.13)

high FOXR2 12 (17.65) 18 (26.47) 18 (50.00) 15 (46.88)
Cervical carcinoma

low FOXR2 27 (39.71) 14 (20.59) 8(22.22) 4(12.50)

high FOXR2 had a shorter 5-year survival time compared Diagnostic value of serum FOXR2

to those with low FOXR2 in all malignant lesion patients in benign/malignant uterine lesions
(Fig. 2A, p < 0.001), endometrial carcinoma patients (Fig. 2B,

X% =6.235 and p = 0.0125) and cervical carcinoma patients Next, a ROC curve analysis was performed to analyze
(Fig. 2C, p < 0.001). These findings suggested that higher the diagnostic value of FOXR2 in malignant uterine le-
FOXR2 expression predicted poor clinical outcomes and sions. The cutoff value of FOXR2 mRNA for malignant

prognosis for patients with malignant lesions. uterine lesions was 0.545 compared to B-actin, with
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Fig. 2. Kaplan-Meier (K-M) curves of 5-year survival time for malignant
lesion patients with high/low expression of forkhead-box R2 (FOXR2). A.
K=M curves with log-rank test for all malignant lesion patients; B. K-M
curves with log-rank test for endometrial carcinoma patients; C. K-M
curves with log-rank test for cervical carcinoma patients

an area under the ROC curve (AUC) of 0.996, sensitivity
of 100% and specificity of 87.0% (p < 0.001, 95% confi-
dence interval (95% CI): 0.992-0.999, Fig. 3A). The cutoff
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Fig. 3. Receiver operating characteristic (ROC) curves for forkhead-box R2
(FOXR2) levels in the diagnosis of benign uterine lesions and malignant
uterine lesions. A. ROC curves for FOXR2 in the diagnosis of benign
uterine lesions and malignant uterine lesions; B. ROC curves for FOXR2

in the diagnosis of endometrial carcinoma; C. ROC curves for FOXR2

in the diagnosis of cervical carcinoma

value of FOXR2 for the diagnosis of endometrial car-
cinoma was 0.645 compared to B-actin, with an AUC
of 0.776, sensitivity of 81.3% and specificity of 63.5%
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Table 4. Combination of serum forkhead-box R2 (FOXR2) and transvaginal three-dimensional power Doppler ultrasonography (3D-PDU) in the diagnosis
of malignant uterine lesions

Indices Methods True positive Fa.ls.e ‘
positive
histological 204 0
Malignant FOXR2 204 26
uterine
lesions 3b-PDU 20 /
FOXR2/3D-PDU 202 5
histological 64 0
Endometrial FOXR2 52 106
carcinoma 3D-PDU 62 8
FOXR2/3D-PDU 51 6
histological 116 0
Cervical FOXR2 14 /9
carcinoma 3D-PDU 115 6
FOXR2/3D-PDU 110 85

negatve ‘ egme | o | ey | Accureer
200 0 100 100 100
200 0 100 88.50 93.95
193 3 98.53 96.50 97.52
190 7 96.65 97.44 97.03
340 0 100 100 100
234 12 81.25 68.82 70.79
332 2 96.88 97.65 97.52
334 13 79.69 98.24 95.30
288 0 100 100 100
209 2 98.28 72.56 79.95
282 1 99.14 97.92 98.27
203 5 95.65 70.49 77.67

sensitivity = true positive/(true positive+false negative) x 100%; specificity = true negative/(true negative-+false positive) x 100%;
accuracy = (true positive+true negative)/(true positive+false negative+false positive+true negative) x 100%.

(p < 0.001, 95% CI: 0.730—0.823, Fig. 3B). The cutoff
value for FOXR2 in the diagnosis of cervical carcinoma
was 0.605 compared to B-actin, with an AUC of 0.871,
sensitivity of 98.3% and specificity of 75.3% (p < 0.001,
95% CI: 0.838-0.905, Fig. 3C). These findings suggested
that serum FOXR2 levels might serve as a potential di-
agnostic marker for malignant uterine lesions. Further-
more, FOXR2 showed satisfactory diagnostic value for
endometrial carcinoma and cervical carcinoma.

Combination of serum FOXR2 and
transvaginal 3D-PDU in the diagnosis
of malignant uterine lesions

Finally, the combined application of serum FOXR2 and
transvaginal 3D-PDU in the diagnosis of malignant uter-
ine lesions was analyzed. All patients received a trans-
vaginal 3D-PDU examination at admission. A cutoff value
of 0.545 for FOXR2 mRNA was considered diagnostic
for malignant uterine lesions, as was a FOXR2 mRNA
of 0.645 for endometrial carcinoma and FOXR2 mRNA
of 0.605 for cervical carcinoma. As shown in Table 4,
the application of FOXR2 combined with 3D-PDU exhib-
ited satisfactory potential in the diagnosis of malignant
uterine lesions, with a sensitivity of 96.65%, specificity
of 97.44% and accuracy of 97.03%. Moreover, the applica-
tion of FOXR2 combined with 3D-PDU showed a sensitiv-
ity of 79.69%, specificity of 99.17% and accuracy of 98.27%
in the diagnosis of endometrial carcinoma, and a sensitiv-
ity of 95.65%, specificity of 70.49% and accuracy of 77.67%
in the diagnosis of cervical carcinoma. The above results
illustrated that FOXR2 combined with transvaginal 3D-
PDU might be useful in the diagnosis of malignant uterine
lesions, including endometrial carcinoma and cervical
carcinoma.

Discussion

Although the diagnostic methods for uterine lesions
have developed in the last few decades, the early diag-
nosis of malignant uterine lesions still requires improve-
ment.??-3! Reportedly, the 5-year survival rate for ma-
lignant uterine lesion patients with a high tumor stage
is no more than 50%.32-3* Thus, finding early diagnostic
methods and potentially novel biomarkers for malignant
lesions of the uterus is of extreme importance. Our study
illustrated that FOXR2 was increased in patients with ma-
lignant uterine lesions, and a higher FOXR2 expression
was associated with a poorer prognosis and shorter 5-year
survival time. Moreover, FOXR2, as well as the combined
application of FOXR2 and transvaginal 3D-PDU, might be
a potential method for the diagnosis of malignant uterine
lesions.

Emerging evidence states that FOXR2 is a tumor pro-
moter responsible for the development of different cancers,
such as liver cancer,’® lung cancer®® or prostate cancer,
among others.?” As reported, FOXR2 was upregulated
in breast cancer tissue and was remarkably associated with
tumor size and LNM status, indicating that FOXR2 is an in-
dependent prognostic factor for breast cancer patients.3® Lu
et al. found that FOXR2 promoted proliferation, invasion
and epithelial-mesenchymal transition (EMT) of human
colorectal cancer cells.?* Nevertheless, limited studies have
illustrated the role of FOXR2 in tumors of the female re-
productive system. A previous study revealed that FOXR2
expression was elevated in endometrial adenocarcinoma
(EAC), and an increased FOXR2 expression was related
to a poor prognosis in EAC patients.3® The FOXR2 was also
increased in epithelial ovarian adenocarcinoma tissue, and
notable correlations between FOXR2 mRNA expression
and EMT-related biomarkers were identified in ovarian
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adenocarcinoma patients with a high-grade cancer stage.??
In addition, another study found a greater upregulation
of FOXR2 in paclitaxel (PTX)-resistant ovarian cancer tis-
sues compared to PTX-sensitive ovarian cancer tissues.*’
However, the role of FOXR2 has not been well investigated
in uterine diseases, especially in endometrial carcinoma
and cervical carcinoma. In the present study, we demon-
strated that FOXR2 was upregulated in malignant uter-
ine lesion patients and was closely associated with levels
of cancer-related biomarkers, namely CA125, CA19-9,
CEA, and SCCA. At the same time, the high expression
of FOXR2 predicted poorer clinical outcomes and prog-
nosis for patients with malignant uterine lesions.

The most recent study suggests that fluorodeoxyglucose
(FD@) positron emission tomography/computed tomogra-
phy (PET/CT) imaging is recommended for the assessment
of various malignancies, such as lung cancer, hypopha-
ryngeal squamous cell carcinoma?? and breast cancer.*®
The FDG PET/CT also exhibits good diagnostic perfor-
mance in endometrial carcinoma®* and cervical cancer.?
Numerous studies report on the application of 3D-PDU
in various diseases. Data show that the sensitivity of 3D-
PDU is higher than that of digital rectal examination, grey-
scale ultrasonography and power Doppler ultrasonography,
but its specificity is lower.*® The 3D-PDU has been widely
used in the diagnosis of benign and malignant uterine le-
sions. A previous study revealed that 3D-PDU exhibited
higher sensitivity and specificity for detecting local re-
currence or persistence in cervical carcinoma compared
to serum markers (SSCA, CEA and CA125).#” Other re-
search suggested that 3D-PDU imaging showed a potential
in monitoring early therapeutic responses to concurrent
chemo-radiotherapy (CCRT) in patients with cervical can-
cer.*® Belitsos et al. found the indicators of 3D-PDU to be
positively correlated with cervical volume except for other
pathological characteristics in cervical cancer patients.*
Furthermore, compared to early-stage ovarian tumors,
the levels of vascular indicators of 3D-PDU were higher
in patients with advanced-stage and metastatic ovarian can-
cers.”® The combination of the Mainz ultrasound scoring
system with 3D-PDU enhanced its sensitivity and specificity
in identifying benign and malignant pelvic tumors.>! Vari-
ous biomarkers have been used in the diagnosis of malig-
nant tumors, such as SSCA,*2 CEA> and CA125.>* However,
the combination of biomarkers with 3D-PDU in the diag-
nosis of malignant uterine lesions was rarely addressed.
The present study illustrated that the combination of se-
rum FOXR2 and transvaginal 3D-PDU exhibited a potential
in the diagnosis of malignant uterine lesions, especially for
endometrial carcinoma and cervical carcinoma.

Limitations
This study has some limitations. First, the samples

were collected from a single center. Second, the mo-
lecular mechanism of FOXR?2 in uterine lesions was not
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investigated. Third, the diagnostic value of 3D-PDU was
not fully addressed. Further studies are needed to solve
the above issues.

Conclusions

In summary, the present study illustrated that serum
FOXR2 levels were upregulated in patients with malignant
uterine lesions. The FOXR2 was associated with cancer-re-
lated biomarkers CA125, CA19-9, CEA, and SCCA. A higher
expression of FOXR2 predicted poorer clinical outcomes and
shorter 5-year survival times. Both FOXR2 and the combina-
tion of FOXR2 with transvaginal 3D-PDU showed potential
in the early diagnosis of malignant uterine lesions, especially
for endometrial carcinoma and cervical carcinoma. This
observational study might provide novel research targets
and new diagnostic methods for uterine lesions.

Data availability

All data that support the findings of the study can be
obtained from the corresponding author upon reasonable
request.
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