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Abstract: Objective: This study aimed at exploring the diagnostic values and pathological conditions of serum HGF
and CA199 in endometriosis (EMT). Methods: From May 2017 to January 2019, 86 patients with EMT, who were
admitted to our hospital, were grouped as Group B, whereas 78 healthy women undergoing physical examinations
during the same period were grouped as Group A. Serum HGF and CA199 levels in both groups were detected to
analyze their diagnostic values for EMT and their relationships with clinical data. Results: Compared with those
in Group A, both serum HGF and CA199 expression elevated significantly in Group B (P<0.05). Their expression
was correlated with the age, course of disease, number of nodules and infiltration depth of the patients (P<0.05).
Besides, their expression was remarkably higher in patients with stages lll + IV than that in patients with stages |
+ 1l (P<0.05). According to the Kaplan-Meier curves for tumor-free survival, the high expression of HGF and CA199
was related to the poor prognosis of the patients (P<0.05). According to the COX regression analysis for risk factors,
the number of nodules, infiltration depth, American Fertility Society (AFS) staging, HGF and CA199 were the inde-
pendent risk factors of EMT recurrence (P<0.05). Conclusion: HGF and CA199 increase in patients with EMT, and

can be used as the biomarkers for diagnosing the disease and predicting its prognosis.
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Introduction

As a common and challenging gynecological
disease among women of childbearing age,
endometriosis (EMT) is difficult to cure and has
a high risk of recurrence after drug discontinu-
ance, and surgery remains the best treatment
option [1]. According to statistics, EMT affects
10.8% of premenopausal women in the world,
and 30-50% of them develop typical symptoms
[2]. The symptoms include dysmenorrhea, ch-
ronic pelvic pain, dyspareunia and infertility,
which seriously affect the quality of life of
patients and their families, so the diagnosis
and treatment of EMT are important measures
to solve this problem [3]. At present, the diag-
nosis of EMT is only performed by surgery, and
no consistent biomarker has been found [4]. As
an invasive diagnosis method, surgery causes
certain damage to the patient’s body. Compar-
ed with the detection of pathological sections,
serological detection has the characteristics of
low costs and short time [5]. Therefore, in this
study, the serological diagnostic markers for

EMT were explored to provide a valuable clini-
cal basis for the early diagnosis of the disease.

With the development of cytokine-related re-
search, many EMT-related biomarkers (such as
serum long-chain non-coding RNAs) have been
discovered, and their diagnostic values have
been verified by numerous studies [6]. HGF is a
pleiotropic cell growth factor that promotes
mitosis and tissue morphogenesis, induces the
migration and invasion of epithelial cells and
angiogenesis, and is an important biomarker
for the progression of many cancers [7-9]. As
reported by Arablou et al., this factor plays a
pivotal role in the development of EMT, and its
high expression indicates the progression of
the disease, but the treatment with resveratrol
remarkably reduces its expression in patients
with EMT [10]. According to the team of Zeng,
serum CA199 is not only highly expressed in
patients with pancreatic cancer and other can-
cers, but also abnormally expressed in non-
cancerous diseases [11]. In the study by Kho-
daverdi et al., CA199 can be used as a diag-
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nostic biomarker of ovarian cancer because of
its high expression in this cancer [12]. All of
the above studies suggest that both HGF and
CA199 may be used as the biomarkers of EMT,
but there are few clinical studies on these two
indicators in the disease, and their clinical sig-
nificance remains unclear.

Therefore, in this study, HGF and CA199 ex-
pressions in patients with EMT were detected,
so as to study the diagnostic and prognostic
values of the two indicators, and provide refer-
ence for the clinical diagnosis and treatment of
the disease.

Materials and methods
Collection of clinical data

Admitted to Dongying Second People’s Hos-
pital of Shandong province from May 2017 to
January 2019, 86 patients with EMT were
enrolled in Group B, and 78 healthy women
undergoing physical examinations were enroll-
ed in Group A. These women were older than
18 years, with normal laboratory parameters
and without congenital immune deficiency.
Inclusion criteria for the patients: All patients
were diagnosed with EMT by laparoscopic sur-
gery and pathological examinations, with the
diagnostic criteria referring to the relevant
guidelines of the Society of Obstetrics and
Gynecology, Chinese Medical Association [13];
patients who were aged 18-45; patients who
had not been treated with hormone drugs in
recent 6 months; patients who cooperated
with the follow-ups; patients who were inform-
ed of this study and signed the informed con-
sent form. Exclusion criteria for the patients:
Those with the dysfunction of important
organs; those complicated with malignant
tumors or other gynecological diseases; those
with communication disorders; pregnant and
lactating women. This study has been appro-
ved by the Medical Ethics Committee of Dong-
ying Second People’s Hospital of Shandong
province.

Sample collection and detection

Enzyme-linked immunosorbent assay (ELISA)
was applied to detect the expression of HGF
and CA199 in serum, with the Kits provided by
MSK Biotechnology Co., Ltd., Wuhan. Fasting
venous blood (5 mL) was collected from all
research objects, allowed to stand at room
temperature for 30 minutes, and then centri-
fuged (3000xg at 4°C for 10 min) to obtain the
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supernatant, which was placed in a refriger-
ator at -80°C for cryopreservation and later
use. The standard substances with the known
concentration of the substance to be detected
and the samples with unknown concentrations
were added into the microwells of the enzyme-
labeled plate for detection. At first, the sub-
stances to be detected and the biotin-labeled
antibodies were incubated at the same time.
After being cleaned, they were added with avi-
din-labeled horse radish peroxidase (HRP). Af-
ter incubation and washing, the unbound enzy-
me conjugates were removed, and then sub-
strates A and B were added to act with the
conjugates at the same time, so as to produce
a color. The color was proportional to the con-
centration of the substance to be detected in
the samples. The optical density (OD) values
at the wavelength of 450 nm were measured
with a microplate reader, and the correspond-
ing concentration was calculated through the
standard curve.

HE staining

The EMT tissues were fixed with formalde-
hyde, dehydrated with ethanol gradient, and
after the use of xylene for transparency, the
sections were embedded with paraffin. Then,
the tissues were dewaxed with xylene, under-
went ethanol until water-washing. Besides,
they were stained with hematoxylin aqueous
solution, dehydrated with ethanol, and dyed
with eosin staining solution. At last, they were
dehydrated with ethanol, transparent with
xylene, and sealed for observation.

Follow-ups

The tumor lesions of all patients were cleared
after laparoscopic surgery. Through teleph-
ones, internet and outpatient reexaminations,
patients were followed up for one year for their
tumor-free survival status, with the recurrence
of EMT considered to be the follow-up out-
come.

Outcome measures

Main outcome measures: Serum HGF and
CA199 levels and their diagnostic values (ana-
lyzed by receiver characteristics operating
curve, ROC curve); the correlation of serum
HGF and CA199 expression with clinical data;
the correlation of tumor-free survival status
with serum HGF and CA199; the independent
risk factors of EMT recurrence (analyzed by
multivariate Cox regression analysis).
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Table 1. General information sheet

between Groups A and B in age, body

Group A Group B

Factors (n=78) (n=86)

Age (Years)
BMI (kg/m?)
History of smoking

Yes 32(41.03) 45(52.33) 2.097
No 46 (58.97) 41 (47.67)
History of alcoholism
Yes 41 (52.56) 52 (60.47) 1.040
No 37 (47.44) 34 (39.53)
Place of residence
City 35(44.87) 46 (53.49) 1.215
Countryside 43 (55.13) 40 (46.51)
Course of disease 0 (0.00) 4.72+2.14
Number of nodules
1 0 (0.00) 64 (74.42)
>2 0 (0.00) 22 (25.58)
Infiltration depth
<5 mm 0 (0.00) 60 (69.77)
>5 mm 0 (0.00) 26 (30.23)
AFS staging
Stages | £ I 0 (0.00) 55 (63.95)
Stages Il £ IV 0 (0.00) 31 (36.05)

28.461£2.42 29.16+2.35 1.878
21.64+1.76 22.03+2.08 1.289

p mass index (BMI), history of smoking,
value history of alcoholism, place of resi-
0.062 dence, course of disease, number of
0.199 nodules, infiltration depth and AFS

staging [14] (P>0.05), which indicates
comparability (Table 1).

0.148
Histological images under a micro-
scope for EMT

0.308
According to the histological micros-

copy, the EMT lesions were round or
0.270 oval in shape, and showed cystic
growth and enlargement. They were
filled with yellowish, dark red or white
fluid, surrounded by a large number
of blood vessels with inflammatory
cell infiltration and obvious hyperpla-
sia, and some of the cysts were cov-
ered by a little connective tissue.
In normal subjects, the endometrial
smooth muscle tissue was intact,
and the glandular epithelium was a
single layer of columnar or cuboidal
epithelial cells, with intact glandular

Secondary outcome measures: The histological
morphology of EMT cases; the correlation of
serum HGF and CA199 with American Fertility
Society (AFS) staging.

Statistical analysis

In this study, SPSS23.0 (SPSS Inc., Chicago, IL,
USA) was used to statistically analyze the col-
lected data. GraphPad Prism 8 (GraphPad
Software, Inc., San Diego CA, USA) was used to
plot figures. Count data were expressed as rate
(%), compared by chi-square test, and repre-
sented by X2. Measurement data were expre-
ssed as mean * standard deviation (mean *
SD), compared between two groups by inde-
pendent samples t test, and represented by t.
P<0.05 indicated a statistically significant dif-
ference.

Results
Comparison of general clinical data

According to the general clinical data of both
groups, there were no statistical differences
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lumen and no abnormal secretions,
and uniform distribution of intersti-
tial cells in the lamina propria of the mucosa
(Figure 1).

Diagnostic values of serum HGF and CA199 in
EMT

According to the ELISA, serum HGF and
CA199 expression elevated significantly in
Group B compared with that in Group A (P<
0.001). Their expression was collected from
both groups and the ROC curves were plotted.
The areas under the curves (AUCs) of HGF and
CA199 were 0.904 and 0.907, respectively,
and the 95% Cl was 0.847-0.962 and 0.855-
0.959, respectively (Figure 2).

Correlation of serum HGF and CA199 expres-
sion with clinical data

The expression of HGF and CA199 in serum
was tested. According to the median expres-
sion of the two indicators, the patients were
divided into two high expression groups and
two low expression groups, and their clinical
data were collected for univariate analysis.
There were significant differences in age, cour-
se of disease, number of nodules and infiltra-
tion depth between the high and low expres-
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Figure 1. Histological images of endometrial tissue of EMT patients and healthy subjects under microscope. A-C.
Histological micrographs of EMT patients at 40/100/200 magnification. D-F. Histological micrographs of healthy
subjects at 40/100/200 magnification.

=
——
E 5
o =.
£ ©
S 3
2 c
O
c Rl
0 0.4 n 40—
@ 3
7] —-
@ o
5 x
o o
; 2
Th
Y] <
T (3]

¥ % K

S
o
]
o
=
]

* %k

100

g
o
]
@
=
]

80

60—

40

Sensitivity%

't
N
]

N
T

— CA199
— HGF

20+

o
|

e
=)
1

u I I I 1 1
> Q> 0 20 40 60 80 100
on. K Q,Qv. R 100% - Specificity%
& & & &

Figure 2. Diagnostic values of serum HGF and CA199 in EMT. A. Serum HGF expression in Group B is remarkably
higher than that in Group A. B. Serum CA199 expression in Group B is remarkably higher than that in Group A. C. The
red line indicates the AUC of HGF, with the AUC of 0.904 and the 95% Cl of 0.847-0.962. The blue line indicates the
AUC of CA199, with the AUC of 0.907 and a 95% Cl of 0.855-0.959, respectively. *** indicates P<0.001.

sion groups of HGF and CA199 (P<0.05) (Ta- Correlation of tumor-free survival with serum
bles 2 and 3). HGF and CA199
Correlation of serum HGF and CA199 with AFS The patients were followed up for one year for
staging the tumor-free survival status, with the recur-
rence of EMT considered to be the follow-up
Serum HGF and CA199 expression in patients outcome. Among them, all 86 patients were
with stages | + Il and Il + IV was detected, and followed up successfully and no one was lost
the two were remarkably higher in those with to follow up; 15 cases developed the recurren-
stages Il £ IV (P<0.001) (Figure 3). ce of EMT, with a recurrence rate of 17.44%.
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Table 2. Correlation of serum HGF expression with clinical data

Factors Low expression High expression  t/x2 P
group (n=43) group (n=43) value value
Age (Years) 26.83+£1.85 32.15+1.92 18.03 <0.001
BMI (kg/m?) 22.26+2.04 22.17+£1.97 0.287 0.774
History of smoking
Yes (n=45) 19 (44.19) 26 (60.47) 2.284 0.131
No (n=41) 24 (55.81) 17 (39.53)
History of alcoholism
Yes (n=52) 30 (69.77) 22 (51.16) 3.113 0.078
No (n=34) 13 (30.23) 21 (48.84)
Place of residence
City (n=46) 25 (58.14) 21 (48.84) 0.748 0.387
Countryside (n=40) 18 (41.86) 22 (51.16)
Course of disease 3.51+1.68 5.62+1.59 5.982 <0.001
Number of nodules
1 (n=64) 37 (86.05) 27 (62.79) 6.108 0.014
>2 (n=22) 6 (13.95) 16 (37.21)
Infiltration depth
<5 mm (n=60) 36 (83.72) 24 (55.81) 7938 0.005
>5 mm (n=26) 7 (16.28) 19 (44.19)
AFS staging
Stages | + Il (n=55) 35 (81.40) 20 (46.51) 11.350 0.001
Stages Il £ IV (n=31) 8 (18.60) 23 (53.49)

Table 3. Correlation of serum CA199 expression with clinical data

Factors Low expression High expression  t/x? P
group (n=43) group (n=43) value value
Age (Years) 27.25+1.77 31.86+1.87 11.74 <0.001
BMI (kg/m?) 21.96+2.11 22.14+2.06  0.400 0.690
History of smoking
Yes (n=45) 22 (51.16) 23 (53.49) 0.047 0.829
No (n=41) 21 (48.84) 20 (46.51)
History of alcoholism
Yes (n=52) 27 (62.79) 25 (58.14) 0.195 0.659
No (n=34) 16 (37.21) 18 (41.86)
Place of residence
City (n=46) 19 (44.19) 27 (62.79) 2.991 0.084
Countryside (n=40) 24 (55.81) 16 (37.21)
Course of disease 3.44+1.73 5.56+1.67 5.781 <0.001
Number of nodules
1 (n=64) 39 (90.70) 25 (58.14) 11.97 <0.001
>2 (n=22) 4 (9.30) 18 (41.86)
Infiltration depth
<5 mm (n=60) 37 (86.05) 23 (53.49) 10.81 0.001
>5 mm (n=26) 6 (13.95) 20 (46.51)
AFS staging
Stages | £ Il (n=55) 36 (83.72) 19 (44.19) 14.58 <0.001
Stages Il £ IV (n=31) 7 (16.28) 24 (55.81)
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According to the median
expression of HGF and
CA199, the patients were
divided into low and high
expression groups, and the
tumor-free survival rate
was compared between
the two groups. The rate
in the low HGF expres-
sion group was remarkably
higher than that in the high
HGF expression group (P=
0.041), and the rate in
the low CA199 expression
group was remarkably high-
er than that in the high
CA199 expression group
(P=0.009) (Figure 4).

Independent risk factors of
EMT recurrence

According to the univari-
ate Cox regression analy-
sis, age, course of disease,
the number of nodules, in-
filtration depth, AFS stag-
ing, HGF and CA199 were
the independent risk fac-
tors of EMT recurrence.
According to the multivari-
ate Cox regression analy-
sis, the number of nod-
ules, infiltration depth, AFS
stage, HGF and CA199
were the independent risk
factors (Table 4).

Discussion

As a common gynecologi-
cal disease among adoles-
cent females and women
of childbearing age, EMT is
characterized by the exis-
tence of endometrial tis-
sues outside the uterus,
an early menarche age, a
short menstrual period,
and high height [15]. EMT
may also be a major cause
of infertility and metastatic
cancers, so clinical resear-
ch on its diagnosis and
treatment is of great sig-
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indicators have relatively high
values for diagnosing EMT
and might be potential bio-
logical indicators of the diag-
nosis. HGF as an angiogene-
sis factor is highly expressed
in patients with EMT, which
contributes to the angiogene-
sis and progression of the dis-
ease [19]. In the studies by
the teams of Jgrgensen [20]
and Rokhgireh [21], com-
pared with the control group,
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Figure 3. Correlation of serum HGF and CA199 with AFS staging. A. Serum
HGF expression in patients with stages Ill + IV is remarkably higher than
that in those with stages | £ Il. B. Serum CA199 expression in patients with
stages Ill £ IV is remarkably higher than that in those with stages | £ Il. ***

indicates P<0.001.

nificance to improve the prognosis and quality
of life of patients with EMT [16]. Serological
biomarkers can be used as early and non-inva-
sive in vitro diagnostic tools to minimize the
serious consequences caused by delayed diag-
nosis and improve the reproductive health of
patients. Therefore, in this study, the diagnos-
tic and prognostic values of HGF and CA199
for EMT were explored through detecting their
expression in patients with EMT.

The pathogenesis of EMT, which is a heteroge-
neous disease, is caused by many factors [17].
In our study, the histological morphology of
EMT was observed firstly. According to the
microscope, EMT lesions showed cystic growth
and enlargement, with angiogenesis in ectopic
cysts. Laparoscopy is the gold standard for
diagnosing EMT, however, the delay in diagno-
sis and the high rate of complications usually
result from the onset of symptoms to surgi-
cal examination [18]. In this study, HGF and
CA199 expression in the serum of healthy peo-
ple and EMT patients was detected, and the
expression was remarkably higher in the heal-
thy people. This indicates that the two indica-
tors are abnormally expressed in patients with
EMT, and that they might be used for distin-
guishing healthy people from the patients.
The AUCs of HGF and CA199 were 0.904 and
0.907, respectively, suggesting that the two
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X, . . .

14 Q/ remarkably rises in patients

q? with EMT, indicating that the

%'@ two indicators may be used

as serological diagnostic indi-
cators of the disease, which
finding is similar to the result
of our research. As for the cor-
relations of HGF and CA199
with clinical data, there were
significant differences in age,
course of disease, number of nodules and infil-
tration depth between the high and low ex-
pression groups of HGF and CA199. Such
results reveal that the high expression of HGF
and CA199 is related to the older age, the long
course of disease, more than one nodule, the
large infiltration depth and the high AFS stag-
ing. As for the correlations of the indicators
with AFS staging, the expression of serum HGF
and CA199 in patients with stages Ill + IV was
remarkably higher than that in those with stag-
es | = Il. This finding suggests that HGF and
CA199 might be used as the observational
indicators of EMT severity, so we can predict
the severity by detecting their expression and
thereby seek the best treatment plan.

Although surgery is the first choice for EMT,
incomplete surgical resection is an indepen-
dent risk factor for the recurrence of the dis-
ease; this leads to a relatively high postopera-
tive recurrence rate, and the postoperative
recurrence cannot be controlled by drug treat-
ment alone [22]. One study supported that the
recurrence rate of EMT is between 5% and
60%, which is related to comprehensive treat-
ment schemes and surgical skills [23]. At pres-
ent, there is no relevant study on HGF and
CA199 in the tumor-free survival of patients
with EMT. Therefore, we followed up the pa-
tients for one year with recurrence as the fol-
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Figure 4. Tumor-free survival status. A. The tumor-free survival rate in the low HGF expression group is remarkably
higher than that in the high HGF expression group (P=0.041). B. The tumor-free survival rate in the low CA199 ex-
pression group is remarkably higher than that in the high HGF expression group (P=0.009).

Table 4. Independent risk factors of EMT recurrence

Univariate Cox

Multivariate Cox

Factors - :
Exp (B) 95% Cl Sig. Exp (B) 95% ClI Sig.

Age 0.146 0.061-0.351 0.000

BMI 0.892 0.433-1.837 0.757

History of smoking 1.279 0.668-2.654 0.527

History of alcoholism 1.146 0.583-3.527 0.430

Place of residence 0.781 0.379-1.607 0.501

Course of disease 0.254 0.127-0.509 0.000

Number of nodules 3.187 1.328-7.524 0.005 2.682 0.889-7.935 0.045
Infiltration depth 20.483 8.764-47.623 0.000 6.891 2.418-18.216 0.000
AFS staging 5.721 2.539-12.764 0.000 4.238 1.549-12.752 0.004
HGF expression (median) 3.194 1.856-5.494 0.000 2.677 1.453-4.933 0.002
CA199 expression (median) 5.304 2.745-10.247 0.000 3.195 1.636-6.236 0.001

low-up outcome, and found that the recurren-
ce rate of EMT was 17.44%. In this study, the
one-year tumor-free survival rates in the high
HGF and CA199 expression groups were re-
markably lower than those in the low expres-
sion groups, indicating that HGF and CA199
expression is also closely related to the post-
operative quality of life of patients. According
to the Cox regression analysis, the number of
nodules, infiltration depth, AFS staging, HGF
and CA199 were the independent risk factors
of EMT recurrence. Therefore, monitoring the
expression of HGF and CA199 can help predict
the progression of EMT, and the two can be
used as an independent prognostic index of
the disease, thus providing reference for treat-
ing the disease. In the study by Selcuk et al.,
the age over 35 years old and the deep infiltra-
tion are risk factors for the postoperative re-
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currence of EMT [24], which is similar to our
research result. In a study of metastasis-asso-
ciated gene 1 (MTA1), hang et al. [25] showed
that MTA1 is aberrantly expressed in EMT and
correlates with the severity of EMT, and that its
overexpression and late AFS staging are risk
factors for postoperative recurrence and can
be used as a new indicator of EMT [25]. This
finding is similar to our research result. CA125
is currently recognized as a single diagnostic
biomarker of EMT, while CA199 has significant
correlation with it and can also be used as a
biological indicator of diagnosing the disease
[26]. At present, there are few clinical studies
on HGF and CA199 in the postoperative recur-
rence of EMT.

There are still some shortcomings in this study.
First, the expression of serum HGF and CA199

Am J Transl Res 2021;13(4):2849-2857
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in the patients after treatment was not de-
tected, so it is unclear whether the expression
can be used as a predictor of efficacy. Second,
the pathogenesis of EMT is complex, and the
molecular mechanisms of the two indicators
in the disease remain unknown. Therefore, we
hope to make up for these shortcomings in
future studies to verify our research results.

In summary, HGF and CA199 increase in pa-
tients with EMT, and can be used as the bio-
markers for diagnosing the disease and pre-
dicting its prognosis.
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