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Objective: Brain metastasis (BM) is a serious complication of advanced lung adenocarci-

noma and is a prominent factor leading to lung cancer mortality. In this study, the expression

of the glycodelin protein was analyzed in EGFR-mutant tyrosine kinase inhibitor-sensitive

advanced lung adenocarcinoma.

Methods: This study features a retrospective analysis of 74 advanced lung adenocarcinoma

patients treated at our hospital from January 2010 to December 2017. The expressions of

glycodelin were assessed by standard immunohistochemistry and correlated with clinico-

pathological factors and overall survival (OS) outcomes.

Results: Patients with advanced lung adenocarcinoma with glycodelin overexpression were

prone to BM (P < 0.05), and exhibited significantly shortened OS (11.8 months vs 20.4

months, P < 0.05). Multivariate regression analysis showed that overexpression of glycodelin

and brain metastases were independent factors affecting the prognosis of advanced lung

adenocarcinoma (P < 0.05).

Conclusion: The overexpression of glycodelin is closely related to the presence of brain

metastasis in lung adenocarcinoma, and can be used as an auxiliary diagnostic index for

prognosis of advanced lung adenocarcinoma.
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Introduction
Lung cancer is the leading cause of cancer death worldwide, and its morbidity and

mortality are rapidly increasing.1 Non-small-cell lung cancer (NSCLC) accounts for

approximately 85% of lung cancer cases.2 Lung adenocarcinoma with epidermal

growth factor (EGFR) gene mutations can benefit significantly from EGFR tyrosine

kinase inhibitors (TKI), which have become the first-line therapy for patients

harboring such cancers. However, prognosis for patients with advanced lung ade-

nocarcinoma is still poor, especially for patients with brain metastases (BM). The

median overall survival of lung adenocarcinoma patients with BM is approximately

9.3–19.1 months.3,4 The development of clinically useful prognostic molecular

markers is crucial to identify subsets of advanced lung adenocarcinoma patients

with poor survival outcomes.

Glycodelin is a protein that has been well described during the menstrual cycle

and pregnancy.5,6 Besides its function during pregnancy and implantation, glyco-

delin is overexpressed in hormone-related cancers, such as ovarian cancer and

breast cancer.7,8 Additionally, glycodelin is also expressed in melanoma, malignant
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pleural mesothelioma, and NSCLC.9,10 The prognostic

value of glycodelin expression in NSCLC has been pre-

viously described,11 but whether its expression is asso-

ciated with clinicopathologic features like BM and EGFR

mutation has not been reported.

The aim of this study was to evaluate glycodelin

expression levels in advanced lung adenocarcinoma by

standard immunohistochemistry (IHC) in order to interro-

gate potential associations between glycodelin expression

and brain metastasis and poor survival outcome.

Methods
Patients
The clinical study was reviewed and approved by Medical

Ethics Committee of Donghua Hospital of Dongguan

(Guangdong, China) and informed consent forms were

signed by all patients or guardians. We retrospectively

collected clinical information from 74 patients with histo-

logically confirmed metastatic lung adenocarcinoma, trea-

ted at the Donghua Hospital of Dongguan from January

2010 to December 2017. We examined patients whose

cancers harbored activating EGFR mutation (exon 19 dele-

tion or exon 21 L858R mutation) who were treated with

EGFR-TKI in the first or second-line setting. The inclu-

sion criteria were as follows: patients diagnosed as stage

IV pulmonary adenocarcinoma by bronchus or CT-guided

biopsy; EGFR exon 19 or 21 activating mutation present,

and patient received EGFR-TKIs during the treatment;

Eastern Cooperative Oncology Group performance status

(ECOG) was 0–2; function of the bone marrow, heart,

liver, kidney and other organs was not abnormal; lesions

measured by imaging; survival period longer than 3

months; and a brain enhancement MRI was performed

before treatment. Patients with arteriovenous thrombosis,

active infection, cardiovascular infarction, stroke, and

severe trauma were excluded.

Immunohistochemistry (IHC)
Before the first-line therapy, tumor tissue samples were

obtained for immunohistochemical (IHC) evaluation of gly-

codelin overexpression, as previously described.12 After incu-

bation in methanol/H2O2 for 30 min, sections were washed in

phosphate buffered saline (PBS), then treated with goat serum

(Vectastain® ABC kit, Vector Laboratories, Burlingame, CA,

USA). Incubation with polyclonal anti-glycodelin antibody

(sc-12289, Santa Cruz Biotechnology, Heidelberg, Germany)

was performed overnight at 4°C. Sections were then incubated

with biotinylated secondary goat-anti-rabbit antibody

(Vectastain® ABC kit) and avidin-biotinylated peroxidase

(Vectastain® ABC kit). Peroxidase staining reaction was per-

formed with 1 mg/mL diaminobenzidine/H2O2 for 5 min, and

the reaction was stopped with tap water. Sections were coun-

terstained with hematoxylin and then cover-slipped. For con-

trols, the primary antibody was replaced with pre-immune

rabbit serum. Staining was observed with an Olympus BX51

microscope (Olympus Corporation, Tokyo, Japan).

IHC Evaluation
Glycodelin staining was mainly observed in the cytoplasm,

and positively stained cells were brown or yellow. The

immunostaining was evaluatedwith a semi-quantitative scor-

ing system based on a combination of staining intensity and

the proportion of the stained tumor cells.13 The immunor-

eactive score (values 0–9) was calculated by multiplying the

signal intensity (negative = 0; weakly positive = 1; moderate

positive = 2; strong positive = 3) and the percentage of

positive tumor cells (< 10% = 1; 10–50% = 2; > 50% = 3).

An immunoreactive score of 4 was determined to be the cut-

off point to consider glycodelin overexpression. Stained sec-

tions were evaluated independently by two pathologists who

were blind to patient information. If the results were differ-

ent, a third pathologist would evaluate for confirmation.

Follow Up
All patients were followed up from the initial treatment

though December 2018, using outpatient review or tele-

phone follow-up. The routine items informed by outpatient

reexamination include craniocerebral MRI, chest CT,

upper abdominal CT, radionuclide bone imaging, and

superficial lymph node ultrasonography. Overall survival

(OS) was the time from initial treatment to death or last

follow-up.

Statistical Analysis
Statistical analysis was performed using SPSS 19.0 statis-

tical software (SPSS Inc., Chicago, IL, USA). Correlation

between overexpression and clinicopathological character-

istics was evaluated by the Pearson Chi-square test.

Survival curves were plotted using the Kaplan–Meier

method and differences in survival rate were assessed

using the log rank test. Univariate and multivariate analy-

sis of prognostic factors was performed using Cox propor-

tional hazards modeling. A two-sided P-value < 0.05 was

considered statistically significant.
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Results
Glycodelin Expression And

Clinicopathological Features
Overall, 40 patients were female, and the mean patient age

was 55.1 years (±10.2). Fifteen patients developed brain

metastasis. We found that 40.5% (30/74) of the advanced

lung adenocarcinoma patients exhibited strong glycodelin

expression by immunohistochemical staining (Figure 1).

Further histopathological analysis (Table 1) showed that

glycodelin overexpression was associated with age, and

the risk of brain metastasis in patients with overexpression

of glycodelin was significantly increased (P < 0.05). There

were no significant differences in glycodelin expression

associated with smoking status or gender (P > 0.05).

Glycodelin Overexpression And

Prognosis
OS in the glycodelin overexpression group was 11.8 months

(95% CI 9.8–13.8 months), and was significantly shorter

compared to 20.5 months in the glycodelin negative group

(95% CI 15.8–24.1 months; P < 0.001; Figure 2). We per-

formed multivariate Cox model analyses to determine

whether glycodelin and clinicopathological factors are inde-

pendent predictors of OS outcome in patients with advanced

lung adenocarcinoma. We found that over expression of

glycodelin (HR 3.02, 95% CI 1.68–4.80, P < 0.001) and

brain metastasis (HR 0.32, 95% CI 0.11–3.2, P = 0.04)

were both independent factors significantly correlated with

poor OS for patients with advanced lung adenocarcinoma

(Table 2).

Discussion
Glycodelin is overexpressed in several kinds of cancer, includ-

ing NSCLC. According to previous reports, glycodelin

overexpressed in more than 75% of lung adenocarcinoma.10,11

In this study, the expression levels of glycodelin were signifi-

cantly overexpressed in 40.5% of lung adenocarcinomas,

which is lower than previously reported. This may be due to

the high cutoff value chosen to indicate overexpression, and

the patient cohort in our study is larger than in previous

reports. Additionally, ethnic differences may also affect the

expression of glycodelin. We found that overexpression of

glycodelin is associated with age and brain metastasis, and

was not significantly associated with smoking status, gender,

or EGFR mutation subtype; these results need to be further

confirmed in a larger study population.

These data demonstrate that glycodelin may be a valu-

able biomarker for NSCLC diagnosis, monitoring, and

prognosis. It has been reported that glycodelin expression

is a poor prognostic factor for NSCLC patients, especially

for female patients,11,12 our study yielded a similar result,

as the OS for adenocarcinoma patients treated with EGFR-

TKIs was 11.8 months in the glycodelin overexpression

group and 20.5 months in the glycodelin negative group.

This difference in survival may be due to the immunomo-

dulatory functions of glycodelin. Previous reports indi-

cated that higher glycodelin expression may increase

immune system suppression and promote the metastatic

spread of tumor cells.11 Glycodelin overexpression has

been associated with the activation of a number of signal-

ing pathways, and glycodelin expression in lung cancer

cell lines was associated with the transforming growth

factor (TGF)-β pathway, the phosphoinositide 3-kinase

(PI3K)/protein kinase B (AKT) pathway, and the mito-

gen-activated protein kinase kinase (MEK)/extracellular-

signal regulated kinases (ERK) pathway,14 these data need

to be further confirmed in vivo.

In this study, we discovered that the risk of brain metas-

tasis was increased in patients with advanced lung

Figure 1 Positive (A) and negative (B) Glycodelin protein expression by immunohistochemistry in advanced lung adenocarcinoma (original magnification 200×).
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adenocarcinoma harboring glycodelin overexpression.

NSCLC BM patients often have poor prognosis, with a

median overall survival time of only 7 months.15 The med-

ian survival time of BM patients with tumoral EGFR muta-

tions is more favorable, and ranges from 19 to 26

months,4,16 though slightly improved, this poor survival

time remains unsatisfactory. All of the patients in our

study were treated with first generation EGFR-TKI drugs;

these first-generation drugs are inefficient at penetrating the

blood-brain barrier, and cannot control brain metastatic dis-

ease, which ultimately leads to patient mortality. Targeting

glycodelin might be a new therapeutic strategy for the

treatment of NSCLC BM patients. Whether glycodelin

overexpression directly affects the sensitivity to first gen-

eration TKI drugs remains to be confirmed. In addition, it

remains to be determined whether glycodelin expression is

important in the prognosis of patients treated with oxetinib,

a third-generation TKI drug that can efficiently penetrate

the blood-brain barrier.

Our study had several limitations. First, this was a

retrospective study, not a prospective study. Second,

there are inherent methodological limitations and varia-

tions in the performance and scoring of standard IHC

analysis and results, such as were used in this study.

Furthermore, additional studies with a larger clinical sam-

ple cohort from different centers would be of value to

further validate our results. Our results require further

confirmation in a larger number of advance lung adeno-

carcinoma cases.

Figure 2 Kaplan-Meier curves of overall survival in advanced lung adenocarcinoma

patients.

Table 2 Multivariate Cox Regression Analysis Of Factors Possibly

In Influencing Overall Survival In Patients With Advanced NSCLC

(n= 74)

Variable HR (95% CI) P-value

Gender

Male 1

Female 0.83 (0.22–2.15) 0.78

Age(years)

<60 1

≥60 1.16(0.47 −2.88) 0.59

ECOG PS

1 1

≥2 1.37(0.55–2.82) 0.48

History of moking

Never 1

Smoker 1.56(0.56–2.86) 0.55

Brain metastasis

Presen 1

Absent 0.32(0.11–3.2) 0.04*

Glycodelin protein expression

Negative 1

Positive 3.02(1.68–4.80) <0.001**

Notes: P<0.05 marked with*; P<0.001marked with**.

Table 1 Relationship Between Glycodelin Protein Expression And

Clinicopathological Characteristics In Advanced Adenocarcinoma

Patients (n=74)

Factors Glycodelin Protein

Expression

P

Negative Positive

Age(years)

<60 33 12

≥60 11 18 <0.05*

Gender

Male 19 15

Female 25 15 0.56

History of smoking

Never 28 21

Smoker 16 9 0.57

ECOG PS

0-1 19 8

2 25 22 0.15

Brain metastasis

Absent 40 19

Present 4 11 < 0.05*

EGFR mutation subtype

Exon 19 del 20 19

L858R mutation 24 11 0.13

Note: *P< 0.05 was considered statistically significant.
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In summary, this study demonstrated that glycodelin over-

expression is an independent prognostic factor for poor overall

survival in advanced lung adenocarcinoma patients with

EGFR-TKI sensitive mutations. Moreover, the risk of brain

metastasis is increased in patients with glycodelin overexpres-

sion. Further study is warranted to determine if interferingwith

the protein functions of glycodelin improves patient survival.
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