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Abstract. – OBJECTIVE: To investigate the 
association between bone morphogenetic pro-
tein 4 (BMP4) expression and clinical pathology, 
computed tomography (CT) characteristics and 
prognosis of patients with non-small cell lung 
cancer (NSCLC). 

PATIENTS AND METHODS: A total of 76 NS-
CLC patients treated in our hospital from July 
2012 to March 2015 were enrolled. The paired NS-
CLC and para-carcinoma tissues, as well as their 
CT image data were collected. The messenger ri-
bonucleic acid (mRNA) and protein levels of BMP4 
in NSCLC were detected via quantitative poly-
merase chain reaction (qPCR) and immunohisto-
chemistry (IHC). The association between BMP4 
level and clinicopathological indexes of NSCLC 
patients was analyzed. Moreover, Kaplan-Mei-
er method was introduced for analyzing the pro-
gression-free survival (PFS) and overall survival 
(OS) in NSCLC patients with high-level or low-lev-
el BMP4. The correlation between CT manifesta-
tions and BMP4 level in NSCLC patients was ana-
lyzed using the Chi-square test. 

RESULTS: The mRNA level of BMP4 in NS-
CLC tissues was 2.15 times higher than that in 
para-carcinoma tissues (p<0.05). IHC results 
revealed 59.21% (45/76) of BMP4-positive NS-
CLC tissues and 40.79% (31/76) in para-carci-
noma tissues. BMP4 level was higher in NS-
CLC patients with lymph node metastasis and 
those in clinical stage III and IV than those with-
out lymph node metastasis and in clinical stage I 
and II (p<0.05). Besides, BMP4 level was not cor-
related to the gender, age and differentiation de-
gree of NSCLC patients (p>0.05). According to 
the Kaplan-Meier survival curve, both PFS and 
OS were significantly shortened in NSCLC pa-
tients with high level of BMP4 compared with pa-
tients with low level of BMP4 (PFS: 13.28 months 
vs. 19.34 months, Log-rank test, p=0.016; OS: 
15.14 months vs. 22.08 months, Log-rank test, 
p=0.027). BMP4 level was associated with lob-

ulation sign, spinous process sign, tumor di-
ameter and mediastinal lymph node metastasis 
in CT findings (p<0.05), rather than spiculation 
sign, ground glass sign, calcification lesion and 
CT enhancement value of lung cancer (p>0.05).

CONCLUSIONS: BMP4 overexpression is 
closely associated with the occurrence and de-
velopment of NSCLC and CT signs. Detection of 
BMP4 is helpful for evaluating the malignant de-
gree and prognosis of NSCLC.

Key Words: 
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Introduction 

Lung cancer is a major cause of cancer death 
in the world, and non-small cell lung cancer (NS-
CLC) accounts for approximately 85% of all lung 
cancer cases. Despite of great progress has made 
in the therapeutic strategies, the prognosis of lung 
cancer remains very poor1. The application of tu-
mor biomarkers contributes to the early diagnosis 
and monitoring of tumors, and enables more ef-
fective therapeutic regimens to be applied earli-
er, further improving the survival rate of tumor 
patients2. Bone morphogenetic protein 4 (BMP4) 
is a member of the transforming growth factor-β 
(TGF-β) superfamily, and it is overexpressed in 
a variety of human tumors and associated with 
the invasion, metastasis and poor prognosis of tu-
mor3,4. In addition, BMP4 also plays an important 
role in various biological processes, including an-
giogenesis, anti-apoptosis, multidrug resistance 
and epithelial-mesenchymal transition (EMT)5,6. 
Computed tomography (CT) is currently the best 

European Review for Medical and Pharmacological Sciences 2019; 23: 5787-5794

F.-J. JU1, F.-Q. MENG2, H.-L. HU3, J. LIU4

1Department of Image Section, Linyi Central Hospital, Linyi, China
2Department of Thoracic Surgery, Zoucheng People’s Hospital, Zoucheng, China
3Radiation Sickness and Hematology, Pla Rocket Force Characteristic Medical Center, Beijing, China
4Department of Neurosurgery, Anqiu People’s Hospital, Anqiu, China

Fajun Ju and Fanqin Meng contributed equally to this work

Corresponding Author: Juan Liu, BM; email: 1812371747@qq.com

Association between BMP4 expression and 
pathology, CT characteristics and prognosis 
of non-small cell lung cancer



F.-J. Ju, F.-Q. Meng, H.-L. Hu, J. Liu

5788

method of imaging examination for the diagnosis 
of lung cancer, which can accurately and com-
prehensively reflect the growth and metastasis 
of peripheral lung cancer. Specifically, the CT 
cross-section can clearly and comprehensively 
display the lung lesions. It has high resolution 
and definition for thin and small lesions, and can 
also clearly present the lesion site and size without 
limitations on the clear lesion boundary and en-
hancement degree7,8. In this paper, the association 
between BMP4 level and CT signs and prognosis 
of NSCLC patients was explored via fluorescence 
quantitative polymerase chain reaction (qPCR) 
and immunohistochemistry (IHC). We aim to ac-
curately determine the prognosis of NSCLC, so as 
to guide the selection of reasonable clinical ther-
apeutic regimen.

Patients and Methods

General Data
This study was approved by the Ethics Com-

mittee of Linyi Central Hospital. The clinical data 
of 76 NSCLC patients treated in our hospital from 
July 2012 to March 2015 were retrospectively an-
alyzed. These patients all underwent the chest spi-
ral CT scan. Among the 76 patients, there were 33 
males and 43 females aged 38-76 years (average 
age: 58.18 ± 8.54 years). Based on the pathological 
subtypes, there were 42 cases of lung adenocarci-
noma, 23 cases of lung squamous cell carcinoma 
and 11 cases of small cell lung cancer. Inclusion 
criteria were applied: 1) patients meeting the cri-
teria in diagnostic criteria for primary lung can-
cer; 2) patients with the Karnofsky performance 
scale (KPS) score ≥ 80 points; 3) patients with-
out severe organ dysfunction; 4) patients without 
coagulation disorders; 5) patients without gastro-
intestinal tumor, breast cancer and other tumors, 
and 6) patients signed the informed consent. Ex-
clusion criteria: 1) patients with severe liver, kid-
ney or heart dysfunction; 2) patients with mental 
disorders, or 3) patients whose clinical data were 
incomplete or lost to follow-up. 

Fluorescence Quantitative Polymerase 
Chain Reaction (qPCR)

After tissue homogenization, the total ribonucleic 
acid (RNA) was extracted according to the manu-
facturer’s instructions of the extraction kit (Qiagen, 
Hilden, Germany), and then 1 μg of total RNA was 
taken for reverse transcription. QPCR was performed 
using the SYBR® Premix Ex Taq™ II kit (TaKaRa, 

Otsu, Shiga, Japan). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) was utilized as an inter-
nal reference. The relative messenger ribonucleic 
acid (mRNA) expression level was calculated using 
2-ΔCt method [ΔCt = Ct (target gene) - Ct (GAPDH)]. 
The primer sequences were as follows: BMP4: For-
ward: 5’-TCTGGAGGATGGAGGGG-3’, Reverse: 
5’-TCTAGACTGTCCA-3’, GAPDH: Forward: 
5’-ATTGATGGATGCTAFGAGTATT-3’, Reverse: 
5’-AGTCTTCTGGGTGGCAGTGAT-3’. This exper-
iment was repeated for 3 times.

IHC
IHC was performed via the streptavidin-perox-

idase (SP) staining. Carcinoma and para-carcino-
ma tissues were prepared into paraffin-embedded 
blocks, sliced into 4 μm-thick sections and baked 
in an oven at 65°C for 3-4 h. Subsequently, sec-
tions were deparaffinized with xylene and dehy-
drated with ethanol at a gradient concentration, 
followed by microwave antigen retrieval with 
sodium citrate buffer. After the peroxidase was 
blocked in 3% H2O2 blocker, the sections were 
sealed with 10% donkey serum. Sections were 
incubated with the primary antibody (BMP4, 
1:200, Abcam, Cambridge, MA, USA) or phos-
phate-buffered saline (PBS) as negative control in 
a wet box at 4°C overnight. On the next day, the 
sections were washed with PBS for 3 times, and 
incubated with the secondary antibody, followed 
by color development with diaminobenzidine 
(DAB) (Sigma-Aldrich, St. Louis, MO, USA). 
The brown and dark brown nuclei under the 
microscope indicated the positive cells, and the 
number of positive cells was counted. The posi-
tive cell count/total cell count in the field >10% 
indicated the positive expression of target gene.

CT Scan
CT scan was performed using the 64-row spi-

ral CT machine (Toshiba, Tokyo, Japan) from the 
apex of lung to the bilateral costophrenic angles, 
and the scanning parameters were as follows: 
voltage: 120 kV, current: 180 mA, and slice thick-
ness: 5 mm. The multiplanar reconstruction and 
three-dimensional reconstruction were performed 
for the lung lesions at an interval of 3 mm, and the 
1 mm thin-slice reconstruction could also be done 
if necessary. Moreover, the iodine allergy test was 
conducted routinely: 60 mL iohexol solution was 
injected with a high-pressure syringe at a rate of 
4-5 mL/s, and delayed scan could be performed if 
necessary to measure the lesion size and CT val-
ue. Then the original data obtained were sent to 
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the background processor for diagnostic analysis 
using the Aquilion software assistant. The CT re-
sults of all patients were independently diagnosed 
by two physicians.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 13.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. Measurement data 
were expressed as (χ ± s), and t-test was adopted 
for the intergroup comparison. The correlations 
between BMP4 level and clinical indexes of NS-
CLC patients were analyzed via chi-square test. 
The survival curves of patients were plotted using 
the Kaplan-Meier method, followed by Log-rank 
test performed. p<0.05 suggested that the differ-
ence was statistically significant.

Results

BMP4 Level in NSCLC
The mRNA level of BMP4 was detected via 

qPCR in 76 pairs of NSCLC tissues and para-car-
cinoma tissues. As shown in Figure 1, the mRNA 
level of BMP4 in NSCLC tissues was significantly 
higher than that in para-carcinoma tissues, with a 
mean difference of 2.15 times (p<0.05).

Positive Expression of BMP4 in NSCLC 
and Para-Carcinoma

The IHC results showed that BMP4 was main-
ly expressed in the cytoplasm (Figure 2). IHC re-
sults revealed 59.21% (45/76) of BMP4-positive 
NSCLC tissues and 40.79% (31/76) in para-car-
cinoma tissues. It can be observed that the posi-
tive rate of BMP4 protein in NSCLC tissues was 
significantly higher than that in para-carcinoma 
tissues (p<0.05).

Correlations Between BMP4 and 
Pathological Indexes of NSCLC Patients

The positive expression rate of BMP4 protein 
in NSCLC patients with lymph node metastasis 
and clinical stage III and IV was higher than that 
in patients without lymph node metastasis and 
clinical stage I and II (p<0.05). However, BMP4 
level was not correlated to the gender, age and dif-
ferentiation degree of NSCLC patients (p>0.05) 
(Table I).

Survival Analysis
Survival curves of progression-free surviv-

al (PFS) and overall survival (OS) with BMP4 

expression were plotted using the Kaplan-Mei-
er method. Both PFS and OS were significantly 
shortened in NSCLC patients with high level of 
BMP4 compared with patients with low level of 
BMP4 (PFS: 13.28 months vs. 19.34 months, Log-
rank test, p=0.016; OS: 15.14 months vs. 22.08 
months, Log-rank test, p=0.027) (Figure 3). 

Correlations Between BMP4 and CT 
Indexes

As shown in Table II, the positive rate of 
BMP4 protein in NSCLC patients with lobula-
tion sign, spinous process sign, tumor diameter 
> 3 cm and mediastinal lymph node metastasis 
was higher than that in patients without lobulation 
sign, spinous process sign and mediastinal lymph 
node metastasis and with tumor diameter ≤ 3 cm 
(p<0.05). There were no significant differences in 
the ground glass sign, speculation sign, CT en-
hancement value and calcification lesion between 
NSCLC patients with high-level and low-level 
BMP4 (p>0.05) (Figure 4).

Discussion 

The mechanisms of tumor occurrence and de-
velopment are complex. BMPs are differentially 
expressed in tumor tissues, and overexpressed 
BMPs induce the occurrence of EMT and promote 
the malignant behaviors of tumors9,10. Among 
them, BMP4 is a TGF-β inducible factor that pro-
motes EMT through down-regulating E-cadherin 
or interacting with other transcription factors11. 
BMP4 expression is positively correlated with the 
widespread metastasis and poor clinical progno-

Figure 1. The mRNA level of BMP4 in carcinoma and pa-
ra-carcinoma tissues. ***p<0.001.
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Figure 2. The protein level of BMP4 in NSCLC and para-carcinoma tissues detected via IHC. (Magnification: 100×).

Table I. Correlations between BMP4 expression and clinicopathological characteristics of NSCLC patients.

      BMP4 expression

   Negative Positive 
Clinicopathological parameter n (31) (45) χ2  p

Gender Male 33 15 18 1.021 0.450
 Female 43 16 27

Age ≤ 58 55 24 31 0.934 0.292
 > 58 21 7 14

Degree of differentiation High & moderate 34 19 15 1.940 0.084
 Low 42 12 30 

Pathological type Adenocarcinoma 36 14 22 2.061 0.063
 Squamous carcinoma 40 17 23

Lymph node metastasis No 24 17 23 5.683 0.005
 Yes 52 14 38
TNM stage I-II 46 10 36 12.247 0.003
 III-IV 30 21 9
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sis of human tumors12. It is reported that BMP4 
is overexpressed in hepatocellular carcinoma, and 
the overall survival is better in patients with low 
level of BMP413. In breast cancer and gastric can-
cer, BMP4 is also overexpressed and associated 
with EMT9. Besides, Alarmo et al14 revealed that 
BMP4 overexpression induces in vivo angiogen-
esis, which is correlated with the chromosomal 
instability in breast cancer. Rao et al15 clarified 
that BMP4 plays an important role in angiogen-
esis of hepatocellular carcinoma. In addition, 
BMP4 is identified to regulate biological perfor-
mances through mediating miRNA expressions. 
For example, BMP4 plays an important role in the 

invasion and development of lung cancer by tar-
geting miR-139-5P16. In the present study, a total 
of 76 NSCLC patients were enrolled. BMP4 level 
in NSCLC tissues was significantly higher than 
those in para-carcinoma tissues (p<0.05). Posi-
tive expression of BMP4 was identically higher in 
NSCLC tissues relative to para-carcinoma ones. 
Next, the PFS and OS curves were plotted using 
the Kaplan-Meier method in NSCLC patients 
with high-level and low-level BMP4. It is found 
that both PFS (Log-rank test, p=0.016) and OS 
(Log-rank test, p=0.027) were significantly short-
ened in NSCLC patients with high-level BMP4. 
The correlation analysis of clinicopathological 

Figure 3. Correlations of BMP4 expression with PFS and OS of NSCLC patients.

Table II. Correlations between CT signs and BMP4 expression in NSCLC patients.

      BMP4 expression

   Negative Positive 
Clinicopathological parameter n  (31) (45) χ2  p

Lobulation sign Yes 49 16 33 6.52 0.021
 No 27 15 12
Spinous Process Sign Yes 56 18 38 8.31 0.014
 No 20 13 7
Spiculation sign Yes 41 23 18 1.57 0.641
 Yes 35 8 27
Ground glass sign Yes 52 20 32 0.96 0.716
 No 24 11 13
Tumor diameter (cm) ≤ 3 28 14 14 5.66 0.025
 > 3 48 17 31
Enhancement value (Hu) ≤ 20 30 10 20 1.88 0.640
 > 20 46 21 25 

Mediastinal lymph node metastasis Yes 43 28 15 7.57 0.017
 No 33 3 30
Calcification lesion Yes 34 16 18 1.53 0.068
 No 42 15 27 
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indexes revealed that BMP4 level was associated 
with the lymph node metastasis and TNM stage 
of NSCLC patients. Our conclusion was consis-
tent with Wei et al17 that overexpression of BMP4 
in NSCLC patients is correlated with TNM stage, 
differentiation and lymph node status. It is sug-
gested that BMP4 plays an important role in the 
occurrence and development of NSCLC and it can 
serve as an independent biomarker for clinical 
prognosis of NSCLC patients. There is polymor-
phic biological morphology of tumors, and the CT 
has the following signs at the edge of lung cancer: 
(1) deep lobulation sign: It is manifested as multi-
ple ragged semi-arc shapes at the edge of tumor, 
with a chord distance/chord length ratio ≥ 0.4. (2) 
spinous process sign: as shown in the mediasti-
nal window of CT, it protrudes from the edge of 
tumor into the lung field, and its morphology is 
sharp-angled spinous process in the form between 
lobulation and spiculation. (3) Spiculation sign: 
as shown in the lung window of CT, it spreads 

from the edge of tumor to the peripheral lungs, 
displaying the brush or halo shape. (4) Ground 
glass sign: it is the patchy ground glass shadow, 
and its CT manifestation is the cloud-like thin 
shadow/rounded nodule with slightly increased 
density, shaped like ground glass. Besides, its 
pathological basis is the alveolar wall thickening, 
alveolar space collapse and decreased air content 
in alveolar space, and cells, exudates and tissue 
fragments may exist18,19. In this study, BMP4 level 
significantly increased in patients with deep lobu-
lation sign, spinous process sign, tumor diameter 
> 3 cm and mediastinal lymph node metastasis. 
The pathological cause of deep lobulation may be 
the different growth rates in each part of the tu-
mor, or limitation of the local tumor growth due 
to the gap of connective tissues in the lungs and 
the blockage of vascular bronchi during tumor 
growth20. The above findings indicated that the 
growth of tumor cells at the edge of tumor along 
the lobulation is more active, with a higher pro-

Figure 4. Correlations between different CT manifestations and BMP4 expression in tumor tissues. 61-year-old male patient 
has the cancer in the left upper lung accompanied by pleural and pericardial metastases. The boundary between the left upper 
lung mass and the aortic arch is unclear, multiple small round lucency shadows can be observed in the bilateral upper lobes, 
and there are stripe shadows in the middle lobe of right lung and the lingular lobe of left lung. There are main coronary calci-
fications, pleural effusion on the left side and pericardial effusion. The calcification can be observed near the head of pancreas 
in the left upper abdomen.
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liferative rate. The spinous process sign reflects 
the infiltration of tumor cells in connective tissues 
around the blood vessel and the spread along the 
lymph vessels, and it is the site where tumor de-
velopment starts, which is considered as a part of 
the lobulation. The increased expression of BMP4 
indicated that BMP4 may be involved in the rap-
id proliferation of tumor cells and infiltration into 
surrounding tissues. Lymph node metastasis is 
recognized as an important index of poor progno-
sis of lung cancer. In the CT image, the lung can-
cer with enlargement of mediastinal lymph nodes 
and high expression of BMP4 had higher cell 
proliferative activity, stronger invasiveness, and 
high risk of lymph node metastasis. In the early 
stage of metastasis, EMT occurs in some epithe-
lial tumor cells, characterized by the loss of epi-
thelial polarity and differentiation markers, such 
as E-cadherin and β-catenin. The mesenchymal 
markers, such as N-cadherin and Vimentin, are 
generally expressed in mesoderm-derived cells21. 
These CT signs are of important value in the di-
agnosis of NSCLC.

Conclusions

We observed that BMP4 is overexpressed 
in NSCLC tissues and associated with the 
shortening of PFS and OS. BMP4 expression 
is correlated with the lobulation sign, spinous 
process sign, tumor diameter and mediastinal 
lymph node metastasis in CT findings of NS-
CLC patients. This study provides a basis that 
BMP4 could be served as a potential therapeu-
tic and diagnostic target for NSCLC.
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