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Abstract. – OBJECTIVE: To investigate the cor-
relations of the computed tomography (CT) signs 
of non-small cell lung cancer (NSCLC) with patho-
logical features and the expression levels of 
phosphoprotein 53 (p53) and c-Myc in patients.

PATIENTS AND METHODS: 87 patients with 
NSCLC admitted to the Department of Oncology in 
our hospital from July 2014 to March 2017 were 
randomly selected. Morphologies of NSCLC and 
cancer-adjacent tissues were detected by hema-
toxylin and eosin (H&E) staining; messenger ribo-
nucleic acid (mRNA) and protein levels of p53 and 
c-Myc in cancer and cancer-adjacent tissues were 
detected using real-time polymerase chain reac-
tion (RT-PCR) and immunohistochemistry (IHC); 
spiral CT (SCT) was conducted for exploring imag-
ing signs of patients with NSCLC; the correlation 
of CT signs with pathology and the expressions of 
p53 and c-Myc was analyzed. 

RESULTS: H&E staining showed that NSCLC tis-
sues had a larger nucleus, a larger nucleus-cyto-
plasm ratio, and a more evident histopathological 
atypia, with no clear histological structure com-
pared with cancer-adjacent normal tissues; RT-
PCR and IHC results revealed that the mRNA and 
protein expression levels of p53 and c-Myc in NS-
CLC tissues were significantly higher than those in 
cancer-adjacent tissues, in which differences in 
mRNA levels were 1.75 folds and 1.84 folds, respec-
tively (p<0.05). SCT signs indicated that swollen 
lymph nodes and spiculation, spinous process and 
deep lobulation signs often occurred in the chest of 
NSCLC patients, and pleural indentation appeared 
in the majority of patients; the chi-square test re-
sults showed that the positive rates of p53 and 
c-Myc proteins were not related to pathological 
types of NSCLC, but significantly correlated with 
tumor differentiation (p<0.05); the positive rates of 
p53 and c-Myc proteins were correlated with tumor 
diameter, spiculation and deep lobulation signs 
and lymph node metastasis (p<0.05), but not asso-
ciated with spinous process, vacuole and pleural 
indentation signs (p>0.05).

CONCLUSIONS: CT scan combined with the de-
tection of p53 and c-Myc expressions can improve 
the diagnosis of lymph node metastasis and clini-
cal staging for patients with NSCLC, which is con-
ducive to the clinical treatment and prognosis 
analysis of NSCLC.
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Introduction

Lung cancer is one of the major causes of 
death in patients, in which non-small cell lung 
cancer (NSCLC) accounts for about 80% of pa-
tients with bronchial lung cancer1. Large-scale 
screening has greatly improved the early di-
agnosis and treatment of lung cancer since the 
Early Lung Cancer Action Plan (ELCAP) was 
launched in the 1990s. The results of this action 
showed that spiral computed tomography (SCT) 
can be used to identify individuals with high risk 
of early-stage lung cancer in a very small size, 
and the accurate diagnosis rate for Stage I tu-
mors is more than 80%2. Therefore, SCT is an 
effective method both in the early intervention 
and in the screening of high-risk groups of lung 
cancer. Tumor suppressor gene phosphoprotein 
53 (p53) mutant and its downstream oncogene 
c-Myc are commonly seen in a variety of human 
tumors, and at present, they are indicators used 
in clinical tumor diagnosis and staging3,4. How-
ever, there is no report on whether CT imaging 
signs combined with p53 and c-Myc expressions 
improve the diagnosis and prognosis of NSCLC 
in relevant literature. 
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The primary purpose was to investigate the 
correlations of computed tomography (CT) signs 
of non-small cell lung cancer (NSCLC) with 
pathological features and the expression levels of 
phosphoprotein 53 (p53) and c-Myc in patients.

Patients and Methods

Clinical Data
A total of 87 patients admitted to the Depart-

ment of Oncology in our hospital from July 2014 to 
March 2017 were randomly selected. The patients 
were at the average age of (53.4±6.7) years old, and 
they underwent full-body CT development before 
the operation. There were no significant differences 
in general clinical data among the included patients. 
Specimens came from surgical resection or patho-
logic biopsy. Data of hematoxylin and eosin (H&E) 
staining and SCT were evaluated by three different 
physicians from the Pathology Department and the 
Imaging Department, respectively. Imaging and 
histopathological detection results were compared 
among all the cases. The study was approved by 
the Ethics Committee of Shanxian County Central 
Hospital of Shandong Province, and all the patients 
signed the written informed consent.

Detection of NSCLC Pathological 
Condition Using SCT

The double SCT (CT-Twin, Elscint Ltd., Hai-
fa, Israel) was applied for scans, and a 512×512 
matrix was reconstructed. The layer thickness 
and spacing were 10 mm, and 5 mm thin layer in 
the lesion area was scanned additionally. Besides, 
high-resolution CT (HRCT) scan was used in the 
lesion area of some patients. CT signs were sum-
marized by conventional CT findings.

Detection of the Messenger Ribonucleic 
Acid (mRNA) levels of p53 and c-Myc
in NSCLC Tumor Tissues by Real-time 
Polymerase Chain Reaction (RT-PCR)

The total RNA was extracted from NSCLC tis-
sues using TRIzol reagents, and 1 μg total RNA 
was reversely transcribed using Reverse Tran-
scription Kit (Article Number: 205311, Qiagen, 
Grindelwald, NY, USA). RT-PCR was conducted 
using the SYBR® Premix Ex Taq™ II Kit (Taka-
ra, Tokyo, Japan). 45 cycles of amplification were 
performed at an annealing temperature of 55°C. 
The relative quantification of each gene was an-
alyzed by 2-ΔCt with glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) as the internal reference 

for correction. The relative mRNA expression lev-
el of each gene was calculated as 2-ΔCt [ΔCt = Ct 
(target gene) – Ct (GAPDH)]. Primer sequences 
are listed below: p53 exonic primers: Forward in 
exon 5-9, 5’-GCCGTGTTCCAGTTGCTTTATCT-
GTTCAC-3’, Reverse in exon 15028-14998, 5’-GT-
GTTGTCTCCTAGGTTGGCTCTG-3’; c-Myc: 
Forward, 5’-CTTGTCCTCCTTTCTGTTACGG-3’, 
Reverse, 5’-CCCCTGTAGCCATCCATTCC-3’; 
GAPDH: Forward, 5’-ATTGATGGATGCTAF-
GAGTATT-3’, Reverse, 5’-AGTCTTCTGGGTG-
GCAGTGAT-3’; each experiment was repeated for 
three times.

Observation of the Histomorphology 
by H&E Staining and Detection
of the Protein Levels of p53 and c-Myc 
in Tumor and Tumor-adjacent Tissues
by Immunohistochemistry (IHC)

87 cases of NSCLC specimens were fixed with 
4% formaldehyde, followed by conventional de-
hydration and embedding into paraffin blocks, 
which were sliced into pieces at a thickness of 4 
μm. Eosin and hematoxylin were used for H&E 
staining, respectively, followed by histopatholog-
ical observation. Pathologically confirmed NS-
CLC and cancer-adjacent (4 cm or more) tissues 
were serially sectioned at 4 μm for IHC staining 
of p53 and c-Myc. In IHC technology, the two-
step universal kit (Zhongshan Golden Bridge Bio-
technology, Beijing, China, model: ZLl9610) was 
used, primary antibodies, p53, and c-Myc were 
purchased from RD Company (Minneapolis, MN, 
USA. Article Number: AF1355 and MAB3696), 
and secondary antibodies were labeled by diam-
inobenzidine (DAB) development. The known 
positive tissues were taken as the positive control, 
while phosphate-buffered saline (PBS), instead 
of primary antibodies, was regarded as the neg-
ative control. The appearance of tan areas in the 
cell nucleus or cytoplasm was defined as positive 
cells. Based on the Trans classification method, 
the patients were divided into 4 grades according 
to the color intensity and the number of positive 
cells: “+” “++” and “+++” represented positive, 
while “-“ represented negative5.

Statistical Analysis
The experimental results were analyzed using 

GraphPad Prism software (Version 5.01, Graph-
Pad Software, Santiago de Chile, CA, USA). The 
chi-square test was used to compare the correla-
tions of the levels p53 and c-Myc with patholog-
ical indicators and CT signs of NSCLC patients. 
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The independent samples t-test was used to com-
pare the differences in indicators between the two 
groups of specimens. p<0.05 represented that the 
difference was statistically significant.

Results 

Detection of NSCLC and Cancer-adjacent 
Histomorphology by H&E

As shown in Figure 1, NSCLC tissues had 
larger nuclei, larger nucleus to cytoplasm ratio 
and more obvious histopathological atypia, with 
no clear organizational structure compared with 
those of cancer-adjacent normal tissues.

Detection of the Expressions of p53
and c-Myc by RT-PCR and IHC

As shown in Figure 2B, the mRNA expres-
sions of p53 and c-Myc in NSCLC tissues were 

significantly higher than those in cancer-adjacent 
tissues, and the differences were 1.75 folds and 
1.84 folds, respectively (p<0.05). IHC results 
(Figure 2A) revealed that p53 was expressed in 
the nucleus, while c-Myc was expressed in the 
cytoplasm. The protein levels of p53 and c-Myc 
in NSCLC tissues were significantly higher than 
those in cancer-adjacent tissues.

Correlation of p53 and c-Myc Levels
with Pathological Indicators of NSCLC 
Patients

According to the Trans classification meth-
od, 34 patients were defined as p53-positive and 
39 patients were defined as c-Myc-positive. The 
chi-square test results showed that the positive 
rates of p53 and c-Myc proteins were not related 
to pathological types of NSCLC, but significant-
ly correlated with tumor differentiation (p<0.05) 
(Table I).

Figure 1. Detection of NSCLC 
and cancer-adjacent histomor-
phology by hematoxylin and eo-
sin (H&E) staining. (Magnifica-
tion: 40×)

Figure 2. Detection of the 
expressions of p53 and c-Myc 
by RT-PCR and IHC. A, 
IHC suggests that p53 is ex-
pressed in the nucleus and 
c-Myc is expressed in the cy-
toplasm. The protein levels 
of p53 and c-Myc in NSCLC 
tissues are significantly high-
er than those in cancer-adja-
cent tissues. B, RT-PCR re-
sults show that the mRNA 
expressions of p53 and c-Myc 
in NSCLC tissues are signifi-
cantly higher than those in 
cancer-adjacent tissues.
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CT Signs of the Tumor 
in NSCLC Patients

SCT signs indicated that swollen lymph nodes 
and spiculation, spinous process and deep lobula-
tion signs often occurred in the chest of NSCLC 
patients, and pleural indentation appeared in the 
majority of patients (Figure 3 and Table II).

Correlation of the Expressions 
of p53 and c-Myc with CT Signs of NS-
CLC Patients

The correlation of CT signs with the expres-
sions of p53 and c-Myc was further explored by 
the chi-square test. The results showed that the 
positive rates of p53 and c-Myc proteins were 
correlated with tumor diameter, spiculation and 
deep lobulation signs and lymph node metas-
tasis (p<0.05), but not associated with spinous 
process, vacuole and pleural indentation signs 
(p>0.05).

Correlation of the Expressions of p53 
and c-Myc with Enhanced CT of NSCLC

As shown in Table III, the positive expressions 
of p53 and c-Myc in cancer tissues of patients 
with NSCLC were significantly correlated with 
the enhanced CT (p<0.05).

Discussion

Tumor suppressor gene p53 is the master 
gene regulator of many cellular pathways by 
activating or repressing downstream genes6. 
Among these genes, proto-oncogene c-Myc is 
negatively regulated by p537. c-Myc is a tran-
scription factor that directly or indirectly regu-
lates a variety of genes and plays an important 
role in cell development, differentiation, pro-
liferation and apoptosis8,9. It is hard to detect 
wild-type p53 in normal tissues, while mutant 

Table I. Correlation of the protein levels of p53 and c-Myc in NSCLC tissues with pathological.

Pathological feature No.                 p53  p-value            c-Myc             p-value

  87 Negative Positive  Negative Positive
   (53) (34)  (48) (39) 

Pathological Squamous cell carcinoma 43 25 18 0.083 32 11 0.061
  type Adenocarcinoma 28 19 9  12 16
 Large-cell lung carcinoma 16 9 7  4 12
Tumor  High differentiation 23 17 5 0.009 19 4 0.024
  differentiation Moderate differentiation 40 24 16  21 19
 Low differentiation 24 12 12  8 16

Figure 3. The NSCLC patient is a female aged 56 years old. CT signs suggest that nodules and lumps often occurred in pa-
tients at varying sizes and uneven density exist in the pleural cavity. Multiple mediastinal lymph nodes and fuzzy plaque shad-
ows can be seen, which are considered as tumor metastasis accompanied with pulmonary infection.
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p53 is often found in human tumor tissues. 
Mutant p53 loses its regulation of the oncogene 
c-Myc. In contrast, studies10,11 have shown that 
the overexpressed c-Myc disrupts the p53-de-
pendent G1/S cell cycle arrest caused by deoxy-
ribonucleic acid (DNA) damages and promotes 
many cells to enter the cell cycle. Specifical-
ly, the overexpression of c-Myc disrupts G1 
cyclin-dependent kinase inhibitors (p15, p16, 
P18, P19 and p27) after p53- and retinoblasto-
ma protein (pRb)-associated growth arrest12. 
Currently, researchers have detected the ex-
pressions of c-Myc and mutant p53 in many 
human tumors such as breast cancer and colon 
cancer, which are often associated with aggres-
sive and poorly differentiated tumors13. c-Myc 
is overexpressed in 30%-50% of the lung can-
cer patients14. In this experiment, IHC and RT-
PCR were adopted, which showed that a large 
number of mutant p53 and c-Myc proteins were 
enriched in cancer tissues of NSCLC patients. 
It was found that the expressions of p53 and 
c-Myc were not associated with pathological 

types of NSCLC but significantly associated 
with NSCLC differentiation, which was con-
sistent with Soucek’s et al study15.

Furthermore, SCT was used to detect the im-
aging signs of NSCLC patients, which showed 
that metastasis and deep lobulation, speculation, 
and spinous process signs often occurred in NS-
CLC patients. We found that CT signs of 50 pa-
tients with NSCLC showed lymph node metasta-
sis, and 53 patients had tumors with a diameter 
greater than 3 cm. Besides, CT signs also showed 
that p53 and c-Myc were highly expressed in the 
tumor, which indicated that CT was of a certain 
value in detecting the size and metastasis of tu-
mors, in which p53 and c-Myc were expressed. 
The lobulation sign is an appearance of multiple 
pronounced uneven arcs in the edge of tumors due 
to the different degrees of differentiation of tumor 
cells, where lobules with the chord length/chord 
length >2/5 are defined as deep lobules16. Spinous 
process sign, however, is considered as a type of 
lobulation sign with a thick and blunt “clubbing” 
structure, which is often infiltrated with NSCLC 

Table II. Correlation of CT signs of NSCLC patients with the expressions of p53 and c-Myc.

Pathological feature     No.              p53  p-value            c-Myc             p-value

  87 Negative Positive  Negative Positive
   (53) (34)  (48) (39) 

Diameter (cm) ≥3 53 30 23 0.042 36 17 0.015
 <3 34 23 11  12 22
Spiculation sign Yes 29 19 10 0.031 18 11 0.027
 No 58 34 24  30 28
Spinouts process sign Yes 43 29 14 0.172 27 12 0.306
 No 44 24 20  21 23
Deep lobulation sign Yes 46 32 24 0.024 31 15 0.039
 No 41 21 20  17 24
Vacuole sign Yes 31 24   7 0.047 15 16 0.617
 No 56 29 37  33 23
Pleural indentation sign Yes 49 25 24 0.295 27 22 0.072
 No 38 28 20  21 17
Lymph node metastasis Yes 50 36 14 0.017 39 11 0.036
  37 17 20   9 28

Table III. Correlation of the expressions of p53 and c-Myc with the enhanced CT of NSCLC.

Detection index No.                               Enhanced SCT value p-value

   >20 Hu ≤20 Hu 

p53 Negative  53 36 27 0.024 
 Positive  34 26 18 
c-Myc Negative 48 39 9 0.013  
 Positive  39 25  14
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cells17. In this experiment, the sharp-pointed pro-
trusions from the edge of the tumor to the lung 
observed in the mediastinum window edge oc-
curred in the apex parts of tumor development 
area, representing that tumor cells were infiltrated 
in connective tissues around the blood vessels or 
spread along the lymphatic vessels. The spicula-
tion sign is manifested as a lump with spine-like 
or spicule-like protrusions to varying degrees on 
the edge of the tumor, and squamous cell carcino-
ma can be manifested as long spicules, while ade-
nocarcinoma is often manifested as short straight 
spicules18. We found that CT signs of NSCLC pa-
tients with highly expressed p53 and c-Myc were 
deep lobulation and spiculation sign, which might 
result from the formation of a scaffold due to the 
metastasis of NSCLC tumor cells to the surround-
ing tissues and distant areas, and this might be 
significantly correlated with the malignant bio-
logical behavior of the tumor and the poor prog-
nosis of patients. 

The primary cause of the formation of pleural 
indentation sign is the formation of intra-tumor 
reactive fibrosis and scars19. Although pleural 
indentation sign is a valuable indicator in the di-
agnosis of CT signs of lung cancer20, this inves-
tigation showed that the expressions of p53 and 
c-Myc were not related to NSCLC patients with 
or without pleural indentation sign. Vacuole sign 
refers to a mini-focal photic zone in cancerous 
nodules shown in CT images with a diameter of 
less than 5 mm, which is distinguishable from 
cancerous voids. The smaller the diameter of the 
tumor is, the higher the incidence rate of vacuoles 
will be. The study revealed that the expressions 
of p53 and c-Myc in NSCLC were not related to 
vacuole sign, which was the same as the results 
of previous studies, indicating that vacuole sign 
was of little significance in judging the malignant 
biological behavior of NSCLC.

Conclusions

This study reveals that CT combined with the 
detection of p53 and c-Myc expressions can im-
prove the diagnosis of lymph node metastasis and 
clinical staging for patients with NSCLC, which 
contributes to the clinical treatment and prognosis 
of NSCLC.
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