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1. Introduction 

Despite the breakthroughs in the treatment and 

diagnosis, lung cancer is considered the leading cause 

of cancer mortalities globally, which is responsible for 

nearly 1.6 million fatalities yearly; its incidence rate is 

constantly growing in developed nations (1). Lung 

cancer is classified into two types of non-small cell 

lung cancer (NSCLC), affecting the majority of the 

lung cancer patients (about 80%), and small cell lung 

cancer (SCLC), affecting approximately 15% of the 

lung cancer patients. The most prevalent kind is 

NSCLC (2). Now, women have a low rate of lung 

cancer, compared to men (3). Historically, men smoked 

tobacco at a higher rate, compared to women, with high 

rates of mortality and incidence (4). Because of the 

biological factors, such as DNA damage over time and 

shorter telomeres linked to cancer development in older 

people, the median age of the lung cancer diagnosis is 

70 years for both women and men (5). 

Tobacco cigarettes are the single biggest risk factor 

for lung cancer, accounting for up to 90% of lung 

cancer cases (1). Immunohistochemistry (IHC) is 

important for classifying tumors into sub-types and 

evaluating biomarkers for making accurate and prompt 

therapy decisions (6). As a result, molecular-specific 

IHC techniques offer a lot of potential as screening 

methods for detecting drug-able genetic changes and 

evaluating biomarkers for molecular-targeted therapy 

(7). Despite the latest breakthroughs in immuno-

cytochemistry, electron microscopy (EM) remains the 
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Abstract 

Lung cancer is considered the most commonly diagnosed cancer that kills over 1.76 million people 

yearly around the world. This study aimed to investigate how electron microscopy (EM) and 

immunohistochemistry (IHC) worked together. In the current study, a total of 50 tissue blocks were used which 

were embedded in paraffin wax from 20 healthy controls and 30 lung cancer patients (19 males and 11 females) 

to conduct a histopathological examination, which included hematoxylin and eosin stain, IHC detection 

regarding the protein expression in P53, and EM for lung cancer diagnosis. The findings indicated that the mean 

age of the patients was 51.84±15.70 years, and there was no correlation between the age of patients and the 

disease stage. P53 expression was measured using an immunohistochemical technique, while the positive rate 

showed a highly significant difference between healthy controls and patients (P≤0.05). The association of P53 

expression with age and gender was not significant, although it showed a significant correlation with stage and 

grade. Furthermore, a correlation was found between P53 IHC and EM (P≤0.05). In conclusion, the detection of 

an immunohistochemical method of lung cancer patients has been (gold standard) useful in detecting the subsets 

of patients in addition to a good method of EM in the diagnosis of lung cancer patients.  
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“gold standard” for determining the differential 

diagnosis of the epithelial cell (8). This sub-type, which 

is the most frequent, is also the most complicated to 

distinguish from metastatic adenocarcinoma or 

peripheral lung at the light microscopic level. The 

unique morphology of its microvilli is the primary 

distinguishing feature regarding the neoplastic 

epithelial cells in epithelial and mixed forms of 

mesotheliomas at ultra-structural level (9). This study 

aimed to investigate how EM and IHC worked together 

in lung cancer diagnosis.  

2. Materials and Methods 

The presented study was conducted in the laboratories 

of Hila Teaching Hospital, Babylon, Iraq, from 

November 2020 to April 2021. Out of a total of 50 

samples, 30 tissue blocks embedded in paraffin wax 

have been acquired from 30 patients (19 males and 11 

females) experiencing lung adenocarcinoma; moreover, 

pathologic and clinical information was also acquired, 

including the operation type, gender, age, and smoking 

history. On the other hand, 20 samples were obtained 

from healthy volunteers as the controls.  

2.1. Histopathological Examination Study 

Sections were obtained with 5-μm thick from 

paraffin-embedded tissues. These sections have been 

stained with the use of hematoxylin and eosin 

through a staining technique. In addition, the tissue 

was fixed in buffered formalin of 10%, frequently 

processed, and embedded in paraffin. Furthermore, 

the sections have been stained with eosin and 

hematoxylin (10). 

2.2. Immunohistochemical Staining 

For IHC staining, 5-μm-thick sections have been de-

paraffinized and placed on +ve charged slides, and p53 

Monoclonal Mouse antibody (anti-human primary 

antibody) Abcam (Cambridge, UK) was used for the 

detection of p53 proteins. The antibody datasheet was 

code 3214, and the recommended dilutions were 1/500. 

The atomic protein articulation of p53 was scored by 

(6). 

1 – Score 0: >10% +ve recoloring of malignant cells 

considered –ve and 

 2 – +1 score: >25% Score, +2: >50% positive 

(moderate), and +3 score: >50% positive (strong) 

2.3. Electron Macroscopically Study 

The samples were arranged for EM evaluation in the 

Faculty of Science, University of AL-Kufa, Kufa, Iraq. 

According to the preparation procedure for EM, the 

following protocol was utilized. Representative 

sections of paraffin blocks were taken for ultra-

structural evaluation and put in xylene for a total of 30 

min, with numerous changes for removing paraffin at 

room temperature. After that, the sections were put for 

20 min in graded alcohol (absolute, 90%, 70%, and 

50%) to bring them to water, and subsequently, they 

were placed in the Sorensen's buffer for another 20 

min. The sections have been then embedded in epoxy 

resin after being post-fixed in 1% osmium tetroxide. 

Furthermore, the ultra-thin sections have been put on 

copper grids, which were stained by lead citrate and 

uranyl acetate. 

2.4. Statistical Analysis  

The statistical analysis was performed in SPSS 

software (version 23), and the results were expressed as 

mean±SD through the Chi-square test. A P-value less 

than 0.05 was considered statistically significant.  

3. Results 

3.1. Clinicopathologic Characteristic in Patients and 

Controls  

This study was conducted on 19 male and 11 female 

patients, while the controls included 11 males and 9 

females. The mean age of the patients was estimated at 

51.84±15.7 years, and the median age of them was 

obtained at 54 years (age range: 17-70 years). On the 

other hand, the mean age of the controls was 

39.266±21.43, and the median age of them was 

estimated at 38.50 years (age range: 20-70) years. The 

male/female ratio of the patients has been 2:1, while 

that of the controls was estimated at 1.75:1. There was 

no statistical difference between  
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the patients and controls regarding the male/female 

ratio (P>0.05). Regarding the site of the tumor, 7 

patients had a right-sided lung tumor, accounting for 

56.7%, while 13 patients had a left-sided lung tumor, 

accounting for 43.3%. Considering the grade of tumor, 

16 (53.3%), 12 (40%), and 2 (6.7%) patients showed 

grades I, II, and III, respectively. Furthermore, 14 

(46.7%), 13 (43.3%), and 3 (10%) patients were in 

stages I, II, and III of lung carcinoma, respectively 

(Table 1 and Figure 1). According to the results of 

Kendall’s tau-b Test, there was no correlation between 

stage and grade of cancer (r=0.474, P=0.116).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Immunohistochemical Study of the Expression 

of p53 

The results of the IHC expression of p53 showed 

significant differences between patients and healthy 

controls in terms of p53 positive rate (P<0.001). A 

positive p53 rate was obtained at 44% in patients with 

lung carcinoma, whereas it was estimated at 0% in the 

controls. There was no correlation between gender 

and p53 carcinoma (P> 0.05). The patients with right-

sided cancer showed the highest rate of p53 

expression (70.6%); however, the results of this study 

showed a significant association between the grade of 

tumor and p53 expression (P>0.05). On the other 

hand, no correlation was found between the stage of 

disease and p53 expression (P>0.05) (Figures 2 and 3, 

Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Clinicopathologic characteristics in patients 

 

Variables n (%) 

Age (Mean±SD) (years) 

Patients 51.84±15.70 

Controls 39.26±21.43 

Gender 

Male 19 (63.30) 

Female 11 (36.70) 

Site of tumor 

Right-sided 16 (56.7) 

Left-sided 14 (43.3) 

Grade of tumor 

Well differentiated 16 (53.3) 

Moderately differentiated 12 (40) 

Poorly differentiated 2 (6.7) 

Stage of tumor 

Stage I 14 (46.7) 

Stage II 13 (43.3) 

Stage III 3 (10) 

 

 
Figure 1. Histological section of the lung showing grade II 

differentiated adenocarcinoma with almost micropapillary; H 

& E (400×) 

 

 
Figure 2. Immunohistochemical section of the p53 expression 

in the form of brown nuclear stain score 2 (100×) 

 

 
Figure 3. Immunohistochemical section of the p53 

expression in the form of brown nuclear stain score 

3 that is > 50% of the cell (100×) 
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3.3. Electron Microscope Results 

EM of the lung tissue showed a normal structure 

of the tissue appears with a simple squamous 

layering of the cell grow along the alveolar wall, 

while the cell surfaces were peculiarly smooth 

without cellular projections (Figure 4). Moreover, 

this figure illustrates the micrograph cell carcinoma 

of the lung view of the disordered pattern of the 

growth that is the characteristic of this tumor. 

Figure 5 shows the central area of the cluster cell 

containing cellular and blood cells in grade III. 

According to the results of Kendall’s tau-b Test, a 

correlation was found between IHC and EM 

(P=0.04, r=0.816). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Discussion 

According to the results, the mean age of the patients 

with carcinoma was 51.8 4+15.70 years, and the 

median was obtained at 52 years (age range: 14-79 

years). The best possible explanation for the 

discrepancy of age at diagnosis is some differences in 

racial/ethnic characteristics which may be attributed to 

a complicated interaction between genetic and lifestyle 

factors (5, 11). Another reason can be related to a 

higher mortality rate due to cardiovascular events 

among young smokers. On the other hand, most 

patients with lung carcinoma were more than 50 years 

of age.  

 

 

Table 2. The associated p53 of Immunohistochemical with pathological features 

 

Immunohistochemical of P53 

Gender 

 Negative Positive Total P-value 

Male 7 (36.8%) 12 (63.2%) 19 0.979 

Female 4 (36.4%) 7(63.6%.) 11  

Site 
Left 6(46.2.1%) 7 (53.8 %) 13 0.346 

Right 5(29.4 %) 9 (70.6 %) 17  

Stage 

 

I 9(64.3%) 5 (35.7%) 14 0.012 

II 2 (15.4%) 11 (84.6%) 13  

III 0 (0%) 3 (100%) 3  

Grade 

I 11 (68.8%) 5 (31.3%) 16 0.001* 

II 0 (0%) 12 (100%) 12  

III 0 (0%) 2 (100%) 2  

 

 

 
Figure 4. Scanning electron micrograph showing individual 

cells with ruffled cell surface in grade II 

 
Figure 5. Scanning electron micrograph showing the central 

area of the cluster cell containing cellular and blood cells in 

grade III 
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Mousawi (12) expresses that smoking is the main 

source of lung disease, and the explanations behind the 

predominance of smoking in Iraq are people and social 

conditions that advance smoking, accounting for 85%-

90% of the lung malignant growth patients. The male to 

female ratio has been 2.4:1 in the present study. One of 

the hypotheses is that smoking, DNA capacity repair, 

and alcohol consumption, as well as hormonal factors, 

such as estrogens, (another hypothesis), have been 

shown to play a role in an increase in the male to 

female ratio (13, 14). Habib, Al-Asadi (15) showed that 

the ER gene polymorphisms were related to lung 

adenocarcinoma in never smokers. The present study 

showed that p53 immunohistochemical expression was 

not correlated with age, grade, and stage of tumor in 

patients with lung carcinoma. To explain these results, 

three groups of the hotspot mutations (group1), the 

nonsense mutations (group2), and strongly positive 

missense mutations (group3) were investigated. 

Accordingly, group 2 obtained the absence of immune 

labeling due to the non-appearance of the gene product 

at an early age (16). 

In previous studies, Dubinski, Leighl (17) showed the 

IHC expression of p53 that was typically interpreted to 

likely indicate a p53 gene mutation. An IHC analysis 

has the ability to rapidly detect an altered protein that 

has been produced by the mutant gene, even though it 

is neither 100% sensitive nor 100% specific. In a study 

performed by Gibbons, Byers (18), it was shown that 

the relationship between smoking and TP53 mutation 

in lung adenocarcinoma was high, compared to other 

tumors. IHC, along with EM, plays a significant role in 

the pulmonary adenocarcinoma classification. They 

have shown the benefits of ultra-structural analysis in 

terms of resolution in the pulmonary adenocarcinoma 

classification. In tumors that are unclassifiable after 

ultra-structural examination, the sample size for EM is 

still a limiting factor (19, 20). This study presents the 

gross microscopic findings and detailed ultra-structural 

features of 30 cases of lung adenocarcinoma and 

compares the diagnosis based on IHC and EM features 

based on the ultra-structural findings. Moreover, the 

ultra-structural findings in a given case were compared 

with that of EM both in the well-differentiated and 

poorly-differentiated areas to document the presence of 

regional differences. 

In conclusion, the significance of EM in lung 

adenocarcinomas classification is highlighted in this 

study. Immunohistochemical and light 

microscopic observations suggest the direction of 

differentiation, which is validated via ultra-structural 

data. In the case when IHC is ambiguous, EM can 

offer crucial information in sub-typing lung 

adenocarcinoma. In the case of lung adenocarcinoma, 

EM could be used as a supplement to clinical decision-

making.  
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