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Introduction and objective: Anthracosis is a pneumoconiosis caused by coal dust. The term
“pneumoconiosis” refers to an occupational lung disease caused by long-term inhalation of
dust. To achieve more efficient diagnosis and treatment methods, changes in the expression of
MUC1 and P16 genes in the patients with anthracosis and their relationship with none-small
cells lung carcinoma were examined.

Methodology: Thirty anthracosis samples (center of lesion) and thirty healthy samples
(edges of lesion) were collected from anthracosis patients diagnosed by a specialist. The
patients signed a written letter of consent beforehand. The expression of MUC1 and P19
biomarkers was measured through Real-Time PCR. The relationship of the expression of
biomarkers with tumor staging and lung carcinoma stage was examined.

Results: The two groups in the study were compared using t-test. P16 marker was positive at
the center and edges of lesions in seven (out of 30) and 18 (out of 30) cases respectively.
There was a significant difference between positive P16 markers at the center and edges of
the lesions (p-value<0.001). MUC1 marker was positive at the center of lesions in 21 cases
out of 30 (sensitivity = 70%) and it was positive at the edges of lesions in seven cases out of
30. In terms

lesions (p-value<0.001).

Conclusion: The results indicated a relationship between anthracosis and lung carcinoma.
Clearly, the positive cases of P16 genes at the edges of lesions were higher than that at the
center; while, the positive cases of MCU1 gene at the center of lesions were higher than that
at the edges. Further studies with larger sample groups are needed to provide more
evidences.

Introduction 
The term “anthracosis” is comprised of “antrac” for coal or carbon and “osis” for a mode or a
condition. Technically, anthracosis is featured with black plaques on bronchus mucus, pulmonary
parenchyma, respiratory bronchial, which can be diagnosed through bronchoscopy [1]. The disease
is called bronchial anthracofibrosis (BAF) when it causes deformity and lumen bronchus stenosis
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[2] . In addition, damage to bronchus mucus disrupts cilia sweeping function that leads to other
infections like pulmonary tuberculosis [3] . 

Some of pathophysiology authors have mentioned bronchial stenosis, large lymph nodes with or
without calcification and high risk of malignant tuberculosis as the results of inhalation of biomass
smock [4]. There is no record of anthracosis plaques, bronchial stenosis, and deformation in the
individual with COPD (with smoking history); thereby, anthracosis cases diagnosed through
bronchoscopy are not considered as a COPD case [5] .

In general, anthracosis is mostly initiated from respiratory bronchiole, which is a part of respiratory
zone [6] . Coughing and dyspnea are of the most common symptoms of BAF and anthracosis (Tabl
1) along with sibilant rhonchi heard through physical examination [7] . In some cases, anthracosis
is misdiagnosed as tuberculosis, lung cancer, or pneumonia [8] .

Cytology studies on the lung tissue have shown that inter-bronchial anthracosis and
lymphadenopathy meditation are coincident with the early primitive adenocarcinoma. Thereby, one
may conclude that there is a significant relationship between anthracosis and lung carcinoma [9] .

Lung carcinoma is the most common type of cancer in men all around the world [10,14] . It includes
small cell lung carcinoma (SCLC) and non-small cell lung carcinoma (NSCLC) [10] . The former is
highly lethal and there is a high mortality rate among SCLC patients [15] . Today, many
researchers work on finding new non-invasive biomarkers to assess, screen, categorize, and survey
cancers [16] .

P16 is a tumor suppressor protein with proved anti-tumor properties [17] .There are evidences of
the effectiveness of expression of P16 protein in uncontrolled cellular proliferation and tumors
growth. In addition, deactivation of P16 gene has been observed in 25-70% of lung carcinoma
cases. Thereby, there is a relationship between changes in P16 gene activation and tumor
occurrence [18] .

Mucin 1 (MUC1) is a membrane glycoprotein comprised of two subunits of MUC1-N (extracellular
mucin subunit) and MUC1-C (transmembrane mucin subunit) that functions as an oncoprotein [19] .
The expression of MUC1 differs in normal and cancerous conditions. Over-expression of MUC1 has
been reported in several types of cancers like lung, pancreas, colorectal, cervical, and prostate
cancers [20,22].

Materials and Methods
Real time (RT) PCR technique was used to survey the expression of P16 and MUC1 genes in 30
patients in Masih Daneshvari Hospital-Tehran. Anthracosis cases were confirmed by a specialist.
Tissue samples were collected from the center and edges of black lesions of anthracosis. RNA of
the sample was extracted and then transformed into CNDA on which RT PCR technique was
implemented. It is notable that this process was carried out as a trial check. 

  RNA extraction  

The extraction process was carried out using cinna pure RNA (cat.No.:PR891620-S). So that, one
20-25mg piece of the sample was crushed at first and then 400µl lysing solution was added to the
kit, mixed, and homogenized. 

Afterward, Precipitation solution was added to the homogenized mixture and the obtained solution
was centrifuged on an extraction column. 

Wash buffers I & II were used on the column and centrifuge respectively. Afterward, 50µl RNase
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free water was added to the column and pure RNA was extracted. Quality of RNA was examined
using a nano-drop device. 

  cDNA development  

cDNA was developed based on the extracted mRNA using Viva 2-steps RT-PCR Kit (Cat
No.RTPL12). The kit is featured with high sensitivity and capability to proliferate any DNA out of
pattern RNA. 

  Specific primers design  

Specific primers were designed for each biomarkers using AllelelID6 and then ordered to the
producer. All primers had proper Tm and C+G rates and were free of internal loop and hairpin
series. In addition the primers were examined in terms of dimerization. 

  Parameters   P16   MUC1   18s rRNA
  F primer  

ACCCTGGATGTCCTCTATG
G

 
GTGCCCCCTAGCAGTACCG

 
GTAACCCGTTGAACCCCAT
T

  Primer length   20   19   20
  R primer  

CAGGCATAGGTCCCGTTAT
TA

 
GACGTGCCCCTACAAGTTG
G

 
CCATCCAATCGGTAGTAGC
G

  Primer length   21   20   20
  Table 1: The primers used in RT-PCR 

  RT-PRC reaction  

The reaction was implemented using GinnaGreen qPCR Mix.2X (Cina Colon Co- Cat No. MM2041).
The kit uses a florescence emitter known as EvaGreen, which illuminates florescence light after
being attached to two-strand DNA and then the light is measured by PCR.

The elements needed for the reaction were prepared in a master-mix kit. The elements of RT-PCR
reaction included: 

Sequence of the pattern (2µl);

Master-mix (4µl);

Primer (optimum concentration was determined in the primary set up tests); and 

Deionized distilled water to increase the volume of reaction to 20µl. 

Cycles Time Temperature Cycle step
1 10 min 95 C Initial denaturation
  10 s 95 C Denaturation

60 s 65-60 C Annealing
20 s 72 C Elongation

  Table 2: Temperatures and time of RT-PCR reaction 

It is notable that gene reference 18srRNA was used for internal control and the results of each
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reaction were interpreted based on the amplification and melt curves. 

  Data analyses  

The findings were analyzed in SPSS V20 using mean, standard deviation, and t-test. 

Results 
The study was carried out using 30 tissue samples collected from six women and 24 men. Average
age of the patients was 48±10.5. 18sRNA gene was used as the reference gene given that the
comparison of mean “ct” values at the center and edges of lesions indicated no significant
difference (p-value=0.263). 

P16 gene was positive at the center of lesions (affected) in 7cases out of 30. Value of the biomarker
at edges of lesion (healthy) was positive in 18 cases out of 30. Comparison of positive cases of P16
gene at the center and edges of lesions showed no significant difference. Positive cases of the
biomarker in the affected and healthy groups were compared using two-sample binomial, which
indicated no significant difference between the two groups (p-value<0.001). With regard to MUC1
gene, there were 21 positive cases at the center of lesion (sensitivity = 70%) and 7positive cases at
the edges of lesion (healthy)

Comparison of positive MUC1 genes at the center and edges of lesions showed a significant
difference. Positive biomarkers in the affected and healthy samples were compared using Two-
sample binomial test and the result confirmed a significant difference between the two groups (p-
value <0.001)( Fig.1). Clearly, positive cases of P16 gene at the edges of lesion was higher than the
center, however, in the case of MUC1 gene, positive cases at the center of lesions was higher than
the edges. In general, the risk of NSCLC in anthracosis patients is high; a fact to be taken into
account in treatment and follow up programs. To obtain more accurate results with higher
sensitivity, the experiments should be conducted with three iterations.

Figure 1: Evaluation of MUC1 and P16 mRNA expression in the center and edges of the lesions by RT PCR. 

  Expression of P16 and MUC1 genes at the center and edges of
lesions  

“ct” value of each sample was determined at first and then the relative difference of expression of
the biomarkers was measured and compared. To this end, ΔΔCt method was used for MUC1 and
P16 biomarkers and then the difference between the biomarkers in the both groups was obtained
by calculating 2 to the power - ΔΔCt.

Value of ΔΔCt for P16 biomarker was -0.9 and 2 to the power of - ΔΔCt yielded the difference
between the biomarkers. On average, the number of primary copies of the markers at the edges
was 1.8times more than that at the center.Value of ΔΔCt for MUC1 biomarker was -0. 8 and 2 to
the power of - ΔΔCt yielded the difference between the biomarkers. On average, the number of
primary copies of the markers at the center was 2.8times more than that at the edges (Fig.2).

Figure 2: Difference in expression of P16, MUC1genes at the center and edges of lesions.    

Discussion 
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In general, anthracosis is characterized by black plaques on bronchial mucus, pulmonary
parenchyma, and respiratory bronchial and it is diagnosed through bronchoscopy [23] .Although,
the disease is a simple indicator of air pollution and smoking habit, it is not easy to estimate the
level of dust and black particles [24] . Exposure to air pollution in urban areas and direct
occupational exposure to smock through inhalation are the risk factors of anthracosis [25] .

Studies have confirmed the relationship between anthracosis and clinical specification of
pulmonary adenocarcinoma [25]. Among different tumor markers, it appears that mRNA
biomarkers are the best choice as small a volume of them can be spotted through RT PCR method –
a method with high accuracy. In light of this, MUC1 and P16 biomarkers were under focus in this
study. 

The results of expression of p16 protein has been observed in uncontrolled cellular proliferation
and tumor growth and deactivation of the P16 gene has been reported in 25-70% of pulmonary
carcinoma cases. Therefore, there is a relationship between changes in the expression of P16 gene
and the development of tumors [18]. In addition, over-expression of MUC1 has been reported in
many cancers such as pulmonary, pancreas, colorectal, cervical, and prostate cancers [21]. 

Hongyan Wand et al. (2017) surveyed the relationship between expression P16 gene (tumor
suppressor) and metastasis of lymphatic nodes. They also studied prognosis of ovarian cancer.
Their results showed a significant decrease in the positive expression of P16 gene in cancerous
tissue of ovarian in comparison with the unaffected tissue. In addition, they reported that the
positive expression of p16 in cancerous ovarian tissue with metastasis of cancerous lymph
decreased in comparison with the tissue without metastasis [26]. Consistently, our results showed a
decrease in the expression of the gene at the center of lesions on pulmonary tissue of anthracosis
patients. 

In another study in 2017, the expressions of P27 and P16 proteins in 83 cases of larynx lesions (32
larynx papilloma and 51 carcinoma cases) were compared. Immunohistochemistry reaction was
used to diagnose P27 and P16 expression levels and the results indicated a decrease in the
expression of P27 and P16 in cancerous cells comparing with papilloma. In addition, there was
cytoplasmic expression of p16 in cancerous cases and no expression in papilloma cases. The study
showed that a change in the expression of P27 and p16 proteins might be a valuable indicator of
larynx squamous cells carcinoma [27]. Consistently, our results showed a decrease in the
expression of P16 in cancerous cases, which is due to tumor suppression nature of the biomarker so
that its expression decreases in the most types of cancers. 

In another paper published in Korean Journal of Pathology on MUC1 in 2011, the expressions of
MUC1 and MUC4 genes in NSCLC patients were examined to determine the prognoses. The article
reported a significant relationship between the expressions of MUC4 and MUC1 and that the high
expression of the two genes has a significant relationship with adenocarcinoma [28]. The study was
based on immunohistochemistry on 165 pathology cases, and consistent with the results of the
present study, the oncogenic role of MUC1 and the increase of its expression in NSCLC cancer was
highlighted. Still, the increase in the expression of this biomarker, in the present study, was
observed in the tissue samples collected from the center of lesions. 

In general, P16 is a regulator protein of cellular cycle and its expression is attenuated in cancerous
cells. Therefore, cells become cancerous when the expression of protein decreases. Given that the
expression of MUC1 gene in NSCLC cancers increases, one may conclude that black lesions of
anthracosis lead the cells toward development of NSCLC. 

To have more reliable results and evidences, future studies with larges sample sizes are needed. In
addition, surveying other biomarkers of lung carcinoma can shed more light on the topic and
improve the accuracy of cancer screening tests. 
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