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breast cancer, colon cancer and prostate cancer 
deaths.1

Despite the advance in surgical techniques 
and combined treatment, lung cancer has an 

lung cancer is one the most important 
causes of death in the world, with more 

than 1 million deaths per year. every year 
lung cancer deaths are more numerous than 

O R I G I N A L  A R T I C L E

expression of cK19-mrna and cea-mrna 
biomarkers in pleural fluid of patients 

with non-small cell lung cancer
narges MoSHreF BeHZaD 1, naghmeh BaHraMi 2, 3, Behrooz FarZanegan 4, 
Mohammad FaTHi 5, Shohreh ZareH KariZi 6, abdolreza MoHaMaDnia 7, 8 *

1islamic azad university varamin Pishva Branch, Tehran, iran; 2craniomaxillofacial research center, Tehran 
university of Medical Sciences, Tehran, iran; 3oral and Maxillofacial Surgery Department, School of Dentistry, 
Tehran university of Medical Sciences, Tehran, iran; 4Tracheal Diseases research center, national research 
institute of Tuberculosis and lung Diseases (nriTlD), Shahid Beheshti university of Medical Sciences, Tehran, 
iran; 5anesthesiology research center, anesthesia and critical care Department, Shahid Modares Hospital, Shahid 
Beheshti university of Medical Sciences, Tehran, iran; 6Department of Biology, islamic azad university varamin 
Pishva Branch, Tehran, iran; 7virology research center, national research institute of Tuberculosis and lung 
Diseases (nriTlD), Shahid Beheshti university of Medical Sciences, Tehran, iran; 8Department of Biotechnology, 
School of advanced Technologies in Medicine, Shahid Beheshti university of Medical Sciences, Tehran, iran
*corresponding author: abdolreza Mohamadnia, virology research center, national research institute of Tuberculosis and lung 
Diseases (nriTlD), Shahid Beheshti university of Medical Sciences, 1956944413, Tehran, iran. e-mail: mohamadnia.ar@gmail.com

anno: 2017
Mese: June
volume: 56
no: 2
rivista: Minerva Pneumologica
cod rivista: Minerva Pneumol

lavoro: 1784-MPneu
titolo breve: cK19-Mrna anD cea-Mrna BioMarKerS
primo autore: MoSHreF BeHZaD
pagine: 78-83
citazione: Minerva Pneumol 2017;56:78-83

a B S T r a c T
BacKgrounD: lung cancer is one of the most mortal diseases in the word. There are lots of researches in the world 
focusing on non-invasive laboratory tests for diagnosis and screening non-small cell lung cancer (nSclc) in early stage 
that could help the oncologist and surgeon to select the best treatment panel for the patient. Most of these research trials 
are working on different type of biomarkers in biological body fluids in patients with NSCLC, but still a definite sensitive 
and specific biomarker has not reached common consensus yet. The purpose of this study was to evaluate the sensitivity 
and specificity of expression of the two mRNA biomarkers; carcinoembryonic antigen (CEA) mRNA and cytokeratin19 
(cK19) m rna in pleural effusion of patient with nSclc.
MeTHoDS: Forty patients with lung cancer and forty healthy individuals were studied in this paper. all samples were 
examined using the real-time rT-Pcr method.
reSulTS: The expression of cea-mrna was positive in 30 out of 40 patients with nSclc indicative for 75% sen-
sitivity and 12 out of 40 of healthy individuals (30% false positive) indicative for 70% specificity. The expression of 
cK19-mrna was positive in 26 out of 40 patients with nSclc indicative for 65% sensitivity and 8 out of 40 healthy 
individuals (20% false positive) indicative for 80% specificity.
CONCLUSIONS: The evaluation of mRNA biomarker expression in pleural fluid of patients with NSLC can be used as 
a diagnostic or screening test for detecting nSclc in early stages.
(Cite this article as: Moshref Behzad n, Bahrami n, Farzanegan B, Fathi M, Zareh Karizi S, Mohamadnia a. expression 
of CK19-mRNA and CEA-mRNA biomarkers in pleural fluid of patients with non-small cell lung cancer. Minerva Pneumol 
2017;56:78-83. Doi: 10.23736/S0026-4954.17.01784-9)
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cancer and lymphoma.12 There are different 
methods for evaluating the pleural fluid such 
as cytology and needle biopsy. cytology is the 
most common method for evaluation of pleu-
ral fluid but there are lots of suspicious MPE 
cases with negative cytology reports, which 
could be related to the very small number of 
CTC in pleural fluid.2, 13 nowadays the molec-
ular methods like real-time Pcr are very use-
ful for detecting the very small amount of cTc 
and their products (mrna, Dna, mi-rna) in 
different types of body fluids.14-17

We can follow the protein tumor markers 
which are produced by cTc with medical 
laboratory techniques like eliza or electero-
chemilominesecence or molecular technique 
such as real-time Pcr for detecting the Dna 
or mrna or mi-rna.2, 18

in this study we elevated the expression of 
two mRNA biomarkers in pleural fluid of pa-
tients with nSclc: carcinoembryonic anti-
gen (cea) mrna and cytokeratin19 (cK19) 
mrna.

CEA is a superficial glycoprotein tumor 
marker which has a role in cell adhesion. cea 
is produced during fetal growth and its produc-
tion is stopped just before birth. an increased 
level of cea in serum gives us the prognostic 
data of disease process.19

CK19 is an intermediate filament protein. 
cytokeratins are a large family group of pro-
teins including 20 types of polypeptides which 
are divided into two main groups: the acidotic 
type (cK9-cK23) and the basic type (cK1-
cK8). cytokeratin 19 has an important role in 
holding and keeping the integrity of epithelial 
cells in addition to response to stress and apop-
tosis. cK19 is a very applicable marker in di-
agnosis and control of cancers.20, 21

Materials and methods

Forty patients with biopsy proven pri-
mary diagnosis of nSclc, referred to Ma-
sihDaveshvary Hospital, were selected. The 
inclusion criteria were patients with stage i 
to iii lung cancer (no evidence for distant me-
tastasis) and also no history of any medical or 
surgical intervention.

unfavorable prognosis. lung cancer with 5 
years survival (13%) has the worst survival 
rate among other cancers. interestingly if lung 
cancer is diagnosed in stage i, then the survival 
rate would increase to 85%.2

in most patients with advanced stages of 
nSclc, surgical intervention is futile even in 
hands of expert surgeons and advanced surgical 
techniques will not be usually successful. ac-
cording to the WHO classification, epithelial 
lung cancer is divided into two main categories 
with four main cellular sub-groups: small cell 
lung cancer (Sclc) 15%, non-small cell lung 
cancer (nSclc) 85% including adenocarcino-
ma, squamous cell carcinoma (Scc), and large 
cell carcinoma.3-5 each one of them has a spe-
cific clinical, pathological and histological pat-
tern. With developing the data about biology of 
tumor and genetic alteration and specific muta-
tion, new classification is under survey. Know-
ing this molecular differentiation helps to lead 
more efficient treatment plans in future.6, 7

Many dynamic alterations in genome are 
known in non-small cell lung cancers includ-
ing mutation in KraS, PiK3ca, rB, P53, 
egFr, eMl4-alK, loss of heterozygosity 
and tumor suppressor gene Dna mutilation.8

according to different genomic alterations 
and mutations in lung cancer, finding a reliable 
molecular biomarker to detect lung cancer in 
the early stages as a non-invasive screening 
and diagnostic exam could be very helpful.9

Biomarkers are the biological molecules in 
peripheral blood or pleural fluid or other bodi-
ly fluids which indicate a normal or abnormal 
process or a specific condition or a disease. 
There are different types of biomarkers such 
as protein biomarkers, Dna biomarkers and 
mrna biomarkers. cells are also recognized 
as biomarkers.4, 10, 11

in the late stages of cancers, circulating tu-
mor cell (cTc) transfer to peripheral blood 
and specifically in lung cancer CTC could also 
enter into the pleural cavity, which is called 
malignant pleural effusion (MPe).10, 12

MPe has a close association with nSclc. it 
is the first sign of malignancy in up to 15% of 
patients with lung cancer.12 MPe is also seen 
in other malignancies like ovarian and gastric 
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tration of primer that was used in the test was 
10 pmol/ul (Table i).

Real-time RT-PCR

in this step, we used Sinaclon kit (Sinaclon, 
Tehran, iran, cat no. BT11101) that contained 
the evagreen® (Biotium, Hayward, ca, uSa) 
fluorescent color, which attached to double 
strained DNA and then the fluorescent light 
could detect by real-time detector system. 
real-time rT-Pcr were performed on a total 
volume of 20 μL contains 2 μL of template 
cDNA, 4 μL Master Mix, optimal concentra-
tion of primer 10 pmol/ul and sterile distilled 
water to have a final volume of 20 μL.

The temperature and time of test was main-
tained according to the kit’s protocol. at the 
end of every real-time rT-Pcr reaction, the re-
sult was interpreted by amplification and melt-
ing curves. The ingredients, temperature and 
time of test were maintained so that the best 
result of markers was obtained, and prevented 
the error which could disturb the interpretation 
of the test (for example double primer).

Statistical analysis

The sample size was calculated using sam-
ple size estimation formula considering type 
one error of 5% and type two error of 20%. 
The data were analyzed using SPSS version 
20. The mean values were measured between 
the two groups of test and control using t-test. 
gene expression ratios in the two groups were 
statistically examined and compared using 
χ2 Test. Level of significance was set at P≤0.05.

For the control group, forty patients with 
suspected lung cancer referred to Masih-
Daveshvary Hospital, but lung cancer was ex-
cluded by clinical exam, biopsy and pathologi-
cal findings (healthy individuals).

This was a case-control study and the pa-
tients and the control group were matched ac-
cording to gender and age.

A 10-cc pleural fluid was sampled from both 
groups. To reduce the risk of contamination 
with the skin epithelial cells, the first 2 cc of 
pleural fluid were removed.

RNA extraction

in this step we used rneasy Midi Kit (qia-
gen cat no.75144). The sediment acquired in 
the previous step was first lysed using RLT lys-
ing solution present in the lysis kit. next, 70% 
ethanol was added and centrifuged for 5 min-
utes. in the next step, rW1 and Pre solutions 
present in the kit were added to the column. 
eventually the total mrna was kept in buffer.

cDNA synthesis

in this step we usedviva 2-steps rT-Pcr 
Kit (cat no. rTPl12).

The purity and quantity of cDna and rna 
were measured by nanoDrop®.

Primer design software

We used alleleiD7 as a primer design soft-
ware for each marker. after receiving the de-
signed primer (lyophilization: freeze-drying). 
Primers concentrate 100 pmol/ul diluted with 
sterile distilled water and after that the primers 
keep in the freezer at -20 °C. The final concen-

Table I.—�Characteristics of the primers used in real-time RT-PCR.
cea cK19 18s rrna

Forward primer acccTggaTgTccTcTaTgg TccgaaccaagTTTgagac gTaacccgTTgaaccccaTT
Primer length  20  19 Ú20
reverse primer caggcaTaggTcccgTTaTTa aaTccaccTccacacTga ccaTccaaTcggTagTagcg
Primer length  21  18  20
Amplified fragment 

length
174 222 152

annealing optimal 
temperature

61.2 °c 58.4 °c 53.5 °c
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tients with nSclc which demonstrated sensi-
tivity of 65% for ck19-mrna. in healthy indi-
viduals, the ck19-mrna positive were 8 out of 
40, which indicated 20% false positive and 80% 
specificity. Statistical analysis for positive rate 
of cea-mrna biomarker in two groups using 
two-sample binomial exam also represents sig-
nificant differences (P value=0.015).

Comparing the expression of Ck19-mRNA and 
CEA-mRNA in two groups of people in this 
study

The difference between the expression of 
ck19-mrna and cea-mrna markers by us-
ing ΔΔCT exam was measured and the ΔΔCT 
for cea-mrna was calculated -5.13, which 
mathematically if 2 to the power of ΔΔCT 
(2ΔΔCT) it demonstrated that the expression 
level of cea-mrna in patients with nSclc 
was 35.02 times higher than in healthy individ-
uals. The ΔΔCT for Ck19-mRNA was calcu-
lated -5.81, which mathematically demonstrat-
ed that the expression level of ck19-mrna in 
patients with nSclc was 56.10 times higher 
than in healthy individual.

Discussion

The diagnosis of nSclc in early stages is 
very important because more than half of the 
patients with nSclc are in late stages when 
they are diagnosed. Biopsy is dependent on 
many factors including tumor availability, size 
and type of tumor and technical condition like 
having a good experience in bronchoscopy and 
pathology.6, 22

cytology is the most common method to 
evaluate the pleural fluid, but there are lots 
of suspicious MPe cases with negative cy-
tology reports, which could be related to the 
very small number of CTC in pleural fluid.2 
nowadays the molecular methods like real-
time Pcr are very useful for detecting the 
very small amount of cTc and their products 
(mrna, Dna, mi-rna...) in different types 
of body fluids.4, 23, 24

Diagnostic and screening biomarkers can 
help the oncologist to detect lung cancer in 

Results

The comparison with t-test between the pa-
tients and the control group based on their age 
showed no significant differences. Therefore 
the age factor in this study has no confounding 
effect (Table ii).

Two cDna vials of each sample were tested 
for expression of reference gene (18s-rrna), 
cK19-mrna and cea-mrna. Findings 
were interpreted by melting and amplification 
curves for each marker and comparing with 
18s-rrna.

in the case of a reference gene the result 
demonstrated no significant differences in 
both groups, which confirmed choosing the 18 
s-rrna as a reference gene (Table iii).

Expression of Ck19-mRNA and CEA-mRNA

The findings demonstrated that the positive 
cea-mrnas were 30 out of 40 in patients 
with nSclc, therefore the sensitivity for cea-
mrna was 75%. in healthy individuals the 
positive cea-mrna were 12 out of 40, which 
indicated 30% false positive and 70% speci-
ficity. Statistical analysis for positive rate of 
cea-mrna biomarker in the two groups was 
performed using a two-sample binomial, and 
showed significant differences (P value=0.030).

The ck19-mrna were 26 out of 40 in pa-

Table II.—�Comparison of the average age in lung can-
cer patients and healthy individual using t-test exam.

Main group
age (years)

range Mean SD

Patients (N.=40) 25-70 45.95 10.86
Healthy (N.=40) 24-70 48.85 12.36
P value=0.442, SD: standard deviation.

Table III.—�Comparison of the expression of 18s-rRNA 
in patinas with non-small cell lung cancer and healthy 
individuals.

Main group
18s ct value

Mean SD

Patients (N.=40) 20.94 3.62
Healthy (N.=40) 20.12 2.88
P value=0.244, SD: standard deviation.
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Conclusions

Our study confirms the role of tumor bio-
markers in nSclc as a diagnosis/screening 
test in diagnosis of early stages of lung cancer. 
Further studies with larger sample size are rec-
ommended.
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early stages in suspicious patients. using these 
biomarkers and molecular data help oncologist 
to choose the best treatment for the patients.10 
Biomarkers are also very useful for monitor-
ing the treatment process. Detecting cTc in 
blood (distant metastasis) and pleural fluid 
(tumor primary origin) could be a very help-
ful and non-invasive method for diagnosing of 
nSclc in very early stages.10, 20

For detecting mrna biomarkers, which are 
produced by cTc in process of tumor marker 
producing (CEA and CK19), a very specific 
and sensitive method, such as real-Time Pcr, 
is required. As we discussed before due to diffi-
culties in order to sample the pleural fluid, most 
of the studies for evaluating the biomarkers in 
nSclc are in peripheral blood and only few 
of the studies are performed on pleural fluid.11

in a survey conducted by Yan et al. in 2015, 
expression of cK19, lunX and KS1/4 mrna 
in peripheral blood of patients with non-small 
cell lung cancer was evaluated and only 6.6% 
were positive, and cK19, lunX and KS1/4 
mrna in peripheral blood of patients with 
nSclc had more expression than patients 
with non-malignant pulmonary disease (P val-
ue<0.05), but the expression of cK19 was not 
correlated with clinical and pathologic index 
(P value>0.05).25

in another survey conducted by Zhu et al. in 
2004, expression of cea-mrna and cK19-
mrna in peripheral blood of patients with 
nSclc was 57% for cK19-mrna and 40% 
for cea-mrna and 43% for both. They con-
cluded that cea-mrna and cK19-mrna 
are the appropriate markers for micrometasta-
sis.25, 26

in a survey conducted by Feng et al. in 2004, 
the expression of CK19-mRNA in pleural fluid 
of the patient with NSCLC was significantly 
higher than in patients with non-malignant 
pulmonary disease (P value<0.05).27

in our study the expression of cea-mrna 
in pleural fluid of the patients with NSCLC 
was 75%, and CK19-mRNA in pleural fluid of 
the patient with NSCLC was 65%. A signifi-
cant statistical difference was found between 
patients with nSclc and healthy individuals 
(P value=0.030).
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