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Objective: Is to design a discrimination score (D score) to predict lung
cancer in blood samples based of expression study of a panel of genes
and microRNAs. Patients and Method: A case control study on
expression of P53, KRAS, c-MYC, and Her-2/neu genes, microRNAs
21, 34a, 92, and 98 in blood samples taken from patients positive and
negative for lung cancer. Results: The discrimination score (D score)
was obtained per a mathematical equation for each sample. According
to the value of discrimination score: any new case with a
discrimination score (D score) more than 0.0 is considered as a lung
cancer and the higher the result the more we are confident the case is
lung cancer. Any case with discrimination score below 0.0 is
considered as a benign lung condition, and the lower the result the more
we are confident the case is a benign condition.
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Introduction:-

Lung cancer is the commonest cause of death from cancer in male worldwide and constituting a major health
problem because of widespread tobacco smoking [1]. Its peak of incidence in 50s and 60s and rarely before 40s,
although it is more common in males, but its incidence is rising in females because of increasing smoking habit
among young ladies [1]. According to lragi Ministry of health statistics 2009, lung cancer constituted 8% of total
cancer and was the second cause of death after heart diseases [2]. Inspite of this worldwide problem there is no
efficient method for screening of susceptible groups. Most cases were diagnosed at late stages and were beyond
radical treatment. Nowadays, the current laboratory methods for diagnosis depend on sputum cytopathology for
malignant cells which is not a sensitive method and can’t be adopted as a screening method [3]. Invasive procedures
such as fine needle aspiration cytopathology (FNAC) under sonar or CT scan, core needle biopsy, bronchoscopy
with bronchial wash, bronchial brush, bronchoscopic biopsy and/or open biopsy are highly sensitive and specific for
detecting lung cancer but they not suitable as screening methods because they are invasive procedures and most of
patient are severely ill and can’t tolerate them [4, 5, 6]. The present study was designed depending on the new
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advances in molecular and cancer pathology. Particularly the use of cell free nuclei acid in the plasma as tumor
markers [7, 8, 9]. The present work was based on studying the expression of genes and microRNAs that are the
cause or the result of lung cancer formation, namely P53 [10, 11], KRAS [12], c-MYC [13], Her-2/neu [14],
microRNAs-21 [16, 17], 34a [18], 92 [19], and 98 [20] genes in the plasma of patient diagnosed as cancer and
benign lung diseases in order to obtain a discrimination score for differentiating malignant from benign lung
conditions.

Study objectives:-

Determination by quantitative realtime RT-PCR of expression of mRNAs and microRNAs in question in blood
samples taken from patient with lung cancer and benign conditions. Also obtaining a discrimination score (D score)
to differentiate lung cancer from benign lung conditions.

Patients:-

Patients were recruited at the Surgical Thoracic Unit in Al-Yarmouk Teaching Hospital during the period from
March 2015 to April 2017.The study was a prospective case-control study in which 60 patients were participated.
They were divided into two groups of 30 patients with and 30 without lung cancer proved by cytopathology and/or
histopathology. The study was carried out at postgraduate laboratory / Al-mustansiriyah College of Medicine. The
work was ethically approved by the internal commity of ethics of Al-mustansiriyah college of medicine and a signed
consent was taken from each participant patient before taking the samples.

Methods:-

Extraction of mRNAs and microRNAs: Under aseptic technique 10 ml of venous blood aspirated from each
patient the first 2 ml was discarded and remaining blood was introduced into labelled nuclease free EDTA
containing tube. The plasma was obtained from each sample by centrifugation. Plasma samples were taken for RNA
extraction using mirVana™ miRNA Isolation Kit, with phenol according to manufacturer instructions [21].

gRT-PCR amplification of mRNAs: The obtained total RNAs then reversed transcribed into cDNA using High-
Capacity RNA-to-cDNA™ Kit from Applied Biosystem according to manufacturer protocol [22]. The cDNAs of
mMRNAs then amplified by realtime PCR using Applied Biosystems™ SYBR™ Green PCR Master Mix
according to manufacturer instructions [23] and Primers for forty cycles figure-2. The primers were synthesized by
Applied Biosystem and designed according to NCBI/primer-BLAST system. Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was choosed as a housekeeping gene [24]. At the end of cycles, the Ct values for each
study mRNASs and housekeeping genes are recorded for each sample for further analysis.

gRT-PCR amplification of microRNAs: The cDNA from obtained microRNAs then amplified by realtime PCR
using primers and TagMan® MicroRNA Master Mix 11, no UNG Kit from Applied Biosystems for microRNAs
according to manufacturer instruction [25]. the has-mir-16 were adopted as housekeeping genes for micro RNAs
[26]. The thermal profile consisting of forty cycles. At the end of cycles, the Ct values are recorded for all studied
microRNAs and housekeeping gene obtained from each studied sample for further studies.

Statistical analysis:-

Analysis of clinical findings such as age and gender of patients.

Analysis of cytopathological and/or histopathologic findings.

Analysis of findings from realtime PCR machine Agilent technology MxPro 3000P software [27] which are:
Amplification curves, Ct values, dissociation curves, and consolidated results.

The ACt and AACt for each gene were calculated according to the equations:

The ACt of target gene = [Ct of target gene — Ct of housekeeping gene].

The ACt of control gene = [Ct of control gene — Ct of housekeeping gene].
—AAC —AAC

Expression of gene = (2 ), the result of expression = 2 .

AAC = {[Ct of target gene — Ct of housekeeping gene] - [Ct of control — Ct of housekeeping gene]} [27].
Discrimination Score (D) equation was designed according to SPSS for items analysis. D score was calculated for
each studied sample whether malignant or benign according to the following equation designed according to SPSS
item analysis software [28, 29, 30, 31], the D score equation is:
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D score =-219.7 + (-0.342 x CompCt_P53) + (3.322 x Comp Ct_KRAS) + (-0.296 x Comp Ct_c-MYC) + (1.016 x
CompCT_Her2neu) + (0.346 x CompCT_mir21) + (-24.026 x CompCT_mir34a) + (0.67 x CompCT_mir92) +
(0.388 x CompCT_mir98).

Sample is considered malignant when D score is > 0.0, and the higher the positive value of D score the more
confident the tested specimen is really a cancer case.

Sample is considered benign when D score is < 0.0, the lower the negative value of D score the more confident the
tested specimen is not a cancer case.

Results:-

Lung cancer was more common in males than females with ratio of 2/1. Non-small cell (NSCLC) was the more
common than small cells lung cancer (SCLC) constituting 24/30 (80%) and 6/30 (20%) respectively. Squamous cell
bronchogenic carcinoma was the commonest type of lung cancer accounting for 19/30 (63.34%), adenocarcinoma
4/301(3.33%), large cell carcinoma 1/30 (3.33%), and small cell lung carcinoma 6/30 (20%), figure-1.

Males

Females

Linear (Males)

Figure-1:- Frequencies of lung cancer according to types and gender of patients.
Chronic bronchitis was the most frequent type of nonmalignant lung condition constituting 12/30 (40%), followed

by emphysema 6/30 (20%), bronchiectasis 5/30 (16.67%), lung fibrosis 3/30 (10%), pulmonary tuberculosis 2/30
(6.67%), and asthma 2/30 (6.66%), figure-2.

1484



ISSN: 2320-5407

Int. J. Adv. Res. 6(1), 1482-1491

EIES

Females

Linear (males)

Figure-2:- Frequencies of types of nonmalignant lung conditions and gender distribution.

Table-1:- Expression of studied genes, D scores, and probability of sample being malignant or benign (control)

according to D scores in blood samples taken from patients with lung cancer.
Diagn | P5 | KR | cM He | Mi | mi | mi | mi | Observe | Predicte | D- | Probabi | Probabi
0sis 3 |AS |YC |r |R- |R- |R- |R- | d group |d group | Sco | lity of | lity of
2/ 121 |34a |92 |98 | member | member | re being being
ne ship ship control | Ca (%)
u (%)
SgCC |02(002 (003 |01 |03 |00 |02 |01 |Cacases | Cacases | 0.1 |475 52.5
3 1 9 2 9 6
SgCC | 00(001 (001 |00 |02 |00 |00 |00 |Cacases | Cacases | 0.2 |41.2 58.8
6 1 7 7 4
SgCC | 00)031 |013 {00 |01 |00 |00 |01 |Cacases | Cacases |08 |17.8 82.2
3 3 5 2 3 2
AC 00(029 (008 |01 |00 |00 |03 |00 |Cacases | Cacases |14 |75 92.5
1 1 1 4 6
SgCC | 00]002 [|003 |00 |02 |00 |02 |01 |Cacases | Cacases | 0.2 |39.2 60.8
2 7 3 1 3 8
SgCC | 00)001 |001 |00 |01 |00 |02 |00 |Cacases | Cacases |03 |374 62.6
3 1 5 1 1
SCC 0.3(0.02 |20 06 {07 |00 |00 |26 |Cacases | Cacases | 1.1 | 123 87.7
8 2 1 1 1 4
SCC 0.0]0.03 |20 0507 |00 |01 |65 |Cacases | Cacases |27 | 0.7 99.3
3 7 1 3
SgCC |00(0.13 (005 |03 |03 |00 |01 |01 |Cacases | Cacases | 0.6 |24.0 76.0
3 8 3 2 4 3
SgCC |00(001 (001 |00 |01 |00 |0.2 |00 |Cacases | Cacases |00 | 484 51.6
1 1 4 1 1
SgCC |0.0|0.02 |002 |00 |0.0 |00 |02 |0.0 | Cacases | Benign -0.2 | 57.2 42.8
3 2 2 2 5 7 cases
SgCC | 0.0(001 (007 |00 |02 |00 |02 |00 |Cacases | Cacases | 0.3 | 351 64.9
1 1 9 1 5
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SqgCC | 001|004 (004 |00 |03 |00 |05 |00 |Cacases | Cacases |05 | 289 71.1
4 4 7 1 5 8
SqgCC | 02002 [0.04 |00 |06 |00 |01 |00 |Cacases | Cacases | 0.1 |435 56.5
1 3 9 1 1 1
SgCC | 02001 015 {00 |02 |00 |00 |01 |Cacases | Cacases | 0.1 |446 55.4
3 2 3 2 1
SgCC | 00)0.11 |[0.06 |00 |16 |00 |04 |01 |Cacases | Cacases |1.1 |115 88.5
5 6 2 1 4 2
SgCC |03)011 (011 |00 |08 |00 {46 |01 | Cacases | Cacases |3.1 |03 99.7
1 8 5 3 3
LCC 0.0({001 (009 |02 |01 |00 |00 |00 |Cacases | Cacases | 0.1 |43.6 56.4
1 9 1 7 2
SgCC | 0.0(008 (004 |00 |02 |00 |03 |00 |Cacases | Cacases |06 | 251 74.9
4 3 5 1 2
SgCC | 0.0(005 (009 |00 |06 |00 |03 |03 |Cacases | Cacases | 0.1 |454 54.6
6 6 9 3 2 5
SCC 00001 353 |02 |00 |00 |00 |49 |Cacases | Cacases | 0.8 | 18.7 81.3
2 7 4 2 4 6
SgCC | 0.0(002 (004 |00 |01 |00 |02 |00 |Cacases | Cacases |03 |354 64.6
2 2 5 1
SCC 01004 |366 |00 |53 |00 |00 |65 |Cacases | Cacases | 3.0 |04 99.6
3 6 5 2 3 4
SgCC | 00]0.14 |007 |00 |04 |00 |00 |00 |Cacases | Cacases |05 |28.1 71.9
5 7 1 1 6 4
SCC 00001 |263 |00 |00 |00 |00 |38 |Cacases | Cacases | 0.7 |21.6 78.4
3 3 2 1 2 9
AC 15,047 | 101 |14 |15 |00 |13 |04 |Cacases | Cacases |31 |0.3 99.7
9 2 8 3 5
SCC 0.0 0.5 767 |02 |10 {00 |00 |71 |Cacases | Cacases |24 |12 98.8
8 5 6 2 7 1
AC 11,007 |0.07 |25 |02 |00 |00 |03 |Cacases |Cacases |20 |25 97.5
8 5 4 3 3 8
SqgCC | 0.0(024 (004 |00 |00 |00 |12 |00 |Cacases | Cacases |08 | 1838 81.2
3 4 3 4 9 2
AC 10,023 |042 |02 |03 |00 |04 |02 |Cacases |Cacases |09 | 15.8 84.2
5 7 1 7 5

Table-2:- Expression of genes, D scores, and probability of sample being malignant or benign (control) according to

D scores in blood samples taken from patients with benign lung conditions.

Diag | P53 | KR | cM He |mi |mi | mi | mi | Observe | Predicte | D - | Probabi | Probabi

n- AS YC r- R- |R- |R- | R- | d Group |d group |sco |lity of]|lity of

0sis 2ne | 21 |34a | 92 |98 | members | members | re being being
u hip hip control | Ca (%)

(%)

Infla { 0.0 | 001 [001 |00 |0.0 [0.0 [0.0 | 0.0 | Controls | Controls | -0.6 | 74.1 25.9

m 2 2 4 3 6 1

Infla {0.1 |003 [0.19 |00 |0.0 [0.0 [0.2 |0.2 | Controls | Controls | -0.5 | 73.1 26.9

m 2 4 9 4 9 6

Infla | 0.0 | 0.04 |0.05 |00 |00 [00 |00 |00 | Controls | Controls |-0.5| 714 28.6

m 1 2 2 3 2 5

Infla | 0.0 |0.01 |0.02 {00 |00 |00 |00 |0.0 | Controls | Controls |-0.1 | 56.5 37.4

m 2 1 1 3 1

Infla | 0.0 |0.03 |0.01 {00 |00 |00 |00 |0.0 | Controls | Controls |-0.3 | 62.6 37.4

m 2 4 1 2 2 1

Infla | 0.1 |0.04 |0.03 |00 |01 [01 |00 |00 | Controls | Controls | -3.3 | 99.8 0.20
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m 4 8 5 4 8

Infla | 0.3 | 0.16 | 0.07 | 0.0 |0.0 [00 |00 |00 | Controls | Cacases | 0.1 | 46.1 53.9
m 1 6 3 2 2 6

Infla | 0.0 | 0.01 |0.04 |00 |00 [00 |00 |0.0 | Controls | Controls |-1.8 | 96.3 3.7
m 2 2 6 8 6 5

Infla | 0.0 |0.03 |0.01 {00 |00 [00 |00 |00 | Controls | Controls | 0.0 |52 48
m 1 2 1 1 2 4

Infla | 0.0 | 0.14 | 0.07 |00 |00 {01 |01 |0.0 | Controls | Controls |-3.9 | 99.9 0.1
m 3 6 7 9 4 7

Infla | 0.0 | 001 001 [0.0 |0.0 [0.0 [0.0 |0.0 | Controls | Cacases | 0.1 | 45.7 54.3
m 1

Infla { 0.0 |0.02 [0.08 |00 |00 [0.0 [0.0 | 0.0 | Controls | Controls | -0.8 | 80.6 19.4
m 4 4 1 4 4 2

Infla { 0.0 | 002 001 [0.0 |00 [0.0 [0.0 | 0.0 | Controls | Controls | -1.0 | 86.9 13.1
m 1 4 1 5 2 3

Infla { 0.0 | 003 [0.14 |00 |0.0 [0.0 [0.1 | 0.0 | Controls | Controls | -0.9 | 84.6 15.4
m 9 5 8 5 6 4

Infla | 0.0 | 004 002 |00 |00 [0.0 [0.0 |0.0 | Controls | Controls | -0.2 | 61.2 38.8
m 2 2 3 2 4 1

Infla | 0.0 |0.01 |0.03 |00 |00 [00 |00 |00 | Controls | Controls |-0.4 | 67 33
m 1 1 1 2 1 1

Infla {0.0 [0.11 [0.15 |00 |05 [0.0 [0.1 | 0.0 | Controls | Controls | -05 | 71.1 28.9
m 3 8 3 5 1 4

Infla | 0.0 | 0.0 003 |00 |00 |00 |00 |0.0 |Controls | Controls | -0.1 | 56.9 43.1
m 1 2 2 1 3 1

Infla | 0.0 |0.06 003 |00 |0.0 [0.0 [0.0 | 0.0 | Controls | Controls | -0.4 | 65.8 34.2
m 1 3 3 3 9 7

Infla { 0.0 |0.01 [003 |00 |0.0 [0.0 [0.0 | 0.0 | Controls | Controls | -0.1 | 55.7 44.3
m 12 1 1 1 4 1

Infla { 0.0 | 005 [0.09 |00 |00 [0.0 [0.0 |0.0 | Controls | Controls | -1.9 | 97.2 2.8
m 4 2 3 9 4 4

Infla {0.0 [0.15 [0.11 [ 0.1 |00 [0.0 [0.0 | 0.0 | Controls | Controls | -0.2 | 60.9 39.1
m 2 3 4 4 8 3

Infla { 0.0 |0.02 004 |00 |00 [0.0 [0.0 | 0.0 | Controls | Controls | -0.8 | 81.9 18.1
m 2 1 5 4 2 1

Infla { 0.0 |0.07 [0.13 |00 |00 [01 [0.0 |0.1 | Controls | Controls | -2.7 | 99.4 0.6
m 6 7 6 3 4

Infla | 0.0 |0.02 004 |00 |00 [0.0 [0.0 | 0.0 | Controls | Controls | -1.3 | 91.3 8.7
m 2 1 8 6 4 2

Infla { 0.0 | 001 [0.02 |00 |00 [0.0 [0.0 |0.0 | Controls | Controls | -0.4 | 66.9 33.1
m 1 1 1 2 12 1

Infla {04 |006 [021 |01 |00 [0.1 [0.0 | 0.0 | Controls | Controls | -2.4 | 98.9 1.1
m 2 1 6 1 4 7

Infla | 027 | 0.18 | 0.06 | 0.1 | 0.0 [0.0 [0.2 | 0.0 | Controls | Controls | -0.8 | 81.9 18.1
m 4 6 7 2 4

Infla | 0.0 |0.02 |0.07 |00 |0.0 [0.0 [0.0 |0.0 | Controls | Controls | -0.6 | 74.7 25.3
m 1 2 2 3 1 2

Infla | 0.0 | 0.07 002 |00 |0.0 [0.0 [0.0 |0.0 | Controls | Controls | -1.3 | 92.2 7.8
m 3 3 3 7 4 3

Discussion:-

Not surprisingly, although with a little bit difference from other studies, the highest frequency of patients with lung
cancer participated in this study was in the age group of 60 — 69 with a mean age of 61.8 years. In similar studies,
the mean age of patients with lung cancer was found to be 55.2 by Al-Alusi [32], 54.2 by Menkhi [33], 54.4 by
Saeed [34], 57.3 by Thabit [35], 54.4 by Kersting [36], and by Abdul-Majeed [37]. Males constituted 80% and
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females 20% of patients in the present study, while males constituted 82.76 % by AL-Alusi [32], 84.62% by Menkhi
[33], 83.6% by Saeed [34], 83.6 % by Thabit [35], 84.84 % by Kersting [36], and 83.3 % by Abdul-Majeed [37].
Squamous cell carcinoma constituted the highest frequency of lung cancer in present study diagnosed by
cytolopathology of bronchial wash and/or histopathology on tissue specimens forming 63.33 %, while it only
constituted 42 % by AL- Alusi [32], 43.3 % by Menkhi [33], 61% by Saeed [34], 40% by Thabit [35], and 43% by
Kersting [36]. The minor differences observed in the present study regarding the above parameters are probably due
to the type of the samples included in these studies. Many of these studies depended on the histological diagnosis of
tissue sections made from resected lung specimens or biopsies. Cytopathological study of bronchial samples,
bronchial washes, brushes, and biopsies are considered of high sensitivity in detection of lung cancer and its types. It
can give an accurate diagnosis but subjecting the patients to invasive surgical procedures, this is true when realizing
that most of the patients are old ages and have many chronic medical illnesses. Method of discrimination score is an
easy completely noninvasive procedure accomplished on venous blood samples. Until now and up to present
knowledge, studies combining all the 8 genes employed in the present work are not present. This makes the present
study a novel one. For this reason, the collected data of the present study were used to make a discriminant score.
This score is going to suit any new blood sample subjected in the same gene expression analysis. So that, there will
be no need to do all the analysis presented in this work. Each new blood sample with D score >0.0 is going to be
considered malignant while sample with D score of < 0.0 is going to be considered benign. The higher the positive
value of D score the more confident the tested specimen is really a cancer case. The lower the negative value of D
score the more confident the tested specimen is not a cancer case. The discriminant models used provided an overall
accuracy of 95% when it was applied on each sample included in present study. The discrimination score is
employed in many fields such as performance of students in schools or colleges, performance of large companies
and banks. In medicine, it was used evaluating response to treatment but no study has employed D score in diagnosis
of malignant benign conditions. Paone [38], presented a model of discriminant analysis on SCLC and NSCLC of
using a panel of serum markers. These included neurone specific enolase (NSE), cytokeratin fragment antigen- 21.1,
CyFRA-21.1, tissue poly-peptide antigen and carcinoembryonic antigen. The markers were studied in sera of 50
NSCLC and 17SCLC. The variables selected were NSE and CyFRA-21.1 considered together, they gave 97% rate
of correct classification. The formula was tested on a group of 7 SCLC and 22 SNCLC patients giving only 2 errors.
Marchevsky [39] measured DNA methylation levels at 20 loci in 41 SCLC and 46 NSCLC cell lines with the
quantitative realtime PCR method methyl light. The data were analyzed with artificial neural networks (ANN) and
linear discriminant analysis (LDA\) to classify the cell lines into NSCLC or SCLC. They reached an accuracy of 87%
to 100% in ANN and 62.5% to 87.5% in LDA. Paone [38] evaluated the response to chemotherapy in patients
affected with NSCLC by means of three tumor markers elaborated by discriminant analysis. These markers were
tissue polypeptide antigen (TPA), CyFRA-21.1, NSE, and carcinoembryonic antigen (CEA). Serum levels of these
markers were measured before and after chemotherapy and after 3 cycles of treatment. Discriminant analysis could
correctly classify 87.8% of 74 subjects including (86.1% of 36 progressive diseases and 89.5% of 38 non-
progressive diseases).

Conclusion:-

According to results from present study any new case of lung condition with a Discriminant Score of > 0.0 is
considered as a lung cancer, and the higher the value of discrimination score the more likely the specimen is a lung
cancer. Also, any new case of lung condition with a Discriminant Score of <0 is considered as a benign condition,
and the lower the value of Discrimination score the more likely the specimen is a benign condition.

Recommendations:-

Further molecular studies with larger sample sizes are suggested to be conducted, and with large number of genes to
reinforce the results of current study. Further molecular studies on non-invasive samples such as saliva, body fluids
and/or blood to design a discrimination score (D score) for screening of other internal malignancies such as cancers
of gastro-intestinal tract are recommended.
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