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Abstract :

Background: The leading reason of cancer-related mortality in the world is Lung cancer
.The human RASSF1A has been extensively recognized as a indispensable goal suppressor

tumour gene.

Aims: Verify the significance of DNA methylation of RASSF1A gene as early detection

biomarker for lung cancers.
Settings and Design: it is a case control study.

Methods and Material: This study was carried in Aswan and Assiut University Hospitals
patients were classified into two corporations along with 30 sufferers with lung cancer and 20
aberrantly wholesome heavy people who smoke as a manage group. Both corporations were
subjected to clinical examination , imaging modalities, laboratory investigation and blood
pattern for methylation specific PCR and DNA extraction in addition bronchoscopy and
histopathological examination have been executed to the group of lung cancer patients.

Statistical analysis used: SPSS 20.0 for home windows and MedCalc IBM_SPSS. Statistical

Package for Social Science. Ver.21. Standard version.

Results: RASSF1A gene was hyper methylated by 64.8 folds in lung cancer patients more
than the control group. There used to be statistical considerable difference between those with
methylated shape and these with un-methylated form of RASSF1A gene in the two studied
groups, the frequency of methylation used to be greater in patients with lung cancer more

than the control crew.

Conclusions identifying the methylation fame of RASSF1A gene may be beneficial as a

molecular biomarker in analysis and screening for lung cancers.

Key-words: Lung cancer, RASSF1A, tumor-suppressor gene.

Key Messages: identifying the methylation status of RASSF1A gene may be useful as a

molecular biomarker in diagnosis and screening for lung cancer
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Introduction:

One of the leading cause of cancer deaths in both women and men worldwide is Lung cancer,
with over a million deaths annually * 2.

The interaction between genetic and epigenetic modifications results in lung cancer
initiation and progression 3. Observed Epigenetic changes in carcinogenesis of lung consist
of aberrant methylation DNA patterns, regulation by noncoding RNAs (ncRNA) and
modifications of histone *. At early stage of carcinogenesis Methylation occurs, and has
become an attractive screening and early detection biomarker for cancer. DNA methylation of
carbon-5 position of cytosine within CpG dinucleotides occurs that scattered in human
genome °. One of the most powerful environmental modifiers of DNA methylation is
Cigarette smoke °. Carcinogens in cigarette smoke ' can injury DNA by causing double-
stranded breaks smoke condensate 8. RASSF1A (Ras association domain family 1 isoform)
may cause apoptosis, tumourigenesis associated with the regulation of the cell cycle, adhesion

and migration *°,

Patients and Methods

This is a case control study conducted on 50 persons, 30 patients of lung cancer (diagnosis
depending on Imaging studies , bronchoscopy and histopathological studies) and 20 persons
aberrantly healthy heavy smokers 10 of them are cigarette and the other 10 are goza smokers.

Inclusion criteria:- 1- Patients with lung cancer. 2- Age more than 18 years. 3- Aberrantly

healthy smokers whether cigarette or goza.

Exclusion criteria: Metastatizing lung cancer and Patients with any organ cancer other

than lung cancer.

patients were subjected to: history and examination and 2 ml blood sample was collected on
EDTA , mixed well and kept on -20 C, DNA extraction of all samples by Qiagen kit(Bioline,
USA)

e The primers are :
F : tgttgtttagtttggattttgg and
R : tacaacccttcccaacacac
e DNA methylation of all samples by DNA methylation kit
e The Methylated primers are :
F: GTGTTAACGCGTTGCGTTGCGTATC
R: AACCCCGCGAACTAAAAACGA
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Real time PCR of RASSF1A using Syber green master mix and standard kit for methylation.

DNA purification from Whole Blood (Spin Protocol):-

1. Twenty ul QIAGEN Protease (or proteinase K) was pipeted into the bottom of a 1.5 ml

microcenrifuge tube.
2. Two hundred ul sample was added from whole blood to the tube of microcentrifuge.

3. 200 ul Buffer AL was added . Mix by pulse-vartexing for 15s.

4. Incubation at 56 C for 10 min

5. Briefly centrifuged the 1.5 ml tube of microcentrifuge to remove drops from the inside of
the lid.

6. We added 200 ul ethanol (96-100%) to the sample, and mixed by pulse-vortexing or 1.5 s.
after mixing, briefly centrifuged the 1.5 ml microcentrifuge tube.

7. We applied the mixture carefully to the QIAamp Mini spin column (in a 2 ml collection
tube) without wetting the rim. Then we centrifuged at 6000 xg(8000 rpm) for 1 min. We
placed the QIAamp Mini spin column in a clean 2 ml collection tube, and discarded the
tube containing the filtrate .

8. 500 ul washing Buffer (washing buffer 1) was added to the QIAamp Mini spin column

without wetting the rim. and and centrifuged at 6000 x g (8000 rpm) for 1 min, and
placed in a clean 2 ml collection tube, and the collection tube containing the filtrate was

discarded.

©

. Carefully we added 500 ul washing Buffer (washing buffer 1I) centrifuged at full speed
(20,000 x g; 14,000 rpm) for 3 min.

10. The QlAamp Mini spin column was placed in a new 2 ml collection tube and the add

collection tube with the filtrate was discarded. Centrifuged at full speed for 1 min.

11. Then placed in a clean 1.5 ml microcentrifuge tube, and the collection tube containing the
filtrate was discarded. Carefully the QIAamp Mini spin column was opened and 200 ul
elusion Buffer was added.

At room temperature (15-25 C) Incubated for 1 min, and then centrifuged for 1 min at 6000 x
g(8000 rpm).
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DNA Methylation using (EZ DNA Methylation Kits):-

I- Blood purified DNA is used for the EZ DNA Methylation- Direct TM Kit as the starting

material.

I1- Bisulfide Conversion of DNA:

1. In a PCR tube 20 ul of purified DNA added to 130 ul of CT Conversion Reagent solution.
Then mixed and centrifuged briefly.

2. In a thermal cycler the PCR tubes were placed and the following steps performed:
1 for 8 minutes at 98°C
2. for 3.5 hours at 64°C
3. 4°C storage for up to 20 hours

3. Six hundred pl of M-Binding Buffer was added into Column of Zymo-Spin™ IC and the

then placed into a Collection Tube.

4. The sample (from Step 2) was loaded into the Column of Zymo-Spin™ IC containing the

M-Binding Buffer. Then mixed several times by inverting the column.
5. Centrifuged at speed (>10,000 x g) for 30 seconds. And discarded the flow-through.
6. A hundred pl of M-Wash Buffer was added . Centrifuged at full speed for 30 seconds.

7. Two hundred pl of M-Desulphonation Buffer was added to the column and let stand at
room temperature (20-30°C) for 15-20 minutes. After the incubation, centrifuged for 30

seconds at full speed.

8. Two hundred pl of M-Wash Buffer was added . Centrifuged at full speed for 30 seconds.
Another 200 pl was added and centrifuged for 30 seconds.

9. The column was placed into a 1.5 ml microcentrifuge tube. Ten ul of M-Elution Buffer
was added . Centrifuged for 30 seconds at full speed to elute the DNA then stored at or

below -20°C for later use.

Methylation specific polymerase chain reaction (MSP) :

In order to analyze the CpG Island methylation status of this promoter First PCR
amplification using methylation specific primers was performed in 50 subjects in blood

samples.

- PCR reaction for the methylated RASF1A gene: set and carried out in f 25ul total volum

containing 12.5 Amplig on master mix, 3.5 u1 DDW, ImM of each primer , 3 pl (100 ng)
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DNA and 4 pl magnesium chloride. initial denaturation at 95°C for 5 min, and 35 cycles of
the following profile: 15 s at 94°C, 30 s at 59°C, and 30 s at 72°C, and a final extension step at
72°C for 10 min.

- PCR reaction for the unmethylated RASF1A gene: PCR condition is the same as

methylated primer.
Consents & Ethics: Faculty’s ethics committee approved this study and permission was
obtained assure confidentiality. A written consent was taken from each participant.

Statistical analysis:

We used SPSS version 21* to analyze Data . Means, percentages, medians and standard
deviations were calculated. Test of significances: chi-square or Fisher’s Exact test was used to
compare the difference in distribution of frequencies among the studied groups. For
continuous variables; independent t-test analysis was carried out. ANOVA test the mean
differences of the data that follow normal distribution. Gene expression profile modulations

272ACt method**. Correlation

were evaluated comparing ct values between cells, using the
analysis was used to test the association between variables (Pearson correlation). To determine
the best cutoff values for the lung cancer biomarkers, the receiver operating characteristic
(ROC) curve technique for the parameters was  used. The area under curve (AUC) was
examined to assess performance for each test. Accuracy, sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) at the best cut-off values for the

parameters were also calculated. A p-value < 0.05 was considered significance

Results:

In our study, the mean age in patients (59.33 % 8.6) years had no significant difference
compared to the control group (62.55 £+ 11.9) years with (p = 0.271). About gender, the
patients were 23 (76.7%) males and 7 (23.3%) females compared to control group 20
(100%) males and no (0%) females without significant statistically difference (p = 0.056).

Smoking conditions of the groups are shown in table 1.
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Tablel: Smoking status Differences between patients and control group

Parameter control Cases P-value OR
(No.=20) (N0.=30) (95% CI) ***
Smoking Type
e Non 0 (0%) 7 (100%) 1
e Cigarette 10 (33.3%) 20 (66.7%) = 0.001%* e
e Goza 10 (76.9%) 3 (23.1%) 6.67
Smoking State
e Current 9 (36%) 16 (64%) = 0.005** = -—oe-
e Ex-smoker 11 (61.1%) 7 (38.9%) 0.385
Smoking Index
e Mild 0 (0%) 0(0%) e
e Moderate 0 (0%) 2(100%) e
e Heavy 20 (48.8%) 21 (51.2%) 8.53

*T-test comparing the mean difference between groups

** To compare the percentages between groups Fisher's Exact test was used
***OR=0dds Ratio, CI=Confidence Interval

Fig 1: Pathological Types of Tumour of the studied patients

-/

= Adenocarcinoma = Squamous Cell Carcinoma

= Small Cell Carcinoma

Based on pathological type of tumour, the adenocarcinoma was detected in 16(53.3%) of cases
where squamous cell carcinoma was present in 8(26.7%), 6(20 %) of cases were found as

small cell carcinoma Figurel.



Figure2: Gene expression (Fold Change) of methylated RASSF1A gene among the

studied groups
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As regard the gene expression, RASSF1A gene was hyper methylated by 64.8 folds in lung
cancer patients more than the control group as shown in figure 2.

Table 2: Frequency of aberrant methylation of RASSF1A biomarker in lung cancer cases

vs control
Total no.
Parameter RASSF-1A (%)
(n=50)
Disease Status
e Control 20 8 (40%)
o Case 30 20 (66.7%)
OR (95% CI) * 3.00 (1.01-9.70)

* Cl=Confidence Interval ,OR=0dds Ratio
Table 2 RASSF1A hyper methylation was detected in 20(66.7%) of lung cancer patients
versus 8(40%) in controls with Odds ratio 3 indicating that hyper methylation was 3 times in

cases than controls.
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Table 3: Frequency of hyper methylation of RASSF1A biomarker in association with

Smoking characteristics in the studied groups

e Cases Control
No.20 No.8

Smoking Type

e Cigarette 14 (70%) 4 (50%)

e Goza 2 (10%) 4 (50%)
OR (95% CI) * 2.86 (0.07 - 11.36) 1.00 (0.17 —5.99)
Smokers

e Ex-smoker 6 (30%) 3 (37.5%)

e Current 10 (50%) 5 (62.5%)
OR (95% CI) * 1.29 (0.03-3.90)  3.33 (0.52 — 11.60)
Smoking Index

e Moderate 1(5%) -

e Heavy 15 (75%) 8(100%)
OR (95% CI) * 2.50 (0.13 - 26.45)

*OR=0dds Ratio, Cl=Confidence Interval

Table 3: hyper methylation of RASSF1A was higher in smokers 16(80%), while in non-
smokers it was 4(20%). Furthermore, 14(70%) of cigarette smokers showed hyper
methylation in RASSF1A while in goza smokers it was 2(10%). Ex-smokers showed less
RASSF1A hyper methylation in comparison to current smokers 6(30%) and 10(50%)

respectively.
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Table 4: Frequency of hpermethylation of RASSF1A biomarker in Lung Cancer
patients in association with Tumour Histopathological Type

Total no.
Parameter RASSF-1A (%)
(n=30)
Histopathological Type
e Adenocarcinoma 16 9 (56.3%)
e Squamous CC 8 6 (75%)
OR (95% CI) * 2.33(0.36 —15.3)
e Small CC 6 5 (83.3%)
OR (95% CI) * 3.89 (0.37-21.3)

*OR=0dds Ratio, CI=Confidence Interval
**OR not calculated due to O cell
Table 4 : shows that the highest frequency was among small cell carcinoma 5(83.3%)

followed by squamous cell carcinoma6 (75%) and lastly adenocarcinoma 9(56.3%).
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Table5: Relationship between % methylation change in RASSF1A biomarker and

smoking parameters and tumour types among lung cancer patients

Parameter RASSF1A % methylation change

Meanz+ sd

Smoking Type
e Non 475+5.1
e  Smoker 169.1 +13.9

P-value* =0.021

Smoking Type
e Cigarette 149.8% 14.6
e Goza 3.8% 0.7

P-value* =0.033

Smoking State
e Current 261.2+22.2

e Ex-smoker 15415

P-value** =0.014
Tumour Type
e Adeno- 280.6 +24.8
e SCC 243 +0.7

e SmallCC 448+41

P-value** =0.004

*T-test was used to compare the mean difference between groups

** ANOVA test compare the mean difference among groups

Table5: shows that mean methylation change in RASSF1A in relation to smoking was
higher in smokers than non-smokers 169.1%z+ 13.9 and 47.5%z5.1 respectively with
statistically significant difference p= 0.021, also significant difference was detected between
Cigarette (149.8% = 14.6) and Goza (3.8% =+ 0.7), while depending upon the smoking status,
we found that the mean methylation change for RASSF1A was much higher in current than
ex-smokers (261.2% + 22.2), (15.4% =+ 1.5), Moreover, the relation between RASSF1A hyper
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methylation change and the different histopathological diagnosis we found that the highest
methylation change occurred in adenocarcinoma followed by small cell carcinoma then
squamous cell carcinoma (280.6 + 24.8), (44.8 £ 4.1),( 24.3 = 0.7) respectively with
significant difference p=0.004.

Figure 3 : ROC curve
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Figure 3: ROC curve for RASSF1A biomarker for the studied patients
Figure 4: Real time PCR results:
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Figure 4: 7500 fast real time PCR amplification plot with red fluorescence of
methylated samples

[ X axis = fluorescence intensity, Yaxis = no. of cycles]

Cut of point in each sample indicate ct value (cycle threshold) which used in the analysis of
the results.

The red fluorescence is for methylated samples, while the green fluorescence is for
unmethylated sample.

Cycle threshold (ct) is the maximum fluorescence intensity at which numbers of copies of
DNA of the studied gene can be detected by 7500 RT-PCR.

Table 6: Goodness criteria of Biomarkers for diagnosis of Lung Cancer in the studied

sample
RASSF1A-m
AUC 0.817
Cut-off 25.26
Accuracy 82.1%
Sensitivity, % 91.7%
Specificity, % 72.4%
PPV, % 76.2%
NPV, % 89.7%

*Sensitivity (true positives/all diseased); specificity (true negatives/all non-diseased);
PPV (true positives/all test positives); NPV (true negatives/all test negatives).

Table (6) RASSF1A biomarker Goodness criteria for diagnosis of Lung Cancer where AUC
in RASSF1A-m was (0.833). Cut off point was 25.26 with accuracy 82.1%. The percentage of
Sensitivity was 91.7 % and Specificity 72.4% while PPV was 76.2%, and NPV was 89.7%.
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Photo 1: Sagital CT chest showing It. hilar mass of Male pt. 59ys old current heavy smoker
complained of progressive exertional dyspnea, productive cough and hemoptysis of 2 months
duration .
Photo 2:

Photo 2: Bronchoscopy showing mass in the It. main bronchus of the same patient in

photo 1

Photo 3:
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Axial CT chest showing rt. Lower lobe with mediastinal involvement of Male pt. 52ys
old current heavy goza smoker, complained of productive cough and progressive
dyspnea of 1 month duration, presented with signs of rt. Lower lobe collapse,
photo (3) and (4) show CT chest and bronchoscopic finding of the pt. biopsy
from the mass was examined histopathologically and was squamous cell

carcinoma, RASSF1A methylation was 17%.

Photo 4: Bronchoscopy showing mass in the rt. Lower lobe bronchus

Discussion:
This case control study included 50 subjects, 30 of them were patients of lung cancer
(16were adenocarcinoma, 8 were squamous cell carcinoma and 6 were small cell

carcinoma) while 20 of them were heavy smokers as control group.

In our study, RASSF1A hyper methylation detected at a frequency of 66.7% (20/30) of lung
cancer patients versus 40% (4/20) in controls with Odds ratio 3 indicating that the risk of

hypermethylation was 3 times in cases than controls.

I. 2 in the tumor

The aberrant methylation of RASSF1A gene reported by Topaloglu et a
samples with frequency of (45%). Different studies  mentioned promoter hyper

methylation of RASSF1A (30-40 %) in lung cancer ** .

Aberrant methylation of RASSF1A gene frequency has been investigating in body fluids of lung
cancer patients was 52.5% while it was 7.7% for benign diseases patients .
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Minpu Ren et al. ® found that the frequency of abnormal methylation RASSF1A gene was
50.4% (62/123) in group of lung cancer, 3.8% (5/130) in control group which is Closer to our
figures .

In disagreement to our results hypermethylation of RASSF1A gene at a frequency of 31.1% (14/
45) in lung cancer patients was detected by El-Sherif et al. 1’ while none of the controls were
having gene methylation

Regarding the methylation in relation to the smoking pattern among cases related results

15
l.

founded by Gao et a the frequency of methylation of RASSF1A in smoker lung cancer

patients was 55.6%, while it was 46.2% in non- smoker.

Scesnaite et al. *® investigated in a study of 165 ever-smokers (109 current smokers and 56
former smokers) and 47 never-smokers Promoter hyper methylation of RASSF1A gene was
detected at frequency of 30.3% in ever smoker and 23.9% in never smokers. Moreover it was
32.1% in current smokers and 26.8% in former smokers and this was inconsistent with our
study results, the same was with El-Sherif et al. }" found that hypermethylation of RASSF1A

in non smoker lung cancer patients was 25% while it was 34.5% in smokers.

Tobacco - specific nitrosamines (TSNAS) are a class of carcinogens that identified in cigarette

tobacco®® %

, environmental tobacco smoke 2!, and other tobacco products %. The formation of
TSNAs is influenced by the tobacco blend and the curing processes ° this can explain the
reason of disagreement on the frequencies of hyper methylation for RASSF1A gene between
smokers and non-smokers between different studies and also may die to the smaller non-
smokers number involved in these studies, due to the smaller incidence of lung cancer

occurrence among non-smokers compared to smokers.

As regard the frequency of methylation in relation to the histopathological type, related to our
results Minpu Ren et al. '® observed abnormal methylation of RASSF1A in 46.3% of
adenocarcinoma patients, 75% of small cell carcinoma and, 58.8% squamous cell carcinoma.

While Gao et al. ° detected that promoter hyper methylation of RASSF1A gene was 38.5% in
adenocarcinoma, and 53.8% in squamous cell cancer, and 50% in small cell which is not
consistent with our results, also El-Sherif et al. *” showed that hyper methylation of RASSF1A
was detected in 33.3% of adenocarcinoma, 25% of squamous cell carcinoma, and 50% in small

cell carcinoma.

With regard to methylation change, RASSF1A methylation change occurred in 47.5%z=5.1 of
non-smokers and 169.1%z+ 13.9 of smokers with statistically significant difference p= 0.021,
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Overall from the observed results in RASSF1A biomarkers, a significant difference between
Cigarette (149.8% + 14.6) and Goza (3.8% = 0.7), Depending upon the smoking status, we
identified (47.5% = 5.1) non-smokers, (261.2% * 22.2) were in current smokers and the least

methylation percentage (15.4% + 1.5) with ex-smoker in RASSF1A.

As regard the gene expression of RASSF1A, hypermethylation was 64.8 folds in cases greater
than controls.

The methylation of the RASSF1A gene had a sensitivity value of 91.7%, a specificity value of
72.4%, and an AUC value of 0.817.

Inconsistent with our results, in a study of Shumin Ni et al. %

When patients of lung cancer
were compared in bronchial aspirates to non-tumor controls, Methylated RASSF1A gene had a
sensitivity value of 0.40 (95% CI: 0.34-0.46), a specificity value of 0.99 (95% CI: 0.95- 1.00),
and an AUC value of 0.66 (95% CI: 0.61-0.70).

El-Sherif et al. " noted that diagnostic sensitivity of methylated RASSF1A is 31.1% and
specificity of 100% with PPV 100% and NPV 39.2% which is different from our results.

In agreement to our results Gao et al. > found that RASSF1A assay of methylation had an area
of 0.81 under the ROC curve. By using the optimal cutoff value of150 copies/mL, they got a
specificity of 90.3% and a sensitivity of 56.9%

This variation can explained by the variation in methods of detection and analysis of

methylation and different laboratory facilitations

Conclusions

These results support the notion that identifying the methylation status of RASSF1A gene may

be useful as a molecular biomarker in diagnosis and screening for lung cancer.
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