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Abstract

Objective: Cell-free DNA (cfDNA) released in response to necrosis in cancer patients The objective of this study was
to compare the efficiency of two commercial and two manual methods for cell-free DNA extraction. as well as to search
for a method that is easy to extract the DNA from the plasma and cost-effective.

Methods: Plasma samples seven in number of patients of Breast Cancer was taken. We evaluated DNA quantity and
its subsequent amplification obtained by four different cfDNA isolation methods; Modified Phenol Chloroform Isoamyl,
Triton Heat Phenol, EpiQUik Circulating Cell-Free DNA isolation Easy kit” (EpiGentek) and “Nucleospin c¢f[DNA
kit”. Extracted DNA was quantified using Qubit and quantitative real-time PCR.

Results: Quantity of cf DNA varied between different extractions methods of a total of seven samples analyzed. The
highest quantity was found from the samples extracted from the Nucleospin XS kit and the extraction efficiency was
significantly higher in a pairwise comparison with the other three methods (p-value <0.0001). The concentration of the
cfDNA obtained by all four methods was assessed on a Qubit fluorometer. The concentration was higher for the
Nucleospin >MPC>THP> Epiquik kit The qPCR values were consistently higher for Nucleospin XS as compared to all
others. This indicates good amplifiability of Nucleospin XS

Conclusion: We tested four methods of c¢f DNA extraction. In our hands, Nucleospin XS gave the best yield and
amplifiability. It is a quick and cost-effective method and sensitive for quantification of cfDNA on Real-time PCR.
Therefore, it is highly recommended for clinical use of plasma as a liquid biopsy.
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INTRODUCTION
Cell-free DNA (cfDNA) is fragmented DNA found both in healthy and diseased individuals. It has

been reported as a result of apoptosis and necrosis in healthy individuals and tumor patients (1). However,

due to the elevated levels in the tumor, cfDNA, also termed as circulating tumor (ctDNA) has been studied

widely for its prognostic implications in various tumors (2). Currently, tumor research is focusing on non-
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invasive prognostic biomarkers that can be assayed easily. cfDNA can be extracted from peripheral blood
which is comparatively easier than a tissue biopsy (3). In oncology,cfDNA is an accessible source of genetic
material as well as a sensitive biomarker for monitoring disease progression, and response to the drug(4).
cfDNA can be accessed for genetic analysis of solid tumors fetal tissue, or from the transplant of the solid
organ (5). Higher levels of cfDNA have been observed in resistant and advanced stages of cancer(6)
Due to the low amount in circulation and highly fragmented/degraded nature of cfDNA, the isolation
method for cfDNA is challenging and has been modified constantly over the past few years. Also, frequent
freeze and thaw of plasma samples have undesirable results on the integrity of cf DNA. Consistent and quick
cfDNA extraction is not possible all the time. Commercially available kits are optimized to increase the
efficiency of extraction. (7) The lack of standard procedure is a major impediment in getting reproducible
results (8). Literature showed that lack of a standardized isolation method is the main barrier to use cfDNA
as a robust biomarker (5, 10)

The ctDNA extracted is highly fragmented and has a short half-life which can give rise to the
problem in the analysis (11), however, highly sensitive techniques and extraction efficiency to extract short
size fragment techniques are needed (12). The extraction of cfDNA from plasma is challenging because of its
low concentration (1.8-44ng) in plasma (9). The inefficiency of isolation methods can misinterpret the
quantification (13). The extraction methods are extensively studied and compared in many studies and
concluded the extraction efficiency depends on the method (9, 11).

There are many commercial kits and manual methods reported for the extraction of cfDNA.
However, no consensus on using a single method can be drawn from the published literature. In this study,
we compared the isolation efficiency of four methods used for the extraction of cfDNA. We used commercial
kits and manual methods for comparison. Further, quantification was performed by Qubit and qPCR. Two
commercial kits Epiquik ¢fDNA Isolation Kitl (14), Nucleospin XS Kit (7), and two manual methods
reported in literature modified Phenol chloroform extraction method (15). and Triton Heat Phenol(16) are

compared to conclude the most appropriate cfDNA extraction kit.

MATERIALS AND METHODS

A flow chart of methodology is given in Fig. 1.

MPC -
e |
| |
Y
I\_,-"
Dbt
flouromter
: L
= > *
Centrifug CfDNA
ation extraction
Whole
lzsmen
blood plesma P
RT PCR

Fig. 1. Flow chart of methodology

SAMPLE COLLECTION AND PROCESSING
Ethical approval of the study was taken from the ethical board of Khyber Medical University.
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The plasma was obtained by centrifugation of 10ml collected blood samples of seven patients within three
hours after collection. Blood centrifugation was performed twice to collect the plasma, initially, at 820¢ for
10 minutes at 4°C to collect the upper clear layer and again at 12000 g for 10 minutes at 4°C to yield platelets

from the plasma. The upper clear layer was collected and stored at -80°C until further analysis.
¢ DNA EXTRACTION

Four different protocols were used for cfDNA extraction including two manual procedures and two
commercial kits as shown in Figure 1. Detail of the methods; Epiquik ¢fDNA Isolation Kit(14), Nucleospin
XS Kit(7), modified Phenol chloroform extraction method (15), and Triton Heat Phenol(16) are given below

in detail.

c¢fDNA EXTRACTION BY TRITON/HEAT/PHENOL (THP) PROTOCOL

500ul of plasma/serum was mixed with 5 pl Triton X-100 (Sigma-Aldrich, UK) and heat-denatured
at 98 °C for 5 min. Samples were placed on ice for 5 min, and after that extracted with an equal volume of
phenol-chloroform-isoamyl alcohol (25:24:1, v:v:v) (Sigma-Aldrich, UK) and centrifuged for 10 min at 14,000
g. The aqueous phase was precipitated overnight with 1/10 volume of 3 M NaOAc and 2.5 volume of 100%
ethanol at -20 °C. The DNA pellet was washed with ethanol, air-dried, and resuspended in 50ul of ddH20.

¢ DNA EXTRACTION BY “A MODIFIED PHENOL-CHLOROFORM EXTRACTION
METHOD BY HAIHUA YUAN ET.AL.”

One mL of plasma added 100 pL of a solution containing 250 mmol/L EDTA and 750 mmol/L NaCl,
100 pLof 100 g/L sodium dodecyl sulfate, and 20 pL of proteinase K (final concentration 20 mg/mL). was
added. The samples were incubated for 2 hours at 56°C, and the proteins were precipitated with 200 pL of
saturated 6M NaCl solution (final concentration, 0.86 mol/L). The cfDNA was extracted with a 1:1 phenol-
chloroform mixture at room temperature. After an incubation time of 5 min at room temperature, the
the DNA was precipitated by adding the same volume of absolute ethanol and incubating overnight at -
20°C. The DNA was first centrifuged for 15 min at 14,000 g, then washed with 70% ethanol and dissolved in
50 uL water.

¢ DNA EXTRACTION BY EPIQUICK CIRCULATING CELL-FREE DNA (CCFDNA)
ISOLATION EASY KIT

0.5 ml of plasma took into a 1.7ml micro centrifuge and added 15ul of cfDNA Capture Enhancer
and further added 20ul of proteinase K. Mixed and incubated at 60 C for 15 minutes. Meanwhile, cfDNA
binding solution was prepared based on the number of samples, therefore added 2ul of capture beads per
500ul of capture buffer, mixed well by pipetting up and down 10-to 20 times.550ul cfDNA binding solution
was added to each sample tube. Mixed well and incubated at room temperature for 10 minutes with rotation
at 10-15 rpm. Placed the tube on EpiMag “HT (96 well) magnetic separator (Epigenetek )for 10 minutes or
until the clearance of solution. Carefully discarded the supernatant. While taking care to not disturb the
beads. The purification was done with the addition of 90% ethanol with a volume of 500ul, placing the tube
on the magnetic stand for 1 minute, removed and discarding the supernatant. The same step was repeated
two times and removed the ethanol completely from the tube was. beads were air-dried for 1-2 minutes
without removing the tube from the magnetic stand. Re-suspended the beads into 20ul elution buffer and
transfer the solution containing beads into the 96-well microplate incubated at room temperature for 6
minutes to release the DNA from the beads. Captured the beads by placing the plate on the magnetic stand

for two minutes. Transferred into a new 0.2 ml PCR tube.

¢ DNA EXTRACTION BY NUCLEOSPIN XS MACHERY NAGEL KIT

240uL plasma sample was mixed with 20 uL of Proteinase K and incubated at 37°C for 10 min. After
incubation sample was mixed with 360 uL of binding buffer. Inverted the tube 3x and vortex for three
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seconds. (3sec). A total volume of 620ul was loaded on Nucleospin ® cfDNA XS column placed in a
collection tube. centrifuge for 30 secs at 2,000 g and five seconds at 11000 g. discarded the collection tube
with flow through and placed the column into the new collection tube. Pipette 500ul wash buffer onto the
Nucleospin ® cfDNA XS column and centrifuge at 11000 g for 30seconds, the collector was discarded and
second wash with 250ul wash buffer and centrifuged for three minutes at 11000g. Again discarded the
collector and placed the column on 1,5ml microcentrifuge tube elution buffer of 20ul was loaded on a
column to elute the cfDNA, final elute was kept on heat block for eight minutes at 90° for removal of
residual ethanol. DNA was stored at -20°C.

QUANTITATIVE ANALYSIS OF DNA
QUBIT FLUOROMETER

We quantified by Qubit fluorimeter using (Qubit assay kit Cat No: Q32856 Thermo Fischer USA)

according to manufacturer’s protocol.
REAL-TIME qPCR

Primer and probe sequences were selected for human genomic targets telomeraseReversee
Transcriptase (W\TERt .We used forward primer, 5-GGCACACGTGGCTTTTCG-3’, reverse primer, 5'-
GGTGAACCTCGTAAGTTTATGCAA-3, and probe [6FAM]-TCAGGACGTCGAGTGGACACGGTG-
[TAMRA-Q] to amplify the ctDNA and gDNA. Using gDNA of known concentration as standard, serial
dilutions were prepared to quantify the gene of interest. ABI 7500 qRT-PCR and TagMan Universal
Master Mix (Applied Biosystems) were used for analysis and amplification. The reaction mixture
contained 10ul Tagman mix, probe (7.5 mmol=L), primer forward (5 mmol=L), primer reverse (5
mmol=L), DNA (3ul), and sterile water quantity sufficient to make 25ul of reaction (17, 18). The cycling
conditions comprises of the initial hold at 50C° for 2 minutes, 95°C for 10 minutes (1 cycle), followed by
The isolated cfDNA was run in duplicates with gDNA as positive control and nuclease-free water as a
negative control. Each run has the standard curve to quantify ¢fDNA. To generate the standard curve,
five serial dilutions of gDNA were prepared and run. Quantities extracted from methods were

normalized.Supplementry file S1 is attached showing normalization of volume used in all four methods.

Standard Curve
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Fig. 2. Standard curve of genomic DNA in RT PCR

STATISTICAL ANALYSIS

Quantitative data were presented as mean * standard deviation (SD). A paired t-test (p-value) was

used for paired data. Pearson correlation coefficient (r) was used for correlation analyses. The
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reproducibility of different protocols was evaluated by the coefficient of variation (CV). GraphPad Prism
8.02 and SPSS software were used for statistical analysis.

RESULTS

The efficiency of four different methods was found statistically significant in a pairwise comparison
with Nucleospin XS, using Mann-Whitney U —test with a P-value of 0.0001. In a pairwise comparison, the
median value of cfDNA (89ng/ml) of the Nucleospin XS kit is statistically higher than the median value of
cfDNA (2ng/ml) of the Epiquik kit. (p value=0.0001). In a pairwise comparison, the median value of cfDNA
(89ng/ml) of Nucleospin XS kit is statistically higher than the median value of ¢f DNA (9ng/ml) of Phenol
Chloroform Isoamyl method. (p value=0.0001). In a pairwise comparison, the median value of c¢f DNA
(89ng/ml) of Nucleospin XS kit is statistically higher than the median value of cf DNA (3ng/ml) of Triton
Heat Protocol. (p value=0.0001) (Fig. 3).

The mean +SD values of the four methods have been given in table 1. It is obvious from the table that
the Nucleospin kit shows the highest mean +SD, as well as Median + IQR values and the least values, are
given by the Epiquik kit.

Table I. Results obtained by real-time PCR quantification of cfDNA, using hTERT obtained from of plasma,
respectively (mean + std. error)

Methods used for DNA Mean+*SD Mediant IQR p-value
extraction

Phenol Chloroform Isoamyl 10.4 £14.6 9+10 0.0001
Triton Heat Protocol 5.61+£6.5 3+5 0.0001
Epi Quik 1.6 £1.5 2+3 0.0001
Nucleospin® Plasma XS 101 £51 +82 0.0001

P-Value indicates the significance of results in comparison with the Nucleospin XS kit
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Fig. 3. Comparison of extraction protocols. All four methods were compared for extraction efficiency.
NucleoSpin protocols showed significantly higher concentration than all other methods
The concentration of the cfDNA obtained by all four methods was assessed on a Qubit fluorometer.
The concentration was higher for the Nucleospin >MPC>THP>Epiquik kit (Fig. 4a). The qPCR values were
consistently higher for Nucleospin XS as compared to all others (Fig. 4b). Some of the DNA do not amplify
at all. This indicates low PCR inhibitors and good amplifiability of Nucleospin XS.
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Fig. 4a. Quantification of samples extracted Fig. 4b. Quantification of samples extracted
with four methods by gPCR with four methods on Qubit florometer
DISCUSSION

ctDNA quantification identifies the monitoring response of treatment of patients with cancer and
predicts the recurrence of cancer (19). Due to the fragmented nature of ¢fDNA in plasma, robust and
efficient isolation is challenging. We tested four different protocols for ctDNA isolation and quantified the
end product using qPCR to check their isolation efficiency.

Our data showed that Nucleospin XN yields significantly good quality DNA as compared to other
tested methods Nucleospin is a column-based cfDNA extraction kit and easy to handle, and within 30
minutes” extraction of cfDNA takes place. Quantification of cfDNA on Real-time PCR is possible in this kit,
it is cost-effective. Nucleospin XS, the elution volume is 15-20ul, and spin-column purification steps make
the sample concentrated and detection of cfDNA on PCR is possible even a small quantity present in the
sample.

In a study, the Nucleospin XS column proved superior in terms of DNA yield, recovery of small DNA
for cancer laboratories. Colum of Nucleospin is free of PCR inhibitor substances, as elute input increases the
signal of PCR increases because of inhibitor-free DNA. In the same way, it is also proved in the study that
the Nucleospin XS kit recovers DNA of 50, 100, 150, 250, and 1000 bp whereas in the same study QIAmp
failed to recover fragments of 50 bp (7).

In comparison with most cited kits High Pure PCR Template Preparation kit (Roche) QIAMP DNA
blood mini kit (Qiagen) and Nucleospin XS kit has easy and fever steps of isolation DNA from plasma and
shorter time of handling per preparation (7).

In a study by E. Khani et al. the protocol was modified to extract cf DNA (20) whereas in my study
the same company protocol was applied and achieved good results from plasma samples stored more than 2
years.

In a research study by Whale et al. and Hayden et al. the ability of the Nucleospin to concentrate the
sample through prefabrication steps and low elution volume and ideal for advanced technology of digital
PCR because in ddpcr sample volume is less than RT PCR (21, 22). The literature shows that cfDNA
extracted through Nucleospin does not inhibit the SYBR-based Adhf3 assay (16).

Epiquik is a kit the procedure given is manual and the time mentioned for each step is not
experienced the same. Because each step takes a long time to complete despite the time given in the manual.
So it is not feasible to manage the huge number of samples for extraction through the protocol. The kit is not
feasible for Real-time PCR because the samples are detected on Qubit but on Real-time PCR it is undetected
due to its complicated procedure and PCR inhibitors. Literature shows the same that amplification on RT
PCR was not detected by the samples extracted by Epiquik kit. It is given in the study that PCR inhibiting
agents in the cfDNA create problems in the mutational analysis of samples that are isolated with the Epiquik
kit (14) This is shown in Fig. 3.

Triton Heat Phenol protocol is a manual procedure and preparation of reagents and the procedure

takes a long time of 24 hours because the samples are kept overnight. The efficiency of Nucleospin is higher
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than the THP method. In a study, THP methods show efficiency over QIAMamp protocol and it’s easy to
perform but the use of phenol has a risk for the user skin burn on contact and carcinogenic, important to use
it is a safe laboratory and procedure adopt to avoid the contamination (23).

However, in comparison of THP with Nucleospin, the THP procedure is lengthy and a low amount
of DNA is extracted from the samples as compared to Nucleospin XS. In another study by Mauger et al.
samples extracted through THP methods were inhibited in qPCR whereas Qubit assay showed a yield of
isolated DNA (24).

The other method of my study for cf DNA extraction from plasma was Phenol Chloroform Isoamyl,
It is a manual method and long procedure and overnight kept in between the processes which take longer
time. Not a smooth protocol and one ml plasma are required for a sample one time. In another study by
Schmidt et al., it is proved that it is a time-consuming method (25). Phenol chloroform Isoamyl method is
reported in several phenol-chloroform (PC) protocols according to Schmidt et al., (25). Yuan et al., (26), and
Hufnagl et. al., .and its efficiency of extraction is better than Qiagen kit. In my study, the efficiency of
Nucleospin XS is better than the modified Phenol chloroform Isoamyl protocol. cDNA is a biomarker that
monitors the treatment response and serial blood collection takes place with the passage of time and severity
in carcinoma patients health is declining and difficult to take a blood sample and a very small amount of
blood sample can only give less quantity of plasma which is not possible in case of cfDNA extraction
method by Modified phenol-chloroform Isoamyl method because input sample (plasma) required is one ml
(1000ul) rather than Nucleospin 240ul plasma is required.

CONCLUSION

Nucleospin XS kit is suitable for extraction of cfDNA from plasma in terms of its processing time and
cost-effectiveness. The cfDNA obtained using Nucleospin XS showed better amplification than the others,
indicating fewer PCR inhibitors and greater purity. Our data showed that Nucleospin XS Kit is significantly
efficient in cfDNA isolation from plasma as compared to the other three methods.

Acknowledgment:

I acknowledge the Pakistan Science Foundation for funding Project No. PSF/Res/KPK-IBMS/Med (493)
Entitled, “The Role of Circulating Tumor DNA in Monitoring Treatment Response in Patients with Breast
Cancer

References:

1. Stroun M, Lyautey ], Lederrey C, Olson-Sand A, Anker P. About the possible origin and mechanism of
circulating DNA: Apoptosis and active DNA release. Clinica chimica acta. 2001;313(1-2):139-42.

2. Schwarzenbach H, Pantel K. Circulating DNA as biomarker in breast cancer. Breast Cancer Research.
2015;17(1):1-9.

3. Kohler C, Barekati Z, Radpour R, Zhong XY. Cell-free DNA in the circulation as a potential cancer
biomarker. Anticancer research. 2011;31(8):2623-8.

4. Aung KL, Board RE, Ellison G, Donald E, Ward T, Clack G, Ranson M, Hughes A, Newman W, Dive
C. Current status and future potential of somatic mutation testing from circulating free DNA in
patients with solid tumours. The HUGO journal. 2010;4(1):11-21.

5. Lui YY, Woo KS, Wang AY, Yeung CK, Li PK, Chau E, Ruygrok P, Lo YD. Origin of plasma cell-free
DNA after solid organ transplantation. Clinical chemistry. 2003;49(3):495-6.

6. Murtaza M, Dawson SJ, Tsui DW, Gale D, Forshew T, Piskorz AM, Parkinson C, Chin SF, Kingsbury
Z, Wong AS, Marass F. Non-invasive analysis of acquired resistance to cancer therapy by sequencing
of plasma DNA. Nature. 2013;497(7447):108-12.

7. Kirsch C, Weickmann S, Schmidt B, Fleischhacker M. An improved method for the isolation of
free-circulating plasma DNA and cell-free DNA from other body fluids. Wiley Online Libr.
2008;1137:135-9.

8. Ziegler A, Zangemeister-Wittke U, Stahel RA. Circulating DNA: a new diagnostic gold mine?. Cancer
treatment reviews. 2002;28(5):255-71.

9. Fleischhacker M, Schmidt B. Circulating nucleic acids (CNAs) and cancer —a survey. Biochimica et
Biophysica Acta (BBA)-Reviews on Cancer. 2007;1775(1):181-232.

@ @ Copyright © 2021 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
E unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 365


Zahid pc
Typewritten text
365


10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Pak Euro Journal of Medical and Life Sciences. Vol. 4 No. 4

Crowley E, Di Nicolantonio F, Loupakis F, Bardelli A. Liquid biopsy: monitoring cancer-genetics in
the blood. Nature reviews Clinical oncology. 2013;10(8):472-84.

Marzese DM, Hirose H, Hoon DSB. Diagnostic and prognostic value of circulating tumor-related
DNA in cancer patients. Expert Rev Mol Diagn. 2013;13(8):827-44.

van der Leest P, Boonstra PA, Ter Elst A, van Kempen LC, Tibbesma M, Koopmans J, Miedema A,
Tamminga M, Groen HJ, Reyners AK, Schuuring E. Comparison of circulating cell-free DNA
extraction methods for downstream analysis in cancer patients. Cancers. 2020;12(5):1222.

Yang HX. Long-term survival of early-stage non-small cell lung cancer patients who underwent
robotic procedure: a propensity score-matched study. Chinese journal of cancer. 2016;35(1):1-3.

Sorber L, Zwaenepoel K, Deschoolmeester V, Roeyen G, Lardon F, Rolfo C, Pauwels P. A comparison
of cell-free DNA isolation kits: isolation and quantification of cell-free DNA in plasma. The journal of
molecular diagnostics. 2017;19(1):162-8.

Hufnagl C, Stécher M, Moik M, Geisberger R, Greil R. A modified phenol-chloroform extraction
method for isolating circulating cell free DNA of tumor patients. Journal of Nucleic Acids
Investigation. 2013;4(1):el-.

Devonshire AS, Whale AS, Gutteridge A, Jones G, Cowen S, Foy CA, et al. Towards standardisation of
cell-free DNA measurement in plasma: Controls for extraction efficiency, fragment size bias and
quantification. Anal Bioanal Chem. 2014;406(26):6499-512.

Miller FD, Pozniak CD, Walsh GS. Neuronal life and death: an essential role for the p53 family. Cell
Death & Differentiation. 2000;7(10):880-8.

Park JL, Kim HJ, Choi BY, Lee HC, Jang HR, Song KS, Noh SM, Kim SY, Han DS, Kim YS.
Quantitative analysis of cell-free DNA in the plasma of gastric cancer patients. Oncology letters.
2012;3(4):921-6.

Gang F, Guorong L, An Z, Anne GP, Christian G, Jacques T. Prediction of clear cell renal cell
carcinoma by integrity of cell-free DNA in serum. Urology. 2010;75(2):262-5.

Khani M, Pouresmaeili F, Mirfakhraie R. Evaluation of extracted circulating cell free DNA
concentration by Standard Nucleospin Plasma XS (NS) kit protocol compared to its modified protocol.
Urol Nephrol Open Access. 2017;4(4):00137.

Whale AS, Huggett JF, Cowen S, Speirs V, Shaw ], Ellison S, Foy CA, Scott DJ. Comparison of
Nucleic acids research. 2012;40(11):e82-.

Hayden RT, Gu Z, Ingersoll J, Abdul-Ali D, Shi L, Pounds S, Caliendo AM. Comparison of droplet
digital PCR to real-time PCR for quantitative detection of cytomegalovirus. Journal of clinical
microbiology. 2013;51(2):540-6.

Xue X, Teare MD, Holen I, Zhu YM, Woll PJ. Optimizing the yield and utility of circulating cell-free
DNA from plasma and serum. Clinica chimica acta. 2009;404(2):100-4.

Mauger F, Dulary C, Daviaud C, Deleuze JF, Tost J. Comprehensive evaluation of methods to isolate,
quantify, and characterize circulating cell-free DNA from small volumes of plasma. Analytical and
bioanalytical chemistry. 2015;407(22):6873-8.

Schmidt B, Weickmann S, Witt C, Fleischhacker M. Improved method for isolating cell-free DNA.
Clinical chemistry. 2005;51(8):1561-3.

Yuan H, Zhu ZZ, Lu Y, Liu F, Zhang W, Huang G, Zhu G, Jiang B. A modified extraction method of
circulating free DNA for epidermal growth factor receptor mutation analysis. Yonsei medical journal.
2012;53(1):132-7.

@ @ Copyright © 2021 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits
=

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 366


Zahid pc
Typewritten text
366


