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Abstract:  30 

Tyrosine kinase inhibitor (TKI) is one of the effective chemo-preventive approaches 31 

against tumors that deregulate EGFR pathway. About 80% of HNSCC patients overexpress 32 

EGFR, making TKI an effective treatment against this cancer. Recently a synonymous variant 33 

rs10251977 in exon 20 of EGFR reported to act as a prognostic marker in HNSCC. Analysis of 34 

this germline variant in blood samples of oral cancer patients showed a similar frequency in 35 

cases and controls. Further, in-silico analysis showed that this polymorphism creates binding site 36 

for miR-891b in EGFR-AS1. The EGFR-AS1 expression modulates the EGFR A/D isoforms 37 

through alternative splicing. Our bioinformatic analysis showed enrichment of alternative 38 

splicing marks H3K36me3 and presence of a few intronic polyA sites spanning around exon 15a 39 

and 15b of EGFR facilitating the skipping of exon 15b and thereby promoting the splicing of 40 

EGFR-A isoform. In addition, the presence of PTBP1 binding site in EGFR and EGFR-AS1 41 

enhances the expression of EGFR- A isoform by preventing the premature termination. 42 

Expression profiling of EGFR-AS1 along with miR-891b level and rs10251977 polymorphism 43 

status in oral cancer patients may be useful for targeted therapy. 44 

 45 
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Introduction  58 

Oral squamous cell carcinoma (OSCC) is one of the prevalent cancers worldwide. According to 59 

the GLOBOCAN 2018 report from India, cancer of lip, oral cavity is the top most cancer in men 60 

and fourth most in women
1
 and often diagnosed in advanced stages, making it difficult for the 61 

therapeutic management. Tobacco chewing/smoking, alcohol consumption and infection with 62 

human papilloma virus (HPV) 16/18 are the major risk factors of OSCC
2
. In India, tobacco 63 

chewing with betel quid, slaked lime, and areca nut combined with smoking or drinking 64 

significantly increases the risk. Despite the advances in diagnosis and treatment the mortality rate 65 

of oral cancer patients has not markedly improved over the past three decades and the 5-year 66 

survival rate remains less than 50%. Even with the advances in drug discovery and treatment 67 

against cancer, chemoresistance and tumor recurrence remains an obstacle for development of 68 

effective therapeutic management in the patients with OSCC
3
. 69 

   The etiology (58-90%) of HNSCC is attributed with the aberrant activity of epidermal growth 70 

factor receptor (EGFR). It belongs to the family of receptor tyrosine kinases ErbB and plays an 71 

important role in cell cycle regulation, proliferation, cell migration and other physiological 72 

processes
4
. Overexpression of EGFR is observed in the early stages of the oral tumorigenesis and 73 

linked with the advanced stages of the tumor, thus it could serve as the effective drug target
5
. 74 

Though various evidences proved EGFR signalling is associated with progression of HNSCC, 75 

the effective treatment outcome is not achieved upon targeting EGFR with monoclonal 76 

antibodies and/or TKIs
6
. Therefore, it is essential to identify robust biomarkers for the success of 77 

targeted therapy.  78 

   Alternative splicing is a common mechanism employed by eukaryotic cells to create 79 

diversified proteomics profile from single gene
7,8

. This mechanism is common in receptor kinase 80 

family genes. EGFR generates a functionally important four splice variants through alternative 81 

splicing where 10.5 kb and 5.8 kb belongs to variant 1 class encoding 170 kDa protein called 82 

isoform A. This variant will be generated by skipping of two exons 15a and 15b in EGFR, 83 

whereas 1.8 kb, 2.4 kb and 3.0 kb are three other isoforms formed from a read-through of a exon-84 

intron boundary and incorporation of alternate exons 15a and 15b, which encodes 60, 80 and 110 85 

kDa proteins known as isoform B, C and D, respectively
9,10

.  86 
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   Currently, long non-coding RNAs (lncRNAs), a class of heterogeneous RNA molecules (>200 87 

nt) with no protein-coding potential, has been identified as the prognostic marker in various 88 

cancer. The lncRNAs were aberrantly expressed in various cancers and play regulatory roles in 89 

several cellular pathways promoting proliferation, stem cell pluripotency, cellular 90 

reprogramming, cellular transformation, and tumorigenesis
3
. A recent study established the 91 

prognostic potential of EGFR-AS1 in tyrosine kinase inhibitors (TKIs) treatment and knockdown 92 

of EGFR-AS1 induced regression of squamous cell carcinoma of head and neck and aids in 93 

mediating a ligand addiction
6
.  94 

   Antisense non-coding transcript of EGFR locus (EGFR-AS1), a 2.8 kb transcript and was 95 

shown to promote the stability of its cis partner EGFR-A isoform
11

. However, the role of EGFR-96 

AS1 in maintaining the stability of EGFR-A isoform is yet to be studied in detail. This study is 97 

focussed on understanding the molecular consequence of a germline polymorphism rs10251977 98 

(c.2361G>A) in EGFR-AS1 that creates a binding site for miR-891b and modulates the stability 99 

of the EGFR-AS1. Additionally, we explored the role of EGFR-AS1 in the alternative splicing of 100 

EGFR A/D isoforms.  101 

Results 102 

Screening of the germline variant rs10251977 in oral cancer patients of South Indian origin 103 

We screened for the variant rs10251977 (c.2361G>A) in exon 20 of EGFR in 180 oral cancer 104 

patients with age and sex matched 184 cancer-free controls. The demographic details of both 105 

cases and controls were presented in Table 1. Oral cancer patients and control subjects’ genotype 106 

frequencies were in agreement with Hardy–Weinberg equilibrium with p values 0.79 and 0.35, 107 

respectively (Table 2). The genotype frequencies were found to be 40% (72/180) of GG, 47.2% 108 

(85/180) of GA and 12.8% (23/180) of AA in oral cancer patients, 36.4% (67/184) of GG, 50.5% 109 

(93/184) of GA and 13.1% (24/184) of AA in control subjects and no significant difference was 110 

found between cases and controls. A similar result was observed in dominant model (GA+AA vs 111 

GG), recessive model (GG+GA vs AA) and allelic model (G vs A) with an OR of 0.86 (p= 0.55), 112 

0.98 (p= 0.93) & 0.92 (p= 0.64), respectively. 113 

EGFR-AS1 is overexpressed in OSCCs 114 

The EGFR-AS1 expression was analyzed in 48 oral tumor samples and 8 independent normal 115 

tissues by RT-qPCR (Table 3). A significant upregulation of EGFR-AS1 was observed in tumor 116 
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tissues compared to that of normal tissues (p<0.001) (Figure 1a). The expression levels were 117 

correlated with clinic-pathological characteristics of the tumors, there is a trend in increased level 118 

of EGFR-AS1 was observed without any statistically significant association (Figure S1a). 119 

Interestingly, in tumors with GA and AA (N=25) genotypes, we noticed high level expression of 120 

EGFR-AS1 albeit with no statistical significance (p=0.653), and this could be due to the small 121 

sample size (Figure S1b). 122 

EGFR-AS1 in maintaining the level of EGFR A and D isoforms 123 

To know the functional relationship of EGFR-AS1 expression with EGFR and its isoforms,           124 

we analysed the relative expression levels of EGFR isoforms A and D and D/A ratio with 125 

reference to the expression level of EGFR-AS1. The tumor samples were stratified into two 126 

groups as EGFR-AS1 high and low expression groups based on the median values of EGFR-AS1 127 

expression (Table 3). Tumors with expression level above median value is considered as high 128 

expression group and those with fold change below median value as low expression group.       129 

We observed a statistically significant difference in the expression level of EGFR-A form with 130 

reference to EGFR-AS1 level (p <0.0001) and no significant difference was found for EGFR-D 131 

form (Figure 1b). But we observed significant difference in the EGFR isoform A and D levels in 132 

both the groups (Figure 1c), and found a significantly high level of EGFR isoform D transcript in 133 

low EGFR-AS1 expressing group compared to the high expression group (p=0.017) and this 134 

could be due to the modulation of RNA splicing. To address this, we carried out in-silico 135 

analysis to identify the EGFR-AS1/EGFR binding partners that has functional association with 136 

alternative splicing.  137 

First, we predicted the binding partners of EGFR-AS1 by using online database lncRNAtor
12

. 138 

EGFR-AS1 showed significant mechanistic association with three RNA binding proteins FIP1, 139 

hnRNPU, and PTBP1, of which PTBP1 showed a significant association (p=8.43E
-26

)                 140 

(Figure S2a). To evaluate the binding of this alternative splicing factors in EGFR locus we used 141 

RBPmap online tool
13

 to predict the binding motif of the RNA binding proteins in both EGFR-142 

AS1 and region between exon 15 and 16 of EGFR gene and identified several consensus motif of 143 

PTBP1 (Table S1 and S2), suggesting the PTBP1 role in alternative splicing of EGFR-A 144 

isoform. To further support this hypothesis, we checked the binding partners for PTBP1 using 145 

STITCH online tool, and found that most of its interacting partners HNRNPK, HNRNPU, 146 
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HNRNPA1, HNRNPA3, HNRNPD, HNRNPL and SNRPA were known to play a role in 147 

alternative splicing (Figure 2a). 148 

Previous studies have shown that H3K36me3 plays an important role in exon skipping by 149 

recruiting alternative splicing factors
14

. We checked whether the H3K36me3 marks are present 150 

in EGFR region by using UCSC genome browser. Interestingly we found that enhanced 151 

H3K36me3 marks were present around the skipped region spanning the exon 15a and b region 152 

(Figure 2b), and to our surprise they also carried a few polyA sites spanning around region exon 153 

15a leading to the skipping of exon 15b and prevents premature termination thereby reducing           154 

EGFR-D isoform. EGFR-AS1 may act as a scaffold to recruit major alternative splicing factors 155 

in association with PTBP1 to bring exon skipping and promoting EGFR-A expression.  156 

EGFR variant rs10251977 creates miR-891b binding site in EGFR-AS1 157 

Apart from acting as scaffold, lncRNAs may also act as miRNA sponges in the cytoplasm.             158 

Tan et al., reported that the presence of minor allele in EGFR-AS1 decreased its steady state 159 

level
6 

and this could be due to the miRNA sponging mediated degradation of lncRNA.                 160 

We used a web-based tool called lncRNASNP2 to determine the functional impact of minor 161 

allele in EGFR-AS1.  162 

The minor allele generates a new binding site for miR-891b (Figure 3a and 3b). We chose this 163 

miRNA and another miRNA, miR-138-5p (Figure 3c) which targets EGFR and remains 164 

unaffected by the presence of either major or minor allele for expression study (Figure S2b). 165 

Both the miRNAs targets EGFR-A isoform, as confirmed by TargetScan and miRwalk tools 166 

(Figure 3d). Gene Set Enrichment Analysis (GSEA) for miR-891b and miR-138-5p revealed that 167 

they are involved in pathways related to cancer and MAPK signaling pathway, respectively 168 

(Table S3 and S4).  169 

Correlation of EGFR-AS1 level with the miRNA level 170 

The expression levels of both miR-891b and miR-138-5p, were analyzed in 48 oral tumor tissues 171 

and 8 adjacent normal tissues and were found to be significantly downregulated in tumor tissues 172 

compared to that of normal tissues with a p-value of 0.03 and 0.047, respectively (Figure 4a & 173 

4b). Tumors that over expressed miR-891b and miR-138-5p were found to have a significantly 174 

low level of EGFR-AS1 (p= 0.04 and 0.02, respectively) (Figure 4c & 4d). The EGFR D/A 175 

isoforms ratio showed no statistically significant difference between high and low miRNA 176 
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expression groups, but the tumors with overexpressed miRNAs showed a trend of increased D/A 177 

ratio (Figure S3a and 3b). When correlated with the expression level of EGFR-A, the tumors 178 

with an increased level of miR-891b had significantly low level of EGFR-A (p-value- 0.02) 179 

(Figure 4e) suggesting the possibility of ceRNA network operating in these tumors. Our results 180 

suggest that the presence of minor allele generates the binding site for miR-891b thereby 181 

switching the mechanism of EGFR-AS1 from a scaffold to miRNA sponge modulating the 182 

expression level of EGFR-A isoform. 183 

Discussions 184 

EGFR is found to be frequently mutated and deregulated in multiple cancers, especially 185 

malignancies of epithelial origin in humans. Thus, tyrosine kinase inhibitors have been increased 186 

attention towards targeted therapy in cancers
15-17

. Various studies focused on EGFR variants 187 

conferring sensitivity towards TKI treatments. Recently Tan et al., identified a synonymous 188 

variant rs10251977 (c.2361G>A) present in exon 20 of EGFR having greater prognostic 189 

implication towards TKI treatments particularly in squamous cell carcinoma of head and neck
6
. 190 

In the current study the prevalence of this polymorphism is known to be 40% (72/180) of GG 191 

genotype, 47.2% (85/180) of GA genotype and 12.8% (23/180) of AA genotype among oral 192 

cancer patients with a minor allele frequency of 0.36. This is consistent with the previous report 193 

where they found increased prevalence of the same polymorphism in head and neck cancer 194 

patients from South Indian origin with 61.24% and 13.95% of both GA and AA genotypes, 195 

respectively
5
. They also observed that the polymorphism had a significant risk association in 196 

cancer development. Several studies emphasized the prognostic significance of this EGFR 197 

variant in TKI response
18-20

, whereas the wild type genotype predicted to have a good prognosis 198 

in metastatic colorectal cancer
21

. Interestingly, Koh et al., reported that this polymorphism is 199 

more prevalent in squamous cell carcinoma compared to that of adenocarcinoma of lung, and 200 

having a significant response for gefitinib treatment in patients who carries a wild type allele
22

. 201 

Previous study on this variant in advanced oesophageal squamous cell carcinoma recorded that 202 

patients with heterozygous genotype shows a poor response
23

. However, we did not observe any 203 

significant association of this polymorphism with cancer risk. The increased prevalence of this 204 

variant and its strong association with therapeutic response prompted us to explore its functional 205 

significance. The variant allele created a new binding site for miR-891b reducing the level of 206 

EGFR-AS1 and leading to increase in the EGFR D/A isoform ratio. Using the online STITCH 207 

database, we have found that lncRNA EGFR-AS1 has a positive interaction with PTBP1 and 208 
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hnRNPs, major players in alternative splicing and essential for the generation of EGFR-A 209 

isoform with both transmembrane and tyrosine kinase domain.  210 

Since the last decade, non-coding RNAs have been one of the main focuses in the field of 211 

functional genomics. Emerging evidence has shown the altered expression signatures of a large 212 

number of lncRNAs in several human malignancies
24

. In recent years, many of lncRNAs have 213 

been proposed to have pivotal role in carcinogenesis. However, the functions and mechanisms of 214 

lncRNAs responsible for the development and progression of oral cancer need to be understood. 215 

Natural antisense transcripts (NATs) are a group of RNA transcripts that are suggested to play 216 

roles in alternative splicing, genomic imprinting, miRNA sponging, also X- chromosome 217 

inactivation and they regulate the gene expression both in cis- and trans- manner
25-27

.                218 

cis-NAT plays major role in regulation of its sense partner in various manners. A myriad of 219 

lncRNA comes under this class of RNA and various studies reported their cis role. Recently, we 220 

reported a cis- mediated regulation of OIP5-AS1 controlling expression of OIP5 gene by acting 221 

as miRNA sponge
28

. Various pan cancer analysis showed the role of deregulated NATs in 222 

carcinogenesis and acting as both predictive marker as well as drug targets
29

. 223 

EGFR-AS1, a lncRNA transcribed from the antisense strand of EGFR, was found to be 224 

overexpressed in several cancers
30,11,31-33

. Our study observed a significant upregulation of 225 

EGFR-AS1 in oral cancer patients suggesting the oncogenic potential of this lncRNA, which is 226 

consistent with above findings. When the EGFR-AS1 expression profile was analysed with 227 

reference to genotypes we found a decreased expression of EGFR in GG compared to GA+AA 228 

genotype, but without any statistical significance. The altered expression pattern of EGFR-AS1 229 

might be due to previously reported non-canonical RNA editing mechanism which maintains the 230 

allele specific lncRNA based on germline polymorphism
34

.  231 

In this study, there was a significant change in the EGFR D:A isoform ratio with the low level 232 

expression of EGFR-AS1. Alternative splicing of receptor tyrosine kinases (RTKs) has greater 233 

clinical implication, where truncated RTKs arise by alternative splicing of exons or activation of 234 

intronic polyA sites
35

. These truncated forms lack transmembrane and tyrosine kinase domain 235 

and thus can be used as a good prognostic marker
6
. EGFR has three different soluble truncated 236 

isoforms such as 110 kDa, 80 kDa and 60 kDa where EGFR D form (110 kDa) is highly 237 

expressed in human placenta
15

 and found to be enriched in urine of patients with squamous cell 238 
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carcinoma
36

. Several studies reported the prognostic values of these soluble EGFR in various 239 

cancers
37-40

. 240 

Our bioinformatic analysis revealed that premature termination of EGFR transcript results in the 241 

production of EGFR-D isoform by recognition of intronic polyA (IPA) sites and activating 242 

premature cleavage and polyadenylation. Additionally, our biomining approach discovered the 243 

RNA binding proteins such as PTBP1 and hnRNPU, which were known to play an important 244 

role in alternate splicing by significantly interacting with EGFR-AS1.  The binding sites for 245 

these proteins were present in the skipped exons 15a and 15b, which resides between exons 15 246 

and 16 of EGFR. Previous studies have shown that PTBP1 overexpression was known to 247 

function as splicing silencer of exon 3 of BIM gene by binding to its intron 2
41

 and was also 248 

known to act as a splicing reprogrammer of PKM gene in pancreatic cancer
42

. Additionally, 249 

PTBP1 and PTBP2 are larger family of non-conserved cryptic exons repressors
43

.  250 

Previous studies have established that SNRNPA (U1snRNP) prevents the formation of truncated 251 

RTK isoforms by negatively controlling the use of IPA sites
35

. Surprisingly, STITCH analysis 252 

showed that PTBP1 has a mechanical interaction with SNRNPA which indicates the role of 253 

PTBP1 in regulating RTKs isoforms. Besides these several studies emphasized the role of 254 

chromatin signatures in alternative splicing Luco et al., reported the role of H3K36me3 in 255 

recruiting PTBP1 in FGFR exon 3b and promotes alternative splicing of exon 3c in 256 

mesenchymal cells
44

. Our analysis for chromatin signatures using UCSC genome browsers 257 

showed that EGFR exon 15a region is enriched with H3K36me3 mark supporting their role in 258 

alternative splicing through PTBP1. Earlier study reported that HuR binding proteins promote 259 

alternative splicing of NF1 and FAS transcripts by inducing localized histone hyperacetylation
45

. 260 

Recent finding identified EGFR-AS1 and HuR interaction suggesting its role in controlling 261 

alternative splicing via chromatin modification
32

. These observations collectively suggest the 262 

role of EGFR-AS1 in controlling the expression of EGFR-A from suppressing the formation of 263 

EGFR-D. 264 

Certain lncRNAs were shown to competitively sponge the miRNAs and protects its protein 265 

coding RNA partners from miRNA mediated repression and modulate their stability. This 266 

ceRNA hypothesis is one such phenomenon by which NATs may modulate cis regulation in 267 

controlling the expression of its sense partner
46

. Our biomining revealed that this germline 268 

variant rs10251977 in EGFR-AS1 regulates the stability of the lncRNA by miRNA mediated 269 
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degradation. The minor allele generates a new binding site for miR-891b and resulting in 270 

diminished level of EGFR-AS1. This is evident from our results that the decreased level of 271 

EGFR-AS1 in tumors that expressed high level of miR-891b. Interestingly, we also found that 272 

miR-891b binding site was found in 3’UTR of EGFR-A isoform. We also analyzed another 273 

miRNA, miR-138-5p whose binding site is present in both EGFR-AS1 and EGFR-A isoform and 274 

its high expression level correlated with reduced level of EGFR-AS1 and EGFR-A. Our study 275 

showed both miRNAs were tumor suppressors and downregulated in tumor samples. In addition 276 

to support the ceRNA function, recent studies have reported miRNA sponging activity of  277 

EGFR-AS1
47,33

 and miR-891b mediated gene regulation
48-50

. 278 

The above findings suggest that EGFR-AS1, promotes tumorigenesis by increasing the level of 279 

EGFR-A through the modulation of alternative splicing by preventing the premature termination 280 

through PTBP1. The germline polymorphism rs10251977 (G>A) in EGFR-AS1 creates binding 281 

site for miR-891b which decreases the level of EGFR-AS1 and thereby increasing the                282 

EGFR-D/A ratio which confers the susceptibility in tumor by promoting the EGFR-AS1 to act as 283 

miRNA sponge. These findings provide an insight on functional importance of germline 284 

polymorphism rs10251977 (G>A) in EGFR-AS1 and orchestrated interactions between non-285 

coding RNAs and coding RNA in maintaining cellular homeostasis and its dysregulation may 286 

lead to development of cancer.  287 

Methods and materials 288 

Clinical specimens  289 

The present study was conducted after the approval by the Institutional Ethics Committees (IEC) 290 

of Madras Medical College, Chennai (No.04092010) and Government Arignar Anna Memorial 291 

Cancer Hospital, Kancheepuram (No.101041/e1/2009-2) and also within the ethical framework 292 

of Dr. ALM PG Institute of Basic Medical Sciences, Chennai. The study includes a total of 180 293 

participants diagnosed with OSCC and 184 healthy controls. Blood samples were collected to 294 

study the germline variant in EGFR. Forty-eight tumor tissue samples and eight normal tissues 295 

from individuals free from cancer were collected for expression studies. The patient’s contextual 296 

and clinicopathological characteristics were documented with standard questionnaire following 297 

the IEC guidelines and written informed consent was obtained from each patient, after explaining 298 
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about the research study. The tissues were collected in RNAlater solution (Ambion, USA) and 299 

transported to the laboratory in cold-storage and stored at -80
o 
C. 300 

DNA isolation 301 

The blood samples were subjected for DNA isolation using Proteinase K digestion and PCI 302 

extraction method. The isolated DNA was quantified using NanoDrop2000 UV-Vis 303 

spectrophotometer (Thermo Scientific, USA) and its integrity was assessed by resolving in 1% 304 

agarose gel in Mupid gel electrophoresis (TaKaRa, Japan) and diluted to 100ng/μL stored at -305 

20
o
C which was later used for screening germline variants. 306 

PCR amplification and sequencing of germline variant rs10251977 in EGFR 307 

The exon 20 of EGFR gene harbouring the SNP was amplified from 364 DNA samples (180 oral 308 

cancer patients and 184 healthy controls) using the sequence specific primers                                 309 

EGFR Fwd:5′- M13- CCTTCTGGCCACCATGCGAA-3′ and Rev:5′-CGCATGTGAGGATCC 310 

TGGCT -3′ (where M13 in the EGFR Fwd is the universal sequencing primer                                     311 

5′ - tgtaaaacgacggccagt -3′). Polymerase chain reaction (PCR) was carried in 30μL volume 312 

containing 100ng of genomic DNA, 1X PCR buffer, 1.5mM MgCl2, 100μM dNTP (Takara, 313 

Japan), 80nM primers (Sigma India) and 0.5U of Takara Taq polymerase (Takara, Japan). The 314 

PCR is performed using the following thermal conditions: 94ºC for 2 min for initial denaturation, 315 

followed by 40 cycles of 94ºC for 30 sec, 60ºC for 30 sec and 72ºC for 30 sec, and 7 min of final 316 

extension at 72ºC. The PCR products (298 bp) were electrophoresed in 2 % agarose gel. The 317 

purified PCR products were sequenced at Macrogen Inc, South Korea. 318 

RNA isolation and quality control 319 

The tumor samples soaked in RNA later solutions and frozen in -80
o
C were thawed on ice, 320 

washed twice with 1x ice cold PBS, homogenized with zirconium beads using MicroSmash             321 

MS-100 automated homogenizer (Tomy Digital Biology, Japan). The total RNA was isolated 322 

using the RNAeasy mini kit (Qiagen, Germany) following the manufacturer’s protocol. RNA 323 

was quantified using NanoDrop2000 UV-Vis spectrophotometer (Thermo Scientific, USA) and 324 

the RNA integrity was assessed by resolving in DEPC treated 1% agarose gel in Mupid gel 325 

electrophoresis (TaKaRa, Japan). 326 

 327 
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cDNA synthesis and quantitative Real-Time PCR 328 

The cDNA conversion was carried out from total RNA using custom designed miRNA seed 329 

specific stem-loop primers for miRNAs (Table S5) and a random hexamer primer for coding/ 330 

non-coding RNAs, with 2μg of RNA for mRNA and lncRNAs and 10ng of RNA for miRNAs. 331 

The RNA samples were pre-incubated at 65˚C for 20 min followed by 55˚C for 90 min, 72˚C for 332 

15 min and final hold at 4˚C. cDNA conversion was performed using a Reverse Transcription kit 333 

(Invitrogen; Thermo Fisher Scientific, Inc. USA) and cDNAs were further diluted 25-fold and 334 

stored at -20˚C.  335 

Real-time RT-qPCR was performed in ABI Quantstudio 6 Flex (ABI Lifetechnology, USA). The 336 

reactions were performed in 384 well optical plates with 10μl total volume using 1μl of cDNAs 337 

as template, TaqMan® 2X Universal Master mix (No AmpErase® UNG; Thermo Fisher 338 

Scientific, Inc. USA), specific forward primers (Table S6), universal reverse primer 339 

5'‑TCGTATCCAGTGCGTCGA GT ‑3', and fluorescein amidite‑labeled minor groove binder 340 

probes 5'‑CAGAGCCACCTGGGCAATTTT‑3' for miRNAs expression. The EGFR A/D 341 

isoforms and EGFR-AS1 expression levels were analyzed using SYBR‑Green master mix 342 

(KAPA SYBR FAST qPCR Kits, USA) with the gene specific primers (Table S7), by following 343 

the thermal cycling conditions: 50˚C for 2 min and 95˚C for 10 min once, followed by 95˚C for 344 

15 sec and 60˚C for 1 min for 40 cycles. GAPDH served as an endogenous control for coding 345 

and non-coding genes, and RNU44 as an endogenous control for miRNA. NTC reactions were 346 

used in all the experiments. All the reactions were carried out in triplicates, mean Ct was used for 347 

analysis and the expression level was calculated using 2
−ΔΔCt

 method. 348 

In-silico approaches 349 

To predict the proteins interacting with EGFR-AS1, lncRNAtor
12

 an online database was used 350 

and consensus motifs were predicted using the RBPMap
13

 to identify the RNA binding partners 351 

and motifs of interest such as PTBP1 in both EGFR-AS1 and skipped exons of EGFR. The 352 

motifs with highest stringency were selected for the study. The STITCH online tool was used to 353 

collect the molecular partners for PTBP1. UCSC genome browser was used to visualize the 354 

epigenetic signal that promotes alternative splicing and also polyA sites to predict premature 355 

termination. To assess the functional impact of the polymorphism rs10251977 in EGFR-AS1, 356 

lncRNASNP2 tool was used to identify the loss or creation of binding site for miRNA in the 357 

lncRNA or the structural impact on lncRNA was analysed. Gene targets of the miRNA were 358 



13 

 

identified by Targetscan and MiRwalk online tools. Gene Set Enrichment Analysis (GSEA) done 359 

by MiRwalk web interface to understand the molecular pathways affected by the selected 360 

miRNAs. 361 

Statistical analysis 362 

The frequency of alleles and genotypes were compared between the patient’s and control groups 363 

by chi-square test. Fisher exact test and odds ratio (OR) with 95% confidence interval (CI) was 364 

calculated to find the risk association. Differences between the means were presented as mean ± 365 

SEM and analysed using Student’s t-test (Mann-Whitney) using Graph Pad Prism statistical 366 

software, v 6.01 (Graph Pad software Inc, USA). All tests were two-tailed and a p value of <0.05 367 

was considered as statistically significant. 368 
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Figure legends 518 

Figure 1  Role of EGFR-AS1 in maintaining the level of EGFR A and D isoforms in OSCC 519 

a. Relative expression level of lncRNA EGFR-AS1 in oral tumors compared with normal tissues. 520 

b. Graph showing the relative fold change of EGFR A and D isoforms in relation to EGFR-AS1 521 

high and low expression groups. c. Graph shows the EGFR D/A ratio in relation to EGFR high 522 

and low expression groups. (Statistical significance represented as p-value **** for < 0.0001, 523 

*** for <0.001, * for < 0.01, ns for non-significant, two tailed Student’s t-test). 524 

Figure 2  In-silico characterization of EGFR-AS1 role in alternative splicing of EGFR        525 

a. STITCH analysis showing the binding partners of PTBP1. b. UCSC genome browser data 526 

shows the H3K36me3 marks (green box) and polyA sites (orange box) prevalence between exon 527 

15 and 16 skipped region (blue box) of EGFR.  528 

Figure 3  rs10251977 minor allele’s effect on EGFR-AS1  529 

a. Absence of minor allele in EGFR-AS1 (Blue arrow). b. Prediction of effect of minor allele in 530 

EGFR-AS1 generating binding site for miR-891b using lncRNASNP2 (Red arrow indicating 531 

presence of variant allele). c. Figure showing the binding site for another miRNA, miR-138-5p in 532 

EGFR-AS1. d. miRWalk database showing the targets of both miR-891b and miR-138-5p 533 

(EGFR encircled in both miRNAs). 534 

Figure 4  miR-891b sponging by EGFR-AS1 promoting the expression of EGFR-A isoform 535 

a. Graph showing the relative fold change of miR-891b. b. Graph showing the relative fold 536 

change of miR-138-5p. c. Graph shows the relative fold change of EGFR-AS1 in relation to 537 

miR-891b. d. Graph showing the relative fold change of EGFR-AS1 in relation to miR-138-5p 538 

levels. e. Graph shows the relative fold change of EGFR-AS1 in relation to miR-891b. 539 

(Statistical significance represented as * for P < 0.01, two tailed Student’s t-test). 540 

Tables 541 

Table  1  Demographic and clinical data of Oral cancer patients and healthy controls 542 

Table  2  Genotype and allele frequency in South Indian oral cancer patients and controls 543 

Table  3  Relationship between EGFR-AS1 expression and clinicopathological  544 

               characteristics in oral cancer patients  545 

 546 

 547 

 548 

 549 
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Supplementary material 550 

Figure S1 551 

a. Graph showing the relative fold change of EGFR-AS1 in relation to clinicopathological 552 

characteristics. b. Relative fold change of EGFR-AS1 in patients with GG and GA+ AA 553 

genotype of rs10251977. 554 

Figure S2 555 

a. Predicted EGFR-AS1 interacting proteins using online database lncRNAtor. 556 

b. LncRNASNP2 showing the miRNA target sites, with miR-138-5p (within box) is targeted 557 

independent of the variant rs10251977. 558 

Figure S3 559 

a. Graph showing EGFR D/A ratio level in relation to miR-891b levels. 560 

b. Graph showing EGFR D/A ratio level in relation to miR-138-5p levels. 561 

 562 

Table S1 Table showing the prevalence of binding motif of PTBP1 in EGFR-AS1 using 563 

RBPmap online tool 564 

Table S2 Table showing the prevalence of binding motif of PTBP1 in EGFR 15 and 16 565 

exons using RBPmap online tool 566 

Table  S3  miR-891b miRWalk_GSEA_results (Excel file) 567 

Table  S4  miR-138-5p miRWalk_GSEA_results (Excel file) 568 

Table  S5  List of Universal reverse transcription primers used for cDNA synthesis 569 

Table  S6  List of gene specific forward primers used for real time PCR experiments 570 

Table  S7  List of primers used for SYBR Green gene expression assays 571 
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Tables 715 

Table 1 Demographic and clinical data of Oral cancer patients and healthy controls 716 

Clinical parameters 

 
 

 

Oral cancer patients             

(n = 180) 
 

 

Controls             

(n = 184) 
 

 
 

Age in years, Mean ± SD  53.1 ± 11.0 (26 – 80) 50.4 ± 9.3 (25 – 82) 

 

Sex (Male / Female) 124/56 125/59 

 

Risk habits N (%)     

 

Smoking 96 (53.3) 9 (4.9) 

 

Chewing 75 (41.6) - 

 

Alcoholics 46 (25.5) 4 (2.2) 

 

Smoking + chewing 25 (13.8) - 

 

Smoking + alcoholics 16 (8.8) 55 (29.9) 

 

Smoking + chewing +alcoholics 19 (10.5) - 

 

No risk habits 42 (23.3) 116 (63) 

Histological differentiation  

N (%)     

 

Poor 26 (14.4) - 

 

Moderate 77 (42.8) - 

 

Well 77 (42.8) - 

 

Tumor Stage N (%)     

 

≤T2 34 (18.9) - 

 

>T2 146 (81.1) - 

 

Nodal invasion N (%)     

 

Positive 150 (83.3) - 

Negative 30 (16.7) - 
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 717 

 718 

Table2 Genotype, Allele frequency in South Indian oral cancer patients and controls 719 

 720 

 721 

 722 

 723 

 724 

 725 

 726 

 727 

 728 

 729 

 730 

 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

rs10251977; c.2361G>A 
Oral Cancer             

N (%) 

Control             

N (%) 

Odds 

ratio 
95% CI 

p- 

value 

Genotype 

 

GG 

 

72 (40) 

 

67 (36.4) 

 

1 (Ref) 

 
 

GA 

 

85 (47.2) 

 

93 (50.5) 

 

1.17 

 

0.75-1.83 

 

 

0.47 

 

 

AA 

 

23 (12.8) 

 

24 (13.1) 

 

1.12 

 

0.57-2.17 

 

0.73 

 

Dominant model  
 

GA+AA 

 

108 (60) 

 

117 (63.6) 

 

0.86 

 

0.56-1.31 

 

0.55 

 

Recessive model  
 

GG+GA 

 

157 (87.2) 

 

160 (87) 

 

0.98 

 

0.53-1.80 

 

0.93 

 

Allelic model  
 

G 

 

229 (63.6) 

 

227 (61.7) 

 

1 (Ref) 

   
 

A 

 

131 (36.4)) 

 

141 (38.3) 

 

0.92 

 

0.68-1.24 

 

0.64 

 

HWE χ2 

 

0.072 

 

0.88 

  

 
 

HWE p-value 
 

 

 

0.79 
 

 

0.35 
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 742 

Table 3 Relationship between EGFR-AS1 expression and clinicopathological 743 

characteristics in oral cancer patients. #Fisher’s exact test with two tailed P value 744 

 745 

Clinical 

characteristics 

EGFR-AS1  

expression level 
p- 

value
# 

OR 95% CI 

Low 

(N=24) 

High 

(N=24) 

Age (Years) 

≤51 11 14 
0.5634 0.6044 0.1929-1.893 

>51 13 10 

Sex 

Female 6 5 
0.999 1.267 0.3281-4.891 

Male 18 19 

Tobacco habits 

Smoking 

Yes 17 14 
0.546 1.735 0.5238-5.745 

No 7 10 

Chewing 

Yes 10 10 
0.7697 1 0.3173-3.152 

No 14 14 

Histological Differentiation  

Poor and moderate 17 14 
0.546 1.735 0.5238-5.745 

Well 7 10 

Tumor Stage 

≤T2 3 8 
0.831 0.8571 0.1736-4.233 

>T2 21 16 

Nodal invasion 

Positive 22 20 
0.1905 2.2 0.3627-13.34 

Negative 2 4 
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Figures

Figure 1

Role of EGFR-AS1 in maintaining the level of EGFR A and D isoforms in OSCC a. Relative expression level
of lncRNA EGFR-AS1 in oral tumors compared with normal tissues. b. Graph showing the relative fold
change of EGFR A and D isoforms in relation to EGFR-AS1 high and low expression groups. c. Graph



shows the EGFR D/A ratio in relation to EGFR high and low expression groups. (Statistical signi�cance
represented as p-value **** for < 0.0001, *** for <0.001, * for < 0.01, ns for non-signi�cant, two tailed
Student’s t-test).

Figure 2

In-silico characterization of EGFR-AS1 role in alternative splicing of EGFR a. STITCH analysis showing the
binding partners of PTBP1. b. UCSC genome browser data shows the H3K36me3 marks (green box) and
polyA sites (orange box) prevalence between exon 15 and 16 skipped region (blue box) of EGFR.



Figure 3

rs10251977 minor allele’s effect on EGFR-AS1 529 a. Absence of minor allele in EGFR-AS1 (Blue arrow).
b. Prediction of effect of minor allele in EGFR-AS1 generating binding site for miR-891b using
lncRNASNP2 (Red arrow indicating presence of variant allele). c. Figure showing the binding site for
another miRNA, miR-138-5p in EGFR-AS1. d. miRWalk database showing the targets of both miR-891b
and miR-138-5p (EGFR encircled in both miRNAs).



Figure 4

miR-891b sponging by EGFR-AS1 promoting the expression of EGFR-A isoform a. Graph showing the
relative fold change of miR-891b. b. Graph showing the relative fold change of miR-138-5p. c. Graph
shows the relative fold change of EGFR-AS1 in relation to miR-891b. d. Graph showing the relative fold
change of EGFR-AS1 in relation to miR-138-5p levels. e. Graph shows the relative fold change of EGFR-
AS1 in relation to miR-891b. (Statistical signi�cance represented as * for P < 0.01, two tailed Student’s t-
test).
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