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A B S T R A C T 

Hras (v-Ha-ras Harvey rat sarcoma viral oncogene homolog) plays a pivotal role in breast 

tumorigenesis. Expressional aberrations in Hras has significantly been correlated with patient’s 

poor overall survival. In the present study, in silico characterization of Hras to trigger 

downstream effectors including raf, mek, erk has been explored. Three mutational hotspots for 
Hras (codons12, 13, 61) have been retrieved from the literature. Promoter modelling using 

Proscan software revealed a promoter region lacking TATA sequence. To study the epigenetic 

modifications, methylation analysis of promoter lacking TATA box was done using Methylator 
software. Methylation is directly correlated with tumor targeting therapies as it represses 

expression of certain oncogenes. Five candidate sites for hypermethylation of Hras were 

predicted. Analysis of protein residues involved in interlocking with its downstream effector 
proteins was also uncovered. In addition to this, a diagnostic and therapeutic relevance of micro 

RNAs (miRNAs/miRs) specifically acting either as oncogene or tumor suppressors on Hras 

mediated pathway have been identified. Seven micro RNAs (Let-7, miR-195, miR-497, miR- 184, 
miR-34a, miR-34c, miR-155) found to be responsible for down regulating expression of proteins 

involved in rassignalling cascade while miR-372 and miR373, miR-212, miR-206/21 and miR-

17-92 cluster are known to elevate rassignalling pathway. Interestingly, dysregulated expression 
of Let-7, miR-195, miR-497, miR-184, miR-34, miR-155 co-related with poor prognosis in 

different cancers has also supported these in silico findings. 

 

1. Introduction 

Cancer is one of the leading causes of deaths 

worldwide. According to a recent report [1], breast cancer 

accounts for the maximum number of female deaths. To 

surmount cancer associated impediments, scientists and 

physicians globally are striving hard to formulate advance 

methodologies for early detection and treatment of cancer. 

Also because of the challenges that have been presented 

by the conventional practices in oncology research, 

conception of potent approaches for disease diagnosis and 

therapeutics has become need of the hour. Rasoncogene 

family is involved in cell growth signal transduction 

pathway. So far three commonly mutated ras genes 

detected in human carcinomas are Hras, Kras and Nras 

[2]. Over expression of Hras significantly regulates 

conversion of normal cells to cancerous form as observed 

in breast, gastric, urinary, head and neck cancers [3, 4]. 

Early detection and treatment of breast cancer using micro 

RNAs (miRNAs/miRs) has also been established. These 

non-coding RNA molecules (20-25 nucleotides) are 

responsible for regulating vital cellular processes 

including apoptosis, persistent proliferation, invasion and 

metastasis [5]. Recently their involvement in 

tumorigenesis has been identified because of their 

paramount role in modulating cancer related activities and 

their location near cancer associated regions in genome 

[6]. Additional studies have reported a strong relationship 

between aberration expression of miRNAs and 

oncogenesis [7]. In this study, in silico characterization of 

Hras has been done using different bioinformatic 

approaches from gene to protein levels. In addition to this, 

a set of miRNAs involved in Hras mediated pathway 

(including Raf, ERK molecules) has been identified. 

Expression of these identified oncogene and tumor 

suppressor miRNAs subsets were further validated by 

published data. Tumor suppressor miRs were aligned with 

their respective mRNA targets to determine sites where 

binding takes place.  

2.  Methodology 

2.1 Data Mining and Curation 

Initial task was to extract relevant information about 

Hras, its DNA and protein sequences, isoforms expression 

dysregulation in human. Data mining was done in order to 

extract the relevant information from scientific databases 

and journals such as PUBMED, Science Direct, 

Oncogene, BioMed Central and Oxford journals. OMIM 

(Online Mendelian Inheritance in Mammals) has been 

consulted for its discovery and gene localization reports. 

2.2 Promoter and Regulatory Sites Prediction 

Promoter was predicted by providing it with 2242 
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base pair upstream region in silico using proscan 

promoter prediction tool [8, 9]. Analysis of epigenetic 

modifications such asmethylation pattern over the 

promoter region was done using reported bioinformatic 

tool, Methylator [10]. Tool used for finding and analyzing 

CpG islands in Hras gene was EMBOSS CpGplot [11]. 

Also, literature search lead us to identify mutational 

hotspots in Hras gene. 

2.3 Protein structure 

Primary protein structure of Hras protein was retrieved 

from National Center for Biotechnology Information 

(NCBI). Its secondary structure was predicted using 

bioinformatics tools. 189 amino acid long protein 

sequence of Hras was retrieved from NCBI. Chau Fasman 

secondary structure predictor and next prot protein 

navigator was used for secondary structure prediction of 

the given sequence. Quaternary structure of Hras gene 

was also restored from PDB (Protein data bank) and was 

labelled after.  

2.4 Molecular Interacting with Hras 

Molecular cross talks of Hras with downstream 

elements Raf proto-oncogene serine/threonineprotein 

kinase, which is the part of protein kinase cascade has 

been studied using Kegg pathway database. Extensive 

literature search was done to interpret the conceived 

information. 

2.5 Identification and Characterization of miRNAs in 

Hras Pathway 

A panel of miRNAs responsible for down regulation 

of proteins involved in rassignalling pathway was found 

out by mining literature. Once found, miRNAs were 

aligned with their target mRNAs using RNA22 software, 

a bioinformatic tool used to find complementary region 

between sequences. Sequences of miRNAs were taken 

frommi RNA database and that of mRNAs were taken 

from ensemble.  

3. Results 

3.1 Structural and Functional Characterization of Hras 

Hras gene had ensemble Id ENSG00000174775, the 

gene was found to be oriented on minus strand. It codes 

for 2 isoforms and the coding positions range from 

533979 to 537287. Somatic and genetic mutations in Hras 

were studied showing mutational hotspots at codon 12, 13 

and 61 [12]. Mutations at these positions can be 

pernicious. Protein structure was studied at all levels. 

Secondary protein structure was investigated and was 

found to have a total 73% of helixes, 41% beta sheets and 

13.2% turns. Labelled quaternary protein structure is also 

shown in the Fig. 1. 

3.2 Epigenetic Modifications 

In depth analysis of Hras gene lead to the study of 

epigenetic modifications. Five hypermethylation sites 

over promoter were uncovered. 

 

Fig. 1: Labelled structure of Hras protein. Structure showing C, N 

terminus with alpha, beta sheets and turns. 

3.3 Micro RNA Characterization and Alignment 

Different miRNAs are involved in the regulation of 

MAPK pathway. These were characterized according to 

their oncogenic or tumor suppressor behavior in 

rassignalling (Table 1). Micro RNAs responsible for 

down regulating the hyperactivity of ras family members 

were aligned with their respective targets to figure out 

exact target sites that can be subjected to further research 

for site directed mutagenesis (Fig. 2). 

Table 1:   Oncomirs and tumor suppressor miRNAs along their targets 

Target Oncomirs TS miRNAs 

Ras miR-372,miR-373 miR-204/ let-7 
Raf miR-212 miR-132/497 
Mek/Erk miR-206/21 miR-34a 
C-myc miR-17-92 miR-184 
Srf  miR-133/miR-145 

C-fos  miR-155 
 

4. Discussion 

Hras activation triggers downstream effector protein 

raf kinase, which phosphorylates threonine/tyrosine 

recognition kinaseMEK. Phosphorylated MEK activates 

mitogen activated protein kinase (MAPK) leading to 

increase release of transcription factor c-myc and c-fos. 

Inactivating any of the proteins involved in this pathway, 

can halt cell proliferation [13]. Studying epigenetic 

modifications of a gene can help in studying its 

expression. Hypermethylation at specific sites can aid in 

repressing oncogenes [14]. Predicted methylation sits at 

promoter region of Hras can play the desired role in 

reducing hyperactivity of Hras (Fig. 3). Micro RNAs are 

post transcriptional regulators. They repress target gene 

expression by bonding to complementary region in 

mRNA transcripts. Alignment of miRNAs with their 

target mRNA aided in finding the hotspots where 

mutation directed research  can be  done. RNA22  was the 
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Fig. 2: Alignment of TS miRs with their respective mRNA targets 

software of choice that aligned miRNA with their target 

mRNAs. Many miRNA sare reported in literature which 

are involved in regulation of key proteins of ras signaling 

pathway. 

Members of miR-372 and miR-373 cluster have been 

found to elevate the expression of ras [15]. miR-212 

increases Raf levels and miR-17-92 cluster works in 

accordance with c-myc in anti apoptotic mechanisms and 

 

Fig. 3: Predicted Methylation sites at Hras promoter. Methylated 

cytosines of CpG dinucleotides are colored red. 

Hypermethylation at these sites causes repression of this gene 
 

increases cell growth [16] whereas, miR-206/21 cooperate 

in hyper expression of Ras-Erk pathway [17]. Micro 

RNAs of let-7 family are known for down regulation of 

ras [18], miR-195 and miR-497 target raf and repress its 

expression [19], miR-184 acts as a break for c-myc [20] 

miR 34-a and miR 34-c are known to inhibit MEK and 

myc expression respectively [21]. miR-155 is known to 

repress transcription by repressing c-fos expression [22, 

23] These microRNAs were mapped against their targets 

using RNA22 software to figure out hotspots for site 

directed mutagenesis (Fig. 4). Micro RNAs have vital role 

in examining prognosis of cancers as well. Diminished 

levels of miRNAs of Let-7 family have reported to be 

related to lymph node metastasis and poor prognosis in 

breast cancer [24]. Another report is cited for reduced 

levels of let-7 being related to poor survival in lung 

cancer patients [25]. MiR-195 has been identified as a 

marker for poor prognosis in adenocortical cancer [26]. 

Low levels of miR-497 distinguish between short term 

and long term survival in pancreatic cancer patients [27]. 

High levels of miR-184 were reported in early and 

advance stage squamous cell carcinoma (SCC) [28, 29]. 

MiRNAs of miR-34 family serve as one of the strong 

prognostic markers in non-small cell lung cancers. 
 

 

Fig. 4: Micro RNAs involved in down regulation of RAS pathway 
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Reduced levels of miR-34a distinguished between normal 

and cancerous lungs and also indicated high probability of 

disease re-occurrence [30]. An abberated expression of 

miR-155 is reported in several types of lymphomas. 

Deregulated expression of miR-155 was related to various 

bio pathological features of breast cancer [31]. 

5. Conclusion 

Repression through miRNAs is one of the very 

important regulatory mechanisms. Using the set of 

miRNAs described above can help achieving novel 

methodologies in breast cancer diagnosis, prognosis and 

therapeutics. Using oncogenic miRs as a target for 

repression can innovate new therapeutics in breast cancer 

research. Similarly over expressing set of tumor 

suppressor miRs can help repress tumorgenicity. 

Hypermethylation at promoter region can downturn Hras 

expression as well altering residues responsible for 

accurate protein-protein interaction of Hras with raf can 

hamper ras signaling pathway and can contribute 

significantly in anticancerous therapeutics.  

References  

[1] A. Jemal, F. Bray, M.M. Center, J. Ferlay, E. Ward and D. 

Forman, “Global cancer statistics”, CA Cancer J. Clin., vol. 61, pp. 

69-90, 2011. 

[2] A.F. Medarde and E. Santos, “Ras in cancer and developmental 

diseases”, Genes Cancer, vol. 2, pp. 344-358, 2011. 

[3] L.A. King, J. Knauf, R. Ghossein, J. Fagin, A.T. Franco, “Hras 

versus Braf activation determines follicular versus papillary 
thyroid cancer development”, Proceedings of 104th annual 

meeting of AACR (2013), Cancer Res, vol. 73, pp. 4291, 

doi:10.1158/1538-7445.AM2013-4191. 

[4] J.D. Weyandth and C.M. Counter, “Tumor suppressive effects of 

wild type Hras on oncogenic Kras driven pancreatic 
tumorigenesis”, Proceedings of AACR annual meeting (2014), 

Cancer Res, vol. 74, pp. 4426, doi:10.1158/1538-7445.AM2014-

4426. 

[5] M.D. Jansson and A.H. Lund, “Micro RNA and cancer”, Mol. 

Oncol, vol. 6,pp.590-610, 2012. 

[6] J. Winter, S. Jung, S. Keller, R.I. Gregory and S. Diederichs, 

“Many roads to maturity: microRNA biogenesis pathways and 
their regulation”, Nat. Cell. Biol, vol. 11, pp. 228-234, 2009. 

[7] M. Li, J. Li, X. Ding, M. He and S.Y. Cheng, “microRNA and 
cancer”, AAPS. J, vol. 12,pp. 309-317, 2010.  

[8] T. Seifi, K. Ghaedi, A. Salamian, S. Tenhaei, F. Safari, Z. Hojati, 
M. Tavassoli, H. Baharvand and M.H.N. Esfahani, “Amplification 

of GC-rich putative mouse PeP promoter using betaine and DMSO 

in ammonium sulfate polymerase chain reaction buffer”, Avicenna 
J. Med. Biotechnol, vol. 4, pp. 206-209, 2012. 

[9] B. Dabhi and K.N. Mistry, “In silico analysis of single nucleotide 
polymorphism (SNP) in human TNF-α gene”, Meta Gene, vol. 2, 

pp. 586-595, 2012. 

[10] X. Zhou, Z. Li, Z. Dai and X. Zou, “Prediction of methylation 

CpGs and their methylation degrees in human DNA sequences”, 

Computers in Biology and Medicine, vol. 42,pp. 408-413, 2012. 

[11] F. Bonnay, X.H. Nguyen, E.C. Berros, L. Troxler, E. Batsche, J. 

Camonis, O. Takeuchi and J.M. Reichhart, N. Matt, “Akirin 
specifies NF-kB selectivity of drosophila innate immune response 

via chromatin remodeling”, The EMBO Journal, vol. 33, pp. 2349-

2362, 2014. 

 

[12] Y. Aoki, T. Niihori, H. Kawame, K. Kurosawa, H. Ohashi, 

Y. Tanaka, M. Filocamo, K. Kato, Y. Suzuki, S. Kure and 
Y. Matsubara, “Germline mutations in HRAS proto-oncogene 

casue Costello syndrome”, Nat Genet, vol. 37,pp.1038-40,2005. 

[13] P.J. Roberts and C.J. Der, “Targeting the Raf-MEK-ERK mitogen 

activated protein kinase cascade for the treatment of cancer”, 

Oncogene, vol. 26, pp. 3291-3310, 2007. 

[14] V. Ceccarelli, G. Nocentini, M. Billi, S. Racanicchi, C. Riccardi, 

R. Roberti, F. Grignani, L. Binglia and A. Vecchini, 
“Eicosapentaenoic acid activates RAS/ERK/EBPβ pathway 

thrpugh Hras intron 1 CpG island demethylation in U937 leukemia 

cells”, PloS One, vol. 9, pp. 1, 2014  

[15] P.M. Voorheve, C.L. Sage, M. Schrier, A.J. Gillis, H. Stoop, 

R. Nagel, Y.P. Liu, J.V. Duijse, J. Drost, A. Griekspoor, 
E. Zlotorynski, N. Yabuta, G.D. Vita, H. Nojima, L.H. Looijenga 

and R. Agami, “ A genetic screen implicates miRNA-372 and 

miRNA-373 as oncogenes in testicular germ cell tumors”, Cell, 
vol. 124, pp. 1169-81, 2006. 

[16] V. Olive, I. Jiang and L. He, “mir-17-92, a cluster of miRNA in the 
midst of the cancer network”, Intl. J. Biochem. & Cell Bio., vol. 

42,pp. 1348-1354, 2010. 

[17] S.B. Sharma, C.C. Lin, M.K. Farrugia, S.L. McLaughlin, E.J. Ellis, 

K.M. Brundage, M.A. Salkeni and J.M. Ruppert, “MicroRNAs 206 

and 21 cooperate to promote RAS-extracellular signal regulated 
kinase signaling by suppressing the translation of RASA1 and 

SPRED1”, Mol. Cell. Biol.,vol. 34,pp. 4143-64, 2014. 

[18] A.E. Kerscher and F.J. Slack, “Oncomirs- MicroRNAs with a role 

in cancer”, Nat. Rev, vol. 6, pp. 259-267, 2006. 

[19] D. Li, Y. Zhao, C. Liu, X. Chen, Y. Qi, Y. Jiang, C. Zou, X. Zhang 

,S. Liu,X. Wang, D. Zhao, Q. Sun, Z. Zeng, A. Dress, M.C. Lin, 

H.F. Kung, H. Rui, L. Z Liu, F. Mao, B.H Jiang and L. Lai, 
“Analysis of MiR-195 and MiR-497 expression, regulation and 

role in breast cancer”, Pub. Med., vol. 17, pp. 1722-30, 2011. 

[20] A. Kolokythas, M. Miloro and X. Zho, “Review of MicroRNA 

Proposed Target Genes in Oral Cancer”, J. Oral &Maxillo. Res. 

vol. 2, pp. 2, 2011, doi:10.5037/jomr.2011.2202. 

[21] A. Ichimura, Y. Ruike, K. Terasawa and G. Tsujimoto, “miRNAs 

and regulation of cell signaling”, FEBS J., vol. 278, pp. 1610–
1618, 2011. 

[22] C.W. Chiang, Y. Huang, K.W. Leong, L.C. Chen, H.C. Chen,S.J. 
Chen and C.K. Chou, “PKCα mediated induction of miR-101 in 

human hepatoma HepG2 cells”, Biomed Sci.,vol. 17, pp. 1186-

1423, 2010. 

[23] I.D. Sauthier, M.L.S. Raber, L. Capponi, C.El. Vejnar, O. Schaad, 

M. Irla, Q.S. Estevez, P. Descombes, E.M. Zdobnov, H.A.Orbea 
and W.Reith, “Silencing of c-fos expression by microRNA-155 is 

critical for dendritic cell maturation and function”, Blood, vol. 117, 

pp. 4490-4500, 2010. 

[24] P. Qian, Z. Zuo, Z. Wu, P. Wang, G. Li, M. Xianyi, W. Zhang, 

S. Tan, V. Pandey, Y. Yao, L. Zhao, J. Wang, Q. Wu, E. Song, 
P.E. Lobie, Z. Yin and T. Zhu, “Pivotal role of reduced let-7g 

expression in breast cancer invasion and metastasis”, Canc. Res., 
vol. 71,p. 6686, 2011. 

[25] J. Takamizawa, H. Konishi, K. Yanagisawa, S. Tomida, H. Osada , 
H.Endoh, T. Harano, Y.Yatabe, M. Nagino, Y. Nimura, 

T. Mitsudomi and T. Takahash, “Reduced expression of let-7 

microRNAs in human lung cancers in association with shortened 
postoperative survival”, Canc. Res., vol. 64, pp. 3753-3756, 2004. 

[26] P.S.H. Soon, L.J. Tacon, A.J. Gill, C.P. Bambach, M.S. Sywak, 
P.R. Campbell, M.W. Yeh, S.G. Wong, R.J. Clifton-Bligh, B.G. 

Robinson and S.B. Sidhu, “miR-195 and miR-483-5p identified as 

predictors of poor prognosis in adrenocortical cancer”,Clin. Can. 
Res., vol. no.15, pp. 7684, 2009. 

[27] S.Y. Ying, “Current Perspectives in microRNAs (miRNAs)”, 
Atlantic Pub. & Distr. (P) Ltd, New Delhi, 2008. 

 



S. Amjad et al. / The Nucleus 52, No. 2 (2015) 50-54 

54 

[28] T.S. Wong, X.B. Liu, B.Y.H. Wong, R.W. Man, A.P.W. Yuen and 

W.I. Wei, “Mature miR-184 as potential oncogenic microRNA of 
squamous cell carcinoma of tongue”, Clin. Can. Res., vol. 14, pp. 

2588-2592, 2008. 

[29] N. Kosaka, H. Iguchi and T. Ochiya, “Circulating microRNA in 

body fluid: a new potential biomarker for cancer diagnosis and 

prognosis”,Japanese Cancer Association, vol. 101, pp. 2087-2092, 
2010. 

[30] A. Brendle, H. Lei, A. Brandt, R. Johansson, K. Enquist, 
R. Henriksson, K. Hemminki, P. Lenner and A. Forsti, 

“Polymorphisms in predicted microRNA binding sites in integrin 

genes and breast cancer: ITGB4 as prognostic marker”, Oxford 
Journals, vol. 29, pp. 1394-1399, 2008. 

[31] M. V. Iorio, M. Ferracin, C. G. Liu, A. Veronese, R. Spizzo, 
S. Sabbioni, E. Magri, M. Pedriali, M. Fabbri, M. Campiglio, 

S. Ménard, J.P. Palazzo, A. Rosenberg, P. Musiani, S. Volinia, I. 

Nenci, G.A. Calin, P. Querzoli, M. Negrini and C.M. Croce, 
“MicroRNA gene expression deregulation in human breast 

cancer”, Cancer Res., vol. 65, pp. 7065-70, 2005. 

 


