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Sequence variations of L1 ORF, long control region (LCR), E6, E5a, and E5b ORFs of 63 Slovenian HPV 11 isolates. At the top, genomic positions containing specific mutations are indicated vertically. Genomic positions without mutations compared to the prototype HPV 11 sequence (GenBank acc. no. M14119) are shaded in grey. Mutations in the form of nucleotide substitutions, insertions and deletions are marked with letters, I and ∆, respectively. The last column (f) indicates the number of isolates belonging to each HPV 11 genomic variant. At the bottom, codon positions and amino acid changes (aa) compared to reference HPV 11 sequence are indicated. Insertions: I1 = C; I2 = CC. 199x144mm (500 x 500 DPI)

b Primer reported by Caparros-Wanderley et al. (1999). 
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The reaction mixture contained up to 500 ng of template DNA, 2.5 µl of Expand Long Template 

307

substitutions in these regions on a reduction or loss of binding capacity of neutralizing antibodies 308 has been reported (Ludmerer et al., 1996(Ludmerer et al., , 1997(Ludmerer et al., , 2000)). et al., 2000).
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Sequence variations within the LCR region could theoretically influence the binding affinity of the 

321

to the HPV 11 prototype was found in only 2 of our isolates, while the maximum genomic 322 difference between the sequences of the prototype and the newly identified LCR variants was 6 323 mutations. Of these, a nucleotide substitution at position 7479 and a nucleotide deletion at 324 position 7509 were found to be characteristic for all non-prototypic HPV 11 genomic variants. In 325 addition, the inclusion of two base pairs (GC) following a G at position 7716 in the prototype
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HPV 11 sequence determined by [START_REF] Heinzel | Variation of human 507 papillomavirus type 6 (HPV-6) and HPV-11 genomes sampled throughout the world. J Clin 535 transformation by a unique isolate of human papillomavirus type 11[END_REF] was confirmed, since it was found in all 327 63 isolates studied. In contrast to the findings of [START_REF] Heinzel | Variation of human 507 papillomavirus type 6 (HPV-6) and HPV-11 genomes sampled throughout the world. J Clin 535 transformation by a unique isolate of human papillomavirus type 11[END_REF], no inserts longer than 2 328 bp were found in the LCR region in any of our isolates.
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In contrast to the well established roles of high-risk HPV E6 proteins in cellular transformation 
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in a manner similar to that observed for the proteins of high-risk HPVs [START_REF] Oh | Roles of the E6 and E7 proteins in the life cycle of 548 low-risk human papillomavirus type 11[END_REF]. Thus,
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even a single mutation in the HPV 11 E6 protein sequence can affect dramatically its function 335 [START_REF] Oh | Roles of the E6 and E7 proteins in the life cycle of 548 low-risk human papillomavirus type 11[END_REF]. Among six E6 genomic variants identified in this study, only one (Fig. 1, variant
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E6-5), represented by two HPV 11 isolates, contained specific amino acid substitutions in the E6
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protein: I92L (nt 186) and G122E (nt 466). Both mutations identified in our study were different 338 from those previously described as impairing episomal maintenance [START_REF] Oh | Roles of the E6 and E7 proteins in the life cycle of 548 low-risk human papillomavirus type 11[END_REF].
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Interestingly, I92L and G122E have been described previously in the HPV 11VC genomic 340 variant detected in penile verrucous carcinoma (McGlennen et al., 1992). In cell transformation 341 assays, this genomic variant transformed neonatal rat kidney epithelial cells with an efficiency 342 comparable to HPV 16 (McGlennen et al., 1992). Characterization of the immunologic responses
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elicited by the experimental therapeutic DNA vaccine that targets the HPV 11 E6 gene, identified
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E6 aa44-51 peptide as the most immunogenic region for HPV 11 [START_REF] Peng | Characterization of human papillomavirus type 11-specific immune responses in a 552 preclinical model[END_REF]. According to

345

the results of this study, none of the 23 HPV 11 genomic variants contained amino acid changes 346 in that particular region; the efficiency of this candidate vaccine does not therefore seem to be 347 compromised by genomic variation.
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The HPV E5 proteins are highly hydrophobic proteins found in the membrane compartments of 
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insertion at position 5405 in the HPV 11-2 genomic variant (Fig. 3), which seemed to be a 397 duplication of an adjacent 9 bp segment (nt 5397-5405), resulted in three additional amino acids 398 (AAE). The 9 bp duplication was ''in frame'' in all respects in the DNA, so the protein has part of 399 its sequence repeated. Otherwise, no novel amino acid substitutions were found in L2 protein.
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The biological and clinical significance of several novel amino acid changes detected in the E1,

401

E2, E4 and L2 genomic regions during full-length sequence comparison of 12 HPV 11 isolates 402 needs to be further investigated.

403

The results of this study allowed for the first time phylogenetic 

Figure 4 .

 4 Figure 4. Neighbor-joining algorithm based phylogenetic tree of 10 complete HPV 11 genomic variants determined in this study (HPV 11-1, HPV 11-2, HPV 11-3, HPV 11-4, HPV 11-7, HPV 11-13, HPV 11-14, HPV 11-16, HPV 11-21, and HPV 11-23), prototype HPV 11 isolate (HPV 11-REF) and HPV 11 isolate LZod45 from China. Bootstrap values (%) above 50 are shown (1000 bootstrap replicates for each grouping of a tree). 231x159mm (72 x 72 DPI)
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  Two overlapping DNA fragments (2900 and 5400 bp), covering the complete HPV 11 genome,159were generated by PCR using two pairs of primers. The 2900 bp fragment was generated using 160 11-L1F-PCR (5'-TTTATTACAGGTTCTGACTTCTATTTGC-3, nt 5686-5713) and 11-E6R-PCR 161 (5'-CCACCTTGTCCACCTCATCTTC-3', nt 650-629) primers and the 5400 bp fragment was 162 generated using 11-E7F-PCR (5'-CGTTGTGTGAAATAGAAAAACTAAAGC-3', nt 430-456) and 163 11-L2R3-PCR (5-' ATACAGGGTTGGGAGGAGGC-3', nt 5822-5803) primers. Both PCR 164 reactions were performed using Expand Long Template PCR System (Roche Diagnostics, 165 Manheim, Germany).

167 buffer 2

 2 with MgCl 2 , 500 µM of dNTPs, 0.75 U of Expand Long Template Enzyme mix, 0.3 µM of 168 each of the gene-specific primers, and water up to 25 µl. The cycling conditions used were 94°C 169 for 2 min, followed by 40 cycles of 94°C for 10 s, 52°C for 30 s and 68°C for 3-5 min. This was 170 followed by a final extension step at 68°C for 7 min and cooling of reaction mixtures to 4°C. were performed using the MEGA4.0.1 program package, as described 181 previously[START_REF] Tamura | MEGA4: Molecular Evolutionary Genetics Analysis 576 (MEGA) software version 4.0[END_REF]. Neighbor-joining, minimal evolution, UPGMA and maximum 182 parsimony algorithms were used to construct the phylogenetic trees. 11 isolates included in the study were amplified successfully and sequenced across 186 the entire L1 (nt 5682-7451), LCR (nt 7236-125), E6 (nt 81-650) and E5a-E5b (nt 3772-4456) 187 genomic regions. The HPV 11 L1, E6, E5a and E5b genomic variants were identified using the 188 prototype HPV 11 genome (GenBank acc. no. M14119) as a standard for comparisons and 189 nucleotide position numbering. For the determination of HPV 11 LCR genomic variants, an LCR 190 sequence of the prototype HPV 11 amended by the inclusion of two base pairs (GC) following a191G at position 7716[START_REF] Heinzel | Variation of human 507 papillomavirus type 6 (HPV-6) and HPV-11 genomes sampled throughout the world. J Clin 535 transformation by a unique isolate of human papillomavirus type 11[END_REF] was used. 11 isolates included in the study, a total of eleven L1 genomic variants, including 195 the prototype L1 sequence, were identified (Fig.1). Five of the 63 (7.9%) isolates corresponded 196 to the prototype L1 sequence. Point mutations were observed in 11 genomic positions, with a 197 maximum genomic distance of 3 nucleotides between the variants and the prototype HPV 11 198 sequence (0.2% of the entire L1 ORF). Nucleotide substitutions altered the amino acid 199 sequence of the L1 protein by a maximum of one amino acid (0.2% of the L1 protein) in four L1 200 genomic variants (L1-2, L1-3, L1-5 and L1-10) represented by 10 isolates (one, one, seven and HPV 11 L1 protein have previously been identified, and the effect of amino acid
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  different transcription factors and thus affect viral transcription and replication (Sichero and Villa 319 2006). A total of 12 LCR genomic variants were identified in this study, and all clearly separated 320 into prototypic or non-prototypic HPV 11 variant groups. An LCR sequence completely identical

330

  and viral life cycle, the biological functions of low-risk HPV E6 proteins remain largely unclear. It 331 has been shown, however, that HPV 11 E6 and E7 proteins play an important role in the viral by facilitating the episomal maintenance of the viral genomes, and may act

Table 2 :

 2 List of primers used for sequencing the long range PCR product (5400 bp) containing E7, E1, E2, E5 and L2 regions of the HPV 11 genome.

Amplification of HPV 11 L1, LCR, E6, and E5 genomic regions 105

  Germany). The reaction mixture was prepared in 0.2 ml reaction tubes, each containing up to 125 125 ng of template DNA, 2.5 µl of 10 x FastStart High Fidelity Reaction Buffer with 18 mM 126 MgCl 2 , 200 µM of dNTPs, 1.25 U of FastStart High Fidelity Enzyme, 0.4 µM of each of the gene-127 specific primers and water up to 25 µl. The cycling conditions used were 95°C for 5 min,

	47 99	INTRODUCTION from 48 male and 3 female patients suffering from exophytic genital warts on different parts of Full-
	100	Human papillomavirus genotype 11 (HPV 11) is one of the most prevalent HPV genotypes, the anogenital area, 8 isolates were obtained from tissue specimens collected from 6 male and 2
	101	female patients suffering from recurrent laryngeal papillomatosis, and 4 isolates were obtained
	102 128	from cervical swabs collected from women suffering from cervical intraepithelial neoplasia grade
	103 129	1 lesions. followed by 40 cycles of 95°C for 30 s, 52-54°C for 30 s and 72°C for 1 min. This was followed
	104 130	by a final extension step at 72°C for 7 min and cooling of reaction mixtures to 4°C.
	131	
	106 107 132	F o F o The genomic diversity of all HPV 11 isolates was investigated within the L1, LCR, E6, E5a, and E5b regions of the HPV 11 genome. A 1770 bp fragment containing the complete L1 ORF (1506 F o Sequencing and identification of HPV 11 genomic variants F o
	108	r r bp) was amplified by PCR using HPV11-L1F (5'-TGTTTTTATTACAGGTTCTGACTTC-3', nt r r
	109	P P 5682-5706) and HPV11-L1R (5'-AAAACATACATACACATTCCACAAA-3', nt 7451-7427) P P
	110 111 112	e e r e e r primers. An 823 bp fragment containing the complete LCR genomic region (758 bp) was amplified by PCR with the primer pair HPV11-LCR-F (5'-CTACAGCCCCCAAACGAA-3', nt 7236-7253) and HPV11-LCR-R (5'-CGTGGAGGCATCTTTACTTTC-3', nt 125-105). A 570 bp e e r e e r
	113 114 115 116 117 142 143	R e v i e w R e v i e w fragment containing the complete E6 ORF was amplified by PCR using the primer pair HPV11-E6F (5'-AAAATTAGCAGACGAGGCATT-3', nt 81-101) and HPV11-E6R (5'-CCACCTTGTCCACCTCATCT-3', nt 650-631). A 685 bp fragment, which contained both E5a and E5b ORF (276 and 225 bp) was PCR amplified using the primer pair HPV11-E5F (5'-AATACCACCCACCATTAGGC-3', nt 3772-3791) and HPV11-E5R (5'-R e v i e w Raleigh, USA) and the sequence of prototype HPV 11 genome (GenBank acc. no. M14119) was R e v i e w
	118 144	TGGCTGACGCACGTTTAC-3', nt 4456-4439). All primers used in the study were designed used as a standard for comparisons and genomic position numbering. The corrected LCR
	119 145	according to the prototype HPV 11 genome sequence (GenBank acc. no. M14119) using sequence of prototype HPV 11 genome was used to determine HPV 11 LCR genomic variants
	146	(Heinzel et al., 1995). In order to minimize PCR and sequencing errors, all isolates that
	147	represented a single HPV 11 genomic variant were amplified and sequenced twice. According to
	148	the presence of specific fixed nucleotide signtures, the genomic variants were grouped into
	149	
	150	
		5 6 7

Primer3 (http://frodo.wi.mit.edu/) and Netprimer (http://www.premierbiosoft.com) programs. A 120 corrected LCR sequence with the insertion of 2 bp at nt 7717-7718

[START_REF] Heinzel | Variation of human 507 papillomavirus type 6 (HPV-6) and HPV-11 genomes sampled throughout the world. J Clin 535 transformation by a unique isolate of human papillomavirus type 11[END_REF] 

was 121 used for designing and genomic position numbering of the LCR specific primers.

122

All PCRs were carried out on the GeneAmp PCR instrument 9700 (PE Applied Biosystems,

The PCR products were analyzed on ready-to-use PCR CheckIT Wide Mini S-2x25 gels 133 (Elchrom Scientific, Zurich, Switzerland) using a 100 or 500 bp DNA ladder (Roche Diagnostics, 134 Manheim, Germany) and purified with a QIAquick PCR purification kit (Qiagen, Hilden, 135 Germany). Concentrations of purified PCR products were estimated on a 0.8% agarose gel 136 using a MassRuler DNA Ladder Low Range (Fermentas, Vilnius, Lithuania) and set to 50 ng/µl.

137

Sequencing of PCR products was performed at Macrogen. (Seoul, Korea) with the same set of 138 primers as those used for PCR and additional sequencing primers that are listed in Table

1

. All 139 sequences were processed and assembled with Vector NTI Advance v11.0 (Invitrogen, 140 Carlsbad, CA). The identification of HPV 11 L1, LCR, E6, E5a, and E5b genomic variants was 141 made with BioEdit Sequence Alignment Editor v7.0.9.0 (North Carolina State University, "prototypic" and "non-prototypic" HPV 11 genomic variant groups.

genome amplification and sequencing of selected HPV 11 isolates 151

  

	152	Full-length genome sequencing was performed on a total of 10 HPV 11 isolates: 5 isolates were
	153	obtained from anal swabs of male patients suffering from exophytic genital warts (variants HPV
	154	11-1, HPV 11-3, HPV 11-7, HPV 11-13, HPV 11-16), 2 isolates from tissue specimens of male
	155	patients suffering from exophytic genital warts (variants HPV 11-14, HPV 11-21), 2 isolates from
	156	tissue specimens of male patients suffering from laryngeal papillomatosis (variants HPV 11-4,
	157	HPV 11-23) and one isolate from a cervical swab of a female patient with a cervical
		intraepithelial neoplasia grade 1 lesion (variant HPV 11-2).

  A total of 11 L1 genomic variants were

	309	
	310	identified in the present study, of which four, represented by 10 HPV 11 isolates, contained
	311	specific amino acid substitutions in L1 protein. The L1 genomic variants had specific amino acid
	312	substitutions (H35Y, L119V, A235S or K347T) at nucleotide positions 5873, 6125, 6473 or 6810,
	313	respectively. The single amino acid change A235S was the most frequent mutation, being found
	314	in 7/63 (11.1%) HPV 11 isolates. The biological and clinical significance of the majority of these
	315	mutations is at present unclear and needs to be investigated further. To the best of our
	316	knowledge, only the K347T is located in a domain responsible for elicitation of a neutralizing
		response to HPV 11 (Ludmerer

  Q46R and T70P detected at positions 3391 and 3462 constituted additional characteristics of 395 five and one non-prototypic HPV 11 genomic variants, respectively. Within L2 ORF, a 9 bp

	385	amino acid substitution R318A were also found in the prototypic HPV 11 isolate LZod45-11 (Wu
	386	et al., 2009), thus in 11 out of 12 HPV 11 isolates for which a full-length sequence is available at
	387	present, we suggest the resequencing of these particular positions in the HPV 11 prototype
	388	clone. Within E2 ORF, no variation was observed in three prototypic HPV 11 genomic variants
	389	studied. In contrast, among seven non-prototypic HPV 11 genomic variants, one contained a
	390	specific amino acid substitution N247T at nucleotide position 3642 and all non-prototypic
	391	variants harbored a specific amino acid substitution K308R at nucleotide position 3645. In E4
	392 393	F o ORF, four nucleotide mutations were detected and all resulted in amino acid exchanges. Amino F o acid substitutions G61E and S78L detected at nucleotide positions 3436 and 3487 were
	394	r r characteristic features of all seven non-prototypic HPV 11 genomic variants, while substitutions
		P P
		e e r e e r
	349 350 351	the host cells. Their physiological roles are not completely understood. It is thought that they have the ability to modulate cell signaling, possess transforming activity, play a role in the R e v i e w R e v i e w
	352	stimulation of cell proliferation and, together, with the HPV E6 proteins induce koilocytosis
	353	(Doorbar et al., 2006; Krawczyk et al., 2008). Unlike the majority of other HPV genotypes, which
	354	have one E5 ORF, HPV 11 and closely related HPV 6 possess two E5 genes: E5a and E5b. It
		has been shown that HPV 11 E5 proteins are involved in transformation (Chen et al., 1994,
		16

  comparison of full-length HPV 11 404 genomes. As shown in Fig. 4, full-length genome comparison of all HPV 11 isolates for which a 405 full-length sequence is available at present: 10 isolates from this study, prototype HPV 11 isolate406and isolate LZod45-11[START_REF] Wu | Detection of HPV types and neutralizing antibodies in Gansu[END_REF], confirmed the existence of two major HPV 11 genomic

	F o F o F o F o F o F o F o
	r r r r r r r
	P P P P P P P
	e e r e e r e e r e e r e e r e e r e e r
	R e v i e w R e v i e w R e v i e w R e v i e w R e v i e w R e v i e w R e v i e w

E5a sequences (FN870498-FN870560), and E5b sequences (FN870561-FN870623).

classified taxonomically in the Alpha papillomavirus genus -species 10 or "HPV 6 species",

Sequencing of the long range PCR products was performed at Macrogen. (Seoul, Korea) with

primers listed in Tables1 and 2. All sequences were edited and assembled with Vector NTI

manner as described above. In addition, the L1-LCR-E6 genomic fragments (2900 bp) were

1996a, 1996b) and stimulation of cell proliferation[START_REF] Tsao | Human papillomavirus type 11 and 16 E5 represses 579 p21 (WafI/SdiI/CipI) gene expression in fibroblasts and keratinocytes[END_REF]. The mutational analysis of

four E5a genomic variants were found, of which three (all non-prototypic variants), differed from

most frequent E5a genomic variant (Fig.1, variant E5a-2) identified in our study contained two

3, variant HPV 11-7) contained a specific amino acid substitution N100T at nucleotide position

Aubin F, Prétet JL, Jacquard AC, Saunier M, Carcopino X, Jaroud F, Pradat P, Soubeyrand B,

Sci (Lond) 110:525-541.

Kocjan BJ, Poljak M, Cimerman M, Gale N, Potočnik M, Bogovac Ž, Seme K. 2009.

McGlennen RC, Ghai J, Ostrow RS, LaBresh K, Schneider JF, Faras AJ. 1992. Cellular

papillomavirus variant lineages, viral persistence, and cervical neoplasia. Cancer Res 70:3159-

specific amino acid substitutions (I28F and V41L) at nucleotide positions 3952 and 3991, 362 respectively. Since these two substitutions were found in the majority (56/63, 88.8%) of HPV 11 363 isolates characterized in this study, it is presumed that they prevail in the naturally occurring