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Research Plan

PRECIS Millions of Americans are infected with one or more types of human papillomavirus (HPV).  Many of the more than 100 HPV types are sexually transmitted and these disproportionately affect the female population in terms of disease manifestation.  Among the genital HPV types are those that cause condyloma (genital warts) and those that are etiologically necessary for the development of cervical neoplasias.  The incidence of cervical cancer and its associated mortality is significantly higher among minority peoples1.   In children, unfortunate enough to acquire the condylomatous viral types from their mothers, the infection produces the commonest benign neoplasm of the larynx, recurrent respiratory papillomatosis (RRP).   The most common presentation of RRP is chronic dysphonia; if this disease is not controlled it will lead to death through airway occlusion. The underlying pathophysiology of HPV infection on the vocal folds and other airway sites is incompletely understood which has hindered the development of rational medical therapy.

There is considerable host variability both in development of the laryngeal HPV infections and their clinical courses. However, the biologic basis of the variability is not understood. Recent advances in understanding of infectious diseases in general and epidemiological and laboratory HPV-based data suggest that host susceptibility is under genetic control. In this application we propose to determine the genetic basis for host susceptibility to HPV using pediatric RRP as a model. This line of research is a natural extension of the PI’s long standing interest in RRP and is made possible by a collaboration between the RRP Task Force and the Center for Genomic Sciences.  There are two necessary ingredients for a successful gene mapping project: access to an informative patient population and access to a laboratory system that perform high density genotypic analyses.  In our case the RRP Task Force has characterized the world’s largest population of children with RRP and the Center for Genomic Sciences is a state-of-the-art gene discovery laboratory, whose extensive facilities and expertise are available to the PI.  Determining the genetic basis of host susceptibility to HPV will provide insight into the fundamental pathophysiology of RRP and papilloma infections in general. This in turn will ultimately facilitate development of rational therapy. 

A. Specific Aims

Statement of Hypothesis 

There is a genetic susceptibility to the development of recurrent respiratory papillomatosis (RRP) 

Specific Aims to test this hypothesis

1. Identify and characterize a population of children with recurrent respiratory papillomatosis, and obtain DNA from patients and their family members

2. Perform PCR-based analyses to determine HPV type (6 or 11) for all probands

3. Identify genomic loci that are linked to RRP susceptibility loci 

a. Analyze STRs and SNPs linked to candidate genes 

b. Perform an SNP-based genome scan for association 

c. Utilize maternal transmission disequilibrium analysis to identify candidate loci

4. Sequence RRP candidate genes based upon the localization results from SA 3 

B. 
Background, Significance, and Rationale

	The human voice is the organ of the soul.
	There is no index so sure as the voice.

	Henry Wadsworth Longfellow
	Tancred


Human Voice

The human voice is one of those attributes that defines us as a species. Almost every human has a voice and almost every human uses it. It is central to our ability to express ourselves. We use it to communicate, to rejoice, to scold, to love and every activity in between. It has always been a source of charming bewilderment that when asked what the functions of the larynx are, medical students and junior otolaryngology residents will invariably state voice and deny knowledge of all others. Only if primed will they offer the more vital functions of airway patency and the avoidance of aspiration. 

Given its central role in how we communicate it is no surprise that it is used by others to judge us. Is not the negative opinion that someone is a long standing whisky swilling smoker almost all based on the sound of their voice? Not only is speech, and thereby voice, used extensively while communicating with those in our presence but it is perhaps the sole form of communication when using many of the technological marvels of the modern age. Telephones are present in 95% of United States households (United States Census Bureau) and in many developing countries telephone services are becoming ubiquitous especially since wireless technology abrogates the need for expensive infrastructure development.

Voice is crucial to so much of what makes us happy. Is a child’s first words not amongst a parent's proudest moments? Is it not pathetic to witness the frustration of a child whose words cannot be understood? Beyond the critical role of communication, the human voice was no doubt the first instrument of musical expression. What would Beethoven’s 9th Symphony, Ode to Joy, be without the human voice? The crucial importance of the voice was emphasized in a study examining the quality of life in dysphonic patients. The inability to sing was one of the most frequently reported disabilities amongst those who were dysphonic2, 3.

Recurrent respiratory papillomatosis: the scourge of voice, the scourge of the operating room
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RRP is a significant cause of dysphonia4 in children and adults RRP is frustrating in its paradox. It is easy to diagnose, frequently straightforward to treat but very difficult to eradicate.  RRP manifests as warts anywhere in the airway but most commonly in the larynx5. The warts are most likely to draw attention because of dysphonia. If left unchecked or in a few unfortunate patients for whom this is the initial presentation, dyspnea develops. The constriction of the airway may be associated with stridor or if more severe, death from asphyxiation. The papillomas have a characteristic appearance which can easily be recognized on flexible fiberoptic examination of the larynx in the office or by direct laryngoscopy in the operating room. A diagnostic biopsy can be used to confirm the diagnosis histologically. Initial management consists of debulking the papillomas. Most surgeons use a carbon dioxide laser mounted on the front end of an operating microscope. In this way fulguration can be directed solely at the papilloma and spare the surrounding normal tissue. Furthermore, the energy delivered by the laser results in a relatively bloodless field. The paradox is that this is almost never enough. As the name suggests the papilloma recur, and they do so with vigor. It is not rare to hear of a patient having undergone over one hundred such procedures to control the problem. For children with RRP the mean age of diagnosis is 3.8 years and they undergo on average 4.4 surgical procedures per year for an average of 4.4 years6. Voice disturbance is the most frequent symptom from the time of presentation, through the years of ongoing repeated surgical therapy and for the rest of their lives.

Normal phonation is dependent on the vocal folds being able to vibrate freely in response to positive subglottic pressure. The presence of papillomas impedes the motion of the desired mucosal wave that should occur on the vocal folds. Repeated surgery can also result in chronic scarring that interferes with the mucosal vibration.

Besides direct ablative therapy, numerous other therapies have been proposed and tried. None of them are satisfactory. Interferon-α is the most well known and has been the subject of two randomized trials7, 8. The drug was administered to patients with aggressive disease. Both showed an improvement. Unfortunately, the improvement was temporary or required the ongoing administration of drug. The adverse effects were bothersome and troubling: fever, flu-like symptoms, decreased growth rate, elevation of liver enzymes and leukopenia. A plethora of adjuvant therapies are described in the literature9. Randomization and adequate sample size are generally lacking. The attempted adjuvant therapies have had some associated biological rationale. However, with so little understood about why people contract the disease and what underlies the variability in clinical course, all rationales must be regarded with skepticism. Many years and many papers later there is still no known effective therapy for the disease and so most patients become very well acquainted with the operating room where they undergo airway surgery. 
Etiology

Respiratory papillomas are caused by HPV 6 or 11. PCR-based detection assays have demonstrated the virus in pathologic specimens in over 90% of cases10, 11. Interestingly, the virus is also detected in normal tissue adjacent to the papilloma12. It is thought that the virus in the normal tissue is latent and is activated by surgical trauma. Several studies have commented on a possible association between the type of virus (ie. 6 or 11) and the clinical course or the likelihood of remission13-17. There is some evidence that HPV 11 is associated with a more aggressive course but the connection is tenuous. Several studies showed no association.

What progress there has been in understanding the pathophysiology and cell biology of RRP in the pediatric airway has come through the work of Bettie Steinberg’s group at Long Island Jewish Hospital.  For this reason, the PI has enlisted the assistance of Dr. Steinberg in this research effort and has formalized this relationship through her membership on the External Advisory Committee.  The PI will, in the course of his training, visit the Steinberg lab to better understand the cell biology of RRP. 

Vertical Transmission

HPV types 6 and 11 are notorious for causing a far more common disease: anogenital warts (also referred to as venereal warts or condylomata acuminata). It is currently thought that children with RRP are infected with HPV during their passage through the birth canal of infected women who are shedding virus. There is an association between maternal condylomata acuminata and subsequent RRP in an offspring18, 19. RRP is exceedingly rare amongst children borne by caesarian section20, 21. Although children with RRP are born to mothers with a negative history of anogenital warts, this is most likely due to asymptomatic maternal infection. It is well known that visible warts are merely one manifestation of genital HPV 6 and 11 infections. Other manifestations are flat cervical warts (seen only with special stains during colposcopy), cervical intra-epithelial dysplasia and latent infection where the virus is demonstrated by very sensitive PCR-based techniques yet there are no discernable macroscopic or microscopic changes22, 23 The infection is assumed to remain dormant until the virus is activated. 

Another paradox of RRP is that while millions of women have vaginal HPV, relatively few children develop RRP, i.e. the overwhelming majority of those children exposed to the virus never manifest the disease. Several studies have looked at the prevalence of maternal genital warts and HPV infection during pregnancy. The prevalence of detectable DNA (of any type of HPV) ranges from 9 to 55%23-27. Fife et al discovered an 11% prevalence of HPV DNA in vaginal specimens taken from women in their first trimester. Only 2 of these 26 patients had visible genital warts28. Therefore exposure to HPV 6 and 11 is necessary but it is by no means sufficient for the development of respiratory papillomatosis. The vertical transmission of RRP led to the recommendation of performing elective cesarean sections on mothers with condylomata acuminata, however the transmission rates are so low (estimated to be less than  0.25%)20 that the recommendation is not universally followed. 

Incidence

RRP can affect adults as well as children. Interestingly, there are two distinct ages at which the disease is most likely to develop: toddler ages and young adulthood4. The pediatric cases constitute the majority and it is they who are the most likely to suffer an aggressive course. Population based incidence studies indicate that juvenile onset RRP affects on the order of 1 per 100000 children younger than 18 years per year29.  Since these children generally endure the disease for an extended period of time the prevalence is naturally higher than the incidence.  It is estimated that up to 3000 children will be managed for this disease in the United States during the course of a year. These rates are similar to those in Denmark, the only other country for which these statistics have been estimated. There were no statistically significant differences between sexes or among races.

Besides the resulting emotional distress, there are great financial costs associated with the treatment of this chronic disease. Bishai et al estimated that the direct lifetime medical cost of treating a single person with RRP is $200,00030.

Risk Factors

It is not known why only the unfortunate few get this disease. Speculations abound: patient immunity; immature immunity; timing; length and load of virus exposure. Shah et al31 repeatedly demonstrated the risk triad of juvenile onset RRP: first born child to a young mother by vaginal delivery.

Table 1: Observed and expected numbers of juvenile onset RRP.  Information was obtained from a questionnaire given to patients’ families by their attending otolaryngologist. Data was collected and compared with similar data by the National Center for Health Statistics for the entire population.

	
	number of cases
	observed
	expected
	probability

	Cesarean section
	138
	6 (4%)
	27 (20%)
	<0.0001

	First born
	128
	85 (66%)
	51 (40%)
	<0.001

	Mother<20y
	100
	33 (33%)
	14 (14%)
	<0.002
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Furthermore, it is not known why some children run an aggressive course ((10 procedure in a lifetime or ( 3 procedures per year or distal spread) while others run a relatively benign course. Epidemiologic data indicates that younger age of diagnosis (<3 years) is associated with more aggressive disease6. There has been conflicting or as yet unreproduced results relating aggressiveness to viral type16, helper T-cell profiles32 and down-regulation of the transporter associated with antigen presentation (TAP-1)33. Very few studies have had a longitudinal component and therefore it is difficult to know if the associated factors are deemed to be causative of the clinical course or merely a marker of it.

Genetic Factors in infectious disease

It has become increasingly clear that host genetics play a major role in governing susceptibility to infection34.  A number of pediatric infectious diseases have been shown to have a genetic component, including otitis media. In a major study, Casselbrant, et al, demonstrated using monozygotic and dizygotic twins, that approximately 73% percent of otitis media susceptibility is genetically mediated35. Another good example of genetic influences in a disease known to be caused by an infectious agent is AIDS. Genetic differences in the gene that codes for a chemokine receptor on macrophages, monocytes and T-cells (CCR5) has been associated with decreased susceptibility to HIV infection and with prolongation of the time from infection to death36, 37. There are an additional six genes that govern susceptibility to HIV. 

What evidence exists that susceptibility to RRP is genetically determined?

Genetic susceptibility is one area that has received very little attention. Work published by Bonagura and Steinberg et al showed that patients with RRP were more likely to have certain major histocompatibility class II types: DQ3 and DR11 and one split of DR538 The same findings were not seen in a Finnish population39 of adult-onset RRP although there was a suggested association between the detection of HPV in papilloma specimens and DQB1 *0501. 
Numerous studies have investigated the interaction of HPV encoded E6 protein and the tumor suppressor gene product p53. E6 associates with p53 and induces its degradation. Storey et. al. demonstrated that a polymorphism in the p53 gene gives rise to p53 proteins with different rates of E6-associated degradation40. When the amino acid at position 72 was arginine (as opposed to proline) then the whole protein was more susceptible to this mechanism. Most interestingly, when looking at the HPV-associated tumors there was a disproportionate number of people who were homozygous for the arginine at position 72 than would be expected given the frequency in the general population. Amongst people with invasive cervical carcinoma there was an association between the p53 polymorphism and HPV 16 seropositivity41. Several case-control studies in a variety of ethnic groups have not reproduced Storey et al’s striking observation42-44.    

HPV is specific to humans but other species have their counterparts. For instance canine oral papillomavirus predictably gives rise to oral papillomas in thoroughbred beagles45. However the probability of developing oral papilloma when mongrel dogs are exposed to the virus is considerably lower (Benson AB, personal communication). Unlike in humans, beagles almost always demonstrate regression of the papilloma after a few weeks. During an in-vivo experiment, one beagle was noted to have non-regressing disease which was refractory to therapy46. The virus in that dog was genotyped and found to be no different to the prototype. Viral isolates from the non-regressing papilloma were used in other dogs where the disease progressed and then resolved in the conventional way. It appeared that in this case differences in the host and not in the virus were driving the recalcitrant phenotype. 
In a rabbit model of papillomavirus infection there was an association between rabbit leukocyte antigen type and the ability to clear the infection47. Two alleles in linkage disequilibrium, DRA-B and DQA-E, were strongly linked to wart regression.
Figure 2: Rabbit wart evolution as related to DRA and DQA restriction fragment length polymorphism alleles. For each DRA (panel A) or DQA (panel B) allele, a diagram represents the number of rabbits showing wart regression (left bar) or persistence (right bar). Regression occurred early (white box) or late (light grey box) after wart outgrowth. Persistent warts remained unchanged (dark grey box) or developed into carcinomas (black box). The total number of rabbits showing the allele is indicated in parenthesis.
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C. Preliminary Studies

SPECIFIC AIM 1.  Identify and characterize a population of children with recurrent respiratory papillomatosis, and obtain DNA from patients and their family members

The RRP Task Force is a national organization committed to the study and understanding of RRP.  It is headed by Dr. Craig Derkay who has enthusiastically embraced this project (see letter of support page 36) to delineate RRP genetic susceptibility loci.   Dr. Derkay, and the numerous contributing investigators, have agreed to recruit RRP patients and their relatives for participation in our proposed studies to identify genetic susceptibility loci. The involvement of the RRP Task Force was a critical step in the development of this project as without the participation of a national organization such as this it would be impossible for any investigator to recruit a sufficient number of subjects to perform a susceptibility study.  The diagnosis of RRP by practicing ENT surgeons is straight forward; however, all cases enrolled by the RRP Task Force are histologically confirmed as this is the standard of care.  
CGS currently employs 1.5 full time patient coordinators whose primary job responsibilities are to oversee the recruitment of patients into genetic studies.  Thus these individuals have created an infrastructure and a positive learning environment into which Dr. Buchinsky’s research assistant can be placed for rapid orientation and education.  This recruitment team has had extensive experience in recruiting pediatric patients for genetic studies as evidenced by the successful localization of a gene for pediatric gastroesophageal reflux (GER)49, Crouzon's syndrome50 and Hereditary Pancreatitis51, 52. Patients for the GER gene mapping project were ascertained in a similar manner through the development of a collaborative relationship with a national patient support group (Pediatric Adolescent Gastroesophageal Reflux [PAGER]) that had developed a database of affected families.  Through the CGS collaboration with PAGER we were able to obtain consents, assents, pedigree information and blood and/or buccal swab specimens for DNA extraction from over 200 families (approximately 1000 individuals). All subjects and specimens were entered and tracked using the CGS-based relational database GENOMICS as described below in Experimental Methods.  This database is located on a secure server and contains several levels of password protection to maintain the confidentiality of all subject records.
Finally, Institutional Review Board (IRB) approval has been granted to Dr. Buchinsky through Allegheny General Hospital to conduct these studies.  Thus, there are no obstacles to the patient ascertainment, diagnosis, or recruitment aspects of this application which could prevent the completion of the specific aims.
SPECIFIC AIM 2.  Perform PCR-based analyses to determine HPV type (6 or 11) for all probands
The PI’s mentors, Drs. Ehrlich and Post, have published two manuscripts describing studies of HPV in the airway16, 17. Both of these studies used PCR-based approaches for the amplification and typing of the condylomatous HPV, types 6 and 11, the targets of the incumbent application.  In addition, the PI’s co-mentor, Dr. Ehrlich has run a clinical molecular diagnostics service laboratory for the past dozen years and has published one of the definitive texts in this field.  Thus, the PI has access to the precise expertise necessary for evaluating HPV type among the collected biopsy specimens from the probands who will be entered into the genetic susceptibility study and will receive specific instruction from Dr. Ehrlich in this regard.  
The first of these studies examined both HPV type and the presence of viral coinfections as predictors of adult RRP disease prognosis17.  HPV typing revealed that 21/24 typable specimens were HPV 6, with only 3 specimens typing as HPV 11 or 16.  Although the series was small there was a trend supporting the hypothesis that viral co-infections were associated with more aggressive disease.  In this study 11/17 (65%) patients with an aggressive clinical course had evidence of one or more viral co-infections in their RRP biopsy specimens (HSV, EBV, or CMV), whereas only 2/7 (29%) patients with a benign clinical course had viral co-infections.

In the second study we analyzed RRP specimens from 24 pediatric patients for HPV type, CMV and HSV16. Nineteen of 24 paraffin block specimens contained sufficient DNA for analysis.  In contrast to the adult study no HPV 16, CMV, or HSV was detected by PCR-based diagnostics.  However, a more aggressive clinical course was noted in those children infected with HPV type 11, with 7/10 patients requiring tracheotomy versus 2/9 infected with HPV 6 alone (P = 0.05, Fisher’s exact test).  Interestingly, the viral type had no impact on the remission of the disease.
SPECIFIC AIM 3.  Identify genomic loci that are linked to RRP susceptibility loci
CGS has performed numerous successful microsatellite-based genome-wide scans for human inherited diseases including: Crouzon’s syndrome50, hereditary pancreatitis51, 52, inflammatory bowel disease53, ectrodactyly54, gastroesophageal reflux 49, diffuse abnormal insertional activity (Ehrlich et al unpublished 2002) and Dupuytren’s contracture (Hu et al unpublished 2002).  With the accumulated expertise and infrastructure that exist within CGS for the conduction of genotyping and linkage analyses we have the means for the facile handling, tracking, preparation and analyses of the large number of blood/DNA specimens which will be associated with this study.  With this experience and expertise we can with considerable confidence predict that all proposed genotypic, haplotypic and linkage analyses that we propose to perform on the designated RRP study population will be completed without undue difficulty.
Further, CGS is serving as a beta test site for Motorola’s launch of its SNP genotyping chip which will provide us with access to reagents that permit the performance of a genome scan for an individual on a single chip. 
SPECIFIC AIM 4.  Sequence RRP candidate genes based upon the localization results from SA 3

A major focus of CGS is the positional cloning of human disease genes.  Over the past decade CGS scientists have: 1)  cloned and elaborated the genomic structure for FGFR2 the causative gene of Crouzon’s syndrome and numerous other inherited craniofacial abnormalities55, 56 2) cloned the causative gene (cationic trypsinogen) for hereditary pancreatitis and developed a pathogenic model which explains numerous aspects of the complex phenotype of this disease51, 57; 3) established a comprehensive program to clone the gene for pediatric GER from a 6 megabase locus49, 58.
All of these projects have utilized a candidate gene approach focused by information from the most current versions available of the human genome databases (e.g. NCBI; Santa Cruz; Celera). After gene localization has been achieved through linkage strategies, human genome databases are systematically queried for known genes, hypothetical proteins, spliced ESTS and then unspliced ESTS. To this strategy we have recently added algorithm-based searches to identify microRNAs, a new class of untranslated transcripts that are involved in cellular regulatory functions through antisense inhibition of translation of specific mRNAs. 
To identify mutations in candidate genes CGS has invested over a million dollars in a high throughput DNA sequencing facility which currently houses eight automated DNA sequencers including two new Beckman capillary electrophoresis units.  With our current capacity we can sequence in excess of half a million bases/day.  This facility is under the direction of Dr. Robert Preston and Fen Hu who will instruct the PI in the intricacies of DNA sequence analysis.

D. Research Design and Methods. 

SPECIFIC AIM 1.  Identify and characterize a population of children with recurrent respiratory papillomatosis (RRP), and obtain DNA from patients and their family members

Ascertainment of Subject Population

The RRP Task Force:  RRP is a relatively rare disease and, therefore, recruitment of sufficient numbers of affected individuals for the performance of genetic susceptibility linkage studies requires a co-operative multi-institutional program.  The RRP Task Force is just such an entity and has been enrolling RRP patients from throughout the country since 1997.  The RRP Task Force maintains a database of all enrollees and each year up to two hundred new patients are entered.  The enrolled subjects have all been identified by Task Force otolaryngologists who constitute a subset of doctors from the American Society of Pediatric Otolaryngology and the American Bronchoesophagological Association who have a particular interest in the disease.    For inclusion within this study patients have undergone an endoscopic examination with biopsy of the larynx and a histopathologic diagnosis made by a pathologist.

Establishment of a Collaborative Relationship with the RRP Task Force: The PI and his co-mentor Dr. Post have met with members of the Recurrent Respiratory Papillomatosis Task Force on two occasions.  Most recently, Drs. Buchinsky and Post were invited to address a meeting of the RRP task force at the American Academy of Otolaryngology – Head and Neck Surgery Annual Meeting held in Denver, CO on September 10, 2001. The task force members were very keen to participate in this discovery project.  The patients and their respective mothers and fathers will constitute the pool from which the study population is derived.  In cases where one parent cannot participate, the patients’ siblings will be contacted for inclusion in the study population in an effort to reconstruct the missing parental genotype.  It is anticipated that a minimum of 800 study subjects and their relatives will be recruited during the course of this study.

A brief (one-page) questionnaire (see appendix) will be completed by the attending otolaryngologist for each prospective study family.  Clinical information about the aggressiveness of the disease, the route of birth and the presence of maternal anogenital warts will be recorded.  In addition, participating surgeons will be asked to annually fill out a disease progression form for recently enrolled patients to help distinguish subjects with aggressive disease versus those with indolent disease.  This is necessary for newly diagnosed patients as the natural history of the disease can only be ascertained through long-term clinical follow up.  

Recruitment and Consent of Subjects

Data mining from the RRP Task Force Database:  All records (initially without patient identifiers) will be evaluated from the RRP Task Force’s database and prospective patients will be identified based upon the inclusion criteria.   

Patient Family Contact:  After anonymous identification by the PI of candidate families, the parents of prospective probands will be contacted by their own physician to determine their willingness to participate in the genetic susceptibility study.  Based upon CGS’s experience with recruitment of pediatric GERD families we expect greater than 90% compliance.  After the patient’s family agrees to be contacted, CGS recruiters will call the parents to ascertain the pedigree and determine the willingness of the various family members to participate in the study.  After determining the probable level of family participation, the recruiters will then meet with the PI who will determine which families are to be included in the study.  

Consenting and specimen acquisition:  At this point study families will be recontacted to co-ordinate the obtaining of consents and assents as well as the collection of specimens.   For those probands that are still undergoing surgical management for their RRP, collection will be coordinated with their next surgical appointment.  This will allow for the painless collection of blood while under general anesthesia, as well as the collection of a papilloma biopsy specimen. CGS will provide the participating attending physicians with a study kit for each enrolled family.  The kit will contain: 1) a pedigree for verification; 2) consent and appropriate age-dependent assent forms that have been approved by the IRB; 3) sufficient ACD (yellow top) vacutainer tubes for the collection of blood from all participating family members; 4) Styrofoam containers and cardboard jackets for the placement of the blood collection tubes; 5) cheek brushes for buccal swab specimen collection; 6) test tubes for the storage of the brushes after swabbing; 7) sealable plastic bags with patient identifiers for placement of the test tubes carrying the buccal swab brushes;  8) a screw cap cryovial for the collection of the biopsy specimen; 9)  TRIzol for preservation of the biopsy;  10)  biohazard return shipping containers; and 11) a prepaid overnight courier label.  It is to be noted that this strategy and mailable kit format has been used successfully in the collection of hundreds of specimens for other gene mapping projects conducted at CGS.

Obtaining blood specimens: Venipuncture will yield approximately 9 ml of blood from each subject. The blood will be drawn into the supplied ACD tubes. Health workers in the operating room will draw blood from the patients while they are anesthetized for one of their multiple laser surgery procedures.  The patients’ surgeons will obtain a 1 to 2 mm biopsy of papilloma prior to laser ablation. The biopsy will be inserted into a cryovial and TRIzol (a commercial chaotropic agent) will be added. Pathology laboratory staff or primary care office staff will draw blood from the parents and any participating siblings.  In the event that a blood specimen is unavailable a buccal swab specimen will be obtained. (While these specimens do provide DNA, they do so in such small quantities that it becomes a limitation of the technique. This is not a limitation when one is using a candidate gene strategy, but can be an impediment when scanning the whole genome.) The blood, buccal and papilloma specimens will be mailed in biohazard containers by express courier service to the Center for Genomic Sciences, Allegheny Singer Research Institute, Pittsburgh, PA.  Kits will be mailed to the CGS, at no charge to the families or the health care establishments where the specimens are obtained.

Specimen Processing and Preliminary Analyses at CGS

Databasing and specimen tracking:  Upon arrival at CGS, all specimens will be logged into the Laboratory relational database ‘GENOMICS’ which is located on a secure LINUX server, has several levels of password protection, and multiple backup protocols.  GENOMICS is linked to the commercial pedigree-drawing software PROGENY through a single Sybase engine.  Thus, the specimen data, upon receipt, will be automatically linked with the pedigree data which was previously entered at the time of ascertainment.

Blood specimens:  DNA will be extracted from all blood specimens using the PureGene kits from Gentra Systems.  These kits work through a differential cell lysis protocol in which the RBCs are initially lysed using a hypotonic solution.  The WBCs which are unaffected are then collected through centrifugation and lysed using detergent.  The protein is removed by vortexing with a chelating reagent followed by and centrifugation.  The nucleic acid containing supernatant is then pipetted into a clean tube containing isopropanol for the precipitation of the DNA.  After centrifugation the pellet is washed with 70% ethanol and re-centrifuged.  The supernatant is then carefully decanted; the pellet is dried for 3 minutes in a vacuum centrifuge followed by rehydration at 65 °C for a minimum of one hour.   The resuspended DNA preparation is now ready for spectrophotometric quantification.  CGS has a Beckman UV spectrophotometer that is electronically connected to the GENOMICS database and all absorbance data is automatically uploaded into the database which then computes concentrations, volumes and dilutions necessary for genotyping.  All DNA specimen storage will be integrated within the established CGS repositories which provide for easy specimen access and tracking.  

Buccal swab specimens:  DNA will be extracted from buccal swab specimens using the PureGene kit starting with the WBC detergent cell lysis solution.  Each of six brushes (12 brushes/subject) will be rinsed in a single 900 l aliquot of the cell lysis solution that has been placed in a 2 ml screw cap test tube.  The lysis solution will then be placed at 65 °C for 1 hour, cooled to room temperature and then processed, quantified and stored as for the WBC specimens.

Biopsy specimens:  DNA will be extracted from biopsy specimens using the TRIzol method according to the manufacturer’s recommendations.  Following extraction, quantification and storage will be the same as for blood and buccal swab DNA specimens.

SPECIFIC AIM 2.  Perform PCR-based analyses to determine HPV type (6 or 11) for all probands
Rationale for HPV genotyping studies:  We will perform HPV genotyping on each patient entered into the study.  The rationale for this aspect of the project is to stratify the genomic scan data such that linkage analyses will be performed separately for the HPV 6 and HPV 11 cohorts,  as well as performing a combined analysis. The analysis will also be stratified after identifying candidate loci and candidate genes through the genomic scans performed in support of SAs 3 and 4.   These stratification approaches will allow for the possibility that unique susceptibility loci exist for each HPV subtype.  A priori we do not anticipate such a finding, but it is important to make provision for its possibility.
In the course of the HPV genotyping, the question as to whether HPV type 11 is more likely to be associated with an aggressive clinical course of RRP when compared to HPV type 6 will be investigated.  In several smaller series, including one by our group (vide supra), there was a statistically-significant association between HPV type 11 infection and an aggressive clinical course when compared with HPV type 6.13, 16  Other studies have not observed this trend.14, 15  Thus, based on the projected number of enrollees (800), this study should have the statistical power to adequately address this question.  
PCR-based HPV genotyping:   The infecting HPV type (6 or 11) for each proband will be determined by performing PCR-based analyses on the biopsy specimen.  We will utilize the PCR-based liquid hybridization gel retardation assay systems developed by Dr. Ehrlich (Co-Mentor) that have been previously published16, 17.  The read-out system will be changed from autoradiography to one generated by a phosphor imager (Molecular Dynamics- Storm 860).  
Statistical analysis of HPV genotyping with RRP disease aggressiveness:   We will use a analysis to investigate the hypothesis that aggressive disease is more often associated with HPV type 11 infection than with type 6.  Aggressive will be defined as more than 3 procedures annually or more than 10 procedures in a lifetime, or distal spread beyond the larynx.   
SPECIFIC AIM 3.  Identify genomic loci that are linked to RRP susceptibility loci

Rationale for assuming a genetic basis for RRP

We posit that RRP occurs in individuals that have inherited susceptibilities to HPV infection with the corollary that there likely exist multiple susceptibility loci for RRP throughout the human genome.  The bases for our genetic-based hypothesis are multi-fold and includes the observation that the number of newborns exposed to HPV is likely many times greater than the number who contract clinically-apparent disease.   Approximately 40% of women in the USA are infected with HPV and yet only ~1:100,000 births results in an incident RRP case.  Even taking into account that RRP is almost always associated with a first child (40% of women infected x 44% of births = 0.176) and only ten per cent of infected women will be infected with types 6 and 11 (0.018) and that only a subset (perhaps 20%) of these women will be shedding virus at the time of parturition (~0.0035)  and that only a given percentage (perhaps 25%) of infants will take the shed virus into their airway (~ 0.0009) the number of RRP cases (1:100,000) is still less than what would be expected (9:100000) if all persons were equally vulnerable to expressing the RRP disease phenotype.  Thus, using these very rough estimates we can deduce that the disease incidence is approximately ten times less common than would be predicted if all persons were equally susceptible.  

Moreover, recent genetic epidemiological studies have demonstrated the heritability of susceptibility to chronic infections35 and even identified specific loci and alleles59 that contribute to the susceptibility phenotype.  For this reason we enlisted the foremost expert in delineating human susceptibility genes to viral infections, Dr. Steven O’Brien (see letter of collaboration, page 38). Dr. O’ Brien’s seminal work60 in the identification of HIV susceptibility alleles provided the impetus, and demonstrated the feasibility of the current project.  Furthermore, the entire history of epidemics provides ample evidence that there is a host susceptibility component to all infectious agents61.  

Challenges and approaches for finding human genes for RRP susceptibility

“If you consider the list of diseases that afflict us, except for cases of trauma, I think virtually every other illness you can think of will have at least some hereditary component. Not to say that it is hard wired into the DNA but there are contributions coming from heredity. The power of the genomic approach is that you can unravel those.” – Francis Collins62.

Challenges

1. Large, multi-generational families with RRP have not been described and would be very difficult to ascertain. 

2. The genetics of RRP susceptibility is unknown. This is to say that the pattern of inheritance is unknown and probably unascertainable (other than to say it is complex)    

3. Large numbers of children affected with RRP have not been available to a single research group.  

4. Ideal control populations would consist of children that are known to have been exposed to HPV 6 or 11, but did not develop the disease.  

Fortunately, advances in: 1) the construction of high density maps (SNPs) and the success of the Human Genome Project; 2) high throughput genotyping procedures for STRs and SNPs (genome scans on a chip); 3) analytical methodologies for establishing linkage from incomplete sets of genotypic data; and 4) the development of high throughput sequencing have provided possible solutions to the above problems – See below

Classically, genetic etiologies for diseases were suspected when rare disorders were prevalent in specific families.  In such cases pedigree analysis (segregation analysis) was used to classify a trait’s inheritance pattern as autosomal dominant, autosomal recessive, X-linked, or mitochondrial.  For example, cystic fibrosis segregates as an autosomal recessive disorder, whereas Crouzon’s syndrome shows an autosomal dominant mode of inheritance and Duchene’s muscular dystrophy is X-linked.  The genetic etiology for each of these monogenic disorders was determined using conventional gene mapping approaches.  These approaches require the cooperation of one large family or several smaller families each of which has multiple individuals affected with the disease in question.  Gene mapping becomes more complex when multiple genes underlie a particular trait and the trait does not show a simple Mendelian inheritance pattern.  Unlike monogenic diseases it is rare to find more than two affected individuals in a single family. It is still possible, however, to map susceptibility loci for these polygenic traits through the use of large number of affected relative pairs (most commonly and informatively sibling pairs) and nonparametric methods (independent of segregation model) for linkage analysis. Examples of such complex traits include diseases such as type 2 diabetes mellitus, inflammatory bowel disease, and coronary artery disease.   All diseases probably have a genetic component61.  RRP represents an even more challenging trait for linkage than standard polygenic traits because there is almost never more than one affected person per kindred.  The primary reason for this is that acquisition of RRP is usually limited to first born children presumably due to their prolonged exposure to HPV in the birth canal.  Thus, identification of susceptibility loci must be performed by either: 1) performing population-based case-control studies which look at differences in allele frequencies between cases and controls from the population-at-large for each locus examined during a candidate gene analysis or a genome scan; or 2) utilization of one or more disequilibrium transmission methods such as the transmission disequilibrium test (TDT) or the maternal transmission disequilibrium test.  These tests of allelic transmission are used to compare the alleles that affected persons received from their parents versus the alleles they could have received from their parents.  If a particular allele at a given locus is transmitted more frequently to affected offspring than would be predicted at equilibrium then that allele identifies a candidate loci.

Modern methodologies for identifying RRP susceptibility candidate loci

Rationale for the choice of analytic methodologies: After consideration of the above caveats, a set of three complimentary approaches have been chosen to identify RRP susceptibility loci and alleles: 1) genome scan for association63; 2) transmission disequilibrium testing64; and 3) linkage disequilibrium testing for specific alleles and SNPs and STRs of candidate genes59.  These approaches have been chosen not only because they collectively have a high probability of identifying RRP susceptibility loci, but also because they will provide an excellent learning experience for the PI.  The implementation and utilization of these approaches will provide the PI with advanced training in several state-of-the-art genotyping, linkage and association methodologies.  The laboratory and classical analysis training will be provided by experimentalists at CGS, whereas training in some of these new analytic approaches will be provided by the internationally renowned experts who have played a role in their development (see letters from Drs. Leal and O’Brien pages 37 and 38).   The laboratory approach for these new analysis methods are materially similar to those used for studies employing classical linkage analysis and have been described in detail in numerous CGS publications49, 50, 52-54.  For clarity of presentation, these details are not reiterated for each of the analytical methods described below, but are summarized at the end of the section. 
Genome scans for association (GSA): The GSA has recently been used to identify and verify multiple loci associated with polysubstance abuse across persons of diverse racial backgrounds63.  The efficacy of such a methodology outside of ethnically circumscribed populations (i.e. where a known founder affect exists) presupposes that such susceptibility loci predate raciation and as such are ancestral to fully modern humans.  The stunning findings of Uhl et al (2001) verify that such ancient susceptibility alleles exist and persist within the human population presumably because they have not been strongly selected against for many generations.  This is not an unrealistic assumption as universal exposure to infectious agents and wide-scale availability to highly purified recreational drugs are relatively recent phenomena.  While the theoretical basis of this genome association scan has not been rigorously established, it would appear that for some conditions where there has not been selective pressure against individuals carrying these alleles (i.e., these alleles through most of human evolutionary history were under neutral selection), that such an approach may have merit. This may well be the case for susceptibility to RRP as HPV was not widely distributed among human populations until the recent globalization of many infectious diseases and the relaxation of sexual mores.  Such GSA-based linkage studies   will likely have a much higher degree of success using SNP markers (as in the study by Uhl et al than if STR markers are used.  The reasoning behind this statement is that the evolutionary rate for SNPs corresponds with the low background rate of metazoan DNA polymerases and therefore SNP alleles will remain fixed for an extended period of time within a population as long as there is no selection for or against the allele (neutral selection theory), whereas the mutation rate for nucleotide repeats is much higher than for the genome overall based upon strand slippage during replication.  In fact it is this high mutation rate operating at the microsatellites which has made them so useful for gene mapping studies within families.  This is because strand slippage results in the relatively frequent addition or deletion of one of the repeat units (thus providing an engine for generating a large number of alleles for each STR over a relatively short evolutionary period). When the number of alleles for a marker gene is high it increases its informativeness in family studies because as the number of alleles increases in a population so does the probability of heterozygosity.  Only heterozygous markers can be used to unequivocally track the transmission of alleles through a pedigree.

Technically the performance of GSA is materially similar to other genome-wide SNP-based genotyping approaches in that all members of a study cohort are genotyped at a large number of closely spaced markers.  The difference comes in the analysis of the data.  In standard linkage analyses, linkage is identified when a given allele of a given marker gene tracks through a pedigree in concert with those individuals who are affected (or are obligate carriers) by the trait under study, but with GSA you are looking for the elevated incidence of a given allele within an affected cohort of unrelated individuals compared with an unaffected or population-based cohort of unrelated individuals.  

Transmission disequilibrium test (TDT):  With this approach the investigator is looking for a specific allele at a specific locus to be transmitted from an affected (or carrier) parent to an affected offspring at a higher rate than would be expected by random segregation at the time of meiosis.  The TDT allows the affected individual to act as the “case” while his or her genetic background acts as an internal “control.”    The test requires an analysis of the alleles at a specific locus in the affected patient as well as his or her mother and father.  The TDT is usually only used after a gene has been mapped to aid in fine localization.  However, with the development of high density SNP-based approaches it has become feasible for performing TDT on a genome-wide basis.
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Figure 3 Transmission Disequilibrium Test: If a specific locus neither confers susceptibility to nor protects from RRP then individuals with the disease whose parents have the genotype depicted above would be equally divided amongst the four genotypes, namely AC, BC, AD, and BD. On the other hand, if the “dark” allele (B) conferred susceptibility then the BC and BD individuals would outnumber the AC and AD individuals. By knowing the parents’ genotype we know what each affected patient’s genotype could have been. We herby have the basis to compare observed genotype with expected genotype. In this way we do not have to confront issues such as inappropriate control subjects and we do not have to be overly concerned with stratification of allele frequencies in various gene pools
Maternal transmission disequilibrium test (MTDT):  In this proposal we advance a variation on the TDT which is specific to RRP.  Specifically, we assume that RRP results from mother to child transmission during the natural birth process (a widely held assumption based on the best epidemiological data) and that the virus does not come (directly) from the father.  We further assume that since the mother was not only exposed to the virus, but was productively infected and shedding virus (which the child picked up) that she carries a gene for susceptibility to HPV infection which she can transmit.  Hence, if a child of this mother has RRP, then the child must have inherited the mother’s susceptibility allele and it will be possible to identify such alleles by performing maternal TDT (MTDT) on a genome-wide scale.  

Analyze STRs and SNPs linked to candidate genes:  For each of the candidate genes and gene clusters sets of STRs and SNPs will be identified from the public human genome databases.  Genotype association analyses for alleles STR loci adjacent to RRP candidate genes (Table 2) will be performed.  Additionally candidate genes that are within regions identified by the genome association scan and the TDT analyses will be subjected to similar genotype association analyses...

Table 2 Candidate host genes (and their loci) that may infer susceptibility to RRP. These genes comprise the major histocompatibility complex, cytokines, interleukins, growth factors and genes whose products are known to interact with HPV-encoded proteins. Selection for further study will be guided by data from association and disequilibrium studies

	IL12RB2
	1p31.3-p31.2

	IL14
	1p34.3

	G1P3
	1p35

	IL22R
	1p36.11

	CASP9
	1p36.3-p36.1

	IL6R
	1q21

	IFI16
	1q22

	IL-1H1
	1q31-q32

	IL19
	1q32.2

	IL20
	1q32.2

	TLR5
	1q41-q42

	IL18RAP
	2p24.3-p24.1

	IL18R1
	2q12

	IL1 & receptor
	2q12-q14.1

	IL17
	2q31

	CASP10
	2q33

	CASP8
	2q33-q34

	IL8RA
	2q35

	Il12A
	3p12-q13.2

	IL17BR
	3p21.1

	TLR9
	3p21.3

	IL5RA
	3p26-p24

	KPNA1
	3q21

	TLR1
	4p14

	TLR6
	4p14

	PDGFRA
	4q11-q13

	IL8
	4q13-q21

	CASP6
	4q25

	EGF
	4q25

	FGF2
	4q26-q27

	IL2
	4q26-q27

	IL21
	4q26-q27

	IL15
	4q31

	TLR2
	4q32

	CASP3
	4q34

	TLR3
	4q35

	FYB
	5p13.1

	IL7R
	5p13.1

	IL6ST
	5q11

	IL13
	5q31

	IL3
	5q31.1

	IL4
	5q31.1

	IL5
	5q31.1

	IL12B
	5q31.1-q33.1

	PDGFRB
	5q31-q32

	IL17B
	5q32

	CANX
	5q35

	IL17F
	6p12

	CDKN1A
	6p21.2

	MHC (complex)
	6p21.3  

	proteosome
	6p21.3  

	TNF
	6p21.3

	TAP
	6p21.3  

	TAPBP
	6p21.3  

	KPNA5
	6q22.31

	IL2RA
	6q22.33-q23.1

	IFNGR1
	6q23-q24

	EGFR
	7p12

	IL6
	7p21

	CASP2
	7q34-q35

	IL7
	8q12-q13

	IL11RA
	9p13

	CDKN2A
	9p21

	IFN
	9p22

	TLR4
	9q32-33

	IL15RA
	10p15-p14

	CASP7
	10q25

	MKI67
	10q25-qter

	IL18BP
	11q13

	CTSC
	11q14.1-q14.3

	KPNA4
	11q22

	CASP4
	11q22.2-q22.3

	CASP5
	11q22.2-q22.3

	IL18
	11q22.2-q22.3

	CASP1
	11q23

	IL-10RA
	11q23

	CDKN1B
	12p13.1-p12

	KRT1
	12q12-q13

	K6HF
	12q13

	IL23A
	12q13.13

	IFNG
	12q14

	IL22
	12q15

	IL26
	12q15

	RB1
	13q14.2

	KPNA3
	13q14.3

	KPNB3
	13q32.1-13q32.3

	IL17E
	14q11.2

	IFI27
	14q32

	B2MR
	15q13-q15

	GRP58
	15q15

	B2M
	15q21-q22.2

	IL16
	15q26.3

	IL21R
	16p11

	IL4R
	16p11.2-p12.1

	ATP6L
	16p13.3

	IL17C
	16q24

	ICSBP1
	16q24.2

	KPNB2
	17p11.2

	TP53
	17p13.1

	CSF3
	17q11.2-q12

	Keratins & assoc. prot
	17q12-q23

	KPNA2
	17q23.1-q23.3

	EVPL
	17q25

	CASP14
	19p13.1

	IFI30
	19p13.1

	IL12RB1
	19p13.1

	TRN2
	19p13.2

	CALR
	19p13.3-p13.2

	APOE
	19q13.2

	IL11
	19q13.3

	BAX
	19q13.3-q13.4

	FLG
	19q21

	IFNAR1
	21q22.11

	IL-10RB
	21q22.11

	IL17R
	22q11.1

	CSF2RB
	22q13.1

	IL2RB
	22q13.1

	TLR8
	Xp22

	IL3RA
	Xp22.3

	TLR7
	Xp22.3

	IL2RG
	Xq13.1

	IL13RA2
	Xq13.1-q28

	IL13RA1
	Xq23


Methodological Detail for STR Genotyping:   Genotyping setup for microsatellite-based approaches will be as previously described49 except that the process will be automated using the Beckman FX two arm liquid handling robot which will be programmed to set up four 96 well plates/day equal to 4224 –7680 genotypes/day (each reaction is run as an 11-20 multiplex).  After setup the microsatellite amplifications will be performed in either an MJ Research Tetrad thermal cycler or in Perkin Elmer 9600 thermal cyclers.  The genotyping reactions will then be loaded onto the two Beckman capillary electrophoresis fragment analyzers for separation and sizing of the amplified alleles.  Allele calling, haplotyping, phasing and inheritance checks will be performed using CGS’s shareware software49.  After inspection of the raw data it will transformed into flat files for submission to the various nonparametric linkage analysis programs. The CGS staff have extensive experience with gene discovery projects and have mapped several simple and complex human disease genes, including the genes for Crouzon’s craniofacial dysostosis, ectrodactyly54, inflammatory bowel disease53, pediatric gastroesophageal reflux and hereditary pancreatitis49, 50, 52, 58.  

Methodological Detail for SNP Genotyping:  It is estimated that the human genome contains some 5.3 million common SNPs with heterozygosity values of 0.1 to 0.5.  Therefore most genes will contain or be closely adjacent to multiple SNPs that can be used for linkage and association studies.  Commercial vendors are now supplying microarray chips containing thousands of SNP probes which provide for medium density scans (2-3 cM resolution) of the genome and it is anticipated that within one to two years there will be purchasable reagents which permit high density (< 0.5 cM resolution) genome wide scans.  In any event such systems will be available prior to their necessity in this proposal.  Moreover, CGS has been chosen by Motorola to be a beta test site for their genomic SNP analysis platform.  With this system each individual’s DNA for an entire genome scan will be analyzed on a single chip.  The 10,000 SNPs to be investigated are amplified in approximately 100 multiplex PCRs each containing primers for 100 SNPs. These highly multiplex amplifications are performed using the same genomic DNA prepared from the blood/buccal swab specimens used for the microsatellite-based analyses.  The advantage of these highly multiplex reactions is that less DNA is needed for a genome scan based upon SNP technology than for STRs and therefore it should be possible to perform genome scans from buccal swabs.  All Chips will be read in either the CGS Packard array scanner or the Motorola-provided Axon array scanner.

Linkage analysis and TDT:  The gene mapping staff headed by Dr. Rob Preston (CGS’s Chief of Fragment Analysis) and Ms. Fen Hu (CGS Laboratory Manager) will provide detailed training to the PI in the processing, manipulation, and analyses of genotypic data from the fragment analyzers and the microarray scanners necessary for conducting the statistical linkage analyses.  These senior CGS staff and Dr. John Gladitz (post-doctoral associate in bioinformatics) will also provide the PI with training in the operation of the various nonparametric linkage analysis software packages including: SimWalk (with Mega 2); FASTLINK; and GENEHUNTER.  The TRANSMIT software program will be used to carry out the transmission disequilibrium test (TDT) on the data from triad families (mother, father, affected offspring). To maximize the data available for the TDT analysis, we note the following. 1) Other siblings, such as unaffected siblings, can be used to reconstruct missing parental genotypes. This circumvents the occasional problem of missing parental data; 2) for the maternal TDT model Grandparent‑parent‑child transmission can be considered independently (that is, the grandparent‑parent is one trio, and the parent‑child is another trio.

Oversight of statistical Analysis:  The Center for Genomic Sciences has a well-established collaboration with the Rockefeller University’s  Laboratory of Statistical Genetics, headed by Dr. Jurg Ott49. Dr. Suzanne Leal, an assistant professor in Dr. Ott’s laboratory has been involved with this project from its inception. As of the writing of this submission Dr. Leal is re-locating her laboratory to Baylor College of Medicine in Houston.  She will continue her involvement with this project from her new base of operations (see letter of collaboration page 37) which will include oversight of all linkage and association studies.

The Human Genome Project provides us with data that enables such an undertaking. Over 90% of the nucleotide sequence that makes up the human DNA has been published65. Of even greater utility, are extensive databases of highly polymorphic (and thus informative) microsatellites and single nucleotide polymorphisms66 which permit the evaluation of a very large percentage of the genome at high resolution.  Such genome-wide scans should identify loci for candidate gene selection. Using state-of-the-art fragment analyses and microarray technology, it is feasible to perform MTDT and genome scan association analyses (see below).
SPECIFIC AIM 4.  Sequence RRP candidate genes based upon the localization results from SA 3

We anticipate successfully locating of one or more putative RRP candidate genes and/or susceptibility loci at a resolution of 1 cM or less. For each region identified we will perform comparative sequence analyses of all identifiable genes (including any candidate genes) within the region.  This will include in this order: 1) candidate genes (either those identified a priori or those identified a postori); 2) genes known to encode a protein product; 3) genes known to encode an untranslated RNA product; 4) hypothetical genes based upon any of the public or proprietary gene finding algorithms; and 5) any spliced and unspliced ESTs that map to the region.  Due to the availability of the complete annotated human genome sequence on public databases it is now a relatively straightforward exercise to completely sequence any gene of interest.  

Approach to DNA sequencing of candidate genes identified from the genome scans from case and control populations 

For the initial DNA sequence analysis of each candidate gene, 10 cases and 10 controls will be evaluated to ascertain if any observed intragenic polymorphisms are more highly associated with the RRP phenotype.   If a trend is observed indicating that a particular polymorphism is associated with RRP, large numbers of additional cases (n = 100) and controls (n = 100) will be evaluated at that site.  Whenever a putative SNP is identified we will examine the contiguous sequence to discern if any restriction sites are lost or gained that could be used to speed the subsequent analyses67
Candidate gene DNA sequencing strategy:  The following protocol was designed to evaluate the 5HT2A receptor gene as a candidate gene for GER58.  The genomic structure of this gene was known at the time of its analysis as will be the case for any candidate genes identified in this project, and thus a materially similar approach will be used for all RRP candidate genes. For each candidate RRP susceptibility gene to be analyzed all exons, all introns, and the promoter region will be individually PCR amplified in duplicate (50 L each) from genomic DNA using primers that are complementary to the flanking sequences for that gene segment (e.g. intronic for exons, exonic for introns).  In cases where the amplified DNA would be greater than 1 Kb the region will be subdivided into overlapping 1 Kb segments for amplification and DNA sequence analysis.  All DNA amplifications, PCR cleanups, sequencing reactions, and sequencing cleanups can be performed on the CGS Beckman FX liquid handling robot.  Amplified DNAs will then be used in DNA sequencing reactions as described below.DNA sequencing will be done either on ABI 373 DNA slab gel sequencers or Beckman capillary electrophoresis systems, both of which are available within CGS.

ABI slab gel based -based automated DNA sequencing:  All amplifications of genomic DNA for sequencing will be performed in duplicate 50 L reactions set up by the Beckman FX liquid handling robot.  The duplicate amplified DNAs (total volume 100 L) corresponding to each gene segment for each individual will then be combined and purified using either the Promega or Millipore amplification clean up kits designed for the FX and used according to the manufacturers’ recommendations.  Amplified genomic DNA will be recovered in a volume of 20 L and an aliquot will be examined for homogeneity (i.e. a single band) using an 8% polyacrylamide gel prepared and run with 0.5X TBE.  Following electrophoresis the gel will be stained with ethidium bromide and photographed with Polaroid film.  After verifying that the PCR resulted in a single band, each amplified DNA will be used in two 20 L sequencing reactions (each of which uses 2 L of DNA), one using the forward primer and one the reverse.  A modification of the ABI Prism drhodamine Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems Division of Perkin-Elmer, Foster City, CA) will be used. These modifications reduce the reagents with substantial cost savings.  The reaction mixture contains 4.0 μl Terminator Ready Reaction Mix (which contains dye terminators, deoxynucleoside triphosphates, enzymes, and magnesium chloride), 15 ng PCR product, and 1.6 pmol primer in a volume of 10μL.  Sequencing conditions will be as follows: 95 °C x 3’; [94 °C x15”/55 °C x 15”/60 °C x 4’] x 20 cycles. The sequenced DNA will then be purified using the Millipore Montage kit designed for the FX.  The recovered DNA will then be placed in a denaturing (formamide) loading buffer and subjected to electrophoresis on the ABI 377 PRISM automated fragment analyzers.  The extension products will be identified on an ABI DNA sequencer after separation on a 6% Long Ranger / 8M urea gel (ABI 373) or 5% Long Ranger / 6M urea gel (ABI 377). Primary sequence analysis will be performed using ABI’s Sequence Analysis software V 3.4.1 and heterozygote analyses will be performed using GeneCodes Sequencer software V 4.1.2 which is available on the CGS LAN to all users in both PC- and MAC-based formats

Beckman Capillary Electrophoresis-based sequencing system: For the Beckman system 10 fmoles of PCR product will be diluted to 10 L and placed in the well of a 96 well plate. To this is added 8 L of a master mix and 2 L of primers.  The plate is then placed in a thermal cycler programmed as follows: [96 °C x 20”; 50 °C x 20”; 60 °C x 120”] x 30.  The reactions are stopped with 5 L of a glycerol-EDTA mix and precipitated with 60 L of 95% ethanol.  The DNA is then pelleted at 5000 x g for 10 minutes, the pellet is the washed twice with 70% ethanol followed by centrifugation at 5000 x g for 10 minutes. The plate is then dried and the pellet in each well is resuspended in 40mL of SLS buffer (supplied by the manufacturer) and overlayed with a drop of mineral oil.  The plate is then ready for loading into the Beckman capillary electrophoresis system.  Primary sequence analysis will be performed using Beckman’s proprietary sequence analysis software and heterozygote analyses will be performed using GeneCodes Sequencer software V 4.1.2.  which is available on the CGS LAN to all users in both PC- and MAC-based formats

Timeline

The large undertaking described herein will be completed over 5 years

Year 1

The initial period of the grant will concentrate on career development and implementation of the research plan. Courses to be taken at the University of Pittsburgh will be finalized and enrolled in at a rate of approximately 2 credits per quarter. Help will be granted to members of the RRP Task Force to facilitate the approval process at each of their IRBs. Logistical support will be extended to maximize enrollment and specimen collection as early as possible. The intial steps of specimen handling will be learnt and an efficient plan instituted.

Year 2

Course work will continue and workshops will be attended. During this year, visits to the laboratories of Drs. Steinberg and O’Brien will be undertaken. The specimen collection rate and process will be consolidated.

Specimen analysis will intially be confined to HPV typing but will then extend into genomic analysis
Year 3

At this point most attention will be devoted to mastering the techniques of genomic analysis. Futher workshops will be attended and the processing of patient and family DNA will be undertaken. It is hoped that by this stage certain candidate genes will show promise as being linked to disease course or that genomic scans will suggest unanticipated genes being linked to the disease.
Year 4 and 5

This time will be devoted to analysis of data and verification. Results will be prepared for publication. Depending on the results obtained in Year 3, specific gene sequencing will be commenced. Grant applications will be made so that funding may be in place to continue the research program beyond the period of the K08 award. The exact nature of future research will be predicated upon the discoveries already made. 
Potential Pitfalls

Complexity:  This is a complex proposal that describes a research plan that is beyond the scope of most K08s.  However, the PI is located within the Center for Genomic Sciences which provides an unusually supportive environment for a young clinical investigators from the time of recruitment until they are able to function fully independently.  All of the investigators within CGS function in a cooperative manner at all times, and this mantra is continually reinforced by the directors who serve as the PI’s sponsors for this application.  Moreover, the work proposed in this application while representing a new clinical direction falls well within one of the major methodological programs at CGS.  CGS scientists and staff have been very successful at linkage analysis and positional cloning of human disease genes.  Furthermore, several new gene localization initiatives, with many parallels to the current proposal,  are currently getting underway within CGS.  The experience gained by the sponsors and senior CGS staff while carrying out these programs will be immediately translatable to the incumbent application.

Recruitment:  In many QTL studies recruitment of a sufficient number of affected persons is an issue.  For this study we do not expect recruitment to be an issue because we have enlisted the support and collaboration of the only multi-center program (the RRP Task Force) that exists to track RRP and they have agreed to give the PI unfettered access to their database and help with the recruiting.  From previous gene mapping efforts CGS staff learned the importance of establishing the patient base first.  Although power calculations performed by Dr. Leal, making standard assumptions, indicated that 200 cases and 200 controls would be sufficient to establish linkage we have written the grant so as to acquire 800 cases and 800 controls.  The RRP task force currently has more than 800 incident and prevalent cases of RRP and continues to add more cases each year at a rate of up to 200/year, thus we do not anticipate any untoward problems in collecting the patient specimens.  We deliberately over-estimated the number of subjects as  we wanted to be sure that we would have sufficient power if the genetic heterogeneity turned out to be greater than expected.  Thus, even if we are unable to collect 800 cases and controls we should still making standard assumptions be able to identify RRP loci.
Linkage using the GSA approach:  This is a relatively recent approach based purely on associative studies for allele prevalence differences between case and control populations.  Unlike all other gene mapping strategies it does not rely on the use of related persons and the phenomenon of IBD.  It is therefore based on the assumption that certain alleles have been fixed in the population for a long time, i.e. under neutral selection during most of human evolutionary history.  One important point to emphasize in this regard is that microsatellite-based mapping approaches would be predicted not to work with GSA due to the high mutation rates associated with polymerase slipping within STRs, thus we will limit our GSA-based analyses to SNP data. Despite these differences it has been successfully used to confirm data obtained in other studies and has also yielded new candidate loci for polysubstance abuse.  This approach would only be expected to work where the susceptibility has arrisen prior to the development of races and specific gene pools in the human species.  This is not a bad assumption to make for RRP susceptibility alleles based on the fact that most persons probably were never exposed to HPV until the recent globalization phenomenon which has been compounded by a concomitant relaxation of sexual mores.  

Performing TDT testing on a genome-wide scale:  Theoretically there is no reason why one can’t apply TDT on a genome-wide basis.  It has never been used in practice only because of technical limitations which have prevented the performance of high density genome scans.  These obstacles, as of the writing of this proposal, are essentially moot with the planned launches of several commercial high density SNP chips, and certainly by the time we begin genotyping the reagents will be readily available to support such an analysis.

E. Human Subjects Research

Risks To The Subjects 

Human Subjects Involvement and Characteristics

The study population will include any child with RRP and their parents. When a parent is not available then siblings of the patient will be utilized since modifications in the genetic statistical analysis allow the use of sibling genomic information in place of a parent. The index patient must already have a histologically proven diagnosis. Approximately 800 patients will be recruited. This number constitutes a satisfactorily large data set from which to draw associations or linkage data. Patients and all family members in all states of health will be included. The patients will need venous access for their routinely scheduled operative procedure that would have occurred in the absence of this study. Family members would all be able to participate except in the very rare instance that both venipuncture and cheek scraping were contraindicated. The age of the patients are expected to mirror the age profile of children with recurrent respiratory papillomatosis who contracted the disease during childhood. The diagnosis has been described in a one day old but the mode age of diagnosis is about 3 or 4 years of age. It is expected that most patients in this study will be older than this since anyone undergoing or having undergone treatment for the disease, not just newly diagnosed cases, is eligible. The age of the family members are estimated to be in their twenty’s to forty’s but any age is acceptable. If either parent is not available then siblings of any age will be invited to join the study.

All classes of subjects will be included in the study but their participation will not be compulsory. They would be included since they would be needed to analyze the genome of the patients if they were related to them. The risk to them is minimal and therefore there would be little risk to these members of vulnerable populations. Certainly no attempt will be made to actively recruit members of vulnerable groups.

Sources of Materials

Blood specimens will be obtained from all patients and parents (or siblings where a parent is not available) who consent and from whom blood can be obtained by regular venipuncture. In addition, papilloma biopsy specimens will be obtained from the patients who are undergoing an operative procedure as part of their standard care (in other words, unrelated to this study). If blood is not available then a cheek scraping will be requested. Special devices exist for collection of these specimens. Unfortunately, the yields of DNA from such specimens are low. 

In addition to specimens, data about the patient, his or her birth, and issues relating to the manifestations of HPV infection in the parents will be obtained. (See form in appendix)

It is necessary to collect these data and specimens from individually identifiable humans so that findings can be correlated with clinical courses. However, it will not be necessary for the principal investigator or other personnel working on the project to be able to identify the particular individual. The overt identifying information of the patients and their families need only be known to their attending otolaryngologist and his or her support staff. The attending otolaryngologist will issue a study code for the patient. All specimens will be labeled with the study code. The attending otolaryngologist will secure a list of the patients’ details and their corresponding study code. 

The specimens will be obtained solely and expressly for research purposes. The clinical data being collected will also be known to the recruiting doctor but some items will be asked only for the purposes of the study.

Potential Risks

There are very few known risks, beyond what would normally be expected from drawing blood. There is a risk of fainting, infection, bruising, swelling, and pain at the venipuncture site. The cheek procedure is noninvasive, with no known risk, but with minimal discomfort to the inside of the cheek. Psychological risks may include feelings of stress, frustration, and worry regarding one’s genetic status. All of these risks are considered unlikely and if they were to occur would probably impact the individual mildly.

Papilloma specimen acquisition will not add any risk to the procedure of papilloma debulking that the patient was scheduled to undergo for therapeutic benefit. 

The greatest risk for allowing blood and/or tissue to be saved is the release of information from the medical record. There is some risk that third parties (such as insurance companies, potential employers, or legal adversaries) could legally gain access to the genetic records, with potentially negative consequences for the patients or family members insurability, employability, or other aspects of the person’s personal or social life.

Our facility and the recruiting otolaryngologist will strive to protect the records so that the name, address, social security number, and phone number will remain private. In addition, there may be other risks not yet identified. 

While it is not impossible it, would be very unlikely that genetic information would be linked to the identity of the person who provided the specimen. However, even with our best efforts, a breach in confidentiality may occur, with unforeseen consequences. We plan to inform people if there is a breach, and to discuss the specific situations at that time, on a case-by-case basis. Since we do not plan to release either the fact that people are undergoing genetic testing or the results of the testing to any third party, including employers or insurance companies (unless a separate written permission is given or we are required by law), we anticipate that breaches in confidentiality will occur only under the most unusual of circumstances, and with consequences which we cannot foresee.

Adequacy Of Protection Against Risks 

Recruitment and Informed Consent

Recruitment will be conducted by the otolaryngologist attending to the proband. The patient and his parent or guardian will be invited to participate in the study. There will be no financial incentive. The patient’s care will not be influenced by either accepting or declining the invitation. The otolaryngologist will disclose all details about the study, its purpose and the requirement for specimens. The results of genotypic analysis will not be communicated to the patients unless something clinically relevant is discovered and the consenting individual has requested that such information be communicated to them. Such information would be provided by the CGS to the attending otolaryngologist. 

The number of patients required for this study dictates that recruitment has to take place at multiple institutions. Permission from all relevant Institutional Review Boards will be obtained prior to patient enrolment. These applications will all include a copy of the consent forms. Consent procedures will include a description of the purpose of the study, the risks and benefits, a discussion of the possibility that we may discover genetic information unrelated to RRP, and a detailed discussion of the confidentiality issues surrounding any genetic study. With prior written consent, we will provide the results of our genetic screen to subjects. Because the results may cause psychological stress, we will also refer people to certified genetic counselors, who are trained to provide detailed information on the consequences of this knowledge.
Consent will be obtained for the patient and for each relative providing a specimen. Since the patients and some of the family members (when a parent is not available) will be minors, they will be asked to provide assent by means of age-appropriate forms that have already been created. 

Protection Against Risk

The patients will have specimens collected while under general anesthesia. This will minimize pain and any associated trauma. Participating relatives who are children will not undergo anesthesia. Instead they and their parents will be given the option of applying EMLA cream (a topical anesthetic) prior to the venipuncture. If venipuncture is not possible or not agreed to then a cheek specimen will be obtained. All blood will be drawn by health care workers and thus generally accepted standards of hygiene will be adhered to.
Papilloma biopsy is not considered to be a risky procedure. However it may result in bleeding which can complicate management of the airway during the anesthesia. Such bleeding is easily controlled by the placement of cotton pledgets on the larynx or by the use of the laser which will already by available as per the standard protocol of the attending otolaryngologist. 

Confidentiality will be protected by the use of study codes. Only the recruiting otolaryngologist will have access to a table linking study codes with direct patient identifiers. However, indirect identifiers such as gender, ethnicity, race and date of birth will be communicated to the CGS. Once received at the CGS this information will be keyed into a password-protected database on a secure server. Only personnel of the CGS have access to these servers. 

Potential Benefits Of The Proposed Research To The Subjects And Others 

The subjects of this study are unlikely to benefit directly from their participation. However, the advances in understanding the disease will benefit all those who are afflicted which may include some of the study subjects, should they fail to resolve by the time the study is completed and its benefits become available. Improved understanding may allow us to predict the clinical course in patients. Furthermore, it may teach us how to prevent the disease and ultimately it may suggest rational therapeutic options. The benefits to the relatives of the patients will not be direct. However, they will derive satisfaction from the deed of participating in a study to understand a disease that affects their offspring or sibling. 

The risks to those involved are unlikely to materialize. In the unlikely event of complications these effects will for the most part be minor in nature, such as bruising.
Importance Of The Knowledge To Be Gained 

The knowledge gained will further our understanding of RRP and hopefully allow us to treat it without resorting to repeated surgery and thereby preserve the voice of these patients. It would also save those few people who go on to develop overwhelming distal spread resulting in mortality. We could also reasonably expect to further our understanding of genital HPV infections which in turn could help in the prevention of cervical cancer. 
Collaborating Site(s)

Genomic and specimen analysis will only be performed at the CGS. However, patients will be recruited from many institutions around the country. Members of the RRP Task Force practice in all regions of the United States and even otolaryngologists who are not members of the Task Force will be allowed to participate. None of these collaborations have been formally consummated, although Dr. Derkay (chairman of the Task Force) has applied for permission from his Institutional Review Board. As in Dr. Derkay’s case, our IRB application and consent forms will be given to each participating otolaryngologist so that they can adapt it to the specific needs of their institution. At each institution, the following issues will be addressed: 1) Risks to subjects 2) Adequacy of protection against risks 3) Potential benefits 4) Importance of the knowledge to be gained. No specimens will be accepted from any physician for whom the relevant IRB approval documentation has not been granted. 
Inclusion of Women 
The investigator wishes to include female patients and the mothers of all patients and where a parent is not available the female siblings of the patient will also be included. There is absolutely no gender bias with regards to inclusion or exclusion of patients and their families. We anticipate that the distribution of female patients to male patients will be equal. With regards to parental involvement it is conceivable that there may be more mothers enrolled than fathers. From experience, when children are raised by a single parent it tends to be the mother rather than the father who does this. We anticipate that in these circumstances, fathers will be more difficult to contact than mothers and this may skew the gender distribution of the parents. 
Inclusion of Minorities

Since there is no known difference in incidence or prevalence of RRP between ethnic groups, religions or races we expect that the distribution of minorities will be proportionate to that of the country as a whole. Minorities will be neither selected for nor against. 
Inclusion of Children

RRP is predominantly present in children and it is in children that the disease is more likely to follow an aggressive course. Furthermore, the RRP Task Force membership is comprised predominantly of pediatric otolaryngologists and for this reason we have limited our study to cases of juvenile onset. Inclusion of adult onset cases would exacerbate any difficulties in collecting the blood of parents. 

Patients older than 18 at the time of onset are not being included in this study. These patients are far more likely to have acquired the disease from orogenital transmission than vertical transmission and this may add confusion to the data analysis. The RRP Task Force members have little contact with adult onset patients and this would make their recruitment difficult. 
F. Vertebrate Animals
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Figure � SEQ Figure \* ARABIC �1�:Laryngeal forceps are being used to distract papilloma tissue medially. A laser was used to excise the papilloma from the normal appearing vocal fold. From Panje WR, Herberhold C, eds. Head and Neck Surgery: Neck. Vol 3. 2nd ed. New York: Thieme Medical Publishers, Inc.; 1998
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