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Background and Introduction: 

The purpose of this study is to discover the genetic elements that confer susceptibility to the unfortunate people who acquire recurrent respiratory papillomatosis. Many people are exposed to the causative virus, human papillomavirus 6 and 11 yet only a small fraction of these people develop the disease. Furthermore the disease displays a very wide range of aggressiveness. Determining the genetic basis of susceptibility to HPV will provide insight into the fundamental pathophysiology of RRP and papilloma infections in general. This in turn will facilitate development of rational therapy. 

Recurrent Respiratory Papillomatosis (RRP) is a chronic disease that affects children and adults. The most common manifestation is warts on the vocal folds, which despite repeated attempts at eradication tend to recur. The warts cause hoarseness and if left unchecked can grow large enough to obstruct the airway and cause shortness of breath and possibly death 1. In addition, a minority of patients develops distal spread of the papillomas resulting in further narrowing of the airway and obstruction of the lung parenchyma. Rarely, the papilloma may undergo malignant transformation.

The disease can affect children as well as adults. Interestingly, there are two distinct ages at which the disease is most likely to develop: toddler ages and young adulthood 2. The pediatric cases constitute the majority and it is they who are the most likely to suffer an aggressive course. The standard therapy involves undergoing a general anesthetic to facilitate a transoral visualization of the larynx (direct laryngoscopy) with concomitant debulking or ablation of the papillomas. Historically this was done with a laryngeal biopsy forceps. With the advent of the carbon dioxide laser, it became the mostly widely used method since it was believed that it would be easier to spare surrounding normal mucosa. When biopsy forceps are used to debulk papilloma, tearing and avulsing mucosa can occur, but damage to adjacent mucosa does not occur when acquiring a small specimen for histopathological diagnosis. Over the past five years, the powered laryngeal shaver has risen in popularity to the extent that it is now the most common method; it is faster than the laser and more accurate than debulking with biopsy forceps. The device sucks a very small amount of papilloma into the path of a circulating blade, which then amputates it. Saline circulates through the device to keep it from obstructing. The circulating fluid and the suction move the amputated tissue fragments from the end of the device to a trap situated out of the surgical field. 

At Primary Children’s Medical Center both of the widely accepted methods of debulking laryngeal papillomas are used: carbon dioxide laser fulguration and powered laryngeal shaver.  Small-cupped biopsy forceps are normally used to take a specimen at the time of the first direct laryngoscopy.  That biopsy is used to histopathologically confirm the diagnosis of recurrent respiratory papillomatosis.  During the course of routine clinical care the biopsy forceps are not typically used at every setting, as it is usually not necessary to have ongoing histological assessment.  However, respected surgeons at other institutions take a biopsy at each and every procedure in an effort to detect malignant transformation.  Bleeding that follows the taking of a 1mm3 specimen is negligible.  The powered laryngeal shaver and biopsy forceps are comparable with respect to their ability to cause bleeding.  Occasionally when bleeding does need to be controlled it can easily be done by placing cotton pledgets soaked in oxymetazoline or epinephrine on the bleeding site or by directing the laser at the bleeding site.

The issue of the spread of the disease to distal sites has been debated for many years, whether by distal embolization of tissue fragments or by aerosol plume from the laser.  The fact that the human papilloma virus is present in macro and microscopically normal respiratory epithelium in the trachea in patients with recurrent respiratory papillomatosis has changed current understanding of pathophysiology of disease spread (personal communication- Dr. Bettie Steinberg).  Thus, current thinking is that laryngeal manipulation for either clinically necessary treatment or for taking a biopsy will not lead to the distal spread of the disease.  In summary, the taking of the papilloma specimens in the setting of clinically indicated treatment does not involve greater than minimal risk; not even a “minor increase”.

Unfortunately, this is rarely the end of the therapy. On average, patients return to the operating room five times per year for four years 3, 4. A worsening of the voice to the point where it becomes difficult to communicate most often heralds the need for subsequent surgery. Besides the resulting emotional distress, there are great financial costs of treating this chronic disease. Bishai et al estimated that the direct lifetime medical cost of treating a single person with RRP is $200000 5.

The disease is caused by human papilloma virus 6 and 11. These two viruses are notorious for causing a far more common disease: anogenital warts (also referred to as venereal warts or condylomata acuminata). In fact there is an association between maternal condylomata acuminata and subsequent recurrent respiratory papillomatosis in an offspring 6, 7. Notwithstanding the “association”, many children are born to mothers with a negative history of anogenital warts. 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 polymerase chain reaction techniques yet there are no discernable macroscopic or microscopic changes.

The current belief is that the children acquire the virus at the time of delivery but that the infection remains latent for a variable period. While exposure to HPV 6 and 11 is necessary, it is by no means sufficient for the development of respiratory papillomatosis. The overwhelming majority of those children exposed to the virus never manifest the disease 8. It is not known why only the unfortunate few get this disease. Speculations abound: patient immunity; timing; length and load of virus exposure. Furthermore, it is not known why some children run an aggressive course (more than 10 procedures in a lifetime or more than 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 disease 3. There has been conflicting or as yet unreproduced results relating aggressiveness to viral type 9, helper T-cell profiles 10 and down-regulation of the transporter associated with antigen presentation (TAP-1) 11.

Genetic susceptibility of RRP is one area that has received very little attention. Classically, genetic etiologies of disease were suspected when rare diseases were prevalent in specific families. Typically, pedigree analysis would be able to classify a trait’s inheritance as autosomal dominant or recessive or X-linked. For example, the genetic etiologies of cystic fibrosis and sickle cell anemia have been well characterized all the way down to the nucleotide sequence level. The situation becomes more complicated when multiple genes underlie a particular characteristic instead of a single gene being responsible for a particular disease. Furthermore, a disease may only manifest when certain genes interact with certain environmental factors. A 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 death 12. There are an additional six genes that govern susceptibility to HIV. All diseases probably have a genetic component 13.

“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 Collins 14.

When searching for the genetic basis of human diseases most researchers have either used DNA samples taken from members of affected families or from subjects in case-control studies. Neither of these approaches is well suited to the study of recurrent respiratory papillomatosis. Firstly, the disease does not run in families. Secondly, it would be very difficult to determine subjects who would serve as controls. For such a study, a control would have to meet more stringent criteria than simply being devoid of papillomas. They would also have to have been exposed to HPV 6 or 11 at the time of birth. Even if these criteria were met we still would not know if they were adequate controls given our relative ignorance of the pathogenesis. A method has been devised that may bypass some of these obstacles. The transmission disequilibrium test 15 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. Prior to the conception of an individual, cells in the gonads of one’s mother and father undergo meiosis with random segregation of alleles into gametes. Thus, if the genotypes of the parents are known, then one can determine the possible genotypes of any offspring. If a particular allele is disproportionately over-represented in individuals with the disease it is then said to be associated with the disease. In any given triad, this phenomenon can only be explored when a parent is heterozygous at any given locus. Furthermore, the investigator has to determine which genes to investigate a priori and there should be known polymorphisms that exist for the particular gene.

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 published 16. Of even greater utility, an extensive database of single nucleotide polymorphisms has been created 17 so that a large number of genes could be studied within the genomes of selected triads. Using state-of-the-art microarray technology, it is feasible to analyze many candidate genes for an association with a particular disease. 

Research in a variety of disciplines has shed light on the pathophysiology of RRP, but there is still much to learn about pathogenesis. We plan to carry out a genome-wide screen to identify chromosomal regions that confer susceptibility to RRP and further fine map the gene(s) in regions that show evidence of linkage. 

The work is being conducted by people with a track record in gene discovery projects and patient ascertainment in RRP collaborative studies. The staff at the Center for Genomic Sciences in Pittsburgh, PA have extensive experience with gene discovery projects and have mapped several human genes, including the genes for Crouzon’s craniofacial dysostosis, pediatric gastroesophageal reflux and hereditary pancreatitis18-21. RRP is a relatively rare disease and therefore recruitment of sufficient numbers of affected individuals for the performance of genetic susceptibility association studies requires a co-operative multi-institutional program. The RRP Task Force is just such an entity; they 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. The Task Force holds coordinating meetings twice a year. The principal investigator at PCMC, Dr. Marshall Smith, has been present for most of these meetings. The task force has been enrolling RRP patients from throughout the country since 19973. The RRP Task Force maintains a database of all enrollees and each year up to two hundred new RRP patients are encountered. The task force has enthusiastically agreed to collaborate in this study.

Objectives: The goal is to find an association between RRP susceptibility and human genes.


Patient Selection Criteria: 

Patients diagnosed with RRP before the age of 18 are eligible for the study. The parents of the patient will also be invited to be in the study. If one or both parents do not join the study, then siblings with the same parents as the patient will be invited also. While a patient and both biological parents are the ideal study subjects, a patient, one parent, and one sibling will offer similar data. Patients and one parent will be accepted as well as patients only, although this will yield less data.

Design: 

Once a parent and their child accept the invitation to participate in the study, they will be asked to provide informed consent and assent (forms enclosed). The investigator will generate a study code and complete the clinical data collection form. The patient’s medical record and the patient’s parents will be used as the sources of this information. The patient’s mother will complete a self-administered questionnaire. She will then seal the single-page form in an envelope that will be provided. The patient will then proceed to the operating room for direct laryngoscopy and papilloma reduction in the usual manner. During or after the placement of an intravenous line the same site will be used to acquire approximately 9 ml of blood. The blood will be drawn into an acid-citrate-dextrose (ACD) yellow-topped tube. Several biopsy specimens (diameter of each will be approximately 1mm) will be collected by the otolaryngologist and placed in a sealable plastic tube containing TRIzol (a nucleic acid preservative). 

Either the otolaryngologist or personnel of the hospital laboratory will perform venipuncture on the patient’s parents and siblings (where a parent is unavailable). Approximately 9ml of blood will be drawn into an acid-citrate-dextrose (ACD) yellow-topped tube from each parent. If a parent or sibling is not present then the procedure will be performed either at a subsequent visit or at the relation’s primary care physician’s office or at an outside laboratory. In a few cases we anticipate that we will not be able to obtain blood from an individual despite trying. We also anticipate that some individual may be willing to participate but refuse to undergo venipuncture.  In the event that a blood specimen is unavailable then an attempt will be made to obtain a Scope® mouthwash specimen. This involves swishing the mouthwash and spitting it into a container. The Center for Genomic Sciences will provide collection and mailing materials. Once collected the specimens and the clinical data collection forms will be sent to Dr. Buchinsky in Pittsburgh, PA. 

The procedures do not alter standard care in any substantive way. Drawing of a blood sample and the taking of a papilloma specimen (once the diagnosis has already been made) are not standard procedures but will not impact on the clinical outcome.  It should be noted that some otolaryngologists take a biopsy during every direct laryngoscopy to ensure that there has not been malignant transformation, which is a known rare complication of RRP. The patient’s regular attending otolaryngologist will perform or coordinate the procedures during routine surgery as part of the management of his illness. The study neither precludes nor delays standard care of the patient. 

The study deviates from standard care in that parents and occasionally siblings will be asked to undergo venipuncture.

Once a year, the child’s surgeon will update the information he/she has sent to Pittsburgh by informing Dr. Buchinsky how many operations the child has had in the past year related to his or her RRP and where the warts were found. They will find this information in the medical record and will not have to contact the family or child.

Study procedures:
Individuals with recurrent respiratory papillomatosis will be identified. Patients must have had an examination of the larynx by an otolaryngologist and must have had the diagnosis confirmed by histopathologic examination of a biopsy specimen. The patients and their respective mothers and fathers will constitute the study population. In cases where one parent cannot participate, the patients’ siblings will be included in the study population.

The attending otolaryngologist will complete a brief (one page) questionnaire.  Clinical information about the aggressiveness of the disease, the method of birth and parental anogenital warts will be recorded.

Patients and their relatives will be recruited at Primary Children’s Medical Center (PCMC). Blood will be drawn in the operating room. Relatives will undergo venipuncture either at PCMC, or if this is not convenient then materials will be provided so that it could be done at the relative’s primary care office or an outside laboratory. Specimens will be sent via overnight courier to Pittsburgh, PA. All specimen storage and genetic analysis will be conducted at the Center for Genomic Sciences (CGS) at the Allegheny-Singer Research Institute in Pittsburgh, PA. 

Venipuncture will yield approximately 9 ml of blood from each subject. The blood will be drawn into acid-citrate-dextrose (ACD) yellow-topped tubes. Health workers in the operating room will draw blood from the patients while they are anesthetized for one of their multiple laryngeal procedures that they undergo from time to time. Papilloma specimens will be obtained from the trap of the powered laryngeal shaver.  However, if the surgeon does not use the laryngeal shaver, but instead uses the carbon dioxide laser then a couple of small (1mm3) biopsies will be taken with a laryngeal biopsy forceps before lasering commences.  The specimens will be inserted into a sealable plastic tube containing TRIzol (a nucleic acid preservative).  The surgeon or his assistant (such as nurse or resident) or pathology laboratory staff or primary care office staff will draw blood from the parents or the siblings.  In the event that a blood specimen is unavailable then an attempt will be made to obtain a Scope® mouthwash specimen. 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 investigating just one gene but can be an impediment when scanning the whole genome. The blood and the papilloma specimen will be mailed in biohazard containers by express courier service to the Center for Genomic Sciences (CGS), 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 were obtained.

The staff at the Center for Genomic Sciences has extensive experience in collecting DNA sequences from around the world21, 22. Laboratory staff will log all specimens received. The papilloma specimens will be ground with a pestle while still submerged in TRIzol. Specimens will be stored in freezers at -70°C.

Statistical Methods, Data Analysis and Interpretation:
Microarray chips capable of determining which version of a single nucleotide polymorphism an individual has will be utilized. Each individual’s DNA will be processed on one such chip. Most genes contain multiple single nucleotide polymorphisms that allow one to differentiate different alleles by their characteristic SNP pattern. Software will be used to automate the process of identifying the genotype of each affected individual and comparing it to that of his or her parents. Where one parent’s blood is not available, the genotype of a sibling will be used to reconstruct the likely genotype of the missing parent.

The homogenized papilloma samples will be used as templates in PCR reactions designed to detect which HPV was present in the lesion. This data will be used to seek any correlations between the host genotype and the HPV type.

The statistical test of choice in this study is the transmission disequilibrium test (TDT). The TDT is both a test of linkage and association that looks at alleles or haplotypes at a locus that is transmitted from parents to affected children 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 a “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 locus 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. 

The study has been designed in collaboration with an accomplished genetic statistician, Suzanne M. Leal PhD. There is insufficient data to accurately calculate the number of triads needed for the entire study, thus a very robust number was chosen which will almost assuredly provide the necessary statistical power. The estimates are that at least 200 triads (patient, mother and father) will be needed but it is more likely that 400 will be needed.  To deal with issues of excessive genetic heterogeneity and to ensure success, 800 triads has been stated as a recruitment goal, but it is unlikely this many will actually be needed. PCMC will provide approximately 6% of the entire sample. 

Administrative Responsibilities:
The individual physician will create a study code for each patient. He or she will then keep a key containing the following information: patient's first name, last name, address, telephone number, and medical record number. The physician will securely store the key for the duration of the study. Clinically relevant information will then be recorded on the data collection forms (see attachment). The following fields will be included in each record: Surgeon’s last name, surgeon’s first name, institution name, institution zip code, date of specimen, gender of patient, ethnicity of patient, race of patient, patient’s study code, patient’s date of birth, year of diagnosis, month of diagnosis, approximate number of lifetime surgeries, approximate number of surgeries in preceding 12 months, interval between current surgery and previous surgery, anatomic sites involved, Derkay/Coltrera Staging score, and tracheostomy status. A self-administered questionnaire will record the following data: maternal condylomata status, maternal abnormal pap smear status, paternal condylomata, additional family members affected with RRP, birth order of patient, mode of delivery, mother’s year and month of birth, socioeconomic factors (mother’s highest education, number of people in household, household income, mother’s occupation and father’s occupation) and age of mother at commencement of sexual activity. The patient’s parent will be provided with an envelope in which the questionnaire can be sealed so that this sensitive information is not visible to their child’s health care workers. The data collection form and specimens will be forwarded to the Center for Genomic Sciences, Allegheny-Singer Research Institute, Allegheny General Hospital, Pittsburgh, PA. 

None of the identifying information (patient's name, address, social security number, phone number) will be communicated to the researchers in the Center for Genomic Sciences. All forms and specimens will be labeled with the study code only. The researchers do not intend to contact the study subjects nor can they, except indirectly by communicating with the investigators at PCMC who in turn could contact the subject since only they will have access to the key that links the study code with the identifying information.

Upon arrival at CGS, all specimens and clinical data will be logged into the laboratory relational database ‘GENOMICS’ which is located on a secure LINUX server and 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 will be automatically linked with the clinical data.

Data generated from HPV typing will be added to the relational database. A chi-squared analysis will be used to investigate the hypothesis that aggressive disease is more often associated with HPV type 11 infections than with type 6.  

Data generated from the genotype analysis will be analyzed by staff of the Center for Genomic Sciences who are experienced in this field of work and who in turn will be guided by an accomplished statistical geneticist, Suzanne M. Leal PhD (Associate Professor: Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX). Polymorphisms associated with the disease will be sought using a variety of 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).

References and Appendices: Supporting information should be submitted if deemed necessary to allow an adequate understanding of the project. These may include an investigator's brochure from the study sponsor or key articles on the primary issues. Please attach any relevant information that is appropriate to the review of the proposal. 
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