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1.0 Introduction – Background Rationale

Standard in vitro fertilization procedures cannot preserve the reproductive potential of women in all situations, such as premature ovarian failure or oncotherapy-induced sterility.  The in vitro maturation of granulosa cell-oocyte complexes (GOC) may provide an alternative to current methodology. The goal of this project is to employ a three-dimensional, engineered, synthetic stroma to examine GOC maturation and development in vitro.  This technique might potentially be used as a fertility preservation technique or a method for studying cell interactions within the ovary. The ovarian tissue used in this study will come exclusively from tissue sources that would have been discarded. Patients participating in this study are having ovaries removed for medical reasons, have had tissue frozen for fertility preservation previously and no longer wish to store it but would prefer not to simply request discard of the sample. In some cases, properly de-identified tissue from samples from the Pathology Core will also be used.
2.0 Specific Aims
The primary objective of this study is to establish technologies that will enable long-term preservation of ovarian function, including the production of viable oocytes, through cryopreservation of ovarian tissue prior to chemotherapy, radiation or treatment that is expected to reduce fertility. This study will also permit the investigation of basic mechanisms of cell interactions within the ovary by studying basic cell biology and structural and functional relationships within the ovary. This study will provide research tissue that can be used to:

· Optimize techniques for freezing and thawing of ovarian tissue for use in transplant or in vitro follicle maturation (IFM). 

· Investigate factors affecting successful maturation of immature follicles obtained from ovarian tissue including the use of 3-dimensional biogel scaffolds, growth factors, hormones and other culture conditions. 

· Determine the efficacy of ovarian cryopreservation techniques.

· Study basic mechanisms of cell type interactions and function in the ovary.
3.0 Primary Studies

Preliminary results have demonstrated that gentle encapsulation of individual GOCs within beads or in microdroplets a with subsequent culture of the complexes permits retention of normal architecture.  GOCs also produce estradiol in response to growth and differentiation factors.  Importantly, oocytes isolated from these GOCs undergo germinal vesicle breakdown and fertilization results in the development to the two-cell stage.  We specifically aim to use this system to examine the coordination of GOC development and oocyte maturation by 1) mechanically supporting the GOC to maintain the cell-cell interactions 2) supplying growth and differentiation factors, and 3) regulating the granulosa cell-matrix interactions.  Basic issues about cell-cell interactions within the ovary can also be examined.
Patients with BRCA1 mutations are at high risk for development of both breast and ovarian cancer and some do elect to have elective bilateral salphingo-oophorectomy (BSO) for risk reduction. The literature indicates that occult ovarian malignancies are found in 2-3% of patients having elective BSO despite having no other indications of cancer. (Powell, et. al. 2005) and this has been the experience at Northwestern.  The Gynecologic Oncology Group (GOG) (one of the National Cancer Institute funded cooperative cancer research groups) has issued a guideline (GOG 199) which gives specific procedures for pathologic examination of ovaries electively removed from these patients. 

Since many of the BRCA + patients are of childbearing age, the ability to have access to their ovaries for the purposes of the studies described below would be beneficial to our basic science effort. Likewise, patients with BRCA mutations, who desired elective BSO for risk reduction might desire to have their own ovarian tissue frozen for their own fertility preservation purposes and could be candidates for another IRB study (STU00002529). However, in both cases physicians and patients alike would need to be assured that removal of ovarian cortical tissue (the portion of the ovary required for fertility preservation) would not hamper the pathologic examination of the own ovaries and the possible detection of an occult malignancy.
4.0 Experimental Design 

Project 1. We will systematically examine the role of each GOC component in directing the cellular processes within the developing GOC, and thereby the ultimate maturation of the oocyte in vitro.  This three-dimensional culture system may provide novel therapeutic approaches for germline preservation.  In order to conduct these experiments, we will obtain ovarian tissue of women of reproductive age (16-45). Partnering with physicians at Northwestern Memorial Hospital and Prentice Womens’ Hospital, ovaries will be obtained from willing donors via our consent form.  Tissue may also be obtained after being de-identified from the Pathology Core Facility at Northwestern Memorial Hospital.  Tissue may also be obtained from patients who have previously had ovarian tissue cryopreserved and stored and who wish to donate it to research. Patients will also have blood drawn for serum hormone determinations such as FSH, for data interpretation purposes.
Project 1 will use ovarian samples obtained from oophorectomies performed at Northwestern Memorial Hospital on patients in the department of OB/GYN or from the Robert H. Lurie Cancer Center. NOTE: Per a conversation on 12/12/03 with Tim Kuzel, MD, from the Robert H. Lurie Comprehensive Cancer Center, this project does not require Cancer Center approval since the donors to this project DO NOT HAVE CANCER. We may also obtain properly de-identified tissue from samples from the Pathology Core or from tissue previously frozen which the subjects wish to donate for research. The researchers in this study will not be soliciting participants for this study, but rely on donors undergoing elective oophorectomies or who already have cryopreserved tissue in storage who are identified.  The investigators in this proposal will not be in any way involved in the clinical care of these women.  Our research will not alter the choice of surgical management or the analysis for histopathologic diagnosis of the specimens. Since the focus of the investigation is in the ovary, our study population will consist of adult women of reproductive age (18-52).  Therefore, children and men will be excluded from analysis.  We estimate that we will obtain tissue from 100 women. Patients who have previously had ovarian tissue frozen who no longer wish to have it stored may donate it for use in this research project. These patients may or may not have had their ovarian tissue previously frozen at Northwestern. Freezing of ovarian tissue for fertility preservation is considered to be standard of care at many institutions. Patients may decide that they no longer need or want to store their ovarian tissue and prefer to donate it for research instead of simply requesting that it be discarded. In these cases, the patients could be enrolled in this research study and their tissue could be transferred to Northwestern for use in this study.
Patient Recruitment: Patients who are having oophorectomies for medical indications will be approached to participate in this study. In all cases, the tissues that are used in this study are tissues that are already being removed for a medical indication. The tissue provided for this research is tissue made available after any portions needed for diagnosis of the patients condition or pathologic examination (if indicated by their medical condition) are removed. Patients who have had ovarian tissue frozen and stored for their own fertility preservation at Northwestern or other institutions who no longer wish to store it but prefer not to have it discarded would also be candidates for donating that tissue to this research project. Properly de-identified ovarian tissue samples from the Pathology Core could also be used for this study.
5.0
Patient Eligibility
5.1 Inclusion criteria: 

5.1.1
Be female, 18-52 years of age.  

5.1. Will undergo surgery for the removal of one or both ovaries for a medical indication and where the entire ovary is NOT needed for pathologic examination/diagnosis of her disease.
5.2. Patients who already have stored cryopreserved ovarian tissue in a frozen state and no longer wish to continue to store it.

5.3. Signed an approved informed consent and authorization permitting the release of personal health information. The patient must acknowledge in writing that consent for specimen collection has been obtained, in accordance with institutional policies approved by the U.S. Department of Health and Human Services.

6.0
Methods
The ovarian cortex, medulla and surrounding tissues including but not limited to fallopian tube materials will be dissected and used fresh or frozen in strips, segments or after enzymatic dispersion. 
6.1 Clinical data to be collected: 

Age

Diagnosis

Method of ovarian collection (laparotomy vs. laparoscopy)

6.2 Efficacy of Cryopreservation

In 1986, Chen . However work in the early 1990s by Gook et al. demonstrated that cryopreservation was not as detrimental as originally thought, leading to renewed research interest in human oocyte cryopreservation (Gook et al, 1994). 
reported the first successful attempt at cryopreserving and thawing a human oocyte resulting in a twin pregnancy after in vitro fertilization and embryo transfer. Progress in the field moved slowly for the next decade after murine data suggested that cryopreservation showed higher levels of chromosomal anomalies when compared with fresh eggs (Johnson and Pickering, 1987)
By 2004, 100 human babies had been born from cryopreserved oocytes. These infants were produced with great inefficiency (Stachecki and Cohen, 2004). For instance, Marina and Marina (2003) reported a 4% live birth rate from 99 oocytes frozen. Results with larger sample sizes were even less impressive.  In fact, Porcu’s research group (1999) reported only 16 pregnancies from 1502 thawed oocytes (slightly more than 1%).  Breakthroughs made by Italian researchers in optimizing freezing and thawing methods greatly improved pregnancy rates with mature human oocytes (Coticchio et al., (2006); Paynter et al., (2005); Fabbri R, et al., (2001); Bianchi et al., (2007); Borini A et al., (2004); Borini et al., (2006)) yielding pregnancy rates per thaw cycle of 19% and 22% per patient. However, these techniques make use of oocytes retrieved after hormonal stimulation utilized for in vitro fertilization which requires several weeks of treatment. 

Cryopreservation of human ovarian tissue containing oocytes poses additional challenges. Oocytes have larger cell volumes, different freezing characteristics and varying membrane permeability to cryoprotectants compared to ovarian tissue. Developing a method for tissue cryopreservation that permits recovery of a maximum number of mature follicles is one aim of this study. Tissue donated to the research pool will be frozen using varying cryopreservation methods and thawed to determine the efficacy of the freeze/thaw techniques. Follicles may be isolated from the thawed tissue and matured in vitro. The number of viable follicles isolated and their performance in culture will be recorded for each tissue 5specimen as indices of the efficacy of the cryopreservation process.  Maturation of at least 50% of the oocytes/follicles recovered from the cryopreserved tissue is expected based on the literature. Data gathered from this research will assist in identifying and overcoming some of the challenges to successful freezing and thawing of tissue with subsequent in vitro maturation of follicles or oocytes. 

6.3 Feasibility of 3-Dimensional System for In Vitro Maturation of Immature Ovarian Follicles 
Tissue provided to the research pool (no more than 20% of total tissue obtained from each patient) will be thawed as described by Gosden et al.(1994). Preantral and antral follicles (if available) will be isolated from the tissues and placed in culture. Factors that affect in vitro maturation of human oocytes will be investigated using the research tissue including but not limited to:

(1) Growth factors such IGF-1, IGF-2, EGF, GDF-9 and activin have been implicated in promoting follicular growth and oocyte maturation. These growth factors and others will be tested individually and in combination.

(2) Hormones such as recombinant human FSH and LH will be included in the culture medium at different concentrations. 

(3) Co-culture of oocytes with certain somatic cells or cell lines is beneficial for in vitro maturation. 
(4) Three-dimensional culture environment. Under conventional culture conditions using plastic culture dishes, most types of cells will attach to the bottom of culture dish and spread. When follicular cells attach and spread on culture dishes, the 3-D structure of a follicle is lost and cellular contact between oocytes and surrounding follicular cells is disrupted, which may be detrimental to oocyte growth and maturation. In this study, preantral follicles will be encapsulated in biogel materials, such as agar or alginate, to prevent attachment and spreading of the follicular cells and maintain the three dimensional structure of the follicle. Agar has been used successfully to culture hamster and human antral follicles (Roy and Greenwald, 1989; Roy and Treacy, 1993). but it has a relatively high gel temperature (45 degree C), which may damage the cells during encapsulation. Alginate is a polysaccharide material which gels in the presence of calcium and cause less damage to the cells during the encapsulation process. Gels from both materials permit ready diffusion of growth factors, hormones and other factors in and out of the follicle. The 3-D culture conditions needed to maximize in follicle maturation will be examined. Endpoints studied will include hormone production, follicle size and growth rate, oocyte maturity, structural changes using light and electron microscopy and gene expression. None of the endpoints will involve fertilization of the oocytes.

(5) In some cases, the ovarian cortex, medulla and surrounding tissues (including but not limited to the fallopian tube) will be used as “feeder cells” to augment culture conditions to study ovarian function.

7.0
Statistical Considerations and Data Management
7.1 Accrual

We estimate that we will accrue 100 subjects: 50 undergoing surgery and 50 who already have ovarian tissue in storage.

7.2 Data Collection and Access

Participation in this research is confidential. All research tissues will be de-identified; participants will be identified by number, not name.  No information by which the patient can be identified will be released or published in connection with this study.  Only the PI and co-investigators will have access to files matching the patient with tissue specimen numbers.  All data will be stored in a confidential database including the Cancer Central Clinical Database (C3D) provided by NIH/NCI for the Oncofertility Consortium.  Data will be permanently stored by the PI and co-investigators. 

8.0
Risk 
There is minimal risk to the patient associated with participation in this study. All of the patients are having or have had their ovary/ovaries removed for a medical indication. The tissue used for this study is tissue that is not needed for the diagnosis of their disease. The determination of what portion of the tissue is not needed for diagnosis of the disease is made by the patient’s surgeon and the pathologist and would generally be “discarded”. 
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