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Objective Conclusions

The purpose of this poster is to examine the effects of a history of eating disorders,
as compared to a history of other psychiatric disorders or no psychiatric disorders,
on women’s fertility and pregnancy. Specifically, this poster will demonstrate how
a history of eating disorders affects women’s rates of undergoing fertility
treatment, rates of twin births, and rates of complications during pregnancy.
Additionally, this poster will examine how a history of eating disorders affects
women’s rates of unplanned pregnancies and their feelings regarding unplanned
pregnancies.

Abstract

In the last few years, eating disorders, including Anorexia nervosa (AN) and Bulimia
nervosa (BN), have had increased prevalence in societal discussions. This increase
in attention can be attributed to the rising percentage of Americans, especially
women, suffering from eating disorders—currently, 0.5% of women suffer from AN,
and 2-3% of women suffer from BN. AN is characterized by an abnormally low body
weight, a disturbance in body image, and an intense fear of gaining weight; BN is
characterized by both phases of binge eating and compensatory behaviors as well
as a high value placed on weight and image>. Both AN and BN are associated with
medical complications which have a relevant impact on fertility and pregnancy.
Past studies have demonstrated that complications can arise from eating disorder
behaviors during pregnancy, including preterm delivery, low birthweight and
increased odds of Caesarean birth?. Often overlooked-yet vital to women in these
circumstances—are the effects of a history of eating disorders on the fertility and
pregnancy of women. Both a lifetime history of eating disorders (AN, BN, or both)
or a past history in women can affect their rates of seeking fertility treatment and
rates of twin births. Additionally, this history affects women’s rates of unplanned
pregnancies and their feelings regarding this pregnancy. Lastly, a history of eating
disorders can impact the chances of complications arising during pregnancy.

In one study, a group of women from Generation R (a prospective general
population cohort study based in Rotterdam, the Netherlands at the Erasmus
Medical Centre) was divided into those with AN history, those with BN history,
those with AN+BN history, those with other psychiatric history, and those with no
psychiatric history (see Figure 1). The AN, BN, and AN+BN groups were broken
down further into those with lifetime history, those with past history, and those
with history in the last year before pregnancy. Because of the small percentage of
women that fell into the category of history within the last year, sufficient data
wasn’t obtained and thus this group will not be the focus of this poster. The
women were eligible for enrollment if they had a delivery date between April 2002
and January 2006; of the 8,880 recruited, 6,328 were selected based on the
women’s completion of a questionnaire used to determine exposure for the study.
Data regarding patients’ psychiatric history was obtained from patients’ self-
evaluation based on a provided medical vignette, data regarding fertility
treatments and twin births was obtained from obstetric records, and data
regarding unplanned pregnancies and women'’s feelings about unplanned
pregnancies was obtained from a questionnaire given to women upon enrollment.
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Figure 1. Study population of first study based in Rotterdam, the Netherlands. Micali, N.,
et al. (2014). Fertility treatment, twin births, and unplanned pregnancies in women with
eating disorders: findings from a population-based birth cohort. BJOG, 121(4). Retrieved
from http://www.ncbi.nlm.nih.gov/pubmed/24206173

Table 2. Twin Births (%).
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In conclusion, a history of eating disorders has a proven impact on women’s
fertility and pregnancy. A history of eating disorders is associated with increased
rates of twin births. A lifetime or past history of BN is associated with increased
rates of fertility treatment. A lifetime or past history of AN or AN+BN is associated
with increased rates of unplanned pregnancies and continued mixed feelings
regarding this pregnancy. Lastly, lifetime histories of AN and AN+BN are associated
with complications during pregnancy. Fertility treatment experts should keep in
mind that a history of eating disorders may underlie fertility problems and
pregnancy complications.

Applications to Biotechnolog

Advances in biotechnology allowed fertility options to be available to those
women (primarily those with a history of BN) who sought fertility treatment. Of
the women with a history of lifetime bulimia who sought fertility treatment,
approximately 60% were treated with induced ovulation and approximately 40%
were treated with IVF4.
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According to the study, women with a history of BN, either lifetime or past, had an
increased rate of seeking fertility treatment as compared to women with other or
no psychiatric history, whereas women with AN history, either lifetime or past, had
a decrease in this rate4 (see Table 1). Additionally, a history of eating disorders,
whether lifetime or past, is associated with increased rates of twin births4 (see
Table 2). It was also found that AN (lifetime or past) and AN+BN (lifetime or past)
history is associated with increased rates of unplanned pregnancies as compared
to women with other or no psychiatric history; additionally, women with these
histories were more likely to have continually mixed feelings regarding this
pregnancy4. This was corroborated by a second study in the Avon area, UK, which
found that women with lifetime AN or lifetime AN+BN were more likely to view
motherhood as a personal sacrifice'. A third study, conducted in Rotterdam by the
original group of scientists, found that lifetime AN+BN history is associated with
approximately doubled rates of hospitalization during pregnancy and lifetime AN
history is associated with an 807% increased rate of fetal distress as compared to
women with no psychiatric history3.
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This research will explain the comparison of two forms of fertility preservation and A University based Hospital in East Asia, conducted a study of live birth rates of Vitrification, the process of freezing an embryo or egg to a glass -like state, was
live birth rates resulting from embryo and egg cryopreservation via vitrification. embryos by vitrification versus slow freezing. The study contained 8,824 proven to have a higher live birth rate in both cryopreserving an embryo and egg. It
Additionally, data will illustrate how maternal age at the time of implantation plays a cryopreserved human cleavage stage embryos (blastocysts) of which 7,482 were has a higher level of cryoprotectant agents and ultrafast cooling and warming rates
crucial role in live birth rates. vitrified while 1,342 were frozen by slow freezing. Four individual investigations which eliminates the chance of intracellular and extracellular ice formation within
studies were conducted using a protocol of ovarian stimulation either by Long and around the cell. The effects of the stage of development in which the method
agonist/rFSH or CC/hMG. A second study done, citing meta analysis data from implemented cryopreservation as well as embryo transfer plays a critical role in the
“ different reproductive centers used both vitrification and slow freezing of oocytes to live birth rates. This fact is highlighted by data showing pregnancy rates above 50%
| | | | | test survival rates. There were 1,805 infertile patients undergoing nondonor oocyte for young patients undergoing embryo vitrification. Egg freezing, however, is a
Cryopreservatlon: or the process in which reproductlYe factors such as.eggs, tl.SSlle, cryopreservation with a total of 13,079 oocytes and 2,265 thaw cycles. A third study young practice in medicine, making it controversial in whether or not it is a
ovaries, an.d embryos are frozen to be u§ed ACE l.ater time, has be.come increasingly done by the Midland Fertility Services cites data from Human Fertilization and plausible practice because it is investigational and experimental. Due to lack of
popular with women who ha}ve. fertility issues, either frorp genetic or external factors Embryology Authority from 2006 shows the live birth rates of patients undergoing technology and ice crystals puncturing the membrane of the egg, an average of 30%
such as cancer treatment. Within the- presented res.earch is a comparison between IVF and ICSI between the ages of 38 and 45. of the cryopreserved eggs are not even viable for implantation. It was discovered
the two most p.revalent forms of fe.rtlht.y p}‘eservatlon--egg and_emb.ryo freezing-- that maternal age played a significant role in the rate of successful live birth rates
anq how effective each treatmept is as indicated by su.ccessful live plrths: One of the regardless of whether the embryo or the egg was cryopreserved. This is important
major problems of CLyOpTeserving €ggs .and embryos 1S the formation of ice crystals. to note for both female patients and physicians that the age at which they decide to
A new method. of freezing, V1t-r1f1c-at10n, is a more effective method of | | Fiaure 3 UK livebivth rates for implant their embryo or egg for a pregnancy, along with the type of freezing
cryopres.ervatlon l?ecause of its high amoul.lt of .cryoprotectants. & unlver.51t.y. bas.ed cygles completed in 2006 of method-vitrification or slow freezing, is vital when wanting to pursue the most
hospital in East Asia conducted a study of live birth rates of embryos by vitrification frozen embryo transfers effective fertility preservation method.
versus slow freezing. The study contained 8,824 cryopreserved human cleavage Lockwood, G. (n.d.). Social egg
stage embryos of which 7,482 were vitrified while 1,342 were frozen by slow f;if)zgf;t?;iepmductwe
freezing. The survival rate of the vitrified embryos was far greater compared to slow ‘immortality’ or a dangerous
freezing, with a 15:1 ratio. A second study done, citing meta analysis data from E?ﬁ,‘ﬁ;ﬁ?ﬁiﬁj%"ﬁl?ﬁgz“;ﬁg), Relation to Biotechnology
different reproductive centers using both vitrification and slow freezing of oocytes Son=2alll

Due to the rise of biotechnological methods such as vitrification and slow freezing,
freezing eggs alone is becoming a more hopeful option for women who are currently
not in a relationship, do not want a sperm donor, or who want to have children after

demonstrates that vitrification still has higher survival rates. Out of the 13,079 total
oocytes that were thawed, there was an 85% survival rate of those oocytes that
underwent vitrification. One of the major problems of cryopreserving eggs and

embryos is the formation of ice crystals. This research presents further information ° Frozen Embryo Transfer (FET) :e))s7tabhlis}?ing1a Car-eegl. Althoufgh I isba L S fertilit;;ll_*apid}lly dfclines altdage
of how using vitrification as a freezing method, with an embryo or egg, results in PRV Py SOISs ouloing mriyey Snttng huse & sk A ot N 'bivmflg S5 V;la £ eggsf or €m ?’;’S 215 & W) s 1l UeC n(;l ogy cou
higher live birth rates. Along with this, it will inform patients about the comparison echretogy tuve increaserd the waremal e of Uhawed erbeyos and the possiblyichdn e thENdLes OFSUCCEsSIITPTESNdNEIES; eVENInWomenwio dre

between freezing an embryo versus an egg, and how the maternal age during premenopausal.

implantation can determine the chances of a live birth.

Figure 4. Frozen embryo transfers
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g | \':'.\\,8 u The first study contained 8,824 cryopreserved human cleavage stage embryos of

) | ' --\' ' | which 7,482 were vitrified while 1,342 were frozen by slow freezing. The survival
e rate was significantly higher after vitrification as compared with slow freezing. The 1.Mastenbroek, S., & Repping, S. (2014). Cryopreservation of human embryos and its

’ - odds ratio was a 15.57, 95% confidence level as compared to slow freezing the odds contribution to in vitro fertilization success rates. Fertility and Sterility, 19-26.

- - ratio had 2.20, 95% confidence level, essentially a 15:1 ratio. The results of the 2.Dudani, Sharmila, and Apurva Gupta. "Fertility Preservation in Young Patients with

| o second study which used both vitrification and slow freezing of oocytes Cancer." Http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4264278/. Mednow Publications,
" . o demonstrated that vitrification still has higher survival rates. Out of 13,079 total 2014. Web.
04 | 5 04, oocytes that were thawed, there was an 85% survival rate of those oocytes that 3.Loutradi, K., Kolibianakis, E., Venetis, C., Papanikolaou, E., Pados, G., Bontis, 1., & Tarlatzis,
At ) oy underwent vitrification. While reviewing both studies, it became apparent, that the B. (2008). Cryopreservation of human embryos by vitrification or slow freezing: A

systematic review and meta-analysis. Fertility and Sterility, 90(1), 186-193.
4."Egg and Embryo Freezing." Http://columbiafertility.org/fertility-services/fertility-
preservation/. Columbia University. Web.

factor of maternal age played a critical role in the improvement of live birth rates.
The third study further demonstrates this fact by focusing mainly on the relationship
between age and live birth rates. The study showed that a woman who would

Figure 1. Percentage of all initiated fresh cycles resulting in live Figure 2. Percentage off frozen-thawed embryo _ _ _ 5. Lockwood, G. (n.d.). Social egg freezing: The prospect of reproductive ‘immortality’ or a
births per year from 1997 to 2011 in the United States transfers resulting in live births per year from 1997 to undergo an assisted reproductive treatment with her own fresh eggs at 42 would q delusion? R ductive BioMedicine Online.23(3). 334-340
2011 in the United States h live-birth £6.60/ le. Th had sh q q angerous delusion? Reproductive BioMedicine Online,23(3), -340.
ave a live-pirth rate o 6.6% per cycle. 1he rate, had she use lcryopreserve €885 6.Cil, A, Bang, H., & Oktay, K. (2013). Age- specific probability of live birth with oocyte
Mastenbroek, S., & Repping, S. (2014). Cryopreservation of Mastenbroek, 5., & Repping, 5. (2014). Cryopreservation of harvested at age 30, would be 40% greater per transter when implanted at 42 years cryopreservation: An individual patient data meta-analysis. Fertility and Sterility, 100(2)
human embryos and its contribution to in vitro fertilization human embryos and its contribution to in vitro fertilization o ame ’ ’
success rates. Fertility and Sterility, 19-26. success rates. Fertility and Sterility, 19-26. 8¢ 492-499.
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Ovarian cancer ranks fifth in cancer deaths among women, yet if this disease is
caught in an early stage, more than 90% of patients live longer than 5 years. If
there was a method of detecting ovarian cancer in an early stage, doctors could
potentially lower the amount of deaths caused by this disease. The purpose of
this poster is to address the urgent need for a biomarker for ovarian cancer that
can be used to screen the general population of women. This poster will also
compare the efficiency of using CA-125 and Lysophosphatidic acid (LPA) as
potential biomarkers for early stage ovarian cancer.
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Figure 1 This pie graph represents all of the women who are diagnosed with ovarian
cancer. It shows what stage the women’s disease was at the time of diagnosis.®

In a study performed at Istanbul University in Turkey, 50 healthy women, 74
patients with benign ovarian tumors, and 87 patients with epithelial ovarian
carcinoma(EOC) were tested to measure the amount of LPA and CA-125 in their
system. Of the 87 EOC patients, 10 patients had stage |, 63 patients had stage llI,
and 14 patients had stage IV. Women who were diagnosed with germ cell
tumors and sex cord stromal tumors were not included. The participating women
had 2 samples of 5 mL’s of blood drawn. One sample was then analyzed for LPA
using a biochemical method that other studies had used. First, the lipids were
extracted and then the LPA was separated from other lipids via thin layer
chromatography. Then, after hydrolysis and deprivation, an analysis was
performed using gas chromatography and mass spectrophotometry (GC-MS).
The cutoff value for LPA was set at 1.3 umol/L, based on previous studies. The
second sample was then analyzed for CA-125 using a CA-125 |l kit that utilizes
the Radioimmunoassay (RIA) technique. The cutoff value for CA-125 was set at
35 U/mL, based on other studies that have been conducted. Researchers
compared the levels of LPA and CA-125 within all experimental groups. If a
woman’s levels of LPA were not detected, their levels were assumed to be 0.1
umol/L for statistical analysis.

Relevant Applications to Biotechnology

Results and Interpretations

Abstract

Although ovarian cancer is in the top 20 of cancer diagnoses worldwide, over
70% of ovarian cancer cases are diagnosed in a late stage, due to lack of early
detection methods. Because of inefficient detection methods, only women who
are identified as high risk are screened; however, data suggests that there are
alternative methods that could be used to screen all women, rather than
exclusively high risk women. Finding a biomarker for ovarian cancer that is
present in early stages would provide doctors with the ability to detect ovarian
cancer earlier. Therefore, the amount of deaths attributed to this disease could
possibly be reduced. CA-125 is a cancer antigen that is primarily used to detect
and monitor the response of ovarian cancer to treatment. Many studies have
been published in which researchers compared the levels of CA-125 and LPA in
the bloodstream of three categories of women: healthy women, women with
benign ovarian tumors, and women with epithelial ovarian carcinoma(EOC) at
different stages. Using the cutoff level of 35 U/L for CA-125 and 1.3 pumol/L for
_PA, researchers were able to compare the specificity and sensitivity of these
potential biomarkers to early stage ovarian cancer. Researchers found that initial
evels of LPA were significantly higher in patients with EOC than in patients with
penignh ovarian tumors and healthy women. Researchers determined that
measuring LPA levels is a better method of diagnhosing ovarian cancer, but that
tracking CA-125 levels after the detection of cancer is the more effective way to
monitor the disease’s response to treatment. Overall, LPA has proven to be a
promising biomarker for EOC, but further studies should be conducted to
confirm the role of LPA in EOC and to determine the potential role of LPA in
other gynecological cancers. If measuring LPA levels could become the
widespread method of screening for ovarian cancer, countless lives could be
spared through ec

1Deaths

Figure 2 This graph compares the amount of new cases of ovarian cancer per year to
the amount of deaths caused by ovarian cancer per year. ®

The mean total plasma LPA level for women
with EOC (n=87) was 4.29+4.52 umol/L.
Compared to women with benign ovarian
tumors (n=74) who had a mean total plasma v s
LPA level of 1.57+0.92 umol/L and healthy =
women (n=50) who had a mean total plasma 000
LPA level of 0.6£0.42 pumol/L, mean total
plasma LPA levels for patients with EOC were f."_'r'f" - '" e
significantly different. Using the cutoff Figure 3 This table displays the results
value of 1.3 umol/L, 83 of 87 (95%) EOC of a study and it compares the
patients had LPA levels greater than or equal number of participants, mean LPA,
to that value. In comparison, 46 of 50 (92%)  2and mean CA-125 between healthy
women, women with benign ovarian
nealthy women had total plasma LPA levels tumors, and women with EOC. 1
ower than 1.3 umol/L. The mean CA-125
evels of women with EOC was 764.63+1183.44. For women with benign ovarian
tumors, the mean CA-125 level was 38.14+69.40 and for healthy women the
mean CA-125 level was 23.90+16.73. Mean CA-125 levels are significantly higher
when compared to patients with benign ovarian tumors and healthy women.
There is no significant difference between the mean CA-125 level in women with
benign ovarian tumors and healthy women.

L |

In a year, around 22,000 women are diagnosed with ovarian cancer and there
are around 14,000 fatalities. Early diagnhosis can potentially help lower the
fatality rate for this disease. However, one of the many challenges to early
diagnosis is that the ovaries aren’t as accessible as other organs and most of the
methods used for screening today don’t achieve the necessary sensitivity or
specificity required. Another challenge of this disease is that 90% of ovarian
cancer cases occur in women who aren’t in an identifiable high risk group. If
researchers were able to identify a biomarker for ovarian cancer, they could
develop a new method of screening the general population. This new method,
which could potentially involve LPA, would have to be very sensitive and have a
high specificity rate if it were to be applied to the general population. LPA
appears to be playing a promising role in this area, but further tests are required
to confirm this. 5-Year Relatve Survival
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Figure 4 This graph shows the 5 year relative survival rate of women who are
diagnosed with ovarian cancer depending on what stage it is detected in.®
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Introduction

The objective of this poster focuses on patients who suffer from
leukemia have 3 possible treatments they can receive: chemotherapy,
autologous bone marrow transplant, and allogeneic bone marrow
transplant. However, one of the possible long term effects is the loss of
fertility. Infertility occurs when radiation affects oogenesis and
decreases the production of oestrogen and progesterone. Doctors
conducted several studies to determine which treatment resulted in
the most infertile patients. They also studied the possible effects
preparation for these treatments could have on infertility such as
hormone therapy and radiation. In addition, doctors analyzed different
outcomes between different age groups.

Figure 1. Figure 2.
Sampie of bone murvoe Process of Process of
| Autologous  Allogeneic | . A ,,
/ BMT (ABMT) | BMT (Allo ﬁ.‘,!{f' o o (oxo)
Source: http:// | BMT)
| .| www.abc.net. | Source: 4
\ ' Limnn | aulhealths http:// B
library/stories/ | cumc.colu = ‘
2004/10/18/18 | mbia.edu/ “
v cr st o 30091.htm lymphoma/
file/147

Several post leukemia patients have reported a loss or hindrance of
infertility after treatment. Three major treatments (chemotherapy,
Allogeneic BMT, and Autologous BMT) are possibly associated with
infertility. Chemotherapy is radiation that kills off cancer cells,
allogeneic BMT (bone marrow transplant) requires a donor, and
autologous BMT is a bone marrow transplant from the patient’'s own
body. Doctors conducted multiple studies to discover any possible
effects that could be observed in the fertility of post-treatment leukemia
patients. In a particular study, doctors admitted 576 women into the
study whose ages ranged between 10 to 60 years old. However, 25
women were removed from the study. The participants received one of
three treatments: chemotherapy, analogous BMT, or allogeneic BMT.
By the end of the study, only 98 patients completed the follow-up
questionnaire, which provided a summary of the quality of their lives
after treatment. In particular, the sexual disorder questionnaire
revealed that infertility occurred in 32 (one third) of all patients,
especially in the Allogeneic BMT-treated patients. Thirty-four patients
who either underwent ABMT or Allogeneic BMT procedures also
reported painful sexual intercourse. Doctors concluded that Allogeneic
BMT resulted in more infertile patients than the other two leukemia
treatments. Other doctors who have conducted similar studies also
show similar results and agree that allogeneic BMT causes 83% of
women to lose their fertility due to gonad damage. Gonadal damage
occurs when oogenesis is affected and the production of oestrogen and
progesterone is decreased. Preparation for Allogeneic BMT, such as
TBI, also increases the patient’ s chances of infertility from 80% to 89%.
Doctors should further examine if any combination of these three
treatments against one, for example, chemotherapy and autologous
BMT against just autologous BMT, will increase the chance of
preserving fertility. Doctors should recommend chemotherapy or
autologous BMT to patients who preferably want to save their fertility.
In sum, patients will understand the effects different bone marrow
treatments have on fertility and will be provided with reassurance by
being aware of the potential risks before they are treated.

Abstract

Methods and Materials

In a particular study, doctors used 576 women whose ages ranged
between 10 to 60 years old in order to investigate the long-term effects
of treatment for post-leukemia patients. They were divided into three
test groups based on one of three types of treatments: chemotherapy,
analogous BMT, or allogeneic BMT. Only 98 patients completed the
entire follow-up study, which occurred a year after receiving treatment.
Patients completed multiple QLQs (Quality of Life Questionnaire) to
evaluate their QOL (Quality of Life). The demographic QLQ contained
questions regarding marital and employment status after fertility. The
EORT (European Organization for Research and Treatment of Cancer)
asked about physical, cognitive, emotional and social functioning. The
leukemia BMT model QLQ explored the somatic symptoms patients
experienced after treatment. The sexual functioning and infertility
qguestionnaire surveyed patients about sexual drive, pain, and infertility.
The final questionnaire asked for the patients’ perception on changes
in their family, professional, social and leisure life. Furthermore, doctors
continued to investigate the effects of allogeneic BMT on both genders.
They admitted patients who were treated between 2000-2005, and
whose ages ranged from 4-28 at the time of treatment. They also
participated in a long term follow-up study 3 to 12 years after treatment.
Clinicians evaluated data obtained from spermiograms, testicular
volume measurements, menstrual cycles, hormone analysis, and
evaluated the health of any children patients have had after treatment.
In addition, doctors analyzed differences in fertility rates between
patients who were treated before 13 years of age and patients who
were treated after 13 years of age. These patients also answered
survey questions that assessed their quality of life after treatment.

Figure 3. Fertility Classification in Allogeneic Table 1. Fertility in Patients after Treatment.®
BMT-Treated Patients?

4% u TBI Treatment Fertility Rates
509, ¥ no TBI
/ \ Chemotherapy 78%
20% L ABMT 70%
® infertile ® infertile
Allo BMT 32%
= fertile ® fertile

80% 89%

Results

Of the 98 patients who completed the entire study, 32 reported infertility
in the QLQs, most of whom received allogeneic BMT. Chemotherapy-
treated patients had a 22% chance of becoming infertile, ABMT-treated
patients had a 30% chance of becoming infertile, and Allo BMT treated
patients had a 68% chance of becoming infertile. Patients who
underwent AMBT or allo BMT experienced pain during sexual
intercourse. The study that focused solely on allogeneic BMT classified
eighty-three percent of the women in the study as infertile. Of those
classified, 80% of women who did not receive Total Body Irridation (TBI)
were classified as infertile, and 89% of women treated with TBl became
infertile. Furthermore, females were more like to loose their fertility after
age 13 (91%) than before age 13 (72%). Although Doctors have not
been able to pinpoint the exact time in which infertility occurs, they have
learned that infertility due to treatment is progressive, not immediate.

Effects of Autologous and Allogeneic Bone Marrow
Transplants on Female Fertility

Emmelie Finley
Southwest High School

Conclusions

Doctors have concluded that Allogeneic BMT results in the most cases
of infertility. The preparation radiation for this treatment, TBI, also
increases the chances of infertility by 9%. Allogeneic BMT and ABMT
treated patients suffer similar side effects, however, cancer
reoccurrence is more likely to occur in an ABMT-treated patient since
the bone marrow is from the patient’ s own body. Patients treated with
chemotherapy experience the same side effects, however, they are less
likely to lose their fertility. If possible, patients who want to preserve
their fertility should asks clinicians if they can receive chemotherapy.
However, some patients are in need of an allogeneic BMT. In this case,
patients should ask their doctors if TBI is necessary since it raises a
patient’ s chances of infertility from 80% to 89%. The results from these
studies enable doctors to thoroughly inform their patients of all the risks
each treatment has, and if the patients have any doubts, they are fully
aware of the consequences of treatment before hand.

Relevance to Biotechnology

In the past, leukemia patients only had chemotherapy as an option for
treatment. Biotechnology has enabled doctors to treat patients who
need a bone marrow transplant. New technology has empowered
doctors with the ability to collect data after treatment such as analyzing
menstrual cycle patterns as well as measuring and comparing levels of
hormones. Biotechnology has opened several doors for doctors who
wish to help leukemia patients preserve fertility.
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Objective

This poster investigates current Oncofertility practices that may be adapted for use in the
transgender community. Specific attention is given to ethics and quality of life for transgender
youth. The word transgender is an umbrella term that is used to describe a very diverse group
of individuals. This project will focus on transmasculine (“assigned a female sex at birth who
identify somewhere along the masculine gender spectrum”) and transfeminine (“assigned a
male sex at birth and identify somewhere along the feminine gender spectrum”) youth between

Figure 2: LGBTQ pride flag.
Retrieved August 10, 2015,
newlifefertility.com
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Figure 3: The logo for a film that intimately
documented transgender parenthood.
(Huberdeau, R. (n.d.). Transgender Parents
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Figure 1: A visual representation of the various distinctions found on the
transgender spectrum. (Hill, M. R., & Mays, J. (n.d.). Transgender Umbrella [Digital image]. Retrieved August 10, 2015,
[The Gender Book]. Retrieved August 5, 2015.) from transgenderparentsdoc.com)

Abstract

The ideas and processes surrounding fertility preservation have been long debated topics in the
medical world. The development and success of IVF (in vitro fertilization) in the field of
Oncofertility has opened doors to many men and women. It has been used with those that are
infertile and those with cancer who are at a high risk of damaging their fertility. In these
contexts, many fertility procedures have become routine. These procedures can be applied to
transgender youth as well. However, they face many of the biases that once surrounded these
now standard procedures. Hormonal regimens employed by young people during their
transitions can cause fertility to be compromised. There is a critical window of development if
a young person wishes to suppress puberty. In the past, loss of fertility was viewed as “the cost
of transitioning” however this is no longer a scientific inevitability. Fertility preservation
processes are becoming more accepted in the medical community when applied to minors with
cancer. On the other hand, personal beliefs may challenge the acceptance of the application of
these methods with individuals that identify as transgender. It is important to consider that
when a youth is preparing to begin cross sex hormones or undergo sexual reassignment surgery,
they may not be considering a desire for a future family or child. By giving them the
opportunity to preserve their fertility, scientists can keep the option of a family open. Viable
options for post pubescent youth include egg freezing and sperm collection. A study done on
transgender demographics used multiple surveys, mental health screening, and risk behavior
assessment to conduct a statistical analysis of the participants. A study done in Sweden focused
on nine transmasculine people. It analyzed clinical characteristics, fertility preservation
procedures (and outcomes), and assessed patients’ psychological perceptions. There are now
guidelines in place for the use of puberty suppressing drugs and hormonal regimens for youth.
However, these guidelines do not include recommendations for oncofertility treatments. A few
studies have begun to collect information on whether or not transgender people wish to have
biological families. While results vary, many people would have pursued fertility preservation if
presented the option. Still, there are cases where this technology has been employed in the
transgender community. There are a host of ethical concerns that are only now beginning to be
addressed. In time, these cases may be accepted in the manner of earlier procedures. These
technologies provide a world of opportunity, and should not exclude any one group of people.
Thus, utilizing fertility preservation in transgender youth needs to remain an open dialogue.

Materials and Methods

A review of relevant literature was conducted to explore the composition of the transgender
community, the challenges that they face, and the possibilities that oncofertility can provide
for the community. Effort was also spent to understand and appreciate the evolving
terminology needed to report in a sensitive manner. The review led to an understanding that
existing Oncofertility practices must be offered to young transgender individuals. Currently,
egg banking and sperm banking is available for youth who have undergone puberty. Scientists
are developing different methods to help to preserve the fertility of prepubescent cancer
patients. These new treatments could also be applied to pre pubescent transgender youth.
This conclusion led to the debate over medical treatments for transgender youth and their
effects on fertility post-treatment. Although these treatments are still surrounded in
controversy, this study examined cases where transgender youth have undergone oncofertility
procedures.

Oncofertility Potential in Fertility Preservation Among

Transgender Youth

Relevant Applications to

Biotechnology

There are a myriad of oncofertility treatments, both standard and
experimental that have the potential to enhance the life of
transgender youth. Transmasculine youth have one current fertility-
saving option - they can remove and freeze their eggs. At this point,
the eggs can only be removed and saved for potential embryo creation
after puberty has begun. Menses is required to bring the eggs through
follicular development. However, one of the up and coming
developments in the field of oncofertility is the ability to take an egg
and bring it (almost all the way) through follicular development.
Scientists predict that this will soon become an experimental fertility
preservation method, such as the aforementioned egg freezing
method. On the other end of the spectrum, transfeminine youth have
two possible options; one standard and one experimental. Sperm
banking through self stimulation is the standard method. It involves
obtaining the sperm through self stimulation and then freezing it.
Sperm banking through an alternate collection method is the
experimental method. Sperm is obtained through testicular sperm
extraction or aspiration. To date, both transmasculine methods are
only possible after puberty. However, much like the research that is
being done to bring eggs through follicular development, scientists are
trying to develop a way for sperm to be brought to maturity before
puberty.

Figure 4: Cole Carman, 18, is
the first transgender teen that
has undergone a procedure to
preserve his fertility.

(Carman, C. (2015, July 30). [A
photo of transgender youth,
Cole Carman]. Retrieved August
5, 2015.)

Results and Interpretation

Transgender medicine is evolving. Transgender youth are faced with many tough decisions.
They can now choose to suppress their puberty until they decide to use cross sex hormones or
sexual reassignment surgery to complete their transition. An issue that is not commonly
addressed is transgender fertility. There is a lack of consensus concerning the ethical
repercussions of treating transgender youth. These unresolved issues lead to uninformed
patients and lack of fertility preservation treatment. A Swedish study done amongst 9
transmasculine people concluded that “standards of care for [fertility preservation] in [the
transgender] clinical setting are lacking.” When asked, fertility preservation is not always a
major concern of the transgender community. A study found that amongst transfeminine
people, “...[m]ore than 90 [percent] of the respondents stated that loss of fertility was not an
important reason to delay their transition.” In a separate study of transmasculine people, “...
researchers found that 77 percent had not considered freezing their eggs at the time of
HRT...” Within the same study, “54 percent of respondents still expressed a desire to have
children, which may indicate a lack of action on fertility preservation prior to HRT and
certain gender-confirming surgeries did not align with underlying reproductive desire.” A
study done on transmasculine men in Belgium “found that 54 percent wished to have children,
and 38 percent would have considered freezing their eggs if the procedure had been
available.” Other Belgian research done with transfeminine people “found that 40 percent
wanted to have children, and 77 percent felt they should have the option to preserve their
sperm before hormone treatment.” Despite having very little data on the reproductive desires
of transgender youth, these initial studies clearly warrant more research on the topic and
show that fertility preservation must be an option for this community.

lii. Desire for Children Among
Transgender People

ii. Transfeminine Sperm
Preservation Choice (if offered)

i. Transmasculine Egg
Preservation Choice (if
offered)

® Transfeminine study M Transmasculine study 2
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Figure 5: Graphs i and ii represent a transgender person’s decision if provided the option to preserve their fertility., , Graph iii represents the
desire for children among transgender people from three different studies. 2:6.7
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Conclusions

Precise transgender demographics do not exist. Data is especially rare on transgender people
ages 12 to 24. One study, done at a clinic in Los Angeles, included 101 transgender patients.
Participants were given a variety of psychological and physiological tests. One of the
important results of the study demonstrated that “...baseline physiologic data [is] in line with
the normal ranges of the same assigned sex non-transgender youth population...” There are
many biases and misunderstandings among health professionals that create barriers for
transgender individuals. Gender dysphoria is a real psychological condition that doctors often
misconstrue as an issue that is brought on by “hormone imbalances.” This study clearly shows
hormonal imbalances are not a factor.

All people should have the right to biological children if the scientific possibility exists. The
field of Oncofertility utilizes fertility preservation techniques to save the fertility of cancer
patients. Often, transgender patients face similar loss of fertility. However, using these proven
oncofertility techniques on transgender patients is sometimes seen as ethically wrong and is
not accepted on a large scale. Laura Nixon, a sexual and reproductive health activist, states,
“the objection that a gender dysphoria diagnosis is not equivalent to a cancer diagnosis is
grounded in general belief that a mental health diagnosis is less legitimate than a physical
health diaghosis, and a more specific belief that gender dysphoria is not existent or simply
decisional.” The existing treatment for transmasculine youth seeking to retain reproduction
options after hormone use, is (experimental) egg freezing. On the other end of the spectrum,
existing treatments for transfeminine youth with the same desires for biological offspring are
(standard) sperm retrieval by self-stimulation and (experimental) sperm retrieval by testicular
extraction or aspiration. Transgender youth have a critical pubescent time window to consider
transitioning. When a patient wishes to block puberty and transition into the other sex, they
must consider the consequences of that action. Fertility is akin to a one-way street, once it is
compromised by cross sex hormone treatments there is no going back. According to Dr. Clark, a
firm advocate of fertility preservation in transgender youth, there have been “viable sperm
collection[s] from adolescents as young as 11 years of age.” The immature sperm go through a
procedure dubbed ROSNI. ROSNI takes the round spermatids (precursors of mature sperm) and
injects them directly into oocytes. For now, scientists can only use this experimental
procedure to preserve the fertility of pubescent or post pubescent transgender people. This is
less than ideal for transgender youth as it can mean beginning (or fully experiencing)
unwanted secondary sex characteristics and becoming even more uncomfortable in the bodies
with which they were born. Waiting until a certain age can also mean delaying their transition,
or going through painful and emotionally difficult hormone regimens (transmasculine youth for
egg retrieval purposes). Some practitioners are hesitant to provide medical options for
transgender youth citing studies that report incidents of transgender youth who have
reconsidered their transition. Puberty suppressants do not have long-term results, but once a
young person starts cross sex therapy, their fertility and ability to reverse the change is
compromised. Despite the controversy, there are clinics and doctors willing to treat
transgender youth. In some cases, physicians such as Dr. Olson, Dr. Eyvazzadeh, Dr. Pang, Dr.
Clark, and Dr. Eyler have begun using oncofertility techniques in their practices. Further study
in this area is needed as transgender medicine becomes more accepted and this marginalized
group demands equality of reproductive rights.
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Objective

This poster intends to demonstrate how the use of the monoclonal antibody, bevacizumab
iIncreases survival rate of patients while decreasing late effects. Advanced cervical cancer is
commonly treated with chemotherapy. Often resulting in tissue damage and and other toxic
effects that severely impair quality of life. In order to decrease these traumatic symptoms an
alternative to chemotherapy is being evaluated. Bevacizumab is used to stimulate the
destruction of cancerous cells by attaching to them and inhibiting angiogenesis. A combined
chemotherapy and antibody regiment will be compared to the usual chemotherapy only
regiment on patients with stage four cervical cancer.

Abstract

In many developing regions in Latin America, Asia, and India, cervical cancer continues to be a
leading cause of death in women. Many survivors continue to have long-term effects due to
treatment options such as chemotherapy and radiation. In the case of cervical cancer, an
alternative that is being tested is the monoclonal antibody bevacizumab, which imitates the
immune system and degrades the cancerous cells. The treatment provides not only an effective
cure for cervical cancer but less prevalence of late effects after the treatment. The effect of the
monoclonal antibody was tested on 452 patients with metastatic (stage 4) cervical cancer who
were then divided randomly into two overarching groups. The first group received two standard
doses of chemotherapy drugs: 50 mg of cisplatin per square meter of body area as well as a
135/175 mg dose per square meter of paclitaxel. The second group, in addition to the
chemotherapy, received a 15mg/kg dose of the antibody. The group with a combined regimen
of chemotherapy and bevacizumab resulted in an extended survival rate of about 4 months
(13.3 vs. 17.0 months). In addition, patients who received the antibody as part of their treatment
had a higher response rate to the treatment (36% vs. 48%). Finally, those who were treated with
the antibody also had fewer neurotoxic symptoms than the patients treated only with
chemotherapy. Overall, the use of the monoclonal antibody bevacizumab in addition to
chemotherapy was most effective at treating cervical cancer. The combined treatment extended
the survival rate of patients while decreasing traumatic symptoms. In comparison, those
patients treated with chemotherapy alone experienced a higher number of late effects and a
shorter survival rate. Therefore, the effective use of the monoclonal antibody bevacizumab to
treat cervical cancer indicates the development of a promising alternative to cancer treatment.

Figure 1: Flow chart demonstrating the randomization of patients into four
treatment groups. Tewari KS, Sill MW, Long HJ 3rd, Penson RT, Huang H,
Ramondetta LM, Landrum LM, Oaknin A, Reid TJ, Leitao MM, Michael HE,
Monk BJ. Improved survival with bevacizumab in advanced cervical cancer. N
Engl J Med. 2014 Feb 20,370(8):734-43.

Materials & Methods

A study sponsored by the National Cancer Institute was conducted in the United States
and Spain to observe the effects of the monoclonal antibody bevacizumab on patients
with metastatic cervical cancer. Bevacizumab is a monoclonal antibody that slows down
angiogenesis by inhibiting vascular endothelial growth factor (VEGF). VEGF functions in
blood vessel growth. A total of 452 patients were included in the study. All patients were
female with metastatic cervical cancer and healthy bone marrow, hepatic, renal, and
thromboembolism function. All of the patients were given a physical examination and a
radiography prior to the studies initiation. The patients were divided into two overarching
categories. The control group consisted of patients treated with a standard
chemotherapy regiment. This regiment consisted of 50mg of cisplatin, which was
administered per square meter of body surface area as well as 135-175mg of paclitaxel,
administered also per square meter of body surface area. This study also measured the
effect of the chemotherapy drug topotecan and the results in combination with
bevacizumab. Cisplatin, paclitaxel, and topotecan are chemotherapy drugs that trigger
cell apoptosis. After the treatment was terminated, the effects of bevacizumab in
combination with the chemotherapies were evaluated by measuring tumor size every
three months for two years. Three surveys were used to measure the quality of life for
patients after the treatment. The FACT-Cervix survey (0 to 4 scale) was utilized to
measure overall well being and the FACT/GOG survey (0 to 4 scale) was used to
measure neurotoxicity. The BPI survey (0 to 10 scale) was used to measure pain after
treatment.

Results & Interpretation

The implementation of the antibody bevacizumab to cervical cancer treatment increased
the survival time of patients by about 4 months. Patients treated with the chemotherapy
ONLY regiment survived for about 13.3 months as opposed to those patients who were
treated with the antibody as well; they survived about 17.0 months. In addition, patients
responded best to the combined regiment of the antibody and chemotherapy. Out of the
452 patients, 48% responded to the combined treatment whereas only 36% responded
to the standard chemotherapy treatment. In addition, patients treated with the combined
therapy answered about 1.2 points lower on the FACT/GOG-NTX survey which
demonstrated quality of life on a scale of 1 to 4, 4 being the worse state of health.
Patients treated with the combined regiment also had a 3% increase of gastrointestinal
fistulas and thromboembolic

Conclusions

Cervical cancer can be more effectively treated if the monoclonal antibody bevacizumab
is used in combination with chemotherapy. Patients treated with the antibody survive for
a longer period of time and experience a smaller amount of late effects from the
treatment. Late effects such as neurotoxicity and pain are reduced with the use of the
antibody. Improvement in overall quality of life is also an effect of the antibody. Patients
treated with the antibody reported in a survey to have had an overall improvement in the
quality of life. In addition, neither topotecan or cisplatin is a more effective
chemotherapy drug. Both drugs were equally effective at treating cervical cancer.

Figure 2: Representative protein model
- r ey . of monoclonal antibody bevacizumab.
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Figure 3. Graph A demonstrates the improved survival rate of patients treated with a combined
chemotherapy and bevacizumab regiment. Graph B demonstrates the higher probability of
progression free survival of those patients who received the combined treatment. Tewari KS, Sill
MW, Long HJ 3rd, Penson RT, Huang H, Ramondetta LM, Landrum LM, Oaknin A, Reid TJ, Leitao
MM, Michael HE, Monk BJ. Improved survival with bevacizumab in advanced cervical cancer. N Engl
J Med. 2014 Feb 20;370(8):734-43.

Relevant Applications to Biotechnology

Immunology is being incorporated with technology in many different ways. Scientists
have realized the immense power and influence of our own immune systems ability to
cure disease. Research is focusing on detecting antibodies on cancerous cells. Such
nanoparticles can be detected by advanced imaging techniques. Lasers are being used
to detect these microscopic antibodies on the surface of cells. Due to such
advancements in technology, the nano world is no longer an uncharted area of study
and is leading to major improvements in medical therapies and treatments.
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Objective Methods and Materials (continued) Chart 1: Percentages of major

The objective of this poster is to present a synthesis of the most up-to-date At four years of age, blood pressure and anthropometrics including body fat, heart 60 abnormalities per child for the PGS
research on the effects of PGS/PGD on child development to help assess the risks rate, pulse pressure, height, weight, waist, head circumference, and frequency of b group (PGS+), IVF/ICS Srotp
_ o T _ _ (PGS-), and natural conception
of embryo biopsy on the embryo’s growth and development years later. The hospitalization and paramedical care were measured between 49 PGS children and = group (reference). Purple = 0, dark
research indicates that PGS/PGD has no correlation to major differences in physical 64 IVF/ICSI children.’ “ h I L green =1, light green = 2, pink =
and neurological development among PGS/PGD children, IVF children, and children Neurological development was measured using various assessments. One study R e 23.°
from natural pregnancies. measured the neurological development of infants, comparing PGS children and
IVF children, at 2 weeks, 3, 4, 10, and 18 months of age. Their general movements o
“ were examined and classified as normal-optimal, normal-suboptimal, mildly
abnormal, and definitely abnormal. At 18 months, five areas of functionality were The results of the studies indicate that PGS/PGD children have similar
Preimplantation genetic screening (PGS) and preimplantation genetic diagnosis assessed in the context of play in the Hempel neurologic examination: “fine motor anthropometric data to their IVF/ICSI and natural conception counterparts. Their
(PGD) are new technologies that are used in vitro fertilization (IVF) treatment to function, gross motor function, posture and muscle tone, reflexes, and visuomotor neurological development is equally similar, especially as the children aged. There
help select blastocysts for implantation that will lead to a successful pregnancy and function.”2 The neurological development at 2 years of age was assessed by were very few differences: lower birth weights among IVF/ICSI multiples compared
choose embryos with the optimal genes, respectively. PGS is commonly confused another study that calculated the mental development index based on visual/ with PGD multiples, increased fine motor dysfunction and dysfunctional posture
with PGD; however, they are different in that PGS only screens for genetic auditory processing, memory, language skills, hand-eye coordination, imitation, and muscle tone, and 7% greater chance of MND in PGS infants. None of these
mutations that reduce the likelihood of implantation such as aneuploidy, while and problem-solving ability and the psychomotor development index based on fine findings, however, have been replicated, and they are both results observed in
PGD screens out embryos with specific genes that the parents deem undesirable, and gross motor skills using the Bayley Scales of Infant Development. Parents small sample populations, where the difference is one or two children. As a result,
such as the BRCA1/2 mutation. They are similar in that both utilize embryo biopsy were also asked to fill out the Child Behavior Check List (CBCL) to collect data on it appears that PGS/PGD poses no significant risks in the physical and neurological
to perform genetic tests on one or two cells from each embryo. Concerns about behavior issues. This study compared 54 PGS children to 77 IVF children.# Four- development of PGS/PGD children up to four years of age.
the possible harms of embryo biopsy used in PGS/PGD have led to several studies year-olds from the anthropometric study above were tested for neurological and
on their effect on the health and development of children. These studies are behavioral issues using the Hempel test outlined above converted to a neurological . . .
necessary to assess the risks of PGS/PGD, two invasive procedures often optimality score (NOS), CBCL, and 1Q tests.® AppllCﬂUOnS to BIOtEChn0|OgV
recommended to advanced maternal age and repetitive failure IVF patients. Given that PGD and PGS are frequently used to avoid passing on hereditary

Research in the area of child development utilized anthropometric data at birth-, _ PGD/PGS p— N illnesses and maximize the chances of a successful implantation and pregnancy

1 3,5 7 ; el . . . . .
two months?, two years®>, and four years” and neurological assessment of general after IVF/ICSI, it is extremely important that embryo biopsy carries few risks.

movements, motor skills, mental development, and behavioral development at Wejlght ) 0L AL 3oL 3;2?5};: Tracking the neurological and physical health of PGD/PGS children is essential to
infancy?, two years*, and four years® to compare the development of PGS/PGD Height (cm) 0.6%5.2 91.9%3.5 14234 collected in determining these risks so that IVF/ICSI patients can make informed decisions and
children with IVF and natural conception children. Neurological examination Head Circumference (cm) 48.8 +1.4 49.0+1.4 48.8 + 1.6 PGD/PGS, weigh the benefits of PGS/PGD with the risks.

utilized the Hempel test.to classify the mental health of children into categories: Left Arm Circumference (cm)  15.7 4 1.2 159413 160414 ICSI, and NC

neurologically normal, simple motor neurone disease (MND), complex MND, or groups at two

neurologically abnormal.?® Other methods employed include IQ testing to assess Waist Circumference (cm) 48.7 £ 3.5 48.0£3.1 49.0£3.7 years.” Acknowledgements

cognitive ability and the child behavior checklist to investigate behavioral

e . . _ . | am grateful for this opportunity to learn about oncofertility in a multi-faceted and
development.+¢ Physicaldevelopment was measured using weight; height arm, | | U1 | S irccractive way through thi program. | greaty appreciatethe supportfrom my
waist, and head circumference; and counting morphological abnormalities, . _ . . : NS : : oy

5 P 5 Birthweight of PGD singletons (3262.8 + 543.5 g) and multiples (2299.8 + 581.1 g) OSA sisters and Ms. Patricia Winter. | am especially thankful for Sheriden Smith’s

classifying them into major and minor categories.>> The results of these studies : - : : :
YIne . J . g . . were similar to the ICSI control group (3236.5 + 583.2 g for singletons and 2248.1 + and Dr. Ericka Senegar-Mitchell’s help and valuable discussions.
show that PGS/PGD children have no significant morphological or neurological , , _
582.1 for multiples). Birth head circumference (cm) was also comparable: 34.30 +

hsg:zhoﬁ':fe;e; Ci;];rfg (;t.z:;'r\frgh'lqr;e dn tinjettr; rﬁ?ﬂ”:if];plgﬁmf:fr: :\’5 tﬁ)fgu.rcal 1.64 (PGD) compared with 34.21 + 1.90 (ICSI) in singletons and 32.35 + 2.38 (PGD) References
y &¢. Tu . qul ! 5 . 5| compared with 32.13 + 2.36 (ICSl) for multiples. More ICSI multiples exhibited low

and physical effects past age four before PGS/PGD are recognized as low-risk

birthweight (17.8%) compared with PGD multiples (16.2%). See Table 1 for 1. Desmyttere S, De Rycke M, Staessen C, et al. Neonatal follow-up of 995 consecutively
proceaurestor VHICSHtreatments anthropometric data of two-year-olds, Chart 1 for morphological abnormalities of born children after embryo biopsy for PGD. Hum Reprod. 2012 Jan;27(1):288-93.
Methods and Materials two-year-olds, and Table 2 for the anthropometric measurements of four-year-olds. 2. Middelburg KJ, Heineman MJ, Haadsma ML, et al. Neurological condition of infants
53,7 born after in vitro fertilization with preimplantation genetic screening. Pediatric Res.
To determine the effects of PGS/PGD on child development, research groups used The neurological study on infants indicated that 25% of PGS infants had at least one 2010 Apr;67(4):430-4.
a number of different metrics at different ages. Physical development was tracked neurological problem by 18 months compared with 15% of IVF infants. 20% of the 3. Beukers F, van der Heide M, Middelburg KJ, et al. Morphologic abnormalities in 2-year-
using biometrics and anthropometrics. One group collected data on height, weight, PGS group were diagnosed with MND compared with 13% of the control.2 In the old children born after in vitro fertilization/intracytoplasmic sperm injection with
and head circumference of two month old infants, comparing 995 PGD children study of PGS children compared with IVF only children at two-years, the mental preimplantation genetic screening: follow-up of a randomized controlled trial. Fertil
with 1507 ICSI children at the same medical center. The study combined development index was 103 for both.* The neurological outcome results Steril. 2013 Feb;99(2):408-13. |
identification of malformations with medical history of neonatal biometrics and 2- (PGS:control) from the Hempel test showed 87% : 95% normal, 7% : 4% simple MND, 4. Middelburg KJ, van der Heide M, Houtzager B, et al. Mental, psychomotor, neurologic,
month measurements.! In another study, 70 PGS/PGD children were compared 4% : 1% complex MND, 2% : 0% cerebral palsy. The total median CBCL results were and behawora/ outcomes of2-yeqr—old children bo.rn after.pre/mplantanon genetic
with 70 ICSI (intra-cytoplasmic sperm injection) children and 70 NC (natural 43.0 : 46.0. In the study of four-year-olds, scores of PGS singletons: control singletons screening: follow-up of a randomized controlled trial. Fertil Steril. 2011 J_U|;96(1):165f9'
conception) children for biometrics at birth and at 2 years of age, controlling for were 12.2 (fluency), 49.3 : 48.7 (NOS), 113.4 : 114.4 (total 1Q), and 45.7 : 47.7 (CBCL).® >- Desmyttere 5, De Schepper J, Nekkebroeck J, et al. Two-year auxological and medical

, , outcome of singletons born after embryo biopsy applied in preimplantation genetic
race (all Caucasian), language (Dutch, French, or English), and number (all diagnosis or preimplantation genetic screening. Hum Reprod. 2009 Feb;24(2):470-6.

singletons). The NC and ICSI groups matched the PGS/PGD group with mother _“ 6. Schendelaar P, Middelburg KJ, Bos AF, et al. The effect of preimplantation genetic

tongue, maternal education level, gender, and birth order. The data collected Weight (kg) 19.5 18.7 Table 2: Blood screening on neurological, cognitive and behavioural development in 4-year-old children:
included the biometrics of the first study in addition to arm and waist | ADIE - BIood pressure llow- RCT. Hum Reprod. 2013 Jun:28(6):1508-18

: L : c : : Height (cm) 110.7 109.3 and anthropometrics of follow-up of a - UM Reproda. un, ' '
circumference and examination of skin and eyes.> A third study comparing 50 PGS | PGS and IVF/ICS! four- 7. Seggers J, Haadsma ML, Bastide-van Gemert S, et al. Blood pressure and
children, 72 IVF children, and 66 natural conception children examined each at 2 Head Circumference (cm) 51.2 1.1 year-olds were anthropometrics of 4-y-old children born after preimplantation genetic screening: follow-
years of age for morphological abnormalities using photography in combination Waist Circumference (cm) 54.5 55.1 measured.’ up of a unique, moderately sized, randomized controlled trial. Pediatric Res. 2013 Nov;

with medical records and anthropometry.3 SBP/DBP (mm Hg) 102 + 3/64 + 3 100 + 3/64 + 3 74(5):606-14.
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Objective

The objective of this poster is to determine if there is a relationship in the
iIntake of fertility drugs and the risk of breast cancer it creates in pre-
menopausal women. The research focuses on fertility drugs such as
Clomiphene Citrate [CC] and Follicle-Stimulating Hormone [FSH].

Abstract

Fertility drugs, such as Clomiphene Citrate (CC) and Follicle Stimulating
Hormone (FSH), stimulate the release of multiple eggs when administered
clinically due to the increase of estrogen in a woman's body, which induces
ovulation. This large amount of estrogen promotes the growth of hormone
receptor positive breast cancer cells in pre-menopausal women. The
objective of this research is to examine the relationship between fertility drugs
such as CC and FSH, and the risk of breast cancer diagnoses for women
under 50 years old. Within the conducted research, the National Cancer
Institute recruited 1,422 breast cancer patients who underwent IVF previously,
as well as their biological sisters (1,669 women) who were cancer free. Each
patient reported the use of CC, FSH, or both and whether or not they were
pregnant for 10 or more weeks after fertility freatments. Women who used
ovulation-stimulating drugs and did not get pregnant showed a decreased
possibility of breast cancer, compared to women who had never used fertility
drugs. Participants who underwent assisted reproduction and successtully gof
pregnant—10 weeks gestation—showed an increased possibility of breast
cancer, when compared to the non-pregnant women in the study; however,
the possibility did not increase with participants who did not undergo fertility
treatment. Conclusively, it can be seen that throughout the research women
who received hormone tfreatment and successfully conceived, had a higher
risk of becoming diagnosed with breast cancer. Even though fertility drugs do
Increase the risk for a pre-menopausal female of getting breast cancer, the
risk is not higher than expected for the general public.
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Figure 1-2. Characteristics of sisters in the Two Sister Study.
Fei, C., Deroo, L., Sandler, D., & Weinberg, C. (2012). Fertility
Drugs and Young-Onset Breast Cancer: Results From the
Two Sister Study. JNCI Journal of the National Cancer
Institute, 1021-1027.

The Correlation Between Breast Cancer Rates and
Fertility Stimulants Clomiphene Citrate and Follicle

Stimulating Hormone

Methods and Materials

In order 1o get the most accurate results, researchers gathered data from
participants who had sisters with a diagnosis of breast cancer and who were
younger than 50 years old. Both sisters did the same two-part computer assisted
telephone interview (CATl) on their health conditions, litestyle, reproductive
factors, and more. In addition the breast cancer diagnosed sisters did CATl on
treatments they had undergone, breast cancer diagnosis, and the
characteristics of the tumor. Of the 3,283 participants only 3,091 qualified to
participate in the study. Before the interview, sisters were shipped memory aids
such as a life calendar to mark any type of surgery and births and a list of
medications. Parficipants were also asked in the CATl if they had ever taken
medication to help them get pregnant. If they did take medication they had to
provide the name of the medication, when they took it, the number of menstrual
cycles and if the tfreatment helped them get 10 or more weeks pregnant. After
getting the list of medications, researchers considered two types of ovulation
stimulation drugs, CC and FSH. In the first model, scientists gathered the women’'s
data in groups, fertility-drug use was categorized as nonuser, FSH only, CC only
and both FSH and CC. In the second model scientfists divided the groups into
two simpler ones, nonusers and users.
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Figure 3. The relationship of young-onset breast cancer with fertility
drugs and stimulated pregnancies. Fei, C., Deroo, L., Sandler, D., &
Weinberg, C. (2012). Fertility Drugs and Young-Onset Breast Cancer:
Results From the Two Sister Study. JNCI Journal of the National Cancer

Figure 2. The relationship of invasive estrogen receptor-positive
young-onset breast cancer with stimulated pregnancies. Fei, C,,
Deroo, L., Sandler, D., & Weinberg, C. (2012). Fertility Drugs and
Young-Onset Breast Cancer: Results From the Two Sister Study. JNCI

Institute, 1021-1027. Journal of the National Cancer Institute, 1021-1027.

Results

A significant decrease of young-onset breast cancer appeared on women who only
took CC or CC and FSH in comparison with women who did not take these two
drugs. Those who unsuccessfully used only FSH weren't found to have any apparent
risks, but the number of parficipants was low. When the first model of freatment of
fertility drug use history with the following categories: nonusers, users of CC, users of
FSH, and users of both CC & FSH was compared with the second model where
fertility drugs were accumulated to create two categories such as exposed or noft
exposed It became clear that the effects of CC and FSH weren't detectable in the
data. Participants with a fertility drug use background appeared to have a
significant decrease in the risk of young on-set breast cancer in comparison to
females who were nonusers. Women who reached a 10 week or more pregnancy
under treatment appeared to have an increased risk of young on-set breast cancer
IN comparison with other users who had taken fertility drugs but did not have a
successful pregnancy. As for participants who did not reach a 10 week or more
pregnancy under freatment, they appeared 1o have decreased chances of getting
breast cancer in comparison to nonusers. In conclusion, participants who did or
didn’t get pregnant under the treatment, did not have a notable increase risk of
young on-set breast cancer in comparison with participants that were untreated.
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Conclusions

Researchers discovered that there is no significant difference in the rates of
developing breast cancer between the women who have used fertility drugs in
the past versus the general public. Scientists concluded that fertility drugs do
not increase the chances of breast cancer, in fact they lower the risk in females
who do not sustain a 10 week or more pregnancy.

Relevant Applications to
Biotechnology

Scienftists have come a long way since the first IVF freatments. Scientists have
figured out a new method of IVF freatment that always observes the growth
of embryos. This new technology is called EmbryoScope; it helps fertility
professionals control the development of fertilized eggs every twenty minutes.
This technology has 54% success rate in comparison with normal IVF which
only has 45%. With EmbryoScope, it is much easier for specialists to find
Important changes or problems.
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gl The Effectiveness of Targeted Therapy Using Olaparib to Resensitize
i Resistant Tumor Cells

Quvynh Nguven Crawford High School

Olaparib is a novel, orally active poly(ADP-ribose) polymerase (PARP) Patients were eligible if they were 18 years of age or older and had In conclusion, monotherapy Olaparib 400mg can make treatment
inhibitor that induces synthetic lethality in homozygous BRCA-deficient recurrent ovarian cancer. All studies start in Phase 2 of clinical trial.?3> resistant tumor cells most effective. Throughout all 3 studies,
cellst .With that background information, this poster will demonstrate However, the materials and methods for each study will be different. In monotherapy Olaparib showed that the therapy itself has an antitumor
about the effectiveness of these group therapies: Combined Ledermann’s study (combined Olaparib and platinum-based therapy) effect that slows growth of ovarian cancer tumors. However, giving
administration of 400mg Olaparib and platinum-based chemotherapy; includes 68 patients were randomly administrated at a dose of 400mg patients a high dose of Olaparib 400mg itself can lead to adverse
monotherapy Olaparib and monotherapy Bevacizumab to see which twice daily.” These patients receive two or more platinum-based events which may cause relapse in patients because of an overdose in
group makes treatment resistant tumor cells more sensitive. regimens and had a partial or complete response to their most recent Olapraib. Furthermore, the ORR didn’t differ between the group with
platinum-based chemotherapy .The second study was conducted by combined Olaparib and platinum-based therapy and monotherapy
Abstract Gynecologic Oncology Group, Burger’s study (monotherapy Bevacizumab because each study had a different amount of patients
. . . . . Bevacizumab) includes 62 patients were randomized to with that participated in the study, which could have affected results. In the

Ovarian cancer is the fifth leading cause of cancer death in women; , , . . .

. 0 . . Bevacizumab 15mg repeated every three weeks.3 Audeh’s study end, results showed that monotherapy Olaparib 400mg is a promising
approximately 10% of all ovarian cancers are hereditary and of these, e , o , . .

o . . . (monotherapy Olaparib) includes 34 patients were administrated with therapy and can be used to revert resistant tumor cells to a sensitive,
more than 90% are associated with BRCA1 or BRCA2 germline , , _ , , .
ety . Olaparib 400mg twice daily.> All patients were followed until responsive state.
mutation.” Scientist discoverers that targeted therapies are a new type , , _
. progression of disease.PFS was assessed with the use of computed
of cancer treatment that uses drugs or other substances to find and , ,
attack cancer cells while doing little damage to normal cells. There are tomographic scans obtained every 12 weeks and was calculated on the : : :
1oIng 196 N basis of measurement of tumor size.3> Relevant Applications to Biotechnology

2 types and each works different: Bevacizumad and Olaparib.

Bevacizumad works as angiogenesis inhibitor, which helps, block the The advancement of biotechnology have helped us invented many

formation of new blood vessels and as a combination use with Results good medication that can cure cancer. Especially in ovarian cancer,

standard chemotherapy for cancers.> Meanwhile, Olaparib is one new The result of Ledermann’s study is the median PFS is 8.4 months for targeted therapies, such as PARP inhibitor and anti-angiogenesis

inhibitors, these are designed to target the cancer’s specific genes,

type therapy of PARP inhibitor, which is a repair of DNA single- the group combined Olaparib and platinum-based chemotherapy.> o the £ . X b h
stranded breaks (SSB) through via homologous- recombination repair Based on the RECIST guidelines, the response rate is 12% in the study proteins, or the tissue environment that contributes to cancer growt
pathway.! This is why the focus of this study is to see what is the most group.5 At that time, the data had to cut-off due to few deaths had and survival.

effec.ti.v.e therapY that can revert tumor.cell from resis.tance state to occurred for a survival analysis to be performed. The toxicity of group
s§n5|t|V|ty state in ovarian cancer. .In this stu.d.y, we.W|II compare three combined Olaparib 400mg and platinum-based therapy was majority of
different groups of therapy: Combined administration of 400mg adverse events grade 1 or 2 and did not require interruptions of the ' would ik ank Oncofertility Saturdav Academy for givi N
Olaparib and platinum based chemotherapy, monotherapy treatment.> In Burger’s study, the activity of Bevacizumab was would Tike to tl o I:CO eC;tl It:cl achL.Jr ?\»;F Cé] =y o(rnglymghr.nejc >
Bevacizumab; monotherapy Olaparib. The result of this study is the analyzed in 62 patients, the response rate is 21% and the median PFS is oppd(?rttlmllty toldeﬁlin about .Eco”ertlhltyl,( D ’E e.mkcegan IOE/T. IC; |Ir|1
objective response rate (ORR) in group-combined Olaparib and 4.7 months.? In addition, 40% patients were progression-free for at :\n/le Iljca ' .WOVL\J/. e I;O slsejuﬁca thh an Dr Srlc ; ene(jgzr- .|tc =t
platinum-based therapy is 12% for administration of monotherapy least 6 months.3 So far in the study, there are only two patients Shs. .jrtnfca hmt.er, hr . .ke relyd ane ,h " ?rr;] e:(an s S|stgrSA
Bevacizumab 15mg is 21%.>> However, the objective response rate for discontinued the study because of adverse effect and these adverse . eriaen dor > a.rllng. t ellr_| :Oer ie .Wlt me: » an youdto my

group monotherapy Olaparib 400mg is 33%.” In addition, the effects are manageable and mild in majority of cases so the toxicity in s;\sters sn spheua sister Halley Tor being my guidance and support me
Progression-free survival (PFS) of Bevacizumab group itself is 4.7 Bevacizumab was graded 3.3 Finally, Audeh’s study showed that throughout the academy.

months? ,combjned administration of 400mg Olaparit? and !olatinum- greater Olaparib activity is seen at high dose of 400mg, the response

based therapy.ls 8.4 months and for Olaparaib group itself .|s 9 monthes. rate of this monotherapy Olaparib is 33% which higher than other References

25 The conclusion of study prove that monotherapy Olaparib 400 mg therapy groups.? The median PFS is 9 months.2 However, throughout 1 Chon Y Zhane | & Han O (90121 Olanarihe A nramicine PARD
1. Chen, Y, Zhang, L, & Hao, Q. (2013). Olaparib: a promising PARP

the process of treatment with monotherapy Olaparib 400mg, there T : .
inhibitor in ovarian cancer therapy. Archives of gynecology and

Monotherapy Olaparib proves that it has most effective in revert were the most frequently reported adverse events and most events .
treatment resistant tumor cells to a sensitive stage in recurrent ovarian were mild in intensity, toxicity was graded 3 or 4.2 obstetrics, 288(2), 367-74.

cancer patients. 2. Audeh, M W, Carmichael, J, Penson, RT, et al. (2010). Oral poly(ADP-
ribose) polymerase inhibitor olaparib in patients with BRCA1 or BRCA2
mutations and recurrent ovarian cancer: a proof-of-concept trial.

twice daily has antitumor activity heavily on ovarian cancer.

Therapy Patients Dosage ORR PFS Toxicity
Combined Olaparib and |68 BRCA 400mg 12% 8.4 months® |1 or 2° Lancet (London, England), 376(9737), 245-51.
Platinum-based 1/2 Olaparib® 3. Burger, R A, Sill, MW, Monk, B J, et al. (2007). Phase Il trial of
therapy patients? oevacizumab in persistent or recurrent epithelial ovarian cancer or
Monotherapy Olaparib |34 BRCA  |400mg 33942 9 months2 |3 or 42 orimary peritoneal cancer: a Gynecologic Oncology Group Study.

1/2 Olaparib? Journal of clinical oncology, 25(33), 5165-71.

patients? 4. Chan, S L, & Mok, T. (2010). PARP inhibition in BRCA-mutated breast
Monotherapy 62 BRCA 15mg 91943 A 7 months3 |33 and ovarian cancers. Lancet (London, England), 376(9737), 211-3.
Bevacizumab 1/2 Bevacizumab3 5. Ledermann, J, Harter, P, Gourley, C, et al. (2012). Olaparib

patients3 maintenance therapy in platinum-sensitive relapsed ovarian cancer.

Figure 1. Protein structure of Bevacuzinab?® Figure 2. Chemical structure of Olaparib® The New England journal of medicine, 366(15), 1382-92.




Objective

What are the effects of Mitochondrial DNA levels on embryonic implantations? The
embryos from women ranging of twenty-six to forty-two years old were transferred
and observed for any signs of implantation. The amount of mtDNA in the embryos
were measured using real-time PCR and then compared to the implanting and non-
iImplanting embryos to observe if there is any relationship. This poster will
demonstrate the effects that high and low levels of mitochondrial DNA have on the
success rate of embryonic implantations.

Abstract

As maternal age increases, the chance of embryonic chromosomal abnormalities as
well as complications with implantation increases. Abnormal mitochondrial activity can
damage oocytes by causing augmentation of reactive oxygen super-oxides in the cell,
affecting implantation rates. The mitochondrial genome proofreading system is not as
strong as the nuclear genome’s, so chromosomally normal (euploid) blastocysts have
lower levels of mtDNA than chromosomally abnormal (aneuploid) blastocysts. In one
study done, 92.9% of euploid embryos developed into blastocysts while 42.1% of
aneuploid embryos developed into blastocysts; a possible connection could be the
75% chance of aneuploidy in the oocytes of women over 40 years old. Through real-
time Polymerase Chain Reaction (PCR), microarray comparative genomic
hybridization (aCGH), and next generation sequencing (NGS), the mtDNA levels in
the embryonic genome can be measured. The data will reflect the amount of mtDNA
in the embryos and will then be observed for implantation potential. The patients were
in IVF clinics in the US and UK; gender and age ranges were kept constant for the
duration of the study. The ranges for reproductively younger women were age 26-37
and reproductively older women were age 38-42. Successful implantations were
shown where maternal age was low and where mtDNA levels were 0.003 or lower.
Where mtDNA levels were higher than 0.003, and came from maternally older
women, the embryos had a lower tendency to implant. The data suggests that high
levels of mMtDNA increase embryonic implantation failures which points to a
connection among maternal age, mtDNA, and embryonic implantations for both
euploid and aneuploid blastocysts. Knowing the health of blastocysts, pre-
implantation, is important so that pregnancies can occur.

340
Blastocysts

12) Awpiod

Figure 1: Further clarification of the methods and
results of the experimentation process presented
in the poster. Fragouli, E., Spath, K., Alfarawati, S.,
Kaper, F., Craig, A., Michel, C.-E., ... Wells, D. (2015).
Altered Levels of Mitochondrial DNA Are Associated
with Female Age, Aneuploidy, and Provide an
Independent Measure of Embryonic Implantation
Potential. PLoS Genetics, 11(6), e1005241.
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Methods and Materials

In IVF clinics in the US and UK, 340 blastocysts from 161 couples (average maternal
age 38 years) were cytogenetically tested for aneuploidies. One of the cytogenetic
techniques used was microarray comparative genomic hybridization (aCGH) in which
302 blastocysts were analyzed. Out of the 302 blastocysts from aCGH, 148
blastocysts were from reproductively younger women with a range 26-37 years and
an average age of 34.8 years. The remaining 154 blastocysts came from
reproductively older women with ages ranging from 38-42 years and an average age
of 39.8 years. These 302 blastocysts were studied through real-time Polymerase
Chain Reaction (real-time PCR) to determine their chromosomal status and amount
of mtDNA; additionally, 38 blastocysts were studied through NGS to search for the
same (see figure 1 for reference).

The Effects of Mitochondrial DNA on Embryonic Implantation UC SaﬂDlegQ G0

Kathleen Pulvers
Academy of Our Lady of Peace

After the relationships between mtDNA, aneuploidy, and maternal age were
analyzed, 89 blastocysts from 85 patients (average maternal age 38.3 years) were
transferred into uteruses. 81 blastocysts went through single embryo transfers
(SETs), and 8 through double embryo transfers (DETs). The mtDNA copy number
guantification was found via real-time PCR assessment of the implanting and non-
implanting 89 blastocysts. In this study, the factors were maternal age (younger
vs. older), embryonic chromosomal status (euploid vs. aneuploid), and embryonic

implantation (pregnancy vs. failure to implant).
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Figure 3. The mtDNA content of chromosomally normal
blastocysts in relation to clinical outcome. Fragouli, E.,
Spath, K., Alfarawati, S., Kaper, F., Craig, A., Michel, C.-E., ...
Wells, D. (2015). Altered Levels of Mitochondrial DNA Are
Associated with Female Age, Aneuploidy, and Provide an
Independent Measure of Embryonic Implantation Potential. PLoS
Genetics, 11(6), e1005241.

bDlastocysts
Figure 2: mtDNA quantification via NGS analysis of
chromosomally normal and abnormal blastocysts. Fragouli, E.,
Spath, K., Alfarawati, S., Kaper, F., Craig, A., Michel, C.-E., ...
Wells, D. (2015). Altered Levels of Mitochondrial DNA Are
Associated with Female Age, Aneuploidy, and Provide an
Independent Measure of Embryonic Implantation Potential. PLoS
Genetics,
11(6), e1005241.

Results

From the 302/340 blastocysts that were analyzed through aCGH, 99 were
aneuploid and 203 were euploid. Table 1 depicts the relationship between mtDNA
qguantity, maternal age, and chromosomal status. Out of the 38/340 blastocysts
that were analyzed via NGS, 24 were aneuploid and 14 euploid. Through real-time
PCR was used on the 38/340 blastocysts to compare the amount of mtDNA in the
aneuploids and 14 euploids. Figure 2 illustrates the low levels of mtDNA in euploid
blastocysts and high levels of mtDNA in aneuploid blastocysts. From the 89
blastocysts transferred through SETs and DETSs, 42 resulted in ongoing
pregnancies while 47 failed to implant. Real-time PCR analysis indicated that the
implanting blastocysts had noticeably lower amount of mtDNA than the non-
implanting (figure 3). 100% of the 42 blastocysts that implanted had mtDNA
guantities lower than 0.003, while 30% of the 47 that failed to implant had mtDNA
guantities higher than 0.003. What was found was that the baseline of mtDNA for
embryos that implant is 0.003, or lower. The embryos that had an mtDNA quantity
of 0.003 or lower, tended to be from the reproductively younger women. These
results suggest that maternal age is connected to embryonic mtDNA quantity and
that an older maternal age increases the chances of failure to implant.
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Figure 4. Blastocyst mtDNA quantity threshold in relation to  Figure 5: Further clarification of the results of the 89

clinical outcome. Fragouli, E., Spath, K., Alfarawati, S., Kaper, F., Blastocysts. Fragouli, E., Spath, K., Alfarawati, S., Kaper, F.,
Craig, A., Michel, C.-E., ... Wells, D. (2015). Altered Levels of Craig, A., Michel, C.-E., ... Wells, D. (2015). Altered Levels of
Mitochondrial DNA Are Associated with Female Age, Aneuploidy,  Mitochondrial DNA Are Associated with Female Age, Aneuploidy,
and Provide an Independent Measure of Embryonic Implantation  and Provide an Independent Measure of Embryonic Implantation
Potential. PLoS Genetics, 11(6), 1005241 Potential. PLoS Genetics, 11(6), e1005241.
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Table 1: The average relative quantities of mtDNA
observed in association to female age and
blastocyst chromosome status. Fragouli, E., Spath,
K., Alfarawati, S., Kaper, F., Craig, A., Michel, C.-E., ...
Wells, D. (2015). Altered Levels of Mitochondrial DNA
Are Associated with Female Age, Aneuploidy, and
Provide an Independent Measure of Embryonic
Implantation Potential. PLoS Genetics, 11(6), e1005241.

Conclusion

Maternal age is an influencing factor on chromosomal status. With increasing
maternal age, particularly over 37 years old, the cases of embryonic aneuploidies Iin
this study were more prevalent. Moreover as maternal age increased, the amount of
MtDNA in blastocysts increased as well, and the instances of embryonic implantations
decreased. In women 36 years and younger, the cases for aneuploidy were lower and
success rate of embryonic implantation were higher. This is important to note for
women experiencing fertility issues, as their age could play a major role.

Relevant Applications to Biotechnology

Through cytogenetic testing methods such as real-time PCR, aCGH, and NGS
aneuploidies can be found in blastocysts before transferred into the uterus. Using
real-time PCR is important to measure the amounts of mtDNA in blastocysts so that it
can be known if implantation of the blastocysts, and ultimately a successful
pregnancy, is possible. For the future of biotechnology, perhaps medicine can be
developed to lower/steady the mtDNA levels in older women trying to have children.
Analysis and future medicine can increase the chances of having an ongoing
pregnancy because more healthy blastocysts would be able to be transferred in utero
and will implant.
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Objectives

With the advancement of technology, it is still often questioned why
there is not yet a “cure” to cancer. The objective of this
experiment, in which CRISPR-Cas9 systems are used in order to
treat cancer cells infected with HPV16, is to serve as a stepping-
stone toward solving this age-old question.

Figure 1. HPV16 Virus

Each year, about 12,000 women are
diagnosed with cervical cancer. Human
Papillomavirus (HPV) is the leading
cause, and anyone who is sexually
active is at risk. Although preventable
with an HPV vaccine and easily
detectable with Pap smears, diagnoses
still occur.

Rotaru, P. (n.d.). Everything About the
Virus HPV (Human papilloma virus).
Retrieved August 6, 2015.

Abstract

High-risk Human Papillomavirus (HPV), notably HPV16, is
responsible for virtually all cases of cervical cancer. When a host
cell is infected, the E6 oncoprotein proliferates and disrupts the
P53 tumor-suppressor protein, leading to unregulated cell growth.
With the intent to eliminate cervical cancer in women without
causing harm to healthy cells, CRISPR-Cas systems can be used
to mutate the E6 oncogene introduced by HPV16, essentially
curing cervical malignancy. CRISPR (Clustered Regularly
Interspaced Short Palindromic Repeat) is a new genome-editing
tool in which a targeted segment of DNA can be excised with great
specificity. Four different cell lines were transfected and studied in
vitro, two of which were HPV16-positive cervical cancer cell lines
(CaSki and SiHa) and two were HPV16-negative (C33A and
HEK293). Each cell line was transfected with a plasmid encoding
the Cas9 enzyme and a gRNA sequence. Three different segments
of guidance RNA (gRNA) were used in order for the Cas9 (CRISPR
associated) enzyme to cut the E6 gene in the HPV genome at a
specific site. When the double stranded breaks (DSB) in the DNA
are repaired by the error-prone nonhomologous end joining (NHEJ)
repair system, a frameshift mutation occurs, deactivating the gene.
An annexin V-FITC (fluorescein isothiocyanate) apoptosis-
detection kit demonstrated that apoptosis increased from an
average of 5% to 40% in the HPV-positive CaSki and SiHa cells
while the HPV-negative C33A and HEK293 cells were unaffected.
Western blot analysis indicated a reduction in E6 activity by nearly
50% while p53 activity nearly tripled as compared to the control.
The CRISPR-Cas system has great potential as it allows for a less
expensive and less harmful treatment for HPV-related cervical
cancer. Since the CRISPR-mediated mutations are permanent,
they can be passed down from generation to generation. A cure for
cervical cancer is only the beginning, as CRISPR has the potential
to treat many other genetically based diseases.

Figure 2. CRISPR-genome editing.
CRISPR is a newgenome-editing tool ¥ 7
discovered by Jennifer Doudna, was
found to have great potential for
targeted treatment. Unlike other
chemotherapeutics and genome

editing tools, CRISPR operates with
great specificity and minimal cytotoxicity.
Bridger, H. (2013, January 9). Genome
engineering gets CRISPR. Retrieved
August 6, 2015.

Methods and Materials

Four types of cells were used in order to test the efficacy and
specificity of the CRISPR-Cas9 system: HPV16-positive SiHa and
CaSki cells, and HPV16-negative C33A and human embryonic
kidney (HEK)-293 cells. The cells were maintained in 5% humidity
in Modified Eagle’s Medium at 37°C. For the SiHa, C33A, and
HEK293 cells, the DNA transfection reagent X-tremeGene HP was
used while JetPEIl was used for the CaSki cells. Transfected into
the cells was a plasmid containing the Cas9 gene and a short
gRNA sequence intended to guide the Cas9 enzyme to the
targeted area on the E6 gene. Three gRNA sequences were
created (referred to as gRNA-1, gRNA-2, and gRNA-3); each
plasmid contained only one of the three sequences.

The CRISPR-Cas9 system is a very powerful genome-editing tool.
It consists of the Cas9 endonuclease, guidance RNA sequence,
and the CRISPR DNA sequences themselves. The Cas9
endonuclease is an enzyme that acts as a pair of “molecular
scissors” that can excise a targeted DNA segment if it matches the
gRNA sequence. Using the three gRNA strands, the Cas9 enzyme
induces double-stranded breaks (DSB) in the HPV16 E6 gene.
These breaks are then “fixed” by the error-prone NHEJ system,
causing a frameshift mutation and therefore disrupting the targeted
gene. When the E6 gene is disrupted, the p53 tumor-suppressor
gene regains function and signals the cancerous cell for apoptosis
and growth inhibition. As well, four assays were conducted in order
to assess the success of the CRISPR/Cas9 systems.

1. In order to verify that the CRISPR-Cas9 system properly
cleaved the E6 gene, a T7 endonuclease | (T7E1) assay was
performed. After the initial transfection of the CRISPR-containing
plasmid, the targeted E6 gene was amplified via PCR (polymerase
chain reaction). Four DNA samples, three containing a unique
gRNA sequence and one without a gRNA sequence.

2. Forty-eight hours posttransfection, an annexin V-FITC
apoptosis-detection kit was used. Both HPV16-positive and
HPV16-negative cells were analyzed with FACSCalibur™ in order
to calculate the rate of CRISPR-induced apoptosis.

3. Using the Cell Counting Kit-8 (CCK-8), cell proliferation assays
were performed 24 hours posttransfection. In each well of the 96-
well plate, 10 uL of CCK-8 solution was added. After 3 hours of
incubation, a microplate reader measured absorbance values at
490 nm.

4. Western blot analysis was also used in order to determine the
E6 and p53 protein levels in the CaSki and SiHa cells. The
antibodies used were: anti-glyceraldehyde 3-phosphate
dehydrogenase (GAPDH served as an internal control), anti-p53,
and anti-HPV16 EB6.
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Figures A and B: Representation of HPV16 E6 editing using CRISPR.
Figure A provides a basic overview of how the CRISPR-Cas9 system work
(explained above). Figure B demonstrates the approximate sites in which
the E6 oncogene was cut by CRISPR!.
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Figures C and D: Western Blot Analysis in SiIHA and CaSki cells.
E6:GAPDH and p53:GAPDH ratios in the both the SiHa and CaSki cells
were calculated. E6 levels were decreased by about 50% while p53 levels
tripled in comparison to the “Blank” cells or the gRNA-1 group.

Results and Interpretations

The results of the corresponding four assays are as follows.

1. After transfecting the CaSki and SiHa cells with the three
different gRNA/Cas9 plasmids, the T7E1 assay demonstrated that
the gRNA-2 and gRNA-3 groups cleaved the E6 gene into products
with approximately 200 - 300 bp. In the CaSki cells, cleavage
occurred with a frequency of up to 19% (gRNA-3). In the SiHa
cells, cleavage occurred with a frequency of up to 22% (gRNA-2).
However, the products of the gRNA-1 group remained uncleaved.
Therefore, the gRNA-2 and gRNA-3 groups were used for further
testing, with gRNA-1 as an additional control.

2. Apoptotic rates were calculated via flow cytometry analysis.
When treated with the gRNA-2/Cas9 and gRNA-3/Cas9 plasmids,
the HPV16-positive SiHa and CaSki cell lines demonstrated
approximately 35% greater apoptotic rates than the controls.
Meanwhile, the apoptotic rates of the HPV16-negative C33A and
HEK293 cell lines demonstrated no significant difference when
compared to the untreated “Blank” cells.

3. The CCK-8 assay, used to determine the effects of CRISPR on
cell proliferation or growth inhibition, demonstrated that the number
of viable HPV16-positive (CaSki and SiHa) cells significantly
decreased within the 96-hour time frame. On the other hand, there

was no significant change between the viability of the transfected
and untransfected HPV16-negative (C33A and HEK293) cells.

4. Western blot analysis demonstrated that the E6 protein levels
decreased by approximately 50% in the transfected CaSki and
SiHa cells as compared to the “blank” cells. The p53 protein levels
In the transfected cells increased by approximately 300% as
compared to the “blank” cells. The mutation of E6 allowed for the
P53 protein to regain function and reverse the malignancy of the
HPV16-positive cells.

In summary, the CRISPR-Cas9 system proved able to effectively

cut the E6 gene and induce frameshift mutations, allowing the

infected cells to regain the function of p53, inhibit cell proliferation,

and trigger apoptosis—all the while leaving the HPV16-negative

cells unharmed.
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Figures E and F: CRISPR-Cas9 Induced Apoptosis.

Using gRNA-2 and gRNA-3, apoptotic rates in the SiHa cells on average
increased by over 35% and over 30% in the CaSki cells as compared to the
control’.

Conclusion

Thus far the minimal cytotoxicity, great specificity, and proven
effectivity of CRISPR, promise a bright future for this powerful
technology. Cervical cancer is only the beginning, as all cancers
are based in mutated DNA. CRISPR can be used to mutate or
replace genes in vivo or in vitro, meaning that a person’s genes
can be edited at any time and permanently. As it is cheap, easy to
use, precise, and successful, CRISPR is the future of targeted
medicine. CRISPR has yet to be tested on human cells in vivo.
Therefore, there are concerns regarding the off-target effects. Oft-
target effects, like the mutation of the incorrect genes, must be
either reduced to nearly zero or controlled entirely before it can be
even considered for FDA approval. Further studies should use
CRISPR in vivo in model organisms in order to determine the side
effects of genome editing. Although more trials must be conducted
and modifications made, CRISPR offers a hopeful solution for an
array of genetic diseases and abnormalities.

Applications to Biotechnology

CRISPR is a great breakthrough for the medical community. As the
CRISPR-Cas9 systems were only discovered in 2012, there are
still many tests to be done in order to perfect the technology. As of
now, CRISPR can be used for genome editing and cancer
modeling. It has the potential to transform future cancer research,
therapy, and prevention. CRISPR is currently being used to model
cancer in mice both in vivo and in vitro, which has many
implications for the future study of cancer and the testing of
chemotherapeutics. CRISPR is also in the preliminary stages of
being used for systematic genetic screening in mammalian cells
crop modification, making them pest-resistant or more health-
beneficial.
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Introduction
- Ovarian cancer is a disease that impacts not only the many women that

it threatens, but also their fertility. To combat the disease, new methods ,

- of treatment, such as fertility sparing surgery (FSS) have emerged. FSS

. aims to preserve patient fertility. To accomplish this, FSS requires only a

- unilateral oophorectomy, where one ovary is removed while the other
ovary and the uterus remain, as opposed to a more traditional bilateral
| oophorectomy and hysterectomy where both ovaries and the uterus are
. removed. Although this is relatively new method of treatment,

, significant effects have already been observed. This poster will examine
| the impact of standard treatments on patient fertility in relation to

' treatment effectiveness in managing early stage epithelial ovarian

. cancer.

'addressed. Ovarian cancer is among those cancers whose treatment
threatens fertility. 21,290 women are diagnosed with ovarian cancer
‘annually.” However, through fertility sparing surgery (FSS), patients have
greater ability to maintain fertility while treating cancer. The purpose of
 this study is to demonstrate the potential of FSS to help preserve patient

fertility while effectively treating early stage epithelial ovarian cancer. To '

- evaluate the success of various cancer treatments in preserving fertility,
'while curing disease, researchers compared women, less than 50 years of
‘age, who had early stage, low-grade, non-clear cell epithelial ovarian
.cancer and received treatment. Patients were assighed to one of two
study groups: women who underwent bilateral oophorectomy or women

'who received FSS. Researchers found rates of recurrence between 33% in a
1109 patient study and 100% in a 3 patient study. 34 Researchers also found |

190% to 100% of patients resumed normal menses and pregnancy success
‘rates between 38% and 71%. 41> Beyond this, ultimately, researchers
found that the survival rates of patients who underwent fertility sparing
'surgery were not significantly impacted. One study reported that the five
year survival rate for patients who had undergone fertility sparing
‘treatment was 84%, and the five year survival rate for patients treated
‘with standard, more radical surgery was 82%.% As a result, it is clear that
fertility sparing surgery, in the place of other procedures with the

potential to severely limit fertility, should be considered for patients with ~
early stage epithelial ovarian cancer. By offering FSS to patients, they will |

‘have potential to better preserve fertility and have a higher quality of life.

'Future studies W]t'] 1ncreased numbers are necessary for future evaluatfon

Methods and Materials

tAll patients underwent staging surgery and were classified using the FIGO '
. system. Histology, stage, and grade were evaluated. Patients included in .,

' the study had epithelial, stage 1A or 1C, grade 1 or 2, non-clear cell
‘ovarian cancer, and were less than 50 years of age. Patients were

‘assigned to one of two groups: those receiving bilateral oophorectomy or '

those receiving FSS. Patients considered to be at high risk of recurrence,
‘with a grade higher than 1 or stage higher than 1A received platinum-
'based chemotherapy. Five year survival and recurrence rates were
?calculated as well as rates of amenorrhea and pregnancy

Results and Interpretatlons

In studylng FSS reproductlve functlon recurrence, effects of addftlonal
‘chemotherapy, and five-year survival rate were momtored Overall, FSS
allowed continued reproductive function, without increasing rates of

'recurrence or decreasing five year surv1val rates, in cases with or w1thout

addltlonal chemotherapy

Effects of Chemotherapy:

' Chemotherapy was found not to change the reproductive outcomes in FSS
 patients. One study found chemotherapy didn’t cause permanent |
.amenorrhea and didn’t impact conception or age of menopause. 2 In another
'with 15 patients who resumed menstrual function, seven of the fifteen had

received adjuvant chemotherapy. *

' As a top concern for young cancer patients, fertility preservation must be i

Sl B Mo) 4GS sy Coudence
interval
- 95% Cl, % 91-96 91-97 (Cl)by |
StagelC L stageand

. 5-Y Survival, % (No.)

. Survival rate
. over time in
' patients who
iunder went FSS

:' ophorectomy)'

Epithelial Ovarian Cancer
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' Reproductive Function:
After FSS, most patients resumed menstruation. One study found that 15 of
17 patients who had received FSS subsequently experienced regular
'menstruation. * A second study reported 94% of patients continued to have
.menstrual function. > In one study, all FSS patients resumed regular menses. -w
1 Another study reported that 72% of the women treated with FSS attempted |
to become pregnant, but only 38% of them actually succeeded with full-term !
delivery. ' However, two other studies reported much higher success rates of |
.68% and 71%. 2> ;
1G Ovarian Preservation Nartu-REE
- 5-Y Survival. % (No.) |

91 (754) 94 (432) 5 year

83 (203) 38 (62)

 Five-Year Survival Rate:

‘Overall, there was no significant difference in five-year survival rates for
'women who had FSS and women who didn’t have FSS. One study found a
 five-year survival rate of 84% in the fertility-sparing group and an 82% five-
.year survival rate in the standard surgery group. * Figure 1 also
.demonstrates this; the overall five-year survival rate of women who |
'underwent a bilateral oophorectomy was 91%, while women who had ovarian |
‘preservation had a similar survival rate of 94%.> However, it is possible that |
'there is an initial, more rapid drop in survival in women who underwent FSS |
‘while women who had more radical surgery showed a less extreme, more
.gradual drop in survival. This is depicted in Figure 2. As stated though, by
‘the five year mark, survival rates are the same. !

Figure 2:

and RCS
(bilateral

Recurrence: ;
. Rates of recurrence for women who underwent standard surgery and women |
.who underwent conservative surgery were similar. Two studies found ‘
recurrence rates of 22% and 16% in the FSS group and rates of 16% and 17% in |
‘the bilateral oophorectomy group, statistically insignificant differences. 4 |
'However, in women who had FSS, recurrences tended to occur in the
'residual ovary. One study reported that of a group of 109 patients with
‘relapses, 33% had relapse in the remaining ovary. 3 In other much smaller
studies, two out of four patients with recurrence experienced recurrence in |
‘the residual ovary, while another found all three of patients with recurrence
'in the remaining ovary. 1% Furthermore, researchers found that FSS patients |
'with recurrence experienced such recurrence significantly earlier, at an |
‘average of 10.3 months, as compared to the relapsed standard surgery group
'which experienced recurrence at an average of 53.3 months. ' However, |
‘authors of two studies hypothesized that most recurrences could be cured
- with secondary recovery surgery and chemotherapy. ?\.

survival |
rate and

procedure
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Conclusion

ThlS poster reports on treatment of early stage low grade eplthellal |
.ovarian cancer. Bilateral oophorectomy results in sterility and early
'menopause. In FSS, one ovary is removed and the residual ovary i
provides for continued ovarian function. FSS doesn’t harm reproductive |
function. Although recurrent cancers tend to occur in the remaining '
ovary, FSS patients’ overall rates of recurrence don’t differ from that of
'patients who had standard bilateral oophorectomy. If there is |
recurrence in the residual ovary, researchers hypothesize that salvage
surgery may be successful. Recurrence may even be prevented by
‘having a contralateral oophorectomy after completion of childbearing.
‘Overall, it is clear that FSS does not lead to increased recurrence or
;dlmfmshed five-year survival, while retaining acceptable hormone \
status and rate of reproductlon Consequently, FSS treatment should be |
offered to women with early stage, low grade, non-clear cell epithelial |
govarfan cancer. ‘

Relevant Appllcatlons to Blotechnology

1 “Current laparoscoplc techniques are suff1c1ently advanced tobe f
utilized for FSS. Laparoscopic surgery is less invasive than open surgery
jand results in significantly decreased postoperative morbidity.

2. Current advanced assisted reproductive techniques may used if
‘required to achieve pregnancy. Should surviving patients require these
'techniques, such as IVF or ICSI, FSS will have left an egg-containing
ovary from which autologous eggs can be harvested.
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Background

Aromatase inhibitors(Al) and selective estrogen receptor modulators (SERM) are
both classes of drugs which contribute to keeping estrogen levels low, however they
use different mechanisms to go about it. Aromatase inhibitors competitively bind to
the active site of the enzyme aromatase, a cytochrome P450 enzyme which catalyzes
the reaction that converts androgens to estrogens. This prevents the enzyme from
being able to catalyze the reaction and create estrogen, thus keeping estrogen levels
low. SERMs are high-affinity ligands, which, depending on the tissue with which they
interact, can act as either estrogen antagonists or estrogen agonists. For breast
tissue, they act as estrogen antagonists. Specifically to the focus of this project,
aromatase inhibitor, letrozole, and selective estrogen receptor modulator, tamoxifen,
will be discussed. Letrozole is a third generation Al which was first created in the
early 1990’s, and tamoxifen is a first generation SERM which exhibits antiestrogenic
effects on breast tissue by binding to estrogen receptors and blocking RNA
transcription. By looking closely at these two drugs, a conclusion may be drawn for

the efficacy of Al vs SERM.

About 15% of breast cancer patients are within ages 15-44, and knowing that after
treatment they may no longer be fertile, many breast cancer patients have chosen to
undergo embryo cryopreservation. However, the rise in estrogen levels that
accompanies the use of common ovarian stimulants is dangerous for breast cancer
patients, as estrogen plays a significant role in tumorigenesis of breast tissue. This
study will evaluate two solutions to this problem: aromatase inhibitors and selective
estrogen receptor modulators. They each work differently, and a comparison will be

conducted to determine their relative efficacy and their positive and negative aspects.

Representing each of these groups, one study with 60 patients compared
letrozole(Al) and tamoxifen(SERM). Patients did not exceed stage three breast
cancer, and were between the ages of 24 and 43. Experimental groups took 60mg/d
tamoxifen, 60mg/d tamoxifen with FSH, or 5mg/d letrozole with FSH. After egg
retrieval and IVF, the embryos were cryopreserved. In total, the tamoxifen group
resulted with 13 cycles in 12 patients, the tamoxifen-FSH group had 9 cycles in 7
patients, and the letrozole-FSH group had 11 cycles in 11 patients. Tamoxifen-FSH
and Letrozole-FSH produced the highest embryo yield, but Tamoxifen-FSH resulted
in very high E, levels. Therefore, Letrozole-FSH was found to be the best combination
for successful egg retrieval while not threatening estrogen levels. Furthermore,
cancer recurrence rates were about the same in the IVF group as the controls, with
three in twenty-nine and three in thirty-one, respectively. From this study, letrozole-
FSH, the aromatase inhibitor, was concluded to be the most effective. However, both
aromatase inhibitors and selective estrogen receptor modulators are successful in
keeping estrogen levels low, and because there are other factors they contribute to
for successful ovarian stimulation for breast cancer patients, both should be
considered in making a personalized decision for every patient.

Methods and Materials

For this topic, a study from the Center for Reproductive Medicine and Infertility at
Weill Medical College of Cornell University conducted a controlled comparison
between tamoxifen and letrozole for ovarian stimulation in breast cancer patients,
representing the SERM and aromatase inhibitors, respectively. Human, female
subjects were used, all were between the ages of 24-43 and none exceeded stage IlI
breast cancer. This study included three experimental groups: a group of 12 women
who received tamoxifen, a group of 7 who received tamoxifen with FSH, and a group of
11 who received letrozole with FSH. The control group consisted of 31 eligible women
who elected natural cycle IVF(NCIVF) and went without ovarian stimulation. Reasons
for this decision include cost and a lack of time to conduct this process before cancer
treatment was needed. For those in the tamoxifen group, baseline FSH, LH, and E,
levels were recorded, and on the second to third day of menstruation, 60 mg/d of
tamoxifen was taken until FSH levels were below the baseline. For those in the
tamoxifen-FSH group, along with the 60 mg/d of tamoxifen was a 150 U injection of
recombinant FSH. This was continued daily until hCG was administered. For those in
the letrozole-FSH group, an oral 5 mg/d of letrozole was initiated on the second to
third day of menstruation, and after two days 150U /d of FSH was added. Like the
tamoxifen-FSH group, this was continued daily until hCG was administered. If, 3 days
after oocyte retrieval, E, levels were above 250 pg/mlL, letrozole was continued until
that levelwas below 50 pg/mL. For all of the patients, FSH, LH, and E, levels were
recorded every one or two days until the oocytes were removed. If E, levels exceeded
250 pg/mL, a GnRH antagonist was released to avoid a premature LH surge. When the
lead follicle reached an average diameter of 17-18 mm, hCG was administered, oocytes
were retrieved 36 hours later, IVF was performed by ICSI, and embryos were frozen at
the 2-pronuclear stage.

Canyon Crest Academy

The purpose of this project was to determine the efficacies of Als in comparison to
SERMs. From the data above, it can be concluded that letrozole-FSH, the Al, was more
effective in keeping estradiol levels low while stimulating the ovaries than tamoxifen-
FSH or tamoxifen, the SERM groups. However, this does not rule out tamoxifen for
ovarian stimulation. Both aromatase inhibitors and selective estrogen receptor
modulators have proved to minimize estrogen levels with their different
mechanisms. Furthermore, the small numbers used forthis study indicate that further
research should be conducted to confirm these findings. Another SERM that was not
brought up in the study is clomiphene citrate; this is the standard drug for IVF in
infertile patients. According to a clinical pharmacology review, letrozole has become
more and more common and could potentially replace clomiphene. Therefore, not
only is letrozole, and thus Al, good for fertility preservation in breast cancer patients,
but also fertility preservation for general infertile patients. In addition, tamoxifen, as
a partial agonist, is associated with an increased incidence of uterine cancer while
letrozole is not. Perhaps the scale is leaning in favor of the aromatase inhibitors..
However, while tamoxifen is antiestrogenic to breast cells, it is an estrogen agonist in
bone tissue, and extended use of it can prevent postmenopausal osteoporosis. As
conveyed, there are a number of benefits and risks that accompany the use of these
drugs. It is important to involve both options when discussing fertility preservation
with breast cancer patients so that a decision can be made that best fits to their
personalized care.

» Figure 2. An image of embryo cryopreservation. Istanbul / Turkey | In Vitro Fertilization,

low cost - affordable IVF Treatment. (n.d.). Retrieved August 8, 2015.
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University comparing tamoxifen, tamoxifen-FSH, and letrozole-FSH. Oktay, K., Buyuk, E.,
Libertella, N., Akar, M., & Rosenwaks, Z. (2005). Fertility Preservation in Breast Cancer
Patients: A Prospective Controlled Comparison of Ovarian Stimulation With Tamoxifen and
Letrozole for Embryo Cryopreservation. Journal of Clinical Oncology, 7.

Results and Interpretations

In the results of the study, a variety of comparative data was recorded. The tamoxifen
group resulted with 13 cycles in 12 patients, the tamoxifen-FSH group had 9 cycles in
7 patients, and the letrozole-FSH group had 11 cycles in 11 patients. There was an
exception for the tamoxifen group, which had two cycle cancellations due to
spontaneous ovulation right before the oocytes were retrieved. The age of IVF and
control patients was similar, with the average being 37.7+0.8 years of age for controls
and 36.5+0.7 years of age for IVF patients. Letrozole-FSH and tamoxifen-FSH groups
both had higher numbers of mature oocytes and oocytes retrieved than the tamoxifen
group, thus they resulted in higher embryo counts as well. Average total embryos per
patient for tamoxifen, tamoxifen-FSH, and letrozole-FSH were 1.3+0.2, 3.8+0.8, and
5.320.8 respectively. However, tamoxifen-FSH resulted in much higher peak estradiol
than other groups, at an average of 1,182+271pg/mL. Letrozole-FSH was able to
maintain peak estradiol levels very well, averaging at 380+57pg/mlL, and tamoxifen
alone peaked at 419+39pg/mL. The letrozole-FSH group proved to have the shortest
follow-up time as well, averaging at 272+31 days versus 609+89, 418+109, and
66071 days for tamoxifen, tamoxifen-FSH, and controls, respectively. Fortunately,
there was no difference in recurrence rates between controls and IVF patients.

Relevant Application to Biotechnology

With advancements in biotechnology, measures should be taken to increase the
options that patients are presented with when interested in preserving their fertility.
Furthermore, more research should be conducted to continue opening doors into
more personalized patient care and to ensure that fertility options are available to all
people no matter their state of health.
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Objective Relevant Applications to Biotechnology

This poster aims to to identify how having Klinefelter Syndrome (KS) can \ F 'y Due to Klinefelter Syndrome being the most common sex chromosome
affect a male’s fertility; one of the more viable opftions, tfesticular sperm ﬁ\ Q ‘ disorder to affect males, and the symptoms so often going unnoticed,
extraction, that has been tested for fertility preservation; and how & : “ there should be a genetic test that is performed along with the

(

utilizing sperm from adolescent KS males obtained through testicular screenings performed on a fefus in utero. A test could be of great use

sperm extraction affects their reproductive success in the future. to parents so they can be made aware of the implications of the
\7 ) ( TR Y 4 disorder, and have time to educate themselves on fertility preserving
'; '\ )* AT L options for their son. In addition, it would give the parents more time to
Abstract : ' ) . n " - consider ways in which they could go about discussing fertility
Klinefelter Syndrome (KS) is a disorder that occurs when a male has any - ;. - ) preservation with their son at the onset of puberty, since fertility Is often
number of additional X chromosomes to the X chromosome in the XY “ " '! L : not of great concern to adolescents

set that determines his sex. This syndrome is one of the most common
sex chromosome disorders, affecting an estimated one in 500-1,000 T 1
males at birth, however, many cases go undiagnosed because the

“
' ' > X
symptoms often present mildly. Most KS males face infertility and @ - - - . ' - onciusions

deficit in testosterone, and if diagnosed, patients can be put on . o | | So far, results have not been enftirely conclusive on how preserving
testosterone treatments to regulate hormone levels in the body for the Figure 1. Highlighted is the genetic karyotype for the XY chromosome fertility through TESE has affected the reproductive success of males
development of secondary sex characteristics. Males with KS often ocliroi @ male aliscise By JnSislier Synerome inel Conelis en i X with Klinefelter Syndrome since the males in the study have not yet

chromosome. Goeftsch, A. (2014, June 5). Klinefelter syndrome.

seek assisted reproductive technology, a common method being Retrieved August 5, 2015. sought out assisted reproduction fo conceive. However, past attempts
testicular sperm extraction (TESE), where a biopsy Is performed 1o at conception through the ICSI in vitro fertilization procedure using
retrieve testicular tissue, and it is then cryopreserved for future sperm sperm extracted via TESE have shown to be successful in the fertilization

extraction. Due to the knowledge that the success of TESE decreases of eggs and creation of embryos. Further studies would be required to
as festosterone increases, it is ideal for this procedure to be performed “ get adequate information regarding the effect of utilizing TESE to

before the onset of puberty when testosterone does not have any When tested, all of the patients had hypospermia, which causes preserve the fertility of KS males on their future reproductive success.
effect. This particular study was conducted on eight adolescent males lower sperm ,coun’r in semen. In addition seven ofl’rhe males had
with Klinefelter Syndronr;e who served as an experimental group 1o azospermia, and therefore a complete c'Jbsence of motile sperm in
examine the success of TESE on KS males. Following an analysis of a : e : .
semen sample to detect azospermia, these males were given the fheir ST, this made fhe exiraction dprlng OdO[@SC@ﬂCG Acknowledgemenfs
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festicular fissue extracted, one patient was found fo have viable males. After analysis of the testicular fissue extracted, one patient Ericka senegar-Mitchell, and Sheriden Smith for all of their help and
present amount of germ cells in one festis. Seven of the males were another was found o have a low, but present amount of my thanks to Ms. Patricia Winter for all of her hard work that goes into
Shown TO ha\{e azospermia. IESE was used as the preservation .me’rhod spermatids in the right testis. All of the patients’ seminiferous tubules making this academy such an incredible opportunity for girls to further
due fo it having proven to dllow for successiul spermatogenesis of the were empty or degenerative, and therefore were not producing enrich their studies in science. | also give many thanks to my friends for
sperm refrieved, and additionally, egg fertilization through ICSIin vitro any gametes that would allow for the production of viable enduring countless hours of science jargon and research ideas, and for
fertilization procedure. Thus far, TESE has proven effective in the spermatozoa. Overall, spermatozoa count was significantly lower in pushing me to explore all of my interests and to find my place in the
fertilization of eggs via in vitro fertilization, but it has not yet been tested the experimental group of KS males observed in the study scientific world. Finally, | would like to thank my parents for all of their
enough to determine stafistics regarding the prevalence of full compared to any other control group involved in similar studies. support throughout this academy, and with all of my scientific
reproductive success. However, the results of testicular fissue biopsies endeavors.

performed on adolescent KS males show potential for the future
reproductive success of the patients.

. -
Methods and Materials

. Rives, N., Milazzo, J., Perdrix, A., Castanet, M., Joly-Helas, G., Sibert,
In a French study conducted from 2008 to 2011, eight adolescent L., ... Mace, B. (2014, March 4). The teasiblility of ferfility preservation
males diagnosed with Klinefelter Syndrome were evaluated for their A N odolescen’rs with Klinefelter syndrome. Retrieved July 23, 2015.
fertility and served as an experimental group for the possible fertility 2. Hast, C., Skakkebcoek, A., Groth, K., & Bojesen, A. (2014, January 20).
preservation method of festicular sperm extraction, or TESE. A group of The role of hypogonadism in Klinefelter Syndrome. Retrieved July 23,
four males with tissue cryobanked via TESE prior fo gonadofoxic . 2015.
treatment served as the conftrol group. Each KS male was asked to > 2F S 3. Aksglaede, L., & Juul, A. (2013, April 1). Therapy of endocrine
provide a semen sample in order for the researchers to detect ecamal soom disease: Testicular function and fertility in men with Klinefelter
azospermia. Following the analysis, these males were then given the syndrome: A review. Retrieved July 23, 2015.
option to have testicular tissue cryopreserved. TESE was used as the Figure 2. Often males with Klinefelter Syndrome will have fertility 4. Lejeune, H., Brush, A., & Plotton, I. (n.d.). Fertllity in Klinefelter
method of preservation due to it having proven to allow for successful oroblems that come from hypospermia, or low sperm count as is Syndrome. Retrieved July 23, 2015.
spermatogenesis of the sperm that are retrieved, and additionally, pictured on the right. Low sperm count. (2015). Refrieved August 5. Guercio, G. (n.d.). Fertility Issues in the Management of Patients with
fertilization of eggs through the ICSI in vitro fertilization procedure. ', 2015 Disorders of Sex Development. Retrieved July 23, 2015.




UCSan Diego

HEALTH SCIENCES

The objective of this poster 1s to analyze the effects of utilizing AuNPs in cancer immunotherapy
(cancer vaccines) with the intention of reducing tumor growth. It 1s important to investigate this
correlation in order to formulate new cancer treatment plans that will reduce toxicity to the patient
while increasing the eradication rate of the cancer and ultimately increasing long term survival.

Abstract

Cancer immunotherapy 1s a cancer treatment that utilizes adjuvants and antigens to stimulate the
immune system to detect and eradicate cancer cells. By utilizing immunotherapy, tumor growth can
be suppressed and may facilitate other cancer therapies, thus reducing toxicity, decreasing time of
cancer eradication, and increasing survival rates. Certain cancer vaccines have been developed to
inhibit malignant tumor growth, but these vaccines have a weak immune-stimulating capacity of
creating tumor antigen-specific responses to stop the spread of cancer. However, according to
various studies, the emergence of gold nanoparticles (AuNPs) has presented advantages to cancer
vaccines.!In three studies, researchers investigated the efficacy of AulNPs conjugated with antigens
and/or adjuvants 1n inhibiting tumor growth by injecting tumor bearing mice with either this
mixture, a free antigen/adjuvant mixture, or a saline solution (control). One study investigated the
efficiency of AuNPs conjugated with EDB (tumor-associated self-antigen) and OVA ;5. 59
(ovalbumin peptide antigen) on the inhibition of breast cancer tumor growth, while another
investigation focused on the suppression of B16-OVA tumor through the combination of AuNPs
with OVA and CpG (adjuvant). %3 A third investigation researched the suppression of RFP-
expressing tumors with AuNPs conjugated with CpG and RFP (model antigen). °> Evidently, the
results were similar. The AuNP/EDB-OVA,;, ,o (~ 480 mm?) repressed tumor growth compared to
the free antigen (~900 mm?) and the control (~1100 mm?3). 2 Similarly, AuNP/OVA (~5-7 mm?) and
AuNP/OVA+AuNP/CpG (~10 mm?) dramatically inhibited tumor growth compared to OVA (~85
mm?) and the control (~110 mm?). Compared to RFP (~900 mm?) and the control (~850 mm?),
CpG/RFP/AuNP (~200 mm?) significantly suppressed the tumor. ¢ It was concluded that AuNPs
helped the delivery of antigens and adjuvants to the targeted site, thus having an enhanced
therapeutic effect. By utilizing AuNPs in combination therapy with cancer vaccines, cancer can be
more efficiently eradicated.

Methods and Materials

Many studies have been conducted to analyze the effect of utilizing gold nanoparticles
(AuNPs) 1n cancer vaccines with the intention of suppressing tumor growth. In one study,
researchers investigated the efficacy of AuNP/EDB-OVA,:- .., vaccines in tumor bearing
mice. Most cancer-associated antigens are endogenous antigens and are difficult to induce
cytotoxic T cell responses. Therefore, the effectiveness of vaccines against cancer antigens has
been limited because malignant cells have evolved “immune surveillance.” Since many
studies haven’t focused on the enhancement of cytotoxic T cell responses through cross
presentation, the EDB was chosen for this investigation, as it 1s a tumor associated self-
antigen highly expressed 1n tumor tissue. In order to facilitate cross presentation, the
researchers presented a CTL epitope-containing peptide of chicken ovalbumin (OVA,s; o) tO
the C terminus of the EDB. The 4TI murine breast cancer cell line was selected, as 1t 1s an
EDB-overexpressing tumor model, and was implanted in BALB/C mice. When tumors
reached approximately 30 mm?, saline (control), an IFA/EDB-OVA,s, ,., mixture, AuNP/
EDB-OVA ,:; 9, Or free EDB-OVA, .- ,.o was 1njected three times 1n a weekly basis into the
footpad of each mouse for this ~28 day study. 3 Another investigation researched the immune
distribution of AulNPs in the delivery of the OVA antigen and the CpG adjuvant, and their
enhanced therapeutic effect on tumor growth. CpG, a synthetic oligodeoxynucleotide that
binds to toll-like receptor 9 (TLR9Y) in the endosomes of antigen presenting cell, was used as
the adjuvant in this study as it has been demonstrated that AulNP delivery facilitates uptake
into endosomes, thus producing a strong immune response with anti-tumor activity. In this
research, mice were subcutaneously inoculated with 5 x 10° B16-OVA cells and the tumors
were grown for 5 days to the size of 5 mm?. The mice were then given their first equivalent
doses of free OVA, OVA+AuNp-CpG, AuNP-OVA, and AuNP-OVA+AuNP-CpG on day 5
and then given a booster shot on day 12.? Another study investigated the therapeutic efficacy
of the AuNP-based vaccines on RFP-expressing tumors. Red fluorescent protein (RFP) was
chosen as the model antigen, and CpG was utilized as the adjuvant for this study because it 1s
necessary to use a strong adjuvant that enhances antigen-specific T cell responses. Mice were
inoculated with RFP-expressing B16F10 cells on day 0. Once the tumors reached
approximately 40 mm? in size (on day 10 after inoculation), the mice were injected five times
with PBS (control), RFP, AuNPs, RFP/AuNPs, or CpG/RFP/AuNPs or CpG/RFP/
AuNPs according to a schedule (arrows in Figure 1). ©

The Enhancement of Cancer Immunotherapy with Gold Nanoparticles
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Results and Interpretations

All three studies concluded that AulNPs helped enhance cancer vaccines by inhibiting tumor growth. In
the first study, tumor growth 1n mice treated with AuNP/EDB-OVA, .. ,., was suppressed (46%)
compared with the saline/control (100%) and free antigen groups (86%). > After ~ 27 days, the tumor in
mice treated with AuNP/EDB-OVA,;- ., vaccines was suppressed to ~480 mm?’. However, the tumor
in mice injected with the free antigen (EDB-OVA ;- .« ) experienced growth up to ~ 900 mm? while the
control group had tumors that grew up to ~1100 mm?. These results indicate that the AuNP-based
vaccine was effectively delivered to the local lymph nodes and created an effective antigen-specific
cytotoxic T-cell reaction via cross-presentation of resident dendritic cells, thus inhibiting tumor growth
in the EDB-overexpressing breast tumor model (Figure 2). Similarly, the AuNP-infused cancer vaccines
in the second study significantly inhibited tumor growth compared to the other experimental groups
(Figure 3). Into 16 days of the study, the AuNP/OVA condition had the strongest response,
suppressing the B16-OVA tumor to ~5-7 mm? compared to the free antigen (OVA) vaccine which
experienced growth up to ~85 mm? and the PBS (control) solution (~110 mm?). 3 Surprisingly, the
addition of AuNP-CpG had practically no effect on the suppression of tumor growth combined with
free OVA and AuNP/OVA. The AuNP/OVA+AuNP/CpG suppressed the tumor to a size of ~10 mm?
while the mice injected with OVA+AuNP/CPG had a tumor growth of ~75 mm?. The probable reason
for why AuNP/CpG did not have a significant effect was due to perhaps the tumor being too advanced
to be affected by the CpG alone. In addition, the AuNP/OVA+AuNP/CpG probably didn’t benefit
from the fact that the antigen and adjuvant were on separate particles as immune stimulation 1s more
potent when both substances are co-localized. Nevertheless, all of the AulNP vaccines better suppressed
tumor growth compared to the free antigen and control vaccines. This suggests that the AuNPs
facilitated the delivery of the antigen and adjuvant, which led to a stronger antigen specific immune
response. In the third investigation, the AuNP infused vaccines significantly suppressed tumor growth
(Figure 1). The CpG/RFP/AuNP vaccine inhibited the tumor to ~200 mm? and RFP/AulNP
suppressed tumor growth to ~230 mm? in 20 days of the study. Mice injected with RFP experienced
tumor growth up to ~900 mm?3 while the control group had tumors ~850 mm?3. Even though AuNPs
have shown to have an adjuvant effect on their own, the mice injected with bare AulNPs experienced
tumor growth up to ~800 mm?. ¢ However, the AuNP vaccines conjugated with the antigen and/or
adjuvant demonstrated a significant suppression of tumor growth due to the efficient delivery of
AuNPs. As concluded by all three studies, the gold nanoparticles were able to enhance the cancer
vaccines by efficiently delivering the substances to dendritic cells and activating CD8+ cells, which
induced an antigen-specific immune response, thus inhibiting tumor growth.
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Conclusion

It was concluded from these three studies that AuNPs helped enhanced the therapeutic effect of
cancer vaccines. The AuNP-infused cancer vaccines efficiently inhibited tumor growth compared to
the free antigen/adjuvant shots due to the fact that gold nanoparticles have several properties that
enable efficient drug delivery. Through this breakthrough, the creation of new and efficient cancer
vaccines can be possible. Even though cancer immunotherapy can be improved through the use of
gold nanoparticles, more research needs to be conducted on the complete eradication of malignant
cancer cells through cancer vaccines. Through further research, cancer immunotherapy can be
utilized to eradicate cancer while reducing toxicity, increasing eradication rate, and potentially
increasing long-term survival rates. As a result, the lives of many cancer patients can be positively
impacted through cancer vaccines.

Application to Biotechnology

Due to the engineering of biocompatible gold nanoparticles, research on cancer immunotherapy
and its enhancement through gold nanoparticles was made possible. This research reveals that
cancer therapies can become more efficient through the use of a gold nanoparticles, thus reducing
toxicity, decreasing time of cancer eradication, and increasing long-term survival. By utilizing the
information and data gathered from this research, improvements in the delivery and function of
various cancer therapies, such as radiation therapy, can occur (Figure 4). Not only can the
effectiveness of other cancer treatments improve, but new forms of combination therapies utilizing
gold nanoparticles that efficiently target the cancer can be developed. Through this research, the
lives of cancer patients can be significantly impacted by the development of new and more effective
combination therapies and cancer treatments.
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