Final Progress Report for Research Projects Funded by
Health Research Grants

Instructions: Please complete all of the items as instructed. Do not delete instructions. Do not
leave any items blank; responses must be provided for all items. If your response to an item is
“None”, please specify “None” as your response. “Not applicable” is not an acceptable response
for any of the items. There is no limit to the length of your response to any question. Responses
should be single-spaced, no smaller than 12-point type. The report must be completed using
MS Word. Submitted reports must be Word documents; they should not be converted to pdf
format.

1. Grantee Institution: The Pennsylvania State University

2. Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013

3. Grant Contact Person (First Name, M.1., Last Name, Degrees): John Anthony, MPA

4. Grant Contact Person’s Telephone Number: 814 935 1081

5. Grant SAP Number: 4100050904

6. Project Number and Title of Research Project: 43. UGT Genetic Variants and Colorectal
Cancer Risk

7. Start and End Date of Research Project: 7/20/2012 - 12/31/2013

8. Name of Principal Investigator for the Research Project: Carla J Gallagher, PhD

9. Research Project Expenses.
9(A) Please provide the total amount of health research grant funds spent on this project for
the entire duration of the grant, including indirect costs and any interest earned that was

spent:

$ 350,824

9(B) Provide the last names (include first initial if multiple individuals with the same last
name are listed) of all persons who worked on this research project and were supported with
health research funds. Include position titles (Principal Investigator, Graduate Assistant,
Post-doctoral Fellow, etc.), percent of effort on project and total health research funds
expended for the position. For multiple year projects, if percent of effort varied from year to
year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1,
2% Yr 2-3).



Last Name, First Name | Position Title % of Effort on Project Cost
Gallagher, Carla Asst. Professor 4.0% $2,588.04
Arthur Berg Assoc Professor 1.0% $1,334.39
Phil Lazarus Professor 4.0% $5,852.11
Joshua Muscat Professor 1.0% $1,923.20
Andrea Angstadt Post Doc/Instructor | 100% $54,701.13
Douglas Dluzen Grad Asst 100% $4,573.68

9(C) Provide the names of all persons who worked on this research project, but who were not
supported with health research funds. Include position titles (Research Assistant,
Administrative Assistant, etc.) and percent of effort on project. For multiple year projects, if
percent of effort varied from year to year, report in the % of Effort column the effort by year
1, 2, 3, etc. of the project (x% YT 1; 2% Yr 2-3).

Last Name, First Name | Position Title % of Effort on Project

None

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short
description of the value (benefit) derived by the institution from this equipment, and the cost

of the equipment.

Type of Scientific Equipment | Value Derived Cost
Biosafety Cabinet Equipment used in day-to-day operations of 6,190
the IPM Biorepository for the safe handling of
human samples, tissues and fluids.
Ultralow freezer- participated | Freezer storage for human samples in the IPM | 16,506
in purchase Biorepository
Centrifuge Equipment used to process samples in 7,983.24
preparation for Next Generation Sequencing.
Ultrasonicator- participated in | State of the art equipment used for controlled | 67,208
purchase fragmentation of DNA for NGS
Apollo Library Prep System- State of the art robotic instrument that 34,544
participated in purchase automates DNA library preparation for NGS
Dell computer system Used for analysis of data from sequencing 29,472.01
Liquid nitrogen freezer Ultracold storage for human samples to 29,754.08
maintain DNA and RNA integrity for future
use.
Thermal cycler Instrument used for the amplification and 6,167

enrichment of DNA prior to sequencing




10.

11.

Co-funding of Research Project during Health Research Grant Award Period. Did this
research project receive funding from any other source during the project period when it was
supported by the health research grant?

Yes No X

If yes, please indicate the source and amount of other funds:

Leveraging of Additional Funds

11(A) As a result of the health research funds provided for this research project, were you
able to apply for and/or obtain funding from other sources to continue or expand the
research?

Yes No X

If yes, please list the applications submitted (column A), the funding agency (National
Institutes of Health—NIH, or other source in column B), the month and year when the
application was submitted (column C), and the amount of funds requested (column D). If
you have received a notice that the grant will be funded, please indicate the amount of funds
to be awarded (column E). If the grant was not funded, insert “not funded” in column E.

Do not include funding from your own institution or from CURE (tobacco settlement funds).
Do not include grants submitted prior to the start date of the grant as shown in Question 2. If
you list grants submitted within 1-6 months of the start date of this grant, add a statement
below the table indicating how the data/results from this project were used to secure that
grant.

A. Title of research B. Funding C.Month | D. Amount | E. Amount
project on grant agency (check and Year of funds of funds to
application those that apply) Submitted | requested: be awarded:
CINIH $ $
None 01 Other federal
(specify: )
1 Nonfederal
source (specify: )

11(B) Are you planning to apply for additional funding in the future to continue or expand
the research?

Yes X No
If yes, please describe your plans:

We plan to apply for a NIH RO1 using the samples and preliminary data from this grant.
This grant allowed us to make significant research progress (two published manuscripts to




12.

13.

date, and another in preparation). That data warrants further investigation into the genetic
basis of CRC and that will be the background and preliminary data for our RO1 application.

Future of Research Project. What are the future plans for this research project?

We plan to expand this study and make it more comprehensive to test more genetic variants
for association with CRC risk, in combination with diet and environmental factors. The work
from this grant only tested UGT genetic variation. We plan to expand this project from a
candidate gene study to a candidate pathway study (including many other genes involved in
the metabolism of carcinogens as well as protective compounds in the diet).

New Investigator Training and Development. Did students participate in project
supported internships or graduate or post-graduate training for at least one semester or one
summer?

Yes X No

If yes, how many students? Please specify in the tables below:

Undergraduate Masters Pre-doc Post-doc
Male 1
Female 1
Unknown
Total 1 1
Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic 1 1
Unknown
Total 1 1
Undergraduate Masters Pre-doc Post-doc
White 1 1
Black
Asian
Other
Unknown
Total 1 1

14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to

carry out this research project?

Yes No X



15.

If yes, please list the name and degree of each researcher and his/her previous affiliation:

Impact on Research Capacity and Quality. Did the health research project enhance the
quality and/or capacity of research at your institution?

Yes X No

If yes, describe how improvements in infrastructure, the addition of new investigators, and
other resources have led to more and better research.

This project has led to increased collaboration between biologists, epidemiologists,
statisticians, and clinicians, and | anticipate that many of us will continue to work together
for years to come on future research projects.

The project has helped establish the new Institute for Personalized Medicine Bio-repository
and as an extension of that the Next Generation Sequencing capabilities of the institution. It
has been a major initiative of the institution to establish a bio-repository of patient samples,
such as blood, saliva and surgical tissues. We are currently consenting patients in fourteen
clinical areas and routinely collecting saliva or whole blood samples from those patients.
With the equipment purchased with grant funds we are able to safely prepare and handle the
human tissues. It is crucial to properly house the patient samples for long-term storage and
identification. We have purchased three ultralow freezers for the proper storage of samples,
allowing us to aliquot those samples into three portions, from which one aliquot is promptly
used for DNA isolation for potential downstream studies. Our three-freezer system allows
for management of these valuable resources, and protects against a catastrophic event, by
storing aliquots of specimens in more than one freezer. We have also included a large liquid
nitrogen storage freezer, for the ultra-cold storage of samples to preserve DNA and RNA
integrity for future studies.

The funds acquired through this grant also support the implementation and optimization of
Next Generation Sequencing of patient DNA samples through whole genome sequencing,
whole exome sequencing, and RNA sequencing. While the sequencing instrumentation itself
is critical, proper pre-analytical sample preparation and enrichment is equally crucial to the
quality of the sequenced material. The state of the art robotic equipment purchased for this
purpose include the Covaris ultrasonicator, allowing for consistent fragmentation of DNA of
multiple samples, and the Apollo Library Prep System that automates library preparation and
allows for the high throughput of samples being analyzed. An ideal library consists of a
well-balanced representation of the genomic areas of interest. Due to the complex nature of
the sequencing protocols, a number of smaller support pieces of equipment are also
important, such as the centrifuges, water system and thermal cyclers purchased with grant
funds. Finally, another critical component in the process of NGS is the technology
requirement to store, compute and analyze the large amount of data produced by genome
sequencing.



16.

17.

Collaboration, business and community involvement.

16(A) Did the health research funds lead to collaboration with research partners outside of
your institution (e.g., entire university, entire hospital system)?

Yes No X

If yes, please describe the collaborations:

16(B) Did the research project result in commercial development of any research products?
Yes No__ X

If yes, please describe commercial development activities that resulted from the research
project:

16(C) Did the research lead to new involvement with the community?
Yes No X

If yes, please describe involvement with community groups that resulted from the
research project:

Progress in Achieving Research Goals, Objectives and Aims.

List the project goals, objectives and specific aims (as contained in the grant agreement).
Summarize the progress made in achieving these goals, objectives and aims for the period
that the project was funded (i.e., from project start date through end date). Indicate whether
or not each goal/objective/aim was achieved; if something was not achieved, note the reasons
why. Describe the methods used. If changes were made to the research
goals/objectives/aims, methods, design or timeline since the original grant application was
submitted, please describe the changes. Provide detailed results of the project. Include
evidence of the data that was generated and analyzed, and provide tables, graphs, and figures
of the data. List published abstracts, poster presentations and scientific meeting presentations
at the end of the summary of progress; peer-reviewed publications should be listed under
item 20.

This response should be a DETAILED report of the methods and findings. It is not sufficient
to state that the work was completed. Insufficient information may result in an unfavorable
performance review, which may jeopardize future funding. If research findings are pending
publication you must still include enough detail for the expert peer reviewers to evaluate the
progress during the course of the project.

Health research grants funded under the Tobacco Settlement Act will be evaluated via a



performance review by an expert panel of researchers and clinicians who will assess project
work using this Final Progress Report, all project Annual Reports and the project’s strategic
plan. After the final performance review of each project is complete, approximately 12-16
months after the end of the grant, this Final Progress Report, as well as the Final Performance
Review Report containing the comments of the expert review panel, and the grantee’s written
response to the Final Performance Review Report, will be posted on the CURE Web site.

There is no limit to the length of your response. Responses must be single-spaced below,
no smaller than 12-point type. If you cut and paste text from a publication, be sure
symbols print properly, e.g., the Greek symbol for alpha (a) and beta (3) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

We hypothesize that the risk of colorectal cancer (CRC) is associated with carcinogen levels,
and that the risk is modified by individual differences in detoxification of carcinogens due to
genetic variants in the carcinogen-metabolizing UDP-glucuronosyltransferase (UGT) genes. We
aim to identify genetic variants in the UGT genes associated with carcinogen metabolism and
CRC risk. The specific aims are to:

1. Perform genetic association studies of UGT polymorphisms with colorectal cancer risk
and perform functional assays of associated polymorphisms (i.e. gene expression or
enzyme activity). We will obtain preliminary results by testing some of the
polymorphisms most likely to be functional such as the whole gene deletion
polymorphisms (copy number variants) in UGT2B17 and UGT2B28. We will use real-
time PCR assays for genotyping of 2400 CRC cases and controls, and we will use logistic
regression analysis for genetic association studies adjusting for known risk factors (i.e.
age, gender, diet).

2. Recruit additional colorectal cancer cases and controls. Our current population of
~2400 individuals provides excellent power for examining the association of common
(>5%) polymorphisms with CRC risk. However, our research would be strengthened by
being able to detect associations of rare variants or increasing power for testing
associations in stratified analyses (i.e. colon vs. rectum, males vs. females). We expect
approximately 300 additional subjects will be recruited with this project funding.

The findings will result in a significant advance in our understanding of colorectal cancer and
help to identify high-risk individuals for the development of colorectal cancer screening and
prevention strategies. For example individuals with these variants may benefit from more
frequent screening or personalized chemoprevention or intervention programs on diet or
smoking.



Section 1: The effect of copy number variation (CNV) in the phase Il detoxification genes,
UGT2B17 and UGT2B28, on colorectal cancer risk.

Genetic polymorphisms in combination with the Western-style diet, physical inactivity, smoking,
excessive alcohol consumption, and obesity have been hypothesized to affect colorectal cancer
(CRC) risk. Metabolizers of environmental carcinogenic and endogenous compounds affecting
CRC risk include phase Il detoxification enzymes, UGT2B17 and UGT2B28, which are two of
the most commonly deleted genes in the genome. To study the effect of UGT2B17 and
UGT2B28 copy number variation (CNV) on CRC risk we genotyped 665 Caucasian CRC cases
and 621 Caucasian controls that had completed extensive demographics and lifestyle
questionnaires and performed genetic association studies.

Section 1A: Copy Number Variance (CNV) detection

Oral buccal cell swabs, saliva, and blood samples were collected for genomic DNA isolation.
DNA was isolated from oral buccal cell swabs using standard phenol: chloroform isolation,
saliva using an Oragene DNA Kit (DNA Genotek Inc, Ontario Canada), and blood using
QlAamp DNA Blood mini kit (Qiagen Valencia, CA). Picogreen analysis was used to quantify
the amount of DNA for each genomic sample (Life Technologies, Grand Island, NY).

TagMan Copy Number Assays were used to detect UGT2B28 and UGT2B17 CNV. The
UGT2B17 assay, ID# hs03185327_cn, was predesigned while the UGT2B28 assay,
ID#UGT2B28 CCGJPDF, was custom designed. The quantitative assays were performed using
the 7900-HT real-time PCR machine in quadruplicate in 384 well plates with a 10l reaction
volume containing 10ng DNA, 5ul TagMan Universal PCR Master Mix (Applied Biosystems
Carlsbad, California), 0.5ul of the CNV assay, and 0.5ul of the reference RNase P assay (part
#4403328). The reaction was completed using the following cycling conditions: 95°C for 15sec
and 60°C for 1 min for 40 cycles. Control DNA samples purchased from the Coriell Institute
Cell Repositories with a known copy number for each CNV were selected. Six control samples
for each CNV (2 for each genotype) were run on every 384 well assay plate. Data was analyzed
using the SDS 2.2 software (Applied Biosystems Carlsbad, California) to quantify the
amplification cycle and then the data was imported into the Copy Caller v1.0 software (Applied
Biosystems Carlsbad, California).

Section 1B: Statistical Analysis of CNVs and CRC risk

Unconditional logistic regression models were used to calculate odds ratios (ORs) and 95%
confidence intervals (CIs) for associations between CNV and CRC risk. An additive model was
used for logistic regression analysis: wildtype CNV (+/+) > (0/+) > (0/0). Dietary characteristics
and Hardy Weinberg equilibrium between cases and controls were compared using the y>-test for
categorical variables and non-parametric Wilcoxon rank sum test for continuous variables.
Likelihood ratio tests were used to evaluate the fit of each model. In order to control for
implausible dietary data, individuals who reported < 500 or >5000 kcal/day (n = 42) were
excluded along with individuals < 35 years of age (n = 10). All logistic regression models were
controlled for age (years), total energy intake (kcal/day), and sex. The association between
known or suspected CRC risk factors; alcohol (grams/day), BMI (kg/m?), smoking status (never,
current, or past smoker), pack-years smoking, family history of CRC in a first degree relative
(yes, no), regular nonsteroidal anti-inflammatory drug (NSAID) use (defined as high [> 3




times/week] or low [< 3 times/week] for at least 1 year prior to the interview for controls or
diagnosis for cases), and physical activity (defined as low [<I hour] and high [> 1 hour/week] of
vigorous activity), were tested individually for potential confounding. According to a 10%
change-in-estimate criterion, BMI, family history, NSAID use, and physical activity were
included in the final multivariate model. Dietary carcinogen levels (PhIP, MelQx, DiMelQX,
and BaP) were adjusted for total energy intake (kcal/day) by the nutrient density method (grams
per 1000 kcal) and separated into quintiles of intake based on the distribution among the
controls. Polytomous regression was used to evaluate the associations between CNV and CRC
risk by anatomical subsite. Reported p-values are 2-sided and p < 0.05 was considered
significant for all tests. All statistical analyses were performed with SAS version 9.3 (SAS
Institute, Inc., Cary, NC) and JMP version 8.0 (SAS Institute, Inc., Cary, NC)

Section 1C: UGT2B17 and UGT2B28 CNV associations with CRC risk

The UGT2B17 and UGT2B28 CNV frequencies are shown in Table 1 for all samples. The
UGT2B17 polymorphism was in Hardy-Weinberg Equilibrium for both cases and controls,
whereas the UGT2B28 polymorphism was not in equilibrium in controls (p = 0.027) and in
equilibrium in cases. The frequencies of the null (0/0) variants in the control population for
UGT2B17 and UGT2B28 were 15% and 4%, respectively. Example CNV calls for select cases
and controls in our sample set are shown in Figure 1. The Coriell controls for both genes were
called correctly using the calibrator sample [2 gene copies (+/+), NA10855 for UGT2B17 and
NA10835 for UGT2B28, validating our sample calls (Figure 1)].

Unconditional logistic regression was used to assess the separate effect of UGT2B17 and
UGT2B28 CNV on CRC risk, adjusting for age, sex, BMI, first degree family history, NSAID
use, and physical activity. The combined effect of both gene CNVs was evaluated but the
sample size was too small to detect any statistical significant associations with CRC risk. A 10%
change-in-estimate in genotype was not found after addition of any of the carcinogens in the
statistical regression models. However, similar to previous reports, high PhIP consumption was
associated with CRC risk (1.78 OR, 1.14-2.77 95% CI, p = 0.012) and with rectal cancer risk
(1.95 OR, 1.26-3.02 95% CI, p = 0.0029) in males. PhIP consumption in males was also
associated with distal colon (1.92 OR, 1.06-3.49 95% CI, p = 0.032) and rectal cancer risk (2.33
OR, 95% CI 1.30-4.18, p = 0.0047). High consumption of DiMelQx increased the risk of distal
colon (1.57 OR, 95% CI 1.02-2.44, p = 0.043) and rectal cancer (1.58 OR, 1.03-2.43, p = 0.038)
overall as well as rectal cancer risk in females (2.18 OR, 1.12-4.22 95% CI, p = 0.021). Intake of
high levels of BaP consumption increased overall risk for rectal cancer (1.66 OR, 1.07-2.58 95%
Cl, p =0.025), association observed primarily in males (2.10 OR, 1.19-3.70 95% CI, p = 0.017).

The odds ratio (OR) and 95% confidence intervals are shown by forest plots in Figure 2. A
significant association (Figure 2) between the UGT2B17 deletion (0/0) and decreased CRC risk
was found when analyzing the entire population (0.82 OR, 0.67-0.99 95% CI, p = 0.044),
adjusting for age, sex, BMI, kcal/day, past regular NSAID use, family history of CRC, and
physical activity. This association was observed in men with UGT2B17 (0/0) (0.72 OR, 0.55-
0.95 95% CI, p = 0.020), but not in women (0.95 OR, 0.70-1.27 95% CI, p = 0.724; Figure 2).
Polytomous regression analysis by anatomical sub-site [proximal colon (194 cases), distal colon
(145 cases), and rectum (151 cases)] showed that the significant association between UGT2B17
(0/0) and decreased cancer risk was only found for rectal cancer (0.67 OR, 0.50-0.89 95% ClI, p



=0.0065) and not for proximal (0.90 OR, 0.69-1.17 95% ClI, p = 0.44) or distal colon cancer
(0.89 OR, 0.67-1.182 95% CI, p = 0.42; Figure 2). After sex stratification, only male rectal
cancer cases with UGT2B17 (0/0) exhibited decreased risk for CRC (0.57 OR, 0.38-0.85 95%
Cl, p =0.0056). No differences were observed between UGT2B17 CNV and female CRC cases
by anatomical sub-site. No significant association was found between the UGT2B28 CNV and
CRC risk before or after stratification by sex or anatomical sub-site (Figure 2).

Section 1D: Summary and Conclusions from UGT CNV study

A significant association between the UGT2B17 deletion genotype (0/0) and decreased CRC risk
was found when analyzing the entire population (p = 0.044). Stratification by sex yielded a
decreased risk (p = 0.020) in men with the UGT2B17 (0/0), but no association was observed in
women (p = 0.724). A significant association between UGT2B17 (0/0) and decreased risk for
rectal (p = 0.0065) but not colon cancer was found. No significant association was found
between UGT2B28 CNV and CRC risk.

We have previously shown that UGT2B17 has higher expression and activity in men (Gallagher
et al Drug Metabolism and Disposition 2010) which may be responsible for the observed
association in men in this CRC study. Since UGT2B17 metabolizes certain NSAIDs, and
flavonoids with antioxidative properties, individuals with two copies of this gene may excrete
these protective dietary components at a faster rate than individuals with one or zero copies of
the gene. This increases the antioxidant effect on carcinogen detoxification which results in an
observed decreased CRC risk in UGT2B17 (0/0) individuals.

Section 1E: Tables and Figures for UGT CNV study:

Table 1: Genotype frequencies of copy number variants in UGT2B17 and UGT2B28: (+/+) is the
wildtype and represents 2 copies of the gene, (0/+) represents 1 copy of the gene, and (0/0)
represents O copies of the gene.

uGTZ2B17 UGT2B28
All Proximal Distal Rectum  Controls All Proximal Distal Rectum
Controls (%) CRC (%) Colon (%) Colon (%) (%) (%) CRC (%) Colon (%) Colon (%) (%)

Overall

(0/0) 86 (15) 79 (13) 32 (13) 25 (15) 21 (12) 21 (4) 17 (3) 6 (2) 5(3) 5(3)

(+/0) 286 (50) 278 (46) 111 (47) 76 (46) 78(43) 136 (24) 148 (24) 61 (25) 40 (25) 41 (23)

(+/+) 201 (35) 249 (41) 94 (40) 65 (39) 81 (45) 408 (72) 442 (73) 178 (73) 118 (72) 130 (74)
Male

(0/0) 52 (16) 45 (14) 17 (14) 14 (14) 13 (12) 13 (4) 12 (4) 3(3) 4 (4) 5(5)

(++/0) 173 (63) 148 (44) 52 (44) 46 (47) 42 (40) 79 (24) 82 (25) 28 (23) 24 (24) 25 (25)

(+/+) 102 (31) 142 (42) 49 (42) 37 (48) 51 (48) 231 (72) 240 (72) 88 (74) 72(72) 71(70)
Female

(0/0) 34 (14) 34 (13) 15 (13) 11 (186) 8(11) 8 (3) 5(2) 3(2) 1(2) 0 (0)

(+/0) 113 (46) 130 (48) 59 (49) 30 (43) 36 (49) 57 (24) 66 (24) 33 (26) 16 (25) 16 (21

(+7+) 99 (40) 107 (39) 45 (38) 28 (41) 30 (40) 177 (73) 202 (74) 90 (72) 46 (75) 59 (79
2(++/+) is the wild type and represents 2 copies of the gene, (/0) represents 1 copy of the gene, and (0/0) represents O copies of the gene. Abbreviation:

CRC, colorectal cancer.
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Figure 1: Graphical representation of the calculated copy number produced by CopyCaller v1.0
for select cases and controls in our cohort. Sample IDs in red are the Coriell controls used as
calibrators. The red line on each bar indicates the standard deviation between the four replicates.
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Figure 2: Effect of gene copy number variance on colorectal cancer risk. Unconditional logistic
regression analysis was used to calculate odds ratios and 95% confidence intervals and
polytomous regression analysis was used to evaluate the associations between CNV and CRC
risk by anatomical subsite. *significant result.
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Section 2: The effect of UGT1A and UGT2B polymorphisms on colorectal cancer risk:
haplotype associations and gene-environment interactions.

Genetic polymorphisms in combination with environmental exposures have been hypothesized to
affect colorectal cancer (CRC) risk. Metabolizers of environmental carcinogenic and
endogenous compounds affecting CRC risk include the UGTs which are phase Il detoxification
enzymes. UGT2B17 and UGT2B28 are two of the most commonly deleted genes in the genome,
so we examined their CRC associations first and concluded that the UGT2B17 gene deletion
polymorphism is associated with decreased CRC risk (please refer to last year’s annual report for
details of that study). We next wanted to perform a more comprehensive study of
polymorphisms in all of the UGT genes. To study the effect of UGTs on CRC risk we
genotyped polymorphisms in 14 additional UGT1A and UGT2B genes on 1800 Caucasian
subjects (CRC cases and controls) that had completed extensive demographics and lifestyle
questionnaires, and then performed genetic association studies of SNPs and haplotypes.

Section 2A: SNP selection and genotyping

Genotypes for SNPs in the UGT1A and UGT2B genes representing people with European
Ancestry (CEPH) were downloaded from the International HapMap Project. Linkage
disequilibrium (LD) in the UGT1A and UGT2B genes was determined using Haploview
Software. LD was estimated between all pairs of SNPs using the D’ statistic and haplotype
block structure was determined using the Solid Spine of LD option, with the block extended if
pairwise D’ between SNPs was greater than 0.80. From this analysis, 96 tag, coding, and
additional SNPs within and surrounding the nine UGT1A genes on chromosome 2937 to fill in
gaps greater than 10kb, were used to design an Illumina GoldenGate genotyping assay (lllumina
San Diego, CA). A separate GoldenGate genotyping assay was designed containing 16 tagging
and coding SNPs and one deletion/insertion polymorphism within five UGT2B genes on
chromosome 4q13; two UGT2B genes, UGTs 2B17 and 2B28, were not profiled by the SNPs in
the present study as these genes had been previously examined for associations with CRC risk
using the same sample set (Angstadt, et al. 2013) (described in last year’s annual report). DNA
isolation and quantification was described in last year’s annual report.

Section 2B: Statistical Analysis for SNPs and CRC risk

Dietary characteristics between cases and controls were compared using the y?-test for
categorical variables and non-parametric Wilcoxon Rank-Sum test for continuous variables. If
continuous dietary variables appeared non-normally distributed then the appropriate
transformation was performed (for example, log-transformation) to normalize their distributions.
T-tests were used on transformed data and then confirmed by the Wilcoxon Rank-Sum test.
Likelihood ratio tests were used to evaluate the fit of each model. A total of 854 Caucasian cases
and 969 Caucasian controls were genotyped on the UGT1A assay, and 897 Caucasian cases and
955 Caucasian controls were genotyped on the UGT2B assay. Although the final number of
genotyped samples is similar between datasets, 470 of the samples in the UGT2B dataset do not
overlap with the UGT1A dataset due to limited to quantities of DNA. In order to control for
implausible dietary data, individuals who reported < 500 or >5000 kcal/day (n = 53 for UGT1A,
50 for UGT2B) were excluded from the analysis along with individuals < 35 years of age (n =
13). After this exclusion, a total of 816 cases and 941 controls were analyzed from the UGT1A
assay and 857 cases and 932 controls were analyzed from the UGT2B assay.
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Hardy-Weinberg Equilibrium, allele frequencies, and identification of haplotype blocks in the
study dataset were conducted using the control sample set in the Haploview software, defining
blocks by the solid spine of LD. SNPs were excluded if the call rate was <90% and/or a Hardy-
Weinberg Equilibrium (HWE) p <1 x103. This study is powered to detect associations with
SNPs as low as 5% frequency for an OR >2.0 (>95% power) and can additionally detect lower
effect sizes (OR>1.5) for common SNPs (>30%) with >80% power. The SAS PROC
HAPLOTYPE procedure (Czika and X 2004) was used to conduct the haplotype analysis using
the haplotype block definitions from the Haploview software. The procedure utilizes the
Expectation Maximization (EM) algorithm to generate maximum likelihood estimates of
haplotype frequencies given a multilocus sample of genetic marker genotypes under the
assumption of HWE. The initializing method was INIT=RANDOM, which initializes haplotype
frequencies with random values from a Uniform (0,1) distribution. The haplotype frequency
threshold was set to 5%, and haplotypes with a lower frequency were excluded from subsequent
logistic regression analysis. The standard errors and the confidence intervals for each haplotype
were estimated under binomial assumption, by default. The total probability of an individual
having a particular haplotype compared to all other haplotype possibilities was determined.
These values were used in the following statistical analysis assuming an additive statistical
model (comparing the probability of one haplotype to all other haplotypes combined).

Unconditional logistic regression models were used to calculate odds ratios (ORs) and 95%
confidence intervals (CIs) for associations between individual SNPs and haplotypes and CRC
risk. Three statistical models were tested for individual SNP logistic regression analysis:
additive: (BB) > (BA) > (AA), dominant: [(BB + (BA)] vs (AA), and recessive: (BB) vs [(BA) +
(AA)], with B being the minor allele. Multivariate models were used adjusting for potential
confounding variables that were selected a priori: age (continuous), sex (male, female), total
energy intake (kcal/d, continuous), body mass index (BMI; kg/m?, continuous), smoking status
(never, current, or former), family history of CRC (yes, no; first degree relative), alcohol (g/d,
continuous), physical activity (yes, no; > 1 hr/week of vigorous activity), education (no college
degree, college degree or above), and regular non-steroidal anti-inflammatory drug (NSAID) use
(yes, no; regular use defined as at least 3 times a week for 1 year prior to diagnosis for cases and
1 year prior to interview for controls). According to a 10% change-in-estimate criterion, age,
education, sex, BMI, family history, NSAID use, and physical activity were included in the final
multivariate model. Dietary carcinogen levels (PhIP, MelQx, DiMelQx, and BaP) were adjusted
for total energy intake (kcal/day) by the nutrient density method (grams per 1000 kcal) (Willett,
et al. 1997) and separated into quintiles of intake based on the distribution among controls. The
lowest level (quintile 1) for each respective dietary carcinogen served as the referent quintile.
Since the UGT gene family is known to metabolize environmental carcinogens, high intake of
each carcinogen was individually tested as a possible cofounding covariate and added into the
model if necessary according to a 10% change-in-estimate criterion (Greenland and Rothman
2008). Associations stratified by sex, anatomical sub-site (colon and rectum), and high
carcinogen intake (quintile 5 of each dietary carcinogen) were also investigated. Reported p-
values are 2-sided after correcting for the effects of multiple testing within each genomic region
using SAS PROC MULTITEST. The False Discovery Rate (FDR) method described by
Benjamini and Hochberg (Benjamini and Hochberg 1995) was used and controls the rate at

level = 5@ < @ when you have independent p-values that are uniformly distributed under their
respective null hypotheses. An adjusted p-value < 0.05 was considered significant for all tests.
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The PheWAS-View software was used to visually integrate study results, to discover novel
relationships between SNPs and phenotypes, and to produce forest plots (Pendergrass, et al.
2012). All statistical analyses were performed with SAS version 9.2/9.3 (SAS Institute, Inc.,
Cary, NC) and JMP Pro 10 (SAS Institute, Inc., Cary, NC).

Section 2C: UGT1A SNP associations with CRC risk

Unconditional logistic regression analysis using an additive, dominant, and recessive statistical
model was conducted for individual SNPs and haplotypes within the UGT1A gene family for the
effect on CRC risk controlling for age, education, sex, BMI, family history, NSAID use, and
physical activity. Three of the 96 SNPs did not amplify and 8 of the SNPs (rs2741028,
rs11893247, rs6706988, rs17863773, rs10176426, rs12474980, rs12463641, rs17862878) failed
HWE in the controls, leaving a total of 85 SNPs for analysis. No significant associations were
found between individual UGT1A SNPs and CRC risk overall or after stratification analysis by
sex, cancer sub-site (colon versus rectum), or levels of carcinogen intake when applying the FDR
multiple testing correction for all SNPs genotyped.

Section 2D: UGT1A Haplotype associations with CRC risk

Haploview software was used on the controls to divide the UGT1A gene region into eleven
haplotype blocks, and each haplotype was then analyzed for impact on CRC risk. Haplotype
block 7 was divided into four blocks (7.1, 7.2, 7.3, and 7.4) due to computational power for the
analysis. SAS PROC HAPLOTYPE was then used to assign the probability that each individual
possesses a particular haplotype compared to all other haplotype possibilities, which was then
analyzed in unconditional logistic regression analysis controlling for the same covariates in the
individual SNP analysis. Therefore, the analysis, assuming an additive statistical model,
reported the risk associated with a specific haplotype when compared to all other haplotypes in
the population at a frequency greater than 5%. Several UGT1A haplotype blocks were associated
with cancer risk in this analysis. In the overall analysis, the T-T-A-G-A haplotype in block 4
was found to significantly increase CRC risk (OR= 2.44, 95% CI=1.29-4.6). In addition,
stratifications by sex and cancer sub-site also yielded FDR-adjusted significance for haplotypes
in blocks 2, 5, 6, 7.1, 7.4, 9 and 11. The significant decrease in cancer risk for the T-G haplotype
(rs17864678, rs10929251) in block 2 was found in both proximal (OR = 0.29, 95% CI =0.11-
0.69) and distal (OR =0.32, 95% CI =0.12-0.95) colon cancer patients making it associated with
colon cancer risk and not rectal cancer risk. The significance found between decreased proximal
colon cancer risk and haplotypes in blocks 7.1 (OR = 0.24, 95% CI = 0.085-0.69) and 7.4
(OR=0.26, 95% CI=0.091-0.71) is similar, as the two blocks were divided within one block
created by Haploview and they contain three overlapping SNPs (rs1604144, rs12988520, and
rs7240193). The C-T-G haplotype in block 11 (rs7578153, rs10203853, rs6728940) was found
in males to increase CRC risk overall (OR = 2.56, 95% CI =1.10-5.95) and the risk of proximal
colon cancer (OR =4.06, 95% CI = 1.30-12.6). No association with cancer risk was observed
for any UGT1A blocks specifically in females even after stratification by sub-site.

Section 2E: UGT2B SNP associations with CRC risk

As conducted for SNPs in the UGT1A gene family, unconditional logistic regression analysis
using an additive, dominant, and recessive statistical model was analyzed on individual SNPs
and haplotypes within the UGT2B gene loci for the effect on CRC risk controlling for age,
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education, sex, BMI, family history, NSAID use, and physical activity. Two of the 16 SNPs did
not amplify, 1 SNP was not a polymorphism in our population (rs7439366), and 1 SNP was
genotyped in only 84% of our patients (rs7668258), leaving a total of 12 SNPs and one
deletion/insertion polymorphism (rs35922514) for analysis. All SNPs were consistent with
HWE. Overall, no significant associations were found between individual UGT2B SNPs and
CRC risk even after stratification analysis by sex and high carcinogen intake, when applying the
FDR multiple testing correction for all SNPs genotyped. In rectal cancer patients, a few SNPs
yielded borderline associations (rs4148269, rs61750900, rs835317, rs11737566) but only one
SNP in UGT2B15, rs6837575 (minor allele frequency of 0.386 in controls) was found to
significantly decrease risk after multiple testing correction using a dominant statistical model
(OR=0.47, 95% CI = 0.29-0.74, FDR p = 0.020; Figure 3, panel A).

Section 2F: UGT2B haplotype associations with CRC risk

SNPs within the UGT2B region were divided into two haplotype blocks using Haploview and
SAS PROC Haplotype to calculate the probability that a particular individual possesses a certain
haplotype compared to all other haplotype possibilities (Figure 3). The rs35922514
polymorphism was excluded from the haplotype analysis because it was a deletion/insertion
polymorphism and the insertion was only present in 0.6% (11/1761) of the population with no
individuals exhibiting the homozygous rare genotype. While no UGT2B haplotypes were
significantly associated with overall CRC risk, a significant decreased risk was found for the A-
G haplotype (rs4148269; minor allele (MA) = A; rs6837575, MA = A) in block 1 (OR=0.39,
95% CI=0.19-0.77, FDR p = 0.01) in patients with rectal cancer in an additive statistical model
(Figure 1, panel B). An increased risk for rectal cancer was found for the same haplotype block
with a C-A haplotype (OR=2.57, 95% CI1=1.21-5.04, FDR p = 0.01). After further stratification
by gender, the A-G (OR=0.26, 95% CI1=0.085-0.77, FDR p = 0.03) and C-A (OR=3.08, 95%
CI=1.08-8.74, FDR p = 0.035) haplotypes in block 1 were found to significantly alter rectal
cancer risk in females in the same directions; no significant associations were observed
specifically in males. The two SNPs that make up block 1 are located in UGT2B15; rs4148269
is a missense polymorphism (c.C1568A, K523T) in exon 1 and rs6837575 is in intron 1.

Section 2G: NSAID use and UGT1A polymorphisms

Gene x environment (GXE) interactions were tested for all SNPs and haplotypes in both the
UGT1A and UGT2B locus with high carcinogen intake (PhIP, MelQx, DiMelQx, and BaP) as
well as high NSAID use. No significant GXE interactions were found with carcinogen intake
after conducting a multiple testing correction. In the UGT1A gene cluster, the interaction
between high NSAID use and the A-G-T haplotype (rs6717546, rs1500482, rs7586006)
combined had a significant (p = 0.027) interaction after multiple testing correction, leading to
decreased CRC risk. The homozygous recessive allele of rs1500482 was significant prior to
multiple testing correction (p = 0.0007) but did not remain significant after the FDR correction
(p = 0.051) for the interaction between high NSAID use and decreased CRC risk. No other gene
X NSAID interaction was found between individual SNPs and haplotypes.

Section 2H: Summary of UGT SNP association study

UGT1A haplotype analysis found that the T-G haplotype in block 2 in UGT1A10 exon 1
(rs17864678, rs10929251) decreased colon cancer risk [proximal (OR = 0.28, 95% CI=0.11-
0.69), distal (OR =0.32, 95% CI1=0.12-0.91)] and the C-T-G haplotype of block 11 in the 3’
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region flanking the UGT1A shared exons (rs7578153, rs10203853, rs6728940) increased CRC
risk specifically in males (OR = 2.56, 95% CI=1.10-5.95). In addition, a haplotype in UGT2B15
containing a functional variant (rs4148269, K523T) and an intronic SNP (rs6837575) was found
to significantly affect rectal cancer risk overall (OR = 2.57, 95% CI=1.21-5.04) and in females
(OR =3.08, 95% CI=1.08-8.74). Although no significant interactions between polymorphisms
and meat mutagens were found, an interaction was found between high NSAID use and the A-G-
T (rs6717546, rs1500482, rs7586006) haplotype in block 10 in the shared exons of the UGT1A
genes that decreased CRC risk. These data suggest that genetic variation in UGTs alters CRC
risk differently by anatomical sub-site and gender, and that polymorphisms in the shared exons
or 3’ flanking sequence of the UGT1A genes may have a regulatory effect on gene expression
that allows for the protective effect of NSAIDs on CRC risk.

Section 21: Figures for UGT SNP association study

Figure 3:
Schematic representation of the effect the UGT2B gene family on rectal cancer risk produced by

the PheWAS software (Pendergrass, et al. 2012). Forest plot showing the odds ratios and 95%
confidence intervals of the effect of individual SNPs (A) and haplotypes in block 1 (B) in the
UGT2B genomic region on rectal cancer risk. LD plot demonstrates the haplotype blocks within
the region and the position of each UGT2B gene (* on genes indicates that this gene has been
previously studied for CRC risk associations using the same sample set (Angstadt, et al. 2013)) .
The p-value graphed as the -10g10 (p-value) was adjusted for multiple testing by the FDR
method and the red line denotes the p<0.05 cutoff. Abbreviations are as follows: B = minor
allele; Add [Additive Statistical Model, (BB) > (BA) > (AA)]; Dom [(Dominant Statistical
Model, (BB + (BA) vs (AA)]; Recc (Recessive Statistical Model, (BB) vs (BA) + (BB)]; MAF
(minor allele frequency in population controls). Blank plots in the Additive and Recessive
Statistical Model are provided to focus the graphical scale because these SNPs were insignificant
and contained a large confidence interval. In addition, rs3924194 and rs7435335 only had two
alleles and therefore could not be analyzed in a recessive model.
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18. Extent of Clinical Activities Initiated and Completed. Items 18(A) and 18(B) should be
completed for all research projects. If the project was restricted to secondary analysis of
clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should
be “No.”

18(A) Did you initiate a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
X No

18(B) Did you complete a study that involved the testing of treatment, prevention or
diagnostic procedures on human subjects?
Yes
X_No

If “Yes” to either 18(A) or 18(B), items 18(C) — (F) must also be completed. (Do NOT
complete 18(C-F) if 18(A) and 18(B) are both “No.”)

18(C) How many hospital and health care professionals were involved in the research
project?
Number of hospital and health care professionals involved in the research
project

18(D) How many subjects were included in the study compared to targeted goals?

Number of subjects originally targeted to be included in the study
Number of subjects enrolled in the study

Note: Studies that fall dramatically short on recruitment are encouraged to
provide the details of their recruitment efforts in Item 17, Progress in Achieving
Research Goals, Objectives and Aims. For example, the number of eligible
subjects approached, the number that refused to participate and the reasons for
refusal. Without this information it is difficult to discern whether eligibility
criteria were too restrictive or the study simply did not appeal to subjects.

18(E) How many subjects were enrolled in the study by gender, ethnicity and race?

Gender:
Males

Females

Unknown

Ethnicity:
Latinos or Hispanics

Not Latinos or Hispanics
Unknown
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Race:
American Indian or Alaska Native
Asian
Blacks or African American
Native Hawaiian or Other Pacific Islander
White
Other, specify:
Unknown

18(F) Where was the research study conducted? (List the county where the research
study was conducted. If the treatment, prevention and diagnostic tests were offered in
more than one county, list all of the counties where the research study was
conducted.)

19. Human Embryonic Stem Cell Research. Item 19(A) should be completed for all research
projects. If the research project involved human embryonic stem cells, items 19(B) and
19(C) must also be completed.

19(A) Did this project involve, in any capacity, human embryonic stem cells?
Yes
X__No

19(B) Were these stem cell lines NIH-approved lines that were derived outside of
Pennsylvania?

Yes

No

19(C) Please describe how this project involved human embryonic stem cells:

20. Articles Submitted to Peer-Reviewed Publications.

20(A) Identify all publications that resulted from the research performed during the funding
period and that have been submitted to peer-reviewed publications. Do not list journal
abstracts or presentations at professional meetings; abstract and meeting presentations should
be listed at the end of item 17. Include only those publications that acknowledge the
Pennsylvania Department of Health as a funding source (as required in the grant
agreement). List the title of the journal article, the authors, the name of the peer-reviewed
publication, the month and year when it was submitted, and the status of publication
(submitted for publication, accepted for publication or published.). Submit an electronic
copy of each publication or paper submitted for publication, listed in the table, in a PDF
version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include
the number of the research project, the last name of the P, and an abbreviated title of the
publication. For example, if you submit two publications for Smith (PI for Project 01), one
publication for Zhang (PI for Project 03), and one publication for Bates (PI for Project 04),
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the filenames would be:
Project 01 — Smith — Three cases of isolated
Project 01 — Smith — Investigation of NEB1 deletions
Project 03 — Zhang — Molecular profiling of aromatase
Project 04 — Bates — Neonatal intensive care
If the publication is not available electronically, provide 5 paper copies of the publication.

Note: The grant agreement requires that recipients acknowledge the Pennsylvania
Department of Health funding in all publications. Please ensure that all publications listed
acknowledge the Department of Health funding. If a publication does not acknowledge the
funding from the Commonwealth, do not list the publication.

Title of Journal Authors: Name of Peer- | Month and | Publication

Article: reviewed Year Status (check
Publication: Submitted: | appropriate box

below):

1. The effect of copy | Angstadt AY, Berg | CANCER March OSubmitted

number variation A, Zhu J, Hartman 2013 CJAccepted

(CNV) in the phase | TJ, Lesko SM, xPublished

Il detoxification Muscat JE, Lazarus

genes, UGT2B17 P, Gallagher CJ.
and UGT2B28, on
colorectal cancer

risk.

2. The effect of Angstadt AY, Genes December | OSubmitted
UGT1A and UGT2B | Hartman T, Lekso | Chromosomes, | 2013 xAccepted
polymorphisms on SM, Muscat JE, Cancer OPublished
colorectal cancer Zhu J, Lazarus P,

risk: haplotype Gallagher CJ.

associations and
gene-environment
interactions.

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications
in the future?

Yes_ X No
If yes, please describe your plans:
We have additional analyses that are currently being conducted on this dataset, including

genetic studies in combination with dietary and environmental interactions. One
manuscript is currently in preparation, with others still in the analysis phase.
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21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.
Describe the outcome, impact, and effectiveness of the research project by summarizing its
impact on the incidence of disease, death from disease, stage of disease at time of diagnosis,
or other relevant measures of outcome, impact or effectiveness of the research project. If
there were no changes, insert “None”; do not use “Not applicable.” Responses must be
single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE
INSTRUCTIONS. There is no limit to the length of your response.

We observed a significant association between the UGT2B17 deletion genotype (0/0) and
decreased CRC risk (p = 0.044). Stratification by sex yielded a decreased risk (p = 0.020) in
men with the UGT2B17 (0/0), but no association was observed in women (p = 0.724). A
significant association between UGT2B17 (0/0) and decreased risk for rectal (p = 0.0065) but
not colon cancer was found. We have previously shown that UGT2B17 has higher expression
and activity in men (Gallagher et al Drug Metabolism and Disposition 2010) which may be
why we observe an association in men in this CRC study. Since UGT2B17 metabolizes
certain NSAIDs, and flavonoids with antioxidative properties, individuals with two copies of
this gene may excrete these protective dietary components at a faster rate than individuals
with one or zero copies of the gene. This increases the antioxidant effect on carcinogen
detoxification which results in an observed decreased CRC risk in UGT2B17 (0/0)
individuals.

In addition, we observed a haplotype in UGT1A10 decreased colon cancer risk [proximal
(OR =0.28, 95% C1=0.11-0.69), distal (OR =10.32, 95% C1=0.12-0.91)] and another
haplotype in the UGT1A shared exons increased CRC risk specifically in males (OR = 2.56,
95% CI=1.10-5.95). Also, a haplotype in UGT2B15 was found to significantly affect rectal
cancer risk overall (OR = 2.57, 95% CI=1.21-5.04) and in females (OR = 3.08, 95%
CI=1.08-8.74). In addition, an interaction was found between high NSAID use and a
haplotype in the shared exons of the UGT1A genes that decreased CRC risk.

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and
Treatment. Describe major discoveries, new drugs, and new approaches for prevention,
diagnosis and treatment that are attributable to the completed research project. If there were
no major discoveries, drugs or approaches, insert “None”’; do not use “Not applicable.”
Responses must be single-spaced below, and no smaller than 12-point type. DO NOT
DELETE THESE INSTRUCTIONS. There is no limit to the length of your response.

As described in the answer to question 21, we have identified new genetic associations with
CRC risk, including SNPs, haplotypes, and CNVs in the UGT gene family that alters CRC
risk. These data suggest that genetic variation in UGTSs alters CRC risk differently by
anatomical sub-site and gender, and that polymorphisms in the shared exons or 3’ flanking
sequence of the UGT1A genes may have a regulatory effect on gene expression that allows
for the protective effect of NSAIDs on CRC risk. The findings help to advance our
understanding of colorectal cancer and help to identify high-risk individuals for the
development of colorectal cancer screening and prevention strategies. Individuals with
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variants identified in our study may benefit from more frequent screening or personalized
chemoprevention or intervention programs on diet or smoking.

23. Inventions, Patents and Commercial Development Opportunities.

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35
of the United States Code, conceived or first actually reduced to practice in the performance
of work under this health research grant? Yes No X

If “Yes” to 23(A), complete items a — g below for each invention. (Do NOT complete items
a- gif 23(A) is “No.”)

a.

b.

Title of Invention:
Name of Inventor(s):

Technical Description of Invention (describe nature, purpose, operation and physical,
chemical, biological or electrical characteristics of the invention):

Was a patent filed for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?
Yes No

If yes, indicate date patent was filed:

Was a patent issued for the invention conceived or first actually reduced to practice in
the performance of work under this health research grant?

Yes No_

If yes, indicate number of patent, title and date issued:

Patent number:

Title of patent:

Date issued:

Were any licenses granted for the patent obtained as a result of work performed under
this health research grant? Yes No

If yes, how many licenses were granted?

Were any commercial development activities taken to develop the invention into a
commercial product or service for manufacture or sale? Yes_ No

If yes, describe the commercial development activities:

23(B) Based on the results of this project, are you planning to file for any licenses or patents,
or undertake any commercial development opportunities in the future?
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Yes No X

If yes, please describe your plans:
24. Key Investigator Qualifications. Briefly describe the education, research interests and
experience and professional commitments of the Principal Investigator and all other key

investigators. In place of narrative you may insert the NIH biosketch form here; however,
please limit each biosketch to 1-2 pages.
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NAME

POSITION TITLE

Gallagher (Colicigno), Carla Assistant Professor, Public Health Sciences

eRA COMMONS USER NAME (credential, e.g., agency login)
CGALLAGHER

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, include postdoctoral training and
residency training if applicable.)

INSTITUTION AND LOCATION _DEGREE MM/YY FIELD OF STUDY
(if applicable)
Biochemistry &
Gettysburg College, Gettysburg, PA B.S. 05/00 Molecular Biology
Wake Forest University, Winston-Salem, NC Ph.D. 12/04 Blochemlstry &
Molecular Biology
Wake Forest University, Winston-Salem, NC Post Doc 06/05 Human Genetics
Penn State College of Medicine, Hershey, PA Post Doc 06/08 Cancer Genetics

Personal Statement

| have the expertise necessary to successfully direct genetics research projects, including
association studies, gene expression studies, pharmacogenetics studies, and SNP discovery. |
have a broad background in genetics, with specific training and expertise in key research areas
for this application, including population genetics, molecular biology, and cancer biology. I have
been involved in the study of cancer genetics for over 8 years at the Penn State Cancer Institute
(PSCI), which is part of the Penn State College of Medicine (PSCOM). | have funding through a
NIH K99/R00 award to determine the how gender and genetic variation contribute to lung cancer
risk. I also have experience in candidate gene association studies (of SNPs, CNVs, haplotypes,
etc.) including the laboratory bench work, the bioinformatic database mining, the statistical
analysis, and the preparation of manuscripts. Furthermore, | have published a substantial number
of papers in the field of population genetics and molecular biology, including studies of
susceptibility genes for diabetes, nephropathy, metabolic syndrome, prostate cancer, oral cancer,
and lung cancer risk. In summary, | have a demonstrated record of successful research projects in
an area of population genetics, and my expertise and experience have prepared me to succeed
with an independent career in cancer genetics.

Selected Peer-reviewed Publications (10 from a total of 27)
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Research Support

Ongoing Research Support

4R00 CA131477 (Gallagher) 9/1/2010-8/31/2014
NIH/NCI

UDP-glucuronsyltransferase genes and gender differences in lung cancer risk

The main goal of this project is to determine UGT expression, activity against tobacco
carcinogens, and functional capacity of coding polymorphisms.

Role: PI

Completed Research Support

W911QY-11-C-0002 (Gallagher) 3/1/2011-2/28/2013

US Department of Defense, ONR

Suberoylanilide-hydroxamic-acid (SAHA) pharmacogenetics

The objective is to determine if gender and UGT2B17 genotype affect response, toxicity, and
metabolism of SAHA in vivo by performing genotype/phenotype association studies.

Role: PI

4100050904 (Gallagher) 7/20/2012-12/31/2013

Tobacco Settlement Funds

UGT Genetic Variation and Colorectal Cancer Risk

The goals of this study are to perform a comprehensive genetic association study of genetic
variation in the UGT genes for association with colorectal cancer risk by looking for frequency
differences between people with colorectal cancer, compared to healthy individuals.

Role: PI
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