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.

2.

Grantee Institution: The Pennsylvania State University

Reporting Period (start and end date of grant award period): 1/1/2010 - 12/31/2013
Grant Contact Person (First Name, M.I., Last Name, Degrees): John Anthony, MPA
Grant Contact Person’s Telephone Number: 814 935 1081

Grant SAP Number: 4100050904

Project Number and Title of Research Project: 52. The Gastrointestinal Microbiome in
Parasitic Infections - Towards Testing the “Hygiene Hypothesis”

Start and End Date of Research Project: 3/12/2012 - 12/31/2013

Name of Principal Investigator for the Research Project: Isabella M Cattadori, PhD
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:

$ 356,370

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

Cattadori, Isabella Pl 11%-6 mo 24,791

Grove, Deb Collaborator, genetic 39%-1 mo 5,744
sequencing

Mitchell, Susan Technician 100%-3mo 16,425

Adams, Dan Research assistant 100%-2 mo 4,616
/Technician

Pathak, Ash Research associate 50%-2 mo 100%-2mo | 22,563

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% Yr 1; 2% Yr 2-3).

Last Name, First Name | Position Title % of Effort on Project
Kapur, Vivek Co-PI 5

Praul, Craig Collaborator, genetic sequencing 5

Albert, Istvan Collaborator, Bioinformatics 5

Sebastian, Aswathy Post Doc 20

Schneebele, Rob Research assistant 100

Zaghtiti, Nabeel Research assistant 100

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

Infinity digital camera Parasitological work (helminth staging, $2,000
sexing measuring and egg counting)

Cam-recorder Rabbit behavior (monitoring of coprophagic | $550
behavior)

10. 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:



11.

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 O Other federal
(specify: )
[0 Nonfederal
source (specify: )

12.

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:

It is our intention to continue this study by refining our questions on the role of the host
gastrointestinal microbiome on chronic helminth infections. Based on the conclusive findings
of the current study we will test new hypotheses through further internal and/or external
funding.

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

The immediate plan is to complete the analytical work and publish the results. This is critical
for guiding us to the future research plan.




13. 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 3 1
Female 1 1
Unknown
Total 4 2
Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic 4 2
Unknown
Total 4 2
Undergraduate Masters Pre-doc Post-doc
White 4
Black
Asian 2 (Indian)
Other
Unknown
Total 4 2

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

carry out this research project?

Yes No X

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

15. 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.

Our study contributes to advancing our understanding of the microbiome-helminth



16.

17.

interaction in the gastrointestinal tract. The strong interdisciplinary aspect of the research has
provided many opportunities for strengthening interactions among collaborators/facilities at
Penn State Main Campus and for promoting new collaborations. Moreover, the involvement
of undergraduate and graduate students in research experience has led to many opportunities
for training students in a comprehensive and rigorous way of thinking, driven by fundamental
questions on the biology of parasitism, host-parasite and dynamics of chronic infections.

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 (o) and beta (13) should not
print as boxes () and include the appropriate citation(s). DO NOT DELETE THESE
INSTRUCTIONS.

Objectives and specific goals

The broad objective of this study is to investigate the impact of parasitic infections on the dynamics
and composition of the commensal microbiome of the gastrointestinal (GI) tract. We will leverage
ongoing studies using the well-established model of helminth infections (Trichostrongylus
retortaeformis) of the rabbit (Oryctolagus cuniculus) by performing experimental animal
manipulation and high-throughput DNA sequencing of the host GI bacterial community.
Bioinformatic analysis will be applied to the genomic data to characterize the microbiome assembly
and statistical analysis will be used to examine the relationship between microflora community and
helminth dynamics.

This host-parasite system has many similarities with the helminth infections of humans, and
findings can be used to identify general rules driving parasitic-commensal interactions and to seek
alternative methods for controlling infections. Importantly, this system is unique in that host’s
coprophagy allows individuals to naturally boost themselves with their own microbiome and
potentially modulate the severity of GI helminth infections. The project has two specific goals.

Goal 1. To determine the dynamical association between intensity of infection and changes in
commensal microbiome in the Gl tract. By sampling rabbits over the course of the infection we
anticipate to clarify how changes in helminth load influence microbiome assemblage and
composition.

Goal 2. To prevent host’s coprophagy and examine the consequences on microbiome assemblage
and infection severity. We propose that coprophagy is a form of ‘self-medication’ from
gastrointestinal infections and expect to identify differences in the microbiota by manipulating this



rabbit behavior.

By comparing temporal changes in the helminth-microbiome association during normal and
restrained settings and over the course of the infection this study will strengthening fundamental
theory on host-parasite-microbiome interaction and provide a fertile ground for developing new
hypotheses on the role of the gastrointestinal microbiome in infectious diseases.

Approach

Animal experiments

A four treatment design experiment was applied: Control (C, untouched animals), Infected (1,
helminth doses animals), Control with Collar (CC, untouched but with Elizabethan collar) and
Infected with Collar (IC, helminth doses and with Elizabethan collar), out-bred New Zealand White
male rabbits (60 days old; Harlan, US) were used. | and IC individuals were trickle dosed every
week by gavage with infective third stage larvae of T. retortaeformis (1000 L3), C and CC received
water. Groups of 4 individuals were sacrificed at days 15, 30 and 60 days post infection, 4 rabbits
were also sacrificed at day O (baseline cases). These sampling points were selected to provide
information on how host microbioma in the small intestine and caecum and parasite abundance
change over the course of the experiment where infection proportionally accumulates (trickle doses)
and coprophagy is constantly prevented in collared individuals.

For every sampled rabbit tissue samples were collected from the small intestine and caecum for
microbiome and metabolomics analysis. Peripheral blood, mucus and tissue from the small
intestine were also collected for immunological analysis. Helminths were collected from the
small intestine and parasitological work performed following our established protocols (1-4).
Rabbit’s feces were sampled every week to estimate egg shedding rate.

Microbiome (DNA extraction and genomics)

Using a sterile scissor, ~ 5 cm piece of small intestine-section 1 (SI-1) was cut. Using a
disposable sterile forceps (TWD catalog # DF8988P-S) to hold, the ingesta were gently washed
with PBS, and each piece was cut open longitudinally. The DNA extraction was performed
following the protocol from the Powersoil isolation kit (Mo Bio catalog # 12888-100) with
minor modifications. Using a sterile swab applicator (Puritan Medical Products catalog # 25-
806) the mucosa lining the inside of the small intestine was gently collected. The cotton tip of the
applicator swab was cut and placed directly into the tubes containing beads and were gently
vortex to mix and allow the sample to be dispersed into the solution. Next, heated lysis buffer
(60°C) was added to the tubes and the tubes were vortex briefly, and were placed in a bead
beater for 10 minutes at maximum speed for a rapid thorough homogenization. Following the
protocol, sterile DNA-Free PCR Grade Water (Teknova catalog # W3335) was used for DNA
elution. The concentration of the extracted DNA was evaluated using a NanoDrop
Spectrophotometer and a Qubit 2.0 Fluorometer (Life Technologies). The procedure was
performed in duplicate tissue sections from each experimental animal.

The sequence conservation of 16S rRNA genes allows for phylogenetic analysis and taxa
identification among different species of bacteria. Our preliminary 16S rRNA sequencing results
on small intestine samples revealed that both regions V1V2 and V3V5 were good candidates for



identifying organisms at the species level. Further preliminary sequencing results and
comparison bioinformatics analyses confirmed that VV3V5 region assigned higher percentage of
sequences at the species level. To characterize the microbial communities, 347F
(GGAGGCAGCAGTRRGGAAT) and 803R (CTACCRGGGTATCTAATCC) primers were
chosen to a highly conserved V3V5 region in the 16S rRNA gene (5-7). The PCR products (1000
bps) were purified using the AgencourtAMPure technology (Beckman Coulter, Brea, CA) as
described in 454 Technical Bulletin #2011-002, Short Fragment Removal Procedure. After
clean-up, the products were quantified by both Qubit (LifeTechnologies, Carlsbad, CA) and
gPCR using the KAPA Biosystems Library Quantification Kit (KapaBiosystems, Woburn, MA).
Products were pooled based on molar amounts, run on a 1% agarose gel and extracted. After
clean-up with a QlAquick PCR Purification kit (Qiagen,Valencia, CA) quality and quantity were
assessed using a DNA 7500LabChip on the Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA) and Qubit quantification.

The sequencing was performed using a quarter PTP plate on a 454 Life Sciences Genome
Sequencer FLX+ (Roche Diagnostics, Indianapolis, IN) per 454 specifications. One-way read
amplicons (Lib-L) were prepared using bar-coded fusion primers Forward:
CCATCTCATCCCTGCGTGTCTCCGACTCAG-MID- Forward Specific Primer and Reverse:
CCTATCCCCTGTGTGCCTTGGCAGTCTCAG-Reverse Specific Primer. PCR reactions (25
ul) for the 16s amplicons contained 5 pmoles of forward and reverse primers, ds DNA (10 to 40
ngs), 5 nmoles of dNTP, 0.25 uls of TAQ (Fast Start High Fidelity PCR system, Roche,
Indianapolis, IN), and 2.5 ul of 10X buffer supplied with the enzyme. Samples were denatured
at 94°C for 3 min, then cycled (Gene AMP PCR System 9700; Life Technologies, Carlsbad, CA)
27 to 35 cycles of 94°C for 15 sec, 55°C for 45 sec and 72°Cfor 60 sec with a final extension at
72°C for 8 min. Genome work was performed at the Genomics Core Facility at Penn State.
Samples with less than 20,000 read were repeated aiming for an average of 50,000 read/sample.

Immunology
Quantification of systemic and local immune responses follows our established protocols (2-3). Cytokine

gene expression in the small intestine duodenum was performed using Q-RT-PCR and antibodies
IgA and IgG in the mucus and serum were quantified using ELISAS.

Parasitology
The small intestine was divided in 3 sections and helminths were collected in each section using our

standardized procedures (2-3). Specimens of both sexes (40 males and 40 females) were stored in
formalin and then used to quantify body length and width and eggs in female uterus using our
digitalized system approach (1, 4).

Metabolomics

Lipids were extracted by the Folch method (8), dried under nitrogen and then stored under argon
in glass vials to minimize oxidation and contamination from plasticizers. Lipid extracts were
separated by reverse phase UHPLC on a Charged Surface Hybrid column and analyzed using an
AB Sciex 5600 quadrupole time-of-flight mass spectrometer. In addition to the survey scan, up
to twenty MS/MS product ion scans per duty cycle were acquired to aid in structural elucidation.
Tools such as: MarkerView, LipidBLAST and LipidView were implemented to identify lipids
and assess lipids that varied between the groups.



Bioinformatics and statistical analysis

The data set was analyzed using two different approaches. In the first approach, we have looked
into the taxonomic classification using Bayesian classifier. In the second approach, similarity
search approach was used to identify the taxonomies. We have used the Bayesian classifier
implemented in MOTHUR package for the taxonomic classification. Fasta sequences, quality
information and flow data was extracted from the binary files using MOTHUR’s sffinfo
command. Primer and adapter sequences were removed and the entire data set was subjected to
quality trimming. Quality trimming was performed by checking for an average base quality of 35
within window size of 50 base pairs. The high quality filtered sequence reads were aligned with
SILVA-compatible database reference alignment provided by MOTHUR. SILVA alignment is
50,000 columns long and hence further screening was done to remove columns in the alignment
that don’t contain data. Screen.seqs and filter.seqs commands were used to filter the alignment so
that all our sequences overlap in the same region. The aligned sequences were then classified
using the Bayesian classifier implemented in MOTHUR.

The high quality sequence reads were subjected to another round of analysis using BLAST
(Basic Local Alignment Search Tool). These sequences where searched against a database of
16S microbial sequences using nucleotide-blast (blastn). The blast results were then analyzed
with MEGAN (METaGenome Analyzer). MEGAN calculates the taxonomic content of blast hits
using NCBI taxonomy. The program uses Lowest Common Ancestor (LCA) algorithm to assign
each read to the lowest common ancestor of the set of taxa that it hits using a set of parameters.
In the taxonomic classification by MEGAN, each node is labeled by a taxon. The size of the
node corresponds to the number of assigned reads. Comparative visualization of the taxonomic
classification of the samples was obtained using MEGAN.

Cytokine data were visually presented following the comparative 224t method (9) where Ct
values of infected rabbits at every sampling point (DPI) were scaled over the average Ct of the
whole controls and the mean and standard error of the scaled Cts from the infected hosts
calculated at each sampling point (2-3). The antibody optical density values, background
corrected, were transformed and standardized into optical density indexes (OD index) (2).
Generalized linear models (GLM) or linear mixed effect models (with restricted maximum
likelihood, LME-REML) are used to analyze the immunological and parasitological data.

Results and Discussion

Microbiome

The analysis of this complex dataset is still in progress. As previously reported we found that
few bacteria taxa are more common in some treatments than others and this pattern is consistent
across taxa levels (Fig. 1). For example, Proteobacteria, Firmicutes and Actinobacteria are well
represented across all the treatment and time points while Cyanobacteria_Chloroplast and
Fusobacteria are less represented, especially at time point 30 and 60. Bacteroidetes and
Synergistetes showed the tendency to be more common in control and control+collar although
sampling time appear to affect these patterns. We also found that there is a temporal variation in
the occurrence of the taxa, some are more common at the beginning of the trial while other taxa
become more abundant later on. The caecum samples are in the pipeline and will be processed
using the same approach.
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Fig. 1 Percentage of reads (y-axis) at day 15, 30 and 60 days into the trial at phylum level
(different plots) by treatment (x-axis, from left to right: controls, controls+ collars, infected and
infected+collars).

i
|

B
|

r

Pamant of Raads

As part of the routine analysis, and here reported for illustrative purposes, phylogenetic
microflora comparisons were carried out among samples and among time points (Fig 2-3). As
previously reported in other studies and confirmed in our work, there is a relatively large
variation in microflora composition between individuals, which can affect the detection of clear
differences between treatments.
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Immune response in the duodenum

Very strong Muc2 and Muc5 gene expression was observed in all the 3 treatments -infected,
infected+collars and controls+collars (Fig. 4), and the response was much stronger in infected
than control+collar individuals (mean 224 range: 525-4036). Much lower values but second in
gene expression, particularly in the infected groups, were IFNg, I1L13 and IL4. Control+collar
groups showed a general peak in cytokine expression at 30 DPI while for the two infected groups
a stronger signal was found around 30 DPI in infected+collar and later on at 60DPI in Infected
only rabbits. The remaining cytokines showed baseline or close-to baseline values for the three
treatments. This cytokine trend was consistent with our previous work using rabbits infected with
T. retortaeformis only as well as with this and a second helminth in the stomach (Murphy et al.
2011, 2013). It is interesting to note the closer pattern between infected+collar and control+collar
than between infected+collar and Infected cases. Further analyses are in progress to tease apart
the intricacy of these patterns.
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Fig. 4 Cytokine expression (Mean * S.E.) over the course of the infection in the small intestine
duodenum and by treatment (Infected —top left, Infected+Collars —top right and Controls+Collars
-bottom). Data are presented as 224 (i.e. normalized Ct values of hosts scaled over the Control-
only hosts) housekeeping gene: HPRT.
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A somatic IgA and 1gG response to the worm infection was found in the mucus and serum (Fig.
5). In the mucus both IgG and IgA increased with time and values were significantly higher in
infected than control individuals.
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Fig. 5 Mean optical density index for IgG and IgA in the small intestine mucus of rabbits by
experimental treatment and experimental time.
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Parasitology

Helminth abundance was comparable between infected and infected+collar individuals
(meanzs.e.: 283.89+64.69 vs 249.22+67.14) (Fig. 6 left side), abundance was consistently higher
in the first segment of the small intestine and lower in the third segment, in agreement with our
previous findings using this system.
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Fig. 6 Left: Mean helminth abundance by small intestine segment (SI1 to S13) in infected and
infected+collared individuals and by sampling time (color gradient from high to low 15, 30, 60
day of sampling, respectively). Right: Mean eggs shed per gram of host feces over the

Beyond the know sex bias in worm length -i.e., females are longer than males- both male and
female body length was significantly different between infected and infected+collar individuals
(male meanz SE= I: 6.2+0.05, IC: 7.05+0.05, p<0.001; female mean+ SE= I: 7.50+0.06, IC:
7.05+0.05, p<0.001), the shorter length was recorded at 60DPI for both sexes (Fig. 6).

Helminth fecundity —i.e. eggs in utero/worm length- was significantly different between infected
and infected+collar individuals (mean+ SE= I: 3.00+0.06, IC: 3.26x0.05, p<0.01) (Fig. 6). Eggs

in utero were at the highest number at 15DPI and at the lowest at 60DPI in Infected and 30DPI in
infected+collar hosts (Fig. 6).

The amount of parasite eggs shed in rabbit feces was comparable between infected and
infected+collar individuals (Fig. 6). For both treatments, shedding consistently dropped at
around 40 days post infection but increased again by 60 days post infection, where infected
rabbits showed a tendency to shed more than infected+collar hosts.
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Together, these results support the hypothesis of a possible effect of the collars on parasite
dynamics and traits, despite some variability in the data. This could have affected the gut
microflora-worm interaction directly and/or through the host immune response. Careful analyses
are in progress to clarify such relationship and the possible mechanisms driving this pattern.

Metabolomics

Preliminary principal component analysis (PCA) of lipids in the small intestine duodenum
identified two main clusters, the first combined control and control+collar individuals while the
second included infected and infected+collar hosts. However, the two clusters partially
overlapped due to the large between-individual variability, partly driven by sampling rabbits at
different time points during the course of the experiment. This pattern was also apparent for the
lipid metabolomics in the caecum. Data are still under careful analysis to identify more clear
patterns as well as key lipids, or group of lipids, representative of each treatment and how they
varied between the groups.
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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

16



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 PI, 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 (P1 for Project 04),
the filenames would be:
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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
Avrticle: reviewed Year Status (check

Publication: Submitted: | appropriate box
below):

1.

None OSubmitted
LJAccepted
OPublished

21.

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:

Data analysis is still very much in progress, based on the final results we will aim for a
substantial paper combining the microbiome and parasitological work. The immunological
and metabolomic results could be included in this paper or be part of a second or even a third
independent paper. The final plan depends very much on the quality and strength of the
results.

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.

The animal experiment followed smoothly our original design with no unexpected outcomes
except for the collared animals. Towards the end of the experiment we found that collared
rabbits could still engage in coprophagy by eating soft feces dropped on the cage floor. While
the amount eaten was less than non-collared individuals, it might have affected some of our
final results. We are aware of this issue during our data analysis and interpretation.
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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.

None.

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-gif23(A)is “No.”)

a. Title of Invention:
b. Name of Inventor(s):

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

d. 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:

e. 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:

f.  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?

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

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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25




Most relevant to the current application

1. Microbiome remodeling leads to inhibition of intestinal farnesoid X receptor signaling and
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D. Research Support
Current Support

Project Title: Damage mitigation in signal transduction networks
Sponsor: National Science Foundation, PHY 1205840

Pl: Reka Albert Total Amount: $653,496
Total Award Period: 05/01/2012 - 04/30/2016
Effort (person months): 0.75 Summer Role: Co-PI, 0.5 calendar month
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Project Title: MRI: Acquisition of an Illumina HiSeq2000 as a core sequencing instrument for genomics
and gene expression research

Sponsor: National Science Foundation

Pl: Michael Axtell Total budget requested: $798,876
Role: Co-PI (0 person months)

Project title: Summer Course on Analyzing Next-Generation Sequencing Data,
Sponsor: National Institutes of Health, 1 R25 HG006243-01
PI: Titus Brown

Total Award Period: 06/01/2012/06/01/2014 Total Budget Requested: $50,000
The goal of the project is to introduce attendees with a strong biology background to the practice of
analyzing short-read sequencing data. Role: Instructor, 0.5 month

Project title: Sex-specific gene expression in malaria parasite Plasmodium falciparum
Sponsor: National Institutes of Health,

PI: Liwang Cui

Total Award Period: 12/01/2011 to 11/30/2013 Total Budget Requested: $405,357
The goal of the project is to study the molecular difference between male and female gametocytes
during the sexual differentiation of the parasite. Role Co-PI, 0.5 months

Project title: Southeast Asia Malaria Research Center Supplement

Sponsor: National Institutes of Health,

PI: Liwang Cui

Total Award Period: 12/01/2011 to 11/30/2013 Total Budget Requested: $189,143
The goal of the project is to genetic diversity and artemisin resistance of the malaria parasites.

Role Co-PI, 0.5 months

Recently Completed Research Support

1 UL1 RR033184-01 Sinoway (PI) 06/01/11-06/01/16

Penn State Clinical and Translational Science Institute

The goals of the institute are to speed the translation of laboratory discoveries into treatments for
patients, to engage communities in clinical research efforts, and to train a new generation of clinical and
translational researchers

Role: Co-Pl, Leader of Biomedical Informatics

DBI-0543285 Nekrutenko (PI) 07/01/06-07/01/09
Tailoring Genomic Data to the Needs of Experimental Biologists and Educators

The goal of the proposed project is the development of a simple and compact system for the integration
of genome-based information as well as tools for genome analysis. The proposed system will include a
number of innovative computational solutions that interpret simple input and guide the user during the
search process and allow the scientific workflow to be described in a simple, but sufficiently powerful
meta language.

Role: Co-PI
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