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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:

$ 42574

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

Baptiste, Beverly Graduate Assistant | 100% $21, 924

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; z% Yr 2-3).

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

Eckert, Kristin Pl < 2%

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
None

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 $ $
O Other federal
None (specify: )

O Nonfederal
source (specify: )

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

the research?

Yes X

If yes, please describe your plans:

Competing renewal of NIH/R0O1 grant GM087472, “Computational and Biochemical
Analysis of Microsatellite Life Cycle”, K. A. Eckert (MPI) and K. Makova, (MPI); planned

submission July, 2014.

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

We plan to pursue our mechanistic studies of mutational biases caused by mismatch repair
protein defects, and the impact of DNA polymerase/mismatch repair protein defects on
microsatellite instability in cancer progression.

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

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

Undergraduate Masters Pre-doc Post-doc
Male
Female 1
Unknown
Total 1




Undergraduate Masters Pre-doc Post-doc
Hispanic
Non-Hispanic 1
Unknown
Total 1
Undergraduate Masters Pre-doc Post-doc
White 1
Black
Asian
Other
Unknown
Total 1
14. Recruitment of Out-of-State Researchers. Did you bring researchers into Pennsylvania to

15.

16.

carry out this research project?

Yes No X

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 grant was a Graduate Research Supplement Award. The awardee, Dr. Beverly Baptiste,
received her Ph.D. degree in Genetics from The Pennsylvania State University in August,
2013. The research supported by the CURE funds directly supported her doctoral

dissertation work. Dr. Bapiste is now a postdoctoral fellow at the NIH/National Institute on
Aging (Baltimore, MD).

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 X No

If yes, please describe the collaborations:



17.

Part of this research was published in collaboration with the laboratory of Dr.
Kateryna Makova, Department of Biology, Penn State College of Science, University
Park campus.

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.

The long-term goal of this project is to elucidate the polymerases and cell signaling
mechanisms that are necessary for high-fidelity replication of microsatellites. Our working
model is that the faithful replication of microsatellite sequences necessitates coordination of
several polymerases, because replicative polymerases are inhibited by microsatellite
sequences, and because other DNA sequences that form non-B structures require Pol k and/or
Pol n for effective replication. The specific aim is to test the hypothesis that Y-family
polymerases, Pol k and Pol n, are required for accurate microsatellite replication, using a
human cell culture model system.

Subaim 1: To determine the effects of altered Y-family polymerase levels on microsatellite
mutagenesis.

Subaim 2: To determine the effect of mutations in UBZ domains of Pol k on microsatellite
mutagenesis.

The proposed research will clarify the roles of DNA polymerases k and 1 in human genome
replication.

A. Altered Y-family polymerase expression and microsatellite mutagenesis.

A.1l. Summary of cell lines created for use in the model

Three cell lines were used in this study: two colon carcinoma cell lines, HCT-116 and DLD-
1, and one osteosarcoma cell line, U20S. Gene expression vectors were created for three Y
family polymerase genes: POLH (Pol n), POLI (Pol 1) and POLK (Pol k). All genes were
cloned into the pTRE-tight, doxycycline regulated vector (Clontech). HCT-116 and DLD-1
cells were stably transfected with the pTetOn regulation vector; U20S cells carrying the
regulatory vector were purchased from Clontech. All experimental treatments with
doxycycline were performed in media containing Tet-free fetal bovine serum.




A.2. Overexpression of Y family polymerases in human cancer cell lines. A summary of our
experimental results is given in Table 1. We successfully isolated and characterized one
stable, U20S/POLI doxycycline-inducible clone (Figure 1A). Although doxycycline-
inducible POLI expression was observed transiently after transfection of HCT-116 cells with
pTRE/POLI (Figure 1A), no stable, dox-inducible HCT116 clones have yet to be isolated
(Table 1). We were unable to observe doxycycline-induced overexpression of either POLH
or POLK, transiently or stably, in either U20S or HCT116 cell lines. An example of the lack
of induction is shown in Figure 1B. We did not isolate any DLD-1 clones that displayed
inducible expression of our pTRE-GFP plasmid; therefore, this cell line was not evaluated

Table 1. Summary of Y family polymerase overexpression experimental results

Experiment U20S HCT-116 DLD-1
Transient expression
pTRE-GFP | Yes Yes No
Transient overexpression
pTRE/POL | (Pol 1) | Yes Yes n.d.
pPTRE/POLK (Pol x) | No No +/-
pTRE/POLH (Pol n) | No No n.d.
Stable overexpression
pTRE/POL | (Pol 1) | Yes No n.a.
pTRE/POLK (Pol k) | No No n.a.
pTRE/POLH (Pol n) | No No n.a.

n.d.,not done; n.a., not applicable
Protein expression levels were assessed by fluorescence microscopy (GFP) or immunoblot analyses (polymerase)

further. Consequently, we were unable to proceed with Subaim 2- to determine the effect of
mutations in UBZ domains of Pol k on microsatellite mutagenesis.

We examined several reasons for the lack of POLK and POLH overexpression results. First,
we sequenced the corresponding pTRE vectors, but found the DNA sequence to be correct
for each construct. Second, we analyzed POLH mRNA levels with and without doxycycline
treatment, in U20S clones stably transfected with the pTRE/POLH vector by RT-PCR. We
observed no differences between untreated and treated cells. Third, we examined the
genomic DNA of the U20S clones and verified integration of the pTRE/POLH vector, using
PCR and primers specific to the vector sequence.

A.3. Knock-down of Y family polymerases in human cancer cell lines. To test the ability of
HCT-116 cells to undergo siRNA-mediated gene silencing, we purchased siGLO RNAs to
Lamin A/C from Dharmacon. Transfection of HCT-116 cells with this control siRNAs was
successful, as determined by cellular fluorescence, and successful knockdown of Lamins A/C
was observed by Immunoblot analyses 3 days after transfection. Time and funding
limitations precluded us from attempting sSiRNA knockdown of the polymerases.

A.4. Discussion. Overexpression of particular polymerases in cell lines may provide insight
into the roles of those enzymes in genomic stability. Increased abundance of polymerases
may increase their activity in replication, though this may be limited by regulatory



mechanisms that control DNA access. One of our goals was to determine whether altered Y
family DNA polymerase levels are tolerated in tumor cells. Our results clearly demonstrate
that increased levels of Pol 1 can be sustained (Figure 1). Increased expression of pol 1 in
human tumors has been shown to increase spontaneous mutations, which is reversible by
knockdown of pol 1, consistent with an increased access to DNA replication due to
overexpression (Zhou et al., 2012). In contrast, our studies suggest that overexpression of
either Pol n or Pol ¥ may not be sustainable with tumor cell viability. Future studies are
clearly warranted to definitively test the role of these polymerases in tumor cells.

B. Development of shuttle vector assay for human epithelial cell lines
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Figure 1. Immunoblot analyses of doxycycline-induced Y family DNA polymerase protein
overexpression in tumor cell lines. (A). Overexpression of POLI (Pol 1) in U20S cells (lanes 1-6, stable
expression) and HCT-116 cells (lanes 7-9, transient expression). Lanes 3 and 4 are cytoplasmic fractions; the
remaining lanes are nuclear fractions. Lanes 1, 3, 5 7, and 8 show endogenous expression levels; lanes 2, 4, 6
and 9 shown increased levels in the presence of doxycycline. (B). Representative HCT-116 cell line clones that
were stably integrated with pTRE-POLH (top) or pTRE-POLK (bottom) expression vectors. No doxycycline-
inducible clones for these two polymerases were isolated from either HCT-116 or U20S cell lines.

Our second goal was to establish a mutational assay to monitor the effects of alterations in Y
family polymerase regulation on microsatellite mutagenesis. As described below, we
successfully established a new mutagenesis assay and used this approach to examine the
effects of specific mismatch repair protein loss on microsatellite mutagenesis.

B.1. Gap-filling microsatellite mutagenesis assay. The gap-filling TLS mutagenesis assay
described by Avkin et al. was modified to assess microsatellite mutagenesis (Avkin et al., 2002).
As a quantitation for TLS, the number of gapped plasmids recovered after cellular TLS are
compared with the amount of supercoiled plasmid recovered from the same cells using plasmids
with different bacterial selection markers. We utilized gapped duplex molecules containing the
HSV-tk reporter with a [GT]13 microsatellite. Extracted plasmids were analyzed for mutation
frequency in E. coli and independent mutants were sequenced. Of 24 mutants isolated from
HCT116 cells, seven were the same size as untransfected gap, 6 kB. The remaining 17 were



between 1.2 and 4.5 kB. Only eleven of 24 could be sequenced, presumably due to deletion or
disruption of the sequencing primer site. Of those eleven, seven contained large deletions and
three had no DNA sequence changes in the gapped region. Only one contained a potential
polymerase error, a base substitution outside of the microsatellite allele. One mutant plasmid
contained a sequence that was not homologous to any portion of the plasmid. Instead, a Basic
Local Alignment Search Tool (BLAST) search revealed perfect homology to a region on the
human chromosome. These data suggest that gapped DNA duplex molecules are not stable
when transfected into human cells.

B.2. Choice of origin of replication. Our lab has previously utilized plasmids containing the
Epstein-Barr Virus (EBV)-derived oriP origin of replication and the HSV-tk forward mutational
target in EBV-infected lymphoblastoid cells. The EBV genome is maintained in multiple copies
as an episomal plasmid in latently infected cells (Lindahl et al., 1976). Plasmids containing the
oriP origin of replication are replicated in a cell-cycle dependent manner when cells express the
EBV nuclear antigen, EBNA-1 (Yates et al., 1985). Cell-cycle controlled replication of an
episomal plasmid is advantageous in mimicking replication on a chromosome, but establishing
an oriP-based replicon, even in EBNA-1 expressing cells is a rare event (Leight and Sugden,
2001).

The other commonly used origin of replication in mammalian cells is derived from the
papovavirus simian virus 40 (SV40). The SV40 genome can also be maintained episomally as a
circular molecule. The SV40 A gene, encoding the large tumor antigen (TAQ), is required for
initiation of replication. TAg binds the SV40 ori and acts as a DNA helicase (Fairman and
Stillman, 1988). Cellular polymerases and many associated factors are utilized in replicating an
SV40 plasmid, enabling inferences to cellular mutation frequencies and specificities. One
advantage of an SV40 ori-based replication system is that it can be established easily in any cell
expressing TAg (Tegtmeyer et al., 1975). A disadvantage of the SV40 system is that multiple
rounds of replication can occur within a single cell cycle, and replication can occur outside of S
phase, which means that it is not under the same cell cycle controls as chromosomal replication
('Yamaguchi and DePamphilis, 1986).

To determine which origin was most effective for this Fiqure 2. SVV-40 origin is more efficient than

assay, we used two green fluorescent protein (GFP)- EBV-oriP for replication in human epithelial
expressing plasmids with either oriP or SV40 ori cells. HEK293E and HEK293T were transfected
origin of replication. HEK293+EBNA-1 cells were with plasmids containing an oriP or SV40 ori
compared with HEK293+SV40 TAg cells. Both el groin g‘;g\’/‘;ﬁgOrl‘ésrrisizicﬂ‘r’]i'u{’ (L‘)I;gk‘)’rof
lines ShO_\N€d approxmgtely equal Ie.vels of Dpynl—digested (Wfr:ite) Weré electroporated into
transfection based on visual comparison of GFP bacteria and plated to determine the number of
expression. After 4 or 6 days, cells were harvested intact plasmids. Data shown are the results from
and plasmids were digested with Dpnl to eliminate one experiment.

unreplicated plasmids. Dpnl selectively recognizes
plasmids that were replicated and methylated in
bacteria. Plasmids were transformed into bacteria and
plated to determine the number of Dpnl-resistant
plasmids for each origin. Use of the SV40 ori
resulted in over 100-fold more colonies than the oriP ]
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respectively) (Figure 2). These data demonstrate that S\V40 ori is a more efficient origin of
replication than oriP. The low frequency of mutagenesis requires abundant recovery of
replication products and the low yield of oriP plasmids is insufficient for robust mutagenesis
data.

B.3. SV40-origin based assay. A shuttle vector for epithelial cells (pGSV) containing an SV40
ori and the HSV-tk reporter gene (Figure 3) was constructed, containing GT/CA microsatellite
repeats. In a proof of principle experiment, MMR-deficient HCT116 cells and MMR-proficient
U20S cells were transfected with [GT/AC]1o or [GT/AC]1e pGSV plasmids (pGSV-GT10 and
pGSV-GT19, respectively), along with pPVVU-o containing the SV-40 T-Antigen (TAg). Three
days post transfection, harvested plasmids were digested with Dpnl, electroporated into E. coli to
determine mutation frequency. The expectation was that the frequency of mutation of pGSV-
QTlO WO.UId b? greater t.han pGSV-GT_19 because Figure 3: Plasmid map of pGSV. Numbers
dinucleotide microsatellites mutate at higher correspond to HSV-tk gene. Microsatellite is
frequency as the repeat tract length increased. In inserted at position 112. Sequencing primer is a
addition, we expected that plasmids replicated in reverse primer that begins at position 309.
HCT116 cells would have a higher mutation
frequency than plasmids replicated in U20S cells,
because MMR is an important factor in
microsatellite stability. The results were
surprising in two ways. First, in U20S cells, the
frequency of mutation for pGSV-GT19 (29 x 10
was lower than pGSV-GT10 (64 x 10*). Second,
the mutation frequency for the pGSV-GT10
plasmid after replication in HCT116 was within 2-
fold of that measured in U20S cells, a difference
that is not biologically significant (Table 2).

To determine mutational events, independent
mutants were isolated and characterized by
several methods. First, we used gel
electrophoresis to determine the size of the isolated plasmids (Figure 4). The pGSV plasmids are
6.7 kB, but most of the plasmids recovered from mutants were smaller than expected. To
determine if the size discrepancy resulted from plasmid rearrangement that eliminated the target
microsatellite sequence, colony hybridization was performed using an oligonucleotide containing
[GT/AC]oas a probe. Only 7/24 (29%) of the pGSV-GT10 mutants and 12/24 (50%) of the
pGSV-GT19 mutants hybridized to the probe, indicating that less than half of the mutants
isolated contained the microsatellite target (Figure 5).
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Table 2: HSV-tk mutation frequencies in bacteria, HCT116

Figure 4: Gel electrophoresis of a selection of supercoiled wild
(MMR-) cells and U20S (MMR+) cells.

type and mutant pGSV-GT19 plasmids. Lane SCis a
supercoiled DNA ladder, sizes indicated to the left of the gel.

Lane 1 is the wild-type plasmid, 6.7 kB. Lanes 2-16 are Vector Mutation Frequency x 10*
independent mutants of pGSV-GT19 isolated after replication in pGSV-GT10 pGSV-GT19
HCT116 cells. Asterisks mark plasmids that migrate at the same Bacteria® 0.49 292
molecular weight as wild-type plasmid. Arrow points to the HCT116 110 243
expected migration of pGSV-GT19.

U20S 62 29

b Transfection of E. coli directly, without replication in
human cells.

Figure 5: The pGSV plasmids harvested from HCT116 cells vary in size, ability to hybridize to a
microsatellite-specific probe, and ability to be sequenced with sequencing primer TK-309. Graph
shows the number of mutants that were shown to be ~6.7 kB after electrophoresis, that hybridized
to a probe of the microsatellite, and that sequenced with a primer within the HSV-tk gene. Black
bars = pGSV-GT10, gray bars = pGSV-GT19.

# of Mutants

Total ~G.7 kB Hybridized to [GT] probe Sequenced
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To decrease the number of rearranged, non-informative mutants in the assay, we used a small
fragment approach. Here, replicated plasmids are digested to produce a fragment containing the
microsatellite sequence and then hybridized to a gapped duplex DNA (Figure 6). This eliminates

Figure 6. Schematic of transient ex vivo HSV-tk, SV40-based mutagenesis assay for use in epithelial cells (Baptiste et al.

2013).

Tumor cell lines 30H HSV-tk Mutant
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Spectra

non-informative mutant plasmids in which the microsatellite region has been deleted. In addition,
we removed the chloramphenicol resistance markers (making psGSV plasmids) to eliminate
uncut plasmids. Utilizing this approach, 64% of the plasmids isolated from mutants sequenced

properly.

B4. Role of MMR in generating a mutational bias towards expansion of [GT/CA]x alleles.
Human cells have specification in MMR correction of DNA replication errors, which is achieved
through the combination of different heterodimers of the MutS and MutL components of the
MMR machinery. We examined mutational specificity in the HCT116 human colon cancer cell
line, which carries loss-of-function mutations in both the MLH1 and MSH3 genes. This cell line
has been shown previously to be deficient in repair of DNA substrates containing two unpaired
bases, which are similar to the two-nucleotide loops caused by slippage intermediates of
dinucleotide repeats. Because these cells do not express the MLH1 protein, they are deficient in
both MutLo and MutLy repair complexes. Therefore, although HCT116 cells express MSH2 and
MSHS6 proteins (MutSa), they are functionally MMR-deficient because they lack a functional
MutL heterodimeric complex. We expected that the

mutational events observed in HCT116 cells would Figure 7. HCT116 cells lack MLH1, PMS2 and
reflect errors generated by DNA polymerases, which MSH3. HCT116+chr3 cells express MLH1 and
we have shown here and previously to be balanced PMS2. but lack MSH3. Western analysis of 40

pg of nuclear and cytoplasmic extracts of

between expansions and deletions (Abdulovic et al., HCT116 and HCT1164chr3 cells.

2011). We also analyzed mutational biases in

HCT116 cells complemented with chromosome 3 HCT116 HCT116+chr3
(HCT116+chr3). This complementation restores kDa N s -

MLH?1 protein expression, but does not affect il B
expression of the MSHS3 protein (Figure 7).

HCT116+chr3 cells are MutSa proficient, but MutSp o7 RS2
deficient. Thus, comparison of HCT116+chr3 cells to

the HCT116 parental cell line allows us to determine 84 N N MLHT
the role that MutSa plays in generating mutational

bias.
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Utilizing the modified shuttle vector assay

shown in Figure 6, three days following transient  Figure 8: GT/CA microsatellite mutation rates and
transfection of the [GT/CA]19 construct, directional biases observed in mismatch repair-
plasmids were recovered from HCT116 cells and gf‘gfc';gtterl‘ﬁmg ﬁ?('l:t'.m“.tnatlzoéﬁ'lt{iéfiiga(?]g/ Chas
a”a'YZ,e‘?' for mUtatiO_n frequency and mljlta}tional HICT116 ceIIIs. Iglzalcklbaré, expansions of 1 or more
specificity. As predicted for cells containingno piits; gray bars, deletion of one or more units.
functional MMR complexes, we measured high

mutation frequencies. The mutation frequency 19 I

of plasmids after replication in HCT116+chr3 80-
cells (5.7 x 10°®) was ~two-fold lower than the
frequency after replication in HCT116 cells (1.2
x 107?), suggesting that MutSo contributes to
MMR of replication errors of mature [GT/CA]n
dinucleotide repeats. The percentage of total
mutants with microsatellite expansions was 0 ——— —

greater for HCT116 (40%) than for N=62 N=48
HCT116+chr3 cells (15%)(Figure 8). Cell Line

Specifically, we observed that the frequency of

expansion mutations was six-fold higher in

HCT116 cells (4.8 x 10®) than in HCT116+chr3 cells (8.0 x 10). Because loss of MutSa results
in a higher expansion mutation frequency, our data suggest that the MutSa heterodimer

preferentially repairs pre-mutational expansion intermediates.

60

404

% of Total Mutants

20+

To understand the role of MMR in mutagenesis of mature microsatellites, we compared the data
from HCT116 cells and HCT116+chr3 cells to published results from two other assays (Baptiste
et al., 2013). First, in vitro data obtained using DNA pol B was examined to determine the error
specificity of DNA polymerases. Second, cellular data obtained using the Eckert lab oriP-based
mutational assay from MMR-proficient LCL721 cells and MMR-deficient LCL1261 cells was
compared to assess the importance of specific MMR proteins in the mutational specificity of
mature microsatellites. This analysis revealed that MMR is a source of the directional bias in
microsatellite mutagenesis that results in more expansions than deletions in human cells
(Baptiste et al., 2013). Total absence of cellular MMR mimics the expansion versus deletion
balance seen in our in vitro results (Table 3). Comparisons of MutSa-deficient/proficient cell
line pairs identified this repair complex as having greater activity towards removing pre-
mutational expansion intermediates (Table 3). A constant balance of expansions and contractions
of microsatellites may play a role in maintaining their genetic stability over time. Interestingly,
our results show that for dinucleotide alleles in the 13 to 20 repeat number range, expansions
occurred more frequently than deletions, not only in MMR-proficient cells, but also in cells
deficient for MutSa. In contrast to the previous conclusions of Yamada et al. (2002) using a
reversion assay, we find no directional bias for dinucleotide microsatellite mutations in
functionally MMR-deficient HCT116 cells, using a forward assay (Table 3). In fact, the
mutational specificity that we observed after replication of the [GT/CA]19 vector in HCT116
cells is highly similar to in vitro observations of errors produced by Pol B, pol ¥ and Pol & at the
same microsatellite allele (Baptiste and Eckert, 2012). One explanation for the different
conclusions of the two studies may be the fact that we compared our HCT116 results to
chromosome 3-complemented HCT116 cells as a control for MMR, while Yamada et al. (2002)

13



used MMR-proficient mouse cells as the control comparison. Our complemented cells still lack
MutSp, while the mouse cells are presumably proficient for both MutS complexes. Also, mouse
cells may replicate and repair looped intermediates differently than human cells.

Table 3. Comparison of [GT/CA]1g mutagenesis using ex vivo and in vitro assays.

MMR heterodimer EXx vivo assay In vitro
HCT116+chr3 HCT116 assay
(Pol BY°
MutS « + +° -
B - - -
MutL o + - -
Y + - -
Expansion MF 8.0x 10 4.8 x10°3 5.6 x 103
Deletion MF 49x10°3 7.3x103 1.2 x10?
Expansion:Deletion 1:6 1:15 1:2

aComponents of the MutSa mismatch recognition complex are present in HCT116 cells, but cannot function in
MMR because the absence of MLHL1 renders the cells devoid of any MutL complex.

®Data are derived from 4 independent pol B reactions and sequence analysis of 103 independent mutants. Data taken
from Baptiste et al., 2013.

B5. Discussion. The mutagenesis assay developed in this grant is an efficient forward mutational
assay for use in epithelial cells. The assay has been optimized to minimize the number of
rearranged plasmids that result in a mutant phenotype, yet are not informative regarding
replication errors. The transient nature of the assay is advantageous for studying the effects of
knockdown of specific replication or repair proteins on mutagenesis. Here, we utilized the assay
to examine the role of MMR in the mutagenesis of mature microsatellite alleles

An expansion bias has long been observed in mammalian cells. This directional bias is not seen
in in vitro polymerase reactions, indicating that another aspect of DNA metabolism is
responsible. Our data demonstrate that in the absence of MMR, the expansion bias does not
exist. This is significant because it indicates that MMR as a whole is more effective on
premutational deletion intermediates than expansion intermediates. Interestingly, the two
components of MMR examined in this study, PMS2 and MLH3, both contribute more towards
correction of premutational expansion intermediates. Further studies are needed to determine
which MMR components or combination of components function to selectively remove deletion
intermediates and the mechanism by which this occurs.

C. Scientific Presentations resulting from this research
Doctoral dissertation
B.A. Baptiste. “Frameshift Mutagenesis: From Test Tubes to Tumor Cells”, August 2013

Poster Presentations

B. A. Baptiste and K. A. Eckert, “Y family polymerases: heroes or villains?”” EMS
Meeting, Fort Worth, TX, 11/2011.

B. A. Baptiste and K. A. Eckert, “The Battle of the Bulge: How DNA Polymerase
Kappa Stabilizes Microsatellites,” Gordon Research Conference on Mutagenesis, Newport, R.L.,
8/19-24/2012
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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 2

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
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Ethnicity:
Latinos or Hispanics
Not Latinos or Hispanics
Unknown

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
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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 (PI for Project 04),
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 Month and | Publication

Article: Peer- Year Status (check
reviewed Submitted: | appropriate
Publication: box below):

1. Mature Baptiste, B., G. Ananda, | G3: Genes, | October CISubmitted

microsatellites: N. Strubczewski, A. Genomes, 2012 LJAccepted

Mechanisms Lutzkanin, S.J. Khoo, Genetics X Published

underlying A. Srikanth, N. Kim, G3vol. 3:

dinucleotide K.D. Makova, M.M. pages 451-

mutational biases in | Krasilnikova, and K.A. | 463.

human cells Eckert

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

Yes No X

If yes, please describe your plans:

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.

None.
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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?
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g. 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?

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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