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L. INtrOdUCHION .o

Every prostate tumor is heterogeneous, with DNA mutations and copy number
differences. This makes the identification of dependable biomarkers in tumors more
difficult. In contrast, there are fewer mutations in the tumor-adjacent stroma, which
nevertheless has many RNA expression changes relative to tumor-free stroma,
presumably due to interactions with the tumor. The abundant tumor-adjacent stroma is
a potential source of molecular prognosticators for prostate cancer progression and
targets for therapeutics.

Our objective was to use standard Formalin-fixed Paraffin-embedded (FFPE) tissue to
identify RNAs in prostate tumor-adjacent stroma that distinguishes between cancer in
European Americans (EA) and African Americans (AA), and to determine which fraction
of these differences were associated with DNA methylation and/or protein changes.
Gleason Score, chemical relapse status, and approximate age, were used to match AA
with EA patients. We found striking differences in interferon stimulated genes between
AA and EA tumor-adjacent stroma. To establish an in vitro test-bed for these
observations, it became necessary to developed a valuable resource of new normal and
cancer-associated fibroblast cell cultures. The advances made in this project are the
basis of a funded five year follow-up grant.

2. KBYWOIAS ittt e e e e e e e e e e e e e
Prostate, Stroma, Prognosis, Biomarkers, African American, DNA methylation, RNA.
3. ACCOMPlISNMENTS. ... e
e What were the major goals of the project?
The previous Annual Report provided details of milestone progress. In the no-cost
extension progress was in data analysis, particularly with regards to the observations of

interferon-stimulated gene differences between AA and EA, and culturing of CAFs for in
vitro studies based on the reported achievements.

Specific Aim 1. Validation of the stroma-based prognostic classifier(s) for both
African and European Americans.

Major Task 1: Obtain and process FFPE tissue for RNA and DNA isolation and
identify prognosticators from training set.

Milestone Achieved: RNA-based prognosticator for recurrence refined based on
training set. Retargeted to RNAseq Reported earlier.

Major Task 2: Perform blinded randomized test.

Milestone Achieved: Identification of prognostic power of the refined prognosticator in
a randomized blinded trial. Reported earlier.




Specific Aim 2: Test for DNA methylation differences near genes that have
prognostic RNA expression differences.

Major Task 1: DNA guality assessment, PCR optimization, sequencing.

works on degraded FFPE samples

This aim was altered to a global genome methylation peak identification strategy that

Milestone Achieved: Determination of DNA methylation differences in genes of known
prognostic or race-enriched expression profile. Reported earlier.

with protein expression differences.

Specific Aim 3: Test for congruence of prognostic RNA expression differences

Major Task 1: Obtain and process FFPE tissue for protein expression analysis.

with collaborators at Baylor.

Milestone progress: This task continues to be explored through the use of Tissue
Microarrays, including additional ones of which have been acquired in a collaboration

Beyond what was reported in the
previous Annual Reports, which exceeded our
goal for sample accumulation, and allowed us
to match AA and EA patients even better than
planned, we have continued to add to the
collection during the no-cost extension,
particularly, Gleason 7 that are critical in

. What was accomplished under these goals?
Gleason Total AA EA

Score cases FFPE FFPE

G5 5 - 5

G6 170 28 142

G7 343 83 260

G8 59 29 30

G9 36 14 22
Total 613 154 459

Table 1. FFPE prostatectomy samples accumulated

Fig 1. SNP classification of RNA samples by race
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determining treatment (highlighted in blue in
Table 1). We have also accumulated
additional fresh frozen tissues and cultured
these for tumor-adjacent stroma, in
collaboration with Dr. Xiaolin Zi at UCI.

One advantage of using sequencing
instead of multiplex PCR, which was our
original plan, is that we have been able to
determine the proportion of African and
European ancestry of each sample. This
allows us to check for chain-of-custody
errors, and also allows mixed race samples
to be used as a continuous variable in a
multivariate analysis. We used LASER
(http://csqg.sph.umich.edu/
chaolong/LASER/index.html), which provides
an estimate of geographic origin based on
632,958 SNPs. The subset of SNPs present
in RNA-Seq is more than sufficient to classify
at the level required. In the no-cost extension
we have analyzed almost 200 additional
samples, including both tumor-adjacent
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stroma and tumor-enriched samples. A projection of a subset of this data is presented in
Figure 1. Black dots represent patients in our dataset. All but four self-identifications
were accurate, and mixed race individuals were easy to identify and semi-quantitate.
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Figure 2. CIBERSORT analysis of immune cell
compositions in AA and EA tumor-adjacent stroma.
The frequency of infiltrated immune cell types was
estimated using gene expression profiling of tumor-
adjacent stroma AA and EA PCa patients. Results are
reported as relative fractions normalized to 100% across

We used a computational
approach, CIBERSORT to estimate
the relative fractions of 22 immune cell
types in AA and EA PCa tumor-
adjacent stroma using RNA transcripts
(RNAseq). Interestingly, the frequency
of activated DCs in tumor-adjacent
stroma of EA was 7-fold higher than in
tumor stroma of AA patients (21% vs
3%) (Figure 2). Dendritic cells (DCs)
are the major antigen presenting cells
of the immune system, which initiate
and regulate T cell responses and
mount an immune response against
the tumors. Dendritic cells also
produce type | interferon. A weaker
anti-tumor immune response in PCa
tumor stroma of AA patients may
therefore be caused by a relative
scarcity of Ag presenting cells (i.e.,
DC cells).

Of interest, we have demonstrated that particular immunological pathways are
generally down-regulated in stroma of AA versus EA in FFPE tissues (Figure 3), and
one of these classes; interferon-stimulated genes (ISGs), is reiterated in cultured
cancer-associated fibroblasts (CAFs) (Figure 4A and 4B). Furthermore, this pathway is
reactivatable by global dysregulation, in vitro (data in preparation). As a number of
dysregulators are approved anti-cancer agents, this result may lead directly to a

therapeutic strategy.

We have two manuscripts in preparation based on these data.



t test=p < 0.001

v
¥
Caagee® TVveyy

Immune response pathways associated with

]
0
nw o
[} m 2 . .
down regulated genes in AA compared to EA g =
tumor stroma E = ol EmgeE AT
Q ofanee®
~ w e o i
Metabolism of amino acids and derivatives |1.18E-08 m >\ = N
Integrin mediated Cell Adhesion 1.62E-06 (TS I— .
Regulation of toll-ike receptor signaling 7.41E-06 L _4 .
IL-1 signaling 1.46E-05
FocnI’AdI;:uri.cn 1.89E-05 AA EA
APC -mediated degradation of cell cycle protein:4.18E-05
i e ey Resp0ss 1 70808 Figure 4A: 248 IFN-stimulated
T by T e genes were expressed at statistically
Elastic fibre f ti 3.44E-04 1 ifi 1
e e o T eae 04 significantly lower Ieve_Is in AA vs
Interleukin-1 signaling 4.61E-04 EA tumor stroma. Y axis represents
IL-5 Signaling 5.30E-04 A A
[ interleukin-11 Signaling _ 5.39E-04 normalized log2 read ratios.
Structural Pathway of Interleukin 1 (IL-1) 7.44E-04
IL-3 Signaling 8.00E-04
Regulation of osis 9.46E-04
Extr lar matrix organi lon 1.10E-03
Leptin signaling 1.30E-03
Froteasome Degradation 1.30E-03 o—
AGE-RAGE 1.50E-03
Regulation of DNA replication 1.60E-03 Q n 2
L1CAM interactions 1.70E-03 (/)] t test=p < 0.001
M-G1 Transition 2.00E-03 L] o vy
Apoptosis Modulation and Signaling 2.10E-03 < w1 ub
Selenium Micronutrient Network 2.20E-03 — adhat
Regulation of mRNA Stablility 2.20E-03 z .
Class | MHC mediated antigen processing |2.30E-03 IS 0wty @ .
Apoptosi 2.40E-03 v M
Androgen rllc!ot‘ur’sigmlig 2.60E-03 (7] 8- pa g at
TCR Signaling 2.70E-03 L -1 PR
Signaling by the B Cell Receptor 5.40E-03 < I:-
© *AA EA
Figure 3. Genes with reduced expression in tumor-adjacent . .
stroma of AA: Black box in bottom right of heat map. Right: !:'%Z\e 43'EE;\(F;?:SS'gnAOg 248 1SGs
immune system pathways are highlighted in blue font. In an a S.

. What opportunities for training and professional development has the
project provided?

Farah Rahmatpanah, the primary bench researcher, attended a total of eight
conferences and presented posters and invited talks.

In addition, many others participated in this project for training:

Nidhi Pradip Sheth. Bio199 Public health student, UCI. 2017-2019

Parsa Rahmantpanah. Undergraduate student. UCI. 2015-2018.

James Nguyen. Bio199 UCLA summer student. 2018

Seunghyun Hwang, MD. Visiting scholar. 2018-2019.

Jhannell Hannah Dioquito. Bio199 Biological Sciences student, UCI. 2017-2019.
Gabriela De Robles. Bio199 Biological Sciences student. UCI. 2018-2019.
Pavneet Randhawa. Bio199 Biological Sciences student, UCI. 2018-2019.
Sundeep Pahal. Bio199 Biological Sciences student, UCI. 2018-2019.

Vinay Kumar. UCLA Bioinformatics student. 2019.
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The following people donated time and resources to pay for the creation of cultured
cancer-associated fibroblasts (CAFs) and the Luminex assays that proved AA and EA
cancer stroma are different, even in vitro, or contributed TMAs for IHC studies. We are
now also including these CAFs in our protein biomarker screening.

0 Xiaolin Zi, MD, PhD, Professor, Department of Urology.
o0 Anshu Agrawal, PhD, Assistant Adjunct Professor, Department of Medicine.
o Sudhanshu Agrawal, PhD, Specialist, Department of Medicine, Immunology.
o Liankun Song, Postdoctoral Scholar (Zi lab).
0 Michael Ittmann, Baylor school of Medicine. TMAs
. How were the results disseminated to communities of interest?
Not repeating activities reported in the previous Annual Reports, in this no-cost
extension:
o Talk at two public events for the American Cancer Society.
o Invited talk at Experimental Biology conference.
o Invited talk at Pathology and Laboratory Medicine seminar series.
o Talk at Hollings Cancer Center, Developmental Therapeutics program meeting.
N 10 1 = (o
. What was the impact on the development of the principal discipline(s) of

the project?

We have made what may be a major contribution to the problem of obtaining high
guality data from archived FFPE samples that were beyond the capabilities of array
cards. In a slow progressing disease, like prostate cancer, where samples of interest for
training and validation are necessarily old, this improvement is pivotal to future success
of RNA and DNA biomarkers, which then lead to protein biomarkers. The data we have
obtained, is a potential goldmine for the community to validate their markers on data
from these same samples with long-term clinical follow up (see GEO RNAseq
deposition, Section 6 below). We are preparing data for additional releases.

. What was the impact on other disciplines?

The ability to screen very old FFPE samples is especially of interest for prostate
cancer, but this is not the only disease where such ability will be important.

The unmethyl-CpG binding protein has been little used by others, and we find it
is exquisitely specific to CpG islands, whereas the methyl-CpG binding protein assays
methylation in a lot of the genome due to a requirement for fewer methylated-C in a
DNA fragment for successful capture. The difference in the spectrum of capture of the
mCpG and unmethylated-CpG binding proteins may be exploitable in any system where
differential methylation is of interest. The fact that most old FFPE samples can yield
enough DNA for only a very limited set of bisulfite sequencing reactions, means that
CpG binding protein capture methods probably have a long-term future.
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. What was the impact on technology transfer?

o Our results from highly degraded FFPE samples may be patentable.

o0 We will protect the prognosticators and hope to transfer them to a commercial
product. However, we need to further validate our final set of data, first.

o0 The pathways identified in these experiments may be targetable for
therapeutics.

. What was the impact on society beyond science and technology?
Nothing to report.

5. Changes/Problems. ... ..o

. Changes in approach and reasons for change

As reported three years ago, so many samples were of inadequate quality for the
array cards that we explored using oligo capture and sequencing for RNA, and binding
proteins for capture for DNA methylation. In the second and third years, this was
remarkably successful; succeeding with far less RNA and of lower quality than the array
cards required. This led to the discoveries outlined.

. Actual or anticipated problems or delays and actions or plans to resolve
them

As reported three years ago, the quality in the oldest FFPE samples was a
problem, but we learned how to deal with it, as explained above, with only a moderate
delay.

. Changes that had a significant impact on expenditures

The fall in the cost of lllumina sequencing opened an opportunity for low quality
samples that would otherwise have been prohibitively expensive. This has allowed a
greater fraction of our huge effort on processing clinical samples to ultimately result in
data. Although downstream bioinformatics is more labor-intensive than planned, the
much richer dataset is a precious boon, generating a unique resource.

. Significant changes in use or care of human subjects, vertebrate animals,
biohazards, and/or select agents

None
. Significant changes in use or care of human subjects

None



. Significant changes in use or care of vertebrate animals.
Not applicable

. Significant changes in use of biohazards and/or select agents
None
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AACR 2020 Abstract, See appendix

Website(s) or other Internet site(s)
None

Technologies or techniques

The use of complementary CpG/mCpG binding proteins, and demonstration of
the ability to resurrect otherwise intractable samples with commercial oligo capture
methods will be of wide interest as technology in upcoming manuscripts.

Inventions, patent applications, and/or licenses

Daniel Mercola, Waldemar Lernhardt, Jia Zhenyu, Michael McClelland. 2016.
Stroma biomarkers for the diagnosis of prostate cancer. US20160138108A1

Patents on the initial prognosticator were initiated prior to the award of the grant.
A Preliminary patent on the observation of ISGs is being prepared.
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Other Products

Sequencing data has been deposited (GSE118541) and will continue to be
deposited in GEO once it is validated.
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AACR 2020 Abstract:

Farah Rahmatpanah, Gabriela De Robles, Michael Lilly, Dan Mercola, Michael
McClelland

RNA expression differences between African Americans and European Americans
prostate cancers in both their tumor-adjacent stroma and in their tumors

Background: Prostate cancer (PCa) of African Americans (AA) is diagnosed at an
earlier median age and more advanced stage than PCa of European American (EA), and
has a poorer prognosis and significantly higher mortality. 35% of AA PCa patients fall out
of active surveillance, compared to 15% of EA men. Stromal cells adjacent to tumor,
including reactive stroma, play a critical role in tumorigenesis of prostate cancer. We
searched for differences in RNA expression in the stroma and tumor of AA compared to
EA prostate cancer patients to uncover regulatory differences that might contribute to a
higher rate of aggressive PCa in AA men.

Methods: RNA-Seq data was generated for tumor-adjacent stroma of prostate
cancer FFPE tissues from 9 AA and 8 EA patients. RNA-Seq of tumor epithelium from 22
AA and 46 EA PCa FFPE tissues was obtained from GEO database accession
GSE54460. Samples were matched clinically for Gleason score, age, and relapse status.
Geographic origin was determined using the program Locating Ancestry from Sequencing
Reads (LASER) which provides the fraction of ancestry based on single nucleotide
polymorphisms (SNPs).The program CIBERSORT, which is an estimate of fraction of
immune cells in tissues, was used to estimate the relative fractions of 22 immune cell
types in each RNA-Seq sample. Pathway analysis was performed using Strand-NGS and
Ingenuity Pathway Analysis (IPA) tools.

Results: PCa-adjacent stroma from 9 AA were compared to 8 EA. Similarly, tumor
tissues from 22 AA were compared to 46 EA. Comparisons of AA and EA tumor-adjacent
stroma identified 721 downregulated and 790 upregulated genes in AA, using a corrected
p value of < 0.05. We found significant association of downregulated genes in AA tumor
stroma with immune response pathways. Among upregulated genes in AA relative to EA,
several metabolic pathways, signaling by TGF beta receptor complex, cytokine, and
inflammatory responses, were significantly enriched.

CIBERSORT analysis, revealed M2 macrophages (i.e. immunosuppressive and
proangiogenic macrophages were enriched in both AA and EA tumor stroma, and
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represented 25% and 27% of screened immune cells, respectively. The frequency of
activated DCs in tumor-adjacent stroma of EA was 7-fold higher than in tumor stroma of
AA patients (21% vs 3%).

22 AA and 46 EA prostate tumor tissue samples were similarly compared. 425
upregulated and 514 downregulated genes were identified (corrected p value of 0.05).
Although, stroma and tumor have very different transcription patterns, there were 17
genes up-regulated both in tumor-adjacent stroma and tumor epithelium of AA compared
to EA and these were enriched in the IL-6 signaling pathway. 21 down-regulated genes
were enriched in miRNA targeted genes.

In contrast, to tumor-adjacent stroma, immune response pathways in tumor of AA
compared to EA was different, suggesting a distinct immune response in tumor-adjacent
stroma compared to tumor in men of different races.
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