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1.

3.

INTRODUCTION:

A recent screening trial showed that the use of low dose computed tomography (LDCT) resulted
in a 20% reduction in lung cancer mortality, however there was a 96% false positive rate
associated with LDCT. Thus, there is an immediate clinical need to develop a diagnostic
biomarker that would select patients with CT detected nodules for further testing. The ease with
which blood can be sampled makes it a logical choice in which to discover diagnostic biomarkers,
however the clinical utility of tumor derived proteins, miRNA or circulating tumor cells as blood-
based biomarkers has been limited. In this proposal, instead of tumor-derived biomarkers, we
will focus on host response to tumor growth. It has been well documented that tumor growth
systemically stimulates and mobilizes BM-derived hematopoietic cells to the tumor bed to
establish a permissive microenvironment. Preliminary studies in our lab have shown that in lung
cancer patients, the circulating myeloid cells are transcriptionally altered and the alteration is
tumor dependent. The specific transcriptomic signature of circulating myeloid cells may provide
us unique resources for lung cancer biomarker discovery. Therefore, we proposed to identify a
NSCLC-dependent transcriptomic signature in circulating myeloid cells and then validate the
diagnostic value of the specific gene signatures of circulating myeloid cells in NSCLC patients.
The proposed study, if succeed, will provide novel strategies and approaches for early detection
of lung cancer.

KEYWORDS:

None small cell lung cancer (NSCLC), biomarker, circulating myeloid cells, flow cytometry,
RNA-sequencing, expression profiling.

ACCOMPLISHMENTS:
What were the major goals of the project?

Specific Aim 1: To identify a NSCLC-dependent transcriptomic signature in circulating myeloid
cells. (Proposed to be accomplished during the first year)

Major Task 1. Lung cancer signature gene optimization
Subtask 1: Patient recruitment including pre- and post- surgery patients, and COPD patients
Subtask 2: Flow cytometry sorting of circulating myeloid cells.
Subtask 3: RNA-Sequencing
Subtask 4: RNA-seq data analysis
Subtask 5: Feasible RT-PCR array assay development

Specific Aim 2: To validate the diagnostic value of the specific gene signatures of circulating
myeloid cells in patients with lung nodules. (Proposed to be accomplished during the second year)

Major Task 2: Lung cancer signature diagnostic value validation
Subtask 1: Recruitment of patients with positive lung nodules by CT-Scan
Subtask 2: Flow cytometry sorting of circulating myeloid cells



Subtask 3: RT-PCR array and data analysis with clinical outcomes

=  What was accomplished under these goals?

For this reporting period, we followed the proposal, accomplished the patient recruitment, flow
cytometry sorting of circulating myeloid cells, RNA-sequencing of the samples. During the RNA-
seq data analysis, we encountered challenges of batch differences, patient gender differences, great
variations in identified genes expressions even within sorted subpopulations. We are currently
working closely with our bioinformatics collaborators. As reliable biomarkers for lung cancer are
identified, we will move forward to re-value it in patient samples, which have been bio-banked in
our lab. We have required a No-Cost-Extension period of one year and expect to be able to
overcome these difficulties in the extension period.

Major Task 1. Lung cancer signature gene optimization
Subtask 1: Patient recruitment including pre- and post- surgery patients, and COPD patients

During this reporting period, we have recruited 23 NSCLC patients and collected their peripheral
blood before and after the surgical removal of the primary lung tumor. Peripheral blood was also
collected from 6 patients with benign nodules to serve as non-tumor control group. All blood
samples were sorted via flow cytometry into IMMCs and polymorphonuclear neutrophils. An
unfractionated whole white blood cells aliquot was also retained. Total RNA was extracted and
RNA sequencing (poly-A selected, single-read, 51 bp, 6 samples per lane) was performed using
an Illumina sequencer.

Subtask 2: Flow cytometry sorting of circulating myeloid cells.

With the peripheral blood, we have performed cytometry to isolate CD11b+CD33- neutrophils and
CD11b+CD33+ monocytic myeloid cells. The sorting strategies of these myeloid cells have been
well-established (Fig. 1, a representative patient sample from the previous report). Consistent as
we found in the preliminary study, the absolute number
and the percentage of myeloid subpopulations showed
broad variations between patients. After sorting of
subpopulation, such variations in cell numbers was
supposed to be normalized per cell and further justified
the usage of flow cytometry sorting to isolate myeloid

cells for the gene expression profiling analysis. CD33

Figure 1. The purity of CD11b+CD33+ myeloid
cells in the pre- and post-sorting samples.
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Subtask 3: RNA-Sequencing

We extracted RNA from sorted cells using the mirVana kit (Life Technologies). Using the TruSeq
RNA sample preparation kit (Illumina, Inc) cDNA libraries was constructed. We performed 51bp
single read with HiSeq machines in the Genome Sequencing Facility at WCMC. Short reads (after
FastQC quality control) were mapped to hg19 using TopHat and expression levels quantified using
CuffLinks. Gene expression level (FPKM) was determined using DEseq and LIMMA. We applied



the RNA-seq by single-read for 51 cycles and pooled 6 samples per lane. This strategy has given
us reliable sequence-reading with deep enough coverage of the transcriptome.

Subtask 4: RNA-seq data analysis.

With the RNA-sequencing
results from 23 paired pre-
and post-surgical samples, we

have first performed ’

clustering analysis.

Consistent with our (1] -y =i [
preliminary  results, Both l'l' 1T .,~"l:]|| [ ’ l"~|‘w [k, Lo b e .“y N
CD33+ monocytic myeloid LnterAma | parafl Afillams s L indd [ il fi s
showed a unique gene CD11b+CD33- Whole blood CD11b+CD33+

expression profile which was

foti : Figure 2. Clustering analysis of RNA-sequencing results of the sorted monocytes
dIStmnghable_ from that Of (CD11b+CD33+), neutrophils (CD11b+CD33-) and the unsorted whole blood.
total cells (Flg 2) These  Differential gene expression profiles were detected from different subtypes of myeloid
results indicated the hlgh cells which were distinguishable from the unsorted whole blood samples.

reliability and reproducibility of expression profiles from different myeloid subpopulation cells.

To identify the candidate genes that may serve as biomarkers for lung cancer, we aimed to compare
pre versus post-surgery samples. Very few genes that are up- or down- regulated by >1.2 fold with
adjusted p value <0.05 and FPKM value >5 were identified. There is no differential expressed gene
identified with comparison of whole blood samples. With the sorted neutrophils (CD11b+CD33-)
samples, 4 genes (GPI, ABCC1, ESYT1 and TAF15) were identified. With the sorted monocyte
samples, 1 gene (KLRF1) were identified. Of note, this is in contrast with the 203 genes in
neutrophils and 22 genes in monocytes that we identified using 15 paired pre versus post-surgical
samples. In addition, these five genes were not

included in the original list, which make us doubt el

about the reliability of these results. 400 |

Further analysis of KLRF1 expression in sorted ;,, |

monocytes, we found that its expression was detected 200 | él<’:
as 183.9+126.4 and 149.5+108.3 in pre- and post- —

surgical samples, respectively. There is big variation "% \E
between patients (Fig. 3), though the trend of down-  © o ‘ P;st

regulation after removal of lung tumor was also
detected. Analyses of other candidate genes identified  Figure 3. The expression of KLF1 in sorted

in neutrophils showed similar results. monocytes from pre- and post-surgical blood
samples of lung cancer patients.

To further clarify what cause the dramatic loss of

candidate genes, we performed two-way unsupervised clustering analysis with all samples.
Consistent with previous one-way clustering analysis, different cell types (neutrophils, monocytes
and unsorted whole blood cells) showed clear clustering in the two-way analysis (Fig. 4A).
However, as we analyzing samples from a single cell type, a batch difference was clearly detected
from the samples that we submitted for sequencing at different time (Fig. 4B). This will cause the
big variation in the sequencing readouts, that led to the dramatic loss of candidate genes when will
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pool all samples together for the final A All samples B Monocytes
analysis. This also ask us to improve i

our bioinformatics analysis strategy to ' ‘ Monocytes 5eq2014-1
correct this systematic error. | Neutrophils [ , Seq2015

. 2 Whofe blood g
Major Task 2: Lung cancer .
. Seq2014-

signature diagnostic value validation

C1: 58% variance

Subtask 1: Recruitment of patients
Figure 4. Two-way unsuper\rised clustering analysis of RNA-seq results.

Wlth pOSitiVG Iung nOdUIeS by CT' A, Plot of all samples analysis showing the clustering of different cell types. B,

Scan Plot of monocyte sample analysis showing the clustering of samples from
different batches.

To facilitate further confirmation of the

identified candidate genes as biomarker for lung cancer detection, we have biobanked blood
samples from 120 patients in total including lung cancer patients and patients with positive lung
nodules by CT-Scan. Total RNA has been extracted from the samples and preserved in biobank
for further analysis.

Subtask 2: Flow cytometry sorting of circulating myeloid cells

Following the same strategy (Fig. 1), we have sorted CD11b+CD33- neutrophils and
CD11b+CD33+ monocytic myeloid cells from blood samples of 6 patients with confirmed benign
lung nodules. These samples will serve as non-tumor controls in RT-PCR analysis proposal in
subtask 3.

= What opportunities for training and professional development has the project provided?
Nothing to Report.

» How were the results disseminated to communities of interest?
Nothing to Report.

= What do you plan to do during the next reporting period to accomplish the goals?

In the next report period, we will first focus on the bioinformatic analysis of the RNA-seq data.
While we confirm the identified genes (5 genes in total) are related to lung cancer. We will design
an RT-PCR array to confirm the diagnostic value of these candidate genes with biobanked blood
samples.

Given the high variation of candidate gene expression in different cancer patients, we will improve
our bioinformatics analysis strategy. We plan to introduce cell type markers (CD45, CD11b and
CD33) together with house-keeping gene markers (GAPDH, 18SrRNA, ACTB, and B2M) to
normalize candidate gene expression in total whole blood RNA samples. This strategy will allow
us correct the system error from total cell numbers and percentages of subtype population cells.
The modified following tasks will be:



Major Task 2: Lung cancer signature diagnostic value validation
Subtask 3: Feasible RT-PCR array assay development.
Subtask 4: RT-PCR array and data analysis with clinical outcomes.

4. IMPACT:
=  What was the impact on the development of the principal discipline(s) of the project?

The persistent poor survival of lung cancer patients is largely attributable to the late stage at
diagnosis. New biomarkers for early detection are urgently required in the clinic. However,
discovery of biomarkers using peripheral blood is challenging because tumor-specific markers are
usually expressed in low concentrations, diluted in a milieu of other abundant proteins and likely
to be missed. To overcome this hurdle, instead of focusing on tumor-derived biomarkers, we will
analyze the host responses to the tumor growth. The abundance of circulating myeloid cells, which
we know play important roles in tumor growth, may provide a unique source for novel NSCLC
biomarker discovery.

During the first year of the project, we have recruited enough NSCLC patients as proposed for pre-
and post-surgery comparison analysis. We have optimized sorting strategies for circulating
myeloid cells, which may possess unique expression signature for early lung cancer detection.

During the second year of the project, we have accomplished the patient recruitment, flow
cytometry sorting of circulating myeloid cells, RNA-sequencing of the samples. RNA-seq data
analysis was performed with challenges. We are currently working closely with our bioinformatics
collaborators to solve the problems and expect to fulfill the proposal with the No-Cost-Extension
period.

=  What was the impact on other disciplines?
Nothing to Report.

=  What was the impact on technology transfer?
Nothing to Report.

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

5. CHANGES/PROBLEMS:

We have encountered challenges in bioinformatics analysis of RNA-seq data. Very limited
number of genes (4 from sorted neutrophils, 1 from sorted monocytes) were identified. Also, high
variations in candidate genes expression were detected between patients. This might be due to
the batch difference in RNA-seq results. Extra experiments will be needed to confirm the
candidate genes as biomarker for lung cancer diagnosis. We plan to improve our RT-PCR array
assay by including cell type markers together with house-keeping gene markers to normalize the
variabilities in total cell numbers and percentages in cell types from different patients. This will
also allow us to to perform the assay with the whole blood samples as well as with the sorted
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6.

subpopulations of blood samples. We have inquired a Non-Cost-Extension period (1 year) to

finish this proposal.

PRODUCTS:
Nothing to Report.
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