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Abstract

A computational detection of IncRNA signatures

in tumor—immune microenvironment at single—cell level

Eun-Gyeong Park
Department of Life Science
Graduate School of

Hanyang University

Long non-coding RNAs (IncRNAs) are transcripts without protein-coding
capacity and accumulating reports indicate that IncRNAs are key factors
of tumorigenesis. In several cancer types, dysregulation of IncRNAs often
causes enhanced cancer progression, metastasis, or even tumor suppression,
however, the detailed functional mechanisms of these IncRNAs have not yet
been studied. One of the issues is that, although IncRNAs are known to
exhibit high specificity in different cell types or cellular states, many
cancer—-associated 1ncRNAs were studied based on bulk RNA-sequencing (RNA-
seq) data which represents a mixed signal of cancer cells and diverse
non—cancerous cells coexisting and interacting with each other in the
tumor microenvironment (TIME). In this reason, IncRNA studies should be
performed not only at the bulk sample level, but also at the single-cell
RNA-sequencing (scRNA-seq) level to decode the precise source of the

expression. Here, non-small cell lung cancer scRNA-seq data produced using
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two popular scRNA-seq platforms, 10X Chromium and SMART-seq2, were
analyzed with novel IncRNA transcriptome to identify differentially
expressed IncRNAs in TIME. 812 cell type-specific IncRNA markers were
1dentified and 74 of these IncRNAs were shared between the two platforms.
Well-known oncogenic or tumor suppressive IncRNAs, such as LUCATI or MEGS,
were specifically expressed by non-malignant cells. Moreover, 12 and 57
of cell type-specific IncRNAs were differentially expressed between cells
from tumor and nontumor samples in 10X Chromium and SMART-seq? data,
respectively. As a result, this study provides not only a comprehensive
IncRNA signature in terms of cell type- and tumor—specificity, but also
suggests IncRNA targets that could help to investigate mechanisms in

cancer development .



1. Introduction

Long non-coding RNA (IncRNA) is a non-coding transcript of longer than
200 nucleotides. Thousands of IncRNAs have been identified to exhibit
specific expression patterns in various types of cancer, and these IncRNAs
exert cancer-related functions, such as cancer cell survival,
proliferation, invasion, migration, and anti-apoptosis (Prensner and
Chinnaiyan 2011, Du et al. 2013, Huarte 2015, Schmitt and Chang 2016).
Oncogenic IncRNAs that promote cancer progression tend to be upregulated
in cancer patients with poor prognosis, hence, inactivation of these
IncRNAs often leads to hinder tumorigenesis and cancer cell survival which
makes IncRNAs as potential targets for therapeutic interventions. For
examples of these cancer-related IncRNAs, lung cancer associated
transcript 1 (ZUCATI) has tumor—promoting roles in several types of cancer.
(Xing et al. 2021). In non-small cell lung cancer (NSCLC), LUCATI
regulates the expression of p21 and p57 by interacting with PRC2 and EZH2
complex (Sun et al. 2017). In esophagus squamous cell carcinoma (ESCC),
LUCATI also inhibits the expression of tumor suppressors by regulating
the stability of DNA methyltransferase 1 (DNMT1) (Yoon et al. 2018).
Highly Expressed IncRna in ESophageal squamous cell carcinoma (HERES) is
another oncogenic IncRNA detected in ESCC which controls tumor growth by
regulating the Wnt signaling pathways interacting with EZH2 (You et al.
2019). On the other hand, tumor suppressive IncRNAs are generally

downregulated in tumor, and when these IncRNAs are dysregulated,



tumorigenesis tends to be promoted. For example, AMN(/LA functions as a
tumor suppressor IncRNA in breast cancer. M(/LA is activated by TNF-a
and IL-1B which in turn inhibits NF-xB pathway to limit tumorigenesis,
angiogenesis, immunosuppression, and EMT signaling (Liu et al. 2015).
However, most of these IncRNA studies were conducted in bulk tumor samples
which 1s an averaged expression of heterogeneous cell mixtures and
experimental validations were performed in cancer cell lines with or
without limited confirmation of which cell type in TIME expresses these

IncRNAs.

Tumor mass is composed of various cell types including malignant,
resident or infiltrating immune, and stromal cells. Many key features in
cancer, such as progression, invasion, or drug resistance, are known to
be affected by the composition and interaction of non—cancerous cells in
the tumor—immune microenvironment (TIME) (Binnewies et al. 2018, Taube et
al. 2018, Galli et al. 2020). Therefore, it is critical to understand in
which cell type specifically expresses oncogenic or tumor suppressing
IncRNAs to survey the functions. Some of the cancer-related IncRNAs also
function in immune cells. In case of LUCATI, it functions in myeloid cells
by binding to STAT1 and inhibiting transcription of interferon-stimulated
genes (ISGs) (Agarwal et al. 2020). M(/LA also specifically functions in
T cells inducing hyper activated immune cell death (Huang et al. 2018).
Therefore, these multifaceted IncRNAs suggest the possibility of cancer—
driving or -suppressing IncRNAs may actually be highly expressed and

function in non—malignant cells. However, majority of IncRNA studies
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exploited bulk RNA-sequencing data where various cell types contribute to
an averaged signal, limiting discovery of cell type-specific IncRNA
markers in TIME. Because multi-functional IncRNAs were confirmed at the
bulk cancer level, the precise molecular mechanisms remain vague.
Therefore, 1t is necessary to study IncRNAs at the level of individual
cell types to understand characterization of their functional mechanisms

in cancer.

Advances in single-cell RNA-sequencing (scRNA-seq) enable profiling of
transcriptome in cancer at the single-cell level. Therefore, it allowed
us to study IncRNAs that are expressed specifically in a certain cell
type in TIME. In fact, there are a few studies analyzed IncRNA expression
using scRNA-seq. For example, Liu et a/. studied changes in IncRNA
expression during the development of human neocortex at the single-cell
level and discovered various IncRNAs which were dynamically expressed
(Liu et al. 2016). The mechanism of 419 was also revealed by using scRNA-
seq, which acts as a regulator in the development of hematopoietic stem
cells (HSCs) (Zhou et al. 2019). Additionally, the IncRNA landscape in T
cell subtypes across various of cancers was analyzed using scRNA-seq data
(Luo et al. 2021). However, because majority of single-cell studies were
focused on protein-coding genes (PCGs), there are only few published
studies profiling IncRNAs at single-cell resolution. Moreover, since the
reference transcriptome of IncRNAs was annotated using bulk RNA-seq data,
there is limited information on cell type compositions and cell type-

specific IncRNAs.



Many single-cell sequencing techniques were introduced so far, however,
majority of studies use droplet-based sing-cell platform, such as 10X
Chromium 3" -seq (10X). 10X data capture cells in small droplets and
produces single—cell reads at the 3° —end of RNAs with poly-A tails (Zheng
et al. 2017). Because droplet—based approach can process a large number
of cells, 10X single-cell data has the advantage of detecting minor cell
types. On the other hand, SMART-seq2 (SS2) data is sequenced by plate-
based approach that produces full-length transcripts by cell similar to
that of bulk RNA-seq (Picelli et al. 2014). Therefore, with higher read
coverages and sequencing depth of SSZ2 data, IncRNA with low expression
can be detected well, suggesting that SS2 would provide a more sensitive
means to identify cell type-specific IncRNAs in the TIME. Analysis was
conducted using both data to reflect the advantages of 10X and SS2. Since
the two scRNA-seq platforms have features that can affect IncRNA detection,
it will be helpful for further IncRNA research using other cancer single-

cell data.

In this study, IncRNA expression profiling was performed using scRNA-
seq using BIGTranscriptome (v1.2) augmented with novel IncRNA annotations
specific for lung cancer, colon cancer, and 33 immune cell types (Figure
28) (You et al. 2017). With newly annotated IncRNAs, I searched for marker
genes that are cell type-specifically expressed in TIME. I next confirmed
the commonly expressed marker genes detected between two different scRNA-
seq platforms, 10X and SSZ. By profiling the expression of novel IncRNAs

in lung cancer, the landscape of new IncRNA marker sets at the cell type
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level in TIME were established. Many IncRNAs known as oncogenes or tumor
suppressors were highly expressed in non-malignant cells. 12 and 57 of
cell type-specific IncRNAs were differentially expressed between cells
from tumor and nontumor samples in 10X and SS2 data, respectively.
Accordingly, this study suggests cell type- and tumor type-specifically

expressed IncRNA candidates and offers novel treatment target IncRNAs.



2. IncRNA profiling in lung cancer scRNA-seq data



2.1. IncRNA detection in single—cell platforms

I analyzed non-small cell lung cancer (NSCLC) scRNA-seq data produced
using 10X (Qian et al. 2020) and lung adenocarcinomas produced using SS2
(Maynard et al. 2020) together comprising 80 samples: 42 tumor samples
(24 in 10X; 18 in SS2), 10 nontumor samples (7 in 10X; 3 in SS2), and 28
metastasis samples (SS2). These two representative single-cell platforms,
10X and SS2, were compared with public lung cancer bulk RNA-seq datasets
(The Cancer Genome Atlas; TCGA) to benchmark the sensitivity of IncRNA
detection. I compared the transcripts per million (TPM) distribution of
IncRNA expressing more than 1 TPM in bulk with single-cell data (Figure
1A). ~37.6% and ~65.4% of IncRNAs which were expressed in bulk RNA-seq
data were also detected at the same level (= 1 TPM) in both 10X and SS2
platforms, respectively. In detail, 12,738 PCGs and 1146 I1ncRNAs
expressing over 1 TPM; 1277 PCGs and 1133 IncRNAs expressing over 0.1 TPM
in 10X data. Also, 12,629 PCGs and 3026 IncRNAs were detected at over 1
TPM, and 1743 PCGs and 1518 IncRNAs were detected at over 0.1 TPM in SS2.
On the other hands, genes with less than 0.1 TPM in bulk which are regarded
as “not expressed” genes were detected at similar amounts in single-
cell data. In SS2 data, more IncRNAs were expressed (=1 TPM) indicating
that sequencing depth of the platform heavily affects the IncRNA detection
rates. In fact, by downsampling 10X and SSZ to different sequencing depths,
I checked the detection rate of PCGs and IncRNAs according to the

sequencing depth, and the detection rate of IncRNAs in the SS2 platform



showed about 10% higher than that of the 10X platform (Figure 1B). As
expected, SSZ2 appeared to be more sensitive for the detection of IncRNAs,
although the sensitivity depends on the sequencing depth. As a result,
although IncRNAs generally show low expression, they are detected in

single—cell data and well agreed with bulk RNA-seq data.
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Figure 1. IncRNA detection in bulk RNA-seq vs scRNA-seq. (A) Transcripts per
million (TPM) distribution for genes represented in scRNA-seq datasets that were
detected at = 1 TPM and < 0.1 TPM in bulk RNA-seq data from TCGA (lung
adenocarcinoma and squamous cell carcinoma for 10X and lung adenocarcinoma for
SS2) in each scRNA-seq platform. (B) Fraction of expressing genes (FPK >0.1) in
downsampled single-dell data. IncRNAs were detected more sensitively in high

sequencing depth, and detection rate in SS2 platform found about 10% more lncRNAs
than 10X platform.



2.2. Basic analysis for lung cancer scRNA-seq data

To identify cellular heterogeneity of lung cancer, both lung cancer
datasets were analyzed using a scRNA-seq software, Seurat (v3.0) (Stuart
et al. 2019). After quantification using BIGTranscriptome v1.2, libraries
in each dataset were individually filtered for low-quality cells based on
UMI (= two standard deviations from the mean), gene counts (< 200),
mitochondrial gene contents (= 20%). Both preprocessed datasets were
merged and cell annotations were assigned by label transfer using a
publicly available lung cancer reference from the Blueprint project (Qian
et al. 2020) (Figure 2B). After additional quality controls based on
prediction score of label transfer (prediction score > 0.5) and mismatches
of cell annotations between cell type and subtype (cells that are
annotated as a cell type A but assigned as a subtype of a different cell
type B), the median of 2358 UMIs and 972 genes per cell were obtained in
10X data, median of 8367.3 reads, 3650 genes per cell are obtained in SS2
data. Much higher number of genes were detected in SS2 compared to 10X
(median of 972 genes from 10X compared to 3650 genes from SS2) indicating
the characteristics of each data were well represented. Consequently, 14
major clusters were identified; alveolar, epithelial, malignant, B, plasma
B, mast cells, macrophages, fibroblasts, endothelial cells (ECs),
dendritic cells (DCs), plasmacytoid DCs (pDCs), neutrophils, T cells, and
erythroblasts (Figure 2C). Of these, T cells and macrophages were the

most frequent cell types in both 10X and SS2. Most cells in T cells and
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B cells clusters consist of tumor cells suggesting immune cells are
infiltrated in tumor with affecting cancer development. Alveolar and ECs
clusters have many cells originating from nontumor samples and neutrophils
and pDCs clusters exhibit more metastatic cells than other clusters.
(Figure 2D). I validated clusters by exhibiting gene expression of
canonical marker genes for each cell type (Figure 2E, F). In summary, I
reconstructed heterogeneous TIME of lung cancer produced by different
platforms based on reference datasets and clustered well-known cell types

using BlIGTranscriptome v1.2 with various novel IncRNA transcripts.
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Figure 2. Study pipeline and clustering of lung cancer scRNA-seq data. (A) The
proportion of genes in BIGTranscriptome v1.2. (B) Single—cell analysis procedure
of two lung cancer datasets for IncRNA marker detection. (C) UMAP of 100,487
cells, color coded by each 14 cell types. (D) Cell count in each cell type
clusters with a fraction of dataset (left) and fraction of cell origination
(right). (E) 10X; 78,154 cells clusters (left) and expression dot plot of cell
type-specific canonical markers (right). Dot size indicates expressed cell
fraction and color means averaged expression values. (F) SS2; 22,333 cells
clusters (left) and expression dot plot of canonical marker genes of each cell
type (right).
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2.3. Profiling of IncRNAs at the single—cell resolution

Since it 1s known that IncRNA has a very low expression level compared
to PCGs, 1 checked whether IncRNAs could be observed cell type-
specifically at the single-cell level by comparing the expression levels
(mean TP10K; transcripts per 10k transcripts) and the fraction of
expressing cells (Figure 3). In case of IncRNAs (z = 37,915), there are
exceptional IncRNAs that have higher expression values and fractions than
PCGs, such as MALATI, and genes expressed in more than 50% of cells, such
as NEATI, GASS5, SNHGZ29, SNHGS, and ZFASI (Figure 3A). However, most of
IncRNAs were expressed in less than 25% of the cells and have lower
expression levels compared with PCGs. Although the expression of IncRNA
was very low in pooled scRNA-seq data, it was confirmed that the fraction
and/or expression was largely increased at the individual cell type level
while PCGs remained similarly (Figure 3A, B). These results indicate that
IncRNAs are specifically expressed in certain cell types or the result
from dropout effect of lowly expressed transcripts prevalent in scRNA-seq
data. In fact, when comparing the ratio of specifically expressed lncRNA
or PCGs in each cell type, IncRNAs showed much higher specificity compared
to PCGs (Figure 4). 17% of the IncRNAs were specifically expressed in
epithelial cells, 29% were 1n malignant cells, 55% were in lymphoid cells,
and 25% were in myeloid cells. On the other hand, only 16~22% of PCGs
were expressed cell type specifically indicating the discrete expression

patterns of IncRNAs (Figure 4A; left). Similar results were also observed
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in SS2 data. In SS2, 275 known and 632 novel IncRNAs were expressed in
pooled data at 1 TPM or higher. PCGs that were specifically expressed were
found to be less than 13% of cells in each cell types, and IncRNA had a
higher proportion than that of 10X (Figure 4A; right). As a result,
IncRNAs are expressed cell type-specifically in scRNA-seq using 10X and
SS2 platforms, and these features could be sufficiently detected at

single-cell resolution.
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3. Cell type signature IncRNAs in TIME
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3.1. Identification of specific IncRNAs in each cell type

To identity IncRNA signatures in lung cancer microenvironment,
differentially expressed gene (DEG) analysis was performed on 13 broad
cell types in both platforms, separately (Figure 2; exclude erythroblasts).
In summary, 3760 cell type markers (3623 PCGs and 137 IncRNAs) from 10X
data (Figure 5A) and 8890 cell type markers (8141 PCGs and 749 IncRNAs)
from SS2 data were identified (Figure 6A). In 10X data, 137 IncRNA markers
were consisted of 104 known and 33 novel IncRNAs. In these markers, many
IncRNAs known as regulators of tumor progression and suppression were
included, such as, MALATI, NEATI, MEG3, LUCATI, GAS5, and PCATI9 (Figure
5B). MALATI and NEATI were reported to enhance cell proliferation and
invasion in several cancers (Ji et al. 2003, Hirata et al. 2015, Sun et
al. 2016, Yu et al. 2017, Li et al. 2018). GAS5 functions as a tumor
suppressor in multiple types of cancer including breast, colorectal,
gastric, and liver cancers (Mourtada-Maarabouni et al. 2009, Yang et al.
2020) . However, MALATI, NEATI, and GAS5 are non-specifically expressed in
most cell types. Similarly, LUCATI is known as a oncogene that is
identified as upregulated in lung cancer and promotes cancer progression
(Sun et al. 2017, Yoon et al. 2018) and MEG3 is a tumor—suppressing IncRNA
in liver and gastric cancers (Zhou et al. 2007, Sun et al. 2014, Zhuo et
al. 2016), however, in the single-cell data, LUCATI and MEG3 were
specifically found in neutrophils and fibroblasts, respectively. Novel

IncRNA markers were more specifically expressed in each cell type than
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known IncRNAs. Most of these marker genes were expressed in fraction
ranging from 25% to 75% of cells in each cell type (Figure 5C).
Interestingly, several novel IncRNAs were associated to the genes
regulating functions or differentiation of the cell types. For example,
DUSPI6 1s a PCG which is selectively upregulated in T cells and regulates
balance between helper T cell type 1 and 2 and a novel IncRNA in the
antisense strand, DUSP16-AS-1, is highly upregulated in T cells (Figure
5B) (Musikacharoen et al. 2011). FOXOI is previously known regulatory T
cell marker (Luo et al. 2016) and antisense novel IncRNA FOXOI-AS-1 is
also specifically expressed in T cells (Figure 5B). Additionally, SLC8AI
was one of the PCGs markers that were highly expressed in DCs (data not
shown), it’ s antisense IncRNA, SLCSAI-AS-2, was also specifically
detected in DCs (Figure 5B). These antisense IncRNAs can be studied
whether they have passenger or eRNA-like functions by analyzing the co-
expression pattern with known markers. The SS2 data detected a much higher
number of DEGs than that of 10X data especially in the novel IncRNAs (296
known and 453 novel IncRNAs) (Figure 6). In summary, Union set of 74
known/novel IncRNAs were identified in both platforms (Figure 7A). These
common IncRNAs shared the similar expression levels and mostly expressed
from the identical cell types (Figure 7B, C). Genes that were missed in
10X data could be resulted from low expression levels because of the
technical limitation of the droplet-based platform, such as shallow
sequencing depths and prevalent dropouts. In fact, it was confirmed that

the expressions of commonly expressed genes were generally higher than
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that of specifically expressed genes (Figure 7D). In particular, SS2-
specific marker genes were often could not be detected in 10X because of
their low expression levels in cells. In consequently, several IncRNA
markers are reproducible between different scRNA-seq platforms that can

be used as confident IncRNA markers.
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Figure 5. DE IncRNAs in each cell type in 10X data. (A) DEG counts in each cell
type. 10X dataset specifically detected markers are colored light blue (specific),
and markers that both detected in 10X and SS2 colored dark blue (common). (B)
Expression dot plot of each DE IncRNAs. Known IncRNAs were indicated top 5 genes
for each cell type (upper) and newly annotated novel IncRNAs have fully appeared
(lower). (C) Distribution of lncRNA markers according to the cell fraction being
expressed. Most of the genes are expressed in 25% to 75% of the corresponding
cell type.
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4. Tumor—specific IncRNAs in TIME
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4.1. IncRNAs differentially expressed in tumor sites

Next, I tried to identify IncRNAs that are specifically dysregulated in
tumors. Each cell type was first divided into group of cells from tumor
or nontumor and differentially expressed genes were identified between
the two conditions. To compare the expression with malignant cluster,

epithelial cell from nontumor was integrated with alveolar cells.

In 10X data, a total of 32 genes were identified among which 9 were
tumor—enriched genes and 25 were nontumor—enriched genes (Figure 8A). In
epithelial, SNHGZ9 was expressed in cells from tumor while SFTAIP that
suppresses cell migration and invasion (Ma et al. 2018) and MALATI were
detected in cells from nontumor samples. MALA7I that is known to be
involved in tumorigenesis in lung cancer, was highly upregulated in most
cell types, especially in nontumor site of epithelial cells, fibroblasts,
and DCs, but largely depleted in macrophages. Three IncRNAs (GASSH, SNHGE,
and SNHG5) were highly expressed in the malignant cells, and eight IncRNAs
(SETAIP, AP003498.3, MALATI, CRNDE, LINCO1578, and AC020916.1, and novel
IncRNAs  LNC-Xg21.33-1 and [LNC-MAML2-1) were depleted. For example,
LINCO1578 1s known to be correlates with metastasis and prognosis in colon
cancer although the expression was found in T cells (Liu et al. 2020). In
the tumor B cells, genes related to antigen processing and presentation
pathways were enriched (e.g., HSPAIA, HSPAIB, or HSP90AAI) but no IncRNAs
were enriched compared to the cells from nontumor samples. In plasma B

cells, HSPAIA was highly upregulated in tumor like B cells and VI¥, JCHAIN,
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SFTPC, and JFP36 were upregulated in nontumor, but there were no
specifically expressed IncRNAs. In fibroblasts, expression of SNHG family
genes (SVAGS and SVHGZ29) was found in cells from tumor samples. In nontumor,
MALATI, AC020916.1, and FTX were expressed, and LNC-MAMLZ-1 and FOXOI-AS-
1 which was also found as a cell type marker were identified as novel
IncRNA markers. In ECs, SNHGS, SNHGZ9, and NEATI were identified as tumor
site markers, and LIM00275-AS-1 was detected as a novel IncRNA.
Interestingly, GAS5, known as a tumor suppressor gene, was highly
expressed in ECs from tumor although the expression was less specific to
a certain cell type. In nontumor, PCATI9 was a very specific marker gene
of ECs, and it was highly expressed in nontumor site than tumor. FABPS—
AS-2 is a novel IncRNA antisense to a gene FABP5 which is known to regulate
tumorigenesis and chemoresistance (Li et al. 2011) and detected with a
low cell fraction but high expression level in ECs. Macrophages expressed
a lot of tumor associated macrophage (TAM)-related PCGs such as SPPI,
CCL18, and GPNMB, especially in tumor samples. As IncRNA markers, LMC-
(KR392059.4-1, CYTOR, and LINCO0O273-AS-1 were identified which could be
associated to the TAM-related functions in the tumor. In DCs, some non-
specific marker genes were identified only in nontumor site, such as MNEATI
and MALATI which are IncRNAs known to be involved in tumor progression,
and LINC-PINT, AC020916.1, AC016831.4, ACO04817.3, and FKBP5-AS-2 were
detected. Most of the IncRNAs in T cells were observed at a similar level
of expression regardless of context. As marker genes, one in tumor and

three in nontumor were identified. DUSP16-AS-1 that was a marker gene in
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T cells was highly expressed in tumor and in nontumor, ACOI6831.6-AS-2,

LINC-PINT, and ACO16831.4 were detected.

In the result, 15 IncRNAs (SFTAIP, AP003498.3, CRNDE, LNC-Xq21.33-1,
FOXO1-AS-1, FIX, PCAT19, AC020656.1, DUSP16-AS-1, SNHGZ29, LNC-MAMLZ-3,
GASS, NEATI, LINCOO273-AS-1, and LINC-PINT) are cell type markers
simultaneously dysregulated in tumor context. For example, SVAGZ9 is a
cell type marker that is specifically expressed in fibroblasts and is
particularly expressed in those cells from a tumor site. As a result,
further studies regarding functional validation of IncRNA related to tumor
progression or suppression should focus on the actual cell types

expressing IncRNAs in cancer.

In SS2 data, because it has higher sequencing depth than those of 10X
data, much more marker genes were identified (Figure 8B). Total of 241
IncRNAs were found as differentially expressed between tumor and nontumor
samples among which 146 were highly expressed in tumor and 101 were
upregulated in nontumor. All tumor/nontumor markers from 10X were detected
in SS2, but most were filtered out by insignificant g-value (adjusted by
false discovery rate). The following seven marker genes, SNHGG, PCAT19,
LNC-CR392039.4-1, GASS5, LINCOO273-AS-1, FKBP5-AS-2, and LINC-PINT were
1dentified in both datasets, and four of these IncRNAs were also matched
the expressing cell types: PCAT19 in ECs nontumor, GAS5 in malignant cells,
LINCO02753-AS-1 in ECs tumor, and FABP5-AS-2 in ECs nontumor. These markers

can be used as confident candidates for further studies.
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DEGs between tumor and nontumor at single-cell level (single-cell DEGs)
could be different with those at the bulk level because single—cell DEGs
were identified using the individual cell type rather than mixture of
heterogeneous cells. In fact, more than half of the single-cell DEGs
(65.62% for 10X and 67.22% for SS2) were only found in the scRNA-seq data,
indicating that scRNA-seq would be specialized to the detection of markers
expressed by minor cell types in TIME (Figure 9B). Only 15.6% of 10X and
30.3% of SS2 single-cell DEGs were restated with bulk DEG analysis,
suggesting that the SS2 platform is more sensitive to detect DEGs than
the 10X platform. Therefore, the cell type-specific expression and
function of many IncRNAs previously studied in bulk tumor samples can be
validated using the variety of available scRNA-seq datasets (Table 5).
This process could provide new insights about known and novel IncRNA

functions and regulatory roles in specific cell types in the TIME.
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4.2. Validation of IncRNA expression patterns in breast and

colon cancer

I additionally analyzed IncRNA cell type markers in publicly available
breast cancer and colon cancer scRNA-seq datasets. Breast cancer 1is
consisted of 14 treatment-naive breast cancer patients sequenced by using
a 10X Chromium 5" -seq platform (Qian et al. 2020). As a result, 26 IncRNAs
were identified in breast cancer (Figure 10A), among which eight were
identified from the similar cell types in lung cancer datasets; L/MC00926,
LINCO0S63, NUTMZA-ASI, NUIMZB-AS1, EPB4I1L4A-AS1, MIRZZHG, LINCO1094, and
PCAT19 (Figure 10B). Moreover, reanalysis of BIGIranscriptome v1.2 using
a colon cancer data (10X Chromium 3’ -seq) (Lee et al. 2020) showed that
several IncRNAs were also expressed in the same cell types (Figure 10C;
unpublished data). Following IncRNAs; LINCO0926, ZFAS1, MEG3, PCATIY,
LINC-PINT, MALATI, SNHG, and NEATI, were defined as shared cell type
markers in colon and breast cancer (Figure 10B, C). These IncRNAs, which
are detected as cell type markers in various cancer types, are mostly
found in infiltrating immune cell types such as myeloids or ECs. Taken
together, IncRNA can be used as a significant cell type marker regardless
of sequencing platforms or cancer types. This indicates that IncRNAs are
not only expressed in cell type-specific manner but are reproducible

indicators that can be used pan—cancer.
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Figure 10. Cell type markers of BRCA and CRC

represent marker genes
markers.

in each cell type.
LINCO0926, LINCOOS63, NUIMZA-ASI, NUIMZB-ASI, EPB41L4A-AS1, [R22HG,

(B)

scRNA-seq data. (A) Bar plots
Expression dot plot of IncRNA

LINCO1094, PCAT19 were identified as lung cancer cell type-specific markers.
ZFASI, KCNQIOT1, KP11-14N7.2, SNHG1S, XIST were detected markers in colon cancer.
(C) Common cell type-specific IncRNA markers in lung cancer and colon cancer

(unpublished data)
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4.3, Expression profiling of well-known IncRNA markers at

lung cancer single—cell resolution

Additionally, IncRNAs that were reported to play crucial roles in cancer
progression related mechanisms, such as oncogenic or tumor suppressive
roles, were confirmed in NSCLC single-cell level. I also included 1ncRNAs
specifically expressed in lymphoid and myeloid cells from literatures.
Overall, the expression patterns were generally agreed between the two
scRNA-seq platforms (Figure 11). Some of the oncogenic IncRNAs such as
JFASI, PVTI, or HIFIA-AS3 were expressed in multiple cell types in TIME,
while others were specifically expressed in various non-cancerous cells,
such as PACERR in mast cells, HAND2-ASI, MIRIOOHG, and 7TEX41 in
fibroblasts, CENDE, and HULC in alveolar, epithelial, and malignant, or
IFNG-AS1 in plasma B cells. There were a couple of disagreements in the
expression patterns between the datasets. For example, A19 was highly
expressed in the malignant cell cluster from the 10X data, but not in the
SS2 data. In SS2, ZFASI and SNHGE are particularly highly expressed in B
cells than in others. Tumor suppressive IncRNAs, such as GASS, X1ST, or
MEGS, were expressed in higher levels from non-malignant cell types than
malignant cells. Moreover, H19 and LUCATI that play oncogenic roles in
cancer cells while also having functional roles in immune cells were
expressed malignant and neutrophils. As a result, by confirming the
expression of previously known IncRNAs in scRNA-seq data, it was possible

to trace the cell type in which cancer-related IncRNAs are actually being
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expressed. Because scRNA-seq would be more specific to the detection of
markers for major and minor cell types in the TIME, IncRNAs previously

studied in bulk tumor samples can be validated using scRNA-seq data.
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Conclusion

Here, 1 identified cell type- and tumor/nontumor-specific IncRNAs in
TIME using scRNA-seq data. By establishing additional cancer/immune cell
type specific IncRNA transcriptome, 1t was possible to supplement
insufficient cancer— and cell type-specific IncRNA annotation. Although
IncRNA has a relatively lower expression than PCGs, they are detected in
single-cell data and well agreed with bulk RNA-seq data, and also cell
type-specific expression was confirmed at the single-cell level.
Furthermore, SS2 platform which has a higher sequencing depth than the
10X data was more sensitive to IncRNA detection and identification of
DEGs in the TIME. After validating that 1ncRNA was sufficiently detected
at the single-cell level, cell type-specific IncRNAs were identified. In
case of IncRNA markers, it was possible to validate in which cell types
express well-known cancer-related IncRNAs that were previously studied in
bulk tumor samples using scRNA-seq. More IncRNA markers were found in SS2
than 10X and more than 90% of 10X markers were reproducible in the SS2
data. Several IncRNA markers that are reproducible between different
scRNA-seq platforms of lung cancer data can be used as helpful cancer-
specific IncRNA markers. Additionally, some IncRNAs that are expressed in
cell type- or tumor/nontumor-specific manner would indicate dynamic
expression patterns depending on cell states. It i1s also needed to study
novel IncRNAs named AS- and LNC-, which are newly annotated positioned in

near known genes, whether coexpressed with PCGs and how they function in
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TIME. Moreover, shared IncRNA markers detected in both platforms were
expressed not only in lung cancer but also in other cancer types, breast
and colon cancer. This study suggests cell type- and tumor type-
specifically expressed IncRNA candidates and offers novel treatment target

IncRNAs.

Based on these results, experimental validations of known IncRNAs that
were previously studied in bulk tumor samples and novel IncRNA markers
could be designed to target cell type in TIME not in only cancer cell
line. In addition, these newly constructed cell type- and tumor/nontumor-
specific IncRNA markers can be used as promising biomarkers for
investigation of cancer-related mechanisms and development of new
therapeutic targets. Single-cell analysis of IncRNA would highlight new
area of TIME and help overcome the limitations that previous IncRNA

studies had.
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Figure 12. Precision profiling of IncRNAs using high resolution single-cell data.
Expression of IncRNAs dysregulated in bulk tumor samples were validated in cancer
cell lines. The single—cell analysis can determine a specific cell type in which
IncRNA is actually expressed and dysregulated in TIME. Based on the results of
cell type- and tumor/nontumor-specific markers, scRNA-seq would be a powerful
strategy to detect markers of diverse cell types in TIME.
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Tables

Table 1. 10X cell type markers top 100

Gene p-value Avg logFC Pct.1 Pct.2 Adjust p-value Cell type Type
SFTALP 0 1.595 0.583 0.012 0 Alveolar knownLnc
LNC-Xq21.33-1 0 0.646 0.279 0.015 0 Alveolar novelLnc
CRNDE 0 0.612 0.315 0.024 0 Alveolar knownLnc
AP003498.3 0 0.557 0.254 0.003 0 Alveolar knownLnc
NEAT1 3.4E-189 0.560 0.718 0.703 2.84E-184 Alveolar knownLnc
AL357093.2 0 1.995 0.786 0.003 0 Epithelial knownLnc
ANKRD44-AS1 0 1.734 0.78 0.014 0 Epithelial knownLnc
WDR86-AS1 0 1.574 0.749 0.016 0 Epithelial knownLnc
LINCO01765 0 0.915 0.471 0.001 0 Epithelial knownLnc
ACBD3-AS1 0 0.875 0.494 0.001 0 Epithelial knownLnc
AC004832.1 0 0.842 0.46 0.001 0 Epithelial knownLnc
AL121899.1 1.78e-322 0.844 0.46 0.001 1.47e-317 Epithelial knownLnc
SRGAP3-AS2 9.14e-322 0.837 0.41 0 7.54e-317 Epithelial knownLnc
LNC-LBCS 6.3E-294 0.719 0.41 0.001 5.20E-289 Epithelial knownLnc
LINCO01571 6.5E-286 0.712 0.367 0 5.32E-281 Epithelial knownLnc
LINC02166 1E-267 0.677 0.39 0.001 8.58E-263 Epithelial knownLnc
GIHCG 9.7E-253 1.218 0.688 0.037 8.00E-248 Epithelial knownLnc
AC130456.2 5.5E-233 0.727 0.379 0.002 4.51E-228 Epithelial knownLnc
RAB40C-AS-1 1.2E-229 0.533 0.303 0 9.67E-225 Epithelial novelLnc
AC068587.4-AS-2 6.8E-217 0.832 0.477 0.012 5.64E-212 Epithelial novelLnc
CASC2 4.3E-216 0.661 0.37 0.003 3.54E-211 Epithelial knownLnc
LINCO01513 1.3E-212 0.492 0.292 0 1.07E-207 Epithelial knownLnc
LNC-CEP126-1 2.2E-210 0.706 0.384 0.004 1.85E-205 Epithelial novelLnc
AC244090.1 1.1E-205 1.188 0.659 0.074 8.90E-201 Epithelial knownLnc
AC027237.5 1.1E-203 0.500 0.318 0.001 8.99E-199 Epithelial knownLnc
LINC02345 2.2E-195 0.859 0.494 0.019 1.85E-190 Epithelial knownLnc
AC108134.4 4.9E-194 0.507 0.289 0.001 4.06E-189 Epithelial knownLnc
MUC12-AS1 2.4E-187 0.768 0.439 0.012 2.00E-182 Epithelial knownLnc
AC234582.1 6.3E-183 0.580 0.306 0.002 5.19E-178 Epithelial knownLnc
LNC-MEPE-1 3.8E-175 0.526 0.266 0.001 3.12E-170 Epithelial novelLnc
SERTADA4-AS1 2.1E-159 0.636 0.399 0.013 1.73E-154 Epithelial knownLnc
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Table 2. SMART-seq? cell type markers top 100

Gene p-value Avg logFC Pct.1 Pct.2 Adjust p-value Cell type Type
LNC-Xq21.33-6 0 3.399 0.284 0.004 0 Alveolar novelLnc
SFTALP 0 2.589 0.39%4 0.038 0 Alveolar knownLnc
AC090236.2 1.8E-291 4.442 0.296 0.038 1.52E-286 Alveolar knownLnc
AC096564.1 2.1E-226 2.436 0.324 0.074 1.74E-221 Alveolar knownLnc
AC096564.1-AS-1 1E-223 3.065 0.333 0.07 8.56E-219 Alveolar novelLnc
WDR86-AS1 3.81E-50 2.501 0.708 0.046 3.14E-45 Epithelial knownLnc
CDHR3-AS-1 5.04E-38 3.525 0.472 0.019 4.16E-33 Epithelial novellL.nc
ANKRD44-AS1 4.92E-36 2.593 0.514 0.031 4.06E-31 Epithelial knownLnc
SRGAP3-AS2 1.03E-35 3.313 0.444 0.018 8.47E-31 Epithelial knownLnc
LINC01765 3.13E-34 2.720 0.431 0.017 2.59E-29 Epithelial knownLnc
AC113349.1 6.05E-34 2.459 0.403 0.014 4.99E-29 Epithelial knownLnc
LINC02832 5.84E-29 2.480 0.389 0.02 4.81E-24 Epithelial knownLnc
AC108134.4 9.4E-29 3.821 0.431 0.029 7.76E-24 Epithelial knownLnc
AC010538.1 7.13E-22 2.748 0.403 0.052 5.88E-17 Epithelial knownLnc
LINC02166 1.87E-21 2.816 0.333 0.024 1.54E-16 Epithelial knownLnc
ELN-AS1 2.37E-20 2.920 0.375 0.035 1.96E-15 Epithelial knownLnc
LNC-USP54-1 7.15E-19 2.881 0.278 0.015 5.9E-14 Epithelial novelLnc
LNC-LINC01342-1 1.22E-14 2.672 0.306 0.051 1.01E-09 Epithelial novelL.nc
MIR200CHG 4.35E-11 2.489 0.278 0.072 3.59E-06 Epithelial knownLnc
AL355312.4 0 2.648 0.391 0.007 0 Malignant knownLnc
LINC00926 3.4E-279 3.499 0.393 0.03 2.81E-274 B cell knownLnc
LINC01781 3.6E-211 4.470 0.267 0.008 2.98E-206 B cell knownLnc
AC245060.7-AS-1 0 6.983 0.898 0.057 0 Plasma B cell novelLnc
IGHV7-81-AS-1 0 6.556 0.998 0.125 0 Plasma B cell novellLnc
ANKRD28-AS-3 0 4.541 0.597 0.098 0 Plasma B cell novelLnc
IGKV4-1-AS-1 0 4.254 0.272 0.001 0 Plasma B cell novelLnc
AC012236.1 0 3.165 0.549 0.014 0 Plasma B cell  knownLnc
LNC-IGKJ1-1 2.7TE-303 2.552 0.307 0.016 2.19E-298 Plasma B cell novelLnc
AC244205.1-AS-2 7.2E-298 5.963 0.285 0.012 5.92E-293 Plasma B cell novelLnc
AL157895.2 0 4.504 0.754 0.008 0 Mast cell knownLnc
AL049647.1 0 3.713 0.47 0.009 0 Mast cell knownLnc
LNC-AC022274.1-2 0 2.622 0.514 0.003 0 Mast cell novelLnc
LNC-B4GALT5-4 6E-279 2.747 0.661 0.135 4.93E-274 Mast cell novelLnc
AL136090.1 1.3E-253 5.367 0.291 0.002 1.04E-248 Mast cell knownLnc
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Table 3. 10X tumor/nontumor-specific markers (=32)

Gene p-value Avg logFC  Pct.1 Pct.2 Adjust p-value Cell type - Site Type
SNHG29 6.84E-25 0.348 0.804  0.677 5.64E-20 Epithelial Tumor knownLnc
SFTALP 2.69E-36 -0.556 0.59 0.42 2.22E-31 Epithelial Nontumor knownLnc
MALAT1 1.76E-20 -0.497 0.918 0.901 1.45E-15 Epithelial Nontumor knownLnc
SNHG6 1.24E-70 0.498 0.553  0.417 1.03E-65 Malignant Tumor knownLnc

GAS5 1.43E-52 0.444 0.672 0.578 1.18E-47 Malignant Tumor knownLnc
SNHG5 3.31E-20 0.276 0.59 0.547 2.73E-15 Malignant Tumor knownLnc
SFTALP 0 -1.606 0.59 0.035 0 Malignant Nontumor knownLnc

AP003498.3 5.1E-291 -0.555 0.262 0.014 4.2E-286 Malignant Nontumor knownLnc
MALAT1 3.6E-82 -0.370 0.918  0.892 2.97E-77 Malignant Nontumor knownLnc
CRNDE 3.15E-79 -0.396 0.311 0.137 2.6E-74 Malignant Nontumor knownLnc

LNC-Xq21.33-1 8.05E-72 -0.390 0.258  0.099 6.64E-67 Malignant Nontumor novelL.nc
LINC01578 3.9E-68 -0.351 0295 0.141 3.22E-63 Malignant Nontumor knownLnc
AC020916.1 3.95E-64 -0.433 0.308  0.158 3.26E-59 Malignant Nontumor knownLnc
LNC-MAML2-3 7.56E-57 -0.393 0.301 0.148 6.24E-52 Malignant Nontumor novelLnc
AC016831.6-AS-2 1.76E-13 -0.620 0.308  0.134 1.45E-08 B cell Nontumor novelL.nc
ZNF331-AS-1 1.01E-08 -0.517 0.316 0.16 0.000834 B cell Nontumor novellL.nc
SNHG5 7.89E-08 -0.317 0.735  0.613 0.006508 B cell Nontumor knownLnc
SNHG29 7.11E-35 0.610 0.78 0.49 5.87E-30 Fibroblast Tumor knownLnc
SNHG5 1.94E-28 0.386 0.693  0.397 1.6E-23 Fibroblast Tumor knownLnc
LNC-MAML2-3 2.37E-22 -0.617 0.477 0.41 1.95E-17 Fibroblast Nontumor novellL.nc
MALAT1 7.01E-19 -0.560 0.962 0.957 5.79E-14 Fibroblast Nontumor knownLnc

FOXO1-AS-1 2.06E-18 -0.725 0.364  0.248 1.7E-13 Fibroblast Nontumor novelL.nc

AC020916.1 1.52E-09 -0.535 0.253  0.198 0.000126 Fibroblast Nontumor knownLnc

FTX 5.24E-09 -0.271 0.272 0.303 0.000433 Fibroblast Nontumor knownLnc
SNHG29 2.44E-76 0.762 0.613  0.264 2.01E-71 EC Tumor knownLnc
SNHG5 2.37E-68 0.678 0.522 0.201 1.96E-63 EC Tumor knownLnc

GAS5 1.04E-55 0.516 0.489  0.205 8.59E-51 EC Tumor knownLnc
NEAT1 3.22E-51 0.609 0.88 0.727 2.66E-46 EC Tumor knownLnc

LINC00273-AS-1 3.91E-29 0.307 0.427 0.237 3.22E-24 EC Tumor novelLnc
PCAT19 4.27E-45 -0.313 0.56 0.592 3.52E-40 EC Nontumor knownLnc
FKBP5-AS-2 1.03E-38 -0.806 0.269 0.121 8.47E-34 EC Nontumor novelLnc
XIST 5.68E-29 -0.685 0.261 0.092 4.68E-24 EC Nontumor knownLnc
LNC_CR9192039'4_ 1.8E-160 0.436 0.37 0.22 1.5E-155 Macrophage Tumor novelLnc
CYTOR 2.15E-91 0.345 0.314 0.234 1.77E-86 Macrophage Tumor knownLnc
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Table 4. SMART-seq?2 tumor/nontumor-specific markers top 100 (=241)

Gene p-value Avg logFC  Pct.1 Pct.2 Adjust p-value Cell type - Site Type
SYT1-AS-3 2.29E-18 -1.290 0.404 0.175 1.89E-13 Epithelial Nontumor novelLnc
LNC-AC079949.3-1 6.03E-08 -1.400 0.988 0.918 4.97E-03 Epithelial Nontumor novelLnc
HLA-DRB1-AS-1 1.61E-40 1.400 0.881 0.568 1.33E-35 Malignant Primary novelLnc
ANKRD44-AS1 2.5E-35 2.400 0.315 0.004 2.06E-30 Malignant Primary knownLnc
WDR86-AS1 7.99E-34 3.330 0.333 0.016 6.59E-29 Malignant Primary knownLnc
SRGAP3-AS2 9.26E-34 4.480 0.29 0.008 7.64E-29 Malignant Primary knownLnc
LINCO01765 7.98E-32 2.970 0.27 0 6.58E-27 Malignant Primary knownLnc
AC025154.2 1.02E-31 1.550 0.317 0.012 8.41E-27 Malignant Primary knownLnc
AC004832.1 4.15E-31 3.080 0.309 0.02 3.42E-26 Malignant Primary knownLnc
AL121899.1 4.91E-31 2.860 0.288 0.004 4.05E-26 Malignant Primary knownLnc
LINC02345 7.44E-31 3.510 0.287 0.004 6.14E-26 Malignant Primary knownLnc
ACBD3-AS1 1.09E-30 3.890 0.308 0.012 9.03E-26 Malignant Primary knownLnc
LINC01571 1.18E-30 1.160 0.261 0 9.77E-26 Malignant Primary knownLnc
NRAV 1.67E-30 1.900 0.371 0.04 1.38E-25 Malignant Primary knownLnc
AC006230.1 4.45E-30 1.330 0.281 0.004 3.67E-25 Malignant Primary knownLnc
LINC02166 4.97E-30 2.590 0.292 0.008 4.10E-25 Malignant Primary knownLnc
AC096637.3 1.02E-29 2.890 0.28 0.012 8.43E-25 Malignant Primary knownLnc
PCCA-DT 1.84E-29 1.480 0.329 0.024 1.52E-24 Malignant Primary knownLnc
AC004130.2 3.49E-29 2.280 0.269 0.004 2.88E-24 Malignant Primary knownLnc
AL357093.2 7.2E-29 1.990 0.366 0.052 5.94E-24 Malignant Primary knownLnc
AL121956.6 1.5E-28 2.450 0.262 0.004 1.24E-23 Malignant Primary knownLnc
AC108134.4 6.67E-28 2.600 0.308 0.02 5.50E-23 Malignant Primary knownLnc
MUC12-AS1 1.86E-27 2.520 0.258 0.004 1.53E-22 Malignant Primary knownLnc
AC105052.5 3.04E-26 1.920 0.285 0.016 2.51E-21 Malignant Primary knownLnc
AC010538.1 3.61E-26 1.720 0.325 0.044 2.98E-21 Malignant Primary knownLnc
AC008875.3 6.86E-26 1.110 0.266 0.012 5.66E-21 Malignant Primary knownLnc
LNC-AP002761.1-1 1.56E-24 3.430 0.271 0.016 1.29E-19 Malignant Primary novelLnc
ELN-AS1 6.19E-24 3.360 0.317 0.052 5.11E-19 Malignant Primary knownLnc
GIHCG 2.61E-23 1.530 0.395 0.096 2.15E-18 Malignant Primary knownLnc
LINCO01513 2.84E-23 2.420 0.262 0.016 2.35E-18 Malignant Primary knownLnc
UCKL1-AS1 2.43E-21 1.690 0.344 0.068 2.00E-16 Malignant Primary knownLnc
LINCO00342 1.24E-18 1.250 0.388 0.124 1.02E-13 Malignant Primary knownLnc
WAKMAR2 5.16E-18 1.220 0.314 0.068 4.26E-13 Malignant Primary knownLnc
HLA-C-AS-1 1.15E-17 1.340 0.905 0.848 9.51E-13 Malignant Primary novelLnc
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novelLnc

novelLnc

knownLnc

knownLnc

knownLnc

knownLnc

novelLnc

knownLnc

novelLnc

novelLnc

knownLnc

novelLnc

novelLnc

knownLnc

novelLnc

novelLnc

novelLnc

knownLnc

novelLnc

novelLnc

knownLnc

knownLnc

knownLnc



LNC-ARID1B-6
LNC-AL592164.1-1
LNC-AC079949.3-1

LINC01220
AC116366.2
LINC00910-AS-1
LNC-LHFPL3-1
LNC-ARID1B-6
AL035071.1
SMCO4-AS-1
LNC-IGKV10R-2-2
LNC-AC010522.1-1
FENDRR
VIPR1-AS1
PCAT19
LNC-AL592164.1-1
LNC-AC079949.3-1
LNC-RNF144B-1
AC079753.2
LNC-HLA-DQB1-1
LINC00273-AS-1
LNC-AL445250.1-1
LNC-10q11.21-6
LNC-10qg11.21-5
AP000317.2-AS-1
LNC-PDE3A-2
LNC-SLA2-1
LNC-ZEB2-1

LNC-PRKCH-2

8.08E-08

4.93E-14

7.04E-11

1.29E-09

2.95E-14

1.28E-11

7.64E-10

2.88E-08

5.82E-08

1.83E-10

3.97E-07

4.97E-07

7.81E-21

3.06E-10

5.52E-10

2.37E-09

2.04E-07

2.1E-13

1.12E-10

9.13E-10

2.21E-07

9.5E-09

5.06E-08

5.95E-08

4.66E-07

5.97E-23

1.97E-17

1.3E-09

3.22E-07

-1.620

1.350

1.020

1.010

-1.160

-1.970

-1.100

-1.030

-0.975

1.090

1.410

0.985

-1.350

-1.110

-1.050

1.060

1.220

-1.520

-1.180

-1.020

1.250

2.380

2.420

3.020

1.920

-1.150

-1.510

-0.981

-1.110

0.477

0.959

0.296

0.485

0.343

0.252

0.354

0.428

0.413

0.4

0.654

0.267

0.569

0.862

0.358

0.274

0.319

0.306

0.373

0.287

0.316

0.323

0.296

0.557

0.956

0.128

0.266

0.244

0.276

0.273

0.206

0.196

0.229

0.2

0.275

0.074

0.801

0.485

0.905

0.158

0.109

0.221

0.306

0.229

0.384

0.148

0.927

0.113

0.172

0.195

6.67E-03

4.07E-09

5.81E-06

1.06E-04

2.43E-09

1.06E-06

6.30E-05

2.38E-03

4.80E-03

1.51E-05

3.28E-02

4.10E-02

6.44E-16

2.53E-05

4.56E-05

1.96E-04

1.68E-02

1.73E-08

9.21E-06

7.54E-05

1.83E-02

7.84E-04

4.18E-03

4.91E-03

3.84E-02

4.93E-18

1.62E-12

1.08E-04

2.66E-02

Mast cell Nontumor
Fibroblast Primary
Fibroblast Primary
Fibroblast Primary

Fibroblast Nontumor

Fibroblast Nontumor

Fibroblast Nontumor

Fibroblast Nontumor

Fibroblast Nontumor

EC Primary
EC Primary
EC Primary
EC Nontumor
EC Nontumor
EC Nontumor
Macrophage Primary

Macrophage Primary

Macrophage Nontumor
Macrophage Nontumor

Macrophage Nontumor

pDC Primary
T cell Primary
T cell Primary
T cell Primary
T cell Primary
T cell Nontumor
T cell Nontumor
T cell Nontumor

T cell Nontumor

novelLnc

novelLnc

novelLnc

knownLnc

knownLnc

novelLnc

novelLnc

novelLnc

knownLnc

novelLnc

novelLnc

novelLnc

knownLnc

knownLnc

knownLnc

novelLnc

novelLnc

novelLnc

knownLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

novelLnc

_51_



Table 5. Cancer scRNA-seq datasets

Platform Cancer* Database Samples Library type Reference
AML dbGaP 5 5’-seq (Petti et al. 2019)
GBM SRA 11 3’-seq (Bhaduri et al. 2020)
HCC SRA 12 3’-seq (Losic et al. 2020)
LC ERA 31 3’-seq (Lambrechts et al. 2018)
EGA 33 3’-seq
CRC (Lee et al. 2020)
EBI 27 3’-seq
BRCA 14 5’-seq
10X 3’-sel
(v Chemi“?y) ere EBI . e (Qian et al. 2020)
LC 36 3’-seq
ovC 10 3’-seq
HCC dbGaP 19 3’-seq (Ma et al. 2019)
B-ALL SRA 33 3’-seq (Witkowski et al. 2020)
Uveal melanoma dbGaP 11 3’-seq (Durante et al. 2020)
LC ERA 58 3’-seq (Kim et al. 2020)
EGC SRA 13 3’-seq (Zhang et al. 2019)
HNSCC Not available 18 full-length (Puram et al. 2017)
LC SRA 49 full-length (Puram et al. 2017)
Melanoma DUOS 19 full-length (Tirosh et al. 2016)
SMART-seq2 Melanoma DUOS/dbGaP 31 full-length (Tirosh et al. 2016)
Melanoma dbGaP 32 full-length (Sade-Feldman et al. 2018)
Oligodendroglioma dbGaP 6 full-length (Tirosh et al. 2016)
BRCA SRA 6 full-length (Tirosh et al. 2016)
Drop-seq oveC SRA 6 3’-seq (Olalekan et al. 2021)
C1 BRCA SRA 33 full-length (Chung et al. 2017)
Seqg-Well AML SRA 83 3’-seq (van Galen et al. 2019)

*: AML (acute myeloid leukemia); GBM (glioblastoma); HCC (hepatocellular carcinoma); LC (lung cancer); CRC (colorectal cancer); BRCA
(breast cancer); OVC (ovarian cancer); B-ALL (acute B lymphoblastic leukemia); EGC (early gastric cancer); HNSCC (head and neck
squamous cell carcinoma)
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