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SALL4

Transcription factor SALL4 was generally known to be a
master regulator that contributes to cell stemness in biologi-
cal development and tumor growth [1].

tumorgenesis

Rodriguez et al [2] found that the expressions of SALL4 and
OCT4 were correlated with the tumor differentiation, patho-
logical stage, and patients’ clinical information in NSCLC
(On the relationship between Oct4 and SALLA4, see the next
subsection below, too). In addition to this, Kobayashi et al [3]
found overexpression of SALL4 in NSCLC compared with
normal tissue. They also found that suppression of SALL4
expression revealed catastrophic growth inhibition of SBC-1
lung cancer cells. Although there were not so many reported
direct evidences between NSCLC and SALL4, since there
were huge number of studies that suggest relationships be-
tween SALL4 and various cancers, SALLA4 is highly likely to
be related to NSCLC, too. In addition to this, SALL4 was re-
ported to bind to various genes that have known relationship
with NSCLC. For example, SALL4 was reported to bind to
SUMOI [4] while association of SUMO1 and UBC9 geno-
types with tumor response was reported in NSCLC treated
with irinotecan-based chemotherapy [5]. SALL4 was also
know to bind to ELAVLI, also known as HUR, [6], whose
expression in NSCLC correlates with vascular endothelial
growth factor-C expression and lymph node metastasis [7].
SALL4 was also related to OCT4 and NANOG [8] that have
huge number of reported studies that relate to NSCLC (e.g.,

[9D.

pluripotency

Buganim et al [10] found that ectopic expression of SALLA4,
Nanog, Esrrb, and Lin28 (SNEL) in mouse embryonic fi-
broblasts (MEFs) generated high-quality iPSCs more effi-
ciently than other combinations of factors including Oct4,

Sox2, KIf4, and Myc (OSKM), which were well known re-
programming factors. In this regard, Yang et al [11] identi-
fied positive feedback loop between Oct4 and SALL4. They
also found that SALL4 also has suppressive self-feedback
and is suppressor of other SALL family members, which
competes with the activation of these genes by OCT4. Their
findings indicated that SALL4 is a master regulator that con-
trols its own expression and the expression of OCT4. Ni et
al [12] found that sphere formation may render somatic cells
more susceptible to reprogramming, since Oct4 alone is suf-
ficient to reprogram monolayer-cultured adult mouse ciliary
body epithelial cells to iPS cells through sphere formation.
SALL4 was expressed together with OCT4 in this experi-
ment.

TACSTD1/2
TACSTDI1/2 (type I membrane proteins, also known as Ep-
CAM and TROP2, respectively) form TACSTD family.

tumorgenesis

Although the roles of EpCAM and TROP2 are not yet fully
understood, both proteins are thought to participate in growth
and proliferation of carcinoma cells. EpCAM can transduce
an intracellular signal through its cleavage of an intracyto-
plasmic portion [13]. TROP2 is also believed to be a true
oncogene involved in initiating signaling mechanisms that
can result in increased tumorigenicity, aggressiveness, and
metastasis [14].

Pak et al [15] recently investigated TACSTD1/2 expres-
sion and tried to relate their expression to clinicopathologic
factors in NSCLC. They considered two subtypes, (AdC) and
squamous cell carcinoma (SCC), and found many clinico-
pathologic factors related to TACSTD1/2 expression. Eber-
lein et al [16] investigated EpCAM function in NSCLC in the
relation to cancer-associated fibroblasts. They found that tu-
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mour cells that activated fibroblasts were associated with E-
Cadherin and EpCAM expression and expression of integrin
avfB6. Co-culture of activating tumour cells with fibroblasts
resulted in induction of transcripts associated with tumour
cell invasion and growth, TGF1 and TGFBR1, SERPINE-
1, BMP6, SPHK1 and MMP9. This strongly suggested that
EpCAM contributed to NSCLC progression through activa-
tion of cancer-associated fibroblasts. Liao et al [17] success-
fully identified the cell migration and invasion abilities in
NSCLC metastasis, by targeting EpCAM-positive circulat-
ing tumor cells using gemcitabine via the HGF/cMET path-
way. This also suggested that EpCAM induces metastasis
in NSCLC through the activation of HGF/cMET pathway.
There were several studies that report binding of EPCAM
to NSCLC related genes. For example, although EpCAM
was repoted to bind to MDM2 [18], MDM2 was also known
to play critical roles in NSCLC, e.g., mutation was related
to NSCLC [19], it interacts with RASSF3 whose downregu-
lation increases malignant phenotypes of NSCLC [20], p53
stabilazation in NSCLC by inhibition of MDM2 by IncRNA
MEGS3 was reported [21], and p53 loss by MDM2 results
in DDX3 loss that promotes tumor malignancy and poor pa-
tient outcome in NSCLC [22], MDM2 knockdown could in-
hibit tumor growth via induction of cell cycle arrest and can-
cer cell apoptosis in NSCLC [23], MDM2 overespression
induced DNMT3A that silences genes including tumor sup-
pressor genes in NSCLC [24]. EpCAM was also known to
bind to CFTR [25] whose promoter hypermethylation were
associated with clinical/pathological features in NSCLC [26].
Although there are some additional reports about aberrant ex-
pression of TROP2 in NSCLC [27, 28], no reports existed
about mechanical background how TROP2 induces progres-
sion of NSCLC. However, TROP2 was reported to bind to
SIRT3 [29] that regulates cell proliferation and apoptosis re-
lated to energy metabolism in NSCLC cells through deacety-
lation of NMNAT?2 [30].

pluripotency

Huang et al [31] reported that EpCAM complex proteins pro-
mote transcription factor-mediated pluripotency reprogram-
ming. They found that OSKM infected mouse embryonic fi-
broblasts (MEFs) indicated that EpCAM and Cldn7 were up-
regulated during reprogramming and that inhibition of either
EpCAM or Cldn7 expression resulted in impairment in repro-
gramming efficiency, whereas overexpression of EpCAM, Ep-
CAM plus Cldn7, or EpCAM intercellular domain (EpICD)
significantly enhanced reprogramming efficiency in MEFs.
They also suggested that EpCAM signaling may enhance re-
programming through up-regulation of Oct4 and possible sup-
pression of the p53-p21 pathway. There are more reports that
suggest relation between expression of EpCAM and pluripo-
tency. There were no reported studies about the relationship
between pluripotency and TROP2.
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ANGPT1

ANGPT]1, that is an abbreviation of Angiopoietin 1, is pro-
tein that regulates angiogenesis as its name says. As angio-
genesis is an important step to cancer progression, it is likely
that ANGPT1 plays critical roles in tumorgenesis. It is also
recognised to be expressive during the differentiation from
embryonic tissues and stem cells.

tumorgenesis

Takahama et al [32] investigated angiogenesis-associated genes
expression in NSCLC with the comparison of paired adjacent
normal tissues. They have found that several genes including
ANGPT1 were expressive in NSCLC than in normal tissues.
Based on the correlation analysis, they have concluded that
ANGPT]1 as well as VEGF are important angiogenic factors
in human NSCLC. There were more researches that reported
critical roles of ANGPT1 in NSCLC, in collaboration with
TIE2 and VEGF [33, 34]. TIE2, or known as also TEK, was
reported to bind to ANGPT1 [35] and was known to be up-
regulated in early-stage NSCLC as one of genes associated
with the angiogenic process [36]. TEK was targeted by XL-
184, kinase inhibitor, for the treatment of NSCLC [37]. This
can suggest the mechanism by which ANGPT1 contributes to
the progress of NSCLC and the way by which NSCLC was
treated with targeting ANGPT1, too.

pluripotency

Joo et al [38] concluded that ANGPT1/TIE2 signaling has a
pivotal role in embryonic stem cell (ESC)- endothelial cell
(EC) differentiation and that this effect can be exploited to
expand EC populations.

IGSF21

IGSF21 encodes a protein which has two immunoglobulin
(Ig) domains and is a member of the immunoglobulin super-
family. Proteins in this superfamily are usually found on or
in cell membranes and act as receptors in immune response
pathways.

tumorgenesis
Although there were no reports about the direct relationship
between IGSF21 and NSCLC, IGSF21 was recently suggested

to have protein-protein interaction with HSPB1, KRAS, TMSB4X

and DGKD, based on bioinformatic analysis [39]. HSPBI,
also known as HSP27, was extensively reported to be related
to NSCLC [40, 41, 42, 43, 44, 45, 46, 47]. KRAS was also
extensively reported to be related to NSCLC [48, 49, 50, 51,
52, 53, 54, 55]. Thus, it was plausible that IGSF21 has tight
relationship with NSCLC as well. Bindings to other proteins
were also validated experimentally. For examples, IGSF21
was reported to bind to GADD45A [56] while GADD45A
was downregulated in the group of NSCLCs with telomere
shortening [57], treatment of A549 cells with a low concen-
tration of sagopilone revealed an upregulation of direct tran-
scriptional target genes of GADD45A [58], hypermethyla-
tion of growth arrest GADD45A in NSCLC was observed
[59], GADD45A was upregulated in A549 cell treated with
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some marine derived agents [60]. IGSF21 was also reported
to bind to GSK3B [56] that was listed as one of biomarkers
of cisplatin sensitivity in NSCLC cells [61], to PAEP, also
known as GD [62], immunolocalization of which was ob-
served in NSCLC [63], to ANXA3 [62] whose expression
was significantly correlated with survival in NSCLC [64], to
ATF3 [62] whose expression increased by the treatment of
nelfinavir and bortezomib that synergistically inhibited cell
proliferation and induced cell death in NSCLC [65], to ALDH?2
[62] whose SNP was associated with the phase II NSCLC
[66]. Thus, although binding of IGSF21 to other proteins
does not always help to understand its functionalities related
to NSCLS, it is very likely that binding of IGSF21 to other
proteins play critical roles in NSCLC.

pluripotency

Proteome profiling of mouse embryonic stem cells identi-
fied HSPB1 as markers for cell differentiation and embry-
otoxicity [67]. In addition, pluripotent stem cells have an
antioxidative system comprising HSPB1 [68]. Resveratrol
inhibits pancreatic cancer stem cell characteristics in human
and KRASG12D transgenic mice by inhibiting pluripotency
maintaining factors [69]. HSPD1, and KRAS were reported
to be upregulated in human embryonic germ cells [70]. Thus,
even if there were no reports that observe direct relationship
between IGSF21 and pluripotency, IGSF21 can have tight
relationship with pluripotency through the interaction with
HSPDI1 and/or KRAS.

EFNB1

The protein encoded by this gene is a type I membrane pro-
tein and a ligand of Eph-related receptor tyrosine kinases. It
may play a role in cell adhesion and function in the devel-
opment or maintenance of the nervous system. EFNB1 was
also known as LERK?2.

tumorgenesis

Downregulation of EFNB 1 leading to reduced tyrosine phos-
phorylation of EphB3 and resulting in the activation of NSCLC
was reported to be in NSCLC [71]. EphB3 was reported
to be related to NSCLC in some studies [72, 73]. Thus,
EFNBI1 is likely to be related to NSCLC through binding to
EphB3. EFNBI was also reported to bind to another Eph-
related receptor, EPHA3 that was also known as HEK [74].
EPHA3 was also reported to be related to lung cancer [75,

76]. EPHB1 was another Eph-related receptor, to which EFNB1

was reported to bind [77]. EPHBI1 was also reported to be
related to NSCLC [78]. Ref. [78] also reported various mu-
tated Eph-related receptors seems to be related to NSCLC.
As a conclusion, EFNBI is likely to be related to NSCLC
through binding to various Eph-related receptors.

pluripotency

EphB3 and EphA3 were reported to be expressive in bone
marrow mesenchymal stromal cells if compared with bone
marrow cell-derived hematopoietic stem/progenitor cells [79].
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Since EFNB1 was supposed to bind to these two Eph-related
receptors, it is likely to play potential roles during reprogram-
ming.

MEST
MEST, also known as PEG1, encodes a member of the al-
pha/beta hydrolase superfamily.

tumorgenesis

Frequent loss of imprinting of MEST has been reported in
lung AdCs, a subtype of NSCLC [80, 81]. MEST was re-
ported to bind to APP [82] whose expression was altered as-
sociated with alternative splicing in NSCLC [83], to DBN1
[56] that was reported to be postoperative recurrence-free
survival biomarker of NSCLC [84], and to have protein-protein
interaction with ABCD3 [85] that was reported to be one of
useful biomarkers of NSCLC [86].

pluripotency

Tada et al [87] compared somatic (embryonic germ (EG)-
thymic lymphocyte hybrid) cells with EG that has similar
epigenotype to reprogrammed primordial germ cells. They
found that observed epigenetic modifications were heritable
and affected gene expression as judged by re-activation of
the silent maternal allele of PEG1/MEST imprinted gene in
the somatic nucleus. Jiang et al [88] investigated pluripotent
parthenogenetic embryonic stem (pES) cells and found acti-
vation of MEST.

SCG3

SCG3 encodes the gene that is a member of the chromo-
granin/secretogranin family of neuroendocrine secretory pro-
teins.

tumorgenesis

Moss et al [89] investigated SCG3 expression in peripheral
blood of lung cancer patients and found that 16% of NCSLC
exhibits SCG3 expression. Vilk et al [90] investigated gene
expression of NSCLC and found that SCG3 is downregulated
in NSCLC. SCG3 was also reported to bind to CHGA [91]
that was reported to be related to NSCLC [92, 93] and to
DNMIL [94] that interacts with PKP3 that was freequently
upregulated in NSCLC [95], and to LYN [96] that was sug-
gested to be related to resistance to cetuximab observed in
NSCLC [97]. Thus SCG3 likely contributes to tumorgene-
sis of NSCLC directly or through binding to CHGA and/or
DNML, LYN.

pluripotency
SCG3 was reported to be expressive in REST-deficient ES
cell [98].

F2R

F2R is a 7-transmembrane receptor involved in the regulation
of thrombotic response. Proteolytic cleavage leads to the ac-
tivation of the receptor. F2R is a G-protein coupled receptor
family member.
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tumorgenesis

Huang et al [99] observed gene expression of a human lung
AdC cell line, CL1-5, and found that F2R was upregulated
and suggested to be involved in the calcium signaling path-
way (hsa04020, KEGG). Guo et al [100] also previously re-
ported aberrant methylation of F2R in A549 cell line, which
is related to drug resistance. Martinez [101] et al measured
gene expression of a nontumorigenic (HPL1A) and a malig-
nant, tumorigenic lung cell line (A549) and found that F2R
was the target of 2,3,7,8-Tetrachlorodibenzo-p-dioxin, expo-
sure to high levels of which is associated with chronic ob-
structive pulmonary disease and lung cancer. F2R was re-
ported to interact with PROCR [102] whose expression was
altered by radiotherapy in NSCLC [103]. PROCR and F2R
bind to CAV1 [102] that was reported to be downregulated
in NSCLC [104]. Although there were no reports that stud-
ied interaction between PROCR and F2R in NSCLC, they
were reported to interplay in malignant pleural mesothelioma

(MPM) [105] (F2R mediate progression of MPM while PROCR

suppress tumor growth). Thus, it is not surprising if these
two interplay in NSCLC, too. F2R was reported to bind
to GNA13 [106] that was identified as biomarker of gemc-
itabine that was one of the most widely used drugs for the
treatment of advanced NSCLC [107]. F2R was also reported
to interact with SNX1 [108], a protein that interacts with
EGFR, exhibited negative regulation of EGFR trafficking out
of early to late endosomes in gefitinib-resistant NSCLC cell
lines [109]. Finally, F2R was reported to bind to PDCD6IP
[110] whose SNP was recently reported to be relate to NSCLC
[111] although there were no known mechanisms that de-
scribe the direct interaction between F2R and PDCD6IP.

pluripotency

Yasuda et al [112] identified F2R as one of upregulated genes
during the cardiac differentiation of pluripotent stem cells.
Layden et al [113] identified F2R as one of highly expressed
G protein coupled receptors in embryonic stem cells. Sainz
et al [114] found that F2R was expressed in mouse stem cell
lines.

DKK3

The secreted protein encoded by DKK3 contains two cys-
teine rich regions and is involved in embryonic development
through its interactions with the Wnt signaling pathway.

tumorgenesis

Nozaki et al [115] found that DKK3 was downregulated in
NSCLC tissue than normal tissues. They demonstrated that
expression of the exogenous DKK3 gene in NSCLC tumor
cells inhibited cell growth [116]. Kobayashi et al [117] found
that DDK3 downregulation in NSCLC was mediated by pro-
moter methylation. Since DKK3 was one of Wnt antagonists,
downregulaton of DKK3 mediated by promoter metylation
activated Wnt signalling pathway, which resulted in progres-
sion of NSCLC [118]. Adenovirus vector of DKK3 was even
used for NSCLC therapy [119].
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pluripotency

DKK3 protein was internalized specifically by differentiated
cells located at the periphery of embryoid bodies [120]. Kara-
mariti et al [121] showed that DKK3 mediated Smooth mus-
cle cells differentiated from reprogrammed embryonic lung
fibroblasts, through transcriptional regulation of SM22 by
potentiation of Wnt signaling. Bharti et al [122] showed that
DKK3 promotes retina formation in embryos by inhibiting
canonical WNT signaling and stimulating the expression of
retinogenic genes, including Six6 and Vsx2. DKK3 was also
reported to be reduced in induced neural precursor cells from
fibroblast [123].

SFRP1

SFRP1 encodes a member of the SFRP family that contains a
cysteine-rich domain homologous to the putative Wnt-binding
site of Frizzled proteins.

tumorgenesis
SFRP1 gene was frequently downregulated by promoter hy-
permethylation and suppresses tumor growth activity of lung
cancer cells, which suggests that SFRP1 is a candidate tu-
mor suppressor gene for lung cancer [124]. Methylation of
SFRP1 was reversely correlated with EGFR mutation which
progress NSCLC [125]. SFRP1 also modulated taxane resis-
tance of human lung AdC, sub type of NSCLC [126]. Zhang
et al [127] found that SFRP1 exhibits a significantly higher
frequency of methylation in NSCLC compared with the nor-
mal tissues. Promoter hypermethylation of SFRP1 [128] was
found in 32.1% NSCLC specimens and was closely corre-
lated with loss of expression, besides SFRP1 hypermethyla-
tion was associated with lymph metastasis and disease pro-
gression within one year. SFRP1 was dramatically downreg-
ulated in transforming growth factor f1 (TGF-1)-induced
Epithelial-mesenchymal transition (EMT) in the A549 hu-
man lung cancer cell line. Restoration of SFRP1 could in-
hibit the TGF-f 1-induced EMT phenotype and tumor metas-
tasis of the A549 cell line both in vitro and in vivo through
inhibition of the Wnt pathway [129]. SFRP1 was reported
to bind to PPP1CA [130] whose downregulation in NSCLC
was reported to contribute to tumourigenesis [131], to bind
to WNT2 [132] that activates Wnt signaling [133] and inhi-
bition of Wnt2-mediated signaling induces programmed cell
death[134] in NSCLC, to bind to WNT1 [132, 135] that was
an independent poor prognostic marker of NSCLC after surgery
[136] and whose overexpression promotes tumour progres-
sion [137] and is associated with tumor proliferation and a
poor prognosis [138] in NSCLC. SFRP1 was also reported
to bind to FZD6 [132] that was a key protein of Wnt sig-
nalin pathway. By competeing with Wnt for binding to FZD,
SFRP1 can suppress the acitivation of Wnt signaling path-
way. All of these suggests that SFRP1 directly or indirectly
contributes to progression of NSCLC.

Although it is not the study about NSCLC, Silva et al
recetntly invesitigated how hypermethylation of the Wnt an-
tagonists including SFRP1 affects the progress of colorectal
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cancer. Then they have found that hypermethylation of the
Wnt antagonists progressed from normal to tumor and further
to metastasis. They also conformed that hypermethylation of
the Wnt antagonists are correlated with loss of expression of
these genes and an increase in nuclear Wnt pathway activity
[139]. This suggests that hypermethylation of the Wnt an-
tagonists was critical driver of colorectal cancer. Thus, it is
not surprising if loss of hypermethylation of SFRP1 caused
by reprogramming and accompanied with induction of gene
expression can be used for theraphy of NSCLC.

pluripotency

Kwon et al [140] found that SFRP1, a counter-acting molecule
of Wnt, was more suppressed in protein-based iPS cells than
in mouse embryonic stem cells, while Wnt signaling was up-
regulated. SFRP1 turned out to be direct transcriptional tar-
get of TFAP2C, whose deficient primordial germ cell-like
cells display cancer related deregulations in epigenetic re-
modeling, cell cycle and pluripotency control [141].

SLC16A12

tumorgenesis

Although nothing was reported about the association with
NSCLC for SLC16A12, since its methylation was reported
to be promising biomarker of prostate, colon and breast can-
cer [142], it is not surprising if methylation of SLC16A12 is
also associated with NSCLC. More studies are waited.

pluripotency
None.

HOXA5
HOXAS is one of homeobox genes that are supposed to con-
tribute to embryonic development.

tumorgenesis

Kim et al [143] found that downregulation of the HOXAS
gene by aberrant promoter methylation occurs in the vast ma-
jority of NSCLCs and that it may play a role in the patho-
genesis of NSCLC. Abe et al [144] suggested that the disor-
dered patterns of HOX gene expressions were involved not
only in the development of NSCLC but also in the histolog-
ically aberrant diversity such as AdC and SCC. Wang et al
[145] found that NSCLC tissue expressed miRNA-130a that
plays a role in antagonizing the inhibitory effects of HoxAS.
MicroRNA-196a promotes NSCLC cell proliferation and in-
vasion through targeting HOXAS [146]. The effect of miR-
196a on proliferation, colony formation assays, cell migra-
tion and invasion were evaluated. Liu et al [147] indicates
that HOTAIR is significantly up-regulated in NSCLC tissues,
and regulates NSCLC cell invasion and metastasis, partially
via the down-regulation of HOXAS.

pluripotency

HoxAS5 genes were specifically expressed in white adipocyte
progenitors during differentiation of human induced pluripo-
tent stem cells[148].
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KIF1A
The protein encoded by this gene is a member of the ki-
nesin family and functions as an anterograde motor protein
that transports membranous organelles along axonal micro-
tubules.

tumorgenesis

The promoter of KIF1A was found to be methylated associ-
ated with lung cancer [149]. Methylation of KIF1A in spu-
tum had also significant odds ratio between lung cancer and
control [150].

pluripotency
None.

H2AFY

This gene encodes a member of the histone H2A family. It re-
places conventional H2A histones in a subset of nucleosomes
where it represses transcription and participates in stable X
chromosome inactivation.

tumorgenesis

H2AFY isoforms predict the risk of lung cancer recurrence
[151].

pluripotency
MacroH2A histone variants act as a barrier upon reprogram-
ming towards pluripotency [152].

ATP5G2

This gene encodes a subunit of mitochondrial ATP synthase.

tumorgenesis

Although there were no reports related to lung cancer, ATP5G2
showed frequent promoter region methylation in primary re-
nal cell carcinoma tumour samples [153]. ATP5G2 was also
reported to be expressive in estrogen and progesterone treated
human endometrial Ishikawa cancer cell line [154].

pluripotency
None.

TM4SF1

The protein encoded by this gene is a member of the trans-
membrane 4 superfamily, also known as the tetraspanin fam-
ily. Most of these members are cell-surface proteins that are
characterized by the presence of four hydrophobic domains.

tumorgenesis
TMA4SF1, also known as L6, promoted the invasiveness of
lung cancer cells and was inversely correlated with disease-

free survival of squamous lung carcinoma patients [155]. TM4SF1

was also reported to be upregulated in cancer-stem-cell in hu-
man lung AdC A549 cells [156]. TM4SF4 overexpression in
radiation-resistant lung carcinoma cells activates IGFIR via
elevation of IGF1 [157].
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pluripotency

Combined omics analysis identifies TM4SF1 as a surface
protein marker specific to human mesenchymal stem cells
[158].

S100P

S100 proteins are localized in the cytoplasm and/or nucleus
of a wide range of cells, and involved in the regulation of a
number of cellular processes such as cell cycle progression
and differentiation.

tumorgenesis

SIX3 was down-regulated in lung AdC tissues compared to
their matched adjacent normal tissues, and restoration of SIX3
in lung cancer cells lacking endogenous SIX3 downregulated
S100P [159]. S100P was reported to be disregulated in lung
cancer [160]. The upregulation of either SI00A2 or S100P
was detected in early but less in advanced tumour stages of
NSCLC [161].

pluripotency
S100P was detected in the original paper that studied this
experiment [162].

SPINT2

This gene encodes a transmembrane protein with two ex-
tracellular Kunitz domains that inhibits a variety of serine
proteases. There are numerous reports that suggest the rela-
tionship between SPINT?2 and cancers, although not so many
were reported on the relationship with NSCLC.

tumorgenesis
SPINT2 was reported to be downregulated in A549 NSCLC
cell line [163].

pluripotency
SPINT2 was reported to be related to hematopoietic stem
cells [164].

CDH1

This gene is a classical cadherin from the cadherin superfam-
ily. The encoded protein is a calcium dependent cell-cell ad-
hesion glycoprotein comprised of five extracellular cadherin
repeats, a transmembrane region and a highly conserved cy-
toplasmic tail. Many were reported to suggest the relation-
ship between CDH1 and cancers including NSCLC.

tumorgenesis

Bisulphite sequencing showed that bovine parthenogenetic
oocyte extract induced significant demethylation at the pro-
moters of the tumour suppressor genes RUNX3 and CDH1
[165]. Loss of CDHI1 up-regulates epidermal growth fac-
tor receptor via phosphorylation of YBX1 in NSCLC cells
[166]. WT1 promotes invasion of NSCLC via suppression of
CDHI1 [167]. CDHI, promoter methylation was less frequent
in adenosquamous carcinomas than AdCs [168]. CDH1 was
detected using the theory of coevolution to predict protein-
protein interactions in NSCLC [169].
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pluripotency
CDHI1 expression was reactivated in Egg White treated MDA-
MB-231 cells [170]. CDHI expression was positively cor-
related with the pluripotency genes expression induced by
CTGF [171].

LAMC2

Laminins, a family of extracellular matrix glycoproteins, are
the major noncollagenous constituent of basement membranes.
They have been implicated in a wide variety of biological
processes including cell adhesion, differentiation, migration,
signaling, neurite outgrowth and metastasis.

tumorgenesis

Sathyanarayana et al [172] investigated epigenetic inactiva-
tion of lamin 5 encoding genes, one of which is LAMC2,
in NSCLC cell lines. They have found the frequent loss of
LAMC?2 expression and found that the promoter methylation
mediated this loss. Manda et al observed differential expres-
sion of the LAMC2 between small cell and non-small cell
lung carcinomas [173]. LCMA2 plasma level in NSCLC was
significantly lower than controls [174].

pluripotency

During in vitro differentiation of hESCs/iPSCs into retinal
pigment epithelial cells, stage-specific DNA methylation pat-
terns of LAMC?2 was observed [175].

HMGA1

This gene encodes a non-histone protein involved in many
cellular processes, including regulation of inducible gene tran-
scription, integration of retroviruses into chromosomes, and
the metastatic progression of cancer cells.

tumorgenesis

Overexpression of HMGAT in blood was proposed to be suit-
able for diagnosis of lung AdC and SCC, sub-types of NSCLC
[176]. RNA profiling of lung epithelial cells (BEAS-2B) ex-
pressing a mutant allele of PIK3 (E545K) identified a net-
work of transcription factors such as MYC, FOS and HMGAL1
[177]. In a cohort of NSCLC tumors, HMGA1 overexpres-
sion was immediately associated with enhanced expression
of an oncogenic miRNA, namely, miR-222 [178]. Upreg-
ulation of MMP2 by HMGA1 promotes transformation in
undifferentiated, large-cell lung cancer [179]. HMGA?2 par-
ticipated in transformation in human lung cancer [180]. In-
creased expression of HMGA 1 proteins was observed in lung
cancer [181]. HMGAI1 was upregulated in squamous cell
lung cancer, a subtype of NSCLC [182].

pluripotency

Transient E2F2 silencing in hESC significantly inhibited ex-
pression of the proto-oncogenes HMGAL1 [183]. HMGAI
reprograms somatic cells into pluripotent stem cells by in-
ducing stem cell transcriptional networks [184].
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LAD1

The protein encoded by this gene may be an anchoring fil-
ament that is a component of basement membranes. It may
contribute to the stability of the association of the epithelial
layers with the underlying mesenchyme.

tumorgenesis

Although there were no reports that studied the direct rela-
tionship between NSCLC and LAD1 excluding a report that
suggested that it may be associated with tumor cell differ-
entiation in NSCLC [185], it was reported to form protein
complex [82] with APP whose expression was altered as-
sociated with alternative splicing in NSCLC [83]. LADI
was also reported to form protein complex [186] with SFN,
also known as 14-3-3 Sigma, whose expression was distinct
between metastasis-negative and -positive lymph nodes in
NSCLC [187] and increased associated with promoter hy-
pomethylayion in NSCLC [188].

pluripotency
None.

PFKFB3

PFKFB3 (6-Phosphofructo-2-Kinase /Fructose-2, 6- Biphos-
phatase 3) is a Protein Coding gene. Among its related path-
ways are Akt Signaling and Metabolism. GO annotations re-
lated to this gene include fructose-2,6- bisphosphate 2- phos-
phatase activity and 6- phosphofructo-2-kinase activity.

tumorgenesis

mRNA and protein over expression of PFKFB3 was observed
in human lung cancers [189]. Although we could not find any
other studies that report the relationship between PFKFB3
and NSCLC, PFKFB3 was well known to contribute to tumor
genesis [190].

pluripotency
None.

DEFB1

This gene encodes defensin, beta 1, an antimicrobial peptide
implicated in the resistance of epithelial surfaces to microbial
colonization.

tumorgenesis
DEFBI, also known as HBD1, was higher in patients with
lung cancer than healthy subjects [191].

pluripotency
None.

SRGN

This gene encodes a protein best known as a hematopoietic
cell granule proteoglycan. Proteoglycans stored in the se-
cretory granules of many hematopoietic cells also contain a
protease-resistant peptide core, which may be important for
neutralizing hydrolytic enzymes
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tumorgenesis

SRGN was reported to be differently expressed inn human
lung AdCs and aquamous cell carcinomas [192]. Although
there were no studies that report the direct relationship be-
tween SRGN and NSCLC, SRGN was generally regareded
to be related to cancers [193]. Thus it is not surprising even
if there appears additional reports about the direct relation-
ship between SRGN and NSCLC.

pluripotency
Serglycin proteoglycan was expressed in embryonic stem cells
[194]. Serglycin is synthesized by endothelial cells [195].

UCHLA1
The protein encoded by this gene belongs to the peptidase
C12 family.

tumorgenesis

UCHLI, also known as PGP9.5, was upregulated in the non-
metastatic CL1-0 than in highly metastatic CL1-5 cell lines
[196]. UCHLI1 was reported to be methylated in NSCLC
[197]. In non-small cell lung carcinoma primary tumour sam-
ples, UCHL1 was highly expressed and is associated with an
advanced tumour stage [198]. Proteomics-based Identifica-
tion of PGP 9.5 as a Tumor Antigen That Induces a Humoral
Immune Response in Lung Cancer [199].

pluripotency
None.

ALDH3A1

Aldehyde dehydrogenases oxidize various aldehydes to the
corresponding acids. They are involved in the detoxifica-
tion of alcohol-derived acetaldehyde and in the metabolism
of corticosteroids, biogenic amines, neurotransmitters, and
lipid peroxidation.

tumorgenesis

ALDH3A1 was over expressed in NSCLC [200]. ALDH3A1
was identified as potential diagnostic markers in NSCLC [201].
ALDH3A1 was upregulated in lung cancer [202].

pluripotency
None.

EPB41L3
EPB41L3 is known as both protein coding gene and IncRNA,
but its function is not well understood.

tumorgenesis

Loss of expression of the differentially expressed in AdC of
the lung EPB41L3, also known as DAL-1, protein is associ-
ated with metastasis of non-small cell lung carcinoma cells
[203]. FRMD3 that is paralog of EPB411L.3 was known as
a novel putative tumour suppressor in NSCLC [204]. Loss
of DAL-1 expression was seen in 14 of 16 (87%) NSCLC
cell lines and DAL-1 methylation was observed in 17 of 39
(44%) NSCLC cell lines, in tumors of NSCLC patients with
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stage II-III disease, DAL-1 methylation was seen at a statis-
tically significant higher frequency compared to tumors of
patients with stage I disease and overall, 65% of primary
NSCLCs had either TSLC1 or DAL-1 methylated [205]. Pro-
moter methylation of DAL-1/4.1B predicts poor prognosis in
NSCLC [206]. In lung tumor cells, expression of NSP-A and
most likely also NSP-C is restricted to cells with a neuroen-
docrine phenotype [207].

pluripotency
None.

RTN1

This gene belongs to the family of reticulon-encoding genes.
Reticulons are associated with the endoplasmic reticulum,
and are involved in neuroendocrine secretion or in membrane
trafficking in neuroendocrine cells.

tumorgenesis

Aberrant expression of RTN1 was identified among com-
parison between NSCLC, matched normal bronchial epithe-
lium, and peripheral lung tissue from both smokers and non-
smokers [208]. Expression of RTN1, also knows as NSP-
reticulon, is restricted to lung carcinoma cells with a neu-
roendocrine (NE) phenotype [209]. that has also been found
to be a feature of a proportion of non-small cell lung carcino-
mas [210]. On the other hand, RTN1 was known to bind
to BCL2L1, also known as Bcl-X [211], to which RBM4
that inhibited NSCLC cell growth [212] and BAGS3 that pro-
motes resistance to apoptosis through Bcl-2 family members
in NSCLC [213] binds, and over-expression of BCL2L1 was
frequently found in NSCLC where it potentially contributes
to tumor development [214].

pluripotency
None.

LAMA1

LAMAL is known as protein coding gene, but its function is
not well understood.

tumorgenesis

The mutated genes in the most significant extracellular ma-
trix remodeling gene set in NSCLC include LAMAI1[215].
LAMAL is also a part of KEGG pathway hsa05222 “Small
cell lung cancer”. A genome-wide association study reveals
susceptibility variants for NSCLC in the Korean population
[216].

pluripotency

Although there were no reports that suggest direct relation-
ship between pluripotency and LAMAI, there were several
reports that suggest the relationship between development
and LAMAI1. Mutations in LAMALI disrupt retinal vascular
development and inner limiting membrane formation [217].
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LAMAT1 mutations lead to vitreoretinal blood vessel forma-
tion, persistence of fetal vasculature, and epiretinal mem-
brane formation in mice [218]. LAMALI is essential for mouse
cerebellar development[219].

GPR56
The gene product is a member of the adhesion-GPCR family
of receptors.

tumorgenesis

GPR56 was generally known as tumor suppressor [220]. How-
ever, it was also known to work as oncogene and to be re-
garded as potential therapy target. Ke et al [221] confirmed
GPR56 overexpression in vivo in NSCLC. In addition to this,
they observed that reduction of GPR56 expression reduced
soft agar growth in NCI-H460 cell line and that GPR56 si-
lencing reduced cell adhesion in A2058 cells that is melanoma
cell line. Guo et al [100] also previously reported aberrant
methylation of GPR56 in A549 cell line, which is related to
drug resistance. Thus, GPR56 can be a promising therapy tar-
get of NSCLC. However, GPR56 is multifunctional protein.
It was reported to act as tumor suppressor for melanoma. In
this regard, GPR56 tried to reduce progression of melanoma
by suppressing production of VEGF that is a major stimu-
lator for angiogenesis, which is a critical step during cancer
progression [222]. On the other hand, when GPR56 played
critical roles in cortical development, GPR56 couples to the
Go(12/13) family of G proteins and activates RhoA path-
way upon ligand (COL3A1) binding [223]. Thus, it is likely
that GPR56 will obey completely different mechanisms from
those, when GPR56 act as onocogene for NSCLC. At the mo-
ment, the mechanisms were not known at all. More experiment-
oriented researches are waited [224].

pluripotency
None
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