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Cancer stem cells (CSCs) have been identified in many cancer types including

primary head and neck cutaneous squamous cell carcinoma (HNcSCC). This study

aimed to identify and characterize CSCs in metastatic HNcSCC (mHNcSCC).

Immunohistochemical staining performed on mHNcSCC samples from 15 patients

demonstrated expression of the induced pluripotent stem cell (iPSC) markers OCT4,

SOX2, NANOG, KLF4, and c-MYC in all 15 samples. In situ hybridization and

RT-qPCR performed on four of these mHNcSCC tissue samples confirmed transcript

expression of all five iPSC markers. Immunofluorescence staining performed on three

of these mHNcSCC samples demonstrated expression of c-MYC on cells within the

tumor nests (TNs) and the peri-tumoral stroma (PTS) that also expressed KLF4.

OCT4 was expressed on the SOX2+/NANOG+/KLF4+ cells within the TNs, and

the SOX2+/NANOG+/KLF4+ cells within the PTS. RT-qPCR demonstrated transcript

expression of all five iPSC markers in all three mHNcSCC-derived primary cell lines,

except for SOX2 in one cell line. Western blotting showed the presence of SOX2,

KLF4, and c-MYC but not OCT4 and NANOG in the three mHNcSCC-derived

primary cell lines. All three cell lines formed tumorspheres, at the first passage.

We demonstrated an OCT4+/NANOG+/SOX2+/KLF4+/c-MYC+ CSC subpopulation

and an OCT4+/NANOG-/SOX2+/KLF4+/c-MYC+ subpopulation within the TNs,

and an OCT4+/NANOG+/SOX2+/KLF4+/c-MYC+ subpopulation within the PTS

of mHNcSCC.

Keywords: metastatic cutaneous squamous cell carcinoma, cancer stem cells, induced pluripotent stem cells,

embryonic stem cells, head and neck cancer, nodal metastasis

INTRODUCTION

The incidence of non-melanoma skin cancer (NMSC) is rising rapidly globally, particularly
amongst Anglo-Celtic populations (1). Cutaneous squamous cell carcinoma (cSCC) is the second
most common form ofNMSC, affecting 118/100,000 people inNewZealand (1). Caucasian descent,
pale complexion and advancing age increase the risk of developing cSCC (2). Tumor thickness,
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FIGURE 7 | Western blot analysis of three metastatic cutaneous head and neck squamous cell carcinoma-derived primary cell lines. This demonstrated the presence

of SOX2 (A), KLF4 (B), and c-MYC (C) in all three cell lines. NANOG (D), and OCT4 (E) were not detected. Approximately equal amounts of protein were loaded into

each lane, as confirmed by α-tubulin (F).

subpopulation identified within the PTS in primary HNcSCC, is
not demonstrated in mHNcSCC in this study. Using the same
iPSC markers, we have also shown the presence of two CSC
subpopulations within head and neck metastatic malignant
melanoma (HNmMM): an OCT4+/SOX2+/KLF4+/c-MYC+
CSC subpopulation within the TNs, and another in the PTS
with NANOG present only in two of the 20 cases studied
(44). Three out of four primary cell lines derived from four
different HNmMM tissue samples formed tumorspheres in
vitro. As with the current study of mHNcSCC, the formation of
tumorspheres in HNmMM-derived primary cell lines in vitro,
provides preliminary functional evidence of the presence of
CSCs in HNmMM tissues (44).

The presence of the CSC subpopulation within the PTS of
mHNcSCCwas supported by both protein andmRNA expression
of OCT4, NANOG, SOX2, KLF4, and c-MYC on the cells within
the PTS by IHC staining and ISH, respectively. The absence
of NANOG in one of the two CSC subpopulations within the
TNs aligns with previous studies demonstrating dispensability

of NANOG in the presence of the other four iPSC markers
for induction of pluripotency (13), the phenotype exhibited by
CSCs (8). As with primary HNcSCC (19), IHC staining in this
study demonstrated localization of NANOG to CSCs in the
TNs, and ISH detected mRNA transcripts for NANOG in cells
within the TNs and, to a lesser extent, those within the PTS.
The presence of NANOG mRNA in cells within the TNs and
the absence of its protein in one of the two CSC subpopulations
within the TNs, is consistent with the dispensability of NANOG
for pluripotent capability (14). The absence of NANOG in the
aforementioned CSC subpopulation is interesting, as NANOG
has been associated with the development of cervical SCC when
it is present on stromal cells (56). NANOG has been used as
a CSC marker in many cancer types (16, 37–40, 57). Targeting
NANOG in head and neck squamous cell carcinoma-derived
spheroid cells significantly inhibits tumor aggressiveness and
increases chemosensitivity to cisplatin (57); perhaps targeting
NANOG within mHNcSCC would have a similar effect on
these parameters.
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FIGURE 8 | Representative low magnification (10x) images of tumorsphere

formation of the three metastatic head and neck cutaneous squamous cell

carcinoma (mHNcSCC)-derived primary cell lines, averaging 62.6, 72.9, and

88.7µm in diameter at the onset of dark centers, respectively (A–C).

The presence of CSCs within mHNcSCC tissue samples
is supported by RT-qPCR which demonstrated the presence
of all five iPSC markers in three mHNcSCC-derived primary
cell lines, while WB showed expression of these markers
except for NANOG and OCT4. The capability of the
three mHNcSCC-derived primary cell lines to form initial
tumorspheres in vitro provides preliminary evidence of the
presence of CSCs within mHNcSCC. Further functional tests to
confirm these findings, such as additional passages and in vivo
xenotransplantation of the said tumorspheres into mice, should
be undertaken.

As with our previous study of primary HNcSCC (19), SOX2
expression was observed within mHNcSCC tissue samples and
mHNcSCC-derived primary cell lines, albeit at very low levels.
Thismay suggest the dispensability of SOX2 followingmetastasis,
as observed in metastatic malignant melanoma (58).

If SOX2 is dispensable following metastasis in mHNcSCC as
in metastatic malignant melanoma (58), a correlation between
low SOX2 expression levels and a more aggressive cancer may
be expected. However, Li et al. (59) demonstrate that SOX2 is a
downstream target of the Hippo effector TAZ in HNcSCC, which
is capable of reprogramming differentiated cancer cells into
CSCs, and that SOX2 and TAZ upregulation are both associated
with poorer overall survival in HNcSCC. Given the presence of
SOX2 inmHNcSCC (60) and its association with local recurrence
and metastasis, we speculate the TAZ-SOX2 axis as an important
determinant of CSC stemness in this tumor. The low expression
of SOX2 within mHNcSCC-derived primary cell lines and the
lower proportions of SOX2 positive cells in mHNcSCC tissue
samples on IHC staining and ISH staining compared to the
other four iPSC markers may reflect the aggressiveness of this
cancer, as decreased SOX2 expression has been associated with
carcinogenesis and the development of OCSCC (60).

RT-qPCR and WB analyses showed some differences of the
expression profile in the iPSC markers between the mHNcSCC
tissue samples and mHNcSCC-derived primary cell lines. It has
been observed that the expression of up to 10% of genes is altered
within five passages during tumorsphere formation in vitro (61).
These alterations in gene expression driven by the cell culture
environment may explain why SOX2 was expressed at a very
low level, and why OCT4 and NANOG were not detected by
WB in mHNcSCC-derived primary cell lines, compared with the
RT-qPCR results for the mHNcSCC tissue samples. It may also
account for the differences in the RT-qPCR results between the
mHNcSCC tissue samples and the mHNcSCC-derived primary
cell lines.

Given its role and overexpression in cSCC (62), it was
unsurprising that KLF4 was expressed in all mHNcSCC
tissue samples and mHNcSCC-derived primary cell lines.
Our finding of c-MYC expression in mHNcSCC aligns with
reports of c-MYC overexpression in other types of carcinoma
(29, 37, 39, 40).

The finding of OCT4 expression in mHNcSCC is consistent
with our previous study demonstrating OCT4 expression in
primary HNcSCC (19) and other solid tumors (63). As a key
regulator of pluripotency in the early mammalian embryo and
given it is consistently expressed by ESCs and hematopoietic
and neural stem cells (26), the presence of OCT4 in mHNcSCC
supports the presence of primitive CSC subpopulations in
this tumor.

Expression of components of the renin-angiotensin system
(RAS) by CSCs has been demonstrated in different cancer types
including glioblastoma (64), OCSCC affecting the oral tongue
(65), buccal mucosa (66), and lip (67) squamous cell carcinoma
(SCC), primary HNcSCC (68), metastatic colon adenocarcinoma
(42), and metastatic malignant melanoma (43). This suggests
CSCs in these tumors may be targeted by modulation of the RAS
(12, 55).

We have demonstrated the presence of three putative CSC
subpopulations within mHNcSCC. Further, investigating the
expression of the RAS—an important regulator of stem cells
(69, 70)—by these CSC subpopulations may provide an avenue
of therapeutic targeting of them in the treatment of this
aggressive cancer (55). These findings are novel, and further
investigation with a larger sample size with functional studies
are needed to confirm the CSC subpopulations identified in
this study.

CONCLUSIONS

This study demonstrates expression of the iPSC markers OCT4,
NANOG, SOX2, KLF4, and c-MYC in mHNcSCC, with the
presence of three CSC subpopulations. mHNcSCC-derived
primary cell lines express transcripts of OCT4, NANOG, SOX2,
KLF4 and c-MYC. SOX2, KLF4, and c-MYC, but not OCT4
and NANOG proteins. These cell lines form tumorspheres in
vitro, at a single passage. The identification of CSCs within
mHNcSCC may open novel avenues for therapeutic targeting of
this aggressive cancer.
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