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Abstract: Cancer stem cells (CSCs) have been identified in many cancer types. This study identified 16 
and characterized CSCs in head and neck metastatic malignant melanoma (HNmMM) to regional 17 
lymph nodes using induced pluripotent stem cell (iPSC) markers. Immunohistochemical (IHC) 18 
staining performed on 20 HNmMM tissue samples demonstrated expression of iPSC markers OCT4, 19 
SOX2, KLF4 and c-MYC in all samples while NANOG was expressed at low levels in two samples. 20 
Immunofluorescence (IF) staining demonstrated an OCT4+/SOX2+/KLF4+/c-MYC+ CSC 21 
subpopulation within the tumor nests (TNs) and another within the peritumoral stroma (PTS) of 22 
HNmMM tissues. IF also showed expression of NANOG by some OCT4+/SOX2+/KLF4+/c-MYC+ 23 
cells within the TNs in an HNmMM tissue sample that expressed NANOG on IHC staining. In situ 24 
hybridization (n=6) and reverse-transcription quantitative polymerase chain reaction (n=5) on the 25 
HNmMM samples confirmed expression of all five iPSC markers. Western blotting of four primary 26 
cell lines derived from four of the 20 HNmMM tissue samples showed expression of SOX2, KLF4, 27 
and c-MYC but not OCT4 and NANOG, and three of these cell lines formed tumorspheres in vitro. 28 
We demonstrate the presence of two putative CSC subpopulations within HNmMM, which may be 29 
a novel therapeutic target in the treatment of this aggressive cancer.  30 
 31 
Keywords: malignant melanoma, head and neck cancer, cancer stem cell, induced pluripotent stem 32 
cell, melanoma metastasis 33 

 34 

1. Introduction 35 

In 2018, 287,723 new cases of malignant melanoma (MM) were diagnosed worldwide with a 36 
record of 60,712 deaths [1]. MM accounts for 60-80% of deaths from all skin cancers globally with 37 
New Zealand and Australia having the highest incidence [2-4]. The 5-year survival of metastatic MM 38 
(mMM) is 5-19% depending on the site of the metastasis [2, 5] with an overall median survival of 5-9 39 
months [6-7].  40 

Sentinel lymph node biopsy confers prognostic value and a potential survival advantage for 41 
patients with nodal metastases from intermediate-thickness MM who were treated with elective 42 
nodal dissection [8-9]. Surgical excision and adjuvant radiotherapy are the mainstay treatment for 43 
nodal mMM, with distant metastases requiring chemotherapy and/or immunotherapy [8-9].  44 

MM commonly occurs in the head and neck region [10]. Despite intensive research, the 45 
prognosis for head and neck metastatic MM (HNmMM) to regional lymph nodes remains poor with 46 
a 5-year survival rate of 17.0-22.6% [11-12]. Stage III and IV disease with metastases to regional lymph 47 
nodes as well as to distant organs, such as the lungs, liver, brain, and bones, are associated with 1-48 
year survival rates of 7, 6-7, 6-9, and 2-4 months respectively [13-15].  49 
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It has been proposed that the growth and spread of cancer is driven by a subpopulation of cancer 50 
cells known as cancer stem cells (CSCs) that are formed following acquisition of mutations in resident 51 
physiologically normal embryonic stem cells or progenitor cells [16]. These CSCs are capable of 52 
proliferation and self-renewal as well as multi-lineage differentiation into non-tumorigenic cells that 53 
are non-proliferative and lack self-renewability [17]. Thus, these CSCs operate in a hierarchical 54 
fashion similar to physiological stem cells and contribute to the heterogeneity of the tumor tissue.  55 

Reprogramming of these CSCs requires changes in gene expression that are directly modulated 56 
by transcription factors [18]. As such, octamer-binding transcription factor 4 (OCT4), homeobox 57 
protein NANOG, Kruppel-like factor 4 (KLF4), sex-determining region Y-box 2 (SOX2), and c-MYC 58 
are transcription factors regulating pluripotency and self-renewal of embryonic stem cells and have 59 
been shown to reprogram differentiated somatic cells, including melanocytes, into induced 60 
pluripotent stem cells (iPSCs) [19-20]. OCT4, NANOG, and c-MYC overexpression has been 61 
implicated in metastasis in many cancer types, including MM, in which cells expressing these 62 
markers have been shown to confer aggressive motility phenotypes, thus promoting invasiveness 63 
[21-23]. Interestingly, OCT4 has also been shown to drive dedifferentiation of MM cells into a CSC-64 
like phenotype with increased tumorigenicity and metastatic capacity [24]. The pro-oncogenic role of 65 
KLF4 has been demonstrated in MM cell lines [25], while the tumor initiation and maintenance role 66 
of SOX2 has also been well-documented [19]. All, or some of these iPSC markers have been used to 67 
identify CSCs in many cancer types including squamous cell carcinoma (SCC) affecting the oral 68 
tongue [26], lip [27], buccal mucosa [28] and skin [29], breast cancer [30], glioblastoma [31-32], renal 69 
clear cell carcinoma [33], acute myeloid leukemia [34], primary MM [35], metastatic MM (mMM) to 70 
the brain [15], rectal cancer [36], primary colon adenocarcinoma [37] and metastatic colon 71 
adenocarcinoma to the liver [38].   72 

Despite recent literature showing the presence of CSCs in many cancer types, there is a dearth 73 
of information characterizing the presence of CSCs within HNmMM using the iPSC markers. In this 74 
study, we aimed to identify and characterize CSCs using the iPSC markers OCT4, NANOG, SOX2, 75 
KLF4, and c-MYC in HNmMM to the parotid and/or neck nodes, at both the transcript and protein 76 
levels. Here, we demonstrate the presence of an OCT4+/SOX2+/KLF4+/c-MYC+ CSC subpopulation 77 
within the tumor nests (TNs) and another within the peritumoral stroma (PTS) in this tumor.  78 

2. Results 79 

2.1. OCT4, NANOG, SOX2, KLF4 and c-MYC proteins are expressed in HNmMM tissue samples 80 

In order to confirm the presence of HNmMM, the slides were stained with hematoxylin and eosin 81 
(H&E) that showed TNs, (arrows) surrounded by PTS (arrowheads) in all 20 tissue samples (Figure 1A). 82 
In order to determine the presence of the five iPSC markers, the HNmMM tissue sections underwent 83 
immunohistochemical (IHC) staining. This showed nuclear and cytoplasmic expression of OCT4 in 84 
the cells within the TNs (Figure 1B, arrows) and the PTS (Figure 1B, arrowheads). NANOG showed 85 
weak cytoplasmic staining in only two of the 20 samples (a representative image of the two is shown 86 
in Figure 1C) while SOX2 (Figure 1D), KLF4 (Figure 1E), and c-MYC (Figure 1F) were present in all 87 
20 tissue samples. SOX2 was localized predominantly to the nucleus and occasionally the cytoplasm 88 
of the cells within the TNs (Figure 1D, arrows) and the cells within the PTS (Figure 1D, arrowheads). 89 
Ubiquitous cytoplasmic staining of KLF4 was found in the cells within the TNs (Figure 1E, arrows), 90 
and to a lesser extent, the cells within the PTS (Figure 1E, arrowheads), while c-MYC showed focal 91 
nuclear staining and moderate cytoplasmic staining of the cells within the TNs (Figure 1F, arrows) 92 
and the cells within the PTS (Figure 1F, arrowheads). In most of the samples NANOG was not detected 93 
within the TNs. 94 
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Figure 1. Expression of OCT4, NANOG, SOX2, KLF4, and c-MYC in head and neck metastatic 97 
malignant melanoma (HNmMM). Representative hematoxylin and eosin stained section (A) and 98 
immunohistochemical stained sections (B-F) of HNmMM demonstrating the tumor organized into 99 
tumor nests (TNs, arrows) surrounded by the peritumoral stroma (PTS, arrowheads). OCT4 (B, brown) 100 
was expressed on the nucleus and cytoplasm of the cells within the TNs and the cells within the PTS. 101 
SOX2 (D, brown) was predominantly expressed in the nucleus of the cells within the TNs with some 102 
cytoplasmic expression in the cells within the TNs and the cells within the PTS. KLF4 (E, brown) was 103 
expressed predominantly in the cytoplasm of the cells within the TNs with weak staining in the cells 104 
within the PTS. Moderate cytoplasmic and focal nuclear expression of c-MYC (F, brown) was present 105 
in the cells within the TNs and the cells within the PTS. NANOG (C, brown) was expressed in the 106 
cytoplasm of the cells within the TNs in two of the 20 tissue samples. Nuclei were counterstained with 107 
hematoxylin (A-F, blue). Original magnification 400x; n = 20. 108 

Expected staining patterns were demonstrated in the human positive control tissues: seminoma 109 
for OCT4 (Figure S1A, brown) and NANOG (Figure S1B, brown), normal skin for SOX2 (Figure S1C, 110 
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brown), breast carcinoma for KLF4 (Figure S1D, brown), and normal colon for c-MYC (Figure S1E, 111 
brown). The isotype matched antibody provided an appropriate negative control (Figure S1F).  112 

In order to compare the protein expression of different iPSC markers, we performed cell 113 
counting analysis on IHC slides of 19 HNmMM samples from the original cohort of 20 patients, 114 
excluding one sample that contained dense melanin pigmentation. When comparing the total 115 
proportion of positively stained cells within the TNs and PTS for each marker, post hoc statistical 116 
analysis demonstrated a hierarchy of expression of these markers with increasing abundance as 117 
follows: NANOG < OCT4 < KLF4 < c-MYC < SOX2 (Figure 2). All comparisons were highly 118 
statistically significant between markers (p<0.001) except for the comparisons between NANOG and 119 
OCT4, and between c-MYC and SOX2.  120 

 121 

Figure 2. Mean percentage of all positive cells within the tumor nests and the peritumoral stroma of 122 
immunohistochemical stained sections of head and neck metastatic malignant melanoma that stained 123 
positively for each of the induced pluripotent stem cell markers OCT4, NANOG, SOX2, KLF4, and c-124 
MYC. Error bars represent 95% confidence intervals of the mean. Three replicates from each of the 19 125 
patient tissue samples were used for an Analysis of Variance (ANOVA) thus giving a sample size of 126 
57 for each of the following markers: OCT4, SOX2, KLF4, and c-MYC (n = 57). For NANOG, three 127 
technical replicates from each of the two patient tissue samples were used for an ANOVA thus giving 128 
a sample size of 6 (n = 6).  129 

2.2. Subpopulations of CSCs expressing OCT4, NANOG, SOX2, KLF4 and c-MYC are present in HNmMM 130 
tissue samples 131 

To investigate localization of two iPSC markers simultaneously, immunofluorescence (IF) 132 
staining was performed on two representative HNmMM tissue samples. IF staining demonstrated 133 
expression of OCT4 (Figure 3A-C, green), SOX2 (Figure 3B&E, red), KLF4 (Figure 3C&F, red) and c-134 
MYC (Figure 3D-F, green) by the cells within the TNs (thick arrows) and the PTS (arrowheads). NANOG 135 
(Figure 3A&D and inset, red) was present in one sample that showed NANOG expression on IHC 136 
staining and was absent in the other sample that did not show NANOG expression on IHC staining. 137 
OCT4 was expressed on the NANOG+ (Figure 3A and inset, red), the SOX2+ (Figure 3B and inset, 138 
red), and the KLF4+ (Figure 3C and inset, red) cells within the TNs and the PTS. c-MYC was also 139 
expressed by the NANOG+ (Figure 3D and inset, red), the SOX2+ (Figure 3E and inset, red), and the 140 
KLF4+ (Figure 3F and inset, red) cells within the TNs and the PTS. Interestingly, some c-MYC+ (Figure 141 
3D and inset, green) cells within the TNs were NANOG- (Figure 3D, thin arrows). Magnified figure 142 
insets have been provided to show enlarged views of the corresponding images.   143 
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 Images of individual stains of the merged images presented in Figure 3 are provided in Figure 144 
S2. Minimal to no staining was present on the negative controls (Figure S2M), confirming the 145 
specificity of the primary antibodies used.   146 
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Figure 3. Immunofluorescence stains of head and neck metastatic malignant melanoma tissue 147 
samples demonstrating expression of induced pluripotent stem cell markers. Representative sections 148 
showing expression of OCT4 (A-C, green), SOX2 (B, red) and KLF4 (C, red) were expressed on the 149 
cells within both the tumor nests (TNs, thick arrows) and the peritumoral stroma (PTS, arrowheads). 150 
The c-MYC+ [(D-F), green] cells within the TNs and the PTS also expressed SOX2 (E, red) and KLF (F, 151 
red). NANOG (A, red) was expressed on the OCT4+ (A, green) cells within both the TNs (thick arrows) 152 
and the PTS (arrowheads), and some cells (thick arrows) and not the others (thin arrows) within the 153 
TNs. All slides were counterstained with 4′,6′-diamidino-2-phenylindole (blue). Original magnification 154 
400x; n = 2. The insets show enlarged views of the corresponding images.  155 

2.3. OCT4, NANOG, SOX2, KLF4 and c-MYC mRNA transcripts are expressed in HNmMM tissue and cell 156 
samples 157 

In order to determine the transcript expression of the iPSC markers, in situ hybridization (ISH) 158 
was performed on six HNmMM tissue samples. ISH demonstrated both nuclear and cytoplasmic 159 
presence of mRNA for OCT4 (Figure 4A), NANOG (Figure 4B), SOX2 (Figure 4C), KLF4 (Figure 4D) 160 
and c-MYC (Figure 4E) in the TNs in all six HNmMM tissue samples. All iPSC markers except 161 
NANOG were also expressed in the PTS. The abundance of SOX2 (Figure 4C) and c-MYC (Figure 4E) 162 
transcript is in line with the relatively increased expression of these two markers observed at the 163 
protein level in cell counting of IHC sections (Figure 2).  164 
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Figure 4. Representative in situ hybridization images of head and neck metastatic malignant 165 
melanoma tissue samples demonstrating mRNA transcript expression (brown) of induced 166 
pluripotent stem cell markers OCT4 (A), NANOG (B), SOX2 (C), KLF4 (D) and c-MYC (E). Nuclei 167 
were counterstained with hematoxylin (A-E, blue). Original magnification 1000x; n = 6. 168 

Positive controls demonstrated the expected staining pattern for OCT4 (Figure S3A) and 169 
NANOG (Figure S3B) in seminoma, SOX2 (Figure S3C) in normal skin, KLF4 (Figure S3D) in breast 170 
carcinoma, and c-MYC (Figure S3E) in normal colon. The negative control (Figure S3F) showed no 171 
staining indicating no background activity.  172 

In order to compare the transcript expression of different iPSC markers, we performed cell 173 
counting analysis of six ISH stained slides of HNmMM. When comparing the total proportion of 174 
positively stained cells within the TNs and the PTS for each marker, post hoc statistical analysis 175 
demonstrated a hierarchy of expression of these markers with increasing abundance: KLF4 < SOX2 < 176 
OCT4 < NANOG < c-MYC (Figure 5). All comparisons were highly statistically significant between 177 
markers (p<0.001) except for the comparisons between KLF4, SOX2, and OCT4 which were not 178 
statistically significant.  179 

 180 

Figure 5. Graph demonstrating mean percentage positive expression of induced pluripotent stem cell 181 
markers OCT4, NANOG, SOX2, KLF4, and c-MYC by cells within the tumor nests and the 182 
peritumoral stroma on in situ hybridization stained sections of head and neck metastatic malignant 183 
melanoma. Error bars represent 95% confidence intervals of the mean. Six replicates from each of the 184 
six patient tissue samples were used for an Analysis of Variance (ANOVA), thus giving a sample size 185 
of 36 for each marker (n = 36).  186 

In order to confirm the transcript expression of iPSC markers, we performed reverse 187 
transcriptase quantitative polymerase chain reaction (RT-qPCR) analysis of five snap frozen 188 
HNmMM tissue samples and four HNmMM-derived primary cell lines. RT-qPCR analysis of both 189 
HNmMM tissue samples (Figure 6A) and HNmMM-derived primary cell lines (Figure 6B) 190 
demonstrated expression of all five iPSC markers OCT4, NANOG, SOX2, KLF4, and c-MYC. Specific 191 
amplification of the products was demonstrated by electrophoresis of qPCR products on 2% agarose 192 
gels (Figure S4A-N). The expected size amplicons were observed, and no products were observed in 193 
the no template control (NTC) reactions (Figure S4A-N).  194 

 195 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 October 2019                   doi:10.20944/preprints201910.0229.v1

https://doi.org/10.20944/preprints201910.0229.v1


 8 of 20 

 

 196 

Figure 6. Quantitative transcriptional profiling of induced pluripotent stem cell (iPSC) markers c-197 
MYC, KLF4, OCT4, NANOG, and SOX2. Graphs demonstrating average ΔCT values of triplicate RT-198 
qPCR runs carried out on five snap frozen head and neck metastatic malignant melanoma (HNmMM) 199 
tissue samples (A) and four HNmMM-derived primary cell lines (B) amplifying mRNA transcripts 200 
for these iPSC markers. CT values of the iPSC markers were normalized to the housekeeping genes 201 
GAPDH and PSMB4 to calculate ΔCT. Note reversed Y-axis for readability.   202 

2.4. SOX2, KLF4 and c-MYC proteins are expressed in the HNmMM-derived primary cell lines 203 

Western blot (WB) analysis of total protein extracts from the four HNmMM-derived primary 204 
cell lines showed that OCT4 (Figure 7A, ~39kDa) and NANOG (Figure 7B, ~40kDa) proteins were 205 
below detectable levels. SOX2 was detected in one of the four cell lines at ~38kDa, and faint bands 206 
were seen in a further two cell lines (Figure 7C). A band of ~40kDa was detected in the NTERA2 cell 207 
extract, the difference in size is likely to be due to post-translational modifications. The specificity of 208 
this antibody was confirmed using an alternative antibody for SOX2 from a different manufacturer 209 
and host species, revealing identical banding patterns (Figure S5A). KLF4 showed specific bands at 210 
~60kDa and, a smaller and likely non-specific band, at ~27kDa (Figure 7D). c-MYC showed a band at 211 
~57kDa in the HNmMM cell extracts as well as in the positive control and a smaller ~40kDa band in 212 
two of the HNmMM cell extracts (Figure 7E) which could represent MYC-Nick [39]. α-Tubulin 213 
staining confirmed approximately equal total protein loading for the four cell line samples (Figure 214 
7F, ~50kDa).   215 

Densitometric quantification carried out on the HNmMM WB was consistent with the 216 
qualitative observation of below detectable levels of OCT4 and NANOG, ubiquitously low SOX2 217 
expression and similar expression levels of KLF4 and c-MYC (Figure S5B&C).  218 
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 219 

 220 

Figure 7. Representative western blot images of total protein extracted from four head and neck 221 
metastatic malignant melanoma-derived primary cell lines probed for induced pluripotent stem cell 222 
markers. Blots were probed for OCT4 (A), NANOG (B), SOX2 (C), KLF4 (D), c-MYC (E) and detected 223 
with HRP conjugated goat anti-rabbit antibody. α-Tubulin was used as the loading control (F) and 224 
detected using HRP conjugated mouse IgGĸ binding protein. Arrows indicate the presence of the 225 
proteins with their expected band sizes.    226 

2.5. HNmMM-derived primary cell lines undergo tumorsphere formation 227 

In order to determine the sphere-forming ability of the CSCs within the HNmMM-derived 228 
primary cell lines, we cultured them in tumorsphere media. Three out of four of the cell lines 229 
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demonstrated tumorsphere formation (Figure 8A-C, high magnification; Figure S6A-C, low 230 
magnification) that met our threshold (spheres that were greater than 50µm in size and more than 231 
50% of spheres measured per field of view were over 50µm [40]) while one cell line formed spheres 232 
that did not meet our threshold (Figure 8D, high magnification; Figure S6D, low magnification) in 233 
tumorsphere media, providing preliminary evidence that some of the cultured cells may be CSCs.  234 

  235 

Figure 8. Representative high magnification (40x) images of tumorsphere formation of the three head 236 
and neck metastatic malignant melanoma (HNmMM)-derived primary cell lines, averaging 62.7µm in 237 
diameter (A-C). A representative high magnification (40x) image of one HNmMM-derived primary 238 
cell line that did not form spheres, as defined by the tumorsphere criteria in Methods, instead they 239 
averaged a diameter of 21µm (D).  240 

Taken together, our results show that OCT4, SOX2, KLF4, and c-MYC proteins and transcripts 241 
are present within the HNmMM tissue samples and HNmMM-derived primary cell lines. Two out 242 
of the 20 HNmMM samples also expressed NANOG. An OCT4+/SOX2+/KLF4+/c-MYC+ 243 
subpopulation emerged in two distinct locations within HNmMM: one within the TNs and the other 244 
within the PTS. Interestingly, the HNmMM sample that was NANOG+ on IHC staining contained 245 
OCT4+/SOX2+/KLF4+/c-MYC+ cells within the TNs on IF staining that were NANOG+ as well as 246 
some that were NANOG-. Cell counting analysis of IHC and ISH revealed variable expression of each 247 
marker across the tissues. Three out of four HNmMM-derived primary cell lines formed 248 
tumorspheres in vitro demonstrating the functionality of these cells as CSCs. 249 

3. Discussion 250 

The CSC concept proposes that cancer arises from a pool of cancer stem cells that can give rise 251 
to all the cell types within a tumor capable of recreating the heterogeneous phenotype of a tumor 252 
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tissue, including producing more tumorigenic CSCs and non-tumorigenic cancer cells. Classically, 253 
CSC subpopulations have been defined by their ability to express various markers that have different 254 
phenotypic and functional characteristics, even within the same tumour [41]. In this study, we 255 
demonstrate the presence of an OCT4+/SOX2+/KLF4+/c-MYC+ CSC subpopulation within the TNs, 256 
and another within the PTS in the 20 HNmMM tissue samples analyzed. NANOG expression was 257 
detected at low levels, both qualitatively using IHC (Figure 1C) and IF (Figure 3A&D) staining, and 258 
quantitatively using cell counting (Figure 2) in two of the 20 samples analyzed. Interestingly, IF 259 
staining performed on one of the HNmMM samples that expressed NANOG on IHC staining, 260 
showed that some of the OCT4+/SOX2+/KLF4+/c-MYC+ CSCs within the TNs also expressed 261 
NANOG. 262 

OCT4 plays a major role in sustaining stem cell self-renewal [42] and causing dedifferentiation 263 
of melanoma cells to acquire a CSC phenotype [24]. Our findings are consistent with the expression 264 
of OCT4 previously observed in MM, which has been shown to confer chemoresistance and increased 265 
motility and invasiveness of melanoma cells [21]. While OCT4 was present in the TNs and the PTS in 266 
all 20 HNmMM tissue samples, it was not detected in the four HNmMM-derived primary cell lines 267 
examined by WB. This may be attributed to the relatively low levels of the protein in the cell lines 268 
compared to the tissues and/or sampling bias. With respect to the observed subcellular localization 269 
of OCT4, previous studies have shown that its localization is insignificant in relation to tumorigenesis, 270 
as long as nuclear processing is maintained [43].  271 

NANOG protein expression was not detected in 18 out of 20 HNmMM tissue samples by IHC 272 
staining (not shown) and in both HNmMM-derived primary cell lines by WB. The low cytoplasmic 273 
expression by cells within the TNs of only two of the 20 IHC-stained samples along with sparse 274 
expression on the c-MYC+ cells within the TNs demonstrated by IF staining reflects the dispensability 275 
of NANOG in the generation of iPSCs [44-45] and perhaps, its dispensability in CSC formation. 276 
Interestingly, NANOG was detected by ISH within both the nucleus and cytoplasm of the cells within 277 
the TNs, and by RT-qPCR. Possible reasons for this include a delay in translation of NANOG, perhaps 278 
due to the transitioning nature of these CSCs, perhaps following differentiation as the maturation, 279 
exportation and translation of mRNA is a time-intensive process [46-47]. While known to maintain 280 
pluripotency, the function of subcellular localization of NANOG in iPSCs remains unclear [43].   281 

SOX2 expression observed in both the nucleus and the cytoplasm of the cells within the TNs and 282 
the PTS of HNmMM tissue samples and its presence in HNmMM-derived primary cell lines may be 283 
associated with CSC maintenance and tumor growth [19].  284 

Interestingly, WB analysis for both SOX2 and KLF4 showed smaller bands at 27kDa that 285 
appeared to be non-specific as evidenced by their presence in IgG isotype-matched controls. It is 286 
likely that these could also represent degradation products of the proteins given their abundant 287 
expression in the positive control. The two bands representing SOX2 at 39-43kDa in the NTERA2 cells 288 
are likely to be due to post-translational modifications occurring within the cell line [48-49]. Our 289 
findings show both a nuclear and cytoplasmic localization of SOX2 and this is supported in the 290 
literature where both a nuclear and cytoplasmic role for SOX2 has been described in CSC formation 291 
[43].  292 

Abundant c-MYC expression in MM is associated with immune evasion and tumor invasiveness 293 
[50], thus its association with poor prognosis and survival [23]. We have observed consistently high 294 
cytoplasmic and moderate nuclear expression of c-MYC in the cells within the TNs and the PTS of 295 
HNmMM by IHC staining and ISH. This is consistent with c-MYC overexpression observed in most 296 
other human malignancies including ocular MM [51] and malignant testicular teratoma [52]. This 297 
suggests that while c-MYC expression is mostly cytoplasmic in cancer [43], either nuclear or 298 
cytoplasmic expression of c-MYC may contribute to tumorigenesis [43].  299 

Our studies also reveal that the majority of the HNmMM-derived primary cell lines cultured 300 
with tumorsphere media formulations in vitro succeeded in the isolation and passaging of non-301 
adherent HNmMM tumorspheres thus reflecting the functional capacity of CSCs in vitro [53], 302 
reminiscent of ‘cancer neurospheres’ from human glioblastoma multiforme [54]. Further in vitro 303 
functional research including serial passaging of these HNmMM tumorspheres is needed (as this was 304 
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only one passage) to substantiate our findings, and assess multi-lineage (adipogenic, osteogenic, 305 
mesenchymal etc) differentiation, another hallmark of cells with stem cell properties [16].   306 

The demonstration of an OCT4+/SOX2+/KLF4+/c-MYC+ CSC subpopulation within the TNs, and 307 
another within the PTS of HNmMM in this study is novel. This is important as the two putative CSC 308 
subpopulations identified are both OCT4+/SOX2+/KLF4+/c-MYC+ and therefore, may indicate an 309 
interaction between the TNs and the PTS in promoting tumor growth [55], although these two 310 
subpopulations are distinct from one another, each playing a role in tumorigenesis. However, this is 311 
beyond the scope of this study. Future studies with further in vitro and in vivo functional work are 312 
needed to conclusively determine the characteristics of these CSC subpopulations.  313 

Like normal tissues, tumors consist of heterogeneous cell populations that vary due to their 314 
apparent state of differentiation [56]. This phenotypic and functional diversity exhibited by CSC 315 
subpopulations has been noted in not only the same type of human cancer but also in different 316 
subpopulations of CSCs that vary from patient to patient [41] thus giving rise to the idea of 317 
intratumoral heterogeneity [57]. This idea of heterogeneity within CSCs extends beyond 318 
tumorigenesis to comprise epigenetic, local environmental and genetic differences that could have 319 
implications for targeted therapy [58]. This concept is particularly evident in our study where the 320 
abundance of iPSC markers within HNmMM is variable using different methods. Comparing 321 
expression of these markers in HNmMM tissue, we find that the level of expression of NANOG was 322 
the least abundant in IHC staining (Figure 2) compared to the relatively high levels of expression in 323 
ISH (Figure 5) and RT-qPCR (Figure 6A). SOX2, on the other hand, was the most abundant on IHC 324 
staining (Figure 2) with low expression levels detected by ISH (Figure 5) and RT-qPCR (Figure 6A) 325 
in the tissue samples. In contrast, the expression of c-MYC was abundant in HNmMM tissue across 326 
IHC staining (Figure 2), ISH (Figure 5) and RT-qPCR (Figure 6A) analyses. As all the samples were 327 
acquired from a single tumor type, MM, with loco-regional metastasis to a particular region in the 328 
body (the head and neck lymph nodes), one might expect to see similar expression levels of the 329 
markers across different methodologies of detection. However, the statistically significant differences 330 
between the iPSC-related factors studied allude to the presence of a potential intratumoral 331 
heterogeneity within HNmMM. This is consistent with reports of intratumoral heterogeneity of other 332 
melanoma markers observed in animal and cell models of MM [57]. A sub-group of tissue samples 333 
from the original cohort used for IHC staining were included for ISH and RT-qPCR analyses. 334 
Therefore, we speculate that the expression levels and hierarchy of markers observed in HNmMM 335 
tissue may be reflected in IHC analysis while ISH and RT-qPCR may reflect the inherent intratumoral 336 
heterogeneity. Given that CSCs in HNmMM demonstrate a unique set of iPSC markers, one way of 337 
therapeutically targeting these cells is to identify and localize other CSC characteristics such as the 338 
demonstration of components of the renin-angiotensin system (RAS) that can be therapeutically 339 
modulated via widely available drugs [59]. 340 

CSCs have been shown to express components of the renin-angiotensin system (RAS) in several 341 
cancer types including buccal mucosal [60], lip [61], oral tongue [62], and cutaneous squamous cell 342 
carcinoma [63], glioblastoma [64], metastatic colon adenocarcinoma to the liver [65] and metastatic 343 
MM to the brain [66], thus opening up the possibility of cancer therapy using RAS modulators [59]. 344 
The RAS, classically involved in blood pressure and fluid volume regulation, plays a critical role in 345 
stem cell maintenance and differentiation [67]. Propanolol, a β-blocker traditionally used to lower 346 
blood pressure, has been shown to inhibit tumor growth and has been effective in treating the benign 347 
vascular tumor infantile hemangioma [68-69] thus suggesting that it might be re-purposed for cancer 348 
treatment [70]. As such, in vivo [71-74] and in vitro [71, 73] models of MM show a reduction in tumor 349 
growth and tumor proliferation, as well as inhibition of metastasis [72] by administration of 350 
propranolol. The use of propranolol in a prospective cohort study of non-metastatic MM patients has 351 
also been associated with a reduced rate of recurrence [75]. The presence of angiotensin II receptor 1 352 
(ATIIR1), one of the key components of the RAS, has been demonstrated in an in vivo mouse model 353 
of MM [76]. While the use of propranolol may be beneficial in patients with non-metastatic MM [75], 354 
the use of another RAS modulator losartan, an ATIIR1 blocker, has been shown to promote cell 355 
proliferation in human melanoma cell lines [77]. Therefore, future work investigating the expression 356 
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of components of the RAS by CSCs within HNmMM would be worthwhile to fully elucidate the 357 
interactions and potential therapeutic value.  358 

4. Materials and Methods  359 

4.1. HNmMM tissue samples 360 

Tissue samples of HNmMM to the parotid and/or neck nodes of 16 male and 4 female patients 361 
aged 47-103 (median, 75) years, with a known primary melanoma tumor in the head and neck region 362 
(Table S1), were sourced from the Gillies McIndoe Research Institute Tissue Bank, and used in a study 363 
approved by the Central Health and Disabilities Ethics Committee (Ref. 12/CEN/74) with written 364 
informed consent from all participants.  365 

4.2. HNmMM-derived primary cell lines 366 

HNmMM-derived primary cell lines were established from four fresh surgically excised 367 
HNmMM tissue samples from the original cohort of 20 patients by culturing them within a Matrigel 368 
explant prior to extraction of the cells following abundant growth in 24-well plates (Raylab, Auckland, 369 
New Zealand). The extracted cells were cultured and passaged in a cell culture media consisting of 370 
DMEM (1X) and GlutaMAX-1 (cat#10569-010, Life Technologies) supplemented with 10% fetal 371 
bovine serum (cat#10091-148, Life Technologies), 5% mTeSR 1 Complete medium (cat#85850, 372 
STEMCELL Technologies, Vancouver, BC, Canada), 1% penicillin-streptomycin (cat#15140122, Life 373 
Technologies) and 0.2% gentamycin/amphotericin B (cat#R015-10, Life Technologies). All cultures 374 
were maintained in a humidified incubator at 37°C with 5% CO2. All primary cell lines used for the 375 
experiments were at passages 4-5 (RT-qPCR and WB) or 8-9 (tumorsphere formation). 376 

4.3. Histochemical, immunohistochemical and immunofluorescent staining 377 

H&E staining and Melan-A staining were carried out on 4 μm thick formalin-fixed paraffin-378 
embedded (FFPE) sections of all 20 HNmMM tissue samples to confirm the presence and diagnosis 379 
of the tumor. Tumors that were negative for Melan-A were stained for S100 protein, an alternate 380 
confirmatory IHC stain for melanoma. IHC staining of these sections was then undertaken using the 381 
Leica BOND RX™ auto-stainer (Leica Biosystems, Nussloch, Germany). Staining for Melan-A (ready-382 
to-use; cat#PA0233, Leica Biosystems, Newcastle-upon-Tyne, UK), S100 (1:200; cat#330M, Cell 383 
Marque, Rocklin, CA, USA), OCT4 (1:30; cat#MRQ-10, Cell Marque), NANOG (1:200; cat#EP225, Cell 384 
Marque), SOX2 (1:500; cat#PA1-094, ThermoFisher Scientific, Rockford, IL, USA), KLF4 (1:100; 385 
cat#NBP2-24749, Novus Biologicals LLC, Littleton, CO, USA), and c-MYC (1:1000; cat#9E10, Abcam, 386 
Cambridge, MA, USA) was performed with 3,3-diaminobenzidine as the chromogen and the 387 
antibodies were diluted with BONDTM primary antibody diluent (Leica). All IHC-stained slides were 388 
mounted in Surgipath Micromount mounting medium (cat#381017322, Leica).  389 

IF staining was performed on two HNmMM tissue samples from the original cohort of 20 390 
patients. This was performed to demonstrate colocalization of two markers using a combination of 391 
VectaFluor Excel anti-rabbit 594 (ready-to use; cat#VEDK-1594, Vector Laboratories, Burlingame, CA, 392 
USA) and Alexa Fluor anti-mouse 488 (1:500; cat#A21202, Life Technologies, Carlsbad, CA, USA) to 393 
detect combinations that included OCT4 and c-MYC. VectaFluor Excel anti-mouse (ready-to-use; 394 
cat#VEDK2488, Vector Laboratories) and Alexa Fluor anti-rabbit 594 (1:500; cat#A21207, Life 395 
Technologies) were used to detect combinations that included NANOG, SOX2, and KLF4.  396 

Human tissues used for positive controls for the primary antibodies were seminoma for OCT4 397 
and NANOG, normal skin for SOX2, breast carcinoma for KLF4, and normal colon for c-MYC. A 398 
negative antibody control was carried out on one randomly selected HNmMM sample per antibody 399 
staining run with staining using either a mouse (ready-to-use; cat#IR750, Dako, Carpinteria, CA, USA) 400 
or rabbit (ready-to-use; cat#IR600, Dako) primary antibody isotype-matched control for the IHC 401 
staining or a combination for the IF staining.   402 

4.4. In situ hybridization 403 
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ISH was carried out on 4 μm thick FFPE sections of six randomly selected HNmMM samples 404 
from the original cohort of 20 patients using OCT4 (cat#592868), NANOG (cat#604498), SOX2 405 
(cat#477651), KLF4 (cat#457468) and c-MYC (cat#311768-C2) probes (Advanced Cell Diagnostics, 406 
Newark, CA, USA) and detected using RNAscope 2.5LS Reagent Brown Kit (cat#322100, Advanced 407 
Cell Diagnostics). Positive control tissue sections were used as for IHC sections. Negative controls 408 
were demonstrated on sections of HNmMM using a probe for DapB (cat#3120358, Advanced Cell 409 
Diagnostics).  410 

4.5. Image analyses and cell counting 411 

IHC and ISH stained slides were visualized and imaged using an Olympus BX53 microscope 412 
fitted with an Olympus SC100 digital camera (Olympus, Tokyo, Japan), and processed with the 413 
CellSens 2.0 Software (Olympus).  414 

Representative areas of iPSC marker distributions were selected, captured and counted (both 415 
within the TNs and the PTS). For IHC staining, three representative fields of each of the 19 sections 416 
were selected and counted at 400x magnification, and for ISH, six fields of view were selected and 417 
counted at 1000x magnification, using the Cell Counter program on ImageJ and presented as an 418 
average proportion of the total number of positive cells in the total number of fields. One sample out 419 
of the original cohort of 20 patients was excluded from counting due to potential confounding effect 420 
owing to dense melanin pigmentation.  421 

IF stained images were visualized and captured using an Olympus FV1200 biological confocal 422 
laser-scanning microscope (Olympus) and subsequently processed with the cellSens Dimension 1.11 423 
software using 2D deconvolution algorithms (Olympus).  424 

4.6. Reverse transcriptase quantitative polymerase chain reaction  425 

Total RNA was isolated from five snap frozen HNmMM tissue samples and four HNmMM-426 
derived primary cell lines from the original cohort of 20 patients. Approximately 20 mg of tissue was 427 
homogenized using the Omni Tissue Homogenizer (Omni TH, Omni International, Kennesaw, GA, 428 
USA) and then prepared using the RNeasy Mini Kit (cat#74104, Qiagen). Frozen cell pellets of 429 
approximately 5x105 viable cells were prepared using the RNeasy Micro Kit (cat#74004, Qiagen). A 430 
DNase digest step was included to remove potentially contaminating genomic DNA (cat#79254, 431 
Qiagen). The quantity and quality of the RNA was determined using a NanoDrop 2000 432 
Spectrophotometer (ThermoFisher Scientific). Transcript expression was assessed using the Rotor-433 
Gene Q (Qiagen) and the Rotor-Gene Multiplex RT-PCR Kit (cat#204974, Qiagen). The primer probes 434 
used were OCT4 (Hs03005111_g1), NANOG (Hs02387400_g1), SOX2 (Hs01053049_s1), KLF4 435 
(Hs00358836_m1) and c-MYC (Hs00153408_m1; cat#4331182) (ThermoFisher Scientific). Gene 436 
expression was normalized against the housekeepers GAPDH (Hs99999905_m1) and PSMB4 437 
(Hs00160598_m1; cat#4331182, ThermoFisher Scientific). Positive controls were demonstrated on 438 
NTERA2 cell lines with RNase-free water negative controls being used to confirm no contamination 439 
and reverse-transcriptase negative controls included for those primers that may detect genomic DNA. 440 
End point PCR amplification product specificity was checked using 2% agarose gel (cat#G402002, 441 
ThermoFisher Scientific) electrophoresis using the eGel equipment (cat#G6400, ThermoFisher 442 
Scientific) and subsequent imaging using the ChemiDoc MP (Bio-Rad Laboratories).  443 

4.7. Western blotting 444 

Total protein extracts from four HNmMM-derived primary cell lines were resolved by 4-12% 445 
one-dimensional polyacrylamide gel electrophoresis (ThermoFisher Scientific) at 20 μg total protein 446 
per sample and transferred to polyvinylidene difluoride membranes (ThermoFisher Scientific). The 447 
membranes were then probed with the following primary antibodies: OCT4 (1:1000; cat#ab109183, 448 
Abcam), NANOG (1:500; cat#ab109250, Abcam), SOX2 (1:500; cat#48-1400, ThermoFisher Scientific), 449 
KLF4 (1:1000; cat#NBP2-24749, Novus Biologicals, Centennial, CO, USA), c-MYC (1:1000 cat#ab32072, 450 
Abcam) and α-tubulin (1:1000; cat#62204, ThermoFisher Scientific) followed by incubation with an 451 
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appropriate secondary antibody, either goat anti-rabbit, horseradish peroxidase (HRP) conjugate 452 
(1:1000; cat#ab6721, Abcam) for the five iPSC markers or mouse IgGĸ binding protein, HRP conjugate 453 
(1:2000; cat#sc516102, Santa Cruz Biotechnology, Dallas, TX, USA) for α-tubulin. HRP-conjugated 454 
secondary antibody detection and visualization were performed using Clarity Western enhanced 455 
chemiluminescence substrate (Bio-Rad Laboratories) and a ChemiDoc MP imaging System (Bio-Rad 456 
Laboratories). 457 

Image Lab 6.0 (Bio-Rad Laboratories) was used to perform densitometric quantification of OCT4, 458 
NANOG, SOX2, KLF4, and c-MYC expression, relative to α-tubulin. Single bands that corresponded 459 
with the expected size of the respective proteins were used for the analysis.   460 

4.8. In-vitro tumorsphere formation assays 461 

Tumorsphere suspension cultures were developed using four HNmMM-derived primary cell 462 
lines. Briefly, 2.5x105 live cells from adherent cultures at passages 8-9 were seeded in 25 mL 463 
StemXVivo serum-free tumorsphere media (cat#CCM012, R&D Systems, Minneapolis, MN, USA), as 464 
per the manufacturer’s protocol in T75 NunclonTM SpheraTM EasYFlasks (cat#174952, ThermoFisher 465 
Scientific) and cells were maintained in a 5% CO2 incubator at 37°C for up to 10 days, and fed every 466 
3-4 days with the addition of 12.5 mL of media. Cells were then observed under an Olympus CKX53 467 
Microscope (Tokyo, Japan) daily from day three. Three fields of view were captured for each cell line, 468 
and from each field of view five representative tumorspheres were identified, and two measurements 469 
per sphere-like structure were performed to establish an average sphere size per flask. If the average 470 
measurements of the spheres were greater than 50µm in size and more than 50% of spheres measured 471 
per field of view were over 50µm, the culture was classified as positive for tumorspheres [40]. This 472 
was done to account for samples where only a few cells formed tumorspheres.  473 

4.9. Statistical analysis 474 

Statistical analyses for comparison of the iPSC markers investigated by IHC staining and ISH of 475 
the HNmMM tissue samples were undertaken. Two types of analyses were done: a) a Analysis of 476 
Variance (ANOVA) using the percentage of marker-positive cells as the dependent variable and the 477 
iPSC markers and replicates as independent variables, ignoring the fact that the samples came from 478 
the same patient, and the replicates from the same sample and so they are correlated; b) to 479 
accommodate these correlations, Generalized Estimating Equations [78] with a linear model that 480 
required minimal distributional assumptions were used to test whether the mean levels of the five 481 
iPSC markers were different. Given the multiple comparisons being made, post hoc analysis with 482 
Bonferroni corrections were performed.   483 

5. Conclusions 484 

Our findings demonstrate the presence of two putative subpopulations of CSCs expressing iPSC 485 
markers within the TNs and PTS of HNmMM. This enables us to speculate the plastic nature of the 486 
CSC hierarchy, where progenitor subpopulations within a tumorigenic niche may be induced to re-487 
acquire a primitive pluripotent CSC state, with the expression of these iPSC-related factors. While 488 
the exact mechanism by which CSCs sustain tumorigenesis in HNmMM is yet to be conclusively 489 
ascertained, our novel finding of CSC subpopulations in HNmMM acts as a stepping stone for future 490 
research to better understand the regulatory pathways for CSCs that may underscore targeted 491 
therapy, and thus improved outcomes for patients with HNmMM.  492 

Supplementary Materials: The following are available online, Figure S1: Representative immunohistochemical 493 
stained sections of positive and negative human control tissues for the iPSC markers, Figure S2: Split 494 
immunofluorescence stained images of head and neck metastatic malignant melanoma tissue samples for the 495 
iPSC markers, Figure S3: Positive and negative controls of in situ hybridization stained sections for the five iPSC 496 
markers, Figure S4: Reverse-transcriptase quantitative polymerase chain reaction amplification products from 497 
HNmMM tissue samples and HNmMM-derived primary cell lines were checked using agarose gel 498 
electrophoresis, Figure S5: WB analysis of isotype matched control of SOX2 and densitometric quantification of 499 
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the iPSC marker expression from WB analysis, Figure S6: Representative low magnification images of 500 
tumorsphere formation in the HNmMM-derived cell lines, Table S1: Demographic data and sites of the 501 
metastases of the 20 patients with HNmMM.  502 
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