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Results: DAB IHC staining demonstrated the presence of PRR, ACE, ATIIR1 and ATIIR2 in all
ten MDHNCSCC tissue samples. IF IHC staining showed expression of PRR and ATIIR2 by the
0OCT4* cells, and ACE and ATIIR1 by the SOX2* cells, within the tumour nests (TNs) and the
peritumoural stroma (PTS). PRR, ACE, ATIIR1 and ATIIR2 were expressed by the endothelium
of the microvessels within the PTS. WB confirmed protein expression for PRR, ACE and ATIIR1
in MDHNCSCC tissue samples and MDHNCSCC-derived primary cell lines. RT-qPCR showed tran-
scriptional activation of PRR, ACE, ATIIR1 and ATIIR2 in MDHNCSCC tissue samples; and PRR,
ACE, ATIIR1 but not ATIIR2, in MDHNCSCC-derived primary cell lines.

Conclusion: PRR, ACE, ATIIR1 and ATIIR2 are expressed by the CSC subpopulations within the
TNs, the PTS, and the endothelium of the microvessels within the PTS, in MDHNCSCC.

© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-

sevier Ltd. All rights reserved.

Introduction

The incidence of non-melanoma skin cancer has been in-
creasing worldwide' with cutaneous squamous cell carci-
noma (CSCC) being the second most common and 60% af-
fecting the head and neck.? In New Zealand, the incidence
of CSCC has been rising at a 1.1% annual rate over eight
years, particularly amongst the aging population.’

Ultraviolet (UV) radiation exposure is the major cause
for CSCC through several mechanisms,’ with most CSCCs
located on sun-exposed skin, mainly the head and neck,
especially in fair-skinned individuals.> Other risk factors
include human papillomavirus infection, chronic immuno-
suppression and chronic conditions.*

The cancer stem cell (CSC) concept of carcinogenesis
proposes CSCs as the origin of cancer® which have a unique
capability to maintain cancer.® Current research focuses on
the hierarchical organisation of CSCs, with the most primi-
tive subpopulation possessing pluripotency atop the hierar-
chy, differentiating to mature cancer cells.® Both CSCs and
non-CSCs show plasticity, capable of transforming their phe-
notype in response to certain stimuli.’

Resistance of CSCs to radiotherapy and chemotherapy
could explain cancer relapse following clinical remission.®
CSCs can be distinguished from the bulk of the cancer
cells by their expression of specific embryonic stem cell
(ESC) markers.’ More invasive tumours overexpress these
ESC markers.” ' Although several markers are associated
with CSCs, OCT4, SOX2, KLF4, NANOG and c-MYC, are more
crucial to the induction and maintenance of their ESC-like
phenotype.

We have recently demonstrated the presence of an
OCT4*/NANOG™/SOX2*/KLF4*/c-MYCT  CSC  subpopu-
lation localised to the tumour nests (TNs), the per-
itumoural stroma (PTS), and the endothelium of the
microvessels within the PTS of MDHNCSCC, and also a
OCT4"/NANOG~/SOX2* /KLF4+*/c-MYC™ subpopulation
within the PTS."

The renin-angiotensin system (RAS) physiologically main-
tains blood pressure and blood volume.'? Angiotensinogen
(AGN) is activated to form angiotensin | (ATI) by renin, which
is converted from pro-renin by binding to pro-renin receptor
(PRR)."? Angiotensin converting enzyme (ACE) converts ATI
to angiotensin Il (ATII). ATII acts on ATIl receptor 1 (ATIIR1)
or ATl receptor 2 (ATIIR2) to produce a number of physio-
logical effects in target tissues."?

Dysregulation of the RAS leads to a broad range of patho-
logical effects. Components of the RAS are overexpressed

in several cancer types, and have been localised to CSCs."
Furthermore, components of the RAS are known to be ex-
pressed in many different cell types within the tumour mi-
croenvironment, including endothelial cells, fibroblasts and
an array of immune cells.” The ACE/ATII/ATIIR1 axis pro-
motes tumour growth by modulating angiogenesis, inflam-
mation and desmoplasia.'® Conversely, the ATII/ATIIR2 axis
confers a protective effect against carcinogenesis.'® RAS
modulators mitigate tumour growth and spread and improve
outcome of cancer patients.'”

This study investigated the expression of the components
of the RAS: PRR, ACE, ATIIR1 and ATIIR2 in MDHNCSCC tis-
sue samples and cell lines derived directly from these tissue
samples, using 3,3’-diaminobenzidine (DAB) and immunoflu-
orescence (IF) immunohistochemical (IHC) staining, Western
blotting (WB) and real-time polymerase chain reaction (RT-
gPCR).

Materials and methods
MDHNCSCC tissue samples

MDHNCSCC tissue samples (MDHNCSCCTS) from 9 male and
1 female patients, aged 60-93 (mean, 77.3) years, included
in our recent study,"’ were sourced from the Gillies McIn-
doe Research Institute Tissue Bank for this study, which was
approved by the Central Health and Disability Ethics Com-
mittee (Ref. no. 12/CEN/74). Written informed consent was
obtained from patients included in this study.

MDHNCSCC-derived primary cell lines

Primary cell lines were derived directly from six fresh
MDHNCSCCTS from the ten patients used for DAB IHC stain-
ing, as described.” Cells were cultured in DMEM media
with high glucose and containing pyruvate (cat#10569010,
Thermo Fisher Scientific, Waltham, MA, USA), supple-
mented with 10% FCS (cat#10091148, Thermo Fisher
Scientific), 5% mTeSR™1 (cat#85850, Stemcell Tech-
nologies, Vancouver, Canada), 1% penicillin-streptomycin
(cat#15140122, Thermo Fisher Scientific) and 0.2% gentam-
icin/amphotericin B (Cat# R01510, Thermo Fisher Scien-
tific). Cultures were maintained in a humidified incubator
with 5% CO, at 37 °C.
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Histochemical and immunohistochemical staining

Haematoxylin and eosin (H&E) staining was performed on
4 pum-thick formalin-fixed paraffin-embedded sections of
MDHNCSCCTS from ten patients. Each HNMDCSCC was iden-
tified and the histological grade confirmed by an anatom-
ical pathologist (HDB). DAB IHC staining was performed
on sections of the HNMDCSCCTS using primary antibod-
ies for PRR (1:2000; cat#ab40790, Abcam, Cambridge, MA,
USA), ACE (1:100; cat#MCA2054, AbD Serotec, Raleigh, NC,
USA), ATIIR1 (1:30; cat#ab9391, Abcam), ATIIR2 (1:2000;
cat#NBP1-77368, Novus Biologicals, Littleton, CO, USA),
SOX2 (1:200; cat#PA1-094, Thermo Fisher Scientific, Rock-
ford, IL, USA) and OCT4 (1:30; cat#MRQ-10, Cell Marque).
All antibodies were diluted with Bond™ primary antibody
diluent (cat#AR9352, Leica). Surgipath Micromount mount-
ing medium (cat#38017322, Leica) was used to mount all
slides.

To determine co-expression of the proteins, IF IHC stain-
ing was performed on three MDHNCSCCTS from the original
cohort of ten patients used for DAB IHC staining. Dual stain-
ing was performed using identical primary antibodies and
concentrations as used for DAB IHC staining, with primary
antibodies for ERG (1:200; cat#EP111, Cell Marque), an en-
dothelial marker. For detection of the primary antibody,
an appropriate fluorescent secondary antibody of Vectafluor
Excel anti-mouse (ready-to-use; cat#VEDK2488, Vector Lab-
oratories, Burlingame, CA, USA) or Alexa Fluor anti-rabbit
594 (1:500; cat#A21207, Life Technologies, Carlsbad, CA,
USA) was used. IF IHC-stained slides were mounted in Vec-
tashield HardSet anti-fade mounting medium and counter-
stained with 4'6-diamino-2-phenylinodole (cat#H-1500, Vec-
tor Laboratories). All IF IHC-stained slides were mounted
in Vecta Shield Hardset mounting medium with 4,6'-
diamidino-2-phenylindole (Vector Laboratories). Human tis-
sues used for positive controls were placenta for PRR, liver
for ATIIR1 and kidney for ATIIR2 and ACE. To determine the
specificity of the amplification cascade used in DAB IHC
staining, negative controls were performed on sections of
MDHNCSCC using a matched isotype control for both mouse
(ready-to-use; cat#IR750, Dako, Copenhagen, Denmark) and
rabbit (ready-to-use; cat#IR600, Dako) primary antibodies.
Negative controls for IF IHC staining were performed us-
ing a combination of primary isotype mouse (ready-to-use;
cat#IR750, Dako) and rabbit (ready-to-use; cat#IR600, Dako)
antibodies.

Image analysis

DAB IHC-stained slides were visualised and imaged using
the Olympus BX53 light microscope, fitted with an Olym-
pus SC100 digital camera, and processed with the CellSens
2.0 Software (Olympus, Tokyo, Japan). IF IHC-stained slides
were viewed and imaged with the Olympus FV1200 biologi-
cal confocal laser-scanning microscope, and processed with
CellSens Dimension 1.11 software using 2D deconvolution al-
gorithm (Olympus).

RT-gPCR

RNA was extracted from 20 mg each of the five snap-frozen
MDHNCSCCTS from the original cohort of ten patients used

for DAB IHC staining. Tissue sections were each suspended
in 350 L lysis buffer RLT (cat#79216, Qiagen, Hilden, Ger-
many). Samples were homogenised using the Omni Tissue
Homogenizer (Omni International, Kennesaw, GA, USA). The
RNeasy Mini Kit (Qiagen) and the QlAcube (Qiagen) were
used for RNA extraction, and quantified using the NanoDrop
2000 Spectrophotometer (Thermo Fisher Scientific). Four
MDHNCSCC-derived primary cell lines (ADHNCSCCPCL) were
subject to the same RNA extraction process.

Extracted samples underwent RT-gPCR using the
Rotor-Gene Q (Qiagen) and the Rotor-Gene Multiplex
RT-PCR Kit (Qiagen). The primer probes used were
PRR (Hs00997145_m1), ACE (Hs00174179_m1), ATIIR1
(Hs00258938_m1) and ATIIR2 (Hs02621316_s1). All probes
were obtained from Thermo Fisher Scientific (cat#4331182).
Threshold cycle values were compared against the house-
keeper GAPDH (Hs99999905_m1) (cat#4351370, Thermo
Fisher Scientific).

Western blotting

Total protein was extracted and precipitated from five snap-
frozen MDHNCSCCTS and six MDHNCSCCPCL, from the orig-
inal cohort of ten patients used for DAB IHC staining, and
separated by SDS-PAGE and transferred to a PVDF mem-
brane using methods previously described.” Protein de-
tection was performed on the iBind Flex (cat#SLF2000,
Thermo Fisher Scientific) using the primary antibodies for
PRR (ATP6IP2, 1:500, cat#ab40790, Abcam, Cambridge, UK),
ATIIR1 (AT2R1, 1:500; cat#sc-1173, Santa Cruz, CA, USA),
ATIIR2 (1:500; cat#ab92445, Abcam), ACE (1:200; cat#sc-
12184, Santa Cruz), and «-tubulin (1:1000; cat#62204,
Thermo Fisher Scientific). Appropriate secondary antibod-
ies were goat anti-rabbit HRP (1:1000, cat#A16110, Thermo
Fisher) and donkey anti-rabbit HRP (1:1000, cat#SA1-200,
Thermo Fisher) for PRR, ATIIR1 and ATIIR2, and goat anti-
mouse Alexa Fluor 488 (1:2000; cat#A21202, Life Technolo-
gies) for «-tubulin. ACE tertiary cascade used a rabbit anti-
goat Superclonal™ biotin conjugated secondary antibody
(1:4000; cat#A27013, Thermo Fisher) followed by a Pierce™
Streptavidin Poly HRP (1:5000, cat#21140, Thermo Fisher) at
4°C for 10 min. Clarity Western ECL (cat#1705061, Bio-Rad)
was used as the substrate for visualising HRP detected pro-
tein bands and the ChemiDoc MP Imaging System (Bio-Rad)
and Image Lab 6.0 software (Bio-Rad) were used for band
detection and analysis. Positive controls were human pla-
centa for PRR and ATIIR1, mouse lung for ACE, and a recom-
binant ATIIR2 protein (cat#H00000186-P01, Novus Biologi-
cals, Littleton, CO, USA) for ATIIR2. Matched mouse (1:500;
cat#ab18443, Abcam) and rabbit (1:500; cat#ab171870, Ab-
cam) isotype controls were used as appropriate negative
controls.

Statistical analyses

The data obtained from the MDHNCSCCTS and MDHNCSC-
CPCL were first transformed by Log;o and then the Wilcoxon
Matched Pairs Signed Ranks test was applied. The analysis
package was SPSS v24. The analysis performed on data ob-
tained from the cell lines was performed using student’s t-
test for paired samples.
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Results

Histochemical and 3,3’-diaminobenzidine
immunohistochemical staining

H&E staining confirmed the presence and appropriate his-
tological grade for all ten MDHNCSCCTS, displaying tumour
nests (TNs) and with intervening peritumoural stroma (PTS)
(Suppl. Figure 1A). DAB IHC staining showed membranous
and cytoplasmic expression of PRR (Figure 1A, brown) by the
cells within the TNs and cytoplasmic expression on the cells
within the PTS. ACE (Figure 1B, brown) was predominantly
localised to the endothelium of the microvessels within the
PTS. ATIIR1 (Figure 1C, brown) demonstrated cytoplasmic
and nuclear expression throughout the PTS and the endothe-
lium of the microvessels within the PTS, and moderate cy-
toplasmic and nuclear staining throughout the TNs. ATIIR2
(Figure 1D, brown) displayed weak granular cytoplasmic ex-
pression on the cells within the TNs and the PTS.

Human tissues used for positive controls demonstrated
the expected staining patterns for PRR (Suppl. Figure 1B,

Figure 1

brown) in placenta, ACE (Suppl. Figure 1C, brown) in kidney,
ATIIR1 (Suppl. Figure 1D, brown) in liver, and ATIIR2 (Suppl.
Figure 1E, brown) in kidney. The omission of the primary
antibodies in HNMDCSCCTS provided the negative controls
for all DAB IHC-stained slides (Suppl. Figure 1F).

Immunofluorescence immunohistochemical
staining

We have recently demonstrated, within HNMDCSCC, the
presence of an OCT4"/NANOG™/SOX2*/KLF4*/c-MYC*
CSC subpopulation within the TNs, the PTS, and the
endothelium of the microvessels within the PTS; and
an OCT4"/NANOG~/SOX2*/KLF4*/c-MYCT CSC subpop-
ulation within the PTS." ACE (Figure 2A, green) was
expressed by the SOX2* (Figure 2A, red) CSC subpopula-
tion within the PTS, as well as the ERG™ (Figure 2B, red)
endothelium of the microvessels. ATIIR1 (Figure 2C, green)
was detected on the SOX2+ (Figure 2C, red) CSC subpopula-
tion within the TNs and the PTS, and the ERG* (Figure 2D,

Representative 3,3-diaminobezidine immunohistochemical-stained sections of moderately differentiated head and neck

cutaneous squamous cell carcinoma tissue samples demonstrating expression of PRR (A, brown) by cells within the tumour nests
(TNs) and the peritumoural stroma (PTS), and the endothelium of the microvessels within the PTS. ACE was exclusively expressed
by the endothelium of the microvessels (B, brown). ATIIR1 (C, brown) and ATIIR2 (D, brown) were expressed by cells within the
TNs and the endothelium of the microvessels within the PTS, but ATIIR2 had comparatively lighter staining throughout. Nuclei were
counter-stained with haematoxylin (A-D, blue]. Original magnification: 400x.
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Figure 2 Representative immunofluorescence immunohistochemical-stained sections of moderately differentiated head and neck
cutaneous squamous cell carcinoma tissue samples demonstrating expression of ACE (A,B, green) by the SOX2* (A, red) cells within
the peritumoural stroma (PTS), and the ERG" (B, red) endothelium of the microvessels within the PTS. ATIIR1 (C,D, green) was
detected in the SOX2* (C, red) CSC subpopulation within the tumour nests (TNs) and the PTS and the ERG* (D, red) endothelium
of the microvessels within the PTS. Faint staining of ATIIR2 (E,F, red) was present in the OCT4" (E, green) CSC subpopulation
throughout the TNs and the PTS, and the CD34" (F, green) endothelium of the microvessels within the PTS. Abundant expression
of PRR (G, red) was demonstrated on the OCT4* (G, green) CSC subpopulation within the TNs and the PTS. PRR (H, red) was
also expressed by the CD34% (H, green) endothelium of the microvessels within the PTS. Cell nuclei were counterstained with
4’ 6’-diamidino-2-phenylindole (A-H, blue). Original magnification 400x.
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red) endothelium of the microvessels within the PTS. Faint
staining of ATIIR2 (Figure 2E, red) was present on the OCT4*
(Figure 2E, green) CSC subpopulation throughout the TNs
and the PTS, and the CD34" (Figure 2F, green) endothelium
of the microvessels within the PTS. Abundant expression
of PRR (Figure 2G,H, red) was demonstrated on the OCT4"
(Figure 2G, green) CSC subpopulation within the TNs and
the PTS, and the CD34* (Figure 2H, green) endothelium of
the microvessels within the PTS.

Images demonstrating individual stains of the merged im-
ages in Figure 2 are provided in Supplementary Figure 2.
Specificity of primary antibodies was confirmed on the neg-
ative controls (Suppl. Figure 2Q), which demonstrated min-
imal staining.

RT-qPCR

RT-gPCR, normalised against the housekeeper GAPDH, con-
firmed transcription activation of PRR, ACE, ATIIR1 and
ATIIR2 across all six snap-frozen MDHNCSCCTS (Figure 3).
ACt values were transformed using Log;y and then the
Wilcoxon Matched Pairs Signed Ranks test was applied. This
showed that PRR significantly higher expression of ACE: ACE
(p <0.028); ATIIR1 (p <0.028) and ATIIR2 (p <0.046). ACE
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was significantly less expressed than ATIIR1 (p < 0.028) but
not significantly different from ATIIR2 (p <0.600). The ex-
pression of ATIIR1 was not significantly different from that
of ATIIR2 (p <0.075).

RT-qPCR performed on five MDHNCSCCPCL, for PRR,
ACE, ATIIR1 and ATIIR2, normalised against the house-
keeper GAPDH, confirmed the presence of PRR, ACE and
ATIIR1 across all five samples, with ATIIR2 being below de-
tectable levels (Figure 4). ACt values were transformed us-
ing Logo and then the student’s t-test was applied to com-
pare paired samples. This showed that the relative abun-
dance of PRR and the following markers is significant: ACE
(p <0.000); ATIIRT (p <0.002) and ATIIR2 (p <0.000). ACE
was significantly more abundantly expressed than ATIIR2
(p < 0.000) but only marginally significantly different from
ATIIR1 (p <0.056). There was no significant difference be-
tween the expression of ATIIR1 and ATIIR2 (p <0.075).

Western blotting

WB on five snap-frozen MDHNCSCCTS demonstrated the
presence of bands at the expected molecular weights for
PRR, ACE and ATIIR1 (Figure 5). PRR was detected in four
out of five tissue samples (Figure 5A, red), as two bands
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Figure 3 Graphs showing average ACT values of triplicate RT-gPCR runs performed on snap-frozen moderately differentiated head
and neck cutaneous squamous cell carcinoma tissue samples, amplifying transcripts for ACE (A), PRR (B), ATIIR1 (C) and ATIIR2 (D).
ACT was calculated by comparing CT values of components of the renin-angiotensin system to that of housekeeping gene GADPH.
Positive controls are confirmed on human fibroid tissue, and specificity of the probe is demonstrated using a no template control

(NTC).
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Figure 4 Primary cell lines derived from five moderately differentiated head and neck cutaneous squamous cell carcinoma tissue
samples subjected to RT-qPCR, demonstrating transcript expression of ACE (A), PRR (B), ATIIR1 (C) and ATIIR2 (D). ACT values
calculated by comparing CT values of the components of the RAS to that of housekeeping gene GAPDH, with graphs displaying
average ACT values of triplicate trials run on each sample. Positive controls were demonstrated on uterine fibroid tissue, and

specificity of probe confirmed using a no template control (NTC).

at the appropriate weights of 21 kDa and 35 kDa, represent-
ing the soluble form and the transmembrane form respec-
tively.?’ ATIIR1 was detected at the appropriate molecular
weight of 41 kDa' in four out of the five tissue samples
with specificity confirmed on placenta tissue (Figure 5B,
red). ATIIR2 was below detectable levels in all five tissue
samples (Figure 5C, red). ACE was detected at the molecu-
lar weight of 194 kDa'* in two out of the five MDHNCSCCTS
with the specificity of the antibody confirmed by mouse lung
as the control tissue (Figure 5D, red). Bands for «-tubulin
(Figure 5E, green) confirmed approximate equivalent pro-
tein loading for all MDHNCSCCTS examined. The rabbit and
mouse IgG isotype controls (Suppl. Figure 3A) were used to
detect any non-specific staining.'# 2% 2!

WB on the six MDHNCSCCPCL demonstrated the presence
of bands at the expected molecular weights for PRR and
ATIIR1 but not ATIIR2 or ACE (Figure 6). PRR was detected
in five out of six cell lines (Figure 6A, red) at 21kDa and
at approximately 70 kDa representing dimerisation of PRR,
possibly induced by renin binding." ATIIR1 was detected at

the appropriate molecular weight of 41 kDa (Figure 6B, red)
with specificity confirmed in placenta tissue. ATIIR2 was not
detected (Figure 6C) at the expected molecular weight of
40kDa, with specificity of the antibody confirmed by re-
combinant ATIIR2 protein which demonstrated detection of
a band at the expected molecular weight of 55kDa. ACE
was not detected in any of the MDHNCSCCPCL (Figure 6D).
Bands for «-tubulin confirmed approximate equivalent pro-
tein loading for all MDHNCSCCTS examined (Figure 6E). The
rabbit and mouse IgG isotype controls (Suppl. Figure 3B)
were used to detect any non-specific staining.

Discussion

The RAS has been implicated in many pathological states,
with recent studies highlighting the association between
RAS dysregulation and carcinogenesis, most significantly the
ACE/ATII/ATIIRT axis.” Its paracrine actions entail a com-
plex interaction within several key cell-signalling pathways,
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Figure 5 Western Blot (WB) images of total protein extracted from five moderately differentiated head and neck cutaneous
squamous cell carcinoma tissue samples probed for PRR (A), ATIIR1 (B), ATIIR2 (C) and ACE (D). WB for «-tubulin (E) which was used
as a housekeeping protein. The molecular weight ladder (kDa) is labelled for each blot.

thus attenuating carcinogenesis by modulating the tumour
microenvironment, particularly sustaining angiogenesis,
cell migration and pro-survival signalling.??> 23

We have recently demonstrated the presence of an
OCT4"/NANOG™/SOX2*/KLF4*/ c-MYC* CSC subpopula-
tions localised to the TNs, the PTS, and the endothelium
of the microvessels within the PTS in MDHNCSCC; and an
OCT4"/NANOG~/SOX2*/KLF4*/c-MYC* CSC subpopulation
within the PTS."" In this study we have demonstrated ex-
pression of PRR, ACE, ATIIR1 and ATIIR2 by the OCT4*/SOX2+
CSC subpopulations.

PRR, ATIIR1 and ATIIR2 were demonstrated throughout
the tumour microenvironment - within the TNs, the PTS and
the endothelium of the microvessels within the PTS in all
ten MDHNCSCCTS by DAB IHC staining. This was confirmed
by the presence of transcription activation of these pro-
teins within the tissue samples. However, mRNA and pro-
tein expression of ATIIR2 was below detectable levels within
the MDHNCSCCPCL by RT-gPCR and WB analyses, respec-
tively. This may be due to MDHNCSCCPCL not expressing
ATIIR2 having differentiated down a cellular pathway that
does not express the aforementioned proteins. This find-
ing is consistent with several studies showing ATIIR2 play-
ing a cancer-protective role counteracting the downstream
carcinogenic effects of ATIIR1 activation.'® ATIIR2 opposes
tumour angiogenesis through inhibition of the vascular en-
dothelial growth factor (VEGF) pathway, and hence low ex-
pression in a carcinogenic tumour niche.® However, our find-

ing of ATIIR2 within the tissue samples supports other stud-
ies suggesting that ATIIR2 may possess a pro-carcinogenic
effect, parallel to the ATII/ATIIR1 axis.?

Similarly, ACE was below detectable levels in the MDHNC-
SCCPCL. This may be attributed to the cell line constituents
not directly reflecting the composition of the tissues. In-
terestingly, IF IHC staining demonstrated localisation of ACE
only to the endothelium of the microvessels within the PTS.
This could reflect ‘vascular mimicry’ and the involvement
of ACE in promoting tumour angiogenesis.” Interestingly,
comparable expression patterns of ACE are found in a prim-
itive phenotypic endothelium found in close proximity to
colorectal cancer.?® This may imply that ACE plays a role
in regulating epithelial-to-mesenchymal transition (EMT), a
process central to cancer metastasis, by promoting tumour
angiogenesis.'®> 2 27 Different alleles of ACE affects cancer
prognosis, with homozygotes for Il and AA alleles yielding
low-activity isotypes of ACE which interestingly lead to a
phenotype with low incidences of cancer.?® Whereas DD and
TT homozygotes have been shown to have a high-activity
form of ACE which correlated with higher incidence of can-
cer.”

ATIIR1 was the most ubiquitously expressed component
of the RAS within all three areas of the tumour microen-
vironment. The association of ATIIR1 with cancer progres-
sion has been widely observed. Overexpression of ATIIR1
in cutaneous and lip SCC and a correlation between in-
creased expression and worsening tumour differentiation
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Figure 6 Western Blot (WB) images of total protein extracted from primary cell lines derived from six moderately differentiated
head and neck cutaneous squamous cell carcinoma samples probed for PRR (A), ATIIR1 (B), ATIIR2 (C) and ACE (D). WB for «-tubulin
(E) which was used as a housekeeping protein. The molecular weight ladder (kDa) is labelled for each blot.

have demonstrated.?’ VEGF signalling is increased by ATIIR1,
thus contributing to the increased aptitude for angiogene-
sis displayed by tumours. Furthermore, the interaction of
ATIl with ATIIR1 also promotes EMT alongside the effects of
ACE.*°

PRR has been suggested to play a vital role in the pro-
liferation of CSCs, mainly through its role in the Wnt/g-
catenin signalling pathway resulting in accelerated carcino-
genesis.” We have observed the presence of PRR within all
aspects of the tumour microenvironment, with particular
abundance within the TNs. The presence of PRR on the en-
dothelium of the microvessels also implicates PRR in EMT
and cancer progression.*'

These novel findings are consistent with our previous
studies in buccal mucosal,*? oral tongue,** lip"* SCC, and
glioblastoma.?* We speculate that CSCs may be a novel
therapeutic target by modulation of the RAS using existing
medications such as aliskerin, a renin inhibitor; g-blockers,
which block the production of pro-renin and thus reduce
renin levels; ACE inhibitors and ATIl receptor 1 blockers
(ARBs), show promise as an alternative approach to MDHNC-
SCC therapy.®>*” Users of ACE inhibitors or ATIIR1 blockers
have a lower incidence of SCC than non-users, and thus it is
exciting to infer similar results for MDHNCSCC. 3
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