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Abstract. Inflammation and the immune system play a role in
the development and progression of melanoma, basal cell
carcinoma (BCC), and squamous cell carcinoma (SCC). The
pro-inflammatory and tumor-promoting effects of the high-
mobility group box-1 (HMGBI) protein and the receptor for
advanced glycation end products (RAGE) have been investigated
in these cutaneous malignancies. The clinical implication of
these molecules is not fully described. The National Library of
Medicine database was searched for articles addressing the
clinical relevance of HMGB1 and RAGE in melanoma, BCC,
and SCC. This systematic review includes nine articles, with six
summarizing RAGE in cutaneous malignancies and three
involving HMGBI. RAGE has been found to be up-regulated in
SCC lesions, as well as melanoma. Levels of RAGE were highest
in stage IV melanomas. Lower levels of soluble RAGE have been
associated with poor overall survival in melanoma. Sporadic
extracellular expression of HMGB1 was evident in BCC and
SCC lesions, which could be released by necrotic tumor cells.
HMGBI was found to be a prognostic marker in melanoma, and
HMGBI levels were elevated in patients who were non-
responders to ipilimumab treatment. HUGBI and RAGE could
serve as potential prognostic markers or therapeutic targets in
treating melanoma, BCC, and SCC, but further research
regarding the clinical utility of the HMGBI-RAGE axis in
cutaneous malignancies is warranted.
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Skin cancer is the most common malignancy in North
America, when considered as a single entity (1). The various
forms of cutaneous malignancies include malignant
melanoma, basal cell carcinoma (BCC), and squamous cell
carcinoma (SCC). Whereas melanoma has an estimated
incidence of 73,870 cases in the United States (2), the yearly
incidence of BCCs and SCCs is estimated to be 3.5 million,
with BCCs comprising 80% of these cases (3). Environmental
exposure to ultraviolet light is a major risk factor for
cutaneous malignancies. However, inflammation and the
immune system play a complex and often paradoxical role in
cancer development and progression (4). Inflammation is
often antitumoral in melanoma, although emerging evidence
suggests certain inflammatory pathways to play a critical role
in melanomagenesis and tumor progression (5). The immune
signatures of both the tumor and host determine melanoma
progression, including the tumor microenvironment, tumor-
infiltrating lymphocyte profile, and even immune
characteristics of regional lymph nodes (6, 7). Various
immune cells also play fundamental roles in the development
and progression of keratinocyte carcinomas. Both
immunosuppression and immune T-cell polarization have
demonstrated implications in carcinogenesis (8). Additionally,
dendritic cell immunophenotype subsets are associated with
cutaneous carcinoma prognosis (9). The complex interplay
between cutaneous malignancies and the immune system
offers wide therapeutic potential. However, this paradigm is
not fully understood, necessitating further research into
immune signaling molecules and immune function in the
context of cutaneous malignancy.

One such immunomodulatory molecule with demonstrated
implications in cancer immunobiology is the high-mobility
group box 1 (HMGBI1) protein. HMGBI1 is a highly
conserved and ubiquitously expressed protein that has both
nuclear and extracellular functions. Nuclear HMGBI1 plays
a role in DNA replication and repair, recombination,
transcription, and genomic stability (10). Extracellular
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HMGBI is passively released by damaged or necrotic cells,
serving as a damage-associated molecular pattern molecule
that alerts the innate immune system (10) by binding to toll-
like receptor (TLR)-2 and TLR4, or the receptor for
advanced glycation end-products (RAGE) (11). HMGBI is
also secreted by activated immune cells and endothelial cells,
giving rise to the release of additional pro-inflammatory
cytokines and chemokines (10). The ability of HMGBI to
signal cellular stress responses and sustain long-term
inflammation may contribute to tumorigenesis and
progression (10). The level of HMGBI is elevated in several
malignancies (12), although its exact role in cancer continues
to be investigated.

RAGE is a multi-ligand cell-surface receptor of the
immunoglobulin superfamily that is considered to be a
pattern-recognition receptor (13). RAGE is expressed
throughout the body, and binds with advanced glycation end-
products (14), S100 protein family members (15), fibrillar
proteins including amyloid-f (16), and HMGB1 (17),
resulting in the activation of multiple signaling pathways that
give rise to downstream pro-inflammatory effects (13).
RAGE has been shown to be overexpressed in various
malignancies (13), and has been linked to increased
proliferation, survival, migration, and invasion of tumor cells
in mouse models (18-21).

The HMGB1-RAGE signaling axis has been implicated
in numerous malignancies, including head and neck cancer
(16, 22). While HMGBI1 signaling through TLRs is
important in cancer immunobiology, the role of TLRs has
already been reviewed (23). Other RAGE ligands have also
generally been discussed (24). However, the HMGB1 and
RAGE interaction appears to have a unique paradigm and
independent prognostic value in cancer, as far as we are
aware, with no reviews comprehensively discussing the
clinical value of these molecules in cutaneous malignancies.
There is paucity in the currently available literature regarding
the clinical implications of these molecules. In this study, we
systematically review the role of HMGB1 and RAGE in
human cutaneous tumor biology and discuss their
implications in the diagnosis and prognosis of patients.

Materials and Methods

The National Library of Medicine database was systematically
searched through September 2015 using PubMed with the following
search terms: melanoma, skin squamous cell carcinoma, or basal
cell carcinoma combined with HMGB1 or RAGE. Titles and
abstracts were screened for relevance, after which full-texts of
articles were retrieved to be reviewed for inclusion. Included articles
addressed the clinical value of HMGB1 and RAGE in primary
cutaneous malignancies, namely melanoma, basal cell carcinoma,
and cutaneous squamous cell carcinoma. Exclusion criteria were:
articles not written in English, conference abstracts, and studies not
using human subjects or samples.

128 Studies identified
through PubMed

Studies excluded on
5 2 of titles and
abstracts (n = 113}

L

Studies for full-text
assessment (n = 15)

Studies excluded for
presentation of data not
applicable o the present
review (n = i)

4

Studies included in
review (n=9)

Figure 1. Systematic search of PubMed returned 128 total studies. After
review of titles, abstracts, and full text, nine studies were finally
included in this review.

Results

Initial search of the PubMed database returned 128 articles,
shown in Figure 1. After screening of titles and abstracts for
potential relevance, 15 articles remained for full-text review.
Full-text review eliminated six studies due to inappropriate
data (use of non-human samples, cell culture only, or animal
models) or topic irrelevance to the present review.
Ultimately, nine articles were included in this review (25, 26,
21,27-32). The majority of the included studies investigated
the role of HMGBI1 or RAGE in frozen or formalin-fixed
paraffin-embedded (FFPE) tissue from patients with
melanoma (25, 26, 28, 29, 32). Two studies (30, 31) used
serum from patients with melanoma, and another study (21)
used a cDNA array of melanoma cases. Two studies (27, 31)
assessed tissue from patients with BCC or cutaneous SCC.
Characteristics of each study are summarized in Table I.

Melanoma. Investigations of the clinical role of HMGB1 and
RAGE in melanoma are summarized in Table II. Li and
colleagues (29) found HMGBI1 to be highly overexpressed in
melanoma tissue compared to controls. Higher levels of
HMGB1 were positively correlated with the stage of
melanoma, based on the American Joint Committee on Cancer
criteria. HMGB1 expression was also increased in cases with
increased tumor thickness, increased mitotic index, and
presence of lymph node and distant metastasis. HMGBI
expression was a significant prognostic marker for overall and
disease-specific 5-year survival. Another study measured
serum levels of HMGBI in patients with metastatic stage IV
melanoma receiving ipilimumab treatment. In non-responders,
post-therapy serum HMGB1 levels were significantly higher
than in patients responding to therapy (30).



Nguyen et al: HMGB1 and RAGE in Cutaneous Malignancies (Review)

Table 1. Summary of study details investigating high-mobility group box-1 and the receptor for advanced glycation end products in cutaneous
malignancies.

Study Cancer type N (total) N (cancer)  Gender, M:F  Mean age (range), year Tissue Assay
Eichmuller et al., 2002 (25) Melanoma 10 10 - - Frozen RT-PCR
Abe et al., 2004 (26) Melanoma 2 2 - - FFPE IHC
Leclerc et al., 2009 (21) Melanoma 43 40 24:16* 567 (34-81) cDNA array qPCR
Weng et al., 2013 (27) BCC, SCC 56 49 - - FFPE IHC
Zhu et al., 2013 (28) Melanoma 70 40 - - FFPE IHC
Li et al., 2014 (29) Melanoma 134 102 60:42* - FFPE HC
Gebhardt et al., 2015 (30) Melanoma 59 59 26:33 65.27 (32-84) Serum ELISA
Totzova-Weiss et al., 2015 (31) SCC 25 20 - - FFPE IHC
Wagner et al., 2015 (32) Melanoma 707 402 (serum) 228:174 60.0 (16-88) Serum ELISA
305 (TMA) 163:142 56.6 (14-89) TMA HC

BCC: Basal cell carcinoma, FFPE: formalin-fixed paraffin embedded, ELISA: enzyme-linked immunosorbent assay, IHC: immunohistochemistry,
qPCR: quantitative/real-time polymerase chain reaction, RT-PCR: reverse transcription polymerase chain reation, SCC: squamous cell carcinoma,
TMA: tissue microarray. *Data excludes controls. TMedian.

Table II. Summary of clinical implications of high-mobility group box-1 and the receptor for advanced glycation end products in melanoma.

Study Marker Findings

Eichmuller ez al., 2002 (25) RAGE ¢ RAGE gene family members were present in 7/10 metastatic melanoma samples.

Abe et al., 2004 (26) RAGE < RAGE immunoreactivity was detected in the cytoplasm of melanoma cells,
but hardly detected in melanocytes of normal skin.
Leclerc et al., 2009 (21) RAGE e« Stage IV tumors expressed RAGE significantly more than stage III tumors (p<0.05).

* In 90% of stage III and stage IV tumors, SRAGE was significantly underexpressed
compared to non-melanoma tissue controls (p<0.05).
Zhu et al., 2013 (28) RAGE <« RAGE was expressed in 95% (19/20) of primary tumor specimens, with 16/19 having strong
expression. 100% (20/20) metastatic tumor specimens strongly expressed RAGE.
Staining pattern was apparently similar in these two groups.
* RAGE immunostaining was faint in nevus controls.
Li et al., 2014 (29) HMGB1 e Expression was elevated in melanoma cases compared with controls.
* Expression positively correlated with AJCC melanoma staging (p<0.0001).
* Higher expression was associated with increased tumor thickness (p=0.012),
increased mitotic index (p<0.0001), and presence of lymph node and distant
metastasis (p<0.0001 and p=0.011, respectively).
* HMGBI levels were found to be an independent prognostic factor for overall
(RR=6.14, 95% CI=2.25 to 16.76; p<0.0001) and disease-specific 5-year survival
(RR=3.81, 95% CI=1.15 to 12.59; p=0.028).
Gebhardt et al., 2015 (30) HMGB1  Serum HMGBI1 levels in patients not responding to ipilimumab were higher after initial
therapy, when compared to responding patients (p<0.05).
Wagner et al., 2015 (32) RAGE -« RAGE was expressed at higher levels in melanoma and stromal cells than in benign nevi (p<0.001).
* Serum sRAGE was lower in patients with stage III-IV melanoma when compared to healthy individuals.
e Serum sRAGE was significantly associated with impaired survival (p=0.034) and was
an independent prognostic marker for impaired overall survival (p<0.05).

AJCC: American Joint Committee on Cancer, CI: confidence interval, HMGB1: high-mobility group box-1, RAGE: receptor for advanced glycation
end products, RR: relative risk, SRAGE: soluble receptor for advanced glycation end products.

The remaining investigations of melanocytic cases were =~ RAGE immunohistochemical reactivity in the cytoplasm of
focused on RAGE expression. In one study, the majority of = melanoma cells, while normal skin expressed minimal levels
metastatic melanoma tissue analyzed by reverse transcription  (26). Zhu and colleagues found comparable results, with
polymerase chain reaction, were found to positively express  nearly all primary melanoma specimens expressing RAGE,
RAGE (25). Similarly, another study detected elevated and particularly high levels being expressed in metastatic
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Table III. Summary of clinical implications of high-mobility group box-1 and the receptor for advanced glycation end products in non-melanocytic

cutaneous malignancies.

Study Marker Findings

Weng et al., 2013 (27) HMGBI

* Nuclear expression was diffusely, moderately positive in low malignant BCC and weakly,

diffusely positive in highly malignant SCC. In normal squamous epithelial nuclei, it was strongly,
diffusely positive and significantly different from that of SCC (p=0.003).

* Cytoplasmic expression was focally positive in BCC and minimal in SCC.

» Expression in intercellular spaces was sporadic in both BCC and SCC.

Totzova-Weiss et al., RAGE

2015 (31)

¢ Protein expression was up-regulated in invasive and in situ SCC of both immunocompetent and
organ transplant recipient patients, when compared to normal skin.

» The epidermal fraction of in situ and invasive SCC tissue from immunocompetent
and organ transplant recipient patients demonstrated increased RAGE mRNA when
compared to normal epidermis (all groups, p<0.001).

BCC: Basal cell carcinoma, HMGB1: high-mobility group box-1, RAGE: receptor for advanced glycation end products, SCC: squamous cell

carcinoma.

tumor specimens. In comparison, immunoreactivity of
RAGE in nevus pigmentosus was faint in the benign nevus
cells (28).

Leclerc and colleagues surveyed 40 melanoma tumor
samples for RAGE transcription and found elevated levels in
stage IV when compared to stage III tumors. Conversely, the
levels of soluble RAGE (sRAGE) in both stage III and IV
tumors were significantly lower than that of nonmalignant
controls (21). Separately, a study of serum from a total of
402 patients with melanoma found lower sRAGE levels to
be independently and strongly associated with poor overall
survival. On the other hand, RAGE protein expression was
highly up-regulated in primary melanomas when compared
to benign nevi (32).

Non-melanocytic malignancy. Investigation of BCC and SCC
was performed in two studies, as summarized in Table III.
Weng and colleagues investigated HMGB1 expression in
BCC and SCC via immunohistochemistry and western blot
analysis. Within epithelial nuclei, there was diffuse,
moderate expression of HMGBI1 in poorly malignant BCC,
and relatively weak diffuse expression in highly malignant
SCC, which was significantly lower than that of normal
squamous cells. Increased nuclear HMGB1 in normal
squamous cells may contribute to stabilization of DNA.
Within epithelial cytoplasm, there was focal positive
expression of HMGB1 in BCC and minimal expression in
SCC. Extracellular HMGB1 expression within epithelial
intercellular spaces was sporadic in BCC and SCC, and
minimal in normal squamous cells, which could imply that
intracellular HMGBI is released as a result of necrosis of
epidermal tumor cells (27).

Investigation of FFPE tissue from patients with SCC
found RAGE to be transcriptionally up-regulated in SCC
lesions when compared to normal epidermis. RAGE

expression was also elevated in organ transplant recipients
on long-term immunosuppression when compared to
immunocompetent individuals (31).

Discussion

Overall, patients with cutaneous malignancies exhibit increased
intratumoral RAGE expression and decreased serum sRAGE
level. The latter demonstrates potential as a prognostic marker
for patients with cutaneous melanoma (32). In rodent models,
RAGE localization may also be an important prognostic
consideration, in addition to the level of expression (33).

An in vitro study suggests that RAGE activation by
HMGBI1 enhances the protumoral activities of alternative
activated type 2 macrophages (34). Furthermore, in
hepatocellular carcinoma cell lines, RAGE activation by
HMGBI, in turn, activated nuclear factor kappa-light-chain-
enhancer of activated B-cells, promoting cellular
proliferation, invasion, and metastasis (35). Such protumoral
effects of RAGE signaling, modeled in Figure 2, make it an
attractive therapeutic target. Additionally, considering its
involvement in cutaneous cancer biology, RAGE
polymorphisms may also possess predictive potential for
survival or occurrence of malignancy, although only one
negative study (32) has been reported. Downstream effects
of HMGB1 and RAGE are generalized to promote
inflammation, alter cancer cell survival and metabolism, and
modulate immune function, among numerous other effects
(12, 24). The mechanism by which these modulate tumor
cell behavior and cancer progression, particularly in
cutaneous lesions, is not fully understood. Should these
molecules act similarly to driver mutations, in which
downstream constitutive signaling is induced, these
molecules would indeed be attractive candidates for targeted
molecular therapy.



Nguyen et al: HMGB1 and RAGE in Cutaneous Malignancies (Review)

Malignant melanoma

Protumoral
(] signaling

Progression and metastasis

Keratinocyte

U |
HMGB1 released | e i
by secretion or X Inflammation membrane
cell necrosis : ] ] Y
] (] .. Tumeor migration
Y A | ] ] | ® and invasion
- g - HMGB1 ) ] (] : o |
) E§ ~ J——RAGE 0
' (] o - ® (] ] ! ’\.
] G Endothelial ]
' secretion ==
. Protumor cell . ; f e
] S nl reprogramming and = ! :
‘ : | recruitment @ Distant %

acropha
' SRAGE Mectapaaes
' (decoy receptaor)

.. i ) metastasis
oy L \
\ = \

Dermal venule

Figure 2. A generalized model of high-mobility group box-1{(HMGBI) and the receptor for advanced glycation end products (RAGE) involvement
in skin cancer progression. Extracellular HMGBI, released by secretion or cell injury, acts as a proinflammatory cytokine. Interaction with immune
cells may reprogram and recruit tumor-associated macrophages that promote tumor progression. Soluble RAGE (sRAGE) acts as a decoy receptor

by binding HMGBI without subsequent signaling.

Specific downstream effects of HMGB1 and RAGE
signaling have been elucidated via animal modeling. In a
murine SCC model, HMGB1 expression was found to be
clearly associated with cancer stage and extent of neoplastic
change (36). The level of HMGBI is clearly increased in
melanoma tumors, with higher expression associated with
more aggressive lesions (29). In melanoma, HMGB1 serves
a trans-regulatory protein that interacts with p65 in the
melanoma inhibitory activity promoter, thereby enhancing
malignant transformation of melanoma cells (37). Further
investigation is required to elucidate the exact role of
HMGBI1 in tumor promotion and its potential therapeutic
use.

Separately, the role of HMGBI1 has been investigated in
cisplatin-treated SCC in a murine model (38). A strong
association was found between HMGBI1 protein and

cisplatin-induced cell death. Gebhardt and colleagues found
serum HMGBI level to be higher in patients with melanoma
who did not respond to ipilimumab treatment (30). This
establishes the potential for HMGBI1 to be a marker for
response to treatment, although further investigation into
such application is required.

The available literature establishes a role of HMGB1 and
RAGE in cutaneous malignancies, although the current
understanding is incomplete. The diagnostic value of these
markers in cutaneous malignancies has not been explored;
however, the broad effects and roles of these molecules may
preclude such a utility. These markers are associated with
numerous clinicopathological factors in cutaneous
malignancies. This early evidence is promising for clinical
use of these molecules in prognostic considerations or as a
molecular therapeutic target.
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