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Abstract. Basal cell carcinoma is the most common type of
cancer in fair-skinned individuals, and its incidence is rapidly
increasing. The aim of the present study was to investigate the
gene and protein expression of the mitochondrial solute carrier
family 25 member 43 (SLC25A43) in basal cell carcinoma.
SLC25A43 has previously been identified to be genetically
altered and associated with cell proliferation in human
epidermal growth factor receptor 2-positive breast cancer.
However, the knowledge about SLC25A43 is limited, and its
role in other cancers is unknown. The SLC25A43 gene and
protein expression was analysed in 14 basal cell carcinomas
and healthy skin samples from the same individuals by quan-
titative polymerase chain reaction and immunohistochemistry,
respectively. The results demonstrated a significantly lower
(=50%) SLC25A43 gene expression in all carcinomas
compared with that in healthy skin. In addition, SLC25A43
protein expression was absent in >90% of all visual fields in
the basal cell carcinomas, and the H-score was significantly
lower in tumours compared with the adjacent epidermis. These
results demonstrate that SLC25A43 expression is altered at the
gene and protein levels in basal cell carcinoma. The under-
lying mechanisms and the clinical relevance of these data must
be elucidated in additional experimental and clinical studies.

Introduction

The incidence of skin cancer is rapidly increasing, and basal
cell carcinoma is the most common type of cancer identified
worldwide in fair-skinned individuals (1). There may also be a
high number of unreported cases, since a number of tumours
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are removed with local destructive methods and therefore are
not histopathologically evaluated (2). Basal cell carcinoma
incidence in Sweden is associated with an increasing age and
is similar in men and woman (3). Metastasis is rare, but the
tumours may occasionally grow in a local invasive manner
with destruction of bone and cartilage (4). Due to its rising inci-
dence, basal cell carcinoma is becoming a global public health
problem and an economical burden for medical health care
systems (5,6). The requirement for simplified and cost-effective
treatment options is therefore substantial (2). The development
of vismodegib, a drug targeting the smoothened receptor in the
hedgehog signalling pathway, has improved options for therapy
in metastasising basal cell carcinoma (7). With the exception
of the hedgehog signalling pathway, which is mutated in ~85%
of the basal cell carcinomas, mutations have been recognised
in other genes, including tumour protein 53, v-myc avian
myelocytomatosis viral oncogene neuroblastoma derived
homolog, protein phosphatase 6 catalytic subunit and protein
tyrosine phosphatase, non-receptor type 14 (8). Neverthe-
less, the underlying mechanisms for growth, progression and
invasive capabilities of basal cell carcinoma are only partially
recognised. The main risk factor for basal cell carcinoma is
ultraviolet (UV) light exposure (9). The mitochondria are
vulnerable to UVA light that induces oxidative damage (10,11).
Altered mitochondrial function is known to occur in malignant
diseases, affecting cancer cell metabolism (12). However, the
knowledge of the function of mitochondria in basal cell carci-
noma is limited. Previous studies have identified deletion and
altered methylation pattern of the mitochondrial solute carrier
(SLC) gene SLC25A43, which is located at Xq24, in human
epidermal growth factor receptor 2 (HER2)-positive breast
tumours (13,14). The deletion was also revealed to be present
in cervix carcinoma and lung cancer in women (13). The
biological function of SLC25A43 remains unknown, although
the closest family members are transporters of coenzyme A
and/or adenosine diphosphate (15,16). An association between
SLC25A43 protein expression and cell proliferation has been
demonstrated in breast tumours, and gene silencing in vitro
studies have observed that SLC25A43 protein expression
affects the cell proliferation rate of breast cancer cells (17).
However, there are no previous studies on SLC25A43 in basal
cell carcinoma, and considering that men have only one copy
of chromosome X, the expression may differ between sexes.
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The aim of the present study was to determine the gene
and protein expression of SLC25A43 in basal cell carcinomas
compared with that in healthy skin from the gluteal area in the
same individuals, both in men and women.

Patients and methods

Patients. A total of 14 patients, (7 men and 7 women) with a
suspected basal cell carcinoma were included. Patients with
recurrent tumours or tumours from where biopsies had already
been obtained for diagnostic purpose were excluded from the
study. The patient age ranged from 64 to 92 years, and the
size of the tumours varied from 8 to 20 mm in diameter. The
tumours were excised from the face (n=7) or trunk (n=7). The
histopathological evaluation of the included tumours exhibited
a nodular growth pattern (n=11), mixed superficial/nodular
(n=1) and aggressive growth pattern (n=2).

At the time of excision, a 4 mm in diameter-punch biopsy
was obtained from the centre of the tumour and from healthy
(normal) gluteal skin from the same patient. Tissue samples
from the two first patients were snap frozen using dry ice with
isopropanol, while samples from the rest of the patients were
placed in Allprotect Tissue Reagent (Qiagen GmbH, Hilden,
Germany). All samples were stored at -80°C. The present
study was approved by the local Ethics Committee in Uppsala,
Sweden (Uppsala/Orebro approval no. 2011/242) with require-
ment of informed and written consent from all the participants.
All samples, including patient information, were stored and
handled in encoded format.

Quantitative polymerase chain reaction (gqPCR). The frozen
tissues were homogenised using TissueLyserIl (Qiagen
GmbH) with 5 mm steel beads (Qiagen GmbH) twice for
2 min at 20 Hz. RNA extraction was performed using AllPrep
DNA/RNA/Protein Mini kit (Qiagen GmbH) according to the
manufacturer's protocol. Concentrations of total RNA were
measured with NanoDrop ND-1000 UV-Vis Spectrophotom-
eter (NanoDrop Technologies; Thermo Fisher Scientific, Inc.,
Wilmington, DE, USA). A total of 75 ng RNA was converted
to complementary (c)DNA using High-Capacity cDNA
Reverse Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) in a 20 ul reaction. The
expression of the target gene SLC25A43 (Hs00933775_m1) and
the two reference genes ABL1 (Hs01104728_m1) and B-actin
(NM_001101.2; all from Applied Biosystems; Thermo Fisher
Scientific, Inc.) was measured with TagMan Gene Expression
assays in duplicates. To each well, 1.5 ul cDNA was added to
a final volume of 15 ul, and gPCR was performed first at 50°C
for 2 min and 95°C for 20 sec, followed by 40 cycles of 95°C
for 1 sec and 60°C for 20 sec using the 7900HT Fast Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The cycle thresholds values were automatically set in
the SDS 2.4 software (Applied Biosystems; Thermo Fisher
Scientific, Inc.). SLC25A43 gene expression in the samples was
normalised against the mean quantification cycle (Cq) value of
the two reference genes (2°°%), and fold-change values were
obtained using the 2-4°4 method (18).

Immunohistochemistry.Formalin-fixed and paraffin-embedded
tumour biopsies were obtained and sliced into 4 uym-thick
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sections. In order to optimize the protocol, liver and gallbladder
were used as positive-staining controls. Tissue samples from
colon were used as a negative control, while samples from
healthy skin were used to estimate the baseline protein expres-
sion. Tissues for routine quality control were provided by the
Department of Pathology, Orebro University Hospital (Orebro,
Sweden). They were selected based on information from the
antibody manufacturer. Deparaffinisation and antigen retrieval
were performed using Decloaking Chamber (Biocare Medical,
Pacheco, CA, USA) and Borg Decloaker, RTU (Biocare
Medical) for 10 min at 110°C. Unspecific binding sites and
endogenous peroxidase activity were blocked for 5 min in
room temperature (RT) followed by 30 min incubation at RT
with anti-SLC25A43 antibody (cat. no. HPA035188; dilution,
1:175; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) in
Da Vinci Green Diluent (Biocare Medical). The slides were
incubated with MACH 1 Universal HRP-Polymer (Biocare
Medical) for 30 min at RT and visualised with 3,3'-diamino-
benzidine for 5 min at RT. The staining was performed using
an intelliPATH FLX™ Automated Slide Staining System
and reagents from the MACH 1 Universal HRP-Polymer
Detection system (both from Biocare Medical). Subsequent to
counterstaining with Mayer's haematoxylin for 5 min at RT,
the slides were dehydrated in increasing concentrations of
ethanol followed by xylene, prior to mounting with PERTEX®
mounting medium (Histolab, Stockholm, Sweden). Samples
from liver and healthy skin were used as positive and negative
staining controls, respectively.

Ten vision fields at x40 magnification were observed in
epidermis and tumour areas, and scored from O to 3+ (0, nega-
tive expression; 1+, low expression; 2+, intermediate expression;
and 3+, high expression) using an Olympus BX41 microscope.
Each individual slide was scored twice by one observer (A.D.T.),
and a second observer (S.P.) evaluated the results. A final score
(0-30) was obtained using an alteration of the H-score (19),
by multiplying the number of vision fields within each score
(0, 1, 2 and 3) and then the values were added together [(1x
(number of vision fields 1+) + 2x (number of vision fields 2+) +
3x (number of vision fields 3+)]. The slides were scanned with
the digital slide scanner Pannoramic 250 Flash IIT (3DHistech,
Ltd., Budapest, Hungary), and micrographs were captured
using the CaseViewer version 2.0 software (3DHistech, Ltd.).

Statistical analysis. The differences in gene expression between
tumour and healthy tissues were calculated by paired sample t-test
using normalised Cq values (2°°°). To evaluate the difference in
fold-change (2"4*“) and the difference in H-score between the
sexes, the Mann-Whitney U-test was used. In order to calculate
the difference in SLC25A43 protein expression between adjacent
epidermis and basal cell carcinoma, a Wilcoxon signed rank test
was used for associated samples. The statistical analyses were
performed using SPSS 23.0 statistical software for Windows
(IBM SPSS, Armonk, NY, USA) and GraphPad Prism version
6.0 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was
considered to indicate a statistically significant difference.

Results

Gene expression of SLC25A43. The gene expression of
SLC25A43 was analysed in basal cell carcinomas and healthy
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gluteal skin in 14 individuals. All tumours exhibited lower
gene expression compared with healthy skin (P<0.05; Fig. 1A),
with a fold-change ranging 0.50 to 0.17, equivalent to a 50-83%
decrease. There was no difference in gene expression between
sexes (P=0.81; Fig. 1B).

Protein expression of SLC25A43. SLC25A43 protein expression
was assessed in 13 out of 14 tumours and in the tissue controls. The
positive controls (liver and gallbladder) exhibited the expected
staining according to the antibody supplier (Sigma-Aldrich;
Merck KGaA) and The Human Protein Atlas (20). The staining
intensity and the fraction of stained cells in healthy skin samples
were generally low, although cytosolic immunoreactivity was
observed in the basal cell layer of epidermis. The immunore-
activity displayed an irregular pattern, with a heterogeneous
intensity that varied from O to 3+. The dermis, including struc-
tures in the hair follicle, exhibited minimal staining. Staining
was absent in the negative control (colon).

The evaluation of SLC25A43 protein expression in the
tumour tissues demonstrated that the basal cells of epidermis
in the edges of the tumours exhibited more intense staining
than the atrophic epidermis located directly above the basal
cell carcinoma, similar to the staining of samples from
healthy skin. In total, >50% of the visual fields in the adjacent
epidermis revealed different degrees of positivity, while >90%
of all visual fields in tumour tissues were negative (Fig. 2).
The H-score was significantly lower in tumours (median
H-score, 0; range, 0-4) than in adjacent epidermis (median
H-score, 9; range, 0-16; P<0.05). There was no difference in
protein expression between sexes (P=0.54).

Discussion

In the present study, the expression of the inner membrane mito-
chondrial SLC25A43 in basal cell carcinoma was investigated.
All the basal cell carcinomas in the present study exhibited
lower SLC25A43 gene expression in comparison with that
of the gluteal skin of the study subjects. The protein level of
SLC25A43 in tumour tissues was lower compared with that
in adjacent epidermis, as assessed by immunohistochemistry.
The mitochondria are mainly involved in cell energy turn-
over (21). Various tumour cells exhibit an altered metabolism
in comparison with that of healthy cells, using glycolysis over
oxidative phosphorylation (i.e., the Warburg effect) (12,22).
As the tumour cells utilise more glucose than healthy cells
in the surrounding tissue, they have an advantage in cell
division and growth. It may also facilitate the tumour cells to
escape the mitochondrial-dependent steps of reactive oxygen
species-mediated apoptosis and the mitochondrial-dependent
regulation of the cell cycle (23). The knowledge about mito-
chondrial regulation of the cell cycle has increased during the
last decade (24,25). A previous study revealed increased prolif-
eration of HER2-positive breast cancer cells when SLC25A43
gene expression was silenced (17). This result indicates a role
for SLC25A43 as a regulator of cell cycle progression. In a
previous study on basal cell carcinoma compared with healthy
skin, several mitochondrial genes involved in metabolism were
identified to be downregulated (26). In that study, the analysis
was limited to the expression of 1,700 genes, and the authors
did not report SLC25A43 as one of their results (26).
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Figure 1. SLC25A43 gene expression. (A) Normalized gene expres-
sion of SLC25A43 in healthy skin and basal cell carcinoma (P<0.05).
(B) Fold-change (22¢9) of SLC25A43 in women and men (P=0.81). Cq,
quantification cycle; SLC25A43, solute carrier family 25 member 43.

In the present study, protein expression was assessed using,
to the best of our knowledge, the only commercially available
antibody against SLC25A43. The antibody was previously
evaluated by The Human Protein Atlas (20), and this descrip-
tion of staining was used as a reference in the present study.
According to The Human Protein Atlas, which considered
the intensity of staining and the fraction of stained cells,
SLC25A43 does not appear to be detected in skin. However,
their staining results appear to be similar to those of the
present study, with scattered positive cells in the basal layer
of epidermis. Thus, the protein expression of SLC25A43 in
healthy skin tissue is low, and it appears that basal cell carci-
nomas express even lower levels. The Human Protein Atlas'
results suggest a high gene expression of SLC25A43 in the
skin, but the antibody used in that study failed to demonstrate
high protein expression (27). In the present study, a difference
in protein expression between normal epidermis and basal cell
carcinoma was observed, even though the staining intensity
was low.

In the present study, SLC25A43 staining was localised to
the cytoplasm in the basal cell layer in the epidermis, where
the energy consumption is expected to be high due to cell divi-
sion. The cells in the basal cell layer with the highest staining
were scattered in concordance with the epidermis proliferation
pattern. In the hair follicles, there was almost no visible staining.
The origin of basal cell carcinoma is important to discuss. The
tumour cells exhibit histological similarities to the basal layer in
the epidermis, but immunochemistry and genetic analyses reveal
similarities to the follicular epithelia (26,28). In the present



PROSEN et al: DECREASED EXPRESSION OF SLC25A43 IN BASAL CELL CARCINOMA

2221

Figure 2. Immunohistochemical staining of solute carrier family 25 member 43. Micrographs of the epidermis located (A) directly above a basal cell carcinoma
and (B) at the edge of the tumour exhibit different staining intensity (magnification, x20). (C) Cells in a basal cell carcinoma and (D) cells in the adjacent
epidermis (magnification, x40). (E) Basal cell carcinoma (magnification, x10) and (F) liver tissue, which served as a positive-staining control (magnification,

x20).

study, basal cell carcinoma and follicular epithelia exhibited
almost no staining. Additional studies on SLC25A43 expression
in the skin are required to evaluate whether decreased expres-
sion of SLC25A43 in basal cell carcinoma compared with in
healthy skin tissues indicates a functional pattern that reflects
the metabolic activity of the cells or the cells' origin. There is
also a need to further elucidate if SLC25A43 participates in the
process of carcinogenesis and if other factors serve important
roles.

The exact mechanism or consequence of the altered
expression of SLC25A43 in basal cell carcinoma is
unknown. Nevertheless, the present study revealed a distinct
difference between tumours and healthy skin. Previous
studies have reported a deletion in the SLC25A43 gene in
HER2-positive breast cancers, in addition to cervix and lung
cancer in women (13). These results suggest that the loss of
SLC25A43 promotes tumour cell growth. Epigenetic X chro-
mosome inactivation in women implies that an alteration in
only one allele will be sufficient for a loss in gene function.
SLC25A43, located on the X chromosome, has not been
studied previously in male cancer; however, the analyses of
the present study did not conclude any differences in gene

or protein expression between men and women. Although
the present study includes a low number of participants, the
incidence of basal cell carcinoma is almost equal for men
and women, indicating that there are no sex-specific gene
alterations.

In conclusion, the present study has demonstrated a signifi-
cantly lower gene and protein expression of SLC25A43 in
basal cell carcinomas compared with that in healthy skin. In
order to identify improved and novel treatment strategies, the
understanding of the mechanisms behind the progression of
basal cell carcinoma is essential. The data of the present study
indicate that SLC25A43 may be altered in basal cell carci-
noma; however, additional studies are required to elucidate its
actual role and importance.
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