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Abstract

Introduction: When proNGF binds to sortilin and p75, the cell death signal is transduced into the cell. This
study examined how sortilin gene expression changes in cultured human epidermal cells depending on the glucose
concentration in the culture medium. The results might help elucidate if sortilin in epidermal cells is involved in the
delay of wound healing in diabetes.

Materials and methods: Epidermal cells were grown in a serum-free, glucose-free culture medium for 24 hours.
The new medium was prepared with a glucose concentration of 0, 20, 40, 60, 100, 200, 400, or 800 mg/dL. The cells
were grown in each medium for an additional 24, 48, and 72 hours. At each culture time, the sortilin gene expression
level at 100 mg/dL glucose was compared with the expression levels at other glucose concentrations.

Results and discussion: When the cells were grown in the new medium for 24 hours, the sortilin gene expression
level at 100 mg/dL glucose did not differ significantly from the expression levels at other glucose concentrations.
At 48 hours of culture, only the sortilin gene expression level at 0 mg/dL glucose was significantly higher than
the expression level at 100 mg/dL glucose (p=0.002). At 72 hours of culture, only the expression level at 0 mg/dL
glucose was significantly higher than the expression level at 100 mg/dL glucose (p<0.001). The results suggest that
the sortilin gene levels of epidermal cells are not clinically problematic at low glucose concentrations, just as at high

glucose concentrations, provided the glucose levels are sufficient to maintain biological activities.
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Introduction

Nerve growth factor (NGF) is involved in the delay of wound healing
associated with diabetic peripheral neuropathy. NGF stimulates neurite
outgrowth and differentiation via a process mediated by the tyrosine
kinase receptor TrkA. Even after neurons mature, NGF is involved in
their survival and maintenance of their functions. In addition, NGF has
a neuroprotective effect. Therefore, it inhibits neuronal cell death and
is involved in nerve injury repair [1-3]. The NGF precursor proNGF
binds to p75, a member of the tumor necrosis factor receptor family. In
2001, it was reported that cell death is induced when proNGF binds to
the coreceptor sortilin and p75 [4]. In other words, it was shown that
the effects of NGF and proNGF are almost the opposite of each other.

Sortilin is a 95 kDa glycoprotein and a member of the mammalian
type-1 transmembrane receptor family containing a Vpsl0p domain
[5]. Sortilin is present in intracellular membranes of the central
nervous system. It is particularly abundant in the Golgi apparatus
and is involved in intracellular molecular transport. ProNGF binds
to sortilin and p75, a low-affinity neurotrophin receptor in the cell
membrane. Subsequently, the cell death signal is transduced into the
cell. For example, if there is a brain injury such as in stroke, the injured
cells release proteins, and apoptosis is induced in the surrounding
normal cells. Thus, neuronal cell death begins within a few minutes of
the stroke. Sortilin plays an important role in this apoptotic command.
It is thought to be involved in apoptosis that occurs subsequent to
central nervous system diseases such as Alzheimer’s disease [6,7].
In 2010, it was reported that sortilin is also present in the cultured
epidermal cells, and proNGF binds to sortilin and p75, resulting in cell
death [7]. Our study examined how sortilin gene (SORT1) expression
changes in cultured human epidermal cells depending on the glucose
concentration in the culture medium. The results might help elucidate
if sortilin is involved in the delay of wound healing in diabetes.

Materials and Methods
Epidermal cell culture

Human epidermal cells were from excess normal skin obtained
during surgery. The skin was collected from patients after informed
consent and approval of the ethics committee of our institution.
A growth supplement (Epilife® Defined Growth Supplement, Life
technologies Corporation, Carlsbad, USA) was added to a medium
for the growth of epidermal keratinocytes (EpiLife®, Life technologies
Corporation, CA, USA). The epidermal cells were grown in this
medium at 37°C in 5% CO,. These cells were subcultured on 6-well
plates to 80% confluence and then cultured for 24 hours in a serum-
free, glucose-free medium (HuMedia-KG2, KURABO INDUSTRIES
LTD, Tokyo, Japan). This medium was used to prepare a new medium
with a glucose concentration of 0, 20, 40, 60, 100, 200, 400, or 800 mg/
dL. The cells were grown in each medium for an additional 24, 48, and
72 hours.

Expression of SORT1

An RNeasy Mini Kit (Qiagen, Venlo, Netherlands) was used
to extract total RNA from epidermal cells cultured under the
aforementioned conditions. A SuperScript® VILO™ ¢cDNA Synthesis
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Kit (Life Technologies Corporation, Carlsbad, CA, USA) was
used for reverse transcription of the total RNA into ¢cDNA. A
KAPA SYBR® FAST Universal qPCR Kit (KAPA BIOSYSTEMS,
Boston, USA) was used for real-time PCR of the resulting cDNA.
Rotor Gene Q (Qiagen, Venlo, Netherlands) was used for gene
expression analysis. The following primers were used: SORTI1

(forward) 5-TTATCCTGGCCATCGTGGGATTGA-3’, (reverse)
5-ATTAGTGTGGGAGGCTGTGTCCAA-3’; and GAPDH
(forward) 5-CATGTTCGTCATGGGTGTGAACCA-3’, (reverse)

5-AGTGATGGCATGGACTGTGGTCAT-3.
Statistical analysis

The Dunnett multiple comparison test was used to determine
statistical differences at a particular culture time between the reactive
mRNA levels (SORT1/GAPDH) at 100 mg/dL glucose and the reactive
mRNA levels (SORT1/GAPDH) at other glucose concentrations.
Statistical analysis software was SAS Ver. 9.4 (SAS Institute Inc., Cary,
NC, USA).

Results

As mentioned above, the cells were cultured for 24 hours in a
serum-free, glucose-free medium and then cultured further in the new
medium. After 24 hours incubation in the new medium, the SORT1
expression level at 100 mg/dL did not differ significantly from the
expression levels at other glucose concentrations (Figures 1A and
1B). After 48 hours incubation in the new medium, only the SORT1
expression level at 0 mg/dL glucose was significantly higher than the
expression level at 100 mg/dL glucose (p=0.002) (Figures 2A and 2B).
After 72 hours incubation in the new medium, only the expression level
at 0 mg/dL glucose was significantly higher than the expression level at
100 mg/dL glucose (p<0.001) (Figures 3A and 3B).
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Figure 1A: SORT1 expression levels (SORT1/GAPDH) after 24-hour culture
in the new medium.

Figure 1B: (Left) Cultured keratinocytes were grown in a new medium
(glucose concentration: 0 mg/dL) for 24 hours. (Right) Cultured
keratinocytes were grown in a new medium (glucose concentration: 100
mg/dL) for 24 hours. Percentage of cell number in glucose concentration of
0 mg/dL in comparison with 100 mg/dL was 76%. (Bar=1mm).

Discussion

Epidermal cells produce and secrete NGF in the wound healing
process. The secreted NGF causes nerve fibers to sprout and nerves
to regenerate, and proliferation and migration of epidermal cells
are stimulated in an autocrine fashion [2,3,8,9]. Many reports have
investigated the involvement of NGF in the delay of wound healing of
diabetic ulcers [1-3,10,11]. Epidermal cells also produce proNGF and
have p75 and sortilin. Therefore, an autocrine cell death pathway can be
activated. When epidermal cells are grown in a high glucose medium,
cell proliferation, differentiation, and mobility are inhibited [12-14].
We speculated that the SORT1 expression levels increase when glucose
concentration increases in the medium. In our preliminary experiment,
we grew epidermal cells at different glucose concentrations (0, 100, 200,
400, and 800 mg/dL) and examined the SORT1 expression levels. The
results were contrary to our prediction, and the SORT1 expression level
at 100 mg/dL did not differ significantly from the expression level at
higher glucose concentrations. The preliminary experiment had shown
that the SORT1 expression levels for 48-hour and 72-hour cultures
were higher only at 0 mg/dL glucose compared with the expression
levels at 100 mg/dL glucose (unpublished data). Thus, additional
glucose concentrations of 20, 40, and 60 mg/dL were used to examine
the SORT1 expression levels between 0 mg/dL and 100 mg/dL glucose.
The results showed no change in the expression level between 0 mg/dL
and 100 mg/dL and the expression level was higher only at 0 mg/dL. In
our present study, the cells were cultured in a serum-free, glucose-free
culture for 24 hours after the confluence of cultured epidermal cells
reached 80%. Subsequently, the cells were grown for 24, 48, and 72
hours in a new medium prepared with a glucose concentration of 0,
20, 40, 60, 100, 200, 400, or 800 mg/dL. Therefore, the cells grown at 0
mg/dL glucose were exposed to a glucose-free environment for a total
of 48, 72, or 96 hours.

Glucose concentrations have a major effect on cell activities.
Cytokines have been the focus of most studies to date on the delay of
wound healing due to hyperglycemia. Diabetes inhibits the migration
of epidermal cells because of a decreased level of TGF-f1 [15].
Proliferation and migration of epidermal cells are also inhibited due
to decreased EGF produced by the platelets and a decreased response
of epidermal cells to EGF [16]. In addition, it has been reported that
endothelial progenitor cell mobilization and homing to the wound site
are inhibited because SDF-1a production is decreased in epidermal cells
[17]. However, no report has focused on sortilin in the delay of wound
healing due to high glucose. When diabetes worsens, blood glucose level
becomes difficult to control using insulin, and hypoglycemia can result
in coma. Poor nutrition, such as that causing hypoglycemia, negatively
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Figure 2A: SORT1 expression levels (SORT1/GAPDH) after 48-hour culture
in the new medium.

Figure 2B: (Left) Cultured keratinocytes were grown in a new medium
(glucose concentration: 0 mg/dL) for 48 hours. (Right) Cultured keratinocytes
were grown in a new medium (glucose concentration: 100 mg/dL) for 48 hours.
Percentage of cell number in glucose concentration of 0 mg/dL in comparison
with 100 mg/dL was 68%. (Bar=1mm)
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Figure 3A: SORT1 expression levels (SORT1/GAPDH) after 72-hour culture in
the new medium.

Figure 3B: (Left) Cultured keratinocytes were grown in a new medium (glucose
concentration: 0 mg/dL) for 72 hours. (Right) Cultured keratinocytes were
grown in a new medium (glucose concentration: 100 mg/dL) for 72 hours.
Percentage of cell number in glucose concentration of 0 mg/dL in comparison
with 100 mg/dL was 71%. (Bar=1mm).

affects wound healing [18]. In our study, the SORT1 expression level at
100 mg/dL glucose did not differ significantly from the expression levels
at low glucose concentrations (20, 40, and 60 mg/dL). In other words,
our results suggest that the SORT1 glucose levels of epidermal cells are
not clinically problematic at low glucose concentrations, just as at high
glucose concentrations, provided the glucose levels are sufficient to
maintain biological activities. Further studies are necessary to examine
the expression of the proteins sortilin, proNGF, p75, apoptosis cell
makers, and necrosis cell markers in epidermal cells and in peripheral
nerves. The results might elucidate the involvement of epidermal cell
death mediated by sortilin, proNGF, and p75 in diabetic foot ulcers.

Conclusion

In cultured epidermal cells, the SORT1 expression level at a total
culture time of 72 hours was significantly higher at 0 mg/dL glucose
in the medium compared with at 100 mg/dL glucose. The expression
level at a total culture time of 96 hours was significantly much higher.
If the medium was not glucose-free, the SORT1 expression levels at
100 mg/dL did not differ significantly from the expression levels at
high or low glucose concentrations. Therefore, the results suggest
that the SORT1 expression levels of epidermal cells are not clinically
problematic, provided the glucose levels are sufficient to maintain
biological activities.
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