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Background: We investigated levels of the metal elements Ca, Mg, Zn, Fe, and Cu in blood, normal skin (NS), and different
types of scar tissue and aimed to elucidate the pathogenesis of hypertrophic scars (HS).

Material/Methods: Tissue specimens were excised from 3 groups of research participants: scar-free, flat scar (FS), and HS groups.
Levels of the study elements were measured in blood, NS, and scar tissues with a spectrophotometer. The lev-
els in plasma or in different types of specimens were compared among subgroups. In the FS and HS groups,
levels were compared between the scar tissue and NS of each individual. In addition, element differences in
exposed and unexposed areas of NS were investigated in the scar-free group. HS fibroblasts (HFB) were cul-
tured in medium with various reduced levels of metal elements to determine the influence of metal elements
on fibroblast growth.

Results: Levels of trace elements, including Zn, Fe, and Cu, were significantly lower in HS than in FS. The levels of Ca, Zn,
Fe, and Cu were markedly lower in HS than in the patients’ own NS, while the Cu/Zn ratio was higher. However,
no such difference was observed in the FS group. No significant difference in element levels was found in ei-
ther plasma or NS among the 3 groups. Reduced levels of the elements promoted HFB proliferation within 24 h
while an inhibition effect was observed at 72 h.
Conclusions: Our findings indicate reduced levels of metal elements in part of the healing microenvironment, suggesting
that decreased metal levels may be involved in the pathogenesis of HS.
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Background

Hypertrophic scars (HS) are characterized by aberrant depo-
sition of collagen and excessive cell proliferation and present
intractable challenges in clinical treatment [1-3]. As a common
type of scar, the incidence of HS is as high as 80% after burn
injuries and 40% to 70% after trauma [4]. Individuals with HS
experience physical and psychological problems, such as pain,
pruritus, dysfunction induced by contracture, and psychologi-
cal distress [2]. Although surgery, compression therapy, steroid
injection, and radiotherapy are beneficial to prevent or relieve
HS, each therapy has certain limitations and multiple treat-
ments are required [5,6]. Accordingly, investigating the patho-
genesis of HS to provide new therapies is highly desirable.

Metal elements, such as Ca, Mg, Zn, Fe, and Cu, play essential
roles in cellular physiological activities in organisms. They are
extensively involved in DNA synthesis, protein synthesis, cel-
lular proliferation, collagen production, and crosslinking [7].
Reductions in O,, metal elements, and other nutritive factors
in wound tissues, such as tissue affected by third degree burn
injury, alter fibroblast function and break the balance between
collagen synthesis and degradation. Overproduction of free rad-
icals, collagen overdeposition, and hypertrophic scar formation
thus occur [8,9]. In addition, all 5 elements are strongly relat-
ed to collagen synthesis and degradation in skin tissue [10].
Moreover, the status of these elements has a substantial in-
fluence on wound healing and scar formation [11,12]. Changes
in trace elements in the context of injuries [10,13] and benefi-
cial effects of trace element supplementation after injuries [14]
have also been widely reported.

Although alteration of metal elements has been confirmed
to be significantly associated with several diseases [15-17],
its association with common scars is not well investigated.
A study of trace elements in keloids and HS was previously per-
formed, but no significant difference was found between the
2 types of scars, possibly due to the limited number of partic-
ipants [18]. Whether the local environment affects metal ele-
ment concentrations is still unknown. In the present study, we
examined the element content in plasma, skin, and scars of in-
dividuals in scar-free, flat scar (FS), and HS groups and inves-
tigated whether altered metal element content is involved in
the pathogenesis of HS. Interestingly, reduced metal element

Table 1. Basic characteristics of patients in the 3 groups.
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levels in the healing microenvironment and not the body as a
whole were demonstrated. The findings enhance the under-
standing of the influence of metal levels in the healing micro-
environment on the pathogenesis of HS.

Material and methods

Participants

All patients hospitalized in the Peking University Third Hospital
were divided into 3 groups: the scar-free, FS, and HS groups
(Table 1). In the scar-free group, normal skin (NS) specimens
were derived from traumatic or aesthetic operations. Twelve
of the specimens were taken from exposed areas (face, hand,
neck), and 10 were taken from hidden areas (trunk, proximal
limbs). In the FS group (n=12), scars had been present for 2 to
20 years. No patients presented conspicuous symptoms related
to their scars. Operations were conducted solely for aesthetic
purposes. In the HS group (n=16), scars had been present for
0.5 to 11 years. All patients had typical symptoms of redness,
itch, ache, and elevation at the location of their HS, while their
scars came from deep second or third degree burns. None of
the patients in any of the 3 groups had occupational contacts
with metals or familial predisposition to cicatrix. Moreover, all
patients who had received treatments with medications or ra-
diotherapy before surgery were excluded.

This study was approved by the institutional ethics committee
of Peking University (0580) and followed the principles out-
lined in the Declaration of Helsinki. Written informed consent
was obtained from all participants.

Collection and preservation of specimens

Whole blood (1.0 mL) was collected into an anticoagulation
tube prior to surgery. Plasma was obtained by removing blood
cells after centrifugation (3000 rpm, 15 min) and then pre-
served at -80°C for determination of metal concentrations. All
skin specimens were obtained during surgery, and subcutane-
ous tissues were discarded. The specimens (0.5x1.0 cm/epi-
dermic square) were preserved at -80°C. All samples were an-
alyzed within 4 weeks.

Group Male Female Age Scar history (mean, year)
Scar-free 7 15 17-68 -
R s 354 2-20 86)
W 0o 6 363 05116

FS — flat scar; HS — hypertrophic scar.
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Table 2. Comparison of metal element contents in NS (exposed and unexposed area).

Element contents (ug/g)

Position (N)
Exposed (12) 103.12+14.88 67.82+10.64
Unexposed (10) 102.89+17.67 65.69+10.61

13.82+3.96 57.59+11.95 3.22+0.33

NS — normal skin.
Primary fibroblast culture

HS fibroblasts (HFB) and NS fibroblasts (NFB) were isolated
from surgically excised HS and NS as reported previously [19].
The epidermis and subcutaneous adipose tissue were removed,
and the remaining tissue was washed 2 times with phosphate-
buffered saline. Specimens were cut into 1 to 3 mm? pieces
and digested in 0.15% collagenase | at 37°C for 2 h. The di-
gested suspension was filtered and centrifuged at 1000 rpm
for 5 min. The fibroblast pellets were cultured in Dulbecco’s
modified Eagle’s medium (DMEM; HyClone, USA) supplement-
ed with 10% fetal bovine serum (Gibco, USA) with 1% peni-
cillin/streptomycin in an incubator at 37°C and 5% CO,. Upon
reaching 80% to 90% confluence, the fourth to sixth passages of
fibroblasts were used to perform the experiments in this study.

Metal element content determination

The preprocessing of blood samples was performed according
to the routine steps used for soft tissues. After acidic dissolu-
tion through heating, the supernatant was diluted (1: 10) with
double distilled and deionized water, and the volume was ad-
justed to 10 mL before detection. All scar tissue and NS sam-
ples were weighed and digested by acids, dissolved in nitric
acid medium, and diluted (1: 10) with double distilled and de-
ionized water to adjust the volume to 10 mL. Element con-
tents were determined with GGX-5 atomic absorption spec-
trophotometry [20] (Beijing Geological Instruments Factory) in
the Test Center of the Metallurgy Ministry at Yan Jiao (the sec-
ond grade qualified unit authenticated by the National Quality
Department of China). The wavelengths used for measure-
ment were 422.7 nm for Ca, 285.2 nm for Mg, 213.9 nm for Zn,
248.3 nm for Fe, and 324.8 nm for Cu. The formula for calcula-
tion was Csp=(AspxCsd/Wsp)xVsp, where Csp is the element
content of sample (ug/g); Asp, sample absorbance; Csd, the el-
ement content of standard (ug/mL); Wsp, sample weight (g);
and Vsp, sample volume (10 mL).

Proliferation assay

Briefly, HFB and NFB were seeded into 96-well plates at an
initial density of 2500 cells/well with DMEM containing O,
3.125, 12.5, 50, or 200 pmol/L ethylene diamine tetraacetic
acid (EDTA) and cultured for 24, 48, and 72 h. Ten microliters

of CCK8 was added to each well, and plates were then incu-
bated at 37°C for 2 h. Absorbance was measured at 450 nm
(indicating cell proliferation).

Statistical analysis

Statistical analyses were performed using SPSS version 24 (IBM,
Armonk, NY, USA). All data are expressed as the mean+standard
deviation (SD). One-way ANOVA was used for the comparison
of data among the 3 study groups. In the FS and HS groups,
a paired t test was used for the comparison between the scar
tissue and NS of each individual. In the scar-free group, an un-
paired t test was used to compare NS from exposed and non-
exposed areas. For data that could not be analyzed using para-
metric statistics, the Kruskal-Wallis test was used. P<0.05 was
considered statistically significant. After data analysis and
based on the statistical threshold (¢=0.05), number, and mean
of each group and the SD of participants, we had 83.9% sta-
tistical power to conclude a statistically significant result with
Power Analysis and Sample Size (PASS) 14.

Results

Comparison of element contents in NS from exposed and
nonexposed areas in the scar-free group

To determine whether exposure to the environment affect-
ed metal element levels in skin tissue, we measured element
contents in exposed and hidden skin areas of 12 and 10 sub-
jects, respectively, in the scar-free group. We found no signif-
icant differences in element contents between exposed and
hidden areas of NS in this group (Table 2).

Comparison of element contents in blood and NS in 3
groups

To investigate whether the element levels in blood and NS
differed among the 3 groups, we detected the 5 study ele-
ments by atomic absorption spectrophotometry. Similar levels
of the 5 elements were observed in NS (Figure 1A) and blood
(Figure 1B) among the 3 groups.
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Figure 1. Comparisons of the detected metal element levels in normal skin (A) and blood (B) among the 3 groups.

Table 3. Comparison of metal element contents among the scar-free, FS, and HS groups.

Element content (ug/g)

HS (16)

HS 86.84+18.88*

52.374£12.50

3.83+£1.01** 20.45+4.90** 1.34+0.30**

NS — normal skin; FS — flat scar; HS — hypertrophic scar. * P<0.05, ** P<0.01, compared with patients’ own NS. # P<0.001, compared

with HS tissues.

Comparison of element contents in scars and NS in the HS
and FS groups

Element contents were significantly lower in HS tissues than
in NS for individuals in the HS group. The average levels of
Ca, Mg, Zn, Fe, and Cu were 16.37%, 12.95%, 70.94%, 65.82%,
and 64.17% lower in HS tissues than in NS tissues, respective-
ly (Table 3, Figure 2). However, no significant differences in el-
ement levels were detected between FS tissues and each par-
ticipant’s own NS in the FS group (Figure 3). The average Zn,
Fe, and Cu levels were lower in HS tissues than in FS tissues;
the average levels were 69.04%, 67.12%, and 62.67% lower
for Zn, Fe, and Cu, respectively (Table 3).

Cu/Zn and Ca/Mg ratios in the HS and FS groups

In the HS group, the Cu/Zn ratio in scar tissues (0.35+0.05) was
25% higher than in NS (0.28+0.04) (P<0.01). However, the dif-
ference was not significant in the FS group (0.30+0.06 in FS
vs. 0.29+0.05 in NS) (P>0.05, Figure 4A). The Ca/Mg ratio was
not significantly different between each type of scar tissue
and patients’ own NS (1.53+0.24 in NS of the scar-free group;
1.74%0.49 in NS and 1.64+0.44 in FS of the FS group; 1.76+0.47
in NS and 1.74+0.54 in HS of the HS group) (P>0.05, Figure 4B).

Reduced metal elements affected the proliferation of HFB
and NFB

To determine if altered metal elements levels affected the pro-
liferation of HFB and NFB, we first used different concentra-
tions of EDTA, a chelating agent that can chelate metal ions,
to decrease the metal element concentrations in the medium
(Table 4). Subsequently, 2500 cells/well were seeded into 96-
well plates and cultured in the medium with decreased metal
element levels for 24, 48, and 72 h. Interestingly, we observed
that reduced metal elements promoted the proliferation of
HFB and NFB within 24 h, while an inhibitory effect was obvi-
ous at 72 h (Figure 5).

Discussion

HS, a major clinical challenge owing to their high incidence
and the lack of effective treatment, usually result from der-
mal injuries due to surgeries, deep burns, and trauma [19]. In
this study, we investigated the levels of Ca, Mg, Zn, Fe, and
Cu in blood, NS, and scar tissues in individuals with HS or FS.
Our findings indicated that the levels of Zn, Fe, and Cu in HS
tissues were lower than those in FS tissues. Importantly, all
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Figure 2. Comparison of element contents in HS and NS in

Figure 3. Comparison of element contents in FS and NS in
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Figure 4. (A) The Cu/Zn ratio in individuals’ scar tissues compared with that in their NS. (B) The Ca/Mg ratio in individuals’ scar tissues

compared with that in their NS. * P<0.05 compared with NS.

Table 4. Decreased metal element contents in DMEM containing EDTA.

Metal elements

EDTA levels (umol/l)

Ca (mmol/l) 1.76 1.7 1.61 1.17 0

Mg (mmol/1) 0.79 0.8 0.79 0.7 0.35

The major metal elements in DMEM are Ca and Mg, and the levels were detected by Chemiluminescence.

examined metal element levels were lower in HS tissues than
in NS tissues.

The skin functions as an immune organ. Its microbiome and its
physical, chemical, and immune barriers constitute an interac-
tive network that protects individuals from external harm [21].
The 5 elements tested in the current study strongly influence
the functions of skin, with effects on wound healing [22,23],
scar formation and contraction [24], microvasculature blood
flow [25,26], and immune function [27]. A deficiency of these

This work is licensed under Creative Common Attribution-
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5 elements may cause skin lesions [28-30], while supplemen-
tation may lead to improved skin functions [21,31].

Extensive studies have confirmed the importance of micronu-
trients in the etiology of different types of diseases [32,33]. In
this regard, metal elements seem to play a critical role in ill-
ness development, progression, and prognosis. As mentioned
previously, metal elements are related to wound healing and
scar formation. A previous study [18] investigated micronutrient
status in keloids and FS, but no significant difference in metal

[Chemical Abstracts/CAS]
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Figure 5. Effect of reduced metal element levels on HFB proliferation. NFB and HFB were conditioned in DMEM containing 0, 3.125,
12.5, 50, or 200 pmol/L EDTA and cultured for (A) 24 h, (B) 48 h, and (C) 72 h. n=4 in each group, * P<0.05, ** P<0.01,

*** P<0.001 compared to O pmol/L group.

levels was detected between the 2 groups. Whether external
factors affect these element contents has not been reported.

In our study, we aimed to determine the influence of the ex-
ternal environment on the content of elements in the skin. We
compared the levels of Ca, Mg, Zn, Fe, and Cu in skin from ex-
posed and unexposed areas in a scar-free group. Our results
suggested the levels were the same between the exposed and
unexposed sites, which may be attributed to the barrier func-
tion and rapid renewal of skin. Considering the large individ-
ual deviations in skin element contents reported by a previ-
ous study [18], we designed an experiment to compare the
element contents between scar tissues and NS in participants
in the FS and HS groups with a paired t test to eliminate indi-
vidual variation. Interestingly, we found that all tested metal
element levels other than Mg were lower in HS tissues than
in NS. However, such marked differences were not found in
the FS group.

In addition, our results showed element concentrations in blood
were not significantly different among the 3 groups. Similar
results were also found in NS among the subgroups. These
results suggest that the element contents of the whole body
had only minor variations in HS patients. Herein, considering
the mentioned finding of a distinguished difference in micro-
nutrient statuses between HS tissue and NS in individuals, we

can conclude that the differences in element contents in HS
were localized rather than systemic.

Levels of trace elements, including Zn, Fe and Cu, were lower
in HS tissues than in FS tissues, which may be explained by
drastically different histological structures. The epidermis of an
HS is thin, with the papillary layer disappearing and the der-
mal layer becoming heavily thickened. However, the whole FS
structure is nearly normal except for the presence of moder-
ately enhanced thin collagen fibers deposited in a regular man-
ner. Obviously, HS results from a pathological process during
excessive wound healing [19]. Although HS tissue has a great
number of capillaries, most of them are compromised by hy-
perplasia and hypertrophy of endothelial cells [34]. The colla-
gen nodes of HS are actually short of blood supply [35]. Hence,
the local supply of other nutritive factors would likely also be
compromised. The decrease in all element contents in HS tis-
sues in this study confirmed this assumption.

As indicated in Figure 2, HS had markedly reduced levels of
Zn, Fe, and Cu. The ratios of the levels of these metals in HS
to the corresponding levels in NS were 0.29, 0.34, and 0.36,
which were far lower than the ratios of 0.84 and 0.87 for Ca
and Mg, respectively. Bang and Dashti [18] also reported that
the level of Mn in burn-induced HS is dramatically lower than
in NS, with a ratio of approximately 0.11. These elements
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particularly compose an important part of free radical scav-
enger enzymes, such as Cu/Zn-superoxide dismutase (Cu/Zn-
SOD), Mn-SOD, and Fe-catalase (Fe-Cat). The decrease in Cu,
Zn, and Fe would impair free radical scavenging in local tissues,
leading to abnormal wound repair and scar generation [8,36].
Oxygen free radicals act in 2 ways to promote scar formation.
First, they function as a necessary mediator in collagen synthe-
sis that is catalyzed by proline hydroxylase and lysine hydrox-
ylase. Second, oxygen free radicals nonenzymatically catalyze
a reaction changing procollagen to collagen in the absence
of the rate-limiting enzyme hydroxylase [37]. Consistent with
this, a previous study [38] reported that eliminating free rad-
icals in local tissue will inhibit scar formation.

Our study showed that the Cu/Zn ratio was markedly high-
er in individuals’ HS than in their NS. A similar phenomenon
has been observed in cancer studies [39]. Although the exact
reason is not yet known, it may implicate the overprolifera-
tion feature of tumor cells. Although HS do not metastasize,
they demonstrate excessive local growth, which is similar to
that of tumor tissues. The increase in the Cu/Zn ratio may re-
flect this common trait. A recent study reported that an up-
regulated Ca/Mg ratio increased the proliferation of prostate
cancer cells [40]. Our data showed that the Ca/Mg ratio was
not significantly different in HS, which may indicate that dif-
ferent mechanisms are involved in malignant tumors and be-
nign hyperplasia.

Our data may provide evidence demonstrating that nutri-
tion deficiency may be triggering and maintaining factors of
HS [41]. If nutrients and oxygen could be supplied to the dam-
aged tissue in time, the pathologic process might be reversed.
Soderberg [42] applied Zn-containing adhesive tape on the sur-
face of hypertrophic scars or keloids and reported that scars
receded and symptoms of redness, pain, and itching largely
diminished. Using %Zn-containing tape, he observed the ab-
sorption of ®Zn into the scar tissue, suggesting a therapeutic
effect by replenishing local Zn shortages. Similar results have
been reported elsewhere [43,44].
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To our knowledge, the association of metal elements with
the pathology of HS has not been previously reported. Hence,
investigation is urgently required regarding how the concen-
tration of mineral elements may be involved in the pathogen-
esis of HS. To investigate whether altered metal elements lev-
els affected the proliferation of HFB, we added EDTA to the
culture medium of HFB and NFB to create an environment
with reduced levels of metal elements. After NFB and KFB
were cultured for 24, 48, and 72 h, we found that cell prolif-
eration increased at 24 h, cells growth was inhibited at 72 h.
Consequently, we can conclude that metal elements may be
implicated in the formation of HS.

The present study has several limitations. No direct method for
monitoring metal element contents in skin tissues was used.
Tissue specimens are the only way to determine micronutrient
status, but surgery is an invasive process. The study sample
size was small in that the prevalence of HS and FS was low.
More studies on the association between micronutrients and
HS are urgently required to reveal how the concentration of
mineral elements may be involved in the pathogenesis of HS.

Conclusions

Reduced levels of metal elements were confirmed in HS tissues
and not in the body as a whole. The study suggests that de-
creased levels of these elements in HS may contribute to ab-
errant cicatrix hyperplasia. Reduced levels of metal elements
also affected the proliferation of HFB. Studies on supplemen-
tation with metal elements, especially Ca, Mg, Zn, Fe, and Cu,
are needed to demonstrate the involvement of metal elements
in the pathogenesis of HS, the improvement in wound heal-
ing, and the prevention of scar formation.
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