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Abstract: Objective: Keloid patients usually have local pruritus and pain. In our clinical work, we have found keloid
patients after receiving hyperbaric oxygen (HBO) therapy reflect less pruritus and pain. The hypothesis was that
patients with keloid and a history of HBO therapy would have less pruritus and pain than patients without HBO
therapy, and the pruritus or pain-related factors were detected in keloid with/without HBO therapy and normal
skin. Methods: Three groups of samples were established: keloid samples from patients with HBO therapy for two
weeks before and after surgery (H group); keloid samples from patients without HBO therapy (G group); normal skin
samples from patients without obvious scar (N group). Hematoxylin and eosin (H&E) staining was used to observe
morphological changes. Pruritus/pain related factors: Tryptophan Hydroxylasel (TPH1), connexin-43 (Cx43) and
transient receptor potential vanilloid type 1 (TRPV1) were detected by immunofluorescence and western blot tech-
nology. The expression of these factors” mMRNA was also measured by the real-time quantitative polymerase chain
reaction (RT-qPCR). Results: Among three groups, G group presented significantly highest expression levels of TPH1,
Cx43 and TRPV1, conversely, N group presented significantly lowest expression levels of TPH1, Cx43 and TRPV1.
Conclusion: TPH1, Cx43 and TRPV1 were overexpressed in the samples of keloid patients, indicating that the pru-
ritus and pain of keloid might be related to these factors. Furthermore, TPH1, Cx43 and TRPV1 were expressed
highest in keloid patients without HBO therapy, indicating that HBO therapy might relief pruritus of keloid patients
by regulating these factors.
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Introduction connexin43 (Cx43), endothelin-1 (ET-1) and
tryptophan hydroxylase gene 1 (TPH1) have
been mainly linked to itch and pain. In our study,
we investigated TRPV1, Cx43, ET-1 and TPH1 in
keloid samples from patients without HBOT (N
group); keloid samples from patients with HBO
therapy for two weeks before surgery (H group);
normal skin samples from patients without
obvious scar (S group).

Keloids are the overgrowth of dense fibrous tis-
sue that develops after healing of a skin injury,
and they usually occur with refractory clinical
symptoms such as itching, topical invasive-
ness, tenderness and pain [1, 2]. In Lee’s [3]
study, 46% of patient noted keloid-associated
pain and 86% mentioned pruritus. Up to now,
there are many treatments of keloid. Yet despite
recent advances, upstream releasing mecha-
nisms of itch and pain and effective therapeu-
tic options remain elusive.

Patients and methods

Patients and grouping

Pruritus is a symptom associated with a wide
range of dermatological diseases and severely
impairs the quality of life. The itch in many der-
matological conditions is chiefly generated
peripherally by localized mediators in the skin.
Previous studies have identified that the tran-
sient receptor potential vanilloid type 1 (TRPV1),

Part | We had 134 keloid patients receiving
HBO therapy after surgery, among them 62
patients had more than one part keloid scars
and their scars did not remove wholly in one
surgery. We observe the 62 patients’ pruritus
and pain symptom of the undo surgery keloid
scars in the follow-up.
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Part Il Three groups of samples were estab-
lished: Twelve chest keloid samples were taken
from 12 keloid patients: 6 from keloid patients
with HBO therapy (H group, aged from 26 to 43
years old, mean age, 33.33+2.654 years old, 3
females and 3 males); 6 from keloid patients
without HBO therapy (G group, aged from 21 to
49 years old, mean age, 30.67+4.014 years
old, 3 females and 3 males). Another 6 normal
skin samples from patients with cosmetic sur-
gery or full-thickness skin transplantation
served as control (N group, aged from 24 to 47
years old, mean age, 31.83+3.478 years old 3
females and 3 males). Patients were randomly
selected from the hospitalized patients of
Peking Union Medical College Hospital from
September 2016 to February 2017. No signifi-
cant difference of age, sex between each group
(P>0.05). All patients are diagnosed in the
Department of Plastic Surgery. All the patients
did not receive any systemic treatment before
the study and have any systematic disorder.
Informed consents were obtained from all
patients. This study was approved by the Ethics
Review Committee of Peking Union Medical
College Hospital (China).

Sample preparation

The samples were divided into two parts after
surgery: one parts were frozen immediately and
stored at -80°C, for Western Blotting and real-
time quantitative reverse transcription Polyme-
rase Chain Reaction (RT-gPCR); another parts
were fixed in 10% formalin for 48 h then made
5 ym paraffin section.

H&E staining study

Specimens were fixed in a 10% formalin solu-
tion for 48 hours then embedded in paraffin,
sectioned, and mounted on a slide. The tissue
slides were stained with H&E for histological
examination.

Western blot analysis

A cell lysis kit (Bio-Rad laboratories, Hercules,
CA, USA) was used to extract protein from 50
mg samples. Samples were grinded on ice for
10 min in buffer (246 ul Lysis Buffer, 1.25 ul
phosphatase inhibitor, 0.25 | protease inhibitor,
2.5 yl PMSF) and then centrifuged (14000 rpm)
in 4°C for 15 min. Equal amounts of superna-
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tant protein (60 pg) were separated by 10%
SDS-PAGE and transferred to nitrocellulose
membranes for immunoblotting. The mem-
brane were blocked with 5% BSA for 50 min
and then subsequently incubated with a prima-
ry antibody (Anti-Tryptophan Hydroxylase anti-
body 1:50, Anti-Cx43 antibody 1:8000, Anti-
ET-1 antibody 1:250, Anti-TRPV1 antibody
1:1000, Anti-B-actin 1:500) overnight at 4°C
and a secondary antibody for 60 min at room
temperature. The bands were detected and
analyzed by Odyssey 3.0 (Nicolet, USA). The
protein expression was reported relative to that
of B-actin. Each sample was analyzed at least
thrice. The expression of ET-1 is very low in both
keloid and normal skin samples, so we exclude
this factor and detect the other three factors in
following analysis.

Immunofluorescence

In immunofluorescence study, deparaffinized
sections in two washes of xylene for 10 min
each, in two washes of 100% ethanol for 15
min each, and in two washes of 95% ethanol for
15 min each. Then rinse sections twice in
ddH,0 for 5 min each. The slides were heated
in citrate buffer (CB) solution to 90°C for 4 min
and 40°C for 10 min in order to retrieving anti-
gen. Block specimen in goat serum at room
temperature for 60 min. Apply diluted primary
antibody (Anti-Tryptophan Hydroxylase antibody
1:50, Anti-Cx43 antibody 1:1000, Anti-TRPV1
antibody 1:1000, Abcam). Negative controls
were prepared by omitting the primary anti-
body. Then incubate overnight at 4°C. After
three washes with PBS for 5 min each, Goat
Anti-Rabbit IgG H&L (DyLight® 488) secondary
antibody (Abcam) diluted 1:250 in PBS was
added for 1 h at room temperature. Then rinse
three times in PBS for 5 min each. Specimen
was then stained with 10 mg/mL Hoechst
33258 (Sigma-Aldrich) for 10 min at room tem-
perature to counterstain the DNA. Zeiss
Axiophot fluorescence microscope (Axio-Cam
MRc, Zeiss, Pberkochen, Germany) with a digi-
tal video camera and Axiovision Zeiss software
were used to observe the expression of mark-
ers above.

RNA extraction and RT-qPCR technology

Total RNA were extrated from samples by
E.Z.N.Z Tissue RNA Kit (Omega Bio-Tek, USA).
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Table 1. The primer sequences used in this study

Statistical analysis

Gene

Sense primers
name

Antisense primers

SPSS 24.0 software package

TPH-1 5-AGCGTCCATTTGGAGTGAAGT-3’ 5-GCAAGGGCATCACTGACAAC-3’
Cx43 5’-CTCGCCTATGTCTCCTCCTG-3'  5-TTGCTCACTTGCTTGCTTGT-3’

TRPV1 5-GCTTGGCTCTTCTGGACTGA-3' 5-TGGGTTAGACCCATCCCTCC-3’
B-actin 5'-CATCACTATCGGCAATGAGC-3’  5-GACAGCACTGTGTTGGCATA-3’

(SPSS, Inc., Chicago, IL, USA)
was used for statistical analy-
sis. Data were expressed as
mean + standard deviation

(SD). One-way analysis of vari-
ance (ANOVA) was used to
compare the difference amo-
ng three groups. P value
<0.05 was considered to be
statistically significant.

Results

Patients’ pruritus and pain
symptom relief

In the 62 patients following
up, 55 patients reflected their
pruritus and pain of keloid
had been alleviated, the ef-
fective rate was 88.71%.

Histological analysis

Keloids are a pathological
way of wound healing due to

Figure 1. (A, B) The morphology of skin tissue (A, epidermis, B, dermis; black
arrows replay nucleus). (G, H) The morphology of keloid tissue by H&E stain-
ing (images: 400x): Proliferation of fibroblasts with haphazardly arranged
and thick eosinophilic hyalinized collagen fibers in the dermis was observed,
moreover, (G) showed more proliferation of fibroblasts with haphazardly
than (H). (N) The morphology of normal skin tissue by H&E staining (images:
400x): Collagen fibrils appear relatively loose and display orderly. (G: keloid
sample from patients without HBO therapy; H: keloid sample from patient

cutaneous injury. The scar tis-
sues are fibroproliferative dis-
orders that are characterized
by histological accumulation
of collagens and fibroblasts
[2]. H&E stained tissue was
used to confirm the pathologi-

with HBO therapy; N: normal skin sample).

Reverse transcription was performed using
ProtoScript First Strand cDNA Synthesis Kit
(New England Biolabs, Ipswitch, MA). The
sequences of primer pairs used in the study are
shown in Table 1. Real-time qPCR was per-
formed using the Maxima SYBR Green/ROX
gPCR Master Mix (2X) (Thermo, American).
Real-time gPCR cycle parameters included ini-
tial denaturation at 95°C for 10 minutes fol-
lowed by 40 cycles involving denaturation at
95°C for 15 seconds, annealing at 60°C for 30
seconds, and extension at 72°C for 30 sec-
onds. Each sample was tested thrice within the
same run. PCR data were normalized using the
AACt method; B-actin was used as an internal
housekeeping gene.
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cal morphology. Proliferation

of fibroblasts with haphazard-
ly arranged and thick eosinophilic hyalinized
collagen fibers in the dermis were observed
(Figure 1G and 41H). Moreover, Figure 1G
showed more proliferation of fibroblasts with
haphazardly than Figure 1H. On the contrary,
normal skin (Figure 1N) showed orderly colla-
gen fibrils.

Screening of pruritus/pain related factors

The protein expression of ET-1, TPH1, CX43 and
TRPV1 was identified by Western Blot technol-
ogy, but expression of ET-1 was very low in both
keloid and normal skin samples, therefore it
might not have close relationship with keloid
pruritus and pain symptom (Figure 2A). So we
did not detect ET-1 in the following study.

Am J Transl Res 2020;12(2):574-582
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rescent in the cytoplasm of
fibroblasts and epithelial cells
in G group. However, in H and
N group, the fluorescence was
weak. Expression of three
markers was most obviously
increased in the G group than
in the H group and N group
(P<0.001).

Figure 4 and Table 3 show the
mean fluorescence intensity
of TPH1, Cx43 and TRPV1 as
TRPV1 analyzed via immunofluoresc-
ence.

Figure 2. Relative protein amounts for all target proteins. A: Representative

images of western blots for ET-1, TPH1, Cx43 and TRPV1. B: The results of

Modulation at the mRNA level

densitometry analysis of target proteins. Values are shown as the mean *

SD (n=6 in each group, *P<0.05, G vs. H and N group). (G: keloid sample
from patients without HBO therapy; H: keloid sample from patient with HBO

therapy; N: normal skin sample).

Table 2. Protein relative value in all groups

Like the results of immunoflu-
orescence and western blot,
G group express the highest
MmRNA level, and N group
express the lowest level. The

Protein relative value of TPH1, Cx43, TRPV1

difference is statistically sig-

nificant (Figure 5; Table 4).

Discussion

Factor

G H N
TPH-1 1.3439+0.3568° 1.0675+0.2941 0.5839+0.3269
Cx43 2.1143+0.7605°2 1.4256+0.3300 0.7176+£0.2800
TRPV1 1.8194+0.4871° 1.3845+0.3396 0.6913+0.3278

Keloid is benign proliferative

Values are means + SD. ?P<0.05, G vs. H, N. No statistically significant difference

was found between H group and N group.

Protein expression by western blot

Protein expression of TPH1, Cx43 and TRPV1
was identified by Western Blot technology in
these three groups. The expression of TPH1,
Cx43 and TRPV1 was the highest in G group,
and the lowest in N group. The difference is sta-
tistically significant (Figure 2; Table 2).

Immunofluorescence evaluation

Expression levels for three genes implicated
in pruritus and pain were quantified in keloid
samples from patients without HBOT before
surgery (G); keloid samples from patients with
HBOT for two weeks before surgery (H); normal
skin samples from patients without obvious
scar (N): TPH1, Cx43, TRPV1. These genes
were selected for analysis because they were
identified in previous studies to be elevated
when pain and pruritus happened. The fluores-
cence intensity of TPH1, Cx43, TRPV1 was in
Figure 3: TPH1, Cx43, TRPV1 were strongly fluo-
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lesion of dermic collagen and
appears as firm, well-demar-
cated nodules or tumors with
shiny surfaces and irregular
borders. They are usually pink, skin colored or
hyperpigmented [4]. Skin trauma and a genetic
predisposition may be responsible for the
keloid scar [3]. Pruritus, pain and paresthesias
are frequently reported symptoms [6-8].
Pruritus is a symptom associated with a wide
range of dermatological diseases and severely
impairs the quality of life. The itch in many der-
matological conditions is chiefly generated
peripherally by localized mediators in the skin
[9].

Much medical gas has been used in clinical
work. Hyperbaric oxygen therapy is one of th-
em being used frequently. HBO is based on
administration of 100% oxygen at higher than
normal atmospheric pressure. HBO treatment
enhances the amount of dissolved oxygen in
the plasma, thereby increasing O, tissue deliv-
ery independent of hemoglobin [10]. More-
over, in our previous work, we found patients
after receiving HBO therapy had lower keloid

Am J Transl Res 2020;12(2):574-582
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TRPV1
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Figure 3. Images (200x) of immunofluorescence staining for all factors. Green areas represent tissue with high
expression of target protein (TPH1, Cx43 and TRPV1), while blue areas represent nucleus DNA (Hochest). The
expression of TPH1, Cx43 and TRPV1 was highest in the G group among three groups, while after receiving hy-
perbaric oxygen therapy, the expression of TPH1, Cx43 and TRPV1 were decreased in H group. N group nearly not
expressed target protein. (G: keloid sample from patients without HBO therapy; H: keloid sample from patient with

HBO therapy; N: normal skin sample).
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Figure 4. The mean of fluorescence intensity in all
groups. TPH1, Cx43 and TRPV1 showed highest ex-
pression in the G group among three groups. Values
are shown as the mean + SD (n=6 in each group;
**%P<0.001 G vs. H and N group). (G: keloid sample
from patients without HBO therapy; H: keloid sam-
ple from patient with HBO therapy; N: normal skin
sample).
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blood perfusion and expression of HIF-1x
than whom not receiving, replaying HBO thera-
py through ameliorate hypoxia environment to
regulate keloid blood perfusion [11]. So we
think HBO therapy might through regulate
keloid blood perfusion to play therapeutic role.
HBO is considered safe and complications
are rare using today’s standard treatment
protocols. The Undersea and Hyperbaric
Medical Society has a list of approved indica-
tions for HBO therapy, including decompression
sickness, severe carbon monoxide poisoning,
nonhealing wounds, and late radiotherapy inju-
ry [12]. Mirza’s study demonstrated that HBO
have the advantage of restraint fibroblast
proliferation [13]. In our previous study, we
found HBO therapy can decrease the recurrent
rate after keloid surgical resection [14].
However there is no report about whether HBO

Am J Transl Res 2020;12(2):574-582
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Table 3. Mean fluorescence intensity in all groups

Gap junctions allow for communica-

Mean fluorescence intensity of TPH1, Cx43, TRPV1

tion between cells via exchange of

Factor
G H

ions and small molecules that act

TPH-1  0.0245+0.0019* 0.0160+0.0036 0.0128+0.0016
Cx43 0.0477+0.0033° 0.0249+0.0020 0.0188+0.0040
TRPV1 0.0392+0.0032® 0.0193+0.0043 0.0158+0.0013

as secondary messengers, such as
Ca?', NAD+, cAMP, IP3, ATP, gluta-
mate, and glucose [22, 23]. As they

Values are means * SD. P<0.001, G vs. H, N. No statistically significant

difference was found between H group and N group.

wa EAGC  EEH BN

Expression level of mRNA
(folds change)

Figure 5. The mRNA expression levels of target fac-
tors are analyzed. Compared to the G group, TPH1,
Cx43 and TRPV1 are decreased in the H group.
Values are shown as the mean + SD (n=6 in each
group). (G: keloid sample from patients without HBO
therapy; H: keloid sample from patient with HBO ther-
apy; N: normal skin sample).

have therapeutic effect on keloid pruritus and
pain.

In our clinical observation, we have found keloid
patients after receiving HBO therapy reflect
less pruritus and pain. Among the amount of 62
keloid patients’ following up, 55 patients
reflected their pruritus and pain of keloid had
been alleviated, the effective rate was 88.71%.
So we think the HBO therapy might work in
relieving pruritus and pain of keloid.

Previous studies have identified that the tran-
sient receptor potential vanilloid type 1 (TRPV1)
protein has been mainly linked to itch [15-19]
and is involved in the induction of histaminer-
gic-related itch responses [17]. Histamine
activates the arachidonic acid cascade to
subsequently form 12-hydroperoxyeicosatet-
raenoic acid (12-HPETE), inducing the histamin-
ergic itch response by activating TRPV1 [15,
17]. TRPV1 in primary afferent neurons are
known to contribute to pathological pain and is
crucial pain mediator [20, 21].
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are highly expressed by spinal co-
rd astrocytes, they are in an ideal
location to modulate chronic pain fol-
lowing spinal cord injury [24].
Connexin43 (Cx43) gap junctional communica-
tion is widely distributed in many different
cell types and may be involved in many biologi-
cal events, such as coordination of the con-
traction of cardiac and VSM cells [25], control
of cell growth [26, 27]. Cx43 is a protein
expressed in a variety of mammalian tissues.
Many studies have demonstrated Cx43 contrib-
utes to the development of neuropathic pain
[28-30].

It has been demonstrated that HIF-1 binds to
the TPH1 promoter via hypoxia response ele-
ments to drive serotonin production under
hypoxic conditions [31]. And serotonin has
close relationship with pruritus [32].

In our work, we found that TRPV1, CX43 and
TPH1 expressed higher in G group (keloid
patients without HBOT) than H group (keloid
patient with HBOT) and N group (normal skin).
Thus, TRPV1, CX43 and TPH1 might have close
relationship with keloid itch and pain. Moreover,
these three factors in H group did not have
obvious difference with N group. So, HBO ther-
apy could decrease the expression of TRPV1,
CX43 and TPH1 closely to normal skin. This
result might owing to HBO therapy provide rich
oxygen phenomenon. The rich oxygen phenom-
enon provide need of keloid metabolism, and
reverse the expression of HIF-1 and VEGF, lead-
ing to keloid blood perfusion decreased [11].
Because of the improvement of hypoxia envi-
ronment, the expression of pruritus and pain
related factors (TRPV1, CX43 and TPH1)
decreased.

In Fjellner’s study, upon intradermal injection
serotonin (5-TH) provokes itching [33-35]. But
5-TH has close relationship with allergy, so we
did not detect it in our research.

In our research, compared with normal skin tis-
sues, the keloid tissues have a higher expres-
sion of TRPV1, Cx43, TPH1, thus, indicating

Am J Transl Res 2020;12(2):574-582
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Table 4. Relative mRNA expression of target factors in all
groups

Mean fluorescence intensity of TPH1, Cx43, TRPV1

Factor
G H N

TPH-1 20.6635+5.5691 6.8417+3.6779 1.0000+0.0000
Cx43  11.6908+6.3327 4.0850+2.8557 1.0000+0.0000
TRPV1 21.4911+13.7350 9.2471+6.6707 1.0000+0.0000

All mRNA expression in the S group is considered as 1. Values are
means + SD.

amount of TRPV1, Cx43, and TPH1 might be
upregulated in keloid patients. Consequently,
TRPV1, Cx43, TPH1 might be the factors for (4]
keloid pruritus treatment in future. Moreover,
through HBOT expression of TRPV1, Cx43 and

TPH1 was down-regulated in keloid patients, (5]
demonstrating HBOT might relief pruritus symp-
tom of keloid patients. To confirm the role of 6]
TRPV1, Cx43 and TPH1 in keloid pruritus, more
samples and in vitro studies and genetic
researches are needed, which are the limita-
tion of the study. 7]
Conclusion [8]

In our study, TRPV1, Cx43 and TPH1 were over-
expressed in the samples from keloid patients, [9]
indicating that TRPV1, Cx43 and TPH1 may play

an important role in keloid pruritus and pain

process. In addition, there is significant differ-

ence of TRPV1, Cx43 and TPH1 expression in

keloid tissue between HBOT and non-HBOT (10]
patients, implying that hyperbaric oxygen thera-
py might be helpful to relief keloid pruritus and

11
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