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Abstract

Hori's nevus is a pigmentation condition that affects many Asian women.
Today's treatments aren't all effective. Recent studies have proposed platelet-rich
plasma (PRP) for skin pigmentation issues. This study assessed intradermal PRP
therapy for Hori's nevus's effectiveness and safety. Ten female patients received
bilateral intradermal PRP every two weeks for four time. The modified dermal
pigmentation and severity index (mDPASI), mean melanin index, brightening score,
and patient self-assessment were evaluated at two-, four-, eight-, and twelve-weeks
post-treatment. The safety of treatment was evaluated by monitoring adverse events.

At twelve weeks post-treatment, mDPASI improved 38.86% from 0.929 +
0.617 t0 0.568 £0.415 (p = 0.003). The mean melanin index fell 12.75% from 208.650
+26.319 to 182.052+17.028 (p < 0.0001). In addition, mean brightness score between
two experts is 1.4, indicating moderate lightening (>25-50% improvement). At week
12, 20% of the 10 patients reported a significant improvement (25-50% improvement),
50% a marked improvement, and 30% near-normal skin. Side effects included pain,
mild edema, and bruising, which spontaneously resolved within day 3. This study
reveals PRP may be an effective alternative to standard Hori's nevus treatments.
However, larger samples and longer follow-ups are needed to corroborate these results.

(Total 81 pages)

Keywords: Platelet-rich plasma, Hori’s Nevus, Acquired Bilateral Nevus of Ota-like
Macules, ABNOM, Nevus, Hyperpigmented
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Chapter 1

Introduction

1.1 Background and Significance of the Problem

Acquired bilateral nevus of Ota-like macules (ABNOM) or Hori’s nevus is a
hyperpigmentation disorder in the dermis mostly found in Asian women. The clinical
characteristic is bilateral brown-to-grey macules mainly on both cheeks. The most
common risk factors of Hori’s nevus include genetic factor, UV light exposure, dermal

inflammation, hormonal change and aging process. (Park, Tsao, & Tsao, 2009)

There are several reports of effective treatments of Hori’s nevus. For example,
energy-based devices and dermabrasion. Melanin-targeting lasers such as Picosecond
alexandrite laser (PSAL), Q-switched (QS) Nd:YAG laser (QSNYL), QS alexandrite
laser (QSAL), and QS ruby laser (QSRL) have proven effective in the treatment of
Hori’s nevus. (Kaur et al., 2020) However, multiple sequential treatments are required
to achieve the treatment goal. Following several treatments of LASER therapies, there
are common complications such as post-inflammatory hyper- and hypopigmentation,
irritation and erythema. Although dermabrasion has shown the desired improvement of
Hori’s nevus, the common problems encountered are the uncontrollable depth of
ablation, downtime and infections. (Kaur et al., 2020; Kunachak, Kunachakr,
Sirikulchayanonta, & Leelaudomniti, 1996; Manuskiatti, Sivayathorn, Leelaudomlipi,

& Fitzpatrick, 2003)

Recently, platelet-rich plasma (PRP) has been used in many dermatologic
conditions such as acne scar, skin rejuvenation, alopecia and melasma. Growth factors
contained in the platelet alpha granules act through several signal transduction pathways

to inhibit melanogenesis.



Hence, we are interested in intradermal PRP injection as an alternative
treatment of Hori’s nevus due to its efficacy on reduce melanin production, safety and
less problem. In addition, there is no research on PRP injection for the treatment of

Hori’s nevus.
1.2 Research Objectives

To study the effectiveness of intradermal platelet-rich plasma for the

treatment of Hori’s nevus in Institute of dermatology, Thailand
1.3 Research Questions/ Assumptions

Our research question is whether the intradermal platelet-rich plasma injection
could be an effective treatment for reduction of hyperpigmentation of Hori’s nevus in

Institute of dermatology, Thailand
1.4 Research Framework

Patient in Institute of dermatology, Thailand who was diagnosed as Hori’s nevus

Treatment with intralesional intradermal platelet-rich plasma

l

Growth factors in platelet alpha granule help reduce in melanin production via

transduction signaling pathway

Also, platelet-rich plasma induced melanin phagocytosis which result in reducing

persistent dermal melanin

l

Improvement in hyperpigmented lesion of Hori’s nevus



1.5 Definition of Terms

Melanocyte “Cells that reside predominatly in the epidermis and synthesize

melanin whose primary function is to absorb and block the sun’s damaging ultraviolet
light (UV)”

Melanin “Skin pigment within melanocytes which protect the skin from UV”

Melanogenesis “The process of melanin synthesis”

Dermal fibroblast “The central cells of the dermis which secrete collagen”

Dermal mast cell “The cells which play an important role in allergic tissue

inflammation and secrete histamine”

Macrophage “The cells which are involved in the elimination of invading

microbes”

Melanophage “Specialized macrophages which canengulf melanocyte

fragments and melanin”

Phagocytosis “Ingestion and killing of cells”

Tyrosinase “Enzyme that regulate the production of melanin”



Chapter 2

Literature Review

2.1 What is Hori’s nevus?

Acquired bilateral nevus of Ota-like macules or Hori’s nevus is an acquired
pigmentary disorder commonly found in middle-aged Asian women. Hori et al. were
the first to describe it in 1984 (Hori, Kawashima, Oohara, & Kukita, 1984). Clinically,
Hori’s nevus is characterized by bilateral multiple blue-brown and/or slate-gray macules
on the malar regions (68%) or less commonly forehead (1.9%), upper eyelids (1.2%),
temple (3.2%) and root and alar of nose (3.7%). Discrete brown macules were the most
common presentation in early stage, whereas confluent slate-gray macules present in
late stage (Ee, Wong, Goh, & Ang, 2006; Park et al., 2009). Hori's nevus is clinically
similar to nevus of Ota. On the other hand, Hori’s nevus is not observed in the
conjunctiva and mucosa (Manuskiatti et al., 2003). Most patients were Fitzpatrick skin
type IV (89%) and Fitzpatrick skin type Il (17%) (Ee et al.; 2006). Histologically,
actively melanin-synthesizing dermal melanocytes are found in the papillary and middle

layers of the dermis (Manuskiatti et al., 2003).

2.1.1 Pathogenesis of Hori’s nevus

Apparently, pathogenesis of Hori’s nevus is still unclear but there were several

studies and assumptions mentioned about it.

2.1.1.1 Drooping off of epidermal melanocytes

Falling off of epidermal melanocytes from the basal layer of epidermis

into the dermis (Hori et al., 1984; Kaur et al., 2020).

2.1.1.2 Migration of hair bulb melanocytes



Relocation of follicular bulb melanocytes into the dermis (Hori et al.,

1984; Kaur et al., 2020)

2.1.1.3 Reactivation of preexisting dermal melanocytes

The manifestation of latent dermal melanocytosis as a result of several
triggering factors including dermal inflammation, atrophy of dermis and epidermis,
aging, ultraviolet exposure, hormonal change, pregnancy and genetic factors (Hori et

al., 1984; Kaur et al., 2020).

2.1.1.4 Increase of melanogenic cytokines in dermis from dermal

fibroblast

Dermal fibroblast was stimulated by dermal inflammation, aging and
sun exposure. Then, releasing melanogenic cytokines which are dermal stem cell factor,

c-kit receptor, hepatocyte growth factor and dermal mast cells (Lee et al., 2011).

1) Dermal stem cell factor (SCF)/c-kit: SCF is one of dermal
melanogenic paracrine networks and c-kit is SCF’s receptor. When dermal fibroblast
was activated from dermal inflammation, aging and UV irradiation, expression of
dermal SCF/c-kit are increased. In Lee J.Y .et al study, dermal SCF and c-kit expression
were significantly increased in the histologic dermal lesions of patients with Hori’s
nevus. The SCF/c-kit pathway is the paracrine linkages between dermal fibroblasts and
dermal melanocytes. SCF/c-kit will enhance activity of mitogen activated protein kinase
pathway (MAPK) which result in increased expression of micropthalmia associated
transcription factor (MITF). This sequentially increase tyrosinase-related protein 1 and

2 (TRP-1,-2), and tyrosinase activity causing more melanin production (Fu et al., 2020)

2) Hepatocyte growth factor (HGF): HGF is also secreted by dermal
fibroblast. It stimulated melanocyte proliferation in vitro and in vivo. In

immunohistochemistry, HGF expression is also increased in lesional dermis. Increase



in HGF expression is a pathogenesis of Hori’s nevus due to HGF signaling stimulate

migration of melanocytes from epidermis to dermis (Lee et al., 2011).

3) Dermal mast cells: Due to SCF is a growth factor for mast cells,
increasing in SCF/c-kit expression also increase dermal mast cell. In Lee J.Y et al study,
dermal mast cell expression was also significantly increased in the histologic dermal
lesions of patients with Hori’s nevus. Dermal mast cell released histamine which is a
substance that induce the proliferation and migration of melanocyte (Hofny, Hussein,

Ghazally, Ahmed, & Abdel-Motaleb, 2019; Lee et al., 2011).

2.1.2 Triggering factors of Hori’s nevus

Triggering factors of Hori’s nevus include hormonal medication
(6.2%), pregnancy (19.3%), chronic sun exposure (27.3%), stress (0.6%) and trauma
(0.6%). Some patients didn’t have any risk factors (37.3%). Chronic sun exposure and
hormonal fluctuation during pregnancy have been reported to cause the reactivation of
latent melanocytes in the dermis. In addition, UV irradiation is believed to induce
melanogenesis via increase expression of tyrosinase activity by melanocyte-stimulating

hormone (Ee et al., 2006).

2.1.3 Measurement of Hori’s nevus severity

Hori's nevus has no reliable measurement scale comparable to the
MASI score for melasma. Vinay, K., Dabas, G., Parsad, D., & Kumaran, M. S. have
developed the wvalidate quantitative scale for acquired dermal macular
hyperpigmentation (ADMH) which includes lichen planus pigmentosus (LPP), Riehl’s
melanosis (RM), pigmented contact dermatitis (PCD), and erythema dyschromicum
perstans (EDP). The scale was called dermal hyperpigmentation score and severity
index (DPASI) which was calculated by 2 x (percentage of forehead x grade) + 2 x
(percentage of right cheek involvement x grade) + 2 x (percentage of left cheek
involvement x grade) + 1 x (percentage of central face involvement x grade) + 1.5 x

(percentage of right neck involvement x grade) + 1.5 x (percentage of left neck



involvement x grade). The severity of disease is graded by grade 0: no change in
color/normal pattern in dermoscopy; grade 1: mild disease/light brown color change
and/or dotted pattern on dermoscopy; grade 2 moderate disease/bluish or violaceous
color and/or Chinese letter/semi-arcuate pattern on dermoscopy; grade 3 severe
disease/slate grey or brown color and/or reticulate pattern on dermoscopy; grade 4 very
severe disease/dark brown to black color and/or diffuse pattern on dermoscopy (Vinay,

Dabas, Parsad, & Kumaran, 2018)

In 2019, Kumaran, M. S., Dabas, G., Vinay, K., & Parsad, D. aimed
to validate the proposed ADMH severity scale (DPASI) by evaluating its reliability,
validity, and usability. They concluded the DPASI is a reliable measure of ADMH
severity comparative to physician global assessment score (Kumaran, Dabas, Vinay, &

Parsad, 2019).

Hori’s nevus, on the one hand, is also an acquired dermal
hyperpigmentation. In contrast, Hori’s nevus is less common on forehead and neck.
Hence, in this study we modified the DPASI scale into modified dermal
hyperpigmentation score and severity index (mDPASI) by adjust the multiplication
factor in DPASI score (Figure 2.1).

mDPASI =4 x (percentage of right cheek involvement x grade) + 4 x
(percentage of left cheek involvement x grade) + 2 x (percentage of central face

involvement x grade. The score ranges from 0 to 40.

The severity of disease is graded by grade 0: no change in color/normal
pattern in dermoscopy; grade 1: mild disease/light brown color change and/or dotted
pattern on dermoscopy; grade 2 moderate disease/bluish or violaceous color and/or
Chinese letter/semi-arcuate pattern on dermoscopy; grade 3 severe disease/slate grey or
brown color and/or reticulate pattern on dermoscopy; grade 4 very severe disease/dark

brown to black color and/or diffuse pattern on dermoscopy.



Figure 2.1 Area division of face based on mDPASI score. Area which commonly have
Hori’s nevus is divided in to three segments — right cheek, left cheek all of which
constituting 40% area each and central face which constitute 20% of area.

Source: Vinay et al., 2018

2.2 Current treatment of Hori’s nevus

2.2.1 Laser and light therapy

2.2.1.1 Picosecond alexandrite laser (PSAL)

Yu, W., Zhu, J., Yu, W., Lyu, D., Lin, X., & Zhang, Z. assessed the
effectiveness of PSAL and QSAL in a randomized, split-face, single-blind study (n=30).
Each patient receives PSAL (750 ps, 2-2,5mm, 4.07-6.37 J/cm?, 2.5 Hz, single pass
without overlapping) on one side of the face; and QSAL (70 ns, 3mm, 6.0-8.0 J/cm?, 2
Hz, single pass without overlapping) on another side of the face at intervals of six
months, for three sessions. According to the study, PSAL is more effective and secure
than QSAL. Quartile improvement scale score were 3.73 £+ 0.521 for the PSAL group
and 2.4 + 0.894 for the QSAL group. The PSAL treated side had lower PIH rates and a
greater patient satisfaction rating with average discomfort during treatment (Yu, Zhu,

Yu, Lyu, Lin, & Zhang, 2018).



2.2.1.2 Q-switched Nd:YAG laser (QSNL)

QSNL 1064 nm with higher fluence 8-10 J/cm? was applied on the
lesion (pinpoint bleeding was taken as the end-point), 97% of patients showed 100%
clearance of the lesions with mean 2.8 sessions of the treatment. The side effect was

transient hyperpigmentation (Kunachak & Leelaudomlipi, 2000).

Another study of QSNL 1064 nm with lower fluence 2.2-2.6 J/cm?
was done 2-3 passes on the lesion of Hori’s nevus, followed by 2-3 passes or until fine
petechiae appeared at fluence 4-6 J/cm? for 3-8 sessions at 1-2 weeks interval. Overall
patient satisfaction was satisfied. There was no evidence of post-laser hypo or

hyperpigmentation (Cho, Park, Kim, & Bu, 2009).

2.2.1.3 Q-switched alexandrite laser (QSAL)

Effectiveness of QSAL in therapy of Hori’s nevus was evaluated in a
retrospective study by Lam, A. Y., Wong, D. S., Lam, L. K., Ho, W. S., & Chan, H. H.
in 2001. Each patient (n=32) received QSAL (755 nm, 3 mm spot size, 100ns pulse
duration, 8 J/cm’fluence and 7 mean treatment sessions, with 33 days treatment
interval). Eleven patients showed complete resolution of Hor1’s nevus. However, sixteen
patients developed  hypopigmentation, four patients developed post-laser
hyperpigmentation, and thirteen patients developed transient erythema. The degree of
clearance varied according to the number of treatment sessions (Lam, Wong, Lam, Ho,

& Chan, 2001).

QSAL is effective in the treatment of Hori's nevus, but the most
common side effects are erythema and post-laser hypo or hyperpigmentation (Kaur et

al., 2020).

2.2.1.4 Q-switched ruby laser (QSRL)
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QSRL (694 nm, 25 ns, 3-4 mm, 4.5-6 J/cm?, 10 sessions with 3-4
weeks interval) was treated on the lesion of Hori’s nevus. The lesions were significant

improved after sixth month follow-up (Lee, Nam, Cha, Park, & Kim, 2018).

The side effect was skin color change, stinging sensation. Bleb
formation and transient hyperpigmentation. Some cases developed prolong and

persistent hyperpigmentation (Kunachak, Leelaudomlipi, & Sirikulchayanonta, 1999).

2.2.2 Dermabrasion

Kunachak et al. investigated dermabrasion as a treatment option for
Hori’s nevus. 97 percent of patients received a full recovery. No resurrence was seen at

1-7 years follow-up (Kunachak et al., 1996).

2.3 Platelet-rich plasma (PRP)

2.3.1 What is platelet-rich plasma?

PRP is an autologous solution of plasma containing 4-7 times of the
baseline concentration of human platelets (Leo, Kumar, Kirit, Konathan, & Sivamani,
2015). PRP was first originate in the 80s, when Helena Matras explained the use of
fibrin glue which helped repair tissue in oral and maxillofacial surgical operations
(Matras, 1982). Then the PRP has become popular in many clinical fields such as sport
medicine, dental specialties, orthopedics, plastic surgery, otorhinolaryngology,
neuroscience and etc. Recently, PRP has been used in various dermatologic conditions
such as acne, alopecia, melasma, and skin ulcers (Merchan, Gomez, Chasoy, Alfonso-

Rodriguez, & Munoz, 2019).

2.3.2 Component of platelet-rich plasma

Platelets are cytoplasmic fragments of megakaryocytes. They contain

a-granules, dense granules, lysosomes and mitochondria (Kahr, 2009). In a-granules,
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there are so many growth factors which are essential for tissue repair (Merchan et al.,
2019). In addition, these various growth factors containing in a-granules stimulate cell
such as osteoblasts, adult mesenchymal stem cells, endothelial cells, fibroblasts, and
epidermal cells. Hence, they induce cellular proliferation, osteoid production, matrix
formation, and collagen synthesis (Tuknayat, Bhalla, & Thami, 2021). The growth
factors containing in a-granules include transforming growth factor beta (TGF-B),
platelet-derived growth factor (PDGF), epidermal growth factor (EGF), vascular
endothelial growth factor (VEGF), fibroblast growth factor (FGF), keratinocyte growth
factor (KGF), and insulin-like growth factor (IGF) (Merchan et al., 2019; Tuknayat et
al., 2021). While dense granules contain adenosine triphosphate (ATP), adenosine
diphosphate (ADP), calcium, histamine, serotonin and magnesium (Tuknayat et al.,
2021). Furthermore, ATP and ADP in dense granules of PRP help stimulate macrophage
phagocytosis, which is the main pathogenesis of dermal pigment reduction in Hori's

nevus (Sakamoto & Firkin, 1984).

Table 2.1 Growth factors in a-granule and its function

Growth factors Function

TGF-B e Inhibits MITF,
TRP1&2, tyrosinase
o Promotes collagen
synthesis

PDGF e Angiogenic

Macrophage activator

Mitogen for
mesenchymal and
neuronal cells

Favours the formation

of type 1 collagen

Synthesis hyaluronic

acid
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Table 2.1 Growth factors in a-granule and its function (Cont.)

Growth factors Function
EGF e Inhibits tyrosinase &
PGE2
FGF e Removes photodamaged ECM
collagen and formation of new
collagen
IGF-1 e Stimulates the synthesis of

type 1 collagen, alkaline

phosphatase and osteocalcin

Source: Merchan et al., 2019

After the whole blood was centrifuged, the blood components are
arranged by density in the following order, from the bottom to the top of the tube: the
red blood cell, white blood cell, platelet-rich plasma (PRP), platelet-poor plasma (PPP)
(Figure 2.2). When considering the effectiveness of PRP, the first thing to be checked
is determining the platelet concentration necessary to enhance tissue healing. Normally,
in the whole blood platelet counts range from 150,000/pL to 350,000/uL. Most
commercially platelet-concentrating machines can be divided into lower platelet
concentrating machines (>1x-3x baseline) and higher platelet concentrating machines
(>4x-9x baseline). Report recommended that platelet concentration of 2.5x-3x baseline
were ideal. For the contamination of RBC, PRP systems producing low platelet
concentrations generally contain minimal or no RBCs, whereas highly concentrating
systems are allowed to have higher RBC residual (5-15% hematocrit). For the
contamination of WBC, it depends on the PRP classification the researcher demand

(Mautner et al., 2015).



13

————— PPP

———— PRP

> \Nhiite series

—p Red series

Figure 2.2 Blood component after configured by MINOS PRP tube
Source: Merchan et al., 2019

2.3.3 Platelet-rich plasma preparation

The 18 ml of patient’s whole blood is collected in a 20-ml syringe
using a butterfly cannula. In the 20-ml syringe, there is the anticoagulant citrate dextrose
A (ACD-A) 2 ml. The syringe was then shaken slowly to allow the blood to mix with
ACD-A. Then gently put the whole blood with ACD-A in the commercial kit and follow
each of the manufacturer guidelines. After centrifugation, the whole blood will give 3-
5 ml of PRP depended on the centrifugation device, the technique and the baseline

platelet count of an individual.

In this study we choose MINOS PRP tube because it is easy to separate
PRP with only kit, separation can be done with only one time of centrifugation, this tube
is a close system and it gives us a high concentration of platelets (16x baseline) with
less contamination of RBC (9.2%) and WBC (0.1%). The advantage of close system is

that PRP is not exposed to the environment during the process of PRP preparation. After
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we put the whole blood with ACD-A in MINOS PRP tube, then centrifuge it with
Ugaiya Cence L500 table top low speed centrifuge with speed 3500 rpm for 5 minutes.
Another advantage of MINOS PRP tube is that we can get maximum PRP with less PPP

contamination.

In addition, this study chose acid citrate dextrose as an anticoagulant
for the preparation of PRP. The common anticoagulants used for blood preparation
include ACD-A, trisodium citrate (TSC), heparin and EDTA. ACD-A has a lower pH
and lower extracellular calcium ion concentrate than TSC which is good for fibroblast,
growth factor (TGF-3) proliferation and prevention of platelet aggregation (Dashore,
Chouhan, Nanda, & Sharma, 2021).

2.3.4 Classification of platelet-rich plasma

Dohan Ehrenfest, D. M., Rasmusson, L., & Albrektsson, T.
established a classification of PRP in 2009 based on two basic parameters: the presence
or absence of leucocytes and fibrin architecture. This will cause 4 categories of PRP

(Ehrenfest, Rasmusson, & Albrektsson, 2009).

2.3.4.1 Pure PRP (P-PRP) or leucocyte- poor PRP: preparation

without or low WBC and without fibrin network.

2.3.4.2 Pure platelet-rich fibrin (P-PRF) or leucocyte-poor platelet-
rich fibrin: preparation without or low WBC and with high-density fibrin network.
When P-PRP is mixed with activator (CaCl2) and allowed to incubate for some time, a

stable PRF clot can be collected.

2.3.4.3 Leucocyte-rich PRP (L-PRP): preparation with elevated WBC
value and without fibrin network. L-PRP shows similar platelet and growth factors
concentrations but higher leucocyte, providing antimicrobial effects, and pro-

inflammatory cytokine concentrations compared with P-PRP.
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2.3.4.4 Leucocyte-rich and platelet-rich fibrin: preparation with
elevated WBC value and with high-density fibrin network. The method is to collect

blood without anticoagulant and immediately centrifuged.

Table 2.2 Classification of PRP

Leucocyte- Leucocyte
Pure platelet-  Pure platelet- . .
rich PRP platelet-rich
rich plasma rich fibrin
(L-PRP) fibrin
(P-PRP) (P-PRF)
(L-PRF)
With WBC - - v v
High density - v - v

fibrin network

Source: Dohan Ehrenfest et al., 2009

2.3.5 Platelet-rich plasma in clinical practice

2.3.5.1 PRP with acne and acne scar

PRP can inhibit the growth of Cutibacterium acnes in vitro (Intravia
et al., 2014). Gomez, L., Romero, V., & Merchan, W. applied PRP every month for
three months to the patients who had acne. The results showed decrease in both
inflammation and scar formation by acne (Gémez, Romero, & Merchan, 2017). Asif,
M., Kanodia, S., & Singh, K. used PRP with microneedling in patient with atrophic
scar from acne. The results show that the PRP combination with the microneedle is more

effective than only microneedling (Asif, Kanodia, & Singh, 2016).
2.3.5.2 PRP with alopecia
Shetty, V. H., & Goel, S. injected PRP every 3 week for 3 months in

patients who have androgenetic alopecia. The results were evaluated by using

dermoscopy at baseline and at 3 months. Patients' hair counts, hair diversity improved
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significantly after treatment. Also, the patient's hair growth assessment score improved

by 50-70 percent (Shetty & Goel, 2019)

PRP is rich in growth factors, which promote dermal papilla cell
differentiation and growth through various signaling pathways. PDGF, TGF, VEGF,
and IGF are the main growth factors involved in androgenetic alopecia (Gkini, M. A.,
Kouskoukis, A. E., Tripsianis, G., Rigopoulos, D., & Kouskoukis, K., 2014). These
growth factors promote the transdifferentiation of hair and stem cells, which results in

the formation of new follicular units (Shetty & Goel, 2019).

2.3.5.3 PRP in skin rejuvenation

There is a systematic review of the safety and effectiveness of PRP
for skin aging and rejuvenation. Injection PRP alone has been shown to temporarily
improve facial skin appearance, texture, and lines. Fine lines and pigmentation around
the eyes may also benefit. This paper summarized that PRP injections are safe and

may have a minor benefit for aging skin (Maisel-Campbell et al., 2020).

2.3.5.4 PRP in periorbital hyperpigmentation

One study assessed the efficiency of prp in the treatment of periorbital
hyperpigmentation, with significant changes obtained in all 50 patients after three
sessions (Al-Shami, 2014). Another study was done by Mehryan, P., Zartab, H., Rajabi,
A., Pazhoohi, N., & Firooz, A., using PRP intradermal injections on ten patients, and
the results show an improvement in infraorbital color homogeneity from the first session

(Mehryan, Zartab, Rajabi, Pazhoohi, & Firooz, 2014).

2.3.5.5PRP in melasma

Cayirli, M., Caliskan, E., Acikgoz, G., Erbil, A. H., & Erturk, G. had

injected PRP in both melasma lesion in patient for 3 times every 2 weeks. The results
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showed that more than 80% reduction in hyperpigmentation (Cayirli, Caliskan,

Acikgoz, Erbil, & Erturk, 2014).

Sirithanabadeekul conducted a randomized. Controlled, split-face trial
in patients with melasma. In this study, they administered intradermal PRP injection on
one-sided face and another-sided face was injected with normal saline. The injections
were done every 2 weeks for 4 sessions. After one-month follow-up the PRP-injected-
side showed an improvement in mMASI score and melanin level (Sirithanabadeekul,

Dannarongchai, & Suwanchinda, 2020).

Tuknayat et al. treated melasma with PRP intradermally injection
monthly for 3 sessions. At the third month follow-up, the mMASI score reduced 54.5%,
patients’ satisfaction score was up to 90%, and there was no recurrence during the period

of the study. (Tuknayat et al., 2021)

There was a systematic review on efficacy and safety of PRP in
melasma done by Zhao L et al. It proved that PRP can significantly reduce mMASI in
melasma and could be a promising therapy for melasma with less serious side effect

(Zhao, Hu, Xiao, Zhou, Li, Xiong, & Li, 2021).

2.3.5 Platelet-rich plasma in Hori’s nevus

Firstly, Kim et al. had done research on TGF-$1’s role in melanogenesis by
using a preserved mouse melanocyte cell line, Mel-Ab. The results show that TGF-$1
significantly inhibit melanogenesis in a dose-dependent way, subsequentially, reduce
tyrosinase activity via down regulation of micropthalmia associated transcription factor
(MITF) pathway. To summarized, TGF-B1 reduce MITF activity, tyrosinase,
tyrosinase-related protein-1 and 2 productions. Moreover, TGF-B1 also delay activation
of extracellular signal-regulated kinase (ERK) which contribute to MITF down-

regulation to decrease melanin production (Kim, Park, & Park, 2004).
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Additionally, Tuknayat et al. evaluated the effectiveness of PRP in treating
melasma and discovered that TGF- B1 in PRP can significantly inhibit MITF and the
paired-box homeo-c gene (PAX3), hence reducing tyrosinase activity and reducing

melanogenesis (Tuknayat et al., 2021).

Secondly, according to Yun et al., EGF reduces melanogenesis via inhibiting
prostaglandin 2 (PGE2) which is also activate tyrosinase through cAMP signaling
pathway and phospholipase C (PLC) (Fu et al., 2020). Additionally, this research
demonstrated that normal human melanocytes contain EGF receptors and responded to
EGF via ERK signaling. Recently, EGF has been utilized as a whitening agent in
dermatologic practice to alleviate PIH caused by laser or UV light (Yun et al., 2013).

Thirdly, fibroblast growth factor (FGF), a component of PRP, also aids in the
removal of photodamaged ECM collagen and promotes the production of new collagen.
Furthermore, platelet-derived growth factor (PDGF) stimulated the production of new
collagen and hyaluronic acid. The hyperpigmented lesion appears more radiant as the

skin's volume grows (Tuknayat et al., 2021).

Fourthly, a study on the components of PRP discovered that macromolecular
activators of phagocytosis from platelets (MAPP), which stimulates Fc receptors and
induces macrophage, melanophage, dermal dendritic cells, and neutrophil phagocytosis
activity (Czakai et al., 2017; Ogawa et al., 2000; Sakamoto et al., 2011) can also reduce
latent dermal melanocyte fragment and melanin granules. (Sil, Wong, & Martinez,
2018) Additionally, ATP and ADP in dense granules of PRP contribute to accelerated
macrophage phagocytosis, which is the main pathogenesis for reducing dermal
pigmentation in Hori’s nevus (Sakamoto & Firkin, 1984). As a result, PRP can help to

minimize dermal hyperpigmentation.

Finally, phagocytosis of macrophage can also reduce cell debris from
epidermal and dermal degeneration from aging process (Sil et al., 2018). This dermal
degradation caused dermal inflammation and dermal inflammation via SCF/c-kit and

mast cell degranulation (Hofny, Hussein, Ghazally, Ahmed, & Abdel-Motaleb, 2019;
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Lee et al., 2011) which is the pathogenesis of Hori’s nevus (Hori et al., 1984). It is a
reasonable assumption that minimizing dermal degradation can also reduce dermal
inflammation, SCF/c-kit, and mast cell degranulation, which will limit melanogenesis,

melanocyte proliferation and migration and dermal hyperpigmentation.

To summary, PRP is believed to be a new promising therapy among these

theories which can be compared with LASER and dermabrasion as showns in table 2.3.

Table 2.3 Advantages and disadvantages of the current treatments of Hori’s nevus and

platelet-rich plasma

Treatment Advantage Disadvantage
LASER Several supported studies Post-inflammatory hyper-,
hypopigmentation
Downtime

Several sessions required
Expensive cost

Dermabrasion  Studies showed fully recovery Post-inflammatory hyper-,

with no recurrence hypopigmentation
Downtime
Infection
PRP Less side effect included post- Several sessions required

inflammatory hyper-,
hypopigmentation
Cheaper cost

No downtime

Safe
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2.3.5 Side effect of platelet-rich plasma
PRP can cause temporary adverse effects such discomfort where it is

injected, edema, transient erythema, and bruises, all of which are self-limiting and

resolved in a few days (Tuknayat et al., 2021).



Chapter 3

Research Methodology

3.1 Population and Samples

3.1.1 Population

Patient who was diagnosed as Hori’s nevus in Institute of

dermatology, Thailand.
3.1.2 Sample size

Due to the lack of research on the effectiveness and safety of
intradermal platelet-rich plasma injection for the treatment of Hori's nevus on a national

and worldwide scale, this study was done as a pilot study with a sample size of 10.
3.1.3 Inclusion criteria
Patients between the ages of 25 and 65 with bilateral Hori's nevus.
3.1.4 Exclusion criteria

1) Pregnancy and breastfeeding

2) History of PRP allergy

3) History of bleeding disorder such as thrombocytopenia (<100,000
platelets/uL) or thalassemia

4) History of blood-borne disease include hepatitis B, hepatitis C or
HIV

5) Patient who currently on anti-oxidant supplement such as vitamin

C, vitamin E within three months prior to the study
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6) Patient who got chemotherapy and anti-coagulant within three
months prior to the study

7) Patient who had done LASER or IPL within three months prior to
the study

8) Patient who concomitant use of whitening agents/chemical peeling
within three months prior to the study

9) Patient who significantly had co-existing hyperpigmented lesion
except Hori’s nevus

10) Patient who has any active skin disease on the PRP injected area

such as infection, skin cancer, dermatitis, and etc.

3.2 Research Instruments

3.2.1 Platelet-rich plasma

3.2.1.1 PRP extraction tube

We used MINOS PRP tube from neogenesis, South Korea
which was distributed in Thailand by Gibthai company. This tube is designed for PRP
separation specifically. It is a closed system which can reduce contamination from
environment. By doing a single centrifugation, it is able to isolate the buffy coat layer,
concentrated platelets, and the necessary amount of plasma. In addition, Minos tube

offers 1620 times the concentration ratio of comparable PRP kits (4-6 times)

3.2.1.2 Centrifuge

Ugaiya Cence L500 table top low speed centrifuge.

3.2.1.3 Anti-coagulant

Acid citrate dextrose A (ACD-A)



23
3.2.1.4 Instrument for PRP preparation
1) 20-ml syringe
2) 10-ml syringe
3) 3-ml syringe
4) 23gx ¥ scalp vein
5) 30gx 13 mm needle

6) Tourniquet
7) 70% alcohol

3.2.1.5 Instrument for patient’s preparation

1) Topical lidocaine

2) Cleansing
3.2.2 Mexameter®
In this study we use Narrow-band reflectance spectrophotometer
(Mexameter® MX18; Courage + Khazaka electronic GmbH) to assess melanin index
on the lesional area.

3.3.3 Canfield Visia-CR System®

We used Canfield Visia-CR System® to record the picture of the

patient before and after treatment.

3.3 Data Collection

3.3.1 Research design

This is a pilot study, prospective trial to evaluate the effectiveness of

intradermal PRP injection in the treatment of Hori’s nevus. Ten patients with bilateral
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Hori’s nevus were enrolled in the trial. All of the patients were injected PRP every 2
weeks for 4 sessions to both lesional face (week 0, 2, 4, 6 of the study). After each
injection, the researcher will call each patient to ask about the side effect occurred on
the injected side on day 1 and day 3 post-treatment. Then we follow-up on week 8, 10,

14, 18 of the study.

3.3.2 Method

3.3.2.1 After the study was approved by the ethics committee, the
researcher will recruit the volunteers who were between 25 — 65-year-old and diagnosed

with Hori’s nevus in Institute of dermatology, Thailand

3.3.2.2 The researcher uses inclusion and exclusion criteria to include

and reject volunteers.

3.3.2.3 The researcher with give two expert dermatologists, who are
not involved in the study, pictures of 20 different Hori’s nevus cases to determine inter-
rater reliability of the experts on outcome measurement (mDPASI score and brightening
score) before starting the trial. Then, we calculated an intraclass correlation coefficient
(ICC) which should be more than 0.75. The researcher will arrange a meeting with both

experts to review the criteria and reevaluate if the ICC is less than 0.75.

3.3.2.4 Before the trial begins, the researcher will arrange a meeting

with the volunteers to obtain their informed consent.

3.3.2.5 On the day of the appointment, the researcher will gather the
general data relevant to the study, including gender, underlying diseases, Fitzpatrick
skin type, and risk factors for Hori's nevus such as history of hormonal used, pregnancy,

and unprotected sun exposure.

3.3.2.6 Before beginning the treatment, all of the volunteers will visit

with both experts to determine baseline mDPASI. On the same day, the volunteers will
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also analyze the melanin index using a narrow-band reflectance spectrophotometer
(Mexameter® MX18; Courage + Khazaka electrical GmbH), and will use the Canfield
Visia-CR System to capture a picture of the whole face (week 0 of the study). Before
beginning any of these procedures, the volunteers will be instructed to remove all of

their makeup and wash their faces with water and facial cleansers.

3.3.2.7 PRP was injected into both lesional facial areas of each patient

four times, at intervals of every two weeks (week 0, 2, 4, 6 of the study).

3.3.2.8 Each session includes the following steps.

The participants will be advised to remove all makeup
and wash their faces with water and facial cleansers. They will next apply topical
anesthesia cream, occlude the lesion on both sides for 45 minutes, and then wash it off

to get completely dry skin.

The blood will be collected from the subjects using a 23g
x 34" scalp vein for 18 milliliters and placed in a syringe with ACD-A for 2 milliliters,
for a total of 20 milliliters. The blood is then transferred to the MINOS PRP kit and
centrifuged for 5 minutes at 3500 rpm to extract the PRP. The mixture is then separated
into four layers, from bottom to top, which are RBC, WBC, PRP, and PPP. After that,

the research will extract PRP from the kit.

With a 30g needle, PRP was intradermally injected at the
Hori nevus on both sides of the face. Each injection points are 1 cm apart and 0.5-1 cm

in diameter.

After finishing PRP injection, the volunteers will be
cleaned their face with sterile pads and can be able to apply sunscreen after the treatment

12-24 hours. They will be advised to avoid sunlight, heat, and irritation to the face.
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3.3.2.9 The researcher will contact the participants through Line video
call following the injection to examine the side effects that occurred on day 1 and day

3.

3.3.2.10 The participants will receive sunscreen and moisturizer
throughout the trial duration. They will be told to use sunscreen every morning and, if
possible, every two hours while being outside. Additionally, use a certain moisturizer

twice daily, in the morning and at night.

3.3.2.11 The participants will be assigned to evaluate the effectiveness
of PRP four times following the last PRP session, at two weeks, four weeks, eight weeks,
and twelve weeks (week 8, 10, 14, and 18 of the study). The following steps are included
in each session. To determine the mDPASI and brightening score, two expert
dermatologists must first be consulted. Second, utilizing the narrow-band reflectance
spectrophotometer (Mexameter® MXI18; Courage + Khazaka electrical GmbH) to
measure the melanin index. Third, the Canfield Visia-CR System is then used to take a
photograph of the entire face. Last, evaluate patient self-assessment score. All of the
results will be documented in case record forms. The primary goal of this study is to
compare the outcomes at baseline (week 0 of the study) and twelve weeks after therapy
(week 18 of the study). The two-week, four-week, and eight-week post-treatment
follow-ups (week 8, 10, and 14 of the study) were used to determine the progression of

improvement.
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Table 3.1 The participant’s activity

Week 0 2 4 6 8 10 14 18

Activity

Collecting v
general
information

Taking photos v v v v v

Measuring v v v v v
melanin index

Meeting two v v v v v
experts to

determine

mDPASI

Meeting two % v v v
experts to

determine

Brightening

score

Meeting the v 7 v v
researcher for
injecting PRP

Evaluating v v v v
Patient self-
assessment

Evaluating side
effect v’ v’ v’ Ve v v v v

Note: v~ is day 1 and day3 following the injection, the researcher will contact the

participants through Line video conversation to investigate the adverse effects that
happened. Taking photos by the Canfield Visia-CR System. Measuring melanin index
by using the narrow-band reflectance spectrophotometer (Mexameter® MX18; Courage

+ Khazaka electrical GmbH)
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3.3.3 Outcome measurement

3.3.3.1 Primary outcome

The researcher used Modified Dermal Pigmentation Area and Severity
Index (mDPASI) as a primary outcome to assess the effectiveness of PRP in the
treatment of Hori’s nevus. mDPASI is a scoring the researcher modified from Dermal
Pigmentation Area and Severity Index (DPASI) to evaluate the severity of Hori’s nevus

which is calculated by this following. (Vinay et al., 2018)

mDPASI = 4 x (percentage of right cheek involvement x grade) + 4 x
(percentage of left cheek involvement x grade) + 2 x (percentage of central face

involvement x grade

The score ranges from 0 to 40.

The severity of disease is graded by grade 0: no change in color/normal
pattern in dermoscopy; grade 1: mild disease/light brown color change and/or dotted
pattern on dermoscopy; grade 2 moderate disease/bluish or violaceous color and/or
Chinese letter/semi-arcuate pattern on dermoscopy; grade 3 severe disease/slate grey or
brown color and/or reticulate pattern on dermoscopy; grade 4 very severe disease/dark

brown to black color and/or diffuse pattern on dermoscopy (Vinay et al., 2018).

The mean mDPASI of two expert dermatologists will be compared
between baseline (week 0 of the study) and the two-week, four-week, eight-week, and
twelve-week post-treatment follow-ups (week 8, 10, 14 and 18 of the study)

3.3.3.2 Secondary outcome

1) Mean melanin index
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Melanin index was measured by the narrow-band
reflectance spectrophotometer (Mexameter® MX18; Courage + Khazaka electrical
GmbH) which is be compared between baseline (week 0 of the study) and the two-week,
four-week, eight-week, and twelve-week post-treatment follow-ups (week 8, 10, 14 and
18 of the study). The researcher will measure two representative points on right and left
cheek marked with a permanent marker on a flexibly, plastic sheet. (Manuskiatti et al.,

2003) Each point will measure three times and calculate the mean of both points.

2) Brightening score

The brightening score was evaluated by two
expert dermatologist which was graded as 4 levels: 0-25%; no change to slight
lightening, >25-50%; moderate lightening, >50-75%; marked lightening, >75-100%;
near normal skin. (Hofny, Abdel-Motaleb, et al., 2019)

The mean brightening score of two expert
dermatologists will be collected at the two-week, four-week, eight-week, and twelve-

week post-treatment follow-ups (week 8, 10, 14 and 18 of the study)

3) Patient self-assessment score

The patient self-assessment was graded as 5 levels
by using quartile grading system as: 0 = no improvement; 1= slight improvement
(<25%); 2 = moderate improvement (25-50%); 3 = marked improvement (50-75%); 4
= near normal skin (>75%). Score will be collected at the two-week, four-week, eight-

week, and twelve-week post-treatment follow-ups. (Manuskiatti, 2003)

The patient self-assessment score will be collected
at the two-week, four-week, eight-week, and twelve-week post-treatment follow-ups

(week 8, 10, 14 and 18 of the study)

4) Side effects
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Side effect which the researcher interested were
pain score grading by 0 to 10, edema score grading by: 0 = no edema; 1 = mild edema;
2 = moderate edema; 3 = severe edema, erythema (presence or absence),
hyperpigmentation (presence or absence), infection (presence or absence; if presence
determined whether it is from bacteria; virus; or fungus), transient ischemia (presence
or absence), bruise (presence or absence), papules (presence or absence), pustules

(presence or absence).
On each session, short-term side effect data will
be collected on day 1 and day 3 post-treatment by Line video call. The long-term side

effect will be collected at the two-week, four-week, eight-week, and twelve-week post-

treatment follow-ups (week 8, 10, 14 and 18 of the study)

3.4 Data Analysis

All statistical analyses will be performed by using SPSS.
3.4.1 General information of patient
Quantitative data will be presented as mean, median, and interquartile
range for continuous data and percentage for discrete data. Quantitative data will be
presented as a percentage.

3.4.2 Primary outcome

Modified Dermal Pigmentation Area and Severity Index (mDPASI)

will be reported as means between two expert dermatologists.

3.4.3 Secondary outcome

1) Mean melanin index will be reported as means
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2) Brightening score will be reported as means between two expert
dermatologists.

3) Patient self-assessment score will be reported as frequency and
percentage.

4) Side effects will be reported as frequency and percentage.

3.4.4 Comparative of outcome between baseline and post-treatment

The researcher will use mean mDPASI between two expert
dermatologists and mean melanin index to compared between baseline (week 0 of the
study) and the two-week, four-week, eight-week, and twelve-week post-treatment

follow-ups (week 8, 10, 14 and 18 of the study).

If the data are in a normal distribution, a paired t test will be performed
to determine the significance of the improvements of the two-week, four-week, eight-
week, and twelve-week post-treatment follow-ups (week 8, 10, 14 and 18 of the study).
compared with the baseline (week 0 of the study). A P-value of 0.05 or less was regarded

as statistically significant.

If the data are not in a normal distribution, Wilcoxon signed-rank test

will be performed.

3.4.5 Comparative tendency of improvement between different timepoint

of post-treatment-follow-up

Tendency of improvement between the two-week, four-week, eight-
week, and twelve-week post-treatment follow-ups (week 8, 10, 14 and 18 of the study)
will be used Reapeated ANOVA to evaluate the data if the data are normal distribution.

If the data are not in a normal distribution, Friedman test will be performed.

3.4.6 Inter rate reliability
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Before the trial begins, the researcher will show two expert
dermatologists who are not participating in the study images of 20 different examples
of Hori's nevus to assess the inter rater reliability of the experts on outcome
measurement (mDPASI score and brightening score). Following that, we determined an
intraclass correlation coefficient (ICC), which should be more than 0.75. If the ICC is
less than 0.75, the researcher will schedule a meeting with both experts to review the

criteria and reevaluate.



Chapter 4

Research Results

4.1 Demographic data

This investigation enrolled ten female patients with acquired bilateral nevus of

Ota-like macules.

Each participant completed the protocol. The average age was 32.8 years old

with Fitzpatrick skin type III (%) and IV (%). Table 4.1 displayed the demographic

information in further depth.

Table 4.1 Demographic data

Count (%) Mean + SD

Sex Female 10(100%)
Age (year) 33+£5
Duration (year) 6.9+1.5
Onset (year) 259+14
Underlying None 7 (70%)
disease Hypertension 1 (10%)

Dyslipidemia 1 (10%)

Migraine 1 (10%)

Allergic 1 (10%)

rhinitis
Fitzpatrick 111 4 (40%)

v 6 (60%)
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Table 4.1 Demographic data (Cont.)

Count(%) Mean
+ SD
Hormonal use No 7 (70%)
OCP 3 (30%)
History of No 8 (80%)
pregnancy Yes 2 (20%)
Area
Forehead No 10 (100%)
Both cheek Yes 10 (100%)
Central face No 6 (60%)
Yes 4 (40%)
Severity Mild 3 (30%)
Moderate 4 (40%)
Severe 3 (30%)
Very severe 0 (0%)

4.2 Primary outcome

All enrolled patients had been evaluated modified dermal pigmentation area
and severity index (mDPASI) by two-independent dermatologists to determine the
improvement at the two-week, four-week, eight-week, and twelve-week post-treatment

follow-ups (week 8, 10, 14 and 18 of the study)

Twelve weeks after treatment, the mean mDPASI between two expert
dermatologists decreased substantially from 0.929 & 0.617 at baseline to 0.568 + 0.414
(p=0.001). Although the maximum reduction in mDPASI is observed at four weeks
post-treatment (p-value = 0.001), mDPASI levels at eight- and twelve-weeks post-
treatment are still significantly reduced from baseline (p-value = 0.003), whereas the
increase in mDPASI from four-weeks post-treatment is not statistically significant (p-

value > 0.05).



Table 4.2 mDPASI results of each patient

35

Baseline  2-wk post 4-wk post 8-wk post 12-wk post
PRP PRP PRP PRP
(% decrease) (% decrease) (% decrease) (% decrease)
Patient 1 1.22 0.56 (54.09) 0.56 (54.09) 0.54 (55.74) 0.63 (48.36)
Patient2  0.24 0.17 (29.16) 0.15(37.5) 0.14(41.67) 0.14 (41.67)
Patient 3 1.7 1.2 (29.41) 1.08 (36.47) 1.2 (29.41) 1.2 (29.41)
Patient4  0.96 0.64 (33.33) 0.64(33.33) 0.84(12.5)  0.88(8.33)
Patient 5 0.86 0.48 (44.18) 0.46 (46.51) 0.58(32.56) 0.7 (18.60)
Patient 6 1.98 1.28 (35.35) 1.24(37.36) 1.04(47.47) 1.12(43.43)
Patient 7  0.82 0.3 (63.41) 0.23(71.95) 0.2(75.61) 0.3 (63.41)
Patient 8 1.14 0.6 (47.37)  0.54(52.63) 0.54(52.63) 0.54 (52.63)
Patient9  0.15 0.09 (40) 0.07 (53.33) 0.07 (53.33) 0.05 (66.67)
Patient 10  0.22 0.17(22.73) 0.12(45.45) 0.16(27.27) 0.12 (45.45)
Table 4.3 mDPASI results summary of all patients
95% Confidence
Interval
Mean Lower Upper P value
Mean difference* Bound Bound
(SD) (SD)
mDPASI 0.929
baseline (0.617)
mDPASI 2-wk 0.549 0.380 0.203 0.557 0.001
post PRP (0.412) (0.247)
mDPASI 4-wk 0.509 0.420 0.235 0.604 0.001
post PRP (0.399) (0.258)
mDPASI 8-wk 0.531 0.398 0.176 0.620 0.003
post PRP (0.396) (0.311)
mDPASI 12- 0.568 0.361 0.158 0.564 0.003
wk post PRP (0.414) (0.284)
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mDPASI of each patient
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Figure 4.1 Mean mDPASI at baseline, two-week, four-week, eight-week, and twelve-

week post PRP treatment of each patient
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Figure 4.2 mean + SD of mDPASI at baseline, two-week, four-week, eight-week, and

twelve-week post PRP treatment (* P <0.05)



4.3 Secondary outcome

4.3.1 Mean melanin index
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All enrolled participants were evaluated melanin index which was

measured by the narrow-band reflectance spectrophotometer (Mexameter® MXI18;

Courage + Khazaka electrical GmbH)

It is statistically significant that the mean value of the melanin index

decreased from 208.650 + 26.319 at baseline to 182.052 + 17.027 twelve-weeks after

treatment. The maximum mean melanin index reduction is at eight-week posttreatment

which is 181.199 £ 19.690. At twelve-week posttreatment seem to have an elevation of

mean melanin index according to eight-week follow-up though it is not statistically

significant (p-value > 0.05).

Table 4.4 Mean melanin index results of each patient

Baseline  2-wk post 4-wk post 8-wk post 12-wk post
PRP PRP PRP PRP
(% decrease) (% decrease) (% decrease) (% decrease)
Patient I  208.83 195.16 188.66 179.83 180.17
(6.55) (9.66) (13.88) (13.72)
Patient2  173.67 162.66 157.83 159.83 159.17
(6.34) (9.12) (7.97) (8.35)
Patient3  218.00 211.50 182.00 172.33 182.50
(2.98) (16.51) (17.96) (16.28)
Patient4  231.33 200.00 201.00 199.67 197.17
(13.54) (13.11) (13.68) (14.77)
Patient 5  182.50 173.17 169.00 170.83 167.50
(5.11) (7.40) (6.39) (8.22)




Table 4.4 Mean melanin index results of each patient (Cont.)

Baseline 2-wk post 4-wk post 8-wk post 12-wk post
PRP PRP PRP PRP
(% (% (% (%
decrease) decrease) decrease) decrease)
Patient6  262.83  251.00 230.80 224.50 218.17
(4.50) (12.19) (14.58) (16.99)
Patient 7 197.50  186.17 167.60 179.83 188.17
(5.74) (15.14) (8.95) (4.73)
Patient 8 217.67  167.50 165.33 162.17 165.67
(23.05) (24.04) (25.50) (23.89)
Patient 9 209.67  200.50 200.83 193.00 184.83
(4.37) (4.22) (7.95) (11.85)
Patient 10 184.50  179.83 174.00 170.00 177.17
(2.53) (5.70) (7.86) (3.97)
Table 4.5 Mean melanin index results of all patients
Mean 95% Confidence
(SD) Interval
Mean Lower Upper
difference* Bound Bound P value
(SD)
MI 208.650
baseline (26.319)
MI 2-wk 192.749 15.90 5.83 25.97 0.006
post PRP (25.819) (14.07)
MI 4-wk 183.705 24.94 15.17 34.72 <0.0001
post PRP (22.147) (13.67)
MI 8-wk 181.200 27.45 16.59 38.30 <0.0001
post PRP (19.690) (15.17)
MI 12-wk 182.052 26.59 15.76 37.43 <0.0001
post PRP (17.027) (15.15)

*Compare with baseline P<0.05 was statistically significant
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Figure 4.4 mean + SD of melanin index at baseline, two-week, four-week, eight-week,

and twelve-week post PRP treatment (* P <0.05)
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4.3.2 Brightening score

The brightening score was evaluated by two expert dermatologist
which was graded as 4 levels: 0-25%; no change to slight lightening, >25-50%;
moderate lightening, >50-75%; marked lightening, >75-100%; near normal skin. The
mean brightening score of two expert dermatologists were collected at the two-week,

four-week, eight-week, and twelve-week post-treatment follow-ups.

Corresponding with mDPASI and mean melanin index, brightening
score also showed the improvement toward time. At two-week, four-week, eight-week,
and twelve-week post treatment the brightening score is 0.3, 0.8, 1.3 and 1.4. The mean
brightening score of two expert dermatologist at twelve-week after treatment was 1.4

which was interpret as >25-50%; moderate lightening.



Figure 4.5 Clinical photograph of a patient at baseline (a,b,c,g,h,i) and after four

sessions of PRP treatment at twelve-week post-treatment follow-ups (d,e,f,j,k,I)
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4.3.3 Patient self-assessment score

The patient self-assessment was graded as 5 levels by using quartile
grading system as: 0 = no improvement; 1= slight improvement (<25%); 2 = moderate
improvement (25-50%); 3 = marked improvement (50-75%); 4 = near normal skin
(>75%). Score was collected at the two-week, four-week, eight-week, and twelve-week

post-treatment follow-ups.

Of the 10 patients evaluated at week 12, 20% graded the improvement
as moderate (25-50% improvement), 50% reported the improvement as marked
improvement, and the remaining 30% graded the improvement as near normal skin or

>75% improvement, as shown in Figure 4.6.

Patient self-assessment

12
W near normal skin 75-100%

. . . . marked improvement 50-75%

B moderate improvement 25-
50%

I l l B sligtly improvement <25%
. H no improvement 0%

2-wk post PRP4-wk post PRP 8-wk post PRP 12-wk post
PRP

Figure 4.6 Patient self-assessment at the two-week, four-week, eight-week, and

twelve-week post-treatment follow-ups
4.3.4 Side effect

Most patients experience minimal side effects such as pain, mild

edema, and bruise on day 1 as shown in Figure 4.7, Figure 4.8, and Figure 4.9. Most of
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them resolved in day 3. None of the participant report severe side effects such as

transient ischemia, hyperpigmentation, and infection.
Pain score
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Figure 4.7 Pain score on day 1 and 3 post-PRP injection each session
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Figure 4.8 Edema score on day 1 and 3 post-PRP injection each session
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Figure 4.9 Appearance of bruise on day 1 and 3 post-PRP injection each session
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Chapter 5

Conclusion and Recommendations

5.1 Conclusion

The acquired bilateral nevus of Ota-like macule, also known as Hori's
nevus, is a type of pigmentary lesion that is quite common yet challenging to treat.
Currently available treatment options are laser and dermabrasion. In spite of multiple
treatments, the lesions heal inconsistently and are accompanied by complications such
as post-inflammatory hyperpigmentation. The majority of patients have recurrent

lesions. (Kaur et al., 2020)

Uncertainty still surrounds the pathogenesis of Hori's nevus. Several
assumptions exist regarding it. Hori et al. discovered in 1984 that Hori's nevus was
caused by the drooping off of epidermal melanocytes, migration of hair bulb
melanocytes, reactivation of preexisting dermal melanocytes by sun exposure, dermal
inflammation, ageing, and atrophy or degeneration of the epidermis and dermis, which
stimulated dermal ~melanogenesis. (Hori et al., 1984) Second, an increase in
melanogenic cytokines in the dermis from dermal fibroblasts, such as dermal stem cell
factor (SCF)/c-kit, which upregulate mitogen activated protein kinase pathway (MITF)
and tyrosinase activity, hepatocyte growth factor (HGF), which induces melanocyte
migration to the dermis, and dermal mast cells. Histamine secreted by mast cells in the
dermis stimulated the proliferation and migration of melanocytes. (Lee et al., 2011)
Third, Hori's nevus is triggered by chronic solar exposure (27.3%), hormonal changes
and pregnancy (25.5%), stress (0.6%), and trauma (0.6%). 37.3% of patients did not
have any risk factors. Similarly, it is believed that UV irradiation induces melanogenesis
by increasing the expression of tyrosinase activity by melanocyte-stimulating hormone.

(Ee et al., 2006).
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Platelet-rich plasma, or PRP, has emerged as a new trend in the
dermatology field in recent years. PRP is an autologous plasma solution with a high
platelet concentration. Platelets contain numerous growth factors that are necessary for

tissue repair, cell proliferation, and collagen synthesis. (Merchan et al., 2019)

a-granules contain a variety of growth factors, such as transforming
growth factor beta (TGF-B), epidermal growth factor (EGF), platelet-derived growth
factor (PDGF), fibroblast growth factor (FGF), etc. Additionally, platelets contain
macromolecular activators of phagocytosis from platelets (MAPP), which activate Fc
receptors and induce macrophage, melanophage, dermal dendritic cell, and neutrophil

phagocytotic activity. (Tuknayat et al., 2021)

In our study, we enrolled ten patients with bilateral Hori's nevus. They
received intradermal platelet-rich plasma injections on both sides every two weeks for
a total of four treatments (at weeks 0, 2, 4, and 6 of the trial). We then followed up with
them four times, at two-week, four-week, eight-week, and twelve-week post treatment.
During these follow-ups, we evaluated various factors including mDPASI, melanin
index, brightening score, patient self-assessment score, and side effects. The most
notable finding of our study was that mDPASI showed a significant reduction from
0.929 £ 0.617 to 0.568 + 0.414, indicating a 38.86% reduction at twelve weeks post-
treatment (p value = 0.003). Additionally, we observed a significant reduction in the
mean melanin index, which decreased from 208.650 + 26.319 to 182.052 + 17.028,
representing a 12.75% improvement at twelve weeks post-treatment (p value < 0.0001).
The brightening score also showed improvement over time, consistent with the changes
in mDPASI and mean melanin index. At two-week, four-week, eight-week, and twelve-
week post-treatment, the brightening scores were 0.3, 0.8, 1.3, and 1.4, respectively.
The mean brightening score assessed by two expert dermatologists at twelve weeks

post-treatment was 1.4, indicating moderate lightening (>25-50% improvement).
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Overall patient self-assessment at week 12, 20% graded the
improvement as moderate (25-50% improvement), 50% reported the improvement as
marked improvement, and the remaining 30% graded the improvement as near normal
skin or >75% improvement. Most patients experienced minimal side effects such as
pain, mild edema, and bruising on day 1, with the majority resolving by day 3. None of
the participants reported severe side effects such as transient ischemia,

hyperpigmentation, or infection.

The mechanism that PRP can improve Hori’s nevus is to reduce
dermal melanocyte. First, Kim et al. investigated the function of TGF-B1 in
melanogenesis. TGF-B1 inhibits the production of MITF, tyrosinase, and tyrosinase-
related proteins-1 and 2. In addition, TGF-B1 delays the activation of extracellular
signal-regulated kinase (ERK), which contributes to the downregulation of MITF in
order to reduce melanin production. (Kim et al., 2004). Second, Yun et al. found that
EGF inhibits prostaglandin 2 (PGE2), which in turn activates tyrosinase via the cAMP
signaling pathway and phospholipase C (PLC). This results in a decrease in
melanogenesis, which leads to a lighter skin tone (Fu et al., 2020). Moreover, the results
of this study indicated that normal human melanocytes contain EGF receptors and
respond to EGF by means of the ERK signaling pathway. In recent years, EGF has been
introduced to use in dermatological treatment as a whitening agent in order to reduce
PIH brought on by laser or UV radiation. (Yun et al., 2013). Correlatedly with the
significant reduction of mDPASI and mean melanin index and improvement of the
brightening score in our study. TGF-1 and EGF in PRP can reduce tyrosinase activity
which is the result from increasing in SCF/c-kit and HGF in Hori’s nevus. Third, the
PRP component fibroblast growth factor (FGF) assists in the removal of photodamaged
ECM collagen and stimulates the production of new collagen. PDGF also stimulated the
synthesis of new collagen and hyaluronic acid. As the skin's volume increases, the
hyperpigmented lesion becomes more radiant. (Tuknayat et al., 2021) Along with the
improvement of brightening score in our study. Overall brightening score showed more
than 25-50% improvement and moderate lightening which reflect the rejuvenation effect

from FGF and PDGF in PRP.
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Furthermore, a study of the components of PRP identified macromolecular
phagocytosis activators from platelets (MAPP). MAPP enhances phagocytosis activity
in macrophages, melanophages, dermal dendritic cells, and neutrophils through
stimulating Fc receptors (Czakai et al., 2017; Ogawa et al., 2000; Sakamoto et al., 2011).
Hence, this can also diminish dormant melanocyte fragments and melanin granules in
the dermis (Sil et al., 2018). Besides, ATP and ADP found in dense granules of PRP
contribute to increased macrophage phagocytosis, which is the principal
pathophysiology responsible for the reduction in skin pigmentation seen in Hori's nevus.
(Sakamoto & Firkin, 1984). As a consequence of this, PRP has the potential to assist in
the reduction of dermal hyperpigmentation. Last but not least, the act of phagocytosis
performed by macrophages can help minimize the amount of cell debris caused by the
epidermal and dermal degeneration associated with the natural aging process. (Sil et al.,
2018). This dermal deterioration resulted in dermal inflammation via SCF/c-kit and
mast cell degranulation, which is the pathogenesis of Hori’s nevus (Hofny, Hussein, et
al., 2019; Hori et al., 1984; Lee et al., 2011). There is a plausible notion that limiting
dermal degradation can also minimize dermal inflammation, as well as SCF/c-kit and
mast cell degranulation. This will, in turn, restrict melanogenesis, as well as melanocyte
proliferation and migration, as well as dermal hyperpigmentation. Corresponding with
the significant reduction of mDPASI and mean melanin index in our study. To
emphasized, MAPP in PRP can reduce dermal melanocyte and dermal inflammation
from SCF/c-kit and mast cell degranulation in Hori’s nevus via increasing phagocytosis

activity.

The improvement of the mDPASI and melanin index gradually increases after
completing four sessions of PRP. This may be because PRP has delayed effects on
reducing melanogenesis and phagocytic activity, which in turn decrease melanocyte and
melanin granule. Additionally, since PRP contains some RBC, there may be
hemosiderin at the injection site, and over time, the hemosiderin disappears, making the

lesion appear brighter.

There is some rebound in mDPASI at the 8-week follow-up, which may be due

to a reduction in the number of associated growth factors over time. However, the
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increases in mDPASI at the 8-week and 12-week follow-up from the 4-week follow-up

are not statistically significant.

At the twelve-week follow-up, 20% of all patients graded the improvement as
moderate improvement, 50% reported the improvement as marked improvement, and
the remaining 30% graded the improvement as near normal skin. Although a few
minimal side effects such as discomfort, mild swelling, and bruising were observed,
they all resolved spontaneously within three days of injection. Despite the low incidence
of side effects, it's important to remember that everyone reacts differently to PRP
treatment, so it's important to closely monitor each patient's progress. Nonetheless, these
findings suggest that PRP is a safe and effective treatment for Hori's nevus, with high

patient satisfaction.

To sum up, this is the initial test examining the effectiveness of intradermal
platelet-rich plasma for treating acquired bilateral nevus of Ota-like macule, commonly
known as Hori's nevus. Our results demonstrate that PRP injection into the skin notably
enhanced the lesions in both objective and subjective assessments after four sessions.
We also witnessed a gradual decline in mDPASI and melanin index. As a result, we

suggest that PRP is a promising new treatment option for Hori's nevus.

5.2 Recommendations and Limitations

This is the first trial of using PRP to treat Hori's nevus. The study has some
drawbacks, including a small number of participants, a single location, and a brief
observation period. To verify this early study, larger, randomized, placebo-controlled
studies are necessary. To determine the duration of the treatment's impact and the
likelihood of recurrence, it is advisable to conduct a long-term follow-up. Additional
investigation into the role of other growth factors in melanogenesis and inflammation

reduction could yield more information on improving hyperpigmentation.
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Case Record Form: Week 0 Date

O General Information

Sex O male O female

Underlying Dissase O HTN O oM
[ other

Fitzpatrick Skin Type 0Ol an

O Rick Factor

Hormonal used O No

Pregnancy £ No

Unprotected sun exposed 0 No

O Dicease Characteristic

- Area

J Rtcheek
O Ltcheek
0 Both chesk

O Central face

- Dermoscopy Severity grade:
O Normal
[0 Chinese letter/semi-arcuate pattem
O Reticulate patern

[ Diffuse pattem
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un

o
WULMMTRLE
v v

OpLr

O Yes
O Yes
O Yes
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hriday




CRF Week 0(1D

mDPASI by Dermatologist 2

mDPASI = 4 x (percentage of nght cheek involvement x grade) + 4 x (percentage of left cheek

involvement x grade) + 2 x (percentage of central face involvement x grade (score 0-40)

grade 0: no change in color/normal pattern in dermoscopy;

grade 1: mild disease/light brown color change and/or dotted
pattem on dermoscopy.

grade 2 moderate disease/bluish or violaceous color and/or
Chinese letter/semi-arcuate pattern on dermoscopy.

grade 3 severe diseaselslate grey or brown color andior
reficulate pattern on dermaoscopy:

grade £ very severe disease/dark brown to black color and/or

diffuse pattern on dermoscopy

Area Muitipfic stion factor Ya of area nvaolyement | grade Total score
cheek | <+ |
Lt cheek s '
1 \
die D =1 R——— e &
Cereral face 2
Total score
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Melanin Index: Baseline

Meianin Index

Lt. Cheek

Cheek (mean)
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Hyperpigmentation

Transient |

Pandle
Fapuies
FUSWITS

Case Record Form: Week 0

Yes

No

3. severs

w
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o Side effect: DAY 3

(0} Date

Papules
SUICS
Dieh e
FUSTUIES

v

e @
S——— T Py Y
v

n
n

No

3: severe
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CRF Week 3| D

Case Racord Form: Week 8 (Two-week post PRP ) Date

mDPASI by Dermmatologist 1

mDPASI = 4 x (percentage of nght cheek involvement x grade) + 4 x (percentage of left cheek

involvement x grade) + 2 x (percentage of central face involvement x grade (score 0-40)

grade 0: no change in coler/normal pattern in dermescopy:

grade 1: miid diseaseflight brown coior change and/or dotted
pattem on dermoscopy.

grade 2 moderate disease/bluish or violaceous color and/or
Chinese lefter/semi-arcuate patfern on dermescopy;

grade 3 severe diseaselslate grey or brown color andior
reticulate pattem on dermoscopy:

grade 4 very severe disease/dark brown to black color andi/or

diffuse pattern on dermescopy
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CRF Week 3| ID

mDPASI by Dermatologist 1

Brightening score

¥ 1 2 3

0-25% -25-50% -50-75% *75-100%

<
Q
it
o
i

No change or slightly ghtening Marked lightening Near normal skin

lightening
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CRF Week 8{ 12

mDPASI by Dermatologist 2
mDPASI = 4 x (percentage of night cheek involvement x grade) + 4 x (percentage of left cheek

involvement x grade) + 2 x (percentage of central face involvement x grade (score 0-40)

grade 0. no change in coler/normal pattern in dermescopy:

grade 1: mild disease/light brown cclor change and/or dotted
pattem on dermoscopy;

grade 2 moderate disease/bluish or violaceous color andor
Chinese letter/semi-arcuate pattern on dermescopy:

grade 3 severe diseaselslate grey or brown color andior

reficulate pattemn on dermoscopy:

grade 4 very severe disease/dark brown to black color and/or

diffuse pattern on dermescopy
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mDPASI by Demmatologist 2
Brightening score
C 1 2 3
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Melanin Index

Rt. Cheek
Lt. Cheek

Cheek (mean)

Patient's satisfaction

0 1
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Study Protocol Approval

The Ethics Committee of the Institute of Dermatology, Bangkok, Thailand

has approved the following to be carried out according to the protocol dated and/or
amended as follows:

Study Tide : The effectiveness of intradermal platelet-rich plasma
for the treatment of acquired bilateral nevus of Ota-
like macules (Hori's nevus), in Institute of
dermatology, Thailand, pilot study

Study Code : IRB 002/2565
Center . Institute of Dermatology, Bangkok, Thailand

Principal Investigator : Chumsaeng Chumsaengsri, M.D.

Protocol Date : 2 June 2022

This is to certify that Institute of Dermatology Ethics Committee is in full
Compliance with Intemational Guidelines for Human Research Protection such as
Declaration of Helsinki, The Belmont Report, CIOMS Guidelines and The
Intemational Conference o Hammonization in Good Clinical Practice (ICH ~GCP)

Date of Approval : 24 june 2022 é/i L%
(Signature)
Chavalit Supsrisunjai, M.D.

(Signature)
Mingkwan Wichaidit, M.D.
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Clinical trial ethics committee / IRB APPROVAL FORM
TO: Chumsaeng Chumsaengsri, M.D.

NAME OF ETHICS COMMITTEE/IRB:
Ethics committee /IRB of the Institute of Dermatology, Bangkok, Thailand
ADDRESS: Institute of Dermatology, 420/7 Rajavithi Road, Bangkok 10400, Thailend,
Tel: (02) 354-5222 Fax: (02) 354-8042, (02) 354-8046

| PROTOCOL IRB/AEB code no. 002/2565 PROTOCOL DATE:
The effectiveness of intradermal platelet-rich plasma for the 2 June 2022
| treatment of acquired bilateral nevus of Ota-like macules (Hori's
| nevus), in Institute of dermatology, Thailand, pilot study
PRINCIPAL INVESTIGATOR: SPONSOR:
ADDRESS: Institute of Dermatology, 420/7 Rajavithi Road, | Institute of Dermatology

Bangkok 10400, Thailand.

The following [¥] have been Approve in connection with the above study to be conducted
by the above investigator
[V] Protocel (Date 2 June 2022)
[V] Case Report Farm (Date 2 Junc 2022)
| [V} Paticnt information sheet {Date 2 June 2022}
[V] Informed Consent Fogm (Date 2 June 2022)
[ ] Questionnaire (Date ......cieieniiannnn )

| Date of Meeting: 26 May 2022
Date of Approval: 24 june 2022 é)

...........................................

Chavalit Supsrisunjai, M.D.
| NAME OF ETHICS COMMITTEE/IRB
CHAIRPERSON/DELEGATE
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Additional data

Since the committee were agreed to continue follow up all
of the patient up to 6 months, the researcher continued the study.
Unfortunately, there were 5 patients cannot continue the trial. Some
stopped applying sunscreen after the last follow up. Some had done laser
after the last visit and some had move to rural area and had transport
problem. The results of mDPASI and melanin index of 5 patients at 18-
weeks after the last PRP session as shown in Table 1 and 2. At 18-week
post follow-up, 40% of patients develop rebound of hyperpigmentation at
Hori’s nevus area which were assessed by mexameter. However, mDPASI
of all patients still have an improvement but less than 12-week follow-up

in all patients.

Table 1 mDPASI of 5 patients

Baseline  2-wk 4-wk 8-wk 12-wk 18-wk
post PRP  post PRP  post PRP = post PRP post PRP
(% (% (% (% (%
decrease)  decrease)  decrease)  decrease)  decrease)
Patient2  0.24 0 1% 0.15 0.14 0.14 0.20
(29.16) (37.5) (41.67) (41.67) (16.67)
Patient 6 1.98 1.28 1.24 1.04 1.12 1.16
(35.35) (37.36) (47.47) (43.43) (41.41)
Patient 7  0.82 0.3 0.23 0.2 0.3 0.4
(63.41) (71.95) (75.61) (63.41) (51.22)
Patient 8 1.14 0.6 0.54 0.54 0.54 0.58
(47.37) (52.63) (52.63) (52.63) (49.12)
Patient 10  0.22 0.17 0.12 0.16 0.12 0.12

(22.73)  (45.45)  (2727)  (45.45)  (45.45)
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Table 2 mean melanin index of 5 patients

Baseline  2-wk 4-wk 8-wk 12-wk 18-wk
post PRP  post PRP  post PRP post PRP  post PRP
(% (% (% (% (%

decrease) decrease) decrease) decrease) decrease)

Patient2  173.67  162.66  157.83  159.83  159.17  170.67
634)  (9.12)  (797) (835  (1.72)

Patient 6  262.83  251.00  230.80 22450  218.17  240.17
4.50)  (12.19)  (1458)  (16.99)  (8.62)
Patient7  197.50  186.17  167.60  179.83  188.17  198.33
(5.74)  (15.14) (895  (4.73)  (-0.42)
Patient8  217.67  167.50 16533  162.17  165.67  175.50
(23.05)  (24.04) (25.50) (23.89)  (19.37)

Patient 10 184.50  179.83  174.00  170.00  177.17  190.67
(253)  (5.70)  (786)  (3.97)  (-3.34)
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