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enzyme (Figure 1B). E. coli FECH was also examined for the
conversion activity but was ineffective on the activity (data not
shown). Among the enzymes examined, yeast FECH showed the
highest activity.

It is known that mammalian FECH includes an iron—sulfur
cluster at the carboxyl terminal. At present, the roles of the cluster
are not fully understood. This cluster could play an important
role in mammalian FECH activity.”**” The cluster can also be
found in FECH from some kinds of bacteria and yeast Schizo-
saccharomyces pombe,”® but its role is not clear. We compared the
stability of the cluster-free FECH of the bacterium T. thermo-
philus, the yeast S. cerevisiae, and the porcine enzyme containing
the cluster. Although the iron—sulfur cluster could not be related
to the ability of the reverse and conversion reactions of FECH,
the differences in stability of bacterial, mammalian, and yeast
FECH could be related to the presence of the cluster. Oxygen,
nitric oxide, and various chemicals can easily destroy the
iron—sulfur cluster.”® This was supported by the observations
that the formation of Zn-protoporphyrin was decreased by the
addition of nitrite in the processing of dry-cured ham.'”?'
Therefore, the mammalian FECH was unstable as compared
with those of yeast and bacteria. The yeast FECH was quite stable
with high activity (Figure 1B). Thus, yeast FECH can be the
model supplement enzyme to obtain a high yield in the convers-
ion of Zn-protoporphyrin from heme.

Ascorbic acid has been used as a preserving additive in meat
products.”® As shown previously, reducing systems can play a
vital role in the reverse and conversion reactions of FECH.
NADH-cytochrome bs reductase (metmyoglobin reductase) can
reduce heme to enhance the reverse reaction.'! In vitro, ascorbic
acid and cysteine showed the same effect as NADH-cytochrome
b reductase on the reduction of ferric ions to ferrous ions, and
then, the FECH can attack to remove ferrous ions in heme.
In addition, ascorbic acid as well as cysteine at 6 mM can high-
ly promote the reverse and conversion activities of FECH
(Figure 3A). The enhancing ability of ascorbic acid on the
formation of Zn-protoporphyrin found in this study is in agree-
ment with another finding'® that ascorbic acid can promote the
formation of the pigments of dry-cured ham. The decrease of
FECH activity at a higher concentration of ascorbic acid can be
explained by the decrease of pH value. On the other hand, the
formation of Zn-protoporphyrin in meat via the conversion
reaction occurred without any addition of exogenous reductants,
showing that some reducing systems in meat are present at a
significant level or can be derived from some kinds of bacteria.
The endogenous reductants such as ascorbic acid, glutathione,
and nicotine nucleotides in meat can help the endogenous
FECH-dependent occurrence of iron-removal and the zinc ion-
insertion reactions of heme in meat during the processing of ham.

Other investigators'”'® reported that the treatment of meat
with NaCl improved the formation of Zn-protoporphyrin in dry-
cured ham. A similar ability of salts was also found in the reaction
system using meat extracts as FECH sources.'® In these studies,
because zinc ions and protoporphyrin were added to the reaction
mixture, the formation of Zn-protoporphyrin could only occur
via the forward reaction. In contrast, the present study showed
that NaCl did not have any effects on the formation of Zn-
protoporphyrin via the reverse and conversion reactions from
hemoproteins catalyzed by FECH. The reason for this difference
is unclear, but it is possible that the enhancement of the zin-
c-insertion reaction by NaCl contributed to different enzyme
sources and experimental conditions. The other possibility is that

the NaCl in ham maintains suitable growing conditions for yeast
and some kinds of bacteria, which can enhance the formation of
Zn-protoporphyrin in dry-cured ham.® However, the formation
of Zn-protoporphyrin slightly decreased in the antibiotic-treated
sarnples,14 indicating that bacteria showed minor roles in the
conversion reaction of Zn-protoporphyrin in dry-cured ham
processing. Otherwise, it is possible that the addition of NaCl
to meat during ham processing can prevent the growth of spoil-
ing bacteria.®

Zinc jons can compete with iron in the insertion of divalent
metal ions to protoporphyrin to form the corresponding metallo-
porphyrin.®® In the case of reverse and conversion reactions
of heme, the amount of protoporphyrin is lower than that of
Zn-protoporphyrin in the same reaction condition, indicating
that zinc ions can enhance the removal reaction to remove the
protoporphyrin, a substrate of the forward reaction. When
porcine meat was used, the high level of conversion of heme to
Zn-protoporphyrin occurred without the addition of exogenous
zinc ions, indicating that zinc ions are abundant in meat” and are
present at sufficient levels for the conversion reaction of heme to
Zn-protoporphyrin. The amount of Zn-protoporphyrin formed
in meat by incubation at 4 °C was less than that by incubation at
30 °C. This result agreed with the findings that the level of Zn-
protoporphyrin did not increase considerably at low temperature
during the incubation and production of dry-cured ham, and it
just increased during the midtemperature incubation stage of the
proce\.ssing.13

It was reported that meat extracts acted as the enzyme sources
for Zn-protoporphyrin formation,"*'%*® and the iron-removal
and conversion reactions of myoglobin to Zn-protoporphyrin
were successfully demonstrated.'>~” Although exogenous pro-
toporphyrin, myoglobin, and zinc ions were added as substrates
for these reaction mixtures, the yield in the formation was low.
The present data showed that not only porcine FECH in porcine
muscle (raw meat) but also yeast FECH as exogenously added
enzyme used the endogenous myoglobin-heme in meat as a
substrate, promoting the iron-removal and conversion reactions
of heme to Zn-protoporphyrin.

The oxidation of protoporphyrinogen to protoporphyrin
catalyzed by protoporphyrinogen oxidase occurs in vivo in the
heme-biosynthetic pathway,®" and this protoporphyrin can be
utilized for the formation of Zn-protoporphyrin. However, the
sustained activity of the enzyme in meat in vitro has not been
demonstrated yet, or the enzyme is unstable.*” Because the
enzyme can be destroyed easily after cell death, this oxidation
process probably did not occur during the processing of dry-
cured ham, indicating that the insertion of zinc into protopor-
phyrin after the oxidation of protoporphyrinogen cannot reg-
ularly occur. Therefore, the replacement of iron by zinc ions
occurs via the reverse, and conversion reactions of heme in meat
cause the formation of Zn-protoporphyrin.

The present data on the conversion reaction from heme to
Zn-protoporphyrin revealed that yeast recombinant FECH can
shorten the period of formation of ham pigments with a high
yield. The sensory quality of dry-cured ham consists of color,
flavor, and texture. Flavor involves nonvolatile (taste) and
volatile compounds (aroma) including free amino acids, pep-
tides, fatty acids, and other natural organic compounds; texture
relates to myofibrillar protein breakdown, extent of drying,
degradation of connective tissues, and the intramuscular fat.?
The positive changes of flavor and texture properties can be
developed up to 1—2 years of maturation and relate to the
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proteolysis and lipolysis® in which FECH could not be
involved.

The conversion of hemoporotein-heme to Zn-protoporphyrin
by FECH showed an optimum at pH 6.5 (Figure 2B), whereas
pH in raw meats is 5.5—6.0.%” On the basis of the observations
that the formation of Zn-protoporphyrin from myoglobin-heme
readily proceeds in the raw tissues (Figures S and 6), some
additional factors may be involved in the enhancement of the
formation in meat. Yeast FECH showed the high conversion and
iron removal activities at high NaCl concentration (up to 500 M)
(Figure 3B). This demonstrates that the enzyme can be applied
to dry-cured ham production, by the addition of 20—30 g NaCl/
kg raw meat,” in some stages to generate only the pigments, Zn-
protoporphyrin, or protoporphyrin, of the ham.

Further studies will be carried out on the application of FECH
to the dry-cured ham processing or that of other meat products to
find suitable conditions for the enzyme reaction. Other studies
should examine the effect of halophilic bacteria that can produce
superior FECH or redox enzymes that are effective for the
generation of ham pigments.
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False-Positive Accumulation of Metaiodobenzylguanidine
in a Case with Acute Intermittent Porphyria

Tomoko Masuda', Rie Ota', Takao Ando', Naoto Maeda®, Yutaka Horie?,
Toshiro Yoshimura', Masakatsu Motomura' and Atsushi Kawakami'

Abstract

We report a 36-year-old woman presenting with hypertensive encephalopathy followed by bulbar palsy and
quadriplegia. After an extensive screening for secondary causes of hypertension, the patient was suspected of
having pheochromocytoma due to increased levels of catecholamines in the plasma and the urine, and posi-
tive "“'I-metaiodobenzylguanidine (MIBG) accumulation in the gallbladder. However, MIBG accumulation
was not reproducible without any tumors accompanying this accumulation in the gallbladder. A diagnosis of
acute intermittent porphyria was finally confirmed based on the characteristic pictures, increased urinary ex-
cretion of porphobilinogen, and identification of a heterozygous missense mutation of R173W in the hy-
droxymethylbilane synthase gene. This case highlights a pitfall in utilizing MIBG to detect a source of exces-
sive catecholamine and also suggests the importance of having a complete clinical history and extensive
work-up of any possible differential diagnosis. We also review the potential mechanism by which false-

positive MIBG accumulation occurs.
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Introduction

Metaiodobenzylguanidine (MIBG) has been widely used
as a clinical tool to detect and localize pheochromocytoma
since MIBG selectively accumulates in cells derived of
neuroectodermal origin, including pheochromocytoma (1). It
has been shown that the specificity of MIBG accumulation,
when used to localize clinical pheochromocytomas, is as
high as 95-100% (2). Reflecting excessive secretion of
catecholamines from tumors, clinical symptoms seen in pa-
tients with pheochromocytoma are headache, anxiety, weight
loss, nausea, and paroxysmal hypertension.

Acute intermittent porphyria (AIP) is characterized by
episodic acute attacks of abdominal pain, headache, parox-
ysmal hypertension, seizures, confusion and hallucinations.
Acute porphyria attacks can be life-threatening, since the
motor polyneuropathy occasionally progresses to respiratory

failure requiring a mechanical ventilator. Patients suffering
from AIP, however, can be totally asymptomatic during the
remission periods. This is because AIP is caused by reduced
enzyme activity of hydroxymethylbilane synthase involving
the heme biosynthesis, and excessive accumulation of neuro-
toxic heme precursors is only seen during and shortly after
the attacks.

As described above, there is an overlap between such
clinical symptoms of AIP and those of pheochromocytoma
as paroxysmal hypertension and headache, and thus patients
with AIP can be misdiagnosed with pheochromocytoma or
vice versa. Here, we report a case of AIP with a confusing
finding of false-positive MIBG accumulation suggesting
pheochromocytoma. We also review the putative mecha-
nisms involved in the false-positive MIBG accumulation.
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Figure 1. Identification of a missense mutation in hydroxy-

methylbilane synthase in the patient and her family members.
(A) Genomic DNA taken from peripheral blood mononuclear
cells were PCR-amplified with specific primers for the hy-
droxymethylbilane synthase gene and the PCR products were
directly sequenced as described previously (20). A missense
mutation of R173W is indicated by a red arrow and polymor-
phism of 606G to T is indicated by the blue arrow. (B) Genetic
testing of the family members identified the disease allele in
the father and sibling of the proband. The proband is indicat-
ed by the black arrow.

Case Report

A 36-year-old woman was admitted to the regional hospi-
tal in our area because of acute onset of visual field loss
caused by hypertensive encephalopathy. While her visual
field loss gradually improved by vigorous anti-hypertensive
treatment, she developed progressive quadriplegia and bulbar
paralysis and was therefore transferred to our university hos-
pital. Her past medical history was unremarkable except for
frequent episodes of headaches, nausea, vomiting, and gen-
eralized body pain associated with paroxysmal hypertension
during the premenstrual period for more than ten years.

On physical examination, she was dehydrated and urinat-
ing port wine-colored urine. Additionally, there was apparent
bulbar paralysis and quadriplegia associated with a loss of
deep tendon reflexes. Since the patient was intubated and
under sedation, we were not able to ask her whether she had
sensation in her limbs. A blood test showed moderate ane-
mia and the anti-ganglioside antibodies studied were nega-
tive. Cerebrospinal fluid analysis was normal. Nerve con-
duction study in the median, ulnar, peroneal, and tibial
nerve showed normal conduction velocity with a low ampli-
tude (amplitude and velocity was 0.79 mV and 44.0 m/sec
in the median nerve and 1.5 mV and 46.4 m/sec in the ul-
nar) indicating axonal motor polyneuropathy while there
was no involvement of sensory nerves. From the clinical
picture of the patient, we strongly suspected an attack of
acute porphyria. This was supported by a markedly elevated
urinary concentration of porphobilinogen (134.2 mg/day;
reference range less than 2 mg/day). Other urinary porphy-

DOI: 10.2169/internalmedicine.50.5096

rins were also increased; 5-aminolevulinic acid (22.3 mg/L;
reference range <5 mg/L), uroporphyrin (1,820u g/gCr; ref-
erence range <36 pg/gCr) and coproporphyrin (8,540ug/
gCr; reference range 170ug/g Cr). After obtaining written
informed consent from the patient and her family and ap-
proval from the ethical committee at Tottori University Hos-
pital (Tottori, Japan), we were also able to detect a heterozy-
gous mutation in the hydroxymethylbilane synthase gene (R
173W caused by 517C to T in exon 10), which confirmed
the diagnosis of AIP (Fig. 1A). There was an additional
polymorphism of 606 G to T (Fig. 1A), and genetic testing
of her family members revealed that the disease allele was
paternally inherited (Fig. 1B). The patient was treated with
intravenous hyperalimentation, cimetidine, and chlorpro-
mazine, and the neurological signs and symptoms gradually
improved.

Before being transferred to our hospital, the patient was
extensively investigated for the possibility of secondary hy-
pertension as an etiology of hypertensive encephalopathy.
Plasma levels of catecholamines and urinary levels of
catecholamine metabolites were found to be elevated:
plasma adrenaline (242 pg/mL; reference range <100 pg/
mL), noradrenaline (2,583 pg/mlL; reference range 100 to
450 pg/mL), dopamine (231 pg/mL; reference range <20 pg/
ml) and urinary metanephrine (0.22 mg/day; reference
range 0.04 to 0.19 mg/day), normetanephrine (1.37 mg/day;
reference range 0.09 to 0.33 mg/day), VMA (9.0 mg/day;
reference range 1.5 to 4.3 mg/day). Therefore, a diagnosis
of pheochromocytoma was considered and “'I-MIBG scin-
tigraphy showed positive accumulation in the gallbladder
(Fig. 2A, 2B). However, we were not able to find any tu-
morous lesions in or near the gallbladder by ultrasound
(Fig. 2C). "”I-MIBG accumulation studied 14 days after the
PI-MIBG study showed no accumulation of MIBG in the
gallbladder or adrenal gland (Fig. 2D), and there was a
gradual decrease of urinary metanephrine.

Discussion

The case reported here was first presented with hyperten-
sive encephalopathy caused by paroxysmal hypertension
subsequently complicated with bulbar palsy and quadriplegia
as a result of axonal motor polyneuropathy. The diagnosis of
AIP was made based on the characteristic clinical presenta-
tion, increased urinary excretion of porphobilinogen, and ge-
netic testing. It has been shown that mutations were widely
distributed within the gene coding hydroxymethylbilane syn-
thase, and the mutation identified in the present patient was
also observed in Caucasians as well as in other unrelated
Japanese patients with AIP (3-5). It has also been shown
that the mutation is the substitution of an essential arginine
to tryptophan in the active site of the enzyme, decreasing
catalytic activity (<1%) (6). The patient could have been in-
correctly diagnosed with pheochromocytoma based on her
paroxysmal hypertension and false-positive accumulation of
PI-MIBG. A misdiagnosis of this kind can easily occur in
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D

Figure 2. False-positive accumulation of MIBG in the gallbladder. There is clear accumulation of
BI-MIBG in the right upper abdomen (A), which corresponds to the gallbladder, as shown in
SPECT (B). There was no detectable tumor in or near the gallbladder on ultraseund (C). 2I-MIBG
scintigraphy taken 14 days after ¥ I-MIBG showed no abnormal accumulation (D).

Japan, where AIP is extremely rare [up to 198 cases of AIP
have been diagnosed as of 2009 (7)]. In addition, the clini-
cal presentation of pheochromocytoma can vary greatly and
mimic signs and symptoms seen in many other disor-
ders (2).

It has been shown that acute porphyria attacks are com-
monly seen in females, although very rarely before puberty
and after menopause, with a peak occurrence within the
third decade (8, 9). Most patients have one or two attacks
and then fully recover without a recurrence for the rest of
their lives, but less than 10% develop recurrent acute at-
tacks. During the acute attacks, reflecting augmented sympa-
thetic activity, tachycardia, excessive sweating, and hyper-
tension are commonly present (10). As shown herein, in-
creased catecholamine production can be detected and may
possibly suggest an incorrect diagnosis. When an acute at-
tack of porphyria is suspected, it is essential to obtain a
complete clinical history, perform an extensive work up of
any possible differentiating diagnosis, and determine the uri-
nary concentration of porphobilinogen (11).

MIBG is a norepinephrine analogue which is taken up by
neuroendocrine cells through an active mechanism and
stored in the neurosecretory granules. This leads to a spe-
cific concentration of the molecule in the neuroendocrine
cells (1). Only limited reports of false-positive uptake in
other lesions have been published. One major cause of false-
positive findings is urinary tract retention, since the reagent
is excreted in the urine (12). Other rare false-positive MIBG
accumulations have been reported in the adrenal gland with
adenoma (13), carcinoma (14) or metastatic choriocarci-
noma, and adenomatous polyp of the cecum, infantile my-
ofibromatosis (15), pancreatoblastoma (15), acute focal

pyelonephritis, hepatic hemangioma, hepatocellular carci-
noma (16), and juvenile capillary hemangioma (17). The
non-specific accumulation of MIBG is thought to be medi-
ated by a passive uptake and diffusion. It has been shown
that non-specific uptake tends to disappear more rapidly
than specific uptake (15). An augmented blood flow and en-
hanced diffusion of MIBG within the tumor could be puta-
tive mechanisms of false-positive MIBG uptake and accu-
mulation in non-neuroendocrine tumors (15, 18).

There was false-positive accumulation of MIBG in the
gallbladder in the case with AIP reported here. To our
knowledge, there is no report of a similar false-positive
MIBG accumulation. The accumulation of MIBG in the
gallbladder can be considered a characteristic finding in pa-
tients with AIP. Since the liver is one of the major organs
involving heme biosynthesis, which is partially defective in
AIP, MIBG clearance might be disturbed during acute at-
tacks of AIP. It is not known whether MIBG accumulates in
any specific organ in patients with AIP. False-positive MIBG
accumulation in the normal adrenal gland in a patient with
AIP has in fact been reported (19). Thus, it seems unlikely
that MIBG tends to accumulate in the gallbladder in AIP al-
though there have been no studies confirming this. The
other possibility is that the critical condition of the patient
reported herein might have influenced the blood flow of the
gallbladder, as the patient was severely ill and receiving in-
travenous hyperalimentation when "“'I-MIBG accumulation
was studied. We were not able to find any studies on the
blood flow of the gallbladder in patients with intravenous
hyperalimentation, in which the gallbladder is known to di-
late. However, the increased blood flow in the gallbladder
would not have been the cause of false-positive MIBG accu-
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mulation since the patient was still under intravenous hyper-
alimentation when “I-MIBG scintigraphy was studied.

In conclusion, an acute attack of porphyria should be con-
sidered when female patients of reproductive age present
with characteristic episodes of neurovisceral symptoms.
However, the present patient could have been incorrectly di-
agnosed with pheochromocytoma based on MIBG accumu-
lation in the gallbladder. The possibility of a false-positive
MIBG accumulation should always be taken into considera-
tion when wusing MIBG scintigraphy to detect a
catecholamine-secreting tumor, or the result of the MIBG
can be misleading.
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Abstract

The purpose of this study was to investigate sun exposure, sunscreen use and the relationship between photo-
aging and sun exposure in a population of Japanese females. An online interview was performed at October 19th
and 20th in 2009. Five hundred and fourteen females participated in this study. The largest number of subjects
belonged to Japanese skin type class J-II (53%), J-I was second (31%), and J-III was third (16%). Fifty-seven
and 45% of subjects had remarkable freckles and wrinkles, respectively. A group with much and moderate sun expo-
sure had remarkable freckles significantly more than a group with minimum and little sun exposure (p <0.01). Past his-
tory of sun exposure had no significant relation to presence of remarkable wrinkles. Twelve percent and 42% of
those studied had occupational and recreational sun exposure, respectively. Eighty-one percent of those had habitu-
al sun exposure. Sunscreens and cosmetics containing sunscreen agents were used by 86% and 65% of the subjects, re-
spectively. Eighty-seven knew sun protection factor (SPF), but only 14% of them (12% of the total subjects) had ac-
curate understanding the definition of SPF. Seventy-four percent knew protection grade of UVA (PA), but only
9% of them (7% of the total subjects) understood the definition of PA. This study demonstrated defects in the cor-
rect knowledge of SPF and PA and a relationship between freckles and sun-exposure history. Education in the appro-

priate use of sunscreens and the significance of SPF and PA is needed.

Key words: sun exposure, sunscreen use, photoaging, skin phototype.

1. Introduction

Ultraviolet (UV) light from sun exposure induces vari-
ous harmful effects, e.g. sunburn, suntan, photoaging, and
cancers on the skin. In order to prevent these harmful
effects, daily protection against UV is recommended.
Therefore, it is important especially for children and adults
to know UV’s effects on the skin. Recently most sunscreens
provide broad-spectrum UV-protection. Sun protection
factor (SPF) implies the ability of UVB protection of
sunscreens. For UVA, Japan Cosmetic Industrial Associa-
tion proposed a labeling system of protection grade of UVA
(PA) using immediate tanning as a measure.” The Europe-
an Commission has also recommended the in vivo persistent
pigment darkening (PPD) method.? In 2007, Food and
Drug Administration has proposed a 4-star grading of
UVA protection.”)  For appropriate use of sunscreens,
correct knowledge of SPF and PA is needed.

The first aim of this study was to reveal the relationship
between past history of sun exposure and photoaging signs.
Then we have investigated recent trends of sun exposure,
freckles and wrinkles as photoaging symptoms, and skin
phototype in a population of Japanese females. Previous

studies* ¥ in Japan indicated trends of lack in knowledge of
SPF and PA. The second aim was to elucidate the present
condition of sunscreen use and knowledge for SPF and PA.

2. Subjects and Methods

The study was carried out at October 19th and 20th in
2009. Japanese females, aged 20 to 69 years, were asked to
participate. They were given an online questionnaire con-
sisting of multiple-choice and fill-in questions. By obtaining
the history of each person’s cutaneous response to first sun
exposure, about 1 hr at the beginning of the summer, skin
phototype was determined by the following Japanese skin
type (JST) classification”: J-I burn easily and tan
minimally; J-II burn moderately and tan moderately; and
J-I11 burn slightly and tan markedly. A modified question-
naire based on that of Kawada* > was designed to assess
patterns of sun exposure, as well as patients’ knowledge and
use of sunscreens.

To investigate the symptoms of photoaging skin, subjects
were asked whether they had remarkable signs of freckles
and wrinkles that were defined as two or more freckles and
wrinkles on the face. Past history of sun exposure and
smoking were asked. Subjects were asked whether they had
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had much, moderate, minimum, or little sun exposure.
Subjects were asked whether they had had smoking for 10
and more than 10 years, less than 10 years, or never.

For sun exposure patterns, subjects were asked about the
condition of sun exposure. Occupational sun exposure was
defined as daily sun exposure at outdoor labor. Recreation-
al sun exposure was defined as not daily, but incidental sun
exposure, that included swimming or climbing at resorts on
holidays each average summer. Habitual sun exposure was
defined as daily sun exposure, such as shopping, jogging, or
walking.

To investigate the condition of usage of sunscreen prod-
ucts, subjects were asked if they had used sunscreens and
cosmetics containing sunscreen agents. For SPF and PA,
firstly subjects were asked whether they knew the term of |
SPF and PA. Then the subjects who answered “yes” were
asked the meaning of SPF and PA with choosing multiple
answers.

The results were analyzed by Fisher’s exact test for
independent samples.

3. Results

3-1. Demographics

Five hundred and fourteen females, aged 20 to 69 years
(mean 44 years), were classified into three skin phototypes:
J-1, 161 (31%); J-1I, 273 subjects (53%); and J-III, 80
(16%) subjects (Table 1).

3-2. Frequency of freckles and wrinkles

For the symptoms of photoaging skin, subjects were
asked whether they had remarkable signs of freckles and
wrinkles. Two hundred and ninety-four (57%) subjects

Table 1. Study population by skin phototype and presence

of remarkable freckles and wrinkles.

Total  I-I (%) J-II (%) J-101 (%)
Population 514 161 (31) 273 (53) 80 (16)
Freckles
Yes 294 95 (32) 152 (52) 47 (16)
No 220 66 (30) 121 (55) 33 (15)
Wrinkles
Yes 231 73 (32) 122 (52) 36 (16)
No 283 88 (31) 151 (53) 44 (16)

Table 2.
and wrinkles.

had remarkable freckles (Table 1). The frequent sites of
freckles were cheeks (639%), vicinities of the eye (22%),
arms and hands (5%), and nose (3%). Two hundred and
thirty-one (45%6) subjects had remarkable wrinkles (Table
1). The frequent sites of wrinkles were vicinities of the
mouse (33%), vicinities of the eye (28%), forehead
(27%), neck (7%), cheeks (3%), and nose (2%).

3-3. Past history of sun exposure and smoking

Subjects who had had much, moderate, minimum, and
little sun exposure were 23 (5%), 414 (80%), 63 (12%),
and 14 (3%), respectively. A group with much and mod-
erate sun exposure had remarkable freckles significantly
more than a group with minimum and little sun exposure
(»<0.01) (Table 2). Subjects who had had smoking for 10
and more than 10 years, less than 10 years, and never were
63 (12%), 72 (14%), and 379 (74%), respectively. There
was no significant difference about remarkable wrinkles
between a group with much and moderate sun exposure and
a group with minimum and little sun exposure. On the
other hand, a group with smoking history of 10 and more
than 10 years had remarkable wrinkles significantly more
than a group with less than 10 years (p <0.01) and a group
without smoking history (p <0.05) (Table 2).

3-4. Sun exposure patterns

Subjects were asked about the condition of sun exposure.
Sixty (12%6) of the subjects experienced occupational sun
exposure. Two hundred and seventeen (42%) of the sub-
jects experienced occasional sun exposure. Four hundred
and fourteen (81%6) of the subjects experienced habitual
sun exposure. Of the total subject population, 461 (90%)
experienced sun exposure and 53 (1096) had neither.

3-5. Sunscreen use

Subjects were asked if they used sunscreens and cosmet-
ics containing sunscreen agents. Four hundred forty-two
(86%) and 335 (65%) used sunscreens and cosmetics
containing sunscreen agents, respectively (Table 3). Other
methods for sun protection were asked. Two hundred and
eighty-seven (56%6) used hats, 284 (55%) did umbrellas,
183 (36%) did shirts with long sleeves, 140 (27%) did
gloves, and 120 (23%) did sunglasses (Table 3).

Relationship of sun exposure and tobacco smoking with presence of remarkable freckles

Freckles Wrinkles
Yes (%) No (%) Yes (%) No (%)
Sun exposure
Much and Moderate 262 (60)* 175 (40) 202 (46) 235 (54)
Minimum and Little 32 (42) 45 (58) 29 (38) 48 (62)
Smoking
10 and More than 10 years 58 (92) 5(8) 37 (59)%k Hk* 26 (41)
Less than 10 years 60 (83) 12 (17) 23 (32) 49 (68)
None 332 (88) 47 (12) 171 (45) 208 (59)

*p<0.01 compared with a group with minimum and little sun exposure in Fisher’s exact test.
** p<0.01 compared with a group with smoking history of less than 10 years in Fisher’s exact test.
**% 5 <0.05 compared with a group with no smoking history in Fisher’s eact test.
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Table 3. Methods for sun protection.

Total (%)
Sunscreens 442 (86)
Cosmetics containing sunscreen agents 335 (65)
Hats 287 (56)
Umbrellas 284 (55)
Shirts with long sleeves 183 (36)
Gloves 140 (27)
Sunglasses 120 (23)

Table 4. Reasons for using sun products.

Total (%)

Prevent sunburn 325 (63)
Prevent suntan 266 (52)
Prevent freckles and wrinkles 457 (89)
Prevent skin cancer 104 (20)
Promote tanning 14 ( 3)

Table 5. Presence of correct knowledge about the defini-
tion of sun protection factor (SPF) and
protection grae of UVA (PA).

Total (%) J-1(%) J-1I (%) J-1I (%)

SPF
knows SPF 449 (87) 135 (84) 248 (91) 66 (82)
(correctly knows) (62 (12)) (23 (14)) (32 (12)) (7( 9))

not know SPF 65 (13) 26 (16) 25( 9) 14 (18)
PA
knows PA 378 (74) 123 (76) 199 (73) 56 (70)

(correctly knows) (34 ( 7)) (13 ( 8)) (17( 6)) (4 ( 5))
not know PA 136 (26) 38 (24) 74 (27) 24 (30)

Users of sunscreen products were asked to select reasons
for using sunscreen. Three hundred and twenty-five (6395)
used them to prevent sunburn, 266 (52%) to prevent
suntan, 457 (89%) to prevent freckles and wrinkles, 104
(20%) to prevent skin cancer, and 14 (3%) to promote
tanning (Table 4).

3-6. Knowledge about the definition of SPF and PA

When asked about the SPF of sunscreens, 449 (87%) of
all the subjects answered they knew the term of SPF (Table
5). Of these 449 subjects, 62 (149 of those; 12% of all
subjects) answered correctly that the higher the SPF, the
more protection the sunscreen provides (Table 5). More
J-I (14%) and J-II subjects (12%) correctly knew SPF
than J-III (9%) without statistical significance. Remaining
subjects said higher SPF indicates less protection, or did not
know the definition of SPF.

When asked about the PA of sunscreens, 378 (74%) of
all the subjects answered they knew the term of PA (Table
5). More J-I subjects (76%) knew PA than J-IIT (70%).
Thirty-four (9% of those; 7% of total) of these 378 sub-
jects answered correctly that the higher the PA, the more
UVA protection the sunscreen provides (Table 5).
Remaining subjects misunderstood it, or had no idea. More
J-1 (8%6) and J-II subjects (6%6) correctly knew PA than
J-III (5%) without statistical significance.

4. Discussion

Photoaging skin is characterized with freckles, wrinkles,
rough skin, and premalignant and malignant cutaneous
tumors. We have investigated the relationship of freckles
and wrinkles with past history of sun exposure. A group
with much and moderate sun exposure had remarkable
freckles significantly more than a group with minimum and
little sun exposure. Presence of remarkable wrinkles was
not related to sun-exposure history, but to smoking history
with a statistical significance in our study. In a population
of Japanese, the number of wrinkles was significantly relat-
ed to total hours spent outside in life.? Tobacco-smoke is
known to be involved in formation of wrinkles.” The other
study reported that sun exposure and smoking independent-
ly contributed to facial wrinkles.® This discrepancy may be
caused by the differences of the population studied. Our
population composed of only females, whereas other studies
included males and females. Then, wrinkles in our popula-
tion may be influenced by smoking rather than sun expo-
sure.

More subjects experienced habitual sun exposure (81%)
than occupational (12%) and recreational (42%) sun ex-
posure. These trends in sun exposure were different from
the previous studies.*» that demonstrated more subjects
spent recreational sun exposure. More subjects (86%* and
8896>) had spent recreational sun exposure than habitual
sun exposure (23%* and 26%™). Recent tendency implies
that more Japanese female people may prefer habitual sun
exposure. Therefore, more appropriate information about
sun protection methods for habitual sun exposure should be
provided.

Eighty-six percent and 65% used sunscreens and cosmet-
ics containing sunscreen agents, respectively. This implies
that Japanese females use both of sunscreens and UV-
protective cosmetics. For other methods of sun protection,
more than half of the subjects studied used hats and um-
brella that was similar in USA? and Greece.'” Twenty-
three percent in our study used sunglasses, whereas 57% in
USA and 76% in Greece used them. This difference may be
caused by the cultural difference. In Japan, it is necessary
to advise the use of other methods of sun protection as well
as sunscreens.

Ninety-seven percent of all the subjects used sunscreens
to protect from acute and/or chronic effects. Sunscreens
were used to promote tanning only in 3% that was much
lower than 11%% and 109> in the previous studies. In
Japanese females, the appropriate use of sunscreens has
become widespread.

Eighty-seven percent of all subjects knew the term of
SPF, while only 149 of those (12% of all subjects) had an
accurate understanding the definition of SPF. This figure
was similar to previous studies (10~13%)*%. Most sub-
jects (84%) knew the term of PA, whereas only 9% of
those (7% of all subjects) understood the correct meaning
of PA. Previous study in 2002% indicated that most sub-
jects (93%) did not know the term of PA. These results
suggested that education in the appropriate use of
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sunscreens and the meaning of SPF and PA is needed.
Dermatologists and manufacturers should make more
efforts to educate consumers about sunscreens.

In conclusion, our study revealed that past history of sun
exposure had significant relation to presence of remarkable
freckles, but not to wrinkles. Our study also demonstrated
present condition of sunscreen use and lack of correct
knowledge of SPF and PA. Further plan to increase the use
and knowledge of sunscreens is currently under way.
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Abstract

Chronic and repeated sun exposure causes photoaging skin that includes solar lentigines, wrinkles, changes of texture, benign
tumors, and cutaneous cancers. Various symptoms of photoaging have been a great concern in dermatology. Photoprotection using
sunscreens is recommended to prevent these signs. Two measures, sun protection factor (SPF) for UVB and protection grade of UVA
(PA) for UVA, are described on the label of sunscreens. Our recent investigation revealed defects in the correct knowledge of SPF and
PA and a relationship between freckles and sun-exposure history. Education in the appropriate use of sunscreens and the significance
of SPF and PA is needed.

Solar lentigines on the face decrease quality of life. Previous laser therapies cause erosion and crusts with downtime for the
treatment of pigmentary lesions. Then, intense pulsed light (IPL) sources have been developed as noninvasive and nonablative
modalities for facial solar lentigines. We demonstrated clinical effectiveness of an IPL source for solar lentigines and ephelides on the
face with well tolerability. Then, we performed a histopathological study that indicated IPL produced highly selective photothemolysis
of melanin pigment in the lesions of solar lentigines, leading to the clinical improvement. Moreover, we showed clinical effects
of a novel IPL source on solar lentigines and ephelides. In the future, phototherapy including IPL sources will develop with more

effectiveness and safety.

KEY WORDS: photoaging, photoprotection, sunscreen, solar lentigo, therapy, intense pulsed light source

Introduction

Ultraviolet (UV) light from sun exposure induces various
harmful effects, e.g. sunburn, suntan, photoaging, and cancers
on the skin. Chronic exposure of UV to the skin causes
photoaging. Photoaging skin is characterized with sallowness,
mottled pigmentation, solar lentigines, dry and rough skin, loss
of skin tone, leathery texture, laxity, coarse and fine wrinkles,
and benign and malignant tumors V.

In order to prevent the various signs of photoaging,
daily protection against UV is recommended. Therefore, it
is important for children and adults to know the appropriate
methods of photoprotection including sunscreens.

Topical agents such as glycolic acid, retinoids, ascorbic
acid, a variety of chemical peeling agents, dermabrasion,
epidermabrasion, and laser skin resurfacing have been reported
for the treatment of the symptoms of photoaging ?. These
effective therapies, mostly invasive, usually need patient
downtime and sometimes cause adverse effects. Noninvasive
and nonablative treatments without patient downtime are
required. Then, intense pulsed light (IPL) therapy was
developed.

In this review article, trends of sun protection and IPL
therapy for solar lentigines from our investigation have been
demonstrated.

Anti-Aging Medicine 8 (6) : 88-87, 2011
() Japanese Society of Anti-Aging Medicine

Protection

Recently most sunscreens provide broad-spectrum UV-
protection. Sun protection factor (SPF) implies the ability of
UVB protection of sunscreens. For UVA, Japan Cosmetic
Industrial Association proposed a labeling system of protection
grade of UVA (PA) using immediate tanning as a measure >,
The European Commission has also recommended the in vivo
persistent pigment darkening (PPD) method ®. In 2007, Food
and Drug Administration has proposed a 4-star grading of
UVA protection ». For appropriate use of sunscreens, correct
knowledge of SPF and PA is needed.

Kawada et al.® studied the relationship between past history
of sun exposure and photoaging signs. They investigated recent
trends of sun exposure, freckles and wrinkles as photoaging
symptoms, and skin phototype in a population of Japanese
females. Then, they investigated the condition of sunscreen
use and knowledge for SPF and PA in 2009. Five hundred and
fourteen females, aged 20 to 69 years (mean 44 years), Japanese
females, participated. They were given an online questionnaire
consisting of multiple-choice and fill-in questions. By obtaining
the history of each person’s cutaneous response to first sun
exposure, about 1 hr at the beginning of the summer, skin
phototype was determined by the following Japanese skin type
(JST) classification®: J-I burn easily and tan minimally; J-II
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burn moderately and tan moderately; and J-III burn slightly
and tan markedly. Subjects were classified into three skin
phototypes: J-I, 161 (31%); J-11, 273 subjects (53%); and J-III,
80 (16%) subjects. Subjects who had had much, moderate,
minimum, and little sun exposure were 23 (5%), 414 (80%),
63 (12%), and 14 (3%), respectively. A group with much and
moderate sun exposure had remarkable freckles significantly
more than a group with minimum and little sun exposure (p
< 0.01). Eighty-seven percent of all subjects knew the term
of SPF, while only 14% of those (12% of all subjects) had an
accurate understanding the definition of SPF (Zuble I). This
figure was similar to previous studies (10-13%) "¥. Most subjects
(84%) knew the term of PA, whereas only 9% of those (7% of
all subjects) understood the correct meaning of PA (Table I).
Previous study in 2002 % indicated that most subjects (93%) did
not know the term of PA. These results suggested that education
in the appropriate use of sunscreens and the meaning of SPF
and PA is still needed. Dermatologists and manufacturers
should make more efforts to give consumers more information
about sunscreens.

Table 1. Presence of correct knowledge about the definition

of sun protection factor (SPF) and protection grade

of UVA (PA)
Total (%) JL(%) I (%) JIIE (%)
SPF
knows SPF 449 (87) 135 (84) 248 (91) 66 (82)
(correctly knows) (62 (12)) (23 (14)) (32 (12)) (79)
notknowSPF . 65 (155- o 26 (16) 25 (9) 714(18)
o , o i ,
knows PA 378 (74) 123 (76) 199 (73) 56 (70)
(correctly knows) (34 (7)) e are) @o)
not know PA 136 (26) 38 (24) 74 (27) 24 (30)
Therapy of photoaging

IPL, a broadband visible light emitted from a noncoherent,
nonlaser, filtered flashlamp, has been developed as a new
noninvasive method 219, IPL is effective for superficial
rhytides, wrinkling, skin coarseness, irregular pigmentation,
pore size, and telangiectases>?.

1. IPL therapy for solar lentigines and ephelides

We performed an open study of IPL for the treatment of
solar lentigines and ephelides 'D. Sixty patients (56 women, 4
men), age 2082 years (mean 50 years), with facial pigmentary
lesions participated in this study. Facial pigmentary lesions
were clinically diagnosed as solar lentigines, solar lentigines +
ephelides, and ephelides. Solar lentigines were also classified
into small (1 cm and less than 1 cm) and large plaques (more
than 1 cm). A noncoherent, filtered, broadband, pulsed
flashlamp (NatuLight, Lumenis CO., LTD. (Koto-ku, Tokyo
Japan)) emitting in the range of 500-1200 nm was used for
all treatments. Each patient received three to five treatments
(average number 4.0), given at 2- to 3-week intervals. Treatment

ANTI-AGING MEDICINE

fluences ranged from 20 to 24 J/cm?2. Energy was delivered in
double- or triple-pulse trains of 2.6-5.0 msec with pulse delays
of 20 msec. Cutoff filters of 560 nm were used. Overall, 48%
of subjects showed more than 50% improvement and 20% had
more than 75% improvement. Only one case had erosions,
and no other cases showed hyperpigmentation, scarring, or
downtime. In the solar lentigines group, 40% of subjects
showed more than 50% improvement and 16% had more than
75% improvement. IPL was effective for small plaques of solar
lentigines, with 48% having more than 50% improvement. On
the contrary, 72% of the patients with small + large and large
plaques had poor or slight improvement. The solar lentigines
+ ephelides and ephelides groups showed great improvement,
with 75% and 71%, respectively, having more than 50%
improvement. Representative cases with marked response are
shown in Fig. I and Fig. 2. Therefore IPL may be added to
the panel of modalities used for the treatment of ephelides and
small-type solar lentigines.

Asian skin easily associates with hyperpigmentation after
various therapies for photoaging skin, such as laser surgery
1213) chemical peeling, and CO> laser resurfacing. Q-switched
ruby laser (QSRL) therapy, effective for solar lentigines in
Japanese patients, causes postinflammatory hyperpigmentation,
especially in patients with J-II1'Y. QSRL therapy should be
performed carefully because of hyperpigmentation in J-III
subjects with more melanogenicity. However, IPL therapy in
our study showed no postinflammatory pigmentation in any
subjects including J-III patients, indicating that IPL may have
an advantage over QSRL for the treatment of pigmentary
disorders. Only one patient in our study showed burn from IPL.
This patient’s severe response may have been induced by ample
amounts of melanin pigment in the lesion which is a target
chromophore of IPL. Darker lesions and complexion should
be treated cautiously because unexpected response may occur
during IPL therapy. IPL therapy proved to be effective and
tolerable for the patients, suggesting that IPL may be a possible
good modality for solar lentigines and ephelides.

2. The mechanism of IPL therapy for solar lentigines

In order to reveal the mechanism of efficacy of intense
pulsed light for solar lentigines, we performed histopathological
examination '*), Twenty patients (18 females and 2 males),
ages 30-78 years (mean 52 years), with solar lentigines
participated in this study. Sequential histological pictures of
small solar lentigines showed subepidermal cleft, vacuolization
of pigmented basal keratinocytes and melanocytes, the
disappearance of pigmentary incontinence in the papillary
dermis at 30 m, lymphocytic infiltration in the upper dermis
at 6 h, degenerated epidermis and enlargement of the cleft at
24 h, and crust at 7 days after irradiation (Fig. 3). Results with
Masson-Fontana staining also revealed vacuolated change of
basal keratinocytes and melanocytes, degenerated epidermis
with melanin pigments, and crust formation containing
ample melanins with decrease in melanin of basal cells. We
demonstrated that clinical tiny-crust in the lesions of solar
lentigines was the consequence of micro-crust formation
histopathologically. Crust-formation was localized on the part
of pigment spots, indicating the specificity of IPL for epidermal
melanin under our condition. Formation and drop-off of the
crusts lead to clinical improvement of pigmentary lesions of
solar lentigines. Transient inflammation with redness was
seen, while no adverse sequelae such as hyperpigmenation and
scarring appeared. Therefore, IPL may be a modality for solar
lentigines as a highly selective therapy for pigment removal.
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Fig. 1. A 51-year-old female
A) before and B) 2 weeks after five IPL treatments.
Large and small pigmented lesions improved.

Fig. 2. A 45-year-old female
A) before and B) 2 weeks after five IPL treatments.
Small pigmented lesions improved.

Fig. 3. Sequential histopathological findings of pigment spots of solar lentigines.
Pigment spots at pre-irradiation (a), 30 min (b), 24 h (c), and 7 days (d)
after irradiation of intense pulsed light were shown (a-d, hematoxylin-eosin staining; x 200).
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3. Novel IPL modality for solar lentigines and
ephelides

Recently a novel IPL source (Lumenis One™, Lumenis
CO., LTD.) with stronger irradiation and various filters has been
developed as a second generation of IPL. Lumenis One is a
phototherapy unit that composes of IPL, LightSheer diode laser
for hair removal, and Multi-Spot Nd:YAG laser for leg veins and
deeper vascular lesions. IPL of Lumenis One is characterized
with stronger intensity, two spot sizes, replaceable seven filters,
and an integrated dynamic cooling device, designating as a
second platform of IPL. We investigated clinical effectiveness
of Lumenis One on facial pigmentary lesions '9). Eighteen
Japanese female patients aged 22-72 years (mean 50 years),
with facial pigmentary lesions (solar lentigines, solar lentigines
+ ephelides, and ephelides), participated in this study. Each
patient received three to five treatments. Each treatment, given
at 2-3-week intervals, was administered on the face. Treatment
fluences ranged from 12 to 14 J/cm?2. Energy was delivered in
double pulse trains of 4.0 ms with pulsedelays of 20 ms. Cut-
off fillters of 560 nm were used. All the patients completed the
study. No adverse effectswere seen in any patients. Physicians’
overall assessments demonstrated clinical improvement in the
total population, indicating that 28% of patients showed marked
improvement, none did moderate improvement, and 39% did
slight improvement. Thirty-three percent showed no change,
while no patients did “worsened”. The melanin index decreased
after the treatment comparing before the treatment. These
results revealed the clinical effectiveness with well tolerability
on facial pigmentary lesions, such as solar lentigines, ephelides,
and solar lentigines + ephelides.
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