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A case of CEP the diagnosis confirmed by a marked increase of

urinary type | porphyrins
Masao Kondo", Ryoiti,Kamide®, Masahiro Ishizuka®

1) Department of Human Sciences, Tokyo City University, Tokyo
2) Department of Dermatology, Tokyo Jikei-kai Medical University, Tokyo
3) Department of ALA center, Cosmo Oil Co Ltd, Tokyo

The case is 33-year-old woman of whom the chief complaint who stiffening of the
state of the ray hypersensitivity and the hand finger, and is the transformations. The
patient has the previous history and the red urine of the hepatic toxicit. The skin type
porphyria was doubted from these symptoms. Then, the isomer of the urinary
porphyrins were analyzed. As a result, the congenital erythropoietic porphyria that
became the 36th example in Japan was found.

Key words: congenital erythropoietic porphyria, uroporphyrin type I isomer,

erythrodontia, photosensitivity
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Erythrasma is a superficial skin disease caused by Gram-positive Corynebacterium species.
Coral-red fluorescence under Wood's light, strongly suggestive of erythrasma, can be attributed
to the presence of porphyrins. Fractionated porphyrin analysis in erythrasma lesions is yet to be
reported. We attempted to investigate erythrasma lesions by isolating the responsible bacteria
and determining their exogenous porphyrin production by HPLC analysis. We observed a 78-
year-old woman with erythrasma who had a well-demarcated slightly scaling patch on her left foot,
between the fourth and fifth toes. Two kinds of colonies on 5% sheep blood agar were obtained
from this lesion. Analysis of the 16S rRNA sequence revealed the colonies to be Corynebacterium
aurimucosum and Microbacterium oxydans. HPLC analysis demonstrated that coproporphyrin Ii]
(Copro IIl) levels were clearly elevated, although the amounts of protoporphyrin were diminished.
These results indicate that the fluorescent substance was Copro Hl. This study supports the view
that excess Copro Il synthesis by C. aurimucosum and M. oxydans leads to accumulation of
porphyrin in cutaneous tissue, which emits a coral-red fluorescence when exposed to Wood’s

Accepted 8 March 2011 light.

Introduction

Erythrasma is a skin disease characterized by pink patches
that sometimes become brown scales. The disease tends to
occur at intertriginous sites, and exhibits a coral-red
fluorescence under Wood’s light (Hay & Adriaans, 1998).
Sarkany et al. (1961) demonstrated the presence of Gram-
positive rods in the scales of erythrasma and named
the causative organism Corynebacterium minutissimum
(Sarkany et al., 1962). This bacterium is thought to produce
excess coproporphyrins (Hay & Adriaans, 1998). Currently,
we know very little about the epidemiology of erythrasma
and the nature of porphyrin production by these bacteria.
We have described a case of erythrasma from which
Corynebacterium aurimucosum and Microbacterium oxydans
were isolated. The aim of this study was to examine the
amount of extracellular and intracellular porphyrin pro-
duced by these bacteria and to clarify the nature of the

Abbreviations: Copro lll, coproporphyrin lll; Uro, uroporphyrin.

porphyrin  responsible for coral-red fluorescence.
Photoinactivation of bacteria by endogenous porphyrins is
of growing interest in the field of photodynamic therapy. If
the existence of intracellular porphyrin produced by these
bacteria is identified, an appropriate method of photo-
dynamic therapy for erythrasma could be developed. To our
knowledge, this is the first study to employ HPLC to
investigate porphyrins of bacteria detected from erythrasma
lesions.

Case report

A 78-year-old woman with a 1 month history of an
asymptomatic scaling rash between the fourth and fifth
toes on her left foot was seen in March 2007. Physical
examination revealed a well-demarcated, reddish brown,
slightly scaly patch with interdigital peeling. Samples
dissolved in potassium hydroxide showed no dermato-
phytes in the affected areas. The patch exhibited coral-red
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Exogenous Copro Il of C. aurimucosum and M. oxydans

fluorescence under Wood’s light (Fig. 1). Laboratory test
results were within the normal range with the exception of
slight hyperglycaemia. The clinical diagnosis was ery-
thrasma. The patient was treated with a topical application
of gentamicin ointment in the affected area. The coral-red
fluorescence was no longer evident after 4 weeks of
treatment.

Smear samples were taken from the scales present in the
interdigital sites before treatment and cultured. The
cultures were incubated at 35 “C on 5 % sheep blood agar
for 18 h and Gram stains were performed. Two different
types of small, smooth colonies grew from the smear
samples. One colony was white while the other was slightly
yellow and both colonies fluoresced coral-red under
Wood’s light. Gram staining revealed similar Gram-
positive rods from the colonies, 2-3 pm in length. The
bacterial cells were arranged in a V formation or in
palisades, characteristic of coryneform bacteria.

Identification tests for Corynebacterium were performed on
the colonies using the commercial RapID CB PLUS System
(Remel) according to the manufacturer’s protocols (Funke
et al., 1998). As the results did not correspond to those for
any corynebacteria, DNA from the two colonies was
subjected to sequencing analysis targeting the 16S rRNA
genes. Extraction of DNA was performed using achromo-
peptidase as previously described (Kikuchi er al, 2003).
The primers used for PCR amplification were Univl (5'-
GAG AGT TTG ATC CTG GCT CAG GA-3') and Univ2
(5'-AAG GAG GTG ATC CAG CCG CA-3’) and were
synthesized by Operon Biotechnologies (Edwards et al,
1989). The PCR was carried out in a 50 pl volume
containing 2.5 U Taq polymerase (Perkin-Elmer Cetus),
10 x PCR buffer (TaKaRa), 0.2 mM dNTPs and 25 pmol
of each primer. The thermal profile involved an initial
denaturation step at 95 “C for 10 min, and then 30 cycles
of 95 °C for 30s, 65 °C for 30 s and 72 °C for 90 s; the

Fig. 1. Well-demarcated, reddish brown, slightly scaly patch seen
on the left foot of the patient between the fourth and fifth toes. The
patch fluoresced coral red under Wood's light.

reaction was terminated by a final extension step at 72 °C
for 5 min.

Sequencing reactions were performed using a Big Dye
terminator (version 1.1) Cycle Sequencing kit (Applied
Biosystems) in conjunction with an ABI PRISM 3100
genetic analyser (Applied Biosystems) (Sasaki et al., 2007).
Multiple alignment was carried out by the CLUSTAL_X
program (Thompson ef al, 1997). Construction of the
unrooted phylogenetic tree was performed by the
neighbour-joining method (Saitou & Nei, 1987).

We extracted haem precursors from the C. aurimucosum
and M. oxydans strains and conducted HPLC analysis on
these precursors (Fig. 2a, b). To detect haem precursors in
the bacteria, colonies obtained from the sheep blood agars
were grown for 96 h in thioglycollate medium (Becton
Dickinson) at 37 °C (Thomson & Miller, 2003). The
concentration and absolute number of cells in culture was

- measured using the McFarland method (McFarland, 1907).

The culture was centrifuged at 3000 g for 10 min at 37 °C
and the supernatant and precipitate were processed
separately for HPLC analysis. As a control, a strain of
Staphylococcus aureus that was isolated from a case of
impetigo contagiosum and did not exhibit fluorescence
under Wood’s light was used in the present study. The
precipitates were homogenized with 5 ml ethyl acetate:
acetic acid (3:1, v/v). After centrifugation at 5000 g for
10 min, the supernatant was concentrated into 1 ml and
10 pl samples and subjected to chromatography on a Cyg
reverse-phase HPLC column equipped with a fluorometric
detector (Kondo & Kajiwara, 1987; Azuma et al., 2008).
The culture medium was lyophilized, extracted with 5 ml
ethyl acetate:acetic acid (3:1, v/v) and subjected to
chromatography (Nitzan et al, 2004). In the culture
medium, the amount of coproporphyrin III (Copro III)
was significantly increased in C. aurimucosum and M.
oxydans compared to S. aureus strains (P<0.05, Student’s
t-test), while the levels of uroporphyrin (Uro) and other
haem precursors were not increased (Fig. 2¢, d). In the cell
pellets, the amounts of Uro and Copro III were
significantly increased in C. aurimucosum and M. oxydans
compared with S. aureus (P<<0.05).

The Japanese Ministry of Health, Labour and Welfare
provides guidelines on ethics regarding clinical research.
These guidelines state that if the research was carried out as
a part of a physical examination, and the field of research is
directly related to micro-organisms detected in specimens
of patients, and is not a phenomenon of the patient’s
health, then ethics approval is not required. Therefore, we
consider that our study required no ethics approval or
informed consent.

Discussion

In this study, we isolated C. aurimucosum and M. oxydans
from erythrasma lesions, conducted 16S rRNA sequence
analysis on the isolates, and identified Copro III in the

http://jmm.sgmjournals.org
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Fig. 2. Analysis of haem biosynthesis in C. aurimucosum, M. oxydans and S. aureus. (a) Haem precursors in culture medium
obtained from C. aurimucosum, M. oxydans and S. aureus were analysed by HPLC. Colonies were grown for 96 h at 37 °C. The
culture medium was volatilized under negative pressure and then porphyrins were extracted with & ml ethyl acetate : acetic acid
(3:1, v/v) and subjected to chromatography on a Cyg reverse-phase HPLC column equipped with a fluorometric detector. (b)
Intracellular haem precursors from C. aurimucosum, M. oxydans and S. aureus. Bacteria were grown for 96 h at 37 °C and
homogenized with & ml ethyl acetate :acetic acid (3:1, v/v). After centrifugation at 5000 g for 10 min, the supernatant was
concentrated and subjected to chromatography. Quantification of each haem precursor obtained from culture medium (c) and from
C. aurimucosum, M. oxydans and S. aureus cells (d). In the medium, the amount of Copro lll was increased in C. aurimucosum and
M. oxydans compared with S. aureus (c). In the cells, the amount of Uro and Copro Il were significantly increased in C.
aurimucosum and M. oxydans compared to S. aureus (d). The data were analysed with a fluorometric detector. Uro, Uroporphyrin;
Copro, coproporphyrin; 7CP, heptaporphyrin; 6CP, hexaporphyrin; 5CP, pentaporphyrin; Proto, protoporphyrin. Quantification of
haem precursors is presented as the mean = SEM from six independent experiments. Student’s ttest was performed to determine
statistical significance among the experimental groups; *P<0.05 was considered statistically significant.
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culture medium. To the best of our knowledge, there have
been no previous reports in which C. aurimucosum and M.
oxydans were isolated from lesions associated with
erythrasma.

It is known that erythrasma is a superficial skin disease
caused by Corynebacterium species. Sarkany et al. (1961)
originally detected Gram-positive rods from lesions
associated with erythrasma and named the bacterium C.
minutissimum (Sarkany et al., 1962). Somerville (1973)
classified aerobic cutaneous diphtheroids into 15 groups
from the results of nine tests. These groups encompass
lipophilic characteristics, lipolytic ability, porphyrin pro-
duction, nitrate reduction and ability to decompose
glucose, maltose, sucrose, fructose and galactose. This
classification differs from that described in Bergey’s Manual
of Systematic Bacteriology. Somerville (1973) stated that all
groups of fluorescent diphtheroids were isolated from
erythrasma lesions as the result of an overgrowth of
diphtheroid members in the normal skin flora, and that C.
minutissimum belonged to group 2. Takei (1996) succeeded
in the isolation of 24 fluorescent diphtheroids from 43
lesions and identified them using API biochemical
tests. Sixteen isolates were C. minutissimum, six were
Corynebacterium jeikeium, one was coryneform group G-1
and the final isolate was coryneform group G-2. Takei
(1996) also stated that C. jeikeium and C. minutissimum
belonged to group 2 of Somerville’s classification scheme.

The strain of C. aurimucosum isolated in this study was
novel, as described by Yassin ef al. (2002). Strains originally
designated CDC coryneform group 4 bacteria represent a
heterogeneous group and include pigmented variants of C.
aurimucosum. Corynebacterium nigricans is related to C.
aurimucosum at the species level as demonstrated by DNA-
DNA hybridization analysis and sequencing of the 16S
rRNA gene (Daneshvar et al, 2004). Yassin et al. (2002)
stated that C. aurimucosum is genealogically related to C.
minutissimum (99.8 % nucleotide identity for 16S rRNA)
with a similar basic biochemical profile. The DNA-DNA
hybridization experiments demonstrated that C. aurimu-
cosum is distinct from C. minutissimum with only 42 %
nucleotide sequence identity (Yassin et al, 2002).

M. oxydans is a coryneform bacterium that grows
aerobically, is asporogeneous, irregularly shaped, not
acid-fast, and can be visualized as Gram-positive rods.
The majority of Microbacteria form colonies with a yellow
pigment on nutrient agar. M. oxydans is one of the species
of Microbacteria most frequently isolated from clinical
specimens.

Only a small number of studies examining porphyrins
from erythrasma lesions have been published. Sarkany et al.
(1961) examined aqueous extracts of fluorescent sub-
stances from culture medium using a spectrophotometer
and described that the substances had a maximum peak at
400-402 nm and a single sharp peak at 603 nm, although
fractionated porphyrin analysis was not demonstrated. Hay

& Adriaans (1998) stated that the coral-red fluorescence
under Wood’s light in erythrasma lesions was due to Copro
111, but did not provide any further details of their results.

In our study, HPLC analysis of haem precursors from the
culture medium of C. aurimucosum and M. oxydans revealed
that Copro III levels were clearly elevated (Fig. 2c) and the
amounts of protoporphyrin were diminished. Analysis of
intracellular porphyrin showed that the Uro and Copro III
levels were very high, although the protoporphyrin levels
were low (Fig. 2d). These results indicate that the fluorescent
substance was actually Copro 1II. We could not clarify the
complex mechanisms of excess Copro III production in the
supernatants in this study. The conversion from Copro III to
protoporphyrinogen IX is carried out by coproporphyrino-
gen oxidase (Hayashi, 1995). Almost nothing is known
about the regulation of haem-biosynthetic enzyme activities
in Corynebacterium bacteria. We postulate that the low levels
of coproporphyrinogen oxidase activity in C. aurimucosum

and M. oxydans likely lead to an accumulation of large

quantities of Copro IIL

Recently, photoinactivation of bacteria by endogenous
porphyrins has garnered interest in photodynamic therapy
(Maisch et al., 2004; Nitzan et al, 2004). In this study,
analysis of intracellular porphyrin in C. aurimucosum and
M. oxydans showed that the levels of Uro and Copro III
were very high. Porphyrins have a common absorption
maximum {Soret band) around 400 nm and another peak
at 500-650 nm (Kondo, 1995). The photodestructive
wavelength range of porphyrins is reckoned to be 407-
420 nm (Ashkenazi et al, 2003). The bacterium
Propionibacterium acnes produces mainly Copro III, which
accumulates in the cells. The effectiveness of photodynamic
therapy for acne treatment has been demonstrated by
Kawada et al. (2002), who reported that blue light (407-
42" nm) was effective for acne patients in a clinical setting.
Ashkenazi et al. (2003) stated that illumination of the
endogenous coproporphyrin with blue light played a major
role in P. acnes photoinactivation. We believe that
photodynamic therapy, especially with light in the blue
wavelengths, could be applied to treat erythrasma lesions.

In conclusion, the results of this study support the view
that excess Copro III synthesis by C. aurimucosum and M.
oxydans leads to accumulation of porphyrin in cutaneous
tissue, which fluoresces a coral-red colour when exposed to
Wood’s light.
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VP DMABIR /R REFR/L T 4 U D HPLC /8% —
BT,/ uvw hOKLY BEEICBW TS URO
(UP), COPRO (CP) SV EMHBLT HNHANLT 4V
JEBE TIET R TORBIZBWTRPRLT 4
UUBNHEEL, MALT 4 ) CEITREEEI D B
B35 &1370n, RIORE—2hb, CEP T
X TRARNVT 4 U U0MEAL, PCT TiX URO (UP),
HEPTA (7P) AMEAZ, HEP Tix COPRO (CP) 1. II
DSMEAL, VP TiX UP, HEPTA (7P). PENTA (5P).

COPRO (CP) DIMMFBNELITH Y . N FHDFRE

THEL->TND I BRI, BIZITR SR
Mo T=73, HCP Cix COPRO (CP) W AMEAL, AIP C
1% COPRO (CP) A3 < | JEIRDHBUZEE L T URO
(UP) SRS 5, LTzdio T, AIETIERLT 4
U UFEEREOER] - EEZWICERTH D,
F2IIIEFERNLVT 4 U VIEDRFRLT 4
U EEIE, EERE, &ONE. A/IME, R31Z
REARLT 4 U v OFREER L, £2, 3 X
D& xDFRNT 4 ) AEDFERH LI, Zihvk
K5IRLz, [IrbR4 ERERIZALT 4

F2. BERINI I VEDRFRNT ) ODERE, BERE, BAE. B/ME

: uP 7P 6P isoCP 51 50 PreCP 4] 411 HP___ Total P CPI/II
n 95 86 35 29 67 39 31 97 98 29 98 97
19.1 5.0 06 01 30 11 34 1938 137 01 504 06
243 6.7 17 04 35 14 27 137 36.2 02 66.1 04
1960 552 90 22 14.7 5.9 126 779 199.1 09 385.7 28
16 0.0 00 00 00 0.0 04 05 0.6 00 72 0.1
UP 7P 6P isoCP 5] 50 PreCP a 4 HP  Total P CPI/N
65 62 47 14 56 48 190 65 61 16 65 61
12604 847 49.2 06 1700 1174 69 2019 7378 37 25076 05
14207 1114 80.6 07 3070 2396 61 6440 24672 35 41468 13
68630 5860 4550 18 20432  1494.4 198 51411 193927 143 312512 84
179.2 8.0 27 0.0 124 6.5 06 47 13.9 00 5091 0.1
uP 7P P isoCP 51 51 PreCP a1 P HP___ TotalP___CPI/II
n 20 20 19 7 21 21 5 21 2 5 21 21
Mean 3056 4850 1912 12 3483 2002 190 3643 70170 71 93386 0.1
SD 8001 5303  190.2 24 3459 2094 158 4028 81604 103 95668 0.1
Max 33717 17750 6120 48 12035  688.9 371 18189 348757 247 398797 04
Min 32.8 0.0 6.7 0.0 12.9 43 27 404 1123 00 2418 0.0
UP 7P 6P isoCP 51 51 PreCP a1 411 HP__ Total P CPI/N
n 10 10 9 7 11 10 11 10 3 [ 10
Mean 14662 3086 786 00 3273 4235 220 2714 10230 136 36033 02
SD 26467 5040 81.2 00 4344 9470 125 4195 12012 217 47526 02
Max 86825 13959  208.2 00 12632 30755 385 14036  3509.1 387 159214 07
335 238 0.0 00 26 2.3 8.1 131 1590 02 2262 0.0
uP 7P 6P isoCP 51 51 PreCP 4] 410 HP___ TotalP___CPI/II
n 2 ) 40 10 20 24 6 42 4 6 4 4
Mean 34189 14892 2525 1318 2821 2140 104 760 1367 00 59069 0.7
SD 37267 18534 2615 857 2667 2455 6.1 477 1434 00 58512 04
Max 181335 115816 9627 2943 9362  1039.9 204 2092 8960 0.0 319269 15
1165 68.2 9.0 133 11.8 12.9 33 10.4 14.1 00 2473 0.1
uP 7P P isoCP 51 51 PreCP a 410 HP  TotalP__GPI/N
n 11 11 10 3 11 6 3 11 3 3 10 7
Mean 794848 32362 12321 00 54183 1895 31 125462 6685 0.0 1001419 206
SD 654699 31655  1740.2 00 63353 2328 53 99268 5340 00 719278 11.1
Max 2059087 119131  6097.6 00 235795  546.8 92 388614 17076 0.0 2264312 306
663.4 474 3266 00 2218 0.0 00 10878 432 00 20922 45
UP 7P 6P isoCP 51 51 PreCP a] 410 HP _ Total P___CPI/I
n 37 35 29 9 27 4 5 37 37 6 47 37
Mean 68.0 391 151.7 05 2528 276 32 1562 78.1 07 4310 15
SD 169.1 803 7275 15 440 61.3 29 3966 1277 12 9748 12
Max 10356 4516 39309 46 1833 2235 87 21447 7089 29 48863 42
Min 7.1 1.1 0.2 0.0 00 0.0 04 49 40 0.0 22 0.1

n: B, AIP; acute intermittente porphyria, HCP; hereditary coproporphyria, VP; variegate porphyria, PCT; porphyra cutanea tarda, EPP;
erythropoietic protoporphyria, CEP; congenital erythropoietic porphyria, UP: uroporpphrin, 7P; heptaporphyrin, 6P; hexaporphyrin, 5P;
pentaporphyrin, isoCP; iso—coproporphyrin, HP; harderoporphyrin, Total P; total porphyrins

R3. FERILILUAEDR BRIV I1U 2 DELE

upP P 6P isoCP 51 510 PreCP 41 4111 HP Total P CPI/IN

19.1 5.0 0.6 0.1 30 1.1 34 19.8 43.7 0.1 904 0.6

AIP 1260.4 847 49.2 0.6 1700 117.4 6.9 2019 737.8 37 25076 05
HCP 805.6 485.0 191.2 1.2 348.3 200.2 190 364.3 70170 71 93386 0.1
VP 1466.2 308.6 78.6 0.0 3273 423.5 220 2714 1023.0 136 36033 0.2
PCT 34189  1489.2 252.5 131.8 282.1 214.0 104 76.0 136.7 0.0 59069 07
CEP 794848 32362 12321 00 54183 189.5 31 125462 668.5 0.0 1001419 206
EPP 5 l?8.0 39.1 151.7 05 258 27.6 32 156.2 78.1 0.7 4310 15

BREER2ERC
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FED 6 FANZ L o TRAL T 4 V) U HB O EZ —
yﬁﬁﬁé LTzl o T, RIVT 4 U FEDER]
WEZWITIARLT 4 ) O EHENEET
HDZ BNl

B 6 IXBERLT o U VEDREEICKTT 5
BRERLZ, LY, BERLT 2 U VEETIR
H@WDMP@%K$W74UV®mﬁ$ﬁ%<\

DICERAENZ K-> CTHBICALT 1 U B

INE—U PRI DT BT,

450.0 ¢

4000 K

350.0

300.0

2500 £

2000 F

150.0
1000 K

500 K

0.0 b L BN TG L
up i 6P 51 51 41 411

HP  Total P

H.6 SHERLIAVEORBPERILI(UDOBREBICHTHIEE
Fr, BrxDFBORRLT 4V AEOKRE L
BEMECTHHEER 7R L, KLY,

CEP 2Mi 2 DD 1, 108 £ & EAIRICE < |

BbHDIRWONEPP O 5% Th o7z, EPP IIIEE

4 PROTO

(PP) #34 20 TotalP
%L %E‘j 1000 -
AP I
600
Vi d
400
F v HEn .
200 : :
L 72U vas, - | — -
FFRs= |z | AP HOP VP PCT CEP EPP
PE o T E7 BRI EORERAN 70 R

B EICT BEE: AP 284%, HCP 103%, VP 4042
PCT 65% . CEP 11084%. EPP 5{&

#Z L7,
PCT IIEHIAE, = A huFy, #elickoT
FREINDHFHS 1O T ERBEICB O THERLS
NTWDDITT_RTHRREDORNLT 4 U gES D
ThHbH, PCT ITHET 5 L IFEZE, IS AL
T3 208, WY ZeRHEREIC Lo TUIRP AL T
A4 VUL, ERICEET D2 =— 7 IRl
T, RIZIZEOREHFIITATH S, FilflE C

BFRE OBRHEREZ S HESHLTINA 2021

3. MEFRARLVT 4 V> OLERIE

MEFDORNLT 4V RIEIIIRFERER L 7
4 U UE (CEP, EPP) DZWHIEE CHh A M, #3F
ERMERIMAE, SRR, $hPTE, EimiEE
JECEMEZRT, THHERBIZBWTIE FP BX
O ZP OWELRELRDZENMbN TS Y,
ZIZC, MEFORLT 4V HEE LTI FP
L P O EERICHIET 22 ENEFE LL,
CNEFREIC LIz ORI DBAFE Lz HPLC ¥4
THoH'Y,

# 4 \THRIFEBRMER VT U E (EPP, CEP) @
MEPRNVT 1 V) OFEE, BEERZE. FRME.
B/MBEZ 7R LTz, 38 X 0 EPP TIL FP 234K 19, 298
v g/dIRBC 7R L7z, CEP TIXFPIIH £V HEY

§4 FEFRER LT U EOMGRIL I 1) & (p g/dIRBC)

B CP FP ZP Total P FP/ZP
n 73 27 77 77 77
Mean 17 126 623 763 02
SD 06 155 310 430 0.1
Max 29 67.8 1428 1723 0.7
Min 06 21 200 237 00
cP FP 7P Total P___FP/ZP
n 43 43 39 39 43
Mean 74 46374 2821 49007 283
SD 93 39727 2446 41316 336
Max 411 193987 8833 201667 1348
Min 09 179.1 332 1917 38
T cp FP 7P Total P__FP/ZP
n ) 9 8 8 3
Mean  57.1 156.3 2759 3936 03
SD 73 289.5 296.1 3254 0.1
Max 65.8 924.0 8050 958 8 05
Min 458 388 980 1942 01

n; $1#. CP; coproporphyrin, FP; free erythrocyte protoporphyrin,
ZP; zinc protpporphyrin, RBC; red blood cell, Total P; total
porphyrins

TLIPOFNEVHEEL T\, 22T, KR
DIEBEE BT E OFHETE - MEEK 81T
RUTZ, K&V, EPP X FP MR |C#E & L, CEP

o
mMEPP - CEP
3500 -
3000 -
2500 |
2000
1500 w
1000

500 oy E
"y .m e 25

00 e P zP ey
8. FFERMERIL T U EDREEO FHIEIZHT 2
EPP, CEPIC A RMBRP DRI Jo  BEQREHICH TSR

cP FP ZP Total FP/ZP

EPP 45 366.9 4.5 64.2 1414
CEP 34.3 124 4.4 5.2 1.6




ERELLERSTWBZ LB Doz, BRIV
WCENZIER S 2o 7o i3, SRR Z MR MAERCER
B CILZP BB E 720 | EPP, WRMMEEMAE, &
FERMER MIECIX FP &, B R252 N
BIoTWAEIY LizR-T, CEP ThoThek
REWEMEHEZIT 7P LH., BimME % E-
TWIUE FP BSMEET 20T, HBIIZEEZ2
5,

4. BEFORLT 4 VU
BAE, bREICBWTIEREFEIORLT 4V v
SATIEAT IV TV ey, EEFIZIER 20 FEEO

W7 4 ) UHEN, WERIZREShTY
RVVRVT 4 DU BREN, FOERBE LTI,
HOBNMEI X > TAEIN b OB EEF
WCHBETAZ ERH S D10,

ARV T 4 U T OEEMEX VP, HCP, EPP
D 3HETHD, VP, HCP DEAVERNVT 4 V) U fE
TIEF Y V7 OBWNCEE TH Y, EPP Tk
O FP BEIZEHE LW, FEEPIZIIK
BO PP BHBETLIEE LDV, BHRKNICHE
BEThHDH, LiehBhoT, A7 4l ‘/ﬁE@ﬁ%Eu .
WeEDWIIL, R, MR, FED 3 FEEOMREKE
AWTHRAERNTHIBT T 5D EE LV,

is ﬁiﬁ'l’llz?{‘)/ﬁo)iﬁﬁqﬂd)f}b?«wzd)?ﬁ]ﬁ. BERE.BXE. B/MEW e/e)

10 03 00 08 0.7 0.2 25 16
42 t1 02 41 25 0.6 1.5 60
0.1 0.0 00 01 0.0 0.0 1.0 03

UpP P 6P 51 51 isoCPI CPI CPII HP 18.52 ZP o34 237 MP 273 306 PP__ Total P
16 15 14 21 21 6 24 22 20 108 17 15 17 16 11 5 24 24
08 02 01 12 0.7 0.2 38 22 1.7 01 0.5 34 93 27 06 086 22.5 448

1.5 06 0.5 5.9 19.9 38 08 04 26.1 475
5.7 49 22 20.3 69.9 13.1 26 10 1211 2183
0.1 00 0.0 0.0 0.0 0.0 0.0 00 09 8.0

5.1 860 1044 4640 102 2464 33596

7P 6P 51 S0 _isoCPI1__CPI___CPIl__HAP 185 7P DP 237 MP___ 273 306 PP__ Total P
4 4 4 4 2 10 9 7 75 1 3 3 7 2 2 10

08 40 22 15 0.1 94 25 20 0.1 02 0.4 24 11 05 06 183 448
1.1 71 12 038 00 96 1.1 12 07 0.0 03 20 10 00 04 164 275
24 146 35 2.7 02 351 y 39 55 0.2 07 40 30 05 09 548 936
0.1 01 11 08 0.1 33 10 04 00 02 0.0 0.1 0.0 05 03 26 115
7P 6P 51 5l isoCPI1__CPI___CPIl___HP 185 7P DP___ 737 MP__ 273 306 PP__ Total P
5 12 17 17 4 18 17 8 20 2 2 3 9 2 1 18

T9 149 245 1507 56 626 7865 286 57 27 17 07 179 16 13 116 10367
23 235 257 1564 42 718 9146 377 109 28 15 05 428 14 - 17.2 12596

1424 488 417 28 12 13186 26 13 72.0 42338

1.8 72 115 785 24 449 2990
0.0 00 00 0.0 0.1 0.2 00

01 04 16 8.6 09 15 9.7 1.7 00 0.7 0.6 04 0.1 0.5 13 0.0 0.0
i 6P ) 5l _isoCPI _ CPI CPII HP 185 ZP DP 237 MP 213 30.6 PP__ Total P
6 6 9 12 11 11 14 3 4 7 9 3 3 12

8.9 225 25.9 532 = 565 1682 852 207 283 270 30.5 55.8 20.7 47 3567 9148
203 4986 380 704 - 709 2209 95.1 301 235 36.6 46.9 416 222 59 3347 8802
503 1236 1184 190.8 - 2384 7312 2756 1024 434 780 1356 1342 44.8 115 1031.2 31038

0.1 02 04 0.8 - 20 12 14 00 1.2 0.4 4.2 0.4 1.0 10 26.1 492
isd 6P 51 Sl _isoCPI _ CPI CPIl HP 185 P DP 237 MP 21.3 30.6 PP__ Total P
16 18 4 3 4 21 12 8 44 2 2 19 1 2 21

9.1 680 106 1.2 12.7 216 71 55 27 - 4.4 16.6 34 0.1 277 140 2043
15.1 985 85 6.9 8.0 195 9.1 9.2 80 - 5.5 19.6 25 - 380 159 24738
604 3040 205 14.0 216 60.3 299 28.1 500 - 8.2 30.5 13 0.1 553 68.6 1029.7

0.1 00 06 0.2 0.1 1.2 0.7 06 00 b 0.5 21 0.0 0.1 0.1 1.1 55
i 6P 51 5l _isoCPI__ CPI o141 HP 185 zP DP 237 MP. 273 30.6 PP Total P
15 14 15 15 4 32 29 27 61 13 13 14 29 12 10 35

02 11 19 9.5 08 6.9 247 33.1 23 16.0 20.6 7.8 9.1 30 58 8149 5200

04 19 29 2186 1.1 105 75.1 65.1 78 289 49.1 9.5 15.2 4.1 103 2801.6 2327.7

3372 553 997 178.0 30.0 64.4 122 311 17258.0 18011.9
04 00 0.0 0.0 0.0 0.0 00 00 11.2 0.0

CPI1 CPil HP 18.5 MP PP TotalP

1 1 1 8 1 1

Mean 204 21676 3904 181 04 320 337 30916
SD - - - - - - - -
Max 204 21676 3904 181 36 320 337 30916
Min 204 21676 3904 181 00 320 337 30916

n: %, AIP; acute intermittente porphyria, HCP; hereditary coproporphyria, VP; variegate porphyria, PCT; porphyria cutanea tarda, EPP; erythropoietic
protoporphyria, GEP; congenital erythropoietic porphyria, UP: uroporpphrin, 7P; heptaporphyrin, 6P; hexaporphyrin, 5P; pentaporphyrin, isoCP; iso—coproporphyrin,
HP; harderoporphyrin, ZP, zinc protoporphyrin, DP; deuteroporphyrin, MP; mesoporphyrin, PP; protoporphyrin, 18.5,27.3, 30.5; retention time, Total P; total

porphyrins

ﬁg*ﬁ;w«r')/ 3@1:1‘ 1»74‘) COFEHEDRE %‘ldﬁ‘éf*&

Sl _isoCPI CPI CPIII

HP 18.52 zP bpP 237 MP. 273 30.6 PP Total P

AP 71 42 685 18 23 09 2.5 1.1
HCP 4.2 10.1 257.5 19.8 2352 35.0 139 359.7
VP 8.3 47.5 3904 209 78.3 00 149 76.9

12 0.7 05 01 0.3 0.4 08 10 0.8 1.0
16.4 38.9 5.7 05 0.1 6.6 25 2.0 05 231
49.0 142.5 599 19 3.3 206 33.2 74 15.8 204

PCT 283 485 11786 85 106 79.0 5.7 3.3
EPP 12 1.3 18.6 15 140 50 1.8 11.3

32 18.8 0.0 13 18 1.2 0.1 441 06 46
19.0 16.1 33.8 6.1 08 3.4 47 9.3 36.1 16

B0 ZROI<AIC

6. BHEAILI1Y /ﬁwmﬁﬁhﬂwmzmﬂiﬁjﬁ
up 7P 50 isoCP 1 GPI___ CPII

HP 18.52 zP DP 23.7 MP 273 30.6 PP___Total P

’EH 0.8 0.2 01 1 2 0.7 0.2 3.8 22 1.7 01 0.5 3.4 9.3 27 0.6 0.6 225 4438
AP 6.0 08 40 22 1.5 0.1 9.4 25 20 [X] 02 04 24 11 0.5 06 183 448
HCP 36 19 148 245 1597 5.6 526 7865 28.6 57 27 1.7 0.7 179 1.6 13 11.6 10357
VP 6.9 8.9 225 259 532 0.0 565 1682 85.2 207 283 27.0 30.5 55.8 2.7 47 3567 9148
PCT 237 9.1 680 106 12 127 216 7.1 55 27 0.0 4.4 16.6 34 0.1 277 140 2043
EPP 10 02 11 19 9.5 0.8 6.9 247 33.1 23 160 20.6 78 9.1 3.0 58 8149 5200

BEEE (RS5ICEIC
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REWCEFERRNVT 4V o OFE, ERERE,
BARE, S/MEZR LTz, ROFNVT 4V HHIT
BWT, HEFICORLEZH O (18.5, 23.7, 27.3,
30. 6) IXPRFFRERE (47) 7R L. AHPLC 434+ A
T L ORFFREFRICHRH SN RV T 0 U VI
IIREWE D 2 < | REETH D, K6 I@EFEE
BLOEHRHMORNLT 4V IEDEERRL T
AV DOEHEEEED TR L, RTIEALZD
EHEOREF T DB E R Lz, EEDIC
IEEIZ PP (U TIX FP o9 72 EORREMER
WT 4V THD 2 BVERFVILRNLT 4
(F 7TITBWTEID ZP~PP £ TICHERT BRI
74 ) ERT) BT 5, COPRO (CP) X
IREEME, PO F OME 2 fFh, #EEPICH
HE+5H, LaL, PCT, VP, CEP 22 EDFRNLT
# U VHE TR O KEEERL T ¢ U > (UP,
TP, 6P) bHELT D, TNOEFELDTEONRK 9,
10 TH D,

1200.0 wAIP wHCP =®mVP mPCT «EPP
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8000 °
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CPIY g
HP 2
ZP 2

18.52 fm

a.
=N

2713
306 &

a a
a =

237

Total P

E10. FHEAIL ToUEORE hAL 70U FHEO MBI T 5%

12000 - i {BRHE | AP 5 HCP w VP mPCT mEPP
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SREPE-EFEERNE 335k 3
o [&] = ™~ 5 8
& =

9. BRI T4 AED EEPRILT4)OFEHIE

B 11 [ ZBFERLT 4 U JEDRBRNLT 4 U
Wk B e
HECHT | mo

DiEER | w0
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L7z, AIP. i
50
HCP,VP.PCT = ao
%5 T (8 BPP “ AP HOP VP  PCT EPP

1. FEARL I UV EOREEICHT SHEEH
HRILTL) DfEE
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1. R OEHEIEDZ R 1. 0, 23, 1. 20. 4.
46 BLTL 65T oTr,

5. TOMDORNLVT 4 U oRBERERE
IEFRRNLT 4 U EOREE L T2
DRFFINT 4 U DHPLC RE — 2 %[ 12 1R
L7z, SR E TIX CPIIAEFICHE L, thoEx
MWRNT 4 Y EE Bl oo RE— 0 2 BT 5,
ZOM, FFEERE, FFBNAR E ONFIEE, $K
MR MBS BRI R ME 72 & D iR,
I, WOMRBREZ ORBT, £/,
ROKER L DOTFETE, ¥ A 4F R PCB
EDLFEH T AEW, 7= ) e H—
N, BERVI R, ZUVkeFT7rEY, AR
EUELZLDEEMII > THERROERLT 1V
VRBOBRFENE B T ERMBI TG 178,
INGRBEELEDODTRALT LV URIEL WD,
RVT 4V ORET N bEBDOFREE(F

%%ﬁﬁ%&:%gg“@%éo
B IR
40wl IEA
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Im. i

E

RNVT 4 U AEOBWIITERERIC L 532
WARbEETHLN, FOERIIZETHY .,
HEH TR, £ZT, A7 4V EELT
IRE RO AR LBk 7 & 0 BBURY e fER 2 72 T
AT, BEBE L LT Watson-Schwartz 2%
RBRONPEE LA 77 b— REZY | Sk
FRAHE2 D 72 81 Ko THHERIE A H = HEIT,
#h - MEERWIE L LTRSS R E Lz, £k
FHRET A VBLETHD,

FORET —# & LT, RSICAIFHHRED
Bz E Lo, £L T, OO OB
BREME LTRUTOEOHED S Z LIZL-
TERNZW T2 Z L 2RET 5,

#£8 RILTAIVEDIEEHHY

RWT1)dE EEER 3 (4201

2 | AR | KRR | #R|F 23 & &

FIB|cep| ++ | - |+ |upDCPI cPzp |op

i 5 EPP | +~++ | ~ | + [FFEFEITKYCPI FP PP

i3 HEP | +++ - | + |UPII>7P, CP FP, CP |PP, isoCP

i | PCT | +~+++| - | + |UPTI>7P E®  |isoCP, CPOPP
B vp | +~+t| ++ | + |ALA PBG CPII>UPIT |EE  [PP>CP. X-P

HCP | -~++| ++ | -4 |ALA, PBG, CPII EH® |CP>PP
|| AP - ++ | + |ALA PBG EE |EE

BRER XA IR Tz, EPPIZE L MER, EPPEAS DR D1 AETIRFBRAZ NS,
HALP MR TORIL T RSB E A R RE RS,

1. BMERLVT ¢ U AEOEEBRIEER
AIP : JRH

1) ALA : IEBED 3~90 7 (EH%9 20 £%)

2) PBG : IEFMED 10~270 % (EHIHK 90 £7)
HCP :

1) R ALA : IEFEIED 1. 5~50 15 (EHK 8 £5)
2) FRHPBG : IEFEED 2~70 f5 (CEH 25 £5)
3) JRH CP: IEHEED 3~800 fF (EHIHY 160 1)
4) ¥ CP: EFEDK 360 fF

VP :

1) JRYALA : IEFED 1.5~10 £ (559 5 %)
2) R PBG: IEFMED 1. 5~20 15 (FHI#9 10 %)
3) JRFUP : IEFMED 2~500 £ (SEHH 80 i)
4) JRFCP: IEFED 4~80 fi CEHK 25 %)
5) #CP, PP: IEF{EDK 80 %, 16 1%
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2. HEEIRLT 4 ) AEOEFEDMEER

EPP : 7RifERH
1) PP : EEHMED 15~1540 7 (L 370 %)
PCT : JRT

1) UP: EEFEEDH 6~950 f (FHIH 180 %)

2) 7P : IEFEEDH 10~2400 5 (FHIH 300 %)
CEP :

1) R UPT : IEFED 35~11000 % (EEHK

4000 f£)
2) R CPI : IEEED 60~2000 % (SEHIH 700
%)

3) fEH CP 1 : IEEEDK 30 f2
V. 3 ®&F

AHFFRITEA BRI R & (EHAMER
BIURTEEZE) . RN T 4 U ED2E
FE A2 B NS RHT - YRS BISICBI 5 BF
e OMRETEICL > TiThiT,
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