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Abstract —Here we report the characterization of four nowghtions and a previously described one of the@pomhyrinogen lil oxidase (CPO)
gene in five Italian patients affected by Hereglawproporphyria (HCP). Three of the novel geneliants are missense mutations (p.Gly242Cys;
p.Leu398Pro; p.Ser245Phe) and one is a framestafion (p.Gly188TrpfsX45).
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Latent HCP patients or HCP gene carriers are
INTRODUCTION clinically and sometimes biochemically normal aligjio

Hereditary Coproporphyria  (HCP,OMIM being at risk of life-threatening acute crises.réloee

121300) is an autosomal dominant disease classﬂieotheir detection is extremely important in the managnt

: - -of the disease. To this aim the usual screeningoahet
acute hepatic porphyria. Rarely, a homozygousntarle? o
may occur, associated with more severe clinical aed was based on the defermination of the CPOX

biochemical manifestations (6, 13). Clinical perete is activity, which is reduced in asymptomatic as aelin

: : symptomatic patients (7). This method has beenrshow
incomplete and depends on environmental and adqwfé( be poorly reliable for diagnostic purposesay the

factors such as hormones, drugs, nutritional statt Lty

alcohol, infectious diseases. The disorder is dithet é)éantlﬁcatlon of the gene defect at molecular lidzs
reduced activity of coproporphyrinogen Il oxidas . : o= e,

(CPOX, EC 1.%/.3.3), '[hfe3 rrﬁ}togh%drigl enzyme in tdE preventing behaviors that could be triggeringoka
heme biosynthetic pathway that catalyzes the csiower or the_lgllng:::(leygv;rtégsriafaet: ns in the CPO gene have
of coproporphyrinogen il to protoporphyrinogen(#. 'c?ent'ﬁe dV ’ manu Glgnel M taton %atabas\é
CPOX is encoded by the coproporphyrinogen | i ”W'\MNA m dc(:le;c Kaclinde hu Il—?ere ®rb '
oxidase gene (CPO), that is 14 kb long, contai®is | - :.ngmd.cf.ac.uk/acfindex.php). Here werep
and is located on chromosome 3q11.2 (1, 3). the characterization of four novel mutations and a

. iously described one of the CPO gene in five
Clinical symptoms are very rare before pube réviously ae ) . . :
and are neurological and less commonly cutaneo gproporphylna ltalian patients from different fes.

Biochemically, overproduction and excretion of

coproporphyrin Il in urine and feces is the hatiknaf MATERIALS AND METHODS

the disease. Increased levels of delta aminol@valtiid

(ALA) and porphobilinogen (PBG) are generallyPatients T?Oglog;egcﬂg%zg; resenting fve urbian
observed during the acute crisis. coproporphyria patients and som’e o? their relgli)m studied. The
o . o N diagnosis of Hereditary Coproporphyria was baseeoobservation of
Abbreviations: ALA, S-Aminolevulinic Aud; PBG, Porphob!llnogen; typical clinical manifestations and increased éearef urinary and fecal
TP, Total PorphyrinsCP, Coproporphyring?P, ProtoporphyrindN.P, - nomphyirins with a predominance of copro Il isamer

not performed ;HCP, Hereditary Coproporphyria CPO The concentration of porphyrin precursors in - urivas
coproporphyrinogen Il oxidasew, dry weight measured spectrophotometrically after ion-exchamgenatography’(
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" AIHAPBG column éefst; BiO-RaddGm%Z‘;chhenﬁGeﬂmany The mutation detected in the index HCP 1 is a
Total porphyrins in urine and feces were determtigegtectrophotometer noyel  missense  mutation: a  single  nucleotide
methods (2) (12). Urine and fecal porphyrin pelere analyzed by o \pjin fion, at position 724 of the coding seqeienc

"everse-phase high pressure iuid chiomatngrahy (c.724G>T) in exon 3, causes the replacement of the
PCR amplification of CPO gene Glycine at the amino acid position 242 with a Gyste

~ Genomic DNA was extracted from blood using comairci (p.Gly242Cys). Sequencing of exon 3 of CPO gene in
avaiable kits (QIAGEN). The entire coding sequeaie exon/ntron 3 mjly members of the patient revealed that thigtion

boundaries of CPO gene were amplified in 8 difdR&R fragments . .
wih  te folowing pimerss  CPOXIpIFOR  (5- WS inherited from the maternal grandmother and was

AGCGGCTCTTCTCGAAAGGT-3) and CPOXIplREV (5- Present in the moth(_ar and sister of index 1. Mathdr
GCCAGCTCATCCTCCTCCT-3) for exon 1 (partial); CPQREOR ~ grandmother had biochemical alterations but ordy th
(5-ATGTGCAGCGGGCGGAGAT-3) and CPOX1p2REV (5- first one showed poor clinical symptoms (she could
TGACAGCTGATCCGGGTCCAT-3) for exon 1 (partil) remember of recurrent, mild abdominal pain) THersis

CPOX2FOR  (5-GATTTGGGAAACGGGAAAATA3)  and :
CPOXZREV (5-TTGTGGGCAAAATAAGGTTTG3) for exon 2 showed normal values of total urinary and fecal

CPOX3FOR  (5-AAAAAGCCATTCGGGTTCATA3)  and porphyirins \Nlth only an inversion of Ccopro llldtio in
CPOX3REV (5-ATTGCCTTTACATTGCCTCCT-3) for exon 3; fecal porphyrins (8). She has never suffered fioyrof
CPOX4FOR  (5-CTGCCTAGGCCTTACTGGTCT-3)  and the clinical symptoms of HCP. The mutation wasrabse
CPOXAREV (5-CCATTTTCATAAGCAGAAGAGG3) for exon4; - i 50 control subjects.

CPOX5FOR  (5-GGACAGCAAGTAAGGACACCA-3) - - ,
CPOXSREV (5-GACAACACAACACCCGCTATT-3) for exon 5; In patient HCP 2 novel missense mutation was

CPOX6FOR (5-CTGTAGGCTGGTGTCCTCTGT-3) and found. This is a T>C substitution at pOSitiOﬂ 1068e
CPOX6REV (5-CACCATGTCACCGCTTAAAAT-3) for exon 6; coding sequence (¢.1193T>C) in exon 6 which leads t
CPOX7p1FOR (5-TTTAAGTAAAGAGGTATGTGTGTCA3)and  an aminoacid change from Leucine to Proline atiosi
CPOX7pIREV (5-AACAAGATGAGAGATTTCCTGATAS) for 398 of the amino acid sequence. This genetic vavis

exon 7 (partial). All PCR reactions were carrietima 50yl reaction . . .
volume containing genomic DNA, 255 Unit Tag DNAyRrase presumptively inherited from the father, who shoaed

(Invitrogen), 50 pmol of each primer, 0.2 mM dNTRéitrogen) and 1.5 typical biochemical pattern of HCP. He had rectiren
mM MgCh in the buffer supplied by the manufacturer. Theliication ~ abdominal pain and neurological problems such as
was performed using an initial denafuration step4aC for 3 min, paresthesias of limbs and emotional instability. He
followed by 35 cycles of 94 °C for 45 s, anneaihghe annealing zmitted his severe clinical symptoms and madecint

temperature of the specific primer pair for 30gnsion at 72 °C for 1 - .
min folowed by a 10 min final step at 72 °C. ATR products were with a doctor only after he saw the same pathalbgic

checked for purity on agarose gel. PCR produeadeti for DNA  €ondition in his son. It was not possible to perfor
sequencing were cleaned up with NucleoSpin kit iisfay Nagel), Mutation analysis prior to his death. The mutatias
checked on agarose gel for yield and subjectettetth sequencing for - absent in 50 control subjects.

mutation screening. Mutations not previously desdriere validate by In patient HCP & duplication of a T in position
sereening of SO unrelated healthy controls 561 of the coding sequence (c.561dupT) in exons2 wa
DNA sequencing and mutation detection found. This is a novel mutation and resulted in a

DNA sequencing was performed by Eurofins MWG GmbHframeshift that gives rise to a stop codon 45 uesid
Marﬂnsriz?yfe%many, U;ing ﬂﬂ%\faramec r;]rimers agﬁm E'ldenggloeos data downstream Glycine at position 188
WEre an using the software Lhromas Pro. - Onee (i, Gly188TrpfsX45). The biochemical analyses ofauri
f&gﬁgﬁ%ﬁﬁ%ﬁfgﬁﬁgﬁ“ﬁm@ byeacing on @ second o faces were in accordance with a diagnosis Bt HC

Al mutations are described as recommended by HGVS The mutation identified in patient HCP 4 was
(Human Genome Variation Society, http:/Awwv.hggoNucleoide  previously described (9). The patient was fourithice
numbers are referred to coding DNA sequence (cléjed from g G>A substitution in position 607 of the coding
gg’l‘gggscpo sequence (GenBank accession NC_0@0@.1 sequence (c.607 G>A) of exon 2, which is a missens

) mutation that results in an Alanine to Threonirenge
at positon 203 of the corresponding protein
RESULTS (p.Ala203Thr). Sequencing of exon 2 of sister and
_ _ brother of the index revealed that both had thetroot
, Direct sequencing of the seven exons and exQikq that their biochemical pattern was charagtedt
intron boundary regions of the CPO gene from e fi ycp Both of them showed poor clinical symptoms:
unrelated patients revealed four novel MutatioRgnastion and mild abdominal pain.
(p.Gly242Cys; p-.Leu398Pro; p-Ser245Phe; The fourth novel mutation was found in patient
p-Gly188TrpfsX45) and a previously described oncp 5 who showed a C>T substitution in positioh 73
(p.Ala203Thr). AII were in the heterozygous statey e coding sequence (c.734 C>T) of exon 3. This
Where appropriate, DNA samples from 50 unrelatetissense mutation results in a Serine to Pherigialan
healthy controls were analyzed to exclude thelpligsi g nsiitution at position 245 of the aminoacid seceie
these were common polymorphisms. .Ser245Phe). The mutation was absent in 50 tontro

Biochemical features, clinical symptoms and, yects. The biochemical analyses of urine aresfec
CPO gene mutations from HCP patients and theXyealed patterns characteristic of HCP.
relatives are reported in table 1.
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Mutations in CPO gene

TABLE 1. Biochemical features and CPO gene mutations from ptiénts and their relatives

AGE URINE FECES CLINICAL
PATIENTS / MUTATION SYMPTOMS
SEX| ALA PBC TF CF TP CF PF
HCP1 present
index IM | 153 173 8.18 6.02 7512 7512 a C.724G>T
(p.Gly242Cys)
father 42V 0.69 10 0.132| 0.093 27 8 11 Wild type absent
mother 37/F 20 091 0240 0206 1418 1418 o CHP4G | present (poor)
(p.Gly242Cys)
sister 4F| 080 0.16 0022 0019 20 14 (i C.724G>T absent
(p.Gly242Cys)
matemal | 57/F 19 0.23 0280 0.193 1449 1449 @ C.724G>T absent
grandmother (p.Gly242Cys)
matemal | 62M| 1.3 048 0050, 0.038 35 15 20 Wild type absent
grandfather
matemaluncle 36/\1 0.38 047 0020| 0.014 66 32 34 Wild type absent
matemalaunt  24/F 15 0.53 0012 0011 17 11 6 d typie absent
matemal | 59M| 1.8 19 0.100| 0.087 56 14 36 Wild type absent
grandmother’s
nephev
matemal | 59/F| 0.88 068 0002  0.001 57 15 3% Wild type absent
grandmother’s
niece
HCP 2 present
index 21M| 33 19 0.170| 0.156 833 806 27 €.1193T>C
(p.Leu398Pro)
father 68/M| 58 5.7 5.80 464 4395 3736 659 N.P. present
HCP 3 present
index 50F| 34 21 0.284 0.224 2549 2506 43 c.pdldu
(p.Gly188TipfsX4
5
HCP4 present
index 3BF| 34 15 0.324 0.244 1271 1254 17 c.6a7G>
(p.Ala203Thr)
brother 3™ 29 14 0.200| 0.160 1181 945 236 c.607G>A present (poor)
(p.Ala203Thr)
sister 41/H 70 35 0.53 0463 4101 4025 50 c8Q7G | present (poor)
(p.Ala203Thr)
HCP & present
index 50F| 57 31 1.06 0919 1719 1664 5 C.734C>T
(p.Ser245Phe)
NORMAL <75 | <25 | <0150 <0120| <200 <50 | <150
VALUES mg/24h| mg/24h| mg/24h| mg/24h| nmollg | nmollg | nmolg
dw dw dw

ALA=-Aminolevulinic Acid; PBG=Porphohilinogen; TP=Td&rphyrins; CP=Coproporphyrins; PP=Protoporphitiis= not performed
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DISCUSSION 3. Delfau-Larue, M-H., Martasek, P., Grandchamp,, B
Coproporphyrinogene (sic) oxidase: gene orgamizatid description of a
. L mutation leading to exon 6 skippiduim. Molec. Genet994,3.1325-
The genetic characterization of five unrelateghsg,

Italian coproporphyria patients led us to the ifiestion 4. Elder, GH., Evans, J.O., Jackson, JR., Jackdahl., Factors
of four novel mutations of the CPO gene. Threbeaftt determining the: sequence of oxidative decarbarylat the 2- and 4-
are missense mutations and one is an insertiosirgjle.  PoPonate substiuents of coproporphyrinogerylidproporphyrinogen

. . . Xidase in rat iveBiochem. 11978169 215223,
nUCIPTOt'd_e' Expression StUQIeS were _nOt perfo_rmmd . Elder, GH., Hepatic porphyrias in childrdrinherit Metab Dis1997,
considering that the described genetic alteratim@m®e oq 237.46.
not found in any of the subjects of our controlgrand 6. Grandchamp, B., Phung N., Nordmann, Y., Homesygase of
that no other mutation was identified in our HCEesait hereditary coproporphyrisancet19772: 1348-9.

; ; ; 7. Kappas, A, Sassa S., Galbraith, R.A., Nordmyanin; The metabolic
(rj?sé/ azg concluded that they are involved in caubiag ahd molecdar of nherited discBsyer, C.R, Beaudet, AL, Sly,

. . .W.S, Valle, D. , (eds.) McGraw-Hill, New York, Bgp 2103-2159.
Moreover it has to be considered that, accordiRg kiinnel A, Gross U., Doss M.O., Hereditary qoprphyria. in
to the assignment of residues at the active SBPGIX  Germany: dinical-biochemical studies in 53 patient

protein (10), subjects HCP1 and HCP5 have mutatiofis Biochem2000, 6: 465-73. _ _
(p.Gly242Cys, p.Ser245Phe) at positions very dinse 9 Lamor. J., Puy, H., Whatiey, S.D., Martin, @oof, JR., Da Siva,

Ser244, an aminoacid directly involved in the ytital gg %eﬁ%%sﬁcﬁfni’iméﬁge? Z:aﬁi E(:]rgemn_ :ton;SE 'gﬁ;ﬁf&g

mechanism. The missense mutation _p-G|Y242_CyS relation and identifies  relationship betweaadiary coproporphyria
HCP 1 replaces a highly conserved aminoacid lotatedind harderoporphyriam. .J. Hum. Gené001, 5: 1130-8.

the p4 strand of the CPOX structure (10). It is reportetd. Lee, D.S., Fachsova, E., Bodnarova, M., DenieleMartasek, P.,
that the high content of Glycine residues ofiseands Raman. C.S., Stuctural basis of hereditary copipa. Proc Nat

2, B3, B4, B6, B7) is an important feature to maintai cad Sa US/2005, 40: 14232-7. .
(B2, B3, B4, p6, 1. Lim, CK,, Peters, T.J. Urine and faecal paipipyofiles by reversed-
the flatness of The_ CPOX sheet. phase high-performance liquid chromatography inptinghyrias Clin.
The functional consequence of the HCP 2him. Actal984,1395563.

mutation (p.Leu398Pro), locatedaf helix (10), is not 12. Lockwood, W.H, Poulos, V., Rossi, E, CumowH.DRapid
easy to predict, even though it involves the gutisti of ~ Procedure for fecal porphyrin as<ain. Cheml985,7. 1163-7.

. . . . 13. Nordmann, Y., Grandchamp, B., Phung, N., deedérH., Grelier,
a large, hydrophobic aminoacid with a small, poig. M., Noire, J., Gajdos, A., Lamotte-Barillon, S..é@u J.M., Barier, J.,

residues 392-418 results in a protein unable terdie) caseNouv. Presse. Mei78, 7: 847-8.

and that this novel missense mutation is locatzeebea
two regions of conserved aminoacids in the primary
sequence of the protein.

The mutation identified in HCP 3 represents a
significant change in the protein because it l¢éads
premature stop codon and results in a truncatéeirpro
of 233 amino acids. The 221 aminoacids encoddueby t
deleted fragment include residues from codon 23840
of the wild type protein. Such a large deletion teiou
clearly have major consequences for the catadyiiatya
of the enzyme.

All the index cases and their relatives with
identified mutations had a profile of both fecal an
urinary porphyrins characteristic for HCP, with the
exception of the HCP 1 young sister, who at agears
old did not have biochemical expression of this
autosomal dominant acute hepatic porphyria (5).

The variety of the mutations we found
furtherunderlines the heterogeneity of the molecula
defects of HCP.
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