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Congenital Erythropoietic Porphyria

Cytosol

! ALA dehydratase porphyria |
ALAD ::l_PB‘G

PBGD

Defect in heme biosynthesis

Acute intermittent
porphyria

Prevalence: <1 case per million (220-250 cases)

b
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Congenital Erythropoietic Porphyria (CEP)

A highly heterogeneous clinical spectrum
More severe Milder

—

Non-immune hydrops fetalis
and potentially intrauterine death

Severe childhood-onset disease Milder, late-onset forms
characterized by hemolytic anemia with predominant cutaneous
and transfusion dependence manifestations in adulthood

Scarring
Hemolytic anemia

® Non-immune hydrops fetalis )
Transfusion dependence

Chronic blistering and scarring

@ Severe anemia Photosensitivity

Photosensitivity (often variable
® Risk of intrauterine death Y ( )

Cutaneous manifestations

®

©

® Milder systemic involvement
(e.g., blistering, scarring) ®

Later onset (adulthood)

The clinical presentation of CEP ranges from life-threatening prenatal forms
to severe childhood disease and milder, late-onset cutaneous manifestations.
The phenotype is largely related to the residual activity of UROS and the specific genetic variants.
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HPLC separation of porphyrin isomers in urine
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KEY SYMPTOMS OF CONGENITAL
ERYTHROPOIETIC PORPHYRIA (CEP)

Symptoms typically appear shortly after birth or in early infancy. @ Eyes
. - Corneal scarring, Blepharitis, Conjunctivitis
n Severe Photosensitivlty Erythrodontia — Chronic ulcerative keratitis and Scleromalacia
» Skin blisteri n?ﬁ rom sunlight « Hallmark reddish-brown teeth.
(or strong artificial light). || » Fluorescence under Wood's light (UV). —

= Causes immediate scarring.

E) Hypertrichosis ﬂHemolvﬂc Anemia B Chronic Scarring

& Splenomegaly
« Excessive hair growth, » Loss of cartila
often on face and arms. | | * Hemolytic Anemia: Red | | (ears & nose). s
» Protective body response?| |  lood cells break down. | | Flngemp loss or nail
(Splemega'v).

Osteodystrophy (osteolysis and osteoporosis)
Mutilations in terminal digits

Fragility of the long bones and vertebrae
Fractures and shortened stature
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Genetic causes of congenital erythropoietic porphyria (CEP)

Biallelic variants of the UROS gene GATA1 variants Myelodysplastic
syndromes (MDS)

Allele 1 Allele 2

GATA1

More rarely, X-linked Acquired forms

forms associated with associated with

Most cases are caused by GATA1 variants myelodysplastic
have been described. syndromes (MDS)

biallelic variants of the UROS gene. _
have been described.
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AIM and Patients

Characterization of the genetic background in two clinically distinct cases

Genetic analysis i
Case 1 y RNA sequencing
P edlatTIC Whole Exome Targeted gene panel
« Marked Uro | Sequencing (WES) sequencing
and Copro |
i — - Inherited anemia
porphyrin ] ] [l . AA A
accumulation == , ‘ AA
— MDS-associated : AA A
¢ Moderate —_ o
symptoms
Analysis of coding regions Focused analysis of genes Analysis of RNA transcripts
of the genome associated with inherited
anemias and MDS
Case 2 N J
Late-onset l l
« Marked Uro |
and Copro | " . - e =
. O causative variants 0 aberrant transcripts
porphyrin identified identified
accumulation
In both cases, Whole Exome Sequencing (WES) RNA sequencing experiments
 MDS-associated and targeted sequencing of genes associated did not reveal any aberrant
: with inherited anemias and MDS did not identify transcripts.
presentation any causative variants.
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Methods

» A custom target panel covering the promoter region and all intronic sequences of porphyria-associated genes was

designed using Agilent SureDesign and sequenced on the lllumina MiSeq platform.

Mul-ragion | € chr18:57,533,796-57,597.284 63,488 bp. [gene, chromosome range, search tams, help pages, se exampl| | Search | Examplas . . . . .
e 1) T EREAIED | » Bioinformatic anaIyS|s was pellorlned using
Scale 20 hgas
chrig | 57,540,000 57.545,000] 57.550,000] 57.555.ouo| 57,580,000 57, sesooul 57, s uoool 57.575.000| 57.580,000] 57.585,000] 57,590,000 57,596,000
covered Agilent SureSelect DNA . 6QTLs - Genomic
e

GENOO'DE Vag |le|msl\ered:wﬂ

e W P TR P it L VarSome Clinical software for sequence

RefSeq Curated

alignment, variant calling, and variant

| | OMIM
OMIM Gen
hoet G 155
| Common dbse1ss) || 111 TIENT TR CRUTREIERDE 000 FIE TR R IIIIII IIII HH II\IIIHII\HII I II IIIII II\HII L L B R TRV TN 1 11T T Y M .
anbv s interpretation
rech [l 111 |I I\II II .

| AP11-706P11.2 e HRTE

i ENCODE Regisiry of candidate Cis-Regulatory E\Emlems {cCRES) -

HIKZ7AE Mark [Ofien Found Near Regulatory Elements) on 7 cell ines from ENGODE

i bt » Rare deep intronic variants were selected for
R PP VAR »M. R ww..»“ %JJ,.L Whiwj.»-.l‘ le i l,.,J. »»»»» il bbby

further analysis using in silico splicing prediction

tools, including SpliceAl and Human Splicing

®1
x

LK

Finder.

» Qualitative mRNA analysis was performed,

AR LR B

RefSeq genes from NCBI

e e et e ] LT followed by sequencing of aberrantly spliced

OMIM Alleles

n |
OMIM Genes

cne Phen ark Green Can Be Disease-causin
‘Short Genetic Variants from dbSNP release 155 .
L L o A s L O o I g 1 [T NI e Tl (1} transcrl ts
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019) .

uros [l LA T TR
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Results

Multi sample analysis from 1392, 1393, 1394 (1425 OD

Analysis approach UROS(NM_000375.3):

» Casel: following trio analysis, variants

... Wariant Variant Type Gene Symbol Germline Class Germline Rules HGVS .
were filtered for coverage >20x and
chr10:125791981 C=A SNV UROS  Liloety benign Gy NM_000375.3:c.6... ...
B allele frequency >30%, then prioritized
[ chr10:125792048 G=A SV UROS  Litesty benign I NM_000375.3:c.6... .
[ chr10:125806628 T=C SNV UROS (841 ] BPA Strong ] NM_000375.3:c.3... based on pOpUIatlon frequency
[ chr10:125820556 T=C SNV UROS .41 ] BPA Strong ] NM_D00375.3:c.... (<070005)' ZngSIty' and Inherltance
0 chr10:125793226 ToA SNV UROS Benign 5.1 ] BP4 Strong | NM_000375.3:c.6... pattern'
= — — = » Case 2: following single analysis, variants
HGVS Coding Transcript Position Ov... Phenotypes Inheritance Function Zygosity Phasing Group Frequency = .
were filtered for coverage >20x then
c.660+2899G>T intron 9 of 9 position...  UROS 1 AR (in [ Yol - - - 0.000006577 . .. .
prioritized based on  population
€660+1932C>T intron 9 of 9 position...  UROS 1 AR (in] L Xa1J) - - - 000009191 .
c304-785A5G intron 6 of 9 position...  UROS 1 AR (in] L Xof - - - 03019 frequency (<0’0005) and ZngSIty'
e wioon 1 of pastion. | URGS 1 " e s » All identified variants were classified as
c660+1654A>T intron 9 of 9 position...  UROS 1 AR (in [ Yol ] - - = 0.3102 I-i kE|V Be nign .
C694G>C exon 10 of 10 positio..  UROS 1 AR a0m. eove - - - 03241
C-26-1970_-26-1968dup  intron 1 of O before..  URQS 1 AR o YY) - 07073 C. [660+ 193 2 C>T; 660.'.28996 >T]
€394+150A>G intron 6 of @ position..  UROS 1 AR (in] 200 - - - 07671
c394+820G>A intron 6 of 9 pasition..  UROS 1 AR (in 200 - - = 07727
¢-26-1117_-26-1116dup  intron 1 of 9 before... ~ UROS 1 AR (in)

oo - - - oms €.395-1591G>A
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C. [660+ 1932C>T;660+2899G >T] ‘ ccecctegectettactacagtgattgattacectgectgee

agtagttaacacctctgccattgctgaggaggagaaagtg
acagagctggCcttgctcacagtgactatggactgcttgg

Pangolin scores: gggccacgaaggcactgtgtgtgggttgtgagttgtccctc
Variant e A type Ascre @  position gacactgggacttggcgctggatagtgaggtgctttcaag
NM_000375.3 (UROS):c.660+1932C>T URGS (ENSGO0000188690.17 / ENSTO0000363797.10 /NM _000375.3) &8 Splce Loss 36950 gttcacagaggacacagtcctagcccgtgagttggtagtt
CizEs e e s e (e aggcttttctgtctcagctcagectcagatttgectactgtcc
S e T T e ST B B B B TR e tccctccccaggagteectgtagggeccactgtttgtacag
Pangolin scores: oF: L = {oF= oL - [ B RUP
Variant Transcript A type Ascore @ positon @ | e ggggcagcatcatgtgagcattcattgacaca
NML000375.3 UROSce0r28756-T UROS (RSO0 17 NS TO0000RE0 110 K005 ® splcetos 1bp ggagtgaaaggctcctgigaaaaagctgcetgtttcaccaa
S;Ziﬁ:zm:': . SR — B N actgttgatacccctgctctaggactacagtcatgtttgec

OMIM, GTEx, gnomAD, ClinGen, Ensembl, Decipher, GeneCards

atttgctggttcccagtcccagggagtttctttttttcaaatt
tttaaatagctttattgagatgtaattcacaaaccataaaa
corom | Vartation ignal erpretation tttactttttatgattttaatatgtaaacttaaaaatttttttt
CTGGCCTTG>CTGGTCTTG 41.39568.53 (65.57%)  New Donor splice site Activation of a cryptic Donor site. Potential alteration of splicing (crypticexon activation) | | ttattttttta gAG ATGGGGTCTCACTGTGTTGCC
CTGGCCTTG>CTGGTCTTG 41.39>68.53 (65.57%) New Donor splice site Activation of a cryptic Donor site. Potential alteration of splicing TAGGCTGATCTCAAACTCCTGGCCTCAAGTA
€.660+2899G>T ATCTTCCCACCTTGGCCTCCCAAAATgtaggGa

Sequences Variation Signal Interpretation ttaca tot
TAGGGATTA>TAGGTATTA 51.78>78.92 (52.41%) New Donor splice site  Activation of a cryptic Donor site. Potential alteration of splicing (cryptic exon activation) gg g g
TAGGGATTA>TAGGTATTA 51.78>78.92 (52.41%) New Donor splice site  Activation of a cryptic Donor site. Potential alteration of splicing
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M Pt Mother Father 350 360 370 380 380

ACAATATTC GAT CA AATTAAGAKAT G GGG TOCT OCAC T GT GTTOGCCTAGOGTC T G2

799bp NEOR'SAR'NASN I BN N IA LAY | BRATRINAR NN NS NN AN
7 19bp
350 360 370 380 390
A CAA TATOCGAT CA AATTAABATGTTWOGCER GC CMTCRTGCEC CCCACTACGG® GT CTTCG S
C>T Cryptic donor site G>T
Genomic DNA Variant 1 activated Variant 2
(no effect) l (activates cryptic donor site)
cee —— Exon 8 Exon 9 GT Exon 10 ———  eee

i
1
1
1
1
1

’A\ ,/\\ 1 ”~

- ~ ~ 1 s \\

Pre-mRNA P 350 525 3o ! o %
- ~ s ~ : L NN
E— Exon 8 Exon 9 Pseudoexon Exon 10 F—— oo
(80 bp)
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Mature mRNA

Normal

Aberrant (with pseudoexon)

Normal protein
(full length)

Aberrant protein
(same length)

N-

see — Exon 8 Exon 9 Exon 10
cee o Exon 8 Exon 9 Pseudoexon Exon 10
(80 bp)
"TGA

L-I45

N-terminal region

Central region

C-terminal region
(including active site)

Active site

L-45
1

N-terminal region

Central region

C-terminal region
(including active site)

Active site |

Normal mRNA

Aberrant mRNA
(80-bp pseudoexon included)

Last 45 amino acids

L-45 Last 45 amino acids replaced L
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c.395-1591G>A

—

Pangolin scores: @
Variant

UROS(NM_000375.3):¢.395-1591G>A

=210:125799736C>T

UCSC, gnomAD, GeneBe, AlphaGenome

Transcript A type A score @

UROS (ENSG00000188690.17 / ENST00000368797.10 / NM_000375.3)

Splice Loss 0.06 27 bp

protein coding MANE Select transcript (minus strand)
intron variant

Splice Gain -3bp
OMIM, GTEx, gnomAD, ClinGen, Ensembl, Decipher, GeneCards

€.395-1591G>A

No Signal

Interpretation

No significant impact on splicing signals.

M PT CITRL

BRANCH POINT: AGCTGAG

ESS: GCTGAGCT

¥
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position @

cagccttaaccatcccattggectgttggggctgaagata
aatccccaggcattaagcatattccaaaagggaataact
cctttgtctttggctttttgaagtgggctagttitcaggaca
tgtagttgtagatctctcctcaccagcaaaggaggactca
gccaggacattttcaattttctcctttctgctgacagggtg
gtgccttttcagtgaagtcagctGagcetggttggacattt
gtgggccctgtgtgectgcagagecaagetcetetgecaagg
cacaggtggtggagagatagagacaagcagctgecctc
agggagccgegtaccccttcggeccagecttgtgagtcag
agataagaatgagcagctcaggactccactggaccctca
caagaggtgctgccaagggaagattcctgactctttccaa
ggcccctegcacacctgtggggctgggcttgetgaaaaa
ctggactgtagttctcttactggatccccaggaagagcttt
ggcccctaacatcttccaccc

No qualitative differences were observed,
although quantitative differences may be
present. However, the absence of
informative polymorphic markers prevented
us from confirming the monoallelic origin of
the analyzed transcript.
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Work in progress

Optimization of Western Blotting and UROS enzymatic activity assays to
assess the presence of an abnormal protein and reduced enzymatic activity

Expected changes in UROS protein expression and apparent

HPLC separation of Uroporphyrin | (URO I) and
molecular weight, including shift from 28.6 kDa to 29.5 kDa

Uroporphyrin lll (URO I1ll) from RBC lysates

WT Variant WT Variant 407
kDa kDa | g
40 — 40 —
204
35 acm 35 T 29.5 kDa
(variant)
— o a— 28.6 kDa
25 _ 25 . (Wild type)
[]_
20 — 20 —
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Conclusions

» Our findings confirm the marked genetic heterogeneity of the genes associated with porphyria.

» Functional studies play a crucial role in establishing the pathogenicity of variants of uncertain
significance (VUS) identified by NGS.

» Overall, this study underscores the importance of incorporating functional validation into routine genetic
testing to improve the clinical interpretation of genomic findings and enable more accurate, clinically
actionable diagnoses in patients with porphyria, particularly given that predicted effects on protein
function may not always correspond to the actual biological consequences.

» RNA sequencing cannot reliably be used to detect low-abundance abnormal mRNA transcripts or to

identify subtle differences in transcript abundance.
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