Genotype—phenotype correlations in
EBS with KRT5 and KRT14 mutations

Lee, C.H., Kim, M.S., Leahy, D.J., Coulombe, P.A. Heterocomplex of
coil 2B domains of human intermediate filament proteins, keratin 5
(KRT5) and keratin 14 (KRT14). 2012



What are the keratins?

* The predominant subtype of intermediate filament (IF) proteins in
epithelial cells

* 54 different keratin proteins demarcated from:
» 28 type | (smaller and acidic)
» 26 type Il (larger and basic-neutral)
* that function as a pair in tissue-specific mode
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* Globular structure

* Positive charge

* Rolein
* Interaction with other molecules
* Polymerisation of keratins
* Post traductional modifications
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* Characteristic of IF proteins

* Four a-helical subdomains separated by non-helical ‘linker’ regions

 Composed of repeats of seven amino acids in positions labeled a—g (heptad) mandatory in the
formation of the a-helix and coiled-coil heterodimer (1 heptad = 1 turn of a helix).

abcdefg

hydrophobic apolar charged polar

e The first amino acid residues at the N-terminal end of the rod domain and the last ones at the C-
terminal end form an helix-initiating /terminating motif, which initiates/terminates the formation of the
a-helix.
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What are the functions of keratins?

* Protection of epithelial cells and tissue from mechanical stress

e Other functions

Protection against apoptosis
Regulation of epithelial tissue growth
Regulation of epithelial cell migration
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Which phenotypes?

Table 3 Epidermolysis bullosa simplex (EBS) clinical subtypes

Autosomal dominant
Most common EBS clinical Galli-Galli disease/ Keratin 5
- Dowling Degos disease
Subtypes Targeted protein(s) Naegel?—FraEceschetti- Keratin 14
Autosomal dominant EBS Jadassohn syndrome/
Localized Keratin 5, keratin 14 dermatopathia
Intermediate Keratin 5, keratin 14 pigmentosa reticularis
Severe Keratin 5, keratin 14
With mottled pigmentation Keratin 5°
Migratory circinate erythema Keratin 5 Polymorphism
Autosomal recessive EBS Gene susceptibility to
Intermediate or severe Keratin 14, keratin 5 basal cell carcinoma Keratin 5

aT}'piCEll recurrent mutation in keratin 5, but cases with other
keratin 5, keratin 14 or exophilin-5 mutations have been
reported; bold, syndromic EBS subtypes.
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Consequences of KRTS5 and 14 mutations

Head Rod Tail
I Stutter l
1A 1B 2A 2B1 VY 2B2
L1 L12 L2

A

Absence of keratin Keratin dysfunction

AR-EBS %

Keratin Protein
polymerization interaction

Post traductional
modifications
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Skin fragility




Is genotype able to predict if EBS will be
localized, intermediate or severe?

Localized Intermediate Severe

Blisters mainly on hands Generalized blistering but Severe and extensive
and feet less severe blistering, with the oral
mucosa affected

Infancy, early childhood, Birth, infancy Birth
adulthood
Autosomal dominant Autosomal dominant Autosomal dominant
in KRT5 (more prevalent) in KRT5 and KRT14 in KRT5 and KRT14

and KRT14

Int. J. Mol. Sci. 2024, 25, 9495



EBS localized vs EBS interm vs EBS sev

* Is the severity of skin fragility depends on:
 Mode of inheritance?
* Type of keratin involved KRT5 vs KRT14?
e Type of mutation: nonsense vs missense?
* Localization of the mutation in the keratin domain?
* Nature of amino acid mutated?
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Are autosomal recessive EBS
more severe?




EBS AR

* Less than 10% of EBS with KRT5/KRT14 mutations

» Usually more severe (intermediate or severe subtype), but seems to improve with
time

* KRT14 mutations
* Are most frequent (20 mutations, some recurrent)
* Most of published mutations are nonsense mutations, homozygous, from asymptomatic

parents.
* Absence of keratin14 staining in most cases, but keratin 5 can form a heterodimer with

keratin 15.
* KRT5

Few reported cases (10 mutations)
* Most mutations are missense mutations,
* From consanguineous asymptomatic or very mild parents or non consanguineous parents

whom one is symptomatic
e Sparse staining for keratin 5 (even for non sense mutation?). Keratin14 can not form another

heterodimer
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KRT14

Head Rod Tail

1:|14 150 168 260 283 Stutter Aég 4|22
1A 2B1 2t

C.460C>T,
p.GIn154Ter
c.92delT p.Glul44Ala c.744delC/insAG
p.30Ter 497delC p.Tyr248Ter
C. e
c.129dupC p.Leu143Ter C.749delA ¢ g27delC C-1A16?;’C;;ﬁ_ - cIB0AC
p.Serd4Ter S19Ton p.Lys250Ters  p pro276Ter4 p. Arg IS p."
C. >
oA c.1174G>T
g'§13'314de|62| L05T p.Tyr204Ter . 915G>A 0.GIU392Ter
) b~ o p. Trp305Ter 186CsT
C. >
p.Met119lle c.llobb=>1 |
C.346A>T c.1120C>T p. GIn396Ter
p' Lys116Ter p.GIn374Ter c.1194del
.Ar 134Cvs p.Tyr398Ter
o ' EBS-loc
EBS-interm

EBS-sev




Head

KRT5

169-203 222

Cc.472G>A, c. 1675C>T
p.Asp158Asn C-81|7de|G p.Arg559Ter
p.Val273Ter
c.508G>A, c.991C>T €.1440-1G>A
p.Glul70Lys p.Arg331Cys p.?
p.Glul70Lys + c.521G>C, p.Gly476Asp + p.Glul70Lys +
p.Vall43Ala p.Lys173Asn p.Gly183Glu p.Glu418Lys

— N\

Patient 1 Patient 2

. , ' |

Y s
s 280 ia
R < A
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Are autosomal recessive EBS
more severe? YES



Are nonsense mutations less
severe in AD forms?



Nonsense mutations

e Rare

* Most of reported mutations are localized in the a-helix domain 2B
and the tail of keratin 5/14 which can lead to an expression of
truncated protein and can exert a dominant negative effect.

* Mutation severity is variable, but involvement of HTP domain usually
results in a more severe phenotype.



CRTS Head Rod Tail

203
| 203 203 66 477
203 222 Stutter
2B2 |
.12 L2 c.1410C>G
p.Tyr470Ter c. 1675C=>T
c.771_772delGT C 1362delainsAGCTGGTA  C-1423G>T p-(Arg559Ter)
p.(Tyr258Ter) 0.Glu455Ter117 p.(Glu475Ter)
c.1437delC .2
Head ROd p.C479Ter Tall
KRT14
114 150 168 260 283 Stutter 422
1B 2A 2B1 Y 282
c.1234del
EBS-loc c.1120C>T p.(lle412Ter30)
p.(GIn374Ter) c.1243_1246delTACC
EBS-sev c.1131dup C.1228C>T 5 (Tyr415Ter26)

(Gly378TrpfsTer105
p.(Gly378TrpfsTer105) C.1256_1274+163 del182insA

s €.1151 1154dup p.Leud419Ter4l
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Are nonsense mutations less
severe in AD forms? NO




Role of localization of missense
mutation in keratin’s domains?
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Localization of substitued amino acid

* Mutations in the HIP and HTP domain usually result in a more severe
phenotype.

 Some hotspot mutations always lead to a severe phenotype.
* The same mutation can cause different phenotypes

* |n a population specific manner or not
* Even in the same family!

 Mutations localized in the same amino acid or the same domain can
cause different phenotypes



Head

KRT5
|167 203 222
1A 1B
o H Bl
L1
C.455C>T "€.593C>G C.1474+1G>C
p.(Pro152Leu) p-(Thr198Ser) c.1283C>T C.147442T>C
C.AT3ASG €.593C>A p.(Ala428Val) 0.(?)
0.(Asp158Gly) p.(Thrl98AsN) 92741G5A
c.1269_1273dupGGCCCT
c.472G>C c.005T>C co2rHeoC (Alad24_Leud25dup
p.(Asp158His) p.(Leu202Pro)  C.927+1G>T . -
C.927+2T>C
c.587T>C 0.(?)
p.(Leul96Pro) s c.1418T>G
c.587T>C p.(Leud73Arg)
p.(Leul96Pro) C.1397A>G
c.528C>A .991C>T
c.528 p.(Arg331Cys) p.(Glu466Gly)
p.(Asn176Lys) c.992G>T ‘;-%l‘l‘gj;??;/lgt) c.1427G>A
EBS.loc p.(Asn176Ser) p.(Arg331Leu) ' p.(Gly476Asp)
EBS-interm Co30T=A c.968T>C C.1429G>A
p.(Phel79Tyr) p.(Val323Ala) p.(Glu477Lys)
EBS-sev Cc.548T>A Pediatric Dermatology. 2019;36:132-138

p.(Ilel83Asn)




K173N
1172V [L175F

ELT0K/GHH |[IN176S

A EBS-generalised severe
EBS-generalised intermediate

EES-localised
EBS-mottled pigmentation R1G9G/A169P || N1775/del
R E168K/D | (||| F179S 1467L/T/M
EBS-migratory circinate R1E5S A180P/ D
V164_K185del 5181p E466D  TAG9P
11615 1183F/dalv/m L463F || Ta70H
D158V V1861/M/E E455AfsX117 ||| pa7ic/H  LSAGSTsX82##/L546]
P152L A187P K443E/N K472X
T151 V186_0189del A438D EA75K/G
L150P#H# 190K##/D M327T/K R429_A433del G476D
L149p N191P L325P#i| DI28H/V/G/E A428TV E4TTE/X/G/D
V143F/D/A N193K## W324D/A ||| N3295/K Ad24P E478K GSS0AFSKTT tif
|140NFsX0 T198S V323A/G| | R331C/G/S/ HAH E418K C479X R55
P25L G138E K199T/R/m/N  R265P L311R R3I525 K404E R4g0oG G517D FS77Y

G94sS VME{S o F%HBELN E477K
> 1172F

E168Q
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Head Rod Tail

KRT14
114 150 168 260 283 Stutter A&g 422
1A 2B1 2
) H
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c.1069_1080del
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5.348G>T p-(Arg125Cys)
p.(Lys116Asn) "C.374G>A _ €.863G>T ;:%é?uléﬁll%i?)dd
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EBSgeneralised intermediate
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EBSmottled
EBSautosomal recessive
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Gﬂlﬁﬁxh 5\ R148C g
M?T| |

V2BED
VZTOM
M272RHH/THH
D273G
AZ740
E304 K309
W30sXHY
R288L T319P
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L41BY
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Table 4 Al mutations of different phenotypes occurred on each position
of the heptad repeat

The position in the heptad of the mutated
. . . . . ition on SNP EES-loe EBSwen EBS-DM atal
amino acid is not predictive of the pepiad epeat (6)  (6) . (4) (%) (pathogenic)

a rophobic)] 1 7 4 3 23 3 10
phenotype h&?}dla:? R ®5 18 2 4
c (polar) 1 71 6 0 0 1 10 2
d (hydrophobic) 0 0 3 3 23 1 10 7
e [charged) 2,& @ 3 23 1 10 10
f (polar) [ 0 o0 0 1 10 1
g (charged) 3 1 6 3 23 1 10 5l

Mol. BioSyst. 2014 Total 14 13 10




Role of localization of missense
mutation in keratin’s domains?

Mutations in the HIP and HTP domain usually result in a more severe
phenotype.

The position in the heptad of the mutated amino acid is not
predictive of the phenotype




What is the role of the nature of
the mutated amino acid in the
severity of the phenotype?
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EBS-loc

X ™
p.J467M EBS-in

a EBSloc/ Aliphatic, Hydrophobic, Neutral  Pelar, Hydrophilic, Neutral Loss of hydrophaobic

L432, L435
a EBSloc Aliphatic, Hydrophobic, Neutral  Pelar, Hydrophilic, Neutral Loss of hydrophaobic

L4322, 435

EBS-loc
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gEn interaction with K5 A428,

interaction with K5 A428,

p-l467L a EBS Aliphatic, Hydrophobic, Neutral — Aliphatic, Hydrophobic, Neutral  Loss of hydrophobic
interaction with K14 L408,
I412, ¥415

plde7M  a EBSgen Aliphatic, Hydrophobic, Neutral Hydrophobic, Neutral Loss of hydrophobic
interaction with K14 L408&,
I412, ¥415

pl467T a EBSDM Aliphatic, Hydrophobic, Neutral  Polar, Hydrophilic, Neutral Loss of hydrophobic
interaction with K14 L408&,
I412, ¥415

Hydrogen bond is
broken with K5 K431

Hydrogen bond is
broken with K5 K431



What is the role of the nature of
the mutated amino acid in the
severity of the phenotype?

Substitution by an amino acid with different properties leads usually to a more
severe phenotype.



Inflammation




EBS migratory circinate erythema: KRT5

Head Rod Tail

1A 1B

L1

c 1é4§deIG
p.Gly550Ter77

J Invest Dermatol. 2003 Sep;121(3):482-5
JEADV 2017, 31, e224—e272
Acta Derm Venereol 2014; 94: 307-311

' ' N e v
Clin Genet. 2004 Sep;66(3):236-8.

c.1637del4 Japon/Corée/europe

p.Leu546Ter82 c.1650delC
Journal of Dermatological Science 72 (2013) p .G |y550Te r

S JEADV 2017, 31, e224—e272
024 Japon Pediatric Dermatology. 2020;37:358-361.turquie

c.1321 1332del12
p.Lys441 GIn444del

Eur J Dermatol. 2018;28(1):123-125.
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Pigmentary anomalies




Galli-Galli /Dowling Degos disease: KRT5

Head Rod Tail

Stutter

2B2

c.38dupG c.418dupA
p.(Serl4Ter3) p.(lle140Ter39)
c.14C>A c.476C>T
p.(Ser5Ter) p.(Pro159Leu)
c. 10C>T

p.(GIn4Ter)

c.2T>C
p.(Met1?)

J Dermatol. 2022;49:e63—e64.




Naegeli-Franceschetti-Jadasson syndrome: KRT14

Head Rod Tail

1|14 150 168 260 283
1A 1B

T L1 L12 L2
c.17delG c.1237G>A

p-ArgbTer8 p.Ala413Thr
c.16_17insCT

p.Arg6Terl — 2 | v
c.21C>T b -
p.GIn7Ter - . gy :.

c.29delC
p.SerllTer7

c.54C>A
p.Cysl8Ter
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Br J Dermatol. 2019 Oct;181(4):864-866  Journal of Investigative Dermatology (2008) 128, 1517-1524; British Journal of Dermatology (2020) 183, pp754-787 JEADV 2010, 24, 1113-1121



EBS with mottle pigmentation: KRT5

c. 74C>T ”\\ =t c.1649delG
p.Pro25Leu c.1440-357 1475-15del p.(Gly550AlafsTer77)
c. 237C>T bt | |
p.(Ser79=) e o
c.287G>A p.llel40Ter
p.Gly96Asp p.GIY138Glu
C.289T>A Acta Derm Venereol 2017; 97: 1114-1119
p.Phe97lle

Med J Islam Repub Iran. 2020

Pediatric Dermatology Vol. 2013




EBS with mottle pigmentation, KRT147?

c.356T>C
p.Met119Thr p.lle373_Glu386dup

Int. J. Mol. Sci. 2024,

c.?
p.lle373Ter53

Acta Derm Venereol 2017;97:1114-1119




Skin cancer




Nat Genet. 2009 August ; 41(8): 909914 do1:10.1038/ng 412.

New common variants affecting susceptibility to basal cell

carcinoma ARTICLE

Received 20 Apr 2016 | Accepted 8 Jul 2016 | Published 19 Aug 2016

Genome-wide association study identifies 14 novel
risk alleles associated with basal cell carcinoma

Epidermolysis bullosa and the risk of life-threatening
cancers: The National EB Registry experience,
J AM ACAD D ERMATOL FEBRUARY 2009 1986'2006

SNP rs11170164, encoding a G138E substitution in
the keratin 5 (KRT5) gene, affects risk of BCC (OR =
1.35, P = 2.1 x 10-9) and rs641615 (D197E) OR of
1.21 (P = 2.2 x 10-5).

Basal Cell Carcinoma and Inherited EB Arch Dermatol Res (2017) 309:587-593

50 DOI 10.1007/s00403-017-1757-9
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In conclusion

* AR EBS are usually more severe

* For AD EBS 2
* The type of keratin (5 vs 14) involved are not predictive of
* The type of mutation: nonsense vs missense ~ severity
* The localization of substituted amino acid in the heptad

e Mutations in the HIP and HTP domains are more severe

* Drastic change in properties of the substituted amino acid is
more severe

Some (rare) mutations always lead to the same phenotype,
in particular in head and tail domain of keratins and for rare
phenotypes

Other regulatory factors are involved






