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THE DAWN OF CONTEMPORARY GENETICS
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A physical apparatus
cannot be ‘perfect’:

INn spite of proofreading
and mismatch repair,
very rarely an error
can take place;

SPONTANEOUS
MUTATION



RARE versus COMMON MUTATIONS
IN HUMAN POPULATIONS

It IS estimated that there are more than 6000 rare
diseases: most of them are caused by germ-line

mutations

 Inherited diseases can be also caused by genes
that, in certain populations, are common, or
polymorphic

* The rigorous definition of a polymorphic gene is one
whose frequency Is greater than can be accounted
for by recurrent mutation; for convenience, an
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Mutations in Hereditary Amyloidosis

Mutations in Transthyretin Gene (TTR) MIM *176300

Search

NCBI Reference Sequences:

Location: 18g12.1

Protein: ACCESSION NP_000362.1
mRMNA: ACCESSION NM_000371.3
Genomic DNA: ACCESSION NG_009490
TTR exon 1

Mutations associated with amyloidosis shown in red




AMYLOIDOGENIC AND NON-AMYLOIDOGENIC
MUTATIONS IN EXON 4 OF THE TTR GENE
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Comparative study of the stabilities of synthetic in vitro and
natural ex vivo transthyretin amyloid fibrils

Received for publication, April 23, 2020,and in revised form, June 17,2020 Published, Papers in Press, June 22, 2020, DO 10,1074/ jbc RA120.014026

Sara Raimondi'’, P. Patrizia Mangione'~", Guglielmo Verona®’, Diana Canetti’, Paola Nocerino’,
Loredana Marchese', Rebecca Piccarducci*’, Valentina Mondani'~, Giulia Faravelli'©, Graham W. Taylor’,
Julian D. Gillmore®, Alessandra Corazza““, Mark B. Pepys*, Sofia Giorgetti "**, and Vittorio Bellotti'~*

J. Biol. Chem. (2020) 295(33) 1137911387

mechano-enzymatic




By a mechano-enzymatic approach
one can form in vitro from a TTRV2?I mutant protein
amyloid fibrils similar to those found In vivo

1:31- "SI
D
L
o)
-
=
o)
- 0.5 }
go)
-
O
©
{0
LL &
0 p—
I*I 1 1 1
0 1 2 3 4
GdnSCN (M)

(From Raimondi et al. JBC 295:11379,2020)




First description of Sickle Cell Disease
from microscopy of red cells

Walter Clement Noel,
Student of Dentistry, U of Chicago;
originally from Grenada, West Indies

James B Herrick.
Peculiar elongated and sickle-
shaped red blood corpuscles in

\$5@00a56 0{ Se\:]efe aﬂem'g Sickle cells first seen and sketched by
7 / m @ Arch Intern Me

£ 1y Ernest E Irons

(@ﬁm‘f 5 6: 517, 1910).
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Personal View

So the names of the disease, known in African tribes centuries
before Herrick observed the “peculiar sickle shaped red cells”
in the blood of a West Indian in 1910, were, and still are,
Chwechweechwe pronounced chway-chway-chway (Ga language),
Nutdudwi (Ewe), Nwmiawii pronounced nweewee (Fante),
Ahoturuo (Twi) etc. Onomatopoeia plays a handsome part in
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Sickle Cell Anemia, 2 Molecular Disease’

Linus Pauling, Harvey A. Itano,? §. ]. Singer,? and Ibert C. Wells®

Gates and Crellin Laboratories of Chemistry,

California Institute of Technology, Pasadena, Californiat

possess the eapaeity to undergo reversible

changes in shape in response to changes in the

partinl pressure of oxygen. When the oxygen
pressure is lowered, these eells change their forms from
the normal bieeneave disk to ereseent, holly wreath,
and other forms. This process is koown as sickling.
About 8 percent of American Negroes possess this
characteristic; usually they exhibit no pathelogical
consequences aseribable to ik, These people are said
to have sicklemia, or sickle cell trait. However, about
Lin 40 (d) of these individoals whose eells are capable
of sickling suffer from & severe chronie anemia re-
sulting from excessive destruetion of their erythro-
eytes; the term sickle cell anemis is applied to their
candition.

The main observable difference between the erythro-
eyies of sickle cell trait and sickle cell anemia has been
that & considersbly greater reduction in the partial
pressure of oxygen is required for o major fraction
of the trait cells to sickle than for the anemia cells
(11). Tests in vive have demonstrated that beiween
30 and 60 percent of the erythrocytes in the venous
cireulotion of sickle cell anemie individuals, but less
than 1 percent of those in the venous eireulation of
sicklemic individuals, are normally sickled. Experi-
ments su vifre indieate that veder sufficiently low oxy-
gen pressure, however, all the cells of both types as-
sume the sickled form,

The evidente available at the time that our investi-
gation was begun indieated that the proeess of sick-
ling might be intimately associnted with the state and
the nature of the hemoglobin within the erythroeyte.
Sickle eell erythrocytes in which the hemoglobin is
combined with oxygen or earbon monoxide have the
hiconeave disk contour and are indistinguishable in

UThis research was earcled put with the ald of o grant
from the United States Publle Health Service. The authors
are grateful to Professor Bay D, Owen, of the Blology Di-
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obtalning the Blood weed 1o thes: experisents,
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T HE ERYTHROCYTES of cortain individuals

that form from mormal erythroeytes. In this condi-
tion they are termed promeniscoeytes. The hemo-
globin appears to be uniformly distributed and ran-
domly oriented within pormal eells and promenisco.
eytes, and no birefringence is observed. Both types
of eells are very flexible. If the oxygen or earbom
monoxide is removed, however, transforming the hemeo-
glebin to the uwneombined state, the promeniseocybes
undergo sickling. The hemoglobin within the sickled
cells appears to aggregate into one or more foei, and
the cell membranes collapse. The cells become bire-
fringent (11} and quite rigid. The addition of oxy-
gen or earbon monoxide to these eells reverses these
phenomena. Thus the physical effects just deseribed
depend on the state of combination of the hemoglobin,
and only secondarily, if at all, on the eell membrane.
This conclusion is supported by the observation that
siekled eells when lysed with water prodoce diseoidal,
rather than sickle-shaped, ghosts (10).

It was decided, therefore, to examine the physical
omd chemienl properties of the hemoglobina of indi-
vidunls with sicklemin and gickle eell anemia, and to
compare them with the hemoglobin of normal indi-
viduals to detérmine whether any significant differ-
ences might be ohserved.

ExPERIMENTAL METHODS

The experimental work reported in this paper deals
lnrgely with an electrophoretic study of these hemo-
globins. In the first phase of the investigation, which
concerned the comparison of normal and sickle cell
anemin hemoglobins, thoee types of experiments were
performed: 1) with carbonmonoxybemoglobing; 2)
with uneombined ferrohemoglobins in the presence of
dithionite jom, to prevent oxidation to methemoglo-
bing; and 3) with earbonmonoxyhemoglobing in the
presenee of dithionite ion. The experiments of type
3 were performed and compared with those of type 1
in order to aseertain whether the dithionite ion itself
eanses any specific electrophoretic effeet.

Samples of blood were obtained from sickle cell
anemie individuals who had not been transfused within
three months prior to the time of sampling. Stroma-
free concentrated solutions of human adult hemoglobin
were prepared by the method nsed by Drabkin (3).
These soelutions were diluted just before use with the
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Binding of oxygen to haeme
produces a conformational change
of the entire haemoglobin molecule

The tetrameric structure
enables the hemoglobin molecule to ‘breathe’




Polymerization of deoxyhaemoglobin S is a fast reaction;
sickling of a red cell is a slower gradual process

From Noguchi and Schechter (1981)







THE SICKLE CELL ANAEMIA BURDEN IN THE WORLD
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A ten year review of the sickle cell program @ e
in Muhimbili National Hospital, Tanzania
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A study of 3751 patients with SCD
At least 90% homozygous SS

Co-existing a-thalassaemia in
nearly 40% of cases
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Hemoglobin
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Several laboratory
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The

steady-state HDb
IS a robust
characteristic

of each individual
patient with SCD
(n = 245,
age=>15)

Mean Hb (g/dL) between 2010-2014

2 4 6 8 10 12

Mean Hb (g/dL) between 2005-2009

(J Makani, B Mmbando and L Luzzatto, unpublished)




(From Antwi-
Bosiako et al.,
Ghana Med J
49:102,2015)

Mean HDBF levels (%)

HbF levels and frequency of VOC in SS
patients

Frequency of crisis
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DELAYED DECREASE, IN CHILDREN WITH SCD,
OF FETAL HAEMOGLOBIN, A MAJOR MODULATOR
OF DISEASE SEVERITY
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Three SCD modifier (D)
genes have been
previously identified,
that significantly affect

Hb F synthesis: g 5. Cooe
« The yglobin gene itself | "t :‘{. i
on 11p15.5 - -
« HBS1L-MYB b
Intergenic region on o | 308

6 q 2 3 1-1e+07 1-2e+07 1-3e+07 1-de+07
Chromosome X position

« BCL11A on 2pl6.1 (From Urio et al,
Am J Hematology 191:888,2020)

Thus, we may now have a fourth gene:
« FRMPD4 on Xp22.2




Hydroxyurea Affordable for SCD in Tanzania
Is Essential (HASTE)




Specific proposals aiming to reduce the gap between potential and reality
(Modified from Luzzatto & Makant,

Front Pharmacol 12:770640,2022)

 Adding SCD
to the triad of conditions (HIV, tuberculosis, malaria)
for which cost of treatment is born by the Global Fund.




SUCCESFUL GENE THERAPY

IN A PATIENT WITH SICKLE CELL ANAEMIA

Hemoglobin Concentration

(g/dl)

15.0+

10.0+

5.0+

Total hemoglobin 11.8 g/dI

—

® ~ -
9 12 15

Months after Infusion of Transduced CD34+ Cells

A‘_

HbS 49%
HbATSQ 48%

HbA, 2%

Courtesy of Marina Cavazzana-Calvo
(Ribeil et al, NEJM 376: 848, 2017)




RNA-guided inactivation of BCL11A
(close to the GATAL binding site)
In hematopoietic stem cells

B Targeting of Editing Site

Guide RNA
" Cas9 \l
— |  DNA

BCL11A
Erythroid
enhancer region
L
BeL11A =y mm—— D ==

sgRMNA target sequence PAM

[ T 1
TAGTCTAGTGCAAGCTAACAGTTGCTTTTATCACAGGCTCCAGGAAG
ATCAGATCACGTTCGATTGTCAACGAAAATAGTGTCCGAGGTCCTTC

|
GATAIL binding site

(From Frangoul et al., NEJM, 05.12.2020)




CRISPR-mediated inactivation of BCL11A
causes impressive increase in Hb F
In a patient with severe SCD

Patient 2

D Hemoglobin Fractionation
B HbF W HbS @I HbA MEHbA2 []Hb,other
CTX001 infusion
14- i

12.0

= 124
I 10.3
B 104
8
5 3
R
2 6
m
2 4]
20 50.6% M3 1
=]
T 2

0

Months after CTX001 Infusion

(From Frangoul et al., NEJM, 05.12.2020)




No more bone pain crises
and no need for blood transfusion
after CRISPR-mediated inactivation of BCL11A

F Transfusion and VOC Events

#VOCs e Transfusions related to SCD
o Transfusions unrelated to SCD; post-transplant support
v Last transfusion to date

CTX001
infusion

» * - "

Before screening

25yr On-study/ Follow-up period after

pre-CTX001 CTX001 infusion
7.2 mo 16.6 mo

/

19 days
v
@ao

2.0 mo after
CTX001 infusion

(From Frangoul et al., NEJM, 05.12.2020)




Specific proposals aiming to reduce the gap between potential and reality
(Modified from Luzzatto & Makant,

Front Pharmacol 12:770640,2022)

 Adding SCD
to the triad of conditions (HIV, tuberculosis, malaria)

for which cost of treatment is born by the Global Fund.

 BMT solidarity programme:
for every BMT (HSCT) procedure in Europe/US,
0.1% of the expense could be deposited into a fund

to support BMT in accredited centers in Africa.




1874. Charles DARWIN
was elected foreign member
of Accademia del Lincel




The frequency of independently arisen G6PD mutations

has increased wherever malaria was endemic

(a case of Convergent Evolution)

*A_

No data
<1%
1% -4.9%
5%-9.9%
| 10%-14.9%
B 15%-19.9%

B 20%




POINT MUTATIONS IN G6PD
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G6PD DEFICIENCY: GENOTYPE-PHENOTYPE CORRELATIONS
AT THE MOLECULAR LEVEL
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GENETICS AND INHERITANCE

SOMATIC
CELLS

No pathology;
potential pathology
In offspring

No transmission to offspring;
potential pathology in host




THE HUMAN GENOME
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The Incidence
of cancer

IS a function
of age

From Richard Peto,
Scientific American,
1968
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Nature Vol. 255 May 15 1975 197

‘review article

Mutation selection and

the natural history of cancer
John Cairns*

Survival of the rapidly renewing tissues of long-lived animals like man requires that they be protected
against the natural selection of fitter variant cells (that is, the spontaneous appearance of cancer).
This article discusses three possible protective mechanisms and shows how they could explain various

features of the natural history of certain common cancers of man.




Inherited, acquired and environmental factors

O

can favor/accelerate oncogenesis

_~" MUTAGENS

INTRINSICALLY
HIGHER
MUTATION
RATE

MORE CELL
DIVISIONS

Normal tissue
Tumor




SOUNDING BOARD

Causality and Chance in the Development of Cancer

L ucio Luzzatto, M.D., and Pier Paolo Pandolfi, M.D., Ph.D.

N ENGL ) MED 373;1 MNEJM.ORG JULY 2, 2015

M= uD (1)
M"= (U + He)D (2)




The log normal distribution of values of f,
a proxy for |,
IS a (probably polygenic) quantitative trait
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(From Rondellr et al., PLoS ONE 8: e54046, 2013)
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WHY 4 1S IMPORTANT
WITH RESPECT TO CANCER

e A higher value of x may correlate with a higher
risk of cancer

e If there are n mutational steps in the formation
of a tumor the estimated risk will be
proportional to "

e It may be possible to identify the genetic
determinants of u

1 umay be significantly affected by
environmental factors

M One might find agents that decrease u




A POPULATION OF LYMPHOID CELLS
CAN BE SHOWN UNAMBIGUOUSLY TO BE CLONAL

(From L Foroni,
T J Vulliamy,

L Luzzatto, 1987
Janeway’s

—

Normal Patient 1 Patient 2

Before
treatment
After
treatment

Germ-
-line

Germline
(unrearranged)

Cgl gene

Germline
(unrearranged)

CB2 gene

- o W




THE LANDSCAPE OF SOMATIC MUTATIONS
PRESENT IN A SINGLE CANCER GENOME.
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Pan-cancer analysis PCAWG

of whole Synoptic view

o = A R Campbell et al
genomes.: X Nature 578:82,2020
n =2658




Number of driver Cancer type

mutations PCAWG
Synoptic view
&\ R Campbell et al

\ Nature 578:82,2020

Whole genome
duplication

Driver CNAs

Pathogenic
germ-line
mutations

Driver genomic
rearrangements Driver non-coding

point mutations

Driver coding
point mutations
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Bi-allelic mutations in tumor-suppressor genes
are not rare

Somatic/somatic Germline/somatic
mmm Deletion/deletion Deletion/deletion
Deletion/GR(break) Mutation/deletion
. Deletion/mutation mm Mutation/mutation
—) T T T oy ™ — T T— —oyonoy™— ™ = ™ o\ (ap] ™ P T o =0y Al
xmﬁﬁxmaizézﬂmug&m¢MQMI§§;§%mqwm*éuﬁawlimmax
S R el R Pee L I R R B R TR YR A SR PG ESRRT =R
T %) % € « oaPF <
ags @ @ O X Q %z% X < gL S
% =
SQONONRLONANSONRNNDIDDOONDO NN DN~ OONOM 0

QI NN RO ONONTONOORNOMNMONNMMUNTOMNOOWNNMNMNA
(sislisisisisisisisislisisl delisislsisl deisislisisliel delsisisleisieisielel delalslels]ls)
Proportion of patients with the gene altered as biallelic

PCAWG
Synoptic view
R Campbell et al

Nature 578:82,2020



COPY NUMBER LOSSES IN TUMORS
WITH NO DETECTED DRIVER MUTATIONS
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Inactivating mutations of SETD2, a gene that encodes a
histone lysine methyltransferase,
are found in a subset of medulloblastoma tumors
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Clones
that can be identified
within hematopoiesis

Increase with age

(From Genovese etal.,

NEIJM 371:2477,2014)

Percent of Participants

25+
— Clonal hematopoiesis with
candidate drivers
20+ Clonal hematopoiesis with
unknown drivers
— Clonal hematopoiesis
154
104
§ —
ﬂ L | ] I 1

M —— T j
Q 5 O & O 5 S SO O P
) B W QY 4 ' W A @ o
i i rd 4 4 i Fa ' r & 4 r
oA AW W e g @AY AT g

Age at Sampling (yr)



‘BLOOD-
CANCER’
MUTATIONS
IN NORMAL
PEOPLE
(58/2728) .

Sy ASXLT " [ Samples with two mutations
= (3 Age data missing
(F rom X 1c ?t _ al = *ATM, DIDOT, GUCY1AZ, HDACH,
Nature Medicine 20:1472,2014) MBD1, MECOM, NOTCH3, PRKDC,
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Table 2. Somatic mutations and cytogenetics of CMD-IT and PMF stratified as pre-MF and overt-MF

CMD-IT Pre-MF Owert-MF Comparison of Overall (p value
CMD-IT with pre-MF  for trend)
JAKZETE mutants, N (%) N=128 N=373 N=a17 OR=0.30 0.82
71(55.5) 286 (78.7) 264 (63) {n23-0.55)
p< 000
JAKZYSVTYAF %, median {IQR) N=g7 N=215 N=193 p=0.002 <0001
27 (15-44) 37 (22-66) 48(31-71)
JAKZYSTT mutants with VAF >50%, N (% of JAK2V®T mutants) N=T1 N=281 N=262 OR=0.25 <0001
12{16.9) 106 (37.7) 120 (45.4) {h13-0.47)
o< 0,001
CALR mutation, N (%) =124 N=372 N=416 OR=3.497 0.015
47 (38) 49 {13) 84 (200 (2.43-6.38)
p < L0017
CALR-type 1, N {% of CALR mutated) N=44 N=45 N=80 p=0.023 0024
25(57) 36 (80) 62 (77.5)
MPL mutation, N (%) N=129 N=363 N=417 OR=1.31 0103
6(5) 13 (4) 29(7) ((49-3.54)
p=0.58
Triple negative, N (%) N=129 N=363 N=a17 OR=0.49 0.006
{17-1.47)
413) 22 (8] 40 (100 p=0.21
MNGS-detected HMR mutations, N (%) N=48 N=105 N=87 OR=0.77 0011
(h28-2.11)
6(13) 17(16) 27 (31) p=0.62
Abnormal cytogenetics, N (%) N=486 N=144 N=140 OR =048 0,007
{L18-1.19)
6(13) 35 (24) 62 (44) p=011
S ——

(From Barosi et al., Acta Haematol 146:14,2023)




CMD-IT (Clonal Megakaryocytic Dysplasia with Isolated
Thrombocytosis) has a clinical course significantly different
from that of other myeloproliferative dirorders

Kaplan—Meier survival estimates

75
|

overall survival
5
|

7

N e S

0 60 120 180 240 300 360 420 480 540 600
months

Number at risk
CMD-IT 134 93 55 30 18 7 0
pre-MF 414 278 163 98 50 26 13
overt-MF 519 228 107 49 20 6 1
95% CI 95% CI 95% CI

CMD-IT pre-MF overt-MF
(From Barosi et al., Acta Haematol 146:14,2023)
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Genomic pmﬁ]ing for clinical decision making
in myeloid neoplasms and acute leukemia
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Molecular Testing in MD5S

Detection of
germline lesions
that predispose to the
development of MDS
(myeloid neoplasms
with germline
predisposition, ie,
DDX41-mutant MDS)

Identification of
specific subtypes
with distinct clinical
features and outcome
(ie, SF3B1-mutant
MDS or
TP53-mutant MDS)

Assessment of Identification of
genomic profile, potential therapeutic
enabling the use of targets (ie, IDHT or
IPSS-M to establish IDH2, both in the
more precise clinic and the
patient risk profile setting of innovative

clinical trials)

Identification of
genomic mutations for
miminal/measurable
residual disease

monitoring (MRD)




Table 2. Gene mutations in myeloid neoplasms and leukemia indicated for dlinical testing

Indication

MDS, MDS/MPM,
cytopenia

Single gene mutations

ASXL1, BCOR, BCORL1, CBL, CEBPA, C5F3R, DDX41,
CRAINTIA, ETVS, ETNK, EFHZ, FLT3-ITD, FLT3-TKD,
GATAZ, GNEB1, IDH1, IDH2Z, JAKZ, KIT, KRAS, KMT2A-
FTDY, MF1, NPM1, NRAS, PHF&, PPM10), PRPF8,
FTPMT1, RADZT, RUNXT, 5AMD%t, SAMDPLT, SETEFP1,
5F3B81, 5R5F2, 5TAGZ, TETZ, TP33, UZAF1, UBAT, WT1,
ZR5RZ

Structural variants

MPM and mastocytosist

ASXLY, CALR, CBL, C5F3R, DNMT3A, EZHZ, IDHN, IDH 2
JAKSG, KIT, KRAS, MPL, NRAS, FTPN1T1, RUNXT,
SETBF1, 5F3B1, 5HZB3, 5R5F2, TETZ, U2AF1, ZR5RZ2

BCR:ABL1E

Eosinophilia

ASXL1, CBL, DNMT3A, EFHZ, KRAS, NRAS, RUNXT,
S5F3B1, 5R5F2, 5TATSEB, TETZ, U2AF]

BCR::ABL1S, FGFR1:R, FLT3:R, JAKZ:R, PDGFRA:R,
FPDGFRB::R

AML

Genes required for diagnosis and risk stratification:
ASXL1, BCOR, CEBPA, DDX41, EZHZ, FLT3-ITDS, FLT3-
TKDg, IDH1§, IDHZ25, NPM1, RUNXT, 5F3B1, 5R5F2,

5TAGZ, TP33, U2AF1, ZRSRZ

Additional genes recommended to test for at diagnosis
and for use in disease monitoring:

ANERDZ4, BCORLY, BRAF, CBL, C5F3R, DNMT3A, ETVS,
CATAZ, JAKZ, KIT, KRAS, NRAS, NF1, PHFS, PFMID,
FTPN11, RADZ21, SETBP1, TETZ, WTI1

BCR::ABL1S, CBFB:MYH11, DEK:NUP214 MECOM::R,
KMTZAR, NUPFE:R, RUNX1:RUNXITT, PML:RARAS

B-ALL

CREBBFP, CRLFZ, FLT3, IDH1, IDHZ, IKZF1, IL7R, JAK],
JAKZ JAKS, KMTZD, KRAS, NF1, NRAS, PAXS, PTPNI 1,
SETDZ, SH2B3, TP53

ABL1:Ry, ABLZ::R, CRLFZ::R, C5FIR:R, DUX4::R,
EPOR::R, ETVé: R, JAKZ::R, KMT2A:R, MEFZ0D::R,
MNUTM1 2R, PAXS5:R, PDGFRA:R, PDGFRB:R, TCF3:R,
ZMNF384::R

T-ALL

OMNMTIA, ETVS, EZHZ, FBXWT, FLT3, IDHT, IDHZ, IL7R,
JAKD, JAKS, KRAS, M5HZ, NOTCHT, MRAS, PHF4,
FTEM, U2AFT, WTI1

BCL11B:R, LMOZ::R, MYB::R, NUF-ABL1, NUF214::R,
STIL:R, TAL:R, TLX1:R, TLX3:R

X *

S Q
7 ISTE AN

(From Duncavage et al., Blood 140:2228,2022)



MONITORING TUMOR BURDEN IN MYELOID NEOPLASMS
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(From Duncavage et al., Blood 140:2228,2022)




FINANCIAL BURDEN
OF MONITORING TUMOR BURDEN
IN MYELOID NEOPLASMS

Ermergeng Struchoa
Cost B e adth Dhaprth Sarm vty Mutatons Vareants

WGS 5555 1%
Gene pane b3 2%
WRD pane 555 -0 1%
Patsen 1- spotic WIRD 3535 < 1%

(From Duncavage et al., Blood 140:2228,2022)




M) Check for updates

REGULAR ARTICLE € blood advances

Molecular response to imatinib in patients with chronic myeloid leukemia

in Tanzania
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(From Nasser et al., Blood Advances 5:1403,2021)




Paroxysmal Nocturnal Hemoglobinuria: Evidence for
Monoclonal Origin of Abnormal Red Cells

By S. B. On1, B. O. Osunkoya anp L. Luzzatro

Broop, VoL. 36, No. 2 (AvecusTt), 1970

G6PD-A G6PD-B Whole RBC PNH RBC

Controls Patient
&\%\ %
/M \ NS
. From the Subdepartment of Hematology, Department of Pathology, University College

Hospital, 1badan, Nigeria.
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PATHOGENESIS OF A PNH CELL
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Cell, Vol. 73, 703-711, May 21, 1993, Copyright © 1993 by Call Press

Deficiency of the GPI Anchor
Caused by a Somatic Mutation of the PIG-A Gene
in Paroxysmal Nocturnal Hemoglobinuria

Junji Takeda,* Toshio Miyata,*
Kazuyoshi Kawagoe,* Yoshiyasu lida,"!
Yuichi Endo,t Teizo Fujita,* Minoru Takahashi,*
Teruo Kitani,5 and Taroh Kinoshita*
*Department of Immunoregulation
$Department of Internal Medicine
Research Institute for Microbial Diseases




MUTATIONS IN THE PIG-A GENE
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« = Nocturnal Hemoglobinuria:
s A Blessing in Disguise?




GPI(-) granulocytes are found in normal people

D
Tp)
QO
O
T9)
Ty)
QO
O

(GPI-linked)

10%9 70 -
60 A u
103
E 50 -
102 E40-
2301 m .
1 g5 2 u
il _ 8.4 per 820 n .
. million
10{g® 4 ® n g
>/ | | | |
102 103 10¢ 1 2 3456 7 8 9
CD11b Donors
(transmembrane)
TYR->STOP
ARG->STOP
196 Ins AIl
1 * *
LEU>PR VAL->ASP ARG->TRP

@)

(From Araten et al.,PNAS 96:5209,1999)



The abundance of GPI-specific T cells
IS similar in patients with PNH
and in a subset of patients with idiopathic aplastic anaemia

0
P
=)
:

=1
=1
" |

E"E‘ P<0.0001 m

% mm. A A

o 'IDD 3 m

- - :

=] L] & || Fw

(- - LT 1™

] 1 ‘_ﬁ‘_ Hm

-.}; 107 { e=goe malgym

E | FEe -

E 1 - e

% 10 1 eoe

E : SUNNNNINS A A A A

-

(o

10°° ' ' '
Controls PNH IAA
n=43 n=28 n=17

(From Gargiulo et al., Blood 129:388,2017)




APLASTIC ANEMIA WITH GPI-DEFICIENT MUTANT CLONES
AND THE DEVELOPMENT OF PNH
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POPULATION GENETICS OF ORGANISMS/SOMATIC CELLS

In a population In a population
of organisms of somatic cells
Feature Properties
Consequences Examples Cosequences Examples
Genetic Mutant Depends on ‘Founder Clone may Mutant
drift neutral population size effects’ expand when clones in
normal cells  aplastic
few anaemia
Mutant has  Mutant progeny Gene Clone will Oncogenic
higher may take over fixation expand mutations
fithness
Darwinian  congitional  Depends on HBBS gene Depends on
selection  aqvantage  environment if malaria  micro-
endemic environment
Convergent Increased Genes of Clones with
evolution frequency of melano- mutations in
independently  genesis different
arisen mutant genes may

genes expand



POPULATION GENETICS OF ORGANISMS/SOMATIC CELLS
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PNH RED CELLS
IN AA PATIENTS IN TANZANIA
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(From Ally, Magesa & Luzzatto,
Am J Hematol 94:E86,2019)




SYNOPTIC VIEW OF TWO ‘RARE’ DISEASES

Gene Therapy Eculizumab
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Specific proposals aiming to reduce the gap between potential and reality
(Modified from Luzzatto & Makant,

Front Pharmacol 12:770640,2022)

 Adding SCD
to the triad of conditions (HIV, tuberculosis, malaria)

for which cost of treatment is born by the Global Fund.

 BMT solidarity programme:
for every BMT (HSCT) procedure in Europe/US,
0.1% of the expense could be deposited into a fund

to support BMT in accredited centers in Africa.

e Rare Disease treatment matching programme:
for every patient treated with a super-expensive drug
(e g. eculizumab) reimbursed by NHS/lnsurance the




Two major factors In the evolution
of organisms or of somatic cells
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In the Yoruba culture of SW Nigeria
the Ifa priest analyzes your life based
on 28 combinations of cowrie shells

that fall randomly on recto or verso.
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SOMATIC MUTATIONS IN AML WITH MUTANT NPM1
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(From Alberto Hernandez Sanchez et al.,
Abstract 304, ASH 2022)




PROGNOSTIC
CLASSIFICATION
OF AML WITH
MUTANT NPM1

Probability of survival
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(From Alberto Hernandez Sanchez et al.,
Abstract 304, ASH 2022)
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