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|. Zusammenfassung

Der Name paroxysmale nachtliche Hamoglobinurie (PNdteht flr eine erworbene
Erkrankung, bei der die Erythrozyten innerhalb d#lutgefalle lysieren (intravasale
Hamolyse). Aufgrund einer erworbenen Verdnderunghrem Genom weist ein Teil der
Blutzellen bei Patienten mit PNH einen Defekt ei@uppe von Oberflachenproteinen auf,
die nicht konventionell, sondern Uber ein besorglékakermolektl (GPI-Anker) mit der
Zellmembran verbunden sindwei dieser Molektile regulieren das Komplement simdl die
einzigen Komplement-Regulatoren auf den Erythrazyté/enn die Komplementkaskade
nicht an der Membran reguliert wird, kommt es zeai erheblichen Zellschaden bis hin zur
Lyse der ZelleDas Auftreten der GPI-defizienten Zellen im Blur d&NH-Patienten beruht
auf einer Vermehrung eines oder weniger einzelredikldne mit der oben beschriebenen
Veréanderung in ihrer Erbsubstanz im Knochenmarkn&e Expansion). Der Mechanismus
der klonalen Expansion ist bis zum heutigen Tadntngeklart. Eine Hypothese postuliert
einen Selektionsmechanismus, durch den die nornzaden erkannt und eliminiert werden.
Es bleiben die GPI-defizienten Zellen tbrig, und #aochenmark und das periphere Blut
werden von den GPI-defizienten Zellen dominierte Mdentifizierung solcher autoreaktiven
Antikorper erfolgte mittels SEREX _(8#ogical analysis of antigens by recombinant
expression cloning). Dazu wurde eine humane fttaleet-€DNA-Expressionsbank mit 10
Seren von PNH-Patienten, 5 aplastischer Anamieny€lodysplastischem Syndrom (MDS)
und 20 gesunden Individuen auf immunreaktive Klangrsucht. Dabei konnten insgesamt
zwei reaktive Klone identifiziert werden, welche @D34 Zellen sowohl aus gesundem
Knochenmark als auch aus PNH Knochenmark auf gleltteise exprimiert werden. Bei
3/10 PNH-Patienten wurde eine Antikorper-Reaktic'gen M-Phase Phosphoprotein 1
(MPHOSPH 1) und bei 4/10 PNH-Patienten eine AnpkdfReaktion gegen Desmoplakin
identifiziert. Weder mit Seren von Patienten mitagfischer Anamie noch mit MDS Seren
waren Reaktionen zu beobachten. Wir fanden auahAmikorper-Reaktion in einem der 20
gesunden Probanden gegen Desmoplakin, aber mineied niedrigen Titer als bei PNH-
Patienten (10zu 10). Kein Unterschied konnte festgestellt werdendexi DNA-Sequenzen
beider Klone aus PNH CD34Zellen und denen aus gesunden CDZéllen. Aus den
Ergebnissen lasst sich schlielRen, dass MPHOSPHDesihoplakin zwei Autoantigene sind,
die vom Immunsystem der PNH-Patienten erkannt werd®ese Ergebnisse kbnnen zu

einem besseren Verstandnis der PathophysiologiErdakheit beitragen.
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1. Summary

Paroxysmal Nocturnal Hemoglobinuria (PNH) is a espugence of a non-malignant clonal
expansion of hematopoietic stem cells with a sanatitation of the PIG-A gene. Mutations
in the PIG-A gene lead to a deficiency of glycopkibsphatidyl inositol-anchored proteins
(GPI-APs). This deficiency leads to a complete absef complement regulating proteins on
the surface of red blood cells and thus explaiedrtravascular hemolysis of PNH. However,
this mechanism does not account for the clonalesipa of GPI-AP-deficient cells. Since the
P1G-A mutation does not confer to an intrinsic gtiovadvantage within the bone marrow;
this suggests a second event to be responsiblthéoclonal expansion of mutant cells. A
hypothesis assumes a defect in the immune systadintg to an immune attack directed
against specific antigens, which have yet to bentified. In order to identify the auto-
antigens in PNH patients, a human fetal liver cDNkary was screened for hematopoietic
stem/progenitor cells antigens using the SEREXrdiSgical analysis of antigens by
recombinant egression cloning) approach. For the screening 18 B&ta, 5 aplastic Anemia,
10 Myelodysplastic syndrome (MDS) and 20 healthlynteers sera were used. Two antigens
were identified that are constitutively expressedCD34 cells from both healthy and PNH
bone marrow. Three of 10 PNH patients were idadifio exhibit an antibody response
against M-phase phosphoprotein 1 (MPHOSPH1) anddbil0 PNH patients were identified
with an antibody response against desmoplakin. Akwserological response in one of 20
healthy volunteers against desmoplakin was detebimdever at a much lower titer than in
PNH patients (19in normal serum VS PGn PNH sera). No response to MPHOSPH1 or
desmoplakin was detected in 5 patients with agastiemia or the 10 patients with MDS.
Moreover, no difference between the cDNA sequerafethe clones (MPHOSPH1 and
desmoplakin) isolated from PNH CD3dells and from healthy CD34ells were identified.

From the results, it can be concluded that MPHOSRHA desmoplakin are two auto-
antigens that are recognized by the immune systePN# patients. The analysis of the
mechanisms underlying this auto-immunity might citite to a better understanding of the

clonal expansion associated with this disease.



I11. Glossary

AA
APC
BCIP
CDR
cGMP
CMML
DAF
dNTPs
DSP
FAB
GPI
HMGA2
IPSS
IPTG
IS
LGLL
MAC
MDS
MIRL
MPHOSPH1 or MPP1
MPS
NBT
NK

MOPS

Aplastic anemia
Antigen presenting cell
5-bromo-4-chloro-3-indoly-phosphate
Commonly deleted region
Cyclic guanine mono-phosphate
Chronic myelomonocytiteukemia
Decay accelerating factor
deoxynucleotides triphosphates
Desmoplakin
French-American-British
Glycosyl phosphatidyl inositol
High mobility group AT-hook protein 2
International Prognostic Scoring System
isopropyl-1-thiogB-D-galactopyranoside
Immunosuppressive therapy
large granular lymphocyte leukemia
Membrane attack complex
Myelodysplastic syndromes
Membrane inhibitor of reactive lysis
M- Phase phosphoprotein
Myeloproliferative disease
Nitroblue tetrazolium
Natural Killer

3-(N-Morpholino)-propanesulfonic acid



NOS Nitric oxide synthesis

PIG-A phosphatidylinositol glycan anchor biosynikgslass A

PNH Paroxysmal Nocturnal Hemoglobinuria

RA Refractoryanemia

RARS Refractory anemia with ringed sideroblasts

RAEB refractory anemia with excess blasts

RAEB-T Refractory anemiaith excess blasts in transformation

SEREX _Seological analysis of antigens by recombinanpression
cloning

TCR T cell receptor

TNF-a Tumor necrosis factor-alpha

WHO World Health Organization

WT1 Wilms’ tumor-1 protein



| V-Introduction
1. Paroxysmal Nocturnal Hemoglobinuria (PNH)

1.1. Definition

Paroxysmal Nocturnal Hemoglobinuria (PNH) is anune disorder of hematopoietic stem
cells; its estimated prevalence is about 1/i€ople. Three recent large clinical studies on
patients with PNH indicated that it may occur ay age from children as young as 8 months
to adults up to 82 years of age and that it ocowst frequently in adults of age 30-50. The
clinical manifestation of PNH is complex involvingrimarily three sets of symptoms:
hemolysis with acute exacerbation (Figure 1), cgto@ of variable severity, and a tendency

for abnormal thrombosis (Nishimuehal, 1999a)

07:00  09:00 12:00 15:00 19:00

Figure 1:Urine samplesfrom a patient with PNH. Urine sampled at 7 am is dark, containing a large
amount of free hemoglobin, which leaks out of PN cells as they burst. The urine generally clears

during the day.
1.2. Etiology
1.2.1. Glycosyl phosphatidyl inositol-linked antigensand PNH

The fact that a variety of proteins attach to thk membrane by glycolipid structure is well
known since 1980s. These proteins are attacheleta@dll membrane with treame basic
backboneconsisting of a phosphatidyl inosital single glucosamine, three mannoses and an
ethanolamine. The glycosyl phosphatidyl inositoP({structure is depicted in (Figure 2).
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Figure 2: Structure of GPI anchor. GPI anchor consists of a phosphatidyl inositolsiagle

glucosamine, three mannoses and an ethanolamindyeas@l phosphatidyl inositol.

1.2.1.1. GPI-anchor biosynthesis

PIG genes are involved in the biosynthesis of tid-&@chor and its binding to proteins,
which takes place in thendoplasmic reticulunER (Figure 3). GPI-linked proteins can be
released by specific phospholipases, for exampleéREB and GPI-PLD (Tashimat al,
2006). In trypanosomes, GPI-PLC-controlled releafsthe variant specific glycoprotein, the
main coat protein, enables the parasite to evadentist immune response. However, the
functional role of GPI-PLC and GPI-PLD in humanstiss remains elusive. Good lateral
mobility, which is another characteristic of GPlkhor, is likely to be relevant for many GPI-
linked proteins that require the clustering of @Rthor molecules in the association with
microdomains, or “rafts”, enriched in glycophosppinls and cholesterol. The association
with microdomains contributes to the specific scefalistribution of GPI-linked proteins and

aids in the recruitment of accessory moleculestercell signaling (Horejsat al, 1998).
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Figure 3: GPl-anchor biosynthesis. Steps (1-8) are the assembling of GPI-anchorupsecs by
adding sequential of components to phosphatidy$iiob (Steps 9 and 10) GPIl-anchor precursors
linked to the carboxyl terminus of the protein torh GPIl-anchored protein. (Modified according to
Takeda and Kinoshita, 1995)

The PIG-A gene is located on the short (p) armhefX chromosome at position 22.1, from
base pair 15,247,500 to base pair 15,263,565 (EigurThe PIG-A gene is approximately 17
kilo bases (kb) long and has six exons. Exonl is-caming, and exon 2 accommodates
almost half of the PIG-A gene-coding region (lietaal, 1994b). Exon 5 contains sequences
that have homology to the Glc-NAc-transferase oflm®aella typhimurium and
glycosyltransferases in plants and thus might leebihding site of UDPGIcCNAc (Besslet

al, 1994b). Exon 6 contains the trans-membrane doofdMG-A. The PIG-A cDNA consists
of 3589 base pairs (bp) with an open reading frafe152 bp encoding a putative protein of
484 amino acids. The PIG-A gene maps to the shortod the X chromosome at X p22.1. A

non-functional processed pseudo gene was mapdetipal.

1.2.1.2. PIG-A gene mutations

A single mutation can cause the loss of GPI-lingemteins on both male and female somatic
cells. Thus, in males the inactivation of dAE>-A allele is sufficient to cause the loss of
GPI-linked proteins on the cell surface. In fematbe inactivation oPIG-A allele when it is
on the active X chromosome will lead to the lo&®I-linked proteins on the cell surface
(due to random X-inactivation this is expected ¢ow in about half of the cells). Therefore,
in both male and female cells, a single mutatiomifL.can be sufficient to inactivate PIG-A
protein function resulting in the loss of GPI linkproteins on the cell surface. All other genes

involved in the GPIl-anchor biosynthesis are autadoifherefore, the loss of GPIl-anchored
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proteins would require two separate mutations @ntho different alleles, an event that is

extremely unlikely to occur.
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Figure 4: Location of PIG-A gene on chromosome X. The PIGA gene is located on the short arm of
the X chromosome at the position 22.1 from base p&j337,577 to base pair 15,353,659 of the

chromosome.

To date, more than 180 mutations are known to beddn GPI-deficient blood cells from
patients with PNH (Bessler & Hiken, 2008). The mnigyoof PIG-A gene mutations are frame
shift mutations that predict an inactive PIG-A ot and a loss of glycosyltransferase
activity. The mutations are distributed over thdirencoding region with no obvious
clustering. Only 16 out of 174 mutations were régmito be present in more than one PNH
patient (Nishimuraet al, 1999b). There is some clustering of missense toutover the
coding region of exon 2. Some of these missensatmos were shown to cause only a
partial deficiency in GPI-linked proteins on thdl @rface. This indicates that the mutant

glycosyltransferase has some residual activity gest al, 1994c).

1.2.2. Intravascular Hemolysisin PNH

The work of Ham (Hanet al, 1948) in the 1930s first revealed that the hesislin PNH was

due to the effect of a serum factor on abnormal RBHcells. Rosse et al (Rosse & Ware,
1995) proceeded to show that this factor was tmeptement, that when activated led to the
intravascular hemolysis of PNH red cells. The cbimrstic symptoms of PNH can be
attributed to the intense intravascular hemolysid the resulting free plasma hemoglobin.
This appears to be due to the absorption of nitxide by free hemoglobin and since nitric
oxide is critical for smooth muscle function. Duimtravascular hemolysis, hemoglobin is

released into the plasma where it is normally eldaby the hemoglobin’'s scavengers:
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haptoglobin, CD163, and hemopexin. Haptoglobin-hglotmin complexes bind to CD163 on
the surface of macrophages/monocytes initiatingpeytdsis and degradation of the complex.
Hemoglobin also releases ferric heme on oxidatishich is bound by hemopexin and
degraded by hepatocytes in the liyBotheret al, 2005) Excessive hemolysis saturates and
depletes these hemoglobin removal systems and teaal$uildup of hemoglobin and heme
in the plasma. Plasma hemoglobin and heme mediiaet gro-inflammatory, proliferative,
and pro-oxidant effects on vessel endothelial cBI3 is normally generated from L-arginine
in vessel endothelial cells by the enzyme nitricdexsynthesis (NOS). NO maintains smooth
muscle relaxation and inhibits platelet activateomd aggregation, thereby regulating vessel
tone and promoting organ system homeostasis. Dunmigavascular hemolysis, NO
availability can be severely limited by its reaatiith oxy-hemoglobin (NO scavenging) and
by the breakdown of the substrate for NO synthdsiarginine, by the red cell enzyme
arginase, despite elevated levels of NOS (decreds§eadynthesis). NO depletion results in
decreased activation of guanylate cyclase, an eazgqguired for the generation of cyclic
guanine mono-phosphate (cGMP). Decreased cGMPsledistupt regulation of smooth
muscle tone resulting in dystonias, including systeand pulmonary hypertension, erectile
dysfunction, dysphagia, and abdominal pain. Deexdta&MP levels through the depletion of

NO can also lead to platelet activation and agdr@gapromoting clot formation (Figure 5).
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Formation of C5ba78 binding to the C5b678
complex, the first complex to prevent cell
component of membrane Iysis
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CD 59

C Sb67 8

Figure 6: Regulation of complement activity. Binding of poly C9 to the C5b678 complex leadshe
formation of membrane attack complex (MAC), thedong could be inhibited by CD59. (Modified, from
Department of Biology, Davidson College, 2005)

The functions of the GPI-linked antigens are dieatg At least two are important in the
control of complement: Decay accelerating factoAfDor CD55), which controls the early
part of the complement cascade by regulating theitycof the C3 and C5 convertases. Thus,
CD55 deficiency initially appeared to explain tlemsitivity of PNH red cells to complement.
However, the observation that individuals with inteel CD55 deficiency (Inab-phenotype)
did not suffer from hemolysis proved that deficigioé CD55 does not cause the hemolysis in
PNH. The second protein is Membrane inhibitor @fcteve lysis (MIRL or CD59) which is
GPI-linked protein and it was identified in 1989D®9 inhibits terminal complement by
preventing the incorporation of C9 onto C5b-8 (ffgg6 and 7) and therefore preventing the
formation of the membrane attack complex (MAC).1900, an individual with inherited
isolated deficiency of CD59 was described with mBaatures similar to classic PNH, such as
intravascular hemolysis with hemoglobinuria andthbosis of the cerebral veins (lidaal,
1994a) Therefore, CD59 deficiency is the abnormality tisatesponsible for the hemolysis
and thrombosis typical of PNH.
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Trans-membrane
protein

Figure 7. Complement mediated lysis of GPI-anchor deficient erythrocytes in PNH. (A) by

normal blood cells: CD55 inhibits the formationdestabilizes the C3 confertase and CD59 protects
the membrane from attack by the C5-C9 complex.IfBPNH: the membrane attack complex can be
formed because of the deficiency of both CD55 ab$%; the complex ruptures the membrane and

the cell lysis. (Modified according to LyakishevadaSchubert 2002).

CD39 delivers negative signal
tothe APC

CD39 delivers negative
sipnal to the T cell
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\& " from TCR
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Figure 8. Effect of CD59 on T cell-APC interactions. The interaction of T cells with a specific
receptor of an APC results in an inhibitory sighetween the two cells, which reduces the strenfyth o

positive signals delivered through the TCR. (Maalfi from the Department of Biology, Davidson
College, 2005)
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CD59 influences the outcome of a T cell response goven antigen. Longhi et al (Longdti

al, 2006) have demonstrated in 2006 that direct actean between CD59 on a T cell and a
specific receptor on an antigen presenting cell@AResults in an inhibitory signal being
transmitted to both the T cell and the APC. Duéhts inhibitory signal, down-modulation of
APC activity and consequently T cell activity rdsuhs well. They also postulated that CD59
on T cells may reduce the strength of the posisigmal transduction pathway delivered
through the T cell receptor (TCR). A diagram for 8Dinteracting with T cells and APCs is
shown in (Figure 8).

1.2.3 Relative growth advantage of the PNH clone

PNH is a disorder in which an abnormal clone orlsmamber of clones expand to replace
almost the entire hematopoietic stem cell pool,thase clones do not have any “malignant”
tendency in that they appear to be regulated inommal manner with no tendency to
metastasize beyond the normal hematopoietic compait Although GPI-deficient cells
with PIG-A mutations occur very frequently at loewvéls in normal individuals they do not
expand in competition with the normal hematopoieélts. Hillmen and Dacie (Hillmeet al,
1995) first proposed that in order to develop PNH twongjs are required: first, the
occurrence of a GPI-deficient clone arising in dtipotent hematopoietic stem cell; second,
a second event that favors the expansion of the RMiHe over the residual normal
hematopoiesis—a relative growth advantage for thel ells. The clue to this second event
is the close relationship between aplastic anenmd BNH. It appears that normal
hematopoiesis is suppressed by the immune syst@sipably either directly or indirectly
through one or more GPI-linked antigens, and tloeeethis attack spares the GPI-deficient
PNH clone. Thus, in an environment where therantenise pressure for hematopoiesis (for
example in aplastic anemia), the PNH clone is dritce produce mature hematopoietic cells
and expands to fill the void left by the aplastiogess. The exact mechanism for the relative
growth advantage of PNH cells remains unclear.df62 Inoue et al (Inouet al, 2006a)
reported 2 patients with PNH whoBEGA-mutant cells (and not normal cells) hadaaquired
rearrangement of chromosome 12. In both cases;hHtenosoménad a break within the 3’
untranslated region diMGAZ2, thearchitectural transcription factor gene deregulatesany
benign mesenchymal tumors, which caused ectopicesgipn ofHMGAZ2 in the bone
marrow. These observations suggest that abafdBA2 expression, in concert with mutant
PIGA, accounts foclonal hematopoiesis in both patients and suggestoncepof PNH as a

benign tumor of the bone marrow.
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1.2.4. Clonal selectivity in PNH

The study of Horikawa et al (Horikavwet al, 1997) confirmed that the blood cells obtained
from patients with PNH are less susceptible to lspibntaneous and ligand induced apoptosis
in vitro than those from healthy volunteers. Thsig&nce to apoptosis was evident in the

granulocytes but unclear in the lymphocytes.

The PIG-A gene is responsible for the membranectiefePNH cells and it might play an
important role in the resistance to apoptosis,ocaigh the study of Horikawa et al showed no

correlation between resistance to apoptosis angdrtpgortion of cells with PNH phenotype.

In 2002 Nagakura et al (Nagakuet al, 2002a) found that leukemic cells with PIG-A
mutations ( GP1cells) are less susceptible than the control copatts ( GPI'cells) to kill

by natural Killer ( NK) cells in vitro, which supps a selective survival advantage theory.
They also suggested that NK cells might spare Pi@wtant cells from killing in vivo as well
as in vitro. The study showed also that neither £D6r CD59 were the target antigens for
the NK.

2. Myelodysplastic syndromes (MDYS)
2.1. Definition

Myelodysplastic syndromes (MDS) are a group of &egu neoplastic disorders of

multipotent hematopoietic stem cells characterizgdncreasing bone marrow failure with

guantitative and qualitative abnormalities of allee cell lines. A hallmark of the disease is
an active but ineffective hematopoiesis leadingp@aocytopenia. MDS were recognized for
more than 50 years and were called preleukemialdemiog leukemia, oligoblastic leukemia,

and refractory anemia. There is a tendency to pssgto AML, although death can also occur
before this develops (Heaney & Golde, 1999). Thent&DS reflects the presence of

dysplasia in bone marrow and peripheral blood. aga may reflect disordered maturation
and fragmentation of the nuclear structures, bdtiwlach are signs of increased apoptosis
(Kouides & Bennett, 1997).

MDS were probably first described in 1900 by Leal€é'leukanaemie”, that at the time were
thought to havean infectious etiology. After that, all patients avieveloped acute leukemia
after having macrocytic anemia were given a diaignos “pre-leukemia” until the 1970s,

whenit was realized that many such patients never dgeel acutéeukemia, but instead died
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of complications from the cytopeniakhe “pre-leukemia” terminology faded away, and the
term “myelodysplastisyndrome” became widely accepted. Signs and syngptfnanemia,
accompanied by infectious or bleeding complicatiopgeedominaten MDS, with some
patients having systemic symptoms or featwfeautoimmunity, perhaps indicative of the

pathogenesis of thalisease (Nimer, 2008).

2.2. Classification of MDS

The first French-American-British (FAB) CooperatiGroup meeting identified two broad
categorie®f “dysmyelopoietic syndrome”. In 1982, they expaddheirclassification to the
modern five subcategories of MDS: Refractanemia (RA), refractory anemia with ringed
sideroblasts (RARS), refractory anemia with exdassts (RAEB), refractory anemveith
excess blasts in transformation (RAEB-T) and cleanyelomonocytideukemia (CMML)
(Bennettet al, 1982). Despite its obvious limitatioriege FAB classification has remained the
standard for more thamvo decades. Nonetheless, it was substituted byWbdd Health
Organization (WHO) classification. The WHO classation incorporates many of the
concepts and definitions of the FAB system, batlsb recognizes recentyblished data to
refine the definition of some subtypes and ttausnprove their clinical relevance (Vardiman
et al, 2002b). The most important differermetween the WHO and FAB classifications is the
lowering of theblast threshold for the diagnosis of AML from 308620% blasts the blood

or bone marrow. As a result, the FAB category RAEBTeliminated from the WHO
classification (Greenbergt al, 1997c). Most recently, the WHO has evolved a new
classification scheme (2008) which is based morgyemetic findings (Table 1). However,
morphology of the cells in the peripheral bloodnéanarrow aspirate, and bone marrow
biopsy is still the screening test used in ordede@oide which classification is best and which

cytogenetic aberrations may be related.

Other changesiclude a refinement of the definitions for the Ewgrade lesionRA, and
RARS, and the addition of a new category, refractytopeniawith multi-lineage dysplasia
(RCMD). Two subtypes of RAEB, RAEBMith 5% to 9% marrow blasts and RAEB-2 with
10% to 19% marrowlasts, are also recognized. They take into acodatat publishetly the
International MDS Risk Analysis Workshop that patsavith 10% or more blasts in the bone
marrow have a worse clinicadutcome than do those with fewer blasts. The WHO
classificationalso recognizes the “5qsyndrome” as a unique, narrowly definedtity.

Lastly, because of the controversy as to whethenetimyelomonocytic leukemia (CMML)
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is a myelodysplastic or a myeloproliferatidesease, this disorder was placed in a newly
created diseaggoup, MDS/MPD. The International Prognostic Scor8ystem (IPSS) relies
on the primacy of the number of cytopen@agpgenetic profile, and the percentage blasts in
the bone marrownto one of four prognostic categoridew risk, intermediate 1 risk,
intermediate 2 risk, and higisk (Table 2).

Table1l. WHO classification of MDS (new and old system).

WHO classification WHO classification
old system new system

Refractory anemia (RA)) Refractory cytopenia with unilineage dysplasia (Retory anemia,
Refractory neutropenia, and Refractory thromboogig)

Refractory anemia with ring sideroblasts (RARS)

—J

Refractory anemia witf]
ringed sideroblasts
(RARS) Refractory anemia with ring sideroblasts - thromitosis (RARS-t)
(provisional entity) which is in essence a
myelodysplastic/myeloproliferative disorder andalguhas a JAK?2
mutation (janus kinase) - New WHO classificatio®20

Refractory cytopenia with multilineage dysplastCMD) includes
the subset Refractory cytopenia with multilineagspiiasia and ring
sideroblasts (RCMD-RS). RCMD includes patients wpidtthologica
changes not restricted to red cells (i.e., prontimdnte cell preursor

and platelet precursor (megakaryocyte) dysplasia.

Refractory anemia witH1Refractory anemia with excess blasts | and Il. RAER divided int{
excess blasts (RAEB| *RAEB-I (5-9% blasts) and RAEB-II (10-19%) blastghich has a
poorer prognosis than RAEB-I. Auer rods may be sed&AEB-II

which may be difficult to distinguish from acute ehgid leukemia.

Refractory anemia with The category of RAEB-T was eliminated; such patiere now
excess blasts in considered to have acute leukemia. 59- syndrorpealy seen in

transformation (RAEB{ older women with normal or high platelet counts &udlated
T) deletions of the long arm of chromosome 5 in boaerow cells, wa
added to the classification.
Chronic CMML was removed from the myelodysplastic syndromues put in
myelomonocytic a new category of myelodysplastic-myeloproliferatoverlap
leukemia (CMML) syndromes.

| 5g- syndrome |

Myelodysplasia unclassifiable (seen in those casesegakaryocyte
dysplasia with fibrosis and others)

Refractory cytopenia of childhood (dysplasia ifdtood) - New
WHO classification 2008
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Table 2. International Prognostic Scoring System | PSS (Greenbergt al, 1997a)

Risk group  Total score Median survival, y Time for 25% to progress to AML, y

Low 0 5.7 9.4
Intermediate-10.5-1.0 3.5 3.3
Intermediate-2 1.5-2.0 1.2 1.1
High 225 0.4 0.2

2.3. Causes & Risk Factors

Most cases of MDS have no known cause, but sonterfawere determined to increase the
risk. Advancing age is perhaps the most commonfastor, since it rarely occurs in people
under the age of 60. Other risk factors includelsng long-term exposure to benzene

and prior treatment with chemotherapy or radiafMestet al, 1995).

2.4. Pathophysiology of MDS

Both MDS and myeloproliferative diseases can beghtof as preleukemic disorders. AML
is characterized by a block in differentiatitmit also the ongoing ability of the myeloblasts
(and leukemicstem cells) to survive and proliferate. In contrdgiDSs haveimpaired
differentiation, making it likely that a second ratibn,which allows the blasts to survive and
proliferate, is needed for the disease to progmesdviL. Likewise, in the myeloproliferative
diseases, wheneroliferation is enhanced and differentiation igially normal, the disease
most likely progresses to acute leukemia wheacand hit impairs differentiation.

Increased macrophage function witttreased cytokine secretion, changes in microvesse
density,immunologic abnormalities (which are often foundaplasticanemia patients as
well) and absence of circulatidMK T cells wereidentified in patients wiMDS (Fujii et al,
2003)

2.4.1. Cytogenetic abnormalities

The search for the mechanistic basis of MDS wasedulargely by the identification of
recurrent cytogenetic abnormalititeat are associated with specific clinical scersaribhe
commonchromosomal abnormalities found in MDS include abmaditiesin 17p, loss of Y,
50—, 79— or monosomy 7, trisor8y11g23 abnormalities, del 12p and 20g—, and linahdhe
patients, a normal chromosome pattern. None okthi@sormalities is specifically associated
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with MDS, as all cabe seen in AML and some in the myeloproliferativeedsesThe cause
of MDS is usually unknown, although it can occutermkexposure to radiation, certain
environmental toxins, such d®nzene, or after treatment of a primary malignana

alkylatingagents or topoisomerase Il inhibitors (Pederseig@pmdet al, 1995).

The presence of t (15; 17), t (8; 21), inv (16)] ather specifiabnormalities in AML but not
MDS seems to reflect true differenaegheir biology. Recurrent chromosomal translomadi

in AML produce fusion transcription factor proteins that as potent transcriptional
repressors (most likely targetimgenes that are required for normal hematopoietit ce
differentiation),whereas some fusion proteins, such as those timdinothetranscriptional
regulator MLL, appear to function as potewtivators of (Hox) gene expression. Deletions,
numerical abnormalitieand unbalanced translocations are more commontyisedDS,and

translocations specifically associated with MDS rarre.

The t (3; 21), which is documented in MDS and CMash crisisjs one of the first recurrent
MDS-associated cytogenetic abnormalitiesbe molecularly deciphered. The translocation
rearranges thAML1 and MDS1-EVI-1 genes, fusing the N terminusA®fiL1 with a small
portion of MDS1 and nearly all of EVI-Both components of the AML1-MDS1/EVI-1
fusion proteimppear to play critical roles in deregulating heapatesisAML1 (also known

as CBR or Runx1, for Runt-related protein dijpds DNA with its non-DNA binding partner
CBFR3. Lack ofeither AML1 or CBRB is embryonically lethal because thie absence of
definitive hematopoiesis and a distinct pattronentral nervous system hemorrhage (Wetng
al, 1996;0kudat al, 1996).

The AML1 gene is mutated at low frequency in MBSt at much higher frequency in AML
MO, and in treatment-relatemt radiation-induced MDS (Harada al, 2003). Whereas the
mutations foundn MO AML are often bi-allelic, those found in MD&e generallymono-
allelic and result in AML1 insufficiency rather thaeneratinga dominant negative protein.
Most of the AML1 mutations in AMIcluster in the Runt (DNA binding) domain and impair
the bindingof AML1 to DNA but not to CBB. The AML1 mutations, fountsh MDS, occur
more often inthe C-terminus of the protein and truncate the gunot eliminatingits
transactivating domain (Osato, 2004).

Some MDS patients with an interstitial deletionhaitthe longarm of chromosome 5 (59-)
have the "5g— syndromeyhereas others do not. The 59— syndrome, as debytce WHO,
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consists of an isolated 50— cytogenetic abnormagociated with macrocytic anemia, a
normal or elevated platelebunt, unilobular megakaryocytes, and a low propets develop
AML (Vardimanet al, 2002a).

Although the presence of 20g— in MDS has a faverabbgnosisthe critical genes deleted
from this region also remain unknown. A gene thatogles a histone-binding protein within
the commonly deleted region (CDR) on chromosomel20wgas identified. The CDR

contains a polycomb group gene, the L (3) MBTL1eg@lacGrogaret al, 2001).

Several laboratories have focused on the commoeglgted regioron 7q that is associated
with MDS. Given the involvement glolycomb and trithorax group genes in AML and MDS
and the importancaf Hox gene expression in hematopoiesis and leugemesismembers of
this family continue to be interrogated, suchhesMLL5 gene (a member of the MLL family
of genes), which ideleted by the 7g— deletion (Sideal, 2004).

Several publications describe the transcript peefibf purifiedstem cell fractions obtained
from the bone marrow of patientsith MDS (isolating either CD34 cells or AC133
expressing cellsAmong the over expressed genes, the Delta-likeeprdDlk1) reported to

be up-regulated by several groups (Miyaztal, 2001;Pellagattét al, 2006). Consistent up-
regulation of interferori—induciblegenes has also been reported: IFITM1 and IFIT1 mRNA
levels,and TRAIL, another interferon stimulated genes aperegulatedn a substantial

fraction of the MDS patients.

2.4.2. Immune system and MDS

T-cell dysregulation is definitely associated witone marrow failure in AA and large
granular lymphocyte leukemia (LGLL), which sharevexal clinical features with MDS.
Immunosuppressive therapflST) in MDS was applied in cases with bone marrow
hypocellularity; a clinical feature that is commyprdssociated with AA and observed in
approximately 15% of MDS cases (Young & Maciejewd&97). Numerous abnormalities in
function appear to contribute to impaired hemategiai including elevated plasma levels of
several cytokines such as tumor necrosis factdraalffNFe) (Molnar et al, 2000) and
interferon-gamma (IFNJ (Selleri et al, 2002), which are well-known contributors to AA
pathogenesis. Many investigators have now confirthaticytopenias are corrected by T-cell
depleting immunotherapy in some MDS patient (Koclezferet al, 2002b). A hallmark of T-

cell dominant autoimmunity is the expansion of T-céones with restricted diversity that
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possess a limited T-cell receptor (TCRf}-Vrepertoire. Limitation in TCR-§
complementary-determining region 3 (CDR3) diversatyd clonal expansion of T cells in
association with bone marrow suppression suggeatsscape from peripheral tolerance and
recognition of self-antigens may contribute to segpive hematopoiesis (Epling-Burnette et
al, 2007). The identity of one antigen, that drivadmormal T-cell clonal expansion that
contributes to impaired hematopoiesis in patienth & trisomy 8 cytogenetic abnormality,
was confirmed (Sloand & Rezvani, 2008). Clonallpaxded CD8cells with reduced TCR-
VB repertoire diversity and direct cytotoxicity of talogous trisomy 8 hematopoietic
progenitors was observed in vitro, but no COBcell self-reactivity was observed in MDS
patients with 5g- and monosomy7 chromosomal abnliresa(Sloandet al, 2005). The fact
that a small number of trisomy 8 cells were presertione marrow and could be detected
using fluorescencen situ hybridization (FISH) long before cytogenetic corsien by
standard metaphase karyotyping, suggests thatyiSoaneuploidy may be an early event in
MDS. It was hypothesized that the CTL response wiislly triggered by abnormal stem
cells but the bone marrow failure was subsequenddiated by a ‘bystander’ CTL response
against healthy hematopoietic cells. The Wilms’ ewth (WT1) protein, which is localized
on chromosome 8, and thus over-expressed in MO8npsiwith trisomy 8, represents a well-
defined target of self-reactive CTLs in immunosuggsive therapy (IST) responsive patients
(Chen et al, 2004). Since the mechanisms contributing to imenpathophysiology and
patient selection criteria for IST remain elusivepatients without trisomy 8, a search for
predictive biomarkers is critically necessary. Engian of PNH-type cells were reported in
about 20% of the patients with lower-risk MDS ahattphenomenon was linked in some
studies to IST responsiveness (Wast@l, 2002). It was documented that inversion of the
CD4/CDS ratio was strongly associated with respdoserapy. The loss of CDeells was
inversely correlated to the proliferative T-celldex before treatment in IST-responsive
patients suggesting that proliferation and acceder&D4 T-cell turnover may be important
in disease pathogenesis (Zeual, 2009). A discovery of T-cell receptor (TCR) awetig
reactivity in patients with aggressive homeostgtioliferation, without trisomy 8, is
necessary to determine the precise relationshipemet CD4 T cells, HLA DR15, and

homeostatic turnover as an alternative mechanisaut@immunity in MDS.

2.5. Clinical features of MDS

The evolution of MDS is often slow and the diseamssy be found by chance when a patient

has a blood count for some unrelated reason. Ting@teyns of myelodysplastic syndrome are

24



those of anemia, infections or of easy bruisingblereding. In some patients, transfusion
dependent anemia dominates the course, while ierotiecurring infections or spontaneous
bruising and bleeding is the major clinical problddifferent people are affected in different
ways by myelodysplastic syndrome, and its symptoars range from mild to very severe.
Some people may only have long-term (chronic) ane®hortages of one or more types of
blood cells cause most symptoms of MDS. Patientg mae symptoms such as weight loss,

fever and loss of appetite.
2.6. Laboratory findings

Peripheral blood pancytopenia is a frequent findifige red cells are usually macrocytic or
dimorphic but occasionally hypochromic; normoblastsy be present. The reticulocyte count
is low. The cellularity of bone marrow is usuallpcreased(Table 3). The typical
morphological abnormalities in MDS include (FiguE3): megaloblasts, dissociated
maturation of the nucleus angitoplasm, abnormal multinucleated erythroblasts thiree or
more nuclei, and ringed sideroblasts in the eryiytio lineage. In addition to hyper-
segmented dnypo-segmented neutrophils (pseudo Pelger-Huéeauenomaly), reduced or
missing granules, ang@eroxidase-negative neutrophils in the granulocyimeage; and
micromegakaryocytes, megakaryocytes with multijgelated disc-shaped nuclei and giant

platelets in the megakaryocytic lineage

Table 3: Diagnostic standards for Myelodysplastic syndrome.

Peripheral blood cytopenia.

Cellular bone marrow.

Chronic and refractory course.

Exclusion of underlying illnesses or administratafrdrugs.

ok~ 0N R

Exclusion of other known blood disorders.
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Figure 13: Morphological abnormalities in MDS. (1) Giant multinucleated erythroblast, (2)
Megaloblast showing dissociated maturation of rugland cytoplasm, (3) Ringed Sideroblast, (4)
Large hypersegmented neutrophil, (5) Mature nethitopwithout nuclear lobes, (6)

Micromegakaryocyte, (7) Micromegakaryocyte withcdshaped, separated nuclei, (8) Giant platelets.

2.7. Treatment of MDS

The standard care for patients with myelodysplasgicdrome (MDS) and decreased blood
counts is constantly changing. Supportive therapluding transfusions of the cells that are
missing (i.e. RBCs, platelets), and treatment &dtions are the main treatments. The US
Food and Drug Administration recently approved ribwgs such as 5-azacytidine, 5-aza-2-
deoxycytidine (Fenauxt al, 2007), and lenalidomide (Ligt al, 2005) for the treatment of
myelodysplastic syndrome (MDS). Higher risk MDS ipats usually need aggressive
therapy, but much depends on the age and condifidghe patient. Younger patients with
high-risk disease are considered for front-line ncb#herapy approaches followed by
immediate allogeneic stem cell transplantation. Bader patients, who constitute the
majority, intensive chemotherapy is rarely consderinstead, the strategy focuses on
development of active and safe treatments for nekidgnosed patients as well as those who
have failed the standard of care based therapiakc(Matiet al, 2007).
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3. Aplastic Anemia
3.1 Definition

Aplastic anemia is defined as the failure of boraarmow to produce blood cell components.

The hallmarks of the disease are pancytopenia dyp@-cellular bone marrow.

3.2. Etiology

Most patients had a diagnosis of idiopathic diseasghich no cause is apparent (Dorety
al, 1997). Inherited forms of the disorder are rar& aonsist of Fanconi’'s anemia,
dyskeratosis congenital, and Schwachman syndrome.

3.3. Clinical Presentation

The signs and symptoms of patients presenting aptastic anemia are typically related to
the decrease or absence of peripheral blood celd@daponents. The clinical presentation
ranges from insidious to dramatic. Because platedet depleted early in the process of the
disease, dependent petechiae, bruising, gum blgduirccal hemorrhage, epistaxis, or retinal
hemorrhage may be among the first presentationsaude of anemia, patients may complain
of shortness of breath, fatigue, or chest pain.tiépenia or leucopenia may result in fever,
chills, or infections. Hepatosplenomegaly, lymphagjgathy, or bone pain are less common in
patients with aplastic anemia, but these findirigsuid alert the physician to other diagnoses,

such as infection, leukemia, or lymphoma.

3.4. Pathophysiology of aplastic anemia

In most cases, aplastic anemia behaves as an immedi@ted disease. Cellular and
molecular pathways were mapped in some detaildtn bffectors (T lymphocyte) and target
(hematopoietic stem and progenitor) cells. The doatlon of exposure to specific
environmental precipitants, diverse host genesk factors, and individual differences in the
characteristics of the immune response likely antéar the disease’s infrequency, variations
in its clinical manifestations, and patterns opi@ssiveness to treatment (Young, 2006)

Three decades ago, an immune mechanism was fipitatedin the pathogenesis of aplastic
anemia (Hiranaet al, 2003b). Since then, accumulategdence supports the hypothesis that
immune mechanisms contribute the pathogenesis of AA. Immunosuppressive thesap

incorporatingantithymocyte globulin, corticosteroids, cyclosperi and/ocyclophosphamide

27



were successfully used in the treatmanpatients with AA with response rates rangingriro
50% to80% (Bacigalupcet al, 1995), suggesting that pancytopenia and boneomdailure

in at least some AA patients are immunologicallydrated. Furthermoré vitro studies have
also supplied supportive evidence &r immune-mediated suppression of hematopoiesis in
AA. These include inhibitory effects of AA patient lymphocgteon hematopoietic
stem/progenitor cell (HSPC) growth (Kagetral, 1976), overproduction of myelosuppressive
cytokines such as interferan{IFN-gamma) and tumor necrodector- (TNF-alpha) by
patient bone marrow cells (Zoumbeisal, 1985), and aimcreased population of activated
suppressor T cells. Takénmgether, these data suggest that at least soras ca#\Ainvolve
autoimmune phenomena that target hematopoietigetiggobably HSPCs. By establishing T-
cell lines or clones from an involved orgamd analyzing their specificity, investigators have
successfullyidentified unknown target antigens in organ-spec#utoimmunealiseases and
neoplasms (Steinman, 199€Yevious studies with T cells froAA patients have identified a
pathogenic role for both CD8nd CD4 T cells. Peripheral blood T cells capable of
suppressingn vitro growth of HSPCs belong mainly to the CDBaction (Haradaet al,
1985). The importance of CDA4cytotoxic T cells in the pathogenesi$ AA was also
described. Several CDZ -cell clones thatan lyse autologous hematopoietic cells in an HLA
class ll-restrictedashion were isolated from AA patients (Nakgical, 1997) The work of
Hirano et al (Hirancet al, 2003a) proved that humoral immune responses ratapoietic
antigens could be detect in AA patients. Moreower39 % of aplastic anemia patients
included in the study antibodies against “kineciwére documented.

4. PNH, MDS and aplastic anemia

PNH is closely related to aplastic anemia and geftams of MDS. Many aplastic anemia
patients have different degrees of PNH involvemBNH may develop from aplastic anemia,
or aplastic anemia and low counts might be a caraptin of PNH. Many specialists believe
that aplastic anemia sets the conditions, whichadk@antageous for the growth of PNH stem
cells and for the development of PNH (Nissen & Santy 2002). The clarification, as to why
PNH and aplastic anemia occur so frequently togetimght help us to understand the
pathogenesis of these diseases and develop netficpeatments. For MDS/AA syndrome,
the core or common denominator is a PIG-A mutatggufation that has undergone further
mutation (PIG-A plus X). Rather than being sepamigeases, they may be a part of a
syndrome (Fig 14).
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Patients with primary normo/hypercellular MDS or BPNire not part of the syndrome;
however, all patients who develop hypoplasia/aplasvariably belong to it, since their
natural history includes PNH and/or MDS, whether was originally virus-, drug-, toxin-
induced or idiopathic. A sequence of events leaddetvelopment of aplastic anemia/MDS
and PNH was depicted in (Fig 15). In the first shepoxious agent (i.e. a virus, a toxic agent
or a drug) causes transient HSC damage and indegesr involving hyperproliferation
during which the incidence of PIG-A mutations isreased, since PNH clones are genetically
unstable and disposed to further mutations. Inste®dnd step an additional genetic changes
providing a growth advantage are likely to occunisTwould lead to the presentation of an
aberrant internal image on MHC molecules and thub-tell recognition and activation (Fig
15 A). Third step, the immune reaction againstdfamed HSC can be of three different
types (Fig 15B, Nissen & Schubert, 2002).

MDS without
Hyvpoplasia or PNH

Primary PNH
without
hypoplasia or
MDS

Lineage-specific
autoimmune
disease

AA

PIG-A + X mutation

Figure 14: Proposed pathogenic link between aplastic anemia (AA), myelodysplasia (MDS)
and par oxysmal noctur nal hemoglobinuria (PNH).
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Figurel5: A hypothetical sequence of events leads to PNH or aplastic anemia, (A) HSCs with an
isolated PIG-A-mutation occur in normal bone marrdgxposure to toxic agents causes cellular
damage and induces proliferative stress in HSC.-Rl@utated cells or normal cells undergo
mutations within genes involved in proliferationdadifferentiation leading to predysplasia. (B)
Predysplastic cells alert the immune system, whéeltts either with anergy, leading to expansion of
abnormal clones, with a hyperreactive autoimmuaetren leading to severe aplastic anemia or with a
selective immune reaction leading to cure. Moditedording (Nissen & Schubert, 2002).
Hyporeactive/anergic response: In patients with a compromised immune system, the
abnormal population expands and displaces norm&.H8\NH patients, though surviving
long term with the abnormal clone have signs of ummincompetence: they are prone to
infections and have low endogenous IL-2 product@lmically, these patients present with
PNH if the clone is stable and does not progredsukemia or with MDS/AML if the clone

undergoes further transformation.

Hyperactive response: In patients predisposed to autoimmunity, the imenteaction against
the abnormal population extends to normal HSCshleynmiechanism of ‘epitope spreading’.
This causes severe aplasia with neither normabhbhoormal cells detectable in the BM. The
more vigorous the immune reaction, the more acutiesarious is BM failure and thereby the
chance of transformed clones to be decimated. iiiisune attack puts pressure on mutated

cells that attempt to survive by the developmenieyf, potentially resistant clones.
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Selective response: A specific immune reaction destroys the abnormadutetion, sparing
normal HSC, leading to reconstitution of normal léopoiesis. Clinically unrecognized
expansion and subsequent immunological destructi@mall potentially life-threatening cell
populations is probably the most frequent event.

Murakami et al presented in 2002 (Murakaghial, 2002c) the first experimental evidence
that supports the immunologic selection hypoth&sishe clonal expansioof PNH cells and
demonstrated that GPhematopoietic cells become dominant in a mouseetnma selection
by allogeneic CD4 T cells. The study showed that GRAPCs present the antigen derived
from GPIl-anchored proteins &MHC class Il molecules, whereas GPAPCs do not. GPI-
anchored proteins like other ceurface trans-membrane proteins would reach, v&a th
endocyticpathway, a compartment where proteins are processepresentatioomn MHC
class Il molecules. Proteins that are normally @&fRihored araot expressed on the surface
of GPI” APCs; hence, there is no presentation on the MHi&Sscll moleculesThey
suggested that if the relevant autoantigen is ddrivomGPIl-anchored proteins, PNH cells
might be resistant to CDATL (Figure 16A). They demonstrated also usingiiro systems
that GPT APCs do not effectively stimulate antigen-speciitd allogeneic CD4T cells
efficiently, which suggests that some GPIl-anchgremtein on APCs acts as a ligand for

costimulatory molecules ohcells (Figure 16B, Murakanat al, 2002b)
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Figure 16: Two experimentally tested models. (A) A putative autoantigen recognized by CDécells
is derived from GPl-anchored proteins. Gleells (left) process GPIl-anchored proteins andsee
antigenic peptides on MHC class Il molecules; wher@PT cells (right) do not present such antigenic
peptides. (B) Some GPI-anchored protein is a ligandome costimulatory molecules on CDHcells.
GPI' cells (left) efficiently stimulate CO4T cells; whereas GPI cells (right) do not. Modified
according to (Murakanet al, 2002a)
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5. Aim of the Sudy

The mechanism of clonal expansion of GPI-AP-defiitieells in PNH is still obscure. The
fact that PIG-A mutation itself does not conferraliferative advantage to HSCs suggests a
second event to be responsible for clonal exparsfionutant cells. Two different hypotheses
have been proposed to explain the clonal expansi®iNH, one assuming an immune escape
mechanism and the other proposing an intrinsicrgkeoutational event within clonal cells.
In both hypotheses, the immune system supposeldyap important role. In the first theory
(immune selection hypothesis), a defect in the imengystem leads to immune attack
directed against special antigens. GPI deficielis @an escape the immune system attack
either by no expression of such antigens or by $esgeptibility against cytotoxic attack of
autoimmune T lymphocytes. In the second theory n@loexpansion through genetic
alterations), the immune system recognizes thetgealéerations in target cells and produces
antibodies against the modified antigens. Heneeidéntification of these antigens will prove
the occurrence of such alterations in the targhs.cEhe identification of target antigens of
the antibodies in PNH sera will give informatioroabthe pathophysiology of the disease and
may give support to one or both theories. In MD8epé#s, the expansion of PNH-type cells
was also reported and that phenomenon was linkesbame studies tonmunosuppressive
therapyresponsiveness. ldentification of auto-antigensDS will demonstrate the immune
mechanism of cytopenia in the disease. The aimhefdtudy was to identify the target
antigens of the immune system in PNH patients aliSMstudy the serological reactivity of
PNH patients, and compare it with that of healthgividuals, aplastic anemia, and MDS
patients. Moreover, the genes that encode thettardggens in PNH were analyzed and the

possibility of alterations of these genes by thieepés was investigated.
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V. Material and methods

1. Immunoscreening of cDNA expression library

Screening for candidate antigens was performedgutive serological identification of
antigens by recombinamxpression cloning (SEREX) approach. This approaels first
established by Pfreundschuh’s group and applieddtection of tumor antigens in 1995 (Fig
17, Sahinet al, 1995). A human fetal liver cDNA expression lityrgiTakara Bio Europe,
Saint-Germain-en-Laye, France) was used as Antigensce. XL1-Blue Escherichia coli
(Takara Bio Europe, Saint-Germain-en-Laye, Franway transfected with recombinant
phages, plated on agar plates, and cultured aC3Expression of recombinant proteins was
induced by incubating the bacterial lawns withpEpyl 3-D-thiogalactoside (IPTG) and the
released proteins were Transferred to nitrocellulkers (Hybond C-Extra; Amersham
Pharmacia Biotech, Piscataway, NJ) by incubating7atC for 90 minutes. Filters were then
washed in TBST (10 mM Tris [tris (hydroxymethyl) exm methane], 150 mM NacCl, 0.05%
Tween 20, pH 8.0) and blocked one hour with blogkiuffer (5% wt/vol non-fat dry milk
[Nestle, Solon, OH] in TBST). Filters were thenubated with patient sera diluted at 1:100.
Specific binding of antibodies to recombinant pmdewas detected by incubation with
alkaline phosphatase-conjugated goat antihuman dg@body (Promega, Madison, WI)
diluted at 1:2500. Visualization of the antigen#aotly complex was accomplished by
staining with 5-bromo-4-chloro-3-indolyl phosphatad nitro blue tetrazolium (Promega).
Complementary DNA inserts from positive clones wstibcloned, purified, and in vivo
excised to plasmid forms (Takara Bio Europe, S&@etmain-en-Laye, France) according to
the manufacturer’s instructions. The DNA insertsrevesubsequently sequenced with

appropriate sequencing primers.
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Figure 17: SEREX Method as described by Sahin et al (Sahinet al, 1997).

1.1. Preparation of patient’s sera

Sera from 10 MDS patients were obtained at the Beyeet of Hematology, Oncology and
Clinical Immunology, Dusseldorf University Hospit@usseldorf, Germany). The sera were

stored at - 80° C until us&he characteristics of all MDS patients are showtable 4.
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Table 4: Characteristicsof MDS patientsincluded in the study.

e

Patient| Age | Hemoglobin| Blood Bone marrow Diagnosis
number| and level g/dl | transfusion IPSS WHO
Gender classification | classification
1 19 M 6.5 4/ month Dysplasiainall 3  Low-risk RCMD
cell lineage, 4 %
Blasts, hypocellular
BM
2 67 F 8.3 Unknown Dysplasiainall3  Low-risk RCMD
cell lineage, 4 %
Blasts, hypocellular
BM
3 60 F 9.3 2/ month Dysplasiain all 3  High-risk REB I
cell lineage, 9 %
Blasts, hypocellular
BM
4 64 F 7.1 2/month Dysplasiainall3  Low-risk RCMD
cell lineage, 1 %
Blasts, hypocellular
BM
5 65 M 8.7 Unknown 3 % Blasts, Low-risk MDS with del
normocellular BM (59)
6 63 F 9 Unknown 2 % Blasts Not defined MDS with ¢
(59)
7 40 M 7.4 No 6 % Blasts, High-risk RAEB I
normocellular BM
8 64 M 6.4 Yes 1 % Blasts Low-risk MDS with de
Unknown (59)
9 61 M 7.3 Yes 1 % Blasts, Low-risk MDS with del
Unknown | normocellular BM (59)
10 55 M 7.8 Yes 15 % Blasts, High-risk RAEB Il
unknown hypocellular BM

Sera from 10 patients with PNH were obtained durmgiine diagnosis or follow-up at the

Department of Internal Medicirie Saarland University Medical School (Homburg, Gany)

and the Department of Hematology and Haemostasgoldgiversity of Vienna (Vienna,

Austria). Table 5 describes the characteristicthef PNH patients included in our study.

Diagnosis of PNH had been established by flow cytioyn
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Table5: Characteristicsof PNH patientsincluded in the study.

Patient Sexl age Hemoglobin LDH* T_o?al ) Blood ) CT5e O 55 O 5% Dhiagnosis Therapy
morchex yeas evel gl Hnits/L ggmﬁlbm m?ﬁmn Erythrocyt | Granulocyt | Granulocyt 2:;:;;;28
tiree of gs % &g es
sazpling
1 145 2.6 2477 307 Mo 17.9 96.67 91.57 g}lﬁ{sm HNo
2 F 24 127 28% 741 Mo 47.24 78.40 78.66 511351‘{510 Ha
3 F 48 10.5 265 =2 Mo 54.3 97.5 97.8 Classic- Eculizurgh
PNH for 4
ranniths
4 W56 10.1 263 25 + 859 90.2 23.1 Classic- Prednisone
PNH for 3 years
3 F 37 6.9 2735 334 + 8331 94.52 9312 g}l?fl‘{slc Ha
& F 53 10.2 313 048 Mo 11.50 25 34.94 g}lﬁim Ho
7 M 61 1153 476 161 Mo o data Mo data Mo data g}lﬁ{sm Ha
2 M35 75 2504 582 + 3052 97.35 93.03 511351';10 Hao
g M 66 9.3 1324 193 Mo o data Mo data Mo data g}lﬁ{sw Ha
10 M 6% 127 272 51.% Mo 43.05 1 0.8 Classic- Eculizursb
PHH for 4 years
{(+) blood transfusion one a month, (++) blood transfusion twe times a month. * LDH levels obtained at the time of blood taken for SEREY analysis

Sera from five patients with newly diagnosed aptaahemia (without PNH clones) were
frozen before starting immunosuppressive therapheatinstitute for Transfusion Medicine
and Clinics for Aplastic Anemia in Ulm (Ulm, Germgn Twenty healthy individuals

donating blood at the Department of Transfusion iglad, University of Saarland (Homburg
Germany) were used as a control group. Patients gdormed consent for blood analysis.

All sera were stored at - 80°util use for screening as described below.

The same amount was taken from each of the 10 Rixidasrd mixed together. These mixed sera
were diluted 1:100 in 1XTBS containing 0.5% (wtjvidw-fat milk. For preservation, 0.01%
NaN, was added. These diluted sera were stored at +4dQised foilSEREX screening. In the

same way, an AA pool, MDS pool and normal individo@ol were made.
1.2. Preparation of host bacteria and transfection

The glycerol stock of XL1-Blue’MRF E.coli bacteriumas streaked onto a Luria-Bertani
(LB) tetracycline agar plate (tetracycline, 121§/ml) and the plate was incubated at@G7
overnight. Next day, a single colony of bacterisswicked from the LB agar plate and put
into a 300 ml conical flask that contains 50 mLBf medium supplemented with 0.2 % (w/v)
maltose, 10 mM MgS@pand tetracycline (12.ag/ml). The bacteriaveregrown at 37C for

4-6 hours under shaking, until the density of ba@teeached at an Qg of 0.5. The cells
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were spun down at 58Q for 10 minutes and the supernatant was discarf®eel.cells were
suspended gently in 25 ml sterile water with 10 mgSO,, diluted to an Oy of 0.5 with
sterile water containing 10 mM MgQOThe bacteria were stored atC4and ready for

transfection.
1.3. Transfection with plasmid

600 ul XL1-Blue MRF’ E.coli were incubated with approgtely diluted human fetal liver
cDNA expression library (Takara Bio Europe, Saimr@ain-en-Laye, France) (4<10
recombinant phage/per 15 cm plate) &t@G7or 15 minutes to allow phage attach to the cells
Expression of fusion proteins in lytic phages watliced by adding 20l of 2 M isopropyl-1-
thio--D-galactopyranoside (IPTG) and 5 ml of top agae{warmed at 5Z) to the bacteria
and phage mixture. The top agar was quickly pouetb LB agar plate under carefully
swirling in order to distribute the cells evenh\héplates were inverted and incubated 4C37

until plaques were visible (normally overnight).
1.4. Transfer of recombinant proteins onto nitrodallose

When the plagues were grown to 1 mm of diametethenplates, nitrocellulose membrane
was placed onto each agar plate to absorb theiprfoten the plaques. A needle was used to
prick through the membrane and agar with three asstmic points for orientation. The plates
were placed at 3T for 1 hour, and then cooled &Cifor 30 minutes before removing the
nitrocellulose membranes from them. The membrarege washed in TBST (TBS containing
0.5% tween 20) for 10 minutes, under shaking. Agief soft sponge was used to remove the
residual agar from nitrocellulose membranes andnteenbranes were washed with TBST
two times additionally, then blocked wit&®&(W/V) low-fat milk in TBS at room temperature

for at least 1 hour, and washed with TBS twiceZ@minutes.
1.5. 1gG pretest

To exclude signals derived from the binding of se@y antibodies to expressed IgG-cDNA
fragments that are included in the library, membsarwere incubated with alkaline
phosphatase-conjugated goat anti-human Ig§ (BEsanova, Hamburg, Germany) diluted
1:2.500 for 1 hour at room temperature. Subseqyeafter washing in TBS twice under

shaking, reactive phage plaques were visualizednbybating with 5-bromo-4-chloro-3-
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indoly-phosphate (BCIP) and nitroblue tetrazoliudB{) at 37 °C in dark condition for 10 to

30 minutes. A pencil used to mark signals.
1.6. Immunostaining

The membranes were incubated with 20 ml dilutec £&r100) at 4 °C overnight, under
gently shaking. Next day, the sera were collectedi the membranes were washed twice in
TBS for 30 minutes. This was followed by an incutratwith an alkaline phosphatase-
conjugated goat anti-human IgGyH®ianova, Hamburg, Germany) diluted 1:250 for Lo
at room temperature. After washing in TBS twice emshaking, reactive phage plaques were
visualized by staining with 5-bromo-4-Chloro-3-ImglePhosphate (BCIP) and nitroblue

tetrazolium (NBT) at 37C in dark condition for 5 to 10 minutes.

1.7. Isolation of positive clones

The stained membranes were checked carefully amgdbitions of reactive phage plaques
were marked with a pencil. According to the matks, reactive phage plagues were isolated
from the original agar plates with sterile glaspepies and transferred to a micro centrifuge
tube containing 50Ql of SM buffer (NaCl, MgSO4,Tris pH 7.5, Gelatinapd 20 pl of

chloroform. The tube was vortexed briefly and simafgg 1-3 hours at room temperature to

release the phage particles into the SM buffer #terage at 4C.

2. Sequence analysis of identified clones

The isolated phages from the original plate wetetelil at different concentrations in SM
buffer and the appropriate concentration was chdasetmansfect bacteria. The procedures
were performed as described above (see 1.3). Thetive clone was subcloned to
monoclonality and submitted to in vivo excisionpffripelex vector and further serological

assessment.

2.1. Conversion of the vector

The conversion ok TriplEx2 clone to a pTriplEx2 plasmid involves inve excision and
circularization of a complete plasmid from reconarh phage. The plasmid is released
because of Cre recombinase- mediate side-speedimmbination at the loxP sites flanking
the embedded plasmid (Figure 18)
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Figure 18: Conversion of a recombinant ATriplEx2 to the corresponding pTriplEx2. The
ATriplEx2 MCS is located within an embedded plasmidhich is flanked by loxP sites at the
junctions. Transduction of ETriplEx2 lysate into E. coli strain BM25.8 promot€se recombinase-
mediated release and circularization of pTriplEx2ha loxP sites. pTriplEx2 carries the bla gene fo
ampicillin resistance and the pUC ori for autonomeeplication in E. coli. The MCS provides several
unique restriction sites flanking the Sfil A & Bess to facilitate the subcloning and analysis eéits.

In this system, E.coli BM 25.8 provides the necas§ae recombinase activity. The released
version plasmid differs from the pTriplEx2 by a H90 loxP insert at the Cla site. The
excised plasmid is propagated stably in E.coli. ptueess was done in the following steps:
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Figure 19: Restriction Map of ATriplEx2.

Single, isolated colonies from the working stocltelof BM25.8 host cells were picked and
used to inoculate 10 ml of LB broth in a 50-ml teedie or Erlenmeyer flask. The culture was
incubated at 31°C overnight with shaking (at 15@)pntil the OD600 of the culture reached
(1.1-1.4). After that, 10 of 1 M MgCI2 were added to the 10-ml overnighttate of
BM25.8 (10 mM final concentration of MgCI2). A wedlolated positive plaque from
secondary- or tertiary screening plates was pieketiplaced in 350l of 1M lambda dilution
buffer. After vortexing the plaque, it was inculzht&t 37°C for 3—4 hours without shaking
(200-250 rpm). Then, in a 20-ml test tube: 20®f overnight cell culture was combined
with 150 ul of the eluted positive plague. The Mixture wasubated at 31°C for 30 min
without shaking then 400l of LB broth was added and incubated at 31°C foedditional 1
hr with shaking (225 rpm).

Using a sterile glass spreader, 1410 of infected cell suspension was spread on an
LB/carbenicillin (or Ampicillin) plate to obtain @dated colonies and incubated at 31°C

overnight. Several well-isolated colonies from ealdne were picked and prepared plasmid
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DNA separately from each one. The isolated pladdii should be pure enough for direct
sequencing. Provided pTriplEx2 sequencing primsedwith standard Ds-DNA-sequencing

protocol.

2.2. Restriction enzyme digestion of plasmid DNA

Because the high quality of sequence data deparetslg on the quality and quantity of the
template DNA, it is important to make a restrictidigest of the plasmid DNA and evaluate
the size and the quantity of the cloned DNA insEne mixture of enzyme reaction contains 1
ul of plasmid DNA, 0.5ul of EcoRIl and Xho | enzyme (Fermentas, 40))/4 pl of
10xbuffer (Y+/TanqoTM, Fermentas), and H20 to tmalfreaction volume of 2@l. The
reaction was incubated at 37°C for 3 hours. To khlee progression of a restriction enzyme
digestion, 1% agarose gel with ethidium bromidel¥TAE buffer was prepared. Digested
plasmid DNA and DNA markers were loaded onto thie gkectrophoresis was performed at
80 V for 1 hour. After electrophoresis, the gel wéeced on an UV light box and a picture of
DNA separation pattern was taken with a Polarordera.

2.3. Determination of nucleotide sequence
2.3.1. Sequencing reaction

Double strand plasmid DNA with insert was sequendedboth directions by the
dideoxynucleotide termination method (Sangeal, 1977). The four reactions mixes were set
up for each template, respectively, each contaimaithdour deoxynucleotides triphosphates
(dNTPs) and one of the four dideoxynucleotide wgphates (ddNTPs), to generate four
different sets of fragments. The synthesis of DNvArgl is initiated at a vector specific site to
which the primer is annealed and terminated byrtberporation of a ddNTPs.

The sequence reaction was performed using the Begum EXCELTM DNA Sequencing
Kits-LC (Epicentra Technologies, Madison, WI) wiftluorescent-labeled primers. The
procedure was done as follows: for each templaid, & each termination mix G, A, T, C
was dispensed into four different microcentifugbets labeling with G, A, T and C. The
master mixture was prepared by mixing fl2of sequence buffer, 0.pl of each labeled
primer (2 pmole, IR41-labeled reverse and univergaer), 50-250 fmoles of DNA template,
1 ul of DNA polymerase (5 wd) and sterile, deionized H20 to bring total voluhoel7 pl.
Followed by dispensing dl of the mixture to each of four tubes containirgrfination Mix
(G, A, T, C), respectively. A drop of mineral oilw placed on top of each reaction mixture,
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and tubes were put into a TRIO-Thermoblock (Biome@Gottingen, Germany). Sequencing
reaction was started at 94°C for 5 minutes to deratlouble-stranded templates. Then 30
cycles were performed, during each cycle, the r@aavas raised to 94°C for 1 minute to
denature double-stranded templates, lowered to 6@°C minute to anneal the primer to the
template, and then raised to 70°C for 1 minutetlier elongation step. When the PCR was

finished, 4ul of stop / loading buffer was added to each reactiibe.

2.3.2. Denaturing polyacrylamide gel electrophoresis

The denaturing polyacrylamide gel was prepared.2nnm thickness using a set of 41 cm
long glass plates. The gel contained 30 ml of SggjuXR (6% National Diagnostics,
BIOZYM), 7.5 ml of Sequagel buffer, 40d of DMSO (Sigma) and 30Ql of 10% fresh
APS. After the gel had been cast, it was allowedptbymerize for 1 hour at room
temperature. Then, the gel was installed in a LIC&Romatic sequencer (Model 4000L)
following pre-electrophoresis with 1xTBE buffer atrunning condition of 1500 V, 37 mA
and 50°C for 45 minutes. The loading area of tHenge rinsed carefully by pipetting gently
up and down and a shark toothcomb was insertetltbatteeth just touched the gel, with the
teeth forming the sidewalls of the wells. In orderseparate the synthesized DNA fragment
from the template strand, and to allow the DNA lowf through the gel before loading
samples onto the gel, the products of sequenciactiom have to be denatured by heating at
80°C for 5 minutes and chilled on ice immediatélyl product of each reaction was loaded
into the wells of the gel according to G, A, T, I€ddjacent order. The sequencing reaction
products are size-separated by the denaturing golganide gel electrophoresis. Sequence
alignments were collected and analyzed with DNA§Fharmacia Biotech, Freiburg,
Germany) and BLAST software on NCBI GenBank (Altdatt al, 1990)

3. Serological analysis of positive clones

3.1. Preparation of sera

To remove antibodies in the serum that could reattt bacterial or phage components the
serum used for serological analysis must be prerabd by the following two methods. This

was only done for sera that were used at high cureteon (dilution 1:100).
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3.1.1. Affinity chromatography absor ption

Antibodies to E. coli and phage components candmoved from serum using affinity
chromatography that exploits the specific bindih@matibody to these antigens held on a solid
matrix. These antigens are bound covalently to lsilaémically reactive beads loaded into a
column. When serum passes over the column congathsantigen binding beads, antibodies
to E. coli phage components will bind to the beadsthe column, which results in the
removal of antibodies against bacteria and phages the serum. In this study, two different
affinity columns were used for the treatment of $bea.

a) Preparation of L column

The L column contains bacteria and phage componEatsthe preparation of the L column,
50 ml of LB-Tetracycline-medium containing XL-1 BIMMRF’ E. coli is cultured at 37°C

with shaking overnight. Aliquots of the bacterialtare medium were placed in a 50 ml tube
and centrifuged at 3000 rpm for 30 minutes to dheepellet. The bacterial pellet was then
resuspended with 2 ml of 0.01 M MgS0O4, of whichQ g0of insert-free\TriplEx2 phages in

5 ml of LB-medium. The mixture of phages and baatewas placed at 37°C for 4 hours
under shaking for lytic infection. The rest of th&cterial suspension mixed with 5 ml of LB-
medium was added to this cultured mixture to cardimcubation for another 2 hours at the
same conditions as before. Then, the mixture wagifteged at 8000 rpm for 10 minutes.
The pellet was saved and resuspended in 10 ml »fMOPS buffer (3-(N-Morpholino)-

propanesulfonic acid) followed by sonication for §8conds twice on ice. The disrupted
bacteria were mixed with 1 ml of affinity adsorbéRioche Diagnostics GmbH, Mannheim,
Germany) in a 50 ml Falcon tube. The tube was w&gitdy overhead rotation at 4°C

overnight in order to let the affinity adsorbemdithe antigens completely.

After overnight rotating, the tube containing thtigen binding absorbent should be rinsed in
20 ml of PBS containing 0.01% NaN3 by rotating &€ 4or 30 minutes. After discarding the
PBS, 20 ml of 1 M glycine is loaded into the tubecbntinue rotating for 2 hours at 4°C.
Finally, the PBS wash is repeated once more. Tihe iuready for pre-absorption of serum.

b) Preparation of M column

The M column contains only bacteria antigens. Tékep of XL-1 blue MRF was directly
resuspended in 10 ml of 1xMOPS buffer by vortexifige bacteria were disrupted by
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sonication and mixed with affinity adsorbent. Thegedure is the same as that described

above for the preparation of the L column.

3.1.2. Lytic bacteria membrane absor ption

Empty pTriplEx2 phages (pfu 50,000) (without cDN#serts) were incubated with XL-1 blue
MRF (OD600=0.5) at 37°C for 15 minutes, followey tmixing with top agar without adding
IPTG and plating on a LB-Tet agar plate. After ibating overnight at 37°C, the phages were
blotted onto a nitrocellulose membrane and ke@7aC for 1 hour. The membrane was then
blocked with 5% low-fat milk and subsequently wakhEhe main procedure was the same as
described above. The membrane containing the baateria was air-dried, stored at room

temperature and was ready to use for the pre-atisog the sera.

3.1.3. Pre-absorption of sera

The sera were first diluted at 1:50 with 20 ml 0% low-fat TBS and loaded to the M
columns with rotating overnight at 4°C. Each semnwas transferred from the M to the L
column to continue absorption under the same comdit After passing through both
columns, the serum was placed in a plate withia bacterial membrane by shaking at room
temperature. A new lytic bacterial membrane remglabe lytic bacterial membrane every 4
hours for four times. Finally, the serum was ditute 1:100 containing 0.01% NaN3 and
Thimerosal. The serum was stored at 4° C until A$er passing of the serum, the column
was regenerated by rinsing in acid condition ineottd elute the binding antibodies. 30 ml of
0.1 M Tris (pH 3) was used to wash the column thfiar 30 minutes at 4°C with rotating,
followed by a wash in TBS twice 30 minutes. Theuooh can be preserved in PBS containing
0.01% NaN3 in 4°C for reuse.

3.2. Phage assay for the detection of serum antibed

For the detection of antibodies with binding adgivior the proteins in the lytic plaques, sera
from different individuals and monoclonalized phad®m the positive clone were mixed, at
a ratio of 1:10, with non-reactive phages of th&éOibrary as an internal negative control.
To avoid false negative results due to the decortippsof sera, a clone, PINCH (EMBL
Data library, Accession N0.U09284) known to reaithwnost of human sera, was chosen as
a positive control for serum quality. The clone pasitive control and the clone positive in
the library screening were used to transfect bactegspectively. Then, transfected bacteria
were mixed with top agar and IPTG by plating onasafe quarters of the same agar plate.
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The plate was incubated in 37°C overnight, followsd blotting onto a membrane and
serially washed. The 1:100 diluted E coli-absorbeth were tested with immunoscreening
procedure as described above. To compare diffeyemim relativities, testing was done in
parallel and developing was stopped after 5 minutes

4. Expression assay by reversetranscription PCR
4.1. Hematopoietic progenitor cell assay

CD34 cells were purified from bone marrow of PNH-1 (aliwas positive against the first
isolated clone) and a non PNH patient (as contrsijig magnetic cells sorting (MCS Kit-
Miltenyi Biotec , Germany) accordirtig the manufacturer’s instructions.

4.1.1. Preparation of bone marrow cells

Bone marrow was collected in 50 mL tubes contairbhghL PBS + 2 mM EDTA. For
preparation of single cell suspension of bone marcells, it was diluted with 10 x the
volume of RPMI 1640 containing 0.02 % collagenasariél 100 U/mL DNase and was
shaken gently at room temperature for 45 minutée Gells were passed through |30-
nylon mesh (Miltenyi Biotec, Germany); the mesh wastted with buffer before use. 35 mL
of diluted cell suspension was layered carefullyerod5 mL of Ficol-plaque. It was
centrifuged for 35 minutes (400 g, +20°C) in swingbucket rotor without brake. The upper
layer was aspirated leaving the mononuclear cgrlaindisturbed at the interphase. The
interphase cells (lymphocytes, monocytes and ttenthocytes) were carefully transferred to
a new 50 mL tube. The tube was filled with PBS aonbg 2 mM EDTA and centrifuge for
10 minutes (300g, 20°C). The supernatant was rechovenpletely, and the cell pellet was

resuspended in a final volume of 3@f Buffer for up to 18 total cells.

4.1.2. Magnetic labeling

The number of cells was determined using a Neubauanting chamber, the cell suspension
was centrifuged at 300g for 10 minutes, and theeswgiant was aspirated completely. The
cell pellet was suspended in 300of buffer up to 18 total cells and 10l of FCR blocking
reagent was added for up to®16tal cells then 10Ql of CD34 Microbeads for up faotal
cells. Mixed well and refrigerated for 30 minutdss(C).
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After that, the cells were washed using 5-10 mlbuffer for up to 18cells, centrifuged at
300 g for 10 minutes. The supernatant were conlipleispirated and the pellet was

resuspended up to &ttal cells in 50Qul of buffer.

4.1.3. Magnetic separation with L S columns

A column was placed in the magnetic field of aahli MACS Separator. The column was
prepared by rinsing with appropriate amount of &ufLS: 3 mL). The cell suspension was
applied onto the column. Unlabeled cells that pssugh were collected and the column was
washed with appropriate amount of buffer. The waghsteps were performed by adding
buffer three times. A new buffer was added only mvilee column reservoir is empty (LS:

3X3 mL). The total effluent was collected; thighe unlabeled cell fraction.

The column was removed from the separator and glacea suitable collection tube. An
appropriate amount of buffer (LS: 5 mL) was addetbadhe column and the magnetically
labeled cells were immediately flushed out by fyrplushing the plunger into the column.

The number of cells was determined again and pdszk® RNA extraction.

4.2. Extraction of Total RNA

Ribonucleases are very stable enzymes responsibRNA hydrolysis. RNase A can easily
survive autoclaving and other standard methods mitep inactivation. To prevent
contamination of RNase, all glassware used for R&raction should be baked for a
minimum of 3 hours at 250°C. For plastic ware, RiNase products should be used or be
treated with DEPC-H20 (de-ionized water treatechwiiethyl pyrocarbonate) overnight and
autoclaved for at least 30 minutes.,CH should be treated with 0.1% DEPC
(Diethylpyrocarbonate, Sigma) overnight under shgkand autoclaved to remove residual
DEPC.

Total RNA was isolated by a modification of the glexstep acid guanidium thiocyanate
(GITC)-phenol-chloroform RNA extraction method (@hcezynski & Sacchi, 1987) or by
using the RNeasy Mini Kit (Qiagen, Germany). Intggrof the RNA was checked by
electrophoresis, the yield was measured by UV gbisor. 5 ml of GITC-buffer was mixed

with 1% B-mercaptoethanol (Sigma) in a 12 ml tube (Falcovhite caps”) and the mixture
was added to about 5Q0 cell suspension, and immediately homogenized antbmpletely

homogeneous lysate was obtained. Then 0.5 ml of 2oMum acetate (pH 4.0), 1 ml of

chloroform and 4.5 ml of TE-saturated phenol pH 4CGarl Roth GmbH, Karlsruhe,
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Germany) were added. The mixture was vigorouslytexad and placed on ice for 30
minutes. To get the phase separation, the mixtuae eentrifuged (75009, 4°C) for 15
minutes and 4 ml upper aqueous layer was cardfalhsferred to a new tube containing 6 ml
of isopropanol. After vortexing briefly, the sampleas placed at -20°C overnight. A
subsequent wash with cold ethanol (80%) followedobgf centrifugation. The RNA pellet

was air dried at room temperature for 15-30 minuéesl dissolved in DEPC-treated H20.
Aliquots of RNA were stored at - 80 °C until use.

For checking the integrity and assessing the amouRNA, 1ul of RNA mixed with loading
buffer was placed at 70 °C for 5 minutes and qyickiilled on ice. The sample of RNA and a
standard of RNA (E. coli RNA) used to evaluate #mount of RNA were loaded in 1%
formalin/MOPS gel. Electrophoresis was performedhwixMOPS buffer at 80V for 40

minutes. RNA pattern was visualized under the Wdjtli

4.3. First-strand cDNA synthesis

For each reaction, 2-hg of total RNA was mixed with Ll of dT18-oligonucleotide (50
pmol/ul), 1 ul of ANTP (10 mMol of each dATP, dTTP, dCTP, dGHAY DEPC-treated 1@
to a volume of 13uU. The mixture was heated to 70°C for 5-10 minaed quickly chilled on

ice.

The content of the tube was collected by brief iiergation and 6ul of the master mixture
was added containing @ of 0.1 M DTT, 4ul of 5 x first-strand cDNA buffer and 048 of
moloney murine leukemia virus (MMLV) reverse tramgtase Il (GIBCO/Life
Technologies), followed by pipetting gently up addwn for mixing. The reaction was
incubated for 60 minutes at 42°C, and then theticgawas stopped by heating at 70°C for 15
minutes. The entire process was performed in arpanognable thermocycler (Biometra,
Germany). The first-strand cDNA was stored at -20~@! use.

Integrity of the cDNA was proven by amplificatiorf abiquitously expressed p53 gene
transcripts in a 30-cycle PCR (Guaeal, 2000), using the following primers: 5’-ACT GAA
CAA GTT GGC CTG CAC-3' (sense, exon 10) and 5-T@GGA TGT GCT TGC AGA

ATG-3’ (anti-sense, exon 11). Only those cDNA, teapressed p53 well, were used further.
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4.4. RT-PCR analysis of identified clones

To evaluate the mRNA expression pattern of idesdiftlones, RT-PCR was performed by
amplification of the cDNA from normal and PNH CD3dells. The gene-specific primers
utilized in RT-PCR reactions were designed to afyplihe coding sequences of

corresponding serologically defined antigens amdssized commercially (MWG, Biotech).

For MPHOSPH 1, the forward primer (5 - GTGAGTAAAAGICTCTCAG -3°) and the
reverse primer (5°- GAAGCTGACTTTAAGAC -3") were dignl. For desmoplakin, the
forward primer 5-GGCTTCGAGGGTGTGAAGGGAAAGAA -3%) and the reverse
primer (5- TGCGGTGTCCCTTAAGAAGGATGA -3°) were used

0.8 ul of first-strand cDNA was amplified using 0.2 U AhTaq Gold (Perkin Elmer,
Weitersadt, Germany), il of dNTP (10 mMol of each dATP, dTTP, dCTP, dGTP)l of
each primer and 8l of PCR buffer in a reaction volume of 30. The amplification was
performed with 35 cycles at a denaturation tempegadf 94°C (1 min/cycle); an annealing
temperature of 60°C for desmoplakin and 51°C forHMSPH 1(1 min/cycle); and an
extension temperature of 72°C (1 min/1kb). The REdlucts were analyzed by agarose gel
electrophoresis. GAPDH was used as Housekeeping, ged Testis cDNA as DNA positive

control.

4.5. Electrophoresis procedure

The electrophoresis chamber was filled with (1x JAkffer. Each PCR-product was mixed
with blue marker 5:1 (i.e. 10l PCR product + 2ul marker) in a clean Eppendorf tube. The
rest of the PCR product was stored at 2-8°C us#l Each mixture was pipetted into one of
the 1% agarose-gel cups. In the first cupull6f DNA marker VIII (Roche, Germany) was
added. The agarose-gel was placed in the electrepisechamber and the electrophoresis
was performed using 400 mA, 100V for 45 min. Aftieat, the agarose-gel was exposed to

UV-light (UV-photo documentation) to visualize theoducts.
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5. Sudy of antibody levels in the sera of PNH patients and
controls

5.1. Generation of MPHOSPH 1 expression construct
5.1.1. Amplification of MPHOSPH 1 construct with PCR

MPHOSPH1 cDNA was amplified from isolated phagesngisPCR with the following
primers: forward primer (5- GATATCATGCACAGCATATTCBTGTTAAA -3°) and
reverse primmer (5 - GATATCACTTTGAAAATAGTGAGTCAGAAAS))

Both primers were diluted with appropriate volunielistilled water to get the concentration
of 100 pmol/ul, after that they were mixed 1:1 and stored at 2%20until use. This stock
solution was diluted 1:10 with distilled water whased. The following PCR components
were mixed in an Eppendorf: 0.5 pul DNA (isolatecgés), 2 pl primers mix, 0.2 pul dNTPs,
3 ul Taq buffer, 0.2 pl Taqg polymerase and 24.5liglilled water. 0.5ul water was used
instead of DNA as negative control, the amplifioatiwas performed using the program

showed in table 6:

Table6: PCR program used to amplify MPHOSPH1 cDNA.

Time (min: sec)| Temperature (°C) Cycle number
Hot start 12:00 94 1
Denaturation 01:00 94
Annealing 01:00 51 35
Extension 01:00 72
Final extension| 9:00 72 1

After amplification, the DNA product was mixed witiue marker and separated according to
the molecular weight using gel electrophoresis #nagarose gel for 45 minutes. The next
step was to detect the products using ultra viaét source and by comparing with the used
DNA-marker VIII the position of MPHOSPH1 band wastermined (~ 300 bp).
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5.1.2. DNA cloning with TA vector

The plasmid vector pCRII-TOPO (Invitrogen, KarlseuliGermany) was used for the first step
of cloning. Because the vector is supplied lineatiand contains single 3"-thymidine (T)
overhangs for TA Cloning and topoisomerase | cawdlebound to the vector, the PCR
product amplified with Taq polymerase could be elbulirectly. In an Eppendorf, O PCR
product was added to gl salt solution, 0.5ul vector and 3ul distilled water. It was mixed
gently and incubated for 5 minutes at room tempeeaf22-23°C). After the incubation time,
the reaction was placed on ice.

5.1.3. Transformation into DH5a bacteria

Transformation of the cloned product leads to atiplidation of the product depending on
the multiplication of the bacteria. TransformingaH5a (Invitrogen, Karlsruhe, Germany)
was done using the manufactures guidelines asafimitp 2 ul of the TOPO cloning reaction
was added into a vial of (@) DH50 and mixed gently. The mixture was incubated orfoce

5 to 30 minutes. After that, the cells were exposedHeat-shock for 30 seconds at 42°C
without shaking. The tubes were immediately tramstéonto ice and kept stay for 5 minutes.
10- 50ul of cells were spread on a pre-warmed LB plateaiomg 50-100ug/ml ampicillin

and incubated overnight at 37°C.

5.1.4. Analysis of Positive Clones

Tens Miniprep protocol (GE Healthcare, Munich, Gany) was used to isolate the plasmid
DNA from DH5qa; the following materials are necessary for théaison:

TENS Buffer

10 mM Tris-HCI pH 8.0

1 mM EDTA pH 8.0

0.1 N NaOH

0.5% SDS

TE pH 8.0

10 mM Tris-HCI pH 8.0

1 mM EDTA pH 8.0

95% EtOH precooledto-20°C
70% EtOH precooled to -20° C
3 M Na Acetate pH 5.2

RNAse A
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The isolation was done using the manufactures gnete 2-6 colonies were taken and
cultured overnight in 4 ml LB medium containing 5§/ ml ampicillin.1.5 mL of culture was
centrifuged at 14.000 rpm for 1 min and the supamtavas removed. To the Pellet, 20 ug/ml
RNase A was added and vortexed for 5 seconds. #f&gr 300 pl of TENS was added and
vortexed for 5 seconds. After adding 150 pl of 3EIMc pH 5.2 and well mixing, a white
precipitate was formed. The supernatant was trenesfeoy pouring into a fresh tube and
washed with 1 ml 95% EtOH and spined at 14 krpm Xfominute. The supernatant was
removed. The pellet was washed with 1 ml 70% Et@H dried in air for 5-10 minutes at
RT. After that, it was resuspended in 8@listilled water.

In an Eppendorf, 2 ul DNA was mixed with 4 pl 10%4ngo buffer (Fermentas GmbH, St.
Leon-Rot. Germany), 0.5 ul enzyme (Eco RI) and 38.distilled H20. The mixture was
incubated at 37°C for 60 min, and then run on 2% @ge 1XTAE gel to determine the clones

containing the required inserts.

5.1.5. Cloning with pSFiExpress-HA

MPHOSPHL1 insert was subcloned in frame into pSipEss-HA vector (Fig 20) for His-tag
fusion protein. pSfi-Express-HA vector is a denvatof pEGFP-C1 vector (Takara Bio
Europe, Saint-Germain-en-Laye, France), the pladmasl a neomycin resistance gene for
selection in mammalian cells. At first, both insand vector were digested with SMAI restrict

Enzyme (Fermentas GmbH, St. Leon-Rot. Germany).dideestion was done as following:

In an Eppendorf; 5 ul Insert or dl vector, 5 pul 10X buffer (tango), 048 BSA, 39.5 pl
distilled H20 and 0.5 pl enzyme SMAI were mixed el

The mixture was incubated d87°C for 120 min and run on 2% agarose 1XTAE gel. Two
bands could be identified. The first band was al20®0 bp, which referred to the vector, and
the second band was about 300 bp for MPHOSPH1-DNA.
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Figure 20: A schematic representation of pSfi-Express-HA vector.

5.1.6. DNA purification from Gel Band

GFX PCR DNA and Gel Band purification kit (GE Héwalare / Germany) was used to purify
the construct from agarose gel, the kit uses atobgio agent that denatures protein, dissolves
protein, and promotes the binding of double- steahDNA to a glass fiber matrix. Once the
DNA is captured, protein and salt contaminantsveashed away, and the purified DNA is

eluted in a low ionic strength buffer (TE, Tris-H@ water). The following components were
included in this Kit:

Capture buffer Buffered solution containing acetaad
chaotrop

GFX columns MicroSpin columns pre- packed with asgl
fiber matrix.

Collection tubes 2 mL capless microcentrifuge tube.

Wash buffer Tris-EDTA buffer ( 10 mM Tris-HCI pHG.

1 mM EDTA). Add absolute ethanol to a final
concentration of 80 % before use.
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The following reagents were necessary and not sgph the Kit: absolute ethanol and
Elution buffer: 10 mM Tris-HCI, pH 8.0, 1 mM EDTArdE buffer (10 mM Tris-HCI pH
8.0, 1 mM EDTA).

The following equipments were necessary for théfipation:

- Microcentrifuge: that accommodates 1.5 ml microg@rge tubes.
- Tubes: 1.5 ml microcentrifuge tubes.
- Scalpel or razor blade.

- Incubator or water bath / 60° C.

The purification was done according to the manui&ets instructions as follows: an empty
1.5 ml microcentrifuge tube was weighed and thegitewas recorded. Using a clean razor
blade or scalpel, the slice of agarose contairieglNA band was excised to be purified and
the slice was cut into several smaller pieces tramsferred them to the pre-weighted 1.5 ml
microcentrifuge tube. The tube was weighed agaththe weight of the slice was determined
by subtracting the weight of the empty tube. THehyl of capture buffer was added to each
10 mg of gel slice (maximum column capacity is 300f capture buffer added to 300 mg gel
slice). After closing the tube, the content wasediby vortexing vigorously and incubated at
60° C until the agarose is completely dissolved%5nin). One GFX column for each tube
was placed, during the incubation in a collectioipet After the agarose had been completely
dissolved, it was briefly centrifuged to collecietsample at the bottom of the tube. The
sample was transferred to the GFX column and inegbat room temperature for 1 min.
After that it was centrifuged in a microcentrifugefull speed for 30 s, the flow-through was
discarded by emptying the collection tube, and@#eX column was placed back inside the
collection tube. The DNA was washed by adding pD6f wash buffer to the column and it
was centrifuged at full speed for 30 s. The coitectube was discarded and the GFX column
was transferred to a fresh 1.5 ml microcentrifugeet After that, a 10 double distilled was
applied water directly to the top of the glass fibetrix (in the GFX column) and incubated
the sample at room temperature for 1 min. To recthespurified DNA, the tube with column

was centrifuged at full speed for 1 min then itq@eded to ligation step.

For the cloning of MPHOSPH1-DNA with pSfi-Expres#Hector, the following reagents
were placed into a 1.5 ml tube:@ DNA + 10l ligase buffer + 1 ppSfi-Express-HA

vector + 2 pl DNA ligase.
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The DNA-ligase enzyme ligates then the two cleayads of the vector. The ligation step was
done at 16 °C over night.

Transformation and miniprep were done as menti@bede. (See paragraph 5.1.4)

5.1.7. Digestion with enzymes
In order to determine which of the colonies corgaine MPHOSPH1-DNA fragment, the

fragments were digested using appropriate resirictinzymes. Using the NEBcutter V2.0

website [ttp://tools.neb.com/NEBcutter2/index.phpthe enzymes that do not cut

MPHOSPH1 sequence was selected.

Two enzymes were used here because using one engiinodeave the vector in one site,
leading to a linear DNA with almost the same six#en two enzymes are used, the vector is
cleaved in two different sites into two pieces. Sddwo DNA fragment differ in size

depending on whether the vector include the irmenbt.

Two different enzymes (Hind Il and Ndel) were ibated for 60 min at 37°C with the
extracted DNA product from the last step. The felloy materials were used for this stept 1
Balll, 1ul EcoRl, 2ul Orange buffer, 04d BSA, 3 ul DNA (from miniprep), 10.5u H20.
The products were then mixed with blue marker amelactrophoresis on 2% agarose gel
was performed. According to the molecular weighttieé bands viewed by UV-light, the
colony, which contained the proper DNA fragmenuldde determined.

5.1.8. Preparation of Midi preps

QIAGEN Plasmid Midi kit (QIAGEN- Dusseldorf, Germ@nwas used in order to gather
enough plasmid DNA for transfection. The procedues done according to manufacturer’s

guidelines as follows:

1- 500ul from miniprep culture was inoculated into 100 Il®-medium containing 5Qg/ pl,

and grown at 37 °C for 14 hours with vigorous shgKi 250 rpm).

2- The cells were divided into two 50 ml tubes &mavested by centrifugation at 4500 X g

for 20 min.
3- Each bacterial pellet was resuspended in 10uffébP1 (Resuspension buffer)

Buffer P1: 50 mM Tris-Cl, pH 8.0, 10 mM EDTA, 106/ml RNase A.
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4- 10 ml buffer P2 (lysis buffer) was added to eadbe, mixed gently by inverting 4 - 6
times. Buffer P2: 200 mM NaOH, 1% SDS (w/v).

5- 10 ml buffer P3 (neutralization buffer) was adde each tube. The contents were mixed
by gently inverting 4-6 times and put on ice forrht. Buffer P3: 3.0 M potassium acetate
(PH 5.0).

6- After centrifugation at 20,000 g for 30 min at 4 °C, the supernatant coimig plasmid

DNA was removed promptly.

7- The supernatant was centrifuged again 20,000 g for 15 min (4°C) and the supernatant
containing plasmid DNA was removed promptly.

8- A QIAGEN:-tip 100 was equilibrated by applying®l Buffer QBT (equilibration buffer),
and the column was allowed to empty by gravity fl@&uffer QBT: 750 mM NaCl, 50 mM
MOPS, pH 7.0, 15% isopropanol (v/v), 0.15% TritorlB0 (v/v).

9- The two supernatants from step 7 were pooledthadsample was applied to the two
QIAEN-tip and allowed to enter the resin by graviow.

10- The QIAGEN-tip was washed with 2x10 ml buffe€ Qvash buffer). Buffer QC: 1.0 M
NaCl, 50 mM MOPS, pH 7.0, 15% isopropanol (v/v).

11- DNA was eluted with 5x1 ml Pre-warmed to 65CAuffer QF (elution buffer). Buffer
QF: 1.25 M NacCl, 50 mM Tris-Cl, pH 8.5, 15% isopaapl! (v/v).

12- DNA was precipitated by adding 3.5 ml room-tengpure isopropanol, mixed and
centrifuged immediately a 15,000 x g for 30 min at 4 °C. The supernatant edesanted
carefully.

13- The DNA pellet was washed with 2 ml of room-parature 70 % ethanol and centrifuged
at> 15,000 x g for 10 min. The supernatant was cdsefidcanted without disturbing the
pellet.

14- After air-drying the pellet for 5-10 min, theNI&. was dissolved in a 20l distilled water

and the concentration was determined.
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5.1.9. HEK 293 Cdll Transfection and cell culture

HEK 293 cell line (Takara Bio Europe, Saint-GermeamlLaye, France) was used for
transfection and protein expression. HEK 293 celé&se generated by transformation of
human embryonic kidney cell cultures (hence HEKdhwsheared adenovirus 5 DNA, and

were first described in 1977

Thawing of the cells

Cells were stored in liquid nitrogen, RPMI mediunasnvadded to dilute the toxic freezing
medium dimethylsulfoxid (DMSO) and the cells wehawed in a water bath at 37°C, then
centrifuged at 3000 x g for 5 min. After that, gwgernatant was disposed and the cells were
resuspensed in a 750 ml flask filled with 500 midmen and incubated at 37° C with 5%
CO2. The cover of the culture bottles was not tightosed to allow CO2 and humidity to
enter the flask. Maintenance of the cells was peréal twice a week with growth and
maintenance medium (1:10) and then incubated & @ith 5% CO2.

Cdll transfection

Transfection of HEK 293 cells with pSfi-Express-H&ctor containing MPHOSPHL1 insert
was done using FUGENE HD transfection reagent (Ra8pplied science, Mannheim,

Germany), the transfection was done following trenafacturer’s guidelines as follows:

The plasmid DNA solution was prepared in steriléevat a concentration of Ouly/ ul. For
initial optimization experiments, a monolayer ofllgethat is 80 — 90% confluent was
transfected in a six-well culture dish, using 32, 5:2, 6:2, 7:2, and 8:2 ratios of FUGENE
HD Transfection Reageniil) to DNA(ug), respectively. FUGENE HD Transfection Reagent,
DNA, and diluent were allowed to adjust to +15 26%C. 100 pl diluents, containing 2 pg
DNA, was Placed into each of six sterile tubes ledbe:2, 4:2, 5:2, 6:2, 7:2, and 8:2. The
FUGENE HD Transfection Reagents (3, 4, 5, 6, B quil) were directly transferred into the
medium containing the diluted DNA without allowimgntact with the walls of the plastic
tubes. The tubes were vortexed for one to two siscém mix the contents and the mixture
was incubated for 15 minutes at room temperatune.tiansfection complex was added to the
cells in a drop-wise manner. The wells were switiecensure distribution over the entire
plate surface. After transfection, the cells weir@ibated for 18 — 72 hours prior to measuring

the protein expression. After this incubation peyithe protein expression was measured
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using western blot analysis. Western blot analysis applied to confirm size and specificity
of the protein using a mouse anti-His monoclonaibady (1:3000; Sigma, St Louis, MO)
and a MPHOSPH1-specific mouse polyclonal antibddy00; Abnova, Taiwan).

5.1.10. Western blot analysis

Purified proteins were prepared sodium dodecyl sulfate (SDS) sample buffer. Equal
amounts ofprotein were analyzed by SDS polyacrylamide gekttedphoresis(PAGE),
transferred onto polyvinylidene fluoride (PVDF) maraneqMillipore, Bedford, MA), and
incubated with blocking buffer overnight. Immunaisiavere performed at 1:500 dilution
patients’ serum, mouse anti-His monoclonal antibaaty MPHOSPH1-specific mouse
polyclonal antibody, respectively. Immunodetectisias performed by incubation with
horseradistperoxidase-conjugated antihuman IgG (1:10.000) ndr-raouselgG secondary
antibody (1:5000) as indicated by thest origin of the primary antibody and developed b

chemiluminescend®EN Life Science Products, Boston, MA).
5.2. Generation of desmoplakin expression construct

5.2.1. Amplification of desmoplakin construct with PCR

Amplification of desmoplakin cDNA was done usingetiiollowing primers, as forward
primer 6-GGCTTCGAGGGTGTGAAGGGAAAGAA-3)  and reverse primer (5'-
TGCGGTGTCCCTTAAGAAGGATGA -3°)with annealing temperature of 60 °C.

Both primers were diluted with appropriate volunielistilled water to get the concentration
of 100 pmoljl, mixed 1:1 and stored at -20°C until use. Befase, this stock solution was
diluted 1:10 with distilled water.

The following PCR reaction components were applied: Primers mix, 0.21 DNTPs, 3yl
Buffer Taq 10x, 0.2d Taq polymerase, 24,4 H20 and 0.5ul DNA.

As negative control, 0.pl water instead of DNA was used, the amplificatwas performed

using a PCR-program describedatle 7:
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Table 7: PCR-program used for amplification of desmoplakin construct.

Time (min: sec) Temperature (°C) Cycle number
Hot start 12:00 94 1
Denaturation 01:00 94
Annealing 02:00 60 35
Extension 01:00 72
Final extension 9:00 72 1

After amplification, the DNA product was mixed witllue marker. Using 1 % agarose gel,
the DNA was separated according to the moleculaghwdor 45 minutes. The next step was
to detect the products using ultra violet light meuand by comparing with DNA-marker
VI, the position of desmoplakin band could beetatined (~ 2 Kbp).

5.2.2. DNA cloning with pSectag/FRT/V5-Histopo TA Expression vector

pSectag/ FRT/V5-His topo TA Expression vecf{mvitrogen- Germany) was used for the
cloning (Figures 21 and 22). In an Eppendorf @.3°CR product was added toyd salt
solution, 0.5ul Topo vector and 3l distilled Water. Mixed the reaction gently andubated
for 5 minutes at room temperature (22-23°C). Thetuné was placed on ice and continued to
transforming competent cells. The product was tesigh gel electrophoresis to determine
the desmoplakin Band (~ 2000 bp).
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Figure 21: Schematic presentation of pSecTag/FRT/V5-His-TOPO vector (5185 bp).
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pSecTag/FRT/
V5-His-TOPO®

Comments for pSecTagFRT/VSHis-TOPO"
5185 nuclectides

CMY pramoler: bases 232-819

CMY forward priming sile: bases TE9-789

TF promotedpriming site: bases B63-8582

K secration signal: bases 805-967

TOPO® Cloning site: bases 10121013

V& epitope: bases 1046-1087

Payhistidine (GxHis) region: bases 10971114
BGH reverse priming sile: bases 1137-1154
BGH palvadenylation signal: bases 1143-1367
FRT site: bases 1651-1698

Hygromycin resislance gena (no ATG): basaes 17T06-2725

S5V 0 earty polyadenylation signal: bases 2858-2988

plJC origin: bases 3371-4044 (complementary strand)

ba promoter: bases 5050-5148 (complementary strand)

Ampicilin (bia) resistance gene: bases 41895049 {complemantary strand)



—— CMV promaoter CAAT
I I
121 ARAATCAACG GGACTTTCCA AAATGTCGTA ACAACTCCGC CCCATTGACG CAAATGGGCG
CMV forward priming site TATA 3 end of CMV promoter putative transcriptional start
781 GTAGGCGTGT ACGGTGGGAG GTCTATATAA GCAGAGCTCT CTGGUTAACT AGAGAACCCA
TV promater/priming site Nhe |
I 1 |
841 CTGCTTACTG GUCTTATCGAA ATTAATACGA CTCACTATAG GGAGACCCAA GCTGGUTAGC
lg K-chain secretion signal
[
901 CACC ATG GAG ACA GAC ACA CTC CTG CTA TGG GTA CTG CTG CTC TGG GTT
Met Glu Thr Asp Thr Leu Leu Leu Trp Val Leu Leu Leu Trp Val
950 CCa GGT TCC ACT GGT GAC GCG GCC CAG CCG GUC AGG CGT GUG CGC CGT
Pro Gly Ser Thr Gly hsp‘Ala ARla Gln Pro Ala Arg Arg Ala Arg RArg
Signal Cleavage Site ASp?’l‘BI K,r:uirl BalmHI
995 ACG AAG CTC GCC CTG GGC GAG CTT GGT ACC GAG CTC GGA
G CGG GAE Product TTC CCG CTC
Thr Lys Leu Ala Leun Lys Gly Glu Leu Gly Thr Glu Leu Gly
W5 epitope
[ 1
1040 TCC GAA GGT AAG CCT ATC CCT AAC CCT CTC CTC GGT CTC GAT TCT ACG
Ser Glu Gly Lys Pro Ile Pro Asn Pro Leu Leu Gly Leu Asp Ser Thr
Age | Palyhistidine (6xHis) region Pme |
| T ! | [
1088 CGT ACC GGT CAT CAT CAC CAT CAC CAT TGA GTT TARACCCGCT GATCAGCCTC
Arg Thr Gly His His His His His His #***
BGH reverse priming site
1141 GACTGTGCCT TCTAGTTGCC AGCCATCTGT TGTTTGCCCC TCCCCCGTGO

Figure 22: Sequence of the cloning sites of pSectag/FRT/V5-Histopo vector.

5.2.3. Cdll transfection with the vector

On the day of transfection, HEK 293 cells wereddsthe cell confluency has to be about 70-
80 %. For Transfection, FUGENE HD Transfection (Ro®dpplied science - Mannheim,
Germany) was used. The transfection complex wase daccording to manufacturer’s

instructions as follows:

Five ung DNA was suspended in 10 RPMI medium, for transfection control, & green
fluorescent protein (GFP) instead of DNA was ugter that, 7.5ul FUGENE were added
carefully according to transfection ratio (DNA/FUSE = 2/3), mixed gently and stored 15
minutes at room temperature. The transfection mextuas then added to the cells growing in
2 mL RPMI Medium 1640 medium (Invitrogen- Germamyjh 10 % v/v fetal calf serum
(FCS) and was grown at 37°C with 5% COZ2. After ¢hdays, the growing of the cells was
tested and 1 mg/ml Geneticin G 418 sulfathich is an aminoglycoside antibiotic similar in

structure to gentamicin B1) was added.
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Western blotanalysis was applied using a mouse anti-His momatlantibody (1:3000;
Sigma, St Louis, MO, USA) and desmoplakin 1&2 mousenoclonal antibody (1:2000,
Biotechnica, Germany) as described by MPHOSPHL1.

5.3. Titration of antibodiesby EL1SA

In order to determine the titers of antibodies agfaihe two gene products in the sera of PNH
patients and healthy controls; sera were testedrdactivity against desmoplakin and
MPHOSPH1 by ELISA. Plates were coateith mouse anti MPHOSPH1 antibody for
MPHOSPH1 and rabbit anti mouse antibody followedniyuse anti-desmoplakin antibody
for desmoplakin (Figure 23).

Strep pox

’ I Anti Human TgG

Strep pox

Anti Human IgG

P. Serum

Desmoplakin

Anti Desmo

Anti Mppl Rabitt anti

Elisa for MPHOSPH 1 Elisa for Desmoplakin
Figure 23: EL1SA system for desmoplakin and MPHOSPH1.

Plates were washed with PBS and blocked overnight 4°Cwith 5% nonfat dry milk in
TBST. After washing the plates with PBS, 100 ul @ell lysate were added to each well and
incubated at 37° C for two hours. Using PBS, tlagsl were washed three times and patients’

sera were added #ofinal dilution of 1:1000 and incubated at roommperature for 2 hours.
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After washing, the plates were incubated with afiel phosphatase-conjugategbat
antihuman IgG antibody (1:7500; Promega) at roomperature. Finally, the plates were
washed and incubated wiganitrophenylphosphate (PNPP) substrate (Pierce, Rockford, IL)
at room temperaturgnd the optic density (OD) at 405 nm was determiegbositive
reaction was defined as an absorbance value exgetti mea®D absorbance value of sera

from healthy donors by three standdeviations.

6. Epitope mapping

In order to detect hot spots of epitopes recognirednti-desmoplakin antibodies and anti-
MPHOSPHL1 of different patients, epitope mapping wadormed usingCR with different
primers that amplify small fragments (~ 200 bp)fteAamplification, fragments wehgated
individually into pSectag/FRT/V5-His topo TA expsésn vector(Invitrogen- Germany).
Using FUGENE HD Transfection (Roche Applied scienddannheim, Germany); HEK293
cells were transformed with each of the construp®dctag/FRT/V5-His topo TA Vectéor
peptide expression. An ELISA system was establishgdcoating wells with anti-HIS
antibodies followed by cell lysates from each @ thulture mentioned above. After washing,
patients’ sera, that showed reactivity against aggakin and MPHOSPH1, were added.
After that, plates were incubated with alkaline glmatase-conjugategbat antihuman IgG
antibody (1:7500; Promega) at room temperatureallyinthe plates were washed and
incubated with p-nitrophenyl phosphate (PNPP) satest(Pierce, Rockford, IL) at room

temperatureand the optic density (OD) at 405 nm was determined

7. Construction of cDNA Library from CD34" Cells
7.1. CD34 cells Isolation

400 ml peripheral blood with EDTA was used frommat individual to isolate CD34cells.
The selection was done using CD34 MicroBead Kit ligiyi Biotec, Germany). The
following steps were done accorditogthe manufacturer’s instructions:

7.1.1. I solation of peripheral blood mononuclear cells (PBMCs) using Ficoll-
paque

The cells were diluted with four volumes of phodghlauffer saline (PH 7.2) supplemented
with 2 mM EDTA. Over 15 ml Ficoll-Paque (GE Heal#ine companies, Germany) 35 mL of
diluted cell suspension was layer carefully in an®l0 conical tube and centrifuged at 400xg

for 40 minutes at 20 °C in a swinging bucket rotathout brake. After that, the upper layer
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was aspirated leaving the mononuclear cell laydrstarbed at the interphase. The interphase
contains lymphocytes, monocytes and thrombocytés. ifiterphase was transferred into a
new 50 mL conical tube. The tube was filled with§?8ontaining 2 mM EDTA, mixed and

centrifuged at 300 xg for 10 minutes at +20°C drel gupernatant was removed completely.
In order to remove the platelets, the cell pelleiswesuspended in 50 mL of buffer,

centrifuged at 200 xg for 15 minutes at +20 °C #rasupernatant was removed completely.
In order to remove the platelets completely, thst Eep was repeated. The cell pellet was

resuspended in a final volume of 300 pL of bufied atored in +4 °C for use.

7.1.2. Magnetic labeling and separation

The magnetic labeling and separation was made ublegrotocol mentioned above (see
4.1.2 and 4.1.3). After separation, cells were tedirusing a Neubauer counting chamber.

The purity of CD34 cells was tested using flow cytometry.

7.2. Extraction of mRNA
7.2.1. Extraction of total RNA

RNeasy Mini kit (Qiagen, Germany) was used to etttatal RNA from the selected cells.
Before starting, the reagents provided by the kitenprepared:

10 ul B-mercaptoethanoB¢(ME) was added to 1 ml RLT buffer. The buffer RP&svsupplied
as a concentrate, so that 4 volumes of 100% ethaeot added to make the working

solution. RNA extraction was done according torttenufacture’s guidelines as follows:

1. The cell suspension was centrifuged for 5 miBG&t xg and the supernatant was removed
carefully, the cells were disrupted by flicking thie and adding 35@ buffer RLT, mixed
well by vortexing and proceeded to the next step.

2. The lysate was pipeted into a QIAshredder splaron placed into a 2 ml collection tube,
centrifuged for 2 min at full speed. After that,eomolume of 70 % ethanol was added to the

homogenized lysate and mixed well by pipetting.

3. Up to 700ul of the sample was transferred to an RNeasy spliummn placed into a 2 ml
collection tube, the lid was closed, centrifuged 6 seconds a 8000 g £10.000 rpm) and
the flow-through was discarded.
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4. 700ul buffer RW1 was added to the RNeasy spin colute,lid was closed, centrifuged
for 15 seconds at 8000 g £10.000 rpm) to wash the spin column membrane, badldow-
through was discarded.

5. 500ul buffer RPE was added to the column, the lid wased, centrifuged for 15 seconds
at> 8000 g £10.000 rpm) and the flow-through was discarded. @@uffer RPE was added
again to the column, the lid was closed, centri€ufger 2 min at> 8000 g £10.000 rpm) and
the flow-through was discarded.

6. The RNeasy spin column was placed into a newrL ®ollection tube, 4@l RNase-free
water was added directly to the column membrare Jithwas closed and centrifuged for 1
min at> 8000 g £10.000 rpm) to elute the RNA. Step 6 was repeasedguanother 4@l
RNase-free water in order to have the required atothich was 9@ug total RNA.

7.2.2. Purification of mRNA

For the purification of mMRNA, Dynabeads PurificatiKit (Invitrogen, Germany) was used.
The isolation of mMRNA relies on base pairing betwé®e poly A residues at the 3’ end of
most mMRNA and the oligo (d B} residues covalently coupled to the surface thiaserof the
Dynabeads. Other RNA species lacking a poly Auadlil not hybridize to the beads and are
readily washed away. The following buffers werevinled: Binding Buffer (20 mM Tris-HCI
{pH 7.5}, 1.0 M LIiCl, 2 mM EDTA), Washing Buffer B10 mM Tris-HCI {pH 7.5}, 0.15 M
LiCl, 1 mM EDTA), and 10 mM Tris-HCI (pH 7)5

Purification of MRNA was done according to thedaling steps:

1. The volume of total RNA to10@ was adjusted with 10 mM Tris-HCI, heated to 656C
2 minutes to disrupt the secondary structures tawds finally placed on ice.

2. As a next step, 200l of resuspended Dynabeads were transferred framstbck tube
suspension, dispensed into a 1.5 ml microcentrifuge, and placed on the magnet. After 30
seconds, the supernatant was pipetted off, the wd® removed from the magnet, the
Dynabeads were resuspended in iDBinding buffer, and the tube was placed backhmn t
magnet. After 30 seconds, the supernatant wasepipdt and the tube was removed from the

magnet.
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3. 100 pL binding buffer was added to the Dynabe@ts total RNA was added to the 100
puL Dynabeads/Binding Buffer suspension, mixed thghdy and rotated on a roller for 3-5

minutes at room temperature to allow mRNA to ant@#he oligo (dT)hs on the beads.

4. The tube was placed on the magnet until solubename clear, the supernatant was
removed, the tube was removed from the magnetiffenthRNA-bead complex were washed
twice with 200ul Washing Buffer B. The mRNA was eluted using 15mM tris-HCI and the
eluted mRNA was transferred to a new RNase-freeTub

7.3. First-Strand cDNA synthesis

For this step, a switching mechanism at 5 end NARranscript (SMART) cDNA Library
Construction Kit (Takara Bio Europe, Saint-Germamiaye, France) was used. The

following components were necessary:

SMART IV Oligonucleotide ( 12 puM)
5-AAGCAGTGGTATCAACGCAGAGTGGCCATTACGGCCGGG-3°
 CDS I/ 3'PCR primer (12 uM)

5 -ATTCTAGAGGCCGAGGCGCCGACATG-d(T)30N_1N-3°

(N=A, G, C,or T;N_1=A, G, or C)

» SMARTScribe MMLV Reverse Transcriptase (100 unitk)/
» 5X First-Strand Buffer, which consist of the follog ingredients:

250 mM Tris (pH 8.3)
30 mM MgCI2
375 mM KCL

» DTT (dithiotreitol;20 mM)

« Control poly A RNA (Human Placenta; 1.0 pg/ pL)

* DNA size markers

» 1.1% Agarose/EtBr gel (containing 0.1 pg/mL ethidibromide)

The CDS lll/ 3'PCR primer is a modified oligo (dpj)imer, which primes the first-strand
synthesis reaction, and the SMART [V Oligo serves ahort extended template at the 5’ end
of the mRNA. When the reverse transcriptase (Raghes the 5’ end, the enzyme’s terminal

transferase activity adds a few additional nuctkstj primarily deoxycytidine, to the 3’ end
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of the cDNA. The SMART IV Oligo, which has an olig@) sequence at its 3’ end, base-pairs
with the deoxycytidine stretch, creating an extehtéemplate. RT switches the templates and
continues replacing to the end of the OligonuctimtiThe resulting full-length single strand
cDNA contains the complete 5’ end of the mRNA, adl\as the sequence complementary to
the SMART IV Oligo, which then serves as a univeganing site (SMART anchor) in the
subsequent amplification by long distance PCR. Agiog to the manufacture’s guidelines

the following steps were done:

In a sterile 0.5-mL microcentrifuge tube, the fallng reagents were combined: 1 pL RNA
sample (or 1 pL control RNA for the control) + 1 BMART IV Oligonucleotide + 1 pL
CDS 11/3' PCR primer. A total volume up to 5 pL sv@btained using deionized,®. The
contents were mixed and the tube spun brieflynm@aocentrifuge. The tube was incubated at
72 °C for 2min. The tube was cooled on ice for 2utes; the contents were collected at the

bottom of the tube by briefly spun. The followingntents were added to the tube:
2.0 pL First Strand Buffer
1.0 uLDTT (20 mM)
1.0 uL dNTP Mix (10mM)

1.0 pL SMARTScribe MMLV Reverse Transcriptase

The contents were mixed by gently pipetting andemeriefly centrifuged. The tube was
incubated at 42 °C for 1 hour using a hot lid th@roycler. After the incubation, the tube was
placed on ice in order to terminate first-Strandtbgsis. 2 pL from the mixture for PCR step
was put in a clean 0.5-mL tube, and the tube wasepl on ice. The rest of mixture was stored
at -20 °C.

7.4. Amplification of cDNA by PCR

For the amplification is a 5" PCR Primer necesstmy,primer has the following sequence:
5-AAGCAGTGGTATCAACGCAGAGT-3’

The Advantage 2 Polymerase Mix is used, which isnia of TITANIUM Taq DNA
polymerase (Takara Bio Europe, Saint-Germain-erelL.&yance) - a nuclease- deficient N-
terminal deletion of Taq DNA polymerase plus Stantibody to provide automatic hot-start

PCR- and a minor amount of proof reading polymerdses system allows to amplify
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efficiently full-length cDNA with a fidelity rateignificantly higher than that of conventional
PCR.

The PCR thermal cycler was preheated to 95 °C lamdollowing components were added to

the reaction tube:

2 UL first-strand cDNA

80 uL deionized H20

10 pL 10x PCR buffer

2 uL 50x dNTP mix

2 UL 5’ PCR primer

2 UL CDS 111/3' PCR primer

2 UL 50x Advantage 2 Polymerase Mix

The contents were mixed by flicking the tube gemthy the contents were collected at the
bottom of the tube by briefly centrifugation. The&bé was placed in a preheated thermal
cycler. The amplification was done at annealinggerature of 68 °C for 6 min and 25 PCR

cycles.

After the completion of the cycling, 5 pL of the R@roduct was analyzed alongside 0.1 pg
of 1-kb DNA size markers, on a 1.1 % agarose/Etr g

7.5. Proteinase K digestion

Digestion proteinase K (20 pg/uL) was used for gtep. In a sterile 0.5-mL tube, 50 pl of
amplified ds cDNA and 2 uL of proteinase K were esixand the tube was spun briefly. The
mixture was incubated at 45 °C for 20 min, the tapen briefly. 50 pl of deionized.B® and

100 pL of phenol:chloroform:isoamyl alcohol weredaed to the tube and mixed by
continuous gentle inversion for 2 minutes. The phasere separated by centrifugation at
14.000 rpm for 5 min. The top layer was moved tolemn 0.5-ml tube and the rest was
discarded. To the aqueous layer, the following tkmhs were added: 10 pl of 3 m sodium
acetate, 1.3 pl of glycogen (20 pg/pL) and 260 futoom temperature 95% ethanol. Then, it
was centrifuged at 14.000 rpm for 5 min and thesphavere separated. The supernatant was
removed, without disturbing the pellet, using aepii@. After that, the pellet was washed with

100 pl of 80% ethanol and air dried for 10 min. 7@ of deionized HO was added to
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resuspend the pellet.

7.6. Sfi L digestion

Sfi L enzyme was used for the digestion becausssigsmmetrical restriction sites at the 5’ and

3’ cDNA ends, the recognition sequences of bothA%iind SfilB is shown in table 8:

Table 8: Therecognition sites of SfilA and SfilB enzymes.

Sfi L A site Sfi L B site
5’-GGCC‘ATTA(¥GCC-3’ S5 — GGCCGCCT!GGCC -3
3’-CCGGTK\ATGCCGG-5’ 3 - CCGG’fGAGCCGG -5

For this step, the following components were us®fil:.LEnzyme (20 units/pL), 10x Sfi L
buffer, 100x BSA.

In a fresh 0.5-ml tube, 79 pL cDNA, 10 pL 10x Sfifier, 10 pL Sfi L enzyme and 1 pL
100x BSA were combined, mixed well and incubateB80atC for 2 hours. Then 2 pL of 1 %
xylene cyanol dye was added to the tube and mixadd w

7.7. Size fractionation of cDNA by chroma SPIN-400

Sixteen 1.5-ml tubes were labeled and arrangedackain order, then the CHROM Spin-400
column (which is a spin column packed with gelrdilion resin to rapidly purify and size
select nucleic acid samples) were prepared for gimmgedure. The column was inverted
several times to resuspend the gel matrix compleiéle air bubbles were removed from the
column. The column was attached to a ring stand tlaa storage buffer was drained through
it by gravity flow, until the surface of the geldms in the column matrix became visible. The
top of the column matrix should be at 1.0-ml mankttee wall of the column and the flow rate
should be approximately 1 drop/40-60 sec. Afterdtueage buffer stopped dripping; 700 uL
buffer was added to the top of the column and altaw drain out. When this buffer stopped
dripping (~ 15-20 min), 100 ul mixture of Sfil-digled cDNA and xylene cyanol dye was
applied to the top-centre surface of the matrixe Bample was left to be absorbed by the

surface of the matrix.
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The tube, which contained the cDNA, was washed With puL of column buffer and applied

to the surface of the matrix. After the buffer ¢gal out the column, the rack containing the
collection tubes was placed under the column, 6D®fucolumn buffer was added to the

column, and single-drop fractions were immediatailected. In order to test the fractions,
electrophoresis (at 150 V for 10 min) of 3 pul otledraction on a 1.1 % agarose/EtBr gel
alongside 0.1 pg of 1-kb DNA size marker should rhade. The peak fractions were
determined by visualizing the intensity of the bandhder UV. The first three fractions

containing cDNA were collected and pooled in a rkléab-ml tube. The following reagents

were added to the tube containing cDNA fractions:

1/10 vol Sodium Acetate (3M; pH 4.8)
1.3 pl Glycogen (920 mg/ml)
2.5 vol 95% ethanol (-20 °C)

After mixing gently, the tube was placed in -20f6c 1 hour, and then centrifuged at 14.000
rpm for 20 min at room temperature. The supernatsad removed with a pipette without

disturbing the pellet, the process was repeatedl tlaa pellet was air dried for 10 min. The
pellet was resuspended in 7 pL of deionized watdrmixed gently. The Sfil-digested cDNA

was ready to be ligated to the Sfil- digesed, dgpihorylated. TripelEx2 vector.

7.8. Ligation of cDNA tal TriplEx2 vector

The following protocol is optimized for ligation &VIART cDNA to theh TriplEx2 DNA: A
test ligation was made to determine the efficacligaiting the vector to the control insert. 1
pL of vector, 1 pL of control insert, 1.5 pL of daized BO, 0.5 pL 10xligation buffer, 0.5
pL ATP (10 mM) and 0.5 pL T4 DNA Ligase were uskmjation mixture was incubated at
16 °C overnight. After that, a-phage packaging reaction was applied and thes taéthe
resulting phages were determined, the ligation eomsidered efficiency if 1x10 pfu/pg of
input vector were obtained. In each of three 0.3uhks, 1 pL of vector, 0.5 puL of cDNA, 2
ML of deionized HO, 0.5 pL 10xligation buffer, 0.5uL ATP (10 mM) aldb pL T4 DNA
ligase. The tubes were mixed gently without prodgcair bubbles, briefly centrifuged to
bring contents to the bottom of the tubes. The dubere incubated at 16 °C overnight. After
that, ai-phage packaging reaction was performed and the dit the resulting phages for
each of the ligations was determined. The unaneglifibraries can be stored at 4 °C for 2
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weeks.

7.9. Bacterial culture plating

First, the frozen cells of (E.coli XL1-Blue and B2&b) were recovered by streaking small
portion (5uL) of the frozen stock onto an LB aghate containing the appropriate antibiotic
(LB agar with tetracycline for XL1-Blue stock platand kanamycin) this was the primary
streak plate. The LB agar was incubated at 37 “@roght. After that, it was covered with
parafilm and stored at 4 °C. A single isolated oglérom the primary streak plate was picked
and streaked onto another LB/Mgg&ayar plate without antibodies. The plate was iatedb
at 37 °C overnight. The plate was covered with flaraand stored at 4 °C for two weeks.
This plate is used as a source of fresh coloniesnfoculating liquid cultures and preparing
the next fresh working stock plate. At 2-weeks rva¢s, a fresh working stock plate was

prepared from the previous working stock plate.

7.10. Titration of unamplified library

Determining the titer of the unamplified libraryvgs an estimate of the number of
independent phage and independent clones in thmaryjbwhich helps to determine the
efficiency of the ligation of vector to positive ool insert and the background titer of the
vector alone. The titration was made accordindnéofollowing steps:

1. A single, isolated colony from the working stqukte was picked and used to inoculate 15
ml LB/MgSQOy/ maltose broth in a 50-ml test tube or erlenméhgesk. Then it was incubated

at 37 °C overnight while shaking (at 140 pm) utité OD600 of the culture reached (2.0).The
cells were centrifuged at 5.000 rpm for 5 min, skipernatant was poured off, and the pellet

was resuspended in 7.5 ml of 20 mM MgSO
2. A number of 90-mm LB/MgS£plates were warmed and dried.

3. Dilutions (1:5, 1:10, 1:15, and 1:20) of eachtloé packaging extracts (from 7.8) were
made and the following steps for each dilutionsaxth extract were performed:

1 ul of the diluted phage was added to 200 uL efXhl1-blue overnight culture and allowed
the phage to adsorb at 37 °C for 10-15 min. 2 mimefted LB/MgSQ top agar was also
added, mixed by quickly inverting and immediatelyuped onto 90-mm LB/MgS{plates

prewarmed to 37 °C. The plates were swirled quieltgr pouring to allow even distribution
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of the top agar. The plates were cooled at roonpéeature for 10 min to allow the top agar
to harden, inverted and incubated them at 37 °Cléhours. The number of the growing
plaques was counted and the titer of the phagenibfuvas calculated according to the

following equation:

Pfu/ml = number of plaques x dilution factor x>10./ml

pL of diluted phage plated

By 1:1 vector: insert, 1xICclones were obtained, which means that the rai® optimal for

the ligation.

7.11. Determination of the percentage of recombina@fones

To perform blue/white screening in E.coli XL1-Bluthe same procedure of titration an
unamplified library was followed (Paragraph 7.1&cept adding IPTG and X-gal to the
melted top agar before plating the phage + bactandures. For every 2 ml of melted top
agar, 50 pL of the IPTG and X-gal stock solutioresevused. The plates were then incubated
at 37 °C until plagues and blue color developed!(rdurs). The ratio of white (recombinant)

to blue (non-recombinant) plaques gives a quicknegé of recombination efficiency.
7.12. Library amplification

1. A single, isolated colony from the primary wargiplate of XL1-Blue was picked and used
to inoculate 15 ml LB/MgS@ maltose broth. The culture was incubated at 3bVé&night
while shaking (at 140 pm) until the OD600 of thdtute reached (2.0). The cells were
centrifuged at 5.000 rpm for 5 min, the supernataats poured of, and the pellet was
resuspended in 7.5 ml of 20 mM Mg$50O

2. Anumber of 90-mm LB/MgS(plates were warmed and dried.

3. The required number of 4-ml tubes with 500 ploweérnight bacterial culture and enough
diluted lysate were added to have 6-7%Ixhe mixture was incubated in a 37 °C water bath
for 15 min. After that, 4.5 ml of melted LB/MgSQ®oft-top agar was added to each tube.

4. The mixture of bacteria and phages was pourea ldBYMgSQ, agar plates.
5. The plates were swirled quickly after pouringiiow even distribution of the top agar.
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The plates were cooled at room temperature for itOtonallow the top agar to harden, then

they were inverted and incubated at 37 °C for 110

6. To each plate, 12 ml of 1xlambda dilution buffexs added, stored at 4 °C overnight. The
plates were put on platform shaker (~ 50 rpm),pilages were incubated at room temperature

for 1 hour. Thé\-phage lysate was poured into a sterile beaker.

7. To clear the phage lysate of cell debris antyd4e any remaining intact cells, the phage
lysate was mixed well and poured into a sterilejrB(olypropylene, screw-cap tube. 10 ml
of chloroform was added to the lysate, screw orcipeand vortexed for 2 min, centrifuged at
7.00 rpm, and collected the supernatant into ancitegile 50-ml tube. The cap was tightly
closed and place at 4 °C. The amplified library barstored at 4 °C for up to 6 months. For
long-term storage; 1-ml aliquots were made, DMS@ a@ded to a final concentration of 7 %
and placed at -70 °C.

7.13. Titration of the amplified library

The same procedure that used in the titration afreamplified library was used as follows:

1. A single, isolated colony from the primary wargiplate of XL1-Blue was picked and used
to inoculate 20 ml LB/MgS@ maltose broth (without antibiotic). After that,was incubated
at 37 °C overnight while shaking (at 140 rpm) utié ODQyo of the culture reached (2.0).
The cells suspension was centrifuged at 5.000 gn® fmin, poured of the supernatant, and
resuspended the pellet in 7.5 ml of 10 mM MgS®arm and dry four LB/MgS&agar plate

(90-mm size) as explained above.

2. The following dilutions of the lysate (libraryyere prepared: Onto 1x lambda dilution
buffer, 10ul of the library lysate (dilution 1= 1:100) was ptpd, 10ul of dilution 1 was
transferred into a second tube containing 1mL ofldimbda dilution buffer (Dilution 2 =
1:10.000). Using XL1-Blue overnight culture, obtdhfrom the last step, and phage dilution
2, four tubes were prepared. Table 9 exhibits treants of the four tubes. The tubes were
incubated in 37 °C water bath for 15 min, 3 ml dflied (45 °C) LB/MgSQ@top agar were
added to each of the four tubes, mixed well andrgubihe contents from each tube onto
separate LB/MgS@agar plates (The plates were swirled quickly astraped above).

3. The plates were cooled at room temperature @omin, incubated at 37 °C (inverted
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position) for at least 7 hours. After the growirfgloe plaques, they were counted and the titer
was calculated according to the equation in (Pamyf7.10). A titer of 2x 18 pfu/ml was
obtained. The library was stored in 4 °C and wasdye for the screening.

Table 9: Plating dilutionsfor titration of an amplified library.

1x Lmbda Tube 1x Lambda dilutigrBacterial overnight Phage Dilution2
buffer culture

1 100l 200ul 5ul

2 100ul 200l 10ul

3 100l 200ul 20 ul

4 (Control) 100ul 200l Ol

8. Immunoscreening of cDNA expression library ussing MDS Sera

Sera from 10 MDS patients from Department of Hemogtyp Oncology and Clinical
Immunology, Disseldorf University Hospital (Duss®ll Germany) were used to screen
human fetal liver cDNA library and cDNA library fio normal CD32 cells, using the
SEREX approach as described above (Paragraphr$), €ach serum was diluted at 1/10
with PBS, pooled and saved at 4°C. The serum pasl sereened for antibodies against any

products in both libraries. About 1xX%6lones from each library were screened.
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VI. Results
1. Screening with MDS sera

No reaction could be found by MDS sera neither binag fetal liver cDNA library nor by
cDNA isolated from a normal individual CD34Similarly, the MDS sera did not react with

the gene products isolated with PNH sera.

2. Sequence analysis of defined antigens
The SEREX approach was applied to identify antibsdigainst auto-antigens using the sera

of patients with PNH. By screening more than 1 %fifage plaques from a human fetal liver
cDNA library with 1/100 diluted sera from 10 PNHtigats, the products of two genes were
identified (Figure 24). Lineage-specific expresswas determined by searching the National
Center for Biotechnology Information (NCBI) UniGene database

(http://www.ncbi.nlm.nih.gov/UniGene/):

-
N

Figure 24: Positive signals using the SEREX approach.
2.1. MPHOSPH1

The first antigen was M-phase phosphoprotein 1(MBRB1) (Termed also: kinesin family
member 20B or KIF20B), which is a member of a $ahotic phosphoproteins specifically
recognized by the MPM2 antibody the G/M transition. MPHOSPH1 is a 225-kd protein,
previously known as a slow plus-end-directed kimeslated protein (KRP) that plays critical

roles in cytokinesis (MatsumotoTaniugaal, 1996b) It has a specific pattern of localization
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and expression durinipe cell cycle, being mostly nuclear in interphasdls witha sharp
increase in expression in@nd diffuse in metaphasells, with subsequent association to the
central spindle anthe midbody at the end of mitosis. MPHOSPH 1 isoaeh KRP whose
activity is required for proper progression of dygtesisin human cellsMoreover, using
immunoblots analysis of MPHOSPH 1 distribution iarieus human tissues, it had been
demonstrated that there is no expression of théeiprdy adult liver tissue (Abazet al,
2003b).

2.2. Desmoplakin

The second antigen was encoded by the desmoplakie ghich encode a 240 kd protein
associated with desmosomes. Desmosomes are itdgcginctions that tightly link adjacent
cells. Desmoplakin is an obligate component of fiomal desmosomes that anchors
intermediate filaments to desmosomal plaques (Ei@%). The N-terminus of desmoplakin is
required for localization to the desmosome andracts with the N-terminal region of
plakophilin 1 and plakoglobin. The C-terminus ofsawplakin binds with intermediate
filaments. In the mid-region of desmoplakin, a edikcoiled rod domain is responsible for
homodimerization. Mutations in this gene are thaseaof several cardiomyopathies and
keratodermas as well as the autoimmune diseasaqugiastic pemphigus (Jiao & Bystryn,
1998b). There is no sufficient information aboug tlssue expression of desmoplakin, but it is
known that desmosomes are major sites of inteteelbontact found in a variety of cells such
as epithelial cells, cardiac myocytes, arachnoadls of meanings, and dendritic cells of

germinal centers in lymph nodes (Viratal, 1992).
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Figure 25: Cell adhesion in desmosomes. On the cytoplasmic side of the plasma membramgeth
are two dense structures called the Outer Densg®I60ODP) and the Inner Dense Plaque (IDP).
These are spanned by the desmoplakin protein. Tter@ense Plaque is where the cytoplasmic
domains of the cadherins attach to desmoplakimphlikoglobin and plakophillin. The Inner Dense

Plagque is where desmoplakin attaches to the intiateefilaments of the cell.

3. Serological analysis of SEREX-defined antigens

The isolated clones were used to screen for an@bad the sera of patients with PNH and
the healthy donors. Three and four of the 10 PNtd sxhibit a positive reaction against

MPHOSPH1 and desmoplakin, respectively.

In PNH sera 1, 5 and 9 a positive reaction agadiHOSPH1 was detected, and in PNH sera
5, 6, 7 and 10 against desmoplakin. Only in ondtlimeaerum number 6 a positive reaction
against desmoplakin was found. No reaction aga&itisér clone was found in any of aplastic

anemia sera. The results of the screening were suied in table 10.

Table 10: Summary of antibody screening.

MPHOSPH 1 Desmoplakin
PNH sera (10) 3 (30%) 4 (40%)
Aplastic anemia (5) No reaction No reaction
Control sera (20) No reaction 1 (5%)
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Using PBS, dilution series were made for each oh dbat exhibited reaction against
desmoplakin and/ or MPHOSPH1 (1/10, #1010, 1/1¢, 1/1F and 1/16) and the reaction
against both of the clones was tested. Even witltioln factor 1/16, the positive reactions
against MPHOSPH1 were identified in PNH sera nusiie5 and 9. In PNH sera 5, 6, 7 and
10 a positive reaction against desmoplakin wereatetl. The positive reaction in control

serum number 6 against desmoplakin disappearedtting the serum at a factor 140

4. Detection of 1gG antibodies against desmoplakin and
MPHOSPH1 by ELISA and Western blot analysis

In order to determine the titers of antibodies agiathe two gene products in the sera of
patients with PNH, aplastic anemia and healthy robst sera were tested for reactivity
against desmoplakin and MPHOSPH1 by ELISA. A semas considered positive in the
MPHOSPHL1 ELISA if its absorbance value exceededrtban absorbance value of sera from
healthy donors by three standard deviations. Tiselltee of ELISA for MPHOSPH1 are
depicted in (Figure 26).

M phosph 1 ELISA
1,400
m PNH
1,200 - m Normal
mAA
1,000
;\? 0,800 -
o)
(o]
~ 0,600 -
(V]
Q
c
S
E 0,400
L Med + 3SD
0,200
0,000 -
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Sera

Figure 26: ELISA results of all sera against MPHOSPH1. With each of PNH sera number 1, 5 and

9 the optic density was higher than the mediuml&wé healthy donor + three times the standard
deviation. With all sera from aplastic anemia pageand healthy donors, the density was lower than
Med+3SD.
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Desmoplakin reactivity was detected in four of fllePNH sera, but in none of the aplastic
anemia sera. A positive reaction against desmaphakis detected in one normal serum, and
the ODyoo Of all positive PNH Sera (OD = 1.22 + 0.07) wagn#icantly higher than that of
the normal serum (OD = 0.186 * 0.09). Figure 25@nts the ELISA results of 10 PNH sera,
20 healthy donors and 5 aplastic anemia sera ada@ssnoplakin.

Desmoplakin Elisa
1,400
1,200 -
mPNH

1,000 - m Normal
_ mAA
S 0,800 1
]
e}
8 0,600 -
c
©
2
30,400 |
<

0,200 - Med + 3Sd

0,000 -

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
sera

Figure 27: ELI1SA results of all sera against desmoplakin. With each of PNH sera number 5,
6, 7 and 10, the optic density was higher thanntieeium levels of healthy donor + three times the
standard deviation. With all sera from aplasticral@epatients and healthy donors, the density was
lower than Med+3SD.

5. Expression of desmoplakin and MPHOSPH1 can be identified
by CD34" cells

The expression of desmoplakin and MPHOSPH1 gend3d#y was analyzed using cDNASs
derived from testis and CD34ells from one PNH patient and one healthy conB#APDH
was used as housekeeping gene. The gel electrghafethe PCR products is shown in
(Figure 28). Both desmoplakin and MPHOSPH1 weraesged in CD34cells of the PNH

patient and normal individuals.
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Figure 28: Gel electrophoresis analysis for cDNA from CD34" cells. A. Desmoplakin, B.
MPHOSPH1, C. GAPDH. 1: Negative control, 2: TesfBNA, 3: Normal CD33, 4. PNH CD34.
The expression of Desmoplakin by normal (A3) andHPpatient (A4) could be identified. The
expression of MPHOSPH1 also by normal (B3) and BB patient is clear

6. Epitope mapping

Using ELISA technique, the reactions of PNH seraimsy the DNA fragments of
desmoplakin and MPHOSPH1 were tested. The readstiasm considered positive if the
absorbance value exceeded the mean absorbance ofathat of healthy sera by three
standard deviations. Positive reactivity against épitopes number three and four (desmo-3
and desmo-4) for desmoplakin were documented iRMNH sera (5, 6, 7 and 10), that means
that the epitope is the overlapping region, comwesing to aa's 1377 to 1387. The results of
ELISA test are depicted in (Figure 29).
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PNH sera reactions against desmoplakin epitopes
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Figure 29: Elisa results of PNH sera against desmoplakin epitopes. PNH sera number 5, 6,

7 and 10 show reactivity against desmo-3 and desmo-

PNH sera reactions against MPHOSPH1 epitopes
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Figure 30: Elisaresults of PNH sera against MPHOSPH 1 epitopes. PNH sera number 1, 5
and 9 show reactivity against MPHOSPH1epitope nuribe
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For MPHOSPH1, positive reactivity in PNH sera numsbg&, 5 and 9 were demonstrated
against epitopes number 1 corresponding to aa'st@®R1. The results are depicted in
(Figure 30). The sequences of desmoplakin and MAM{1Sepitopes are shown in (Figure
31).

A.

HQLTMQKEED
B.

SHSIFTVKILQIEDSEMSRVIRVSELSLCDLAGSERTMKTQNEGERLRETRINTSLL
TLGKCINVLKNSEKSKFQQHVPFRESKLTHYFQ

Figure 31: Sequence of the epitopes. (A) Desmoplakin epitope. (B) ) MPHOSPH1 Epitope.
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VII. Discussion
Clonal expansion in PNH

PNH is a unique disorder characterized by the esipanof an abnormal clone or small
number of clones, which replaces almost the erigenatopoietic stem cell pool. The
pathophysiology leading to the expansion of GPleiit clones within the bone marrow of
PNH or PNH/aplasia patients is still a matter afitcoversial discussions (Durahal, 1999).
PNH clones do not exhibit a “malignant” charactéjsbecause PIG-A mutant clones occur
at low levels in normal individuals without expangi or competing with normal
hematopoietic cells (Aratest al, 2001). However, in PNH patients, clonal expansian lead

to a complete replacement of almost the entire bepogetic stem cell pool in PNH patients.
It was proposed that besides PIG-A mutations arskewent enables the expansion of PNH
clone over the residual normal hematopoietic ogiisue et al, 2006b). Genetic instability
was identified in GPI-deficient cells present in B Nwhich is also observed in related
diseases with defined genetic aberrations such BS NPurowet al, 1999;Hattoriet al,
1997). Such additional genetic alterations migliecfthe cellular activation, proliferation
and differentiation program, which might be respblesfor an altered growth behavior of
GPI-deficient cells leading to clonal expansionPNH. The most striking support for the
hypothesis on additional genetic alterations withiea GPI-deficient clone has been published
In 1996. A chromosomal alteration in PNH clone hasn documented in a Japanese patient
with aplastic anemia who developed clinical evident PNH approximately 10 months after
treatment (Nishimurat al, 1996) Only the PIG-A mutant cells (but not the GPI norells)
were found to exhibit the chromosomal abnormaldpsisting of an insertion of a fragment
derived from the long arm of one chromosome 12 th&long arm of the other chromosome
12; 46,XX, t(12;12)(q13;915). Rearrangement of amsome 12 was also documented in 2
patients with PNH (Inouet al, 2006b). In both cases, der(12) had a break withée 3
untranslated region odHMGA2, the architectural transcription factor gene delagd in
many benign mesenchymal tumors, that caused ecéexpiession oHMGAZ in the bone
marrow (Grosschedét al, 1994;Reeves, 2001). The ectopic expression i Ipatients
appeared to be a consequence of gain-of-functiotatironal events caused by disruption of
the 3 UTR shown to contain elements that negatively l|@sguHMGA2 transcription
(Borrmannet al, 2001). However, the study neither establisheds#dtrience of events, which

causes the clonal outgrowth of the double mutalfé cer presented an explanation how the
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aberrant expression dfiIMGA2 works with mutantPIGA to generate the proliferative

phenotype.

Clonal immuno-selection in PNH

The frequent appearance of expanded GPI-deficiene bmarrow cells in aplastic anemia
patients has led to the hypothesis that GPI-defiatells would escape the suppressive action
of the immune system. This theory is further supggbby the observation that in some PNH
patients more than one GPI-deficient clone is pre@@esslert al, 1994d;Nafaet al, 1995).
Whethera single PNH clone remains dominant or minor clobesome dominant is still
unclear. Furthermore, it is unknown how many hemaitetic stem cells (HSCs) sustain
hematopoiesis and how long a singeC can support hematopoiesis (Dwhal, 1996). The
relapse of PNH found in some patients after boneanatransplantation (BMT) is associated
with the appearance of new clones and not onlyp#isistence of the original clones, which
supports theconcept that BM environment may create selectiveditmns favoring the
expansion of PNH clones (Nad¢hal, 1998).

In addition, the pathogenetic link between AA ardHPis intricate, but too apparent to be
accidental. Previous studies indicated that citowablood cells with a deficiency of GPI-
anchored proteins could be detected in about 30-60%e peripheral bloognd bone
marrow cells of some aplastic anemia patients (Kawhi et al, 1999;Schubergt al, 1994).
This observation has led to the suggestion thamabhematopoietic stem cells might be
damaged by the immunological mechanism. Whereasi#i-deficient cells are not attacked
and therefore will grow out the damaged bone marremvironment. An immune
selection/immune escape theory was previously mepdy Luzzatto's group (Bessktral,
1994a). According to this theory, autoimmunity i\ As directed against either the GPI-
anchor or a GPI-linked protein, PNH cells beingreda which expand and dominate the
entire bone marrow. Luzzatto's idea implies thegawith of a dysregulated clone of
immunocytes against GPI-linked proteins or theirfaste anchor. PNH clone(s) would
thereby assume a growth advantage leading to ¢éx@ansion in the aplastic marrow. The
skewed T-cell repertoire in PNH patients is intetpd as the presence of specific T cell
clones that recognize the GPI-anchor itself (Karaitis et al, 2000;Karadimitris & Luzzatto,
2001b). T cells require additional signals besithes generated by the T cell receptor (TCR)
complex to respond to antigens. Moreover, the attésns between co-stimulatory ligands
and their receptors are critical for activationTofymphocytes, prevention of tolerance and
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development of T cell-dependent immunity (Kroceekl, 2004). Therefore, by searching for
the target antigen(s) of T cells in PNH, the comdbpt this target antigen(s) could be other
than GPIl-anchor antigen, and a GPIl-anchor protejags works as co-stimulatory factor for

the activated T cells, should be considered (Muralahal, 2002d).

Because the expression of GPI anchor is not resdrito HSC, an autoimmune attack against
the GPI anchor would probably cause fatal ubigitbssue damage. Moreover, the concept
that the GPI anchor serves as the target of immsysem, means that PNH cells lacking the
GPl-anchor are more resistant to T cell attack tharmal (GP1) cells. However GPI-
deficient cells exhibit the same susceptibilitytihe cytotoxic action of allogeneic T-cells as
normal cells (Karadimitris & Luzzatto, 2001a). Atatively, it has been proposed that the
autoimmune attack restricted to HSC could be aasmttiwith an expansion of cytotoxic
T/INK cells recognizing GPI-anchor structures in toatext of CD1d molecules. Such clones
were found in other autoimmune diseases, but noPNH or AA patients so far. An
alternative explanation could be that GPI-linkedrfaze proteins such as ULBP’s
(cytomegalovirus glycoprotein UL16 binding protginsight directly interfere with activating
receptors (NKG2D) on NK cells (Pendeal, 2001). However, the expression pattern of these

molecules is unknown to date.

It has been also suggested that GPI-deficiencyf itsads to an increased resistance to
apoptosis (Brodskgt al, 1997). Moreover, it was documented that granésc not only
from PNH, but also from AA and MDS patients aratiekly resistant to apoptosis (Nagakura
et al, 2002b). If GPI-deficient cells would exhibit asrgtance to apoptosis only because of the
absence of GPI-linked surface molecules, clonalidante of the GPI-deficient clone would
be found also in AA and MDS. However, such a rasist strictly due to GPI-deficiency
could not be reproduced by other groups (Wehiral, 1998;Bastisclet al, 2000a). Therefore,

it is suspected that resistance to apoptosis obderv GPI-deficient cells of PNH patients
would be a result of changes distinct from the alefit surface expression of GPI-linked

proteins.

Based on all observations mentioned above, the menselection/immune escape theory can
give a better explanation of both the GPI deficiegits documented in aplastic anemia and
the clonal dominance in PNH. However, the targéigans of such immune attack have to be
identified in order to understand the mechanisrthisf selection. The alternative hypothesis,

as mentioned above, includes internal alteratiortBinvclonal cells such as mutations in

85



genes regulating cell proliferation and apopto&isombination between both theories might
provide a basis for more understanding of the patiieiology of PNH, so that; the

development of PNH will need three steps, elucdlatgFigure 32):

GPI deficient

Selected Expanded
Normal HSC }eu cells cells
038° " 022¢ o202 03288
Step 1 Step 2 Step 3
Somatic Immune selection additional mutations
mutation of o f mutant cells (growth advantages)
PIG-A

Figure 32: Sequence of events necessary for development of PNH. Modified according to (Inouet
al, 2006b)

In the first step, a somatic mutation of PIG-A gemnethe X chromosome occurs. The second
step will be the immune attack directed againsmabrHSC, which spares the GPkells
because either these cells are not expressingatgettantigens of the immune system or
because the deficiency of some GPIl-anchor protaiases these cells less susceptible to be
killed by cytotoxic T cells. This hypothesis woulé supported by the observation that in the
context of aplastic anemia, the proportion of Gefident cells expands to a certain extent,
but in most cases does not give rise to a predarhiclane within the bone marrow. In the
third step, an additional mutation provides thernal growth advantage to the selected GPI
cells in order to expand and fill the vacuum causgthe immune attack of normal cells. The
sequence of events in clonal expansion could baiega more adequately by a combination

of both opposed hypotheses.

This hypothesis implies the possibility of autobotly production by PNH patients. A defect
in the immune system in the second step leads ¢o pitoduction of antibodies and
consequently an immune attack directed againstiapaatigens. The identification of these
antigens could help to understand the exact mestmanif the immune selection in PNH.
Moreover, the identification of a humoral immunepense to the target antigens may imply a
pathologic T-cell immune response to the same ansigAccording to the clonal expansion in

the third step, the immune system recognizes timetgealterations in the target cells and
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produces antibodies against the modified antigaAttkough these antibodies might play no
role in the pathophysiology of the disease, thatifieation of these antibodies will prove the

occurrence of such alterations in the target cells.

In order to identify the target antigen, the SER&pproach was applied to screen a human
fetal liver cDNA library, because fetal liver is dwn to be highly enriched for CD34ells.
Using sera from 10 PNH patients, two auto-immunagstiuctures were found: MPHOSPH1
(known also as kinesin family member 20B or KIF2@BY desmoplakin (DSP).

M- Phase phosphoprotein 1 (MPHOSPH1)

The human M-phase phosphoprotein 1 (MPHOSPH1) wagnally identified through a
screening of a subset of proteins specifically phosylated at the G2/M transition
(MatsumotoTaniurat al, 1996a). MPHOSPHL1 is a 225 KD protein, characterias a plus-
end-directed kinesin-related protein. RecombinaRH@®SPH1 exhibits in vitro microtubule-
binding and microtubule-bundling properties as wal microtubule-stimulated ATPase
activity. Using polarity-marked microtubules it wdsund that MPHOSPHL1 is a slow
molecular motor that moves toward the microtubdilesnd at a 0.0dm/s speed. In cycling
cells, MPHOSPHL1 localizes mainly at the nucleinterphase. During mitosis, MPHOSPH1
is diffused throughout the cytoplasm in metaphasksaibsequently localizes to the midzone
to further concentrate on the midbody. MPHOSPHpeegsion by RNA interference induces
failure of cell division late in cytokinesis. Auta@bodies against MPHOSPH1 were found in
40% of patients of idiopathic ataxia, which is kmot® be an autoimmune disease (Friteter
al, 2000). In this study, IgG antibodies against MFES#BI1 were found in 3 out of 10 PNH
patients (30%). No antibody response against MPH@1SEould be detected in 10 MDS
patients, 5 aplastic anemia patients, or 20 noma#iduals. Occurrence of anti-MPHOSPH1
Abs in PNH patients and none of MDS or aplasticnaigepatients supports a specific
association of these antibodies with PNH. Howevershould be mentioned that these
antibodies were documented in a part and not al Patients included in the study.

Moreover, the expression of MPHOSPH1 in CD8dlls (from PNH and normal individual)
was demonstrated in the study, which gives morg@aupo the theory that MPHOSPH1
could be a target antigen of the immune attack NitHPIn addition to their expression in
human hematopoietic cellflPHOSPHL1 transcripts were previously found in hurkdamey,
testis, and brain (Abaz al, 2003a).
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The sequencing of MPHOSPH1 DNA from PNH CD3klls and normal CD34cells

revealed no differences in the sequences, howesstranslational modifications could not
be ruled out. Although, the nuclear localizationMPHOSPH1 protein during the cell cycle
may undermine the theory that anti-MPHOSPH1 antdmadffect the function and viability
of hematopoietic cells in PNH patients. It was duoented in other studies (Bastisehal,

2000b) that anti-MPHOSPHL1 antibodies occur in éhHigquency with other autoimmune
diseases (40 % of idiopathic ataxia patients) dag p role in the pathophysiology of this
autoimmune disease. Furthermore, it was documehsgdhe immune reaction, for example
in a solid tumor, can be directed against intratel antigens (Yoon & Jun, 19990blhus,

MPHOSPHL1 could be a candidate antigen, which evakesreaction of immune system
against hematopoietic stem cells, especially bec#hes expression of the protein in CD34

cells was documented in this study.

Desmoplakin

Desmoplakin is a (240 KD) protein associated witesrdosomes. Desmosomes are
intercellular junctions that tightly link adjacemells and desmoplakin is an obligate
component of functional desmosomes that anchornm@diate filaments to desmosomal
plaques. The N-terminus of desmoplakin is requfediocalization to the desmosome and
interacts with the N-terminal region of plakophilinand plakoglobin. The C-terminus of
desmoplakin binds to intermediate filaments. In thigl-region of desmoplakin, a coiled-
coiled rod domain is responsible for homodimer@ati (Arnemann et al, 1991).
Autoantibodies against desmoplakin were found nady an patients with paraneoplastic
pemphigus (Anhalét al, 1990), but also in patients with non-neoplasgmphigus (Jiao &
Bystryn, 1998a;MatsumotoTaniueh al, 1996a) which means that, the production of these
antibodies is not necessarily tumor-related. Altjfothe roles of anti-desmoplakin antibodies
in the pathophysiology of paraneoplastic pemphigreésnot known, their existence is one of
the diagnostic criteria for the disease (Ourgeral, 1992). Serological activity against
desmoplakin was demonstrated in 4 out of 10 cl&Kidl patients (40%), but none of the 10
MDS patients or 5 aplastic anemia patients extdbractivity against desmoplakin. In a
1/100 diluted normal serum, a weak reactivity aglidesmoplakin could be identified;
however the reactivity disappeared after dilutidnttee serum up to 1/ 1000. Moreover,
determination of anti-desmoplakin antibodies withI¥A indicated that the OD of all
positive PNH Sera (OD = 1.22 + 0.07) was signiftbahigher than that of the normal serum
(OD = 0.186 + 0.09). The expression of desmoplakas demonstrated in CD34ells from
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both normal and PNH bone marrow. The sequencegsfdplakin cDNA from the patient

and the control were identical. Although the lozatfion of desmoplakin is intracellular and
the expression of the protein is ubiquitous in Itleely tissues, the role of anti-desmoplakin
antibodies in the pathophysiology of auotimmuneeas® (e.g. pemphigus) could not be
determined. The serological reactivities against HOBPH1 and desmoplakin were
documented in patients who did not have a histériramsfusion (patients number 1 and 7
exhibited reactivity against MPHOSPH1 and desmaplakspectively) and other patients
who had received transfusion (patient number Sretfore it is unlikelythat the patients

developed antibodidsecause of the blood transfusion.

The results of the study support the hypothesisitbhmoral immune responses to antigens on
hematopoietic cells are involved in the pathophggp of PNH. The finding of high-titered
IgG responses found in PNH patients implies cogmatells help. In an approach of “reverse
T-cell immunology”, it is now possible to determirtbe epitopes of MPHOSPH1 and
desmoplakin that are presented to CBad CDS8 cells in the context of MHC-1I and MHC-I
epitopes respectively. The elucidation of theseell tesponses will give us more insight into
the role of anti-desmoplakin and anti-MPHOSPH1ha pathophysiology of PNH. Analysis
of larger numbers of patients with PNH will show etier anti-MPHOSPH1 and anti-
desmoplakin antibodies can be used as diagnodiifoaprognostic markers of PNH. While
MPHOSPH1 and desmoplakin are expressed by CR®s in both PNH patients and
healthy individuals, the conditions that render tiv® structures immunogenic in patients
with PNH, but not in healthy controls, must stid Hetermined. According to one model, the
presentation of non-altered molecules in the caméxdanger” breaks down auto-tolerance
(Matzinger, 2002)Alternatively, mutations of the two antigens in 6834 cells of PNH
patients, or posttranslational modifications likiéedlential glycosylations or phosphorylations
could render desmoplakin and MPHOSPH1 auto-immumoge PNH patients. The exact
role of the isolated antigens in the pathophysiplo§j PNH has not yet been definitely
demonstrated. So far, it has not yet been completatiuded that these antibodies may arise
by chance. However, the titers obtained from thieepts compared to the controls are quite
striking. In addition, it might be argued that #etibodies are not consistently present in all
PNH patients. So far, it is not yet clear what thenunological mechanism of clonal
expansion consists of. It may be that the immunolgbasis of such an immunological
recognition is quite heterogeneous and consistaudfiple antigen recognition mechanisms.
It is of course very challenging to assume a pdikisiplogical role for the detected antigens.

On the other hand, in the case of autoimmunitgetastructures would be of interest as was
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shown for patients with aplastic anemia. In autoimm disorders involving solid tissues,
proteins likely to elicit autoimmune reactions amyptic', i.e. intracellular, rather than
expressed at the surface, and presented to thenmsystem upon disintegration of the cell
(Atkins et al, 2000;Yoon & Jun, 1999a).

Finally, such antigens detected by autoantibodiesgdcserve as a guide for deregulated genes
in affected cells. The specificity of desmoplakimdaVIPHOSPH1 as auto antigens for PNH
must be further investigated by studying anothewupgrof autoimmune diseases. Until then,
desmoplakin and MPHOSPH1 remain the most promigingteins in the immuno-

pathophysiology of PNH.

|mmuneresponsein MDS patients

Myelodysplastic syndromes (MDS) are a heterogenegumip of acquired neoplastic
disorders of multipotent hematopoietic stem cellaracterized by increasing bone marrow
failure with quantitative and qualitative abnorrtiak of all three myeloid cell lines. A
hallmark of the disease is an active but ineffecthematopoiesis leading to peripheral
pancytopenia. The pathophysiology of bone marrara by MDS patients, which causes
blood transfusion dependence and neutropenic iofeas still unknown. MDS share some of
the features of aplastic anemia, a disease wittstablished autoimmune pathogenesis, which
suggests a role of the immune system in the patrsiglogy of bone marrow failure in MDS
similar to that in aplastic anemia. Many investigias focused on the immune-mediated bone
marrow failure especially in the early stages of M@Es in refractory anemia RA and
refractory anemia with ringed sideroblasts RARSar(Btt et al, 2000). Cases of MDS
showed also response to immune suppressive th€lapy with anti-thymocyte globulin,
which is known to be effective in aplastic aneniiais therapy is associated with loss of
lymphocyte-mediated inhibition of granulocyte-mautage colony-forming units and
alterations in T-cell receptor pvprofiles (Molldremet al, 1998) Different antibodies were
found in bone marrow culture of many MDS patiemispecially in RA patients, but neither
the role of these antibodies in cytopenia nor Hrgdt antigens of these antibodies could be
identified. Many clinical observations and laborgtstudies suggest that the immune system
might mediate bone marrow failure in some MDS pdsieln one respect, the suggestion
depended on the accumulating evidence of immunolagnormalities in MDS, including,
high levels of tumor necrosis factor (TNF, Gerstilal, 1998), differentially regulated FLIP
(FAS-associated death domain-like interleukin [ILgonverting enzyme, Kochenderttral,
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2002a), presence of cytotoxic T cells and clonadity-cell clones (Maciejewsleat al, 2002).
On the other hand, the conclusion that the immystem may mediate bone marrow failure
in some MDS patients is underscored by the assogiaetween MDS and many autoimmune
diseases (Hamblin, 1987): MDS is sometimes se@omjunction with Reynaud’s syndrome,
rheumatoid arthritis, and polymyalgia rheumaticartfrermore, MDS is associated with
aplastic anemia: patients with AA can develop MD#%l &ave overlapping syndromes of
severe aplastic anemia with features of MDS, whidguently give rise to diagnostic
confusion. Tichelli et al, were the first to deberiinhibition of erythroid colony growth by
autologous T cells in some patients with MDS (Tlkhet al, 1988). After that, many studies
demonstrated that treatment with anti-lymphocytebglin (ATG) abrogates the T-cell
mediated suppression of granulocyte colony growthMDS patients, which improves
marrow function and lessens transfusion depend@areett & Sloand, 2009). These findings
strongly support T-cell mediated marrow suppressi®ithe cause of cytopenia in about 20—
30% of MDS patients.

Despite all immunological findings in MDS patier(igshich may indicate an alteration in
regulatory mechanisms of B lymphocytes) (Okalaal, 1999), the exact role of these
abnormal immune reactions in the etiopathogendsMS is not known. It was suggested
that an increase in the number of monocytes, wisi¢lrequent in all types of MDS, explains
the alteration, for example, monocytes secrete lithat regulates the growth and
differentiation of B lymphocytes (Lipskst al, 1983). On the other hand, many patients with
MDS receive multiple transfusions and a significapércentage of them become
alloimmunized against RBC antigens (Sokbhl, 1989). Moreover, in some MDS patients,
there is a high incidence of red cell antibodieshaut clinical or laboratory alteration in
hemolysis (Novarettt al, 2001) In this study, the serological response againstatepoietic
stem cells in a cohort of MDS patients was testedhe same way as the PNH patients
included in the study. Ten patients with MDS wereesened using the SEREX approach with
a human fetal liver cDNA library and a cDNA librafyom CD34 cells of a normal
individual. No reaction, neither by MDS pool nor ®ach individual serum could be
identified using both the human fetal liver cDNArkry and the normal CD34ells cDNA
library. My findings support the suggestion thatHPBind MDS are separate diseases and not
one syndrome. While no serological reactions cdotdidentified in MDS sera against
hematopoietic cells, such reactions were documelyethe screening of PNH sera, which
postulates an immune reactivity in the pathophggjplof some PNH patients in form of

antibody response against MPHOSPH1 and/or desmaplBlrther studies are required in
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order to determine the mechanism by which desmopkkd MPHOSPH1 evoke the immune
system in a larger number of PNH patients. Analggighe structure of both proteins in
CD34 cells from PNH patients, the type of HLA on HSR@at presents the antigens to the
T cells, and the ability of the peptides derivazhirboth antigens to activate cytotoxic T cells
should explain the role of these antigens in théhquhysiology of PNH. Moreover,
determination of changes in the level of antibodigsinst both antigens in sera of PNH
patients, during the treatment and after bone martansplantation may give more
information about the usefulness of using theséadies as diagnostic and/or prognostic
markers in PNH.
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