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Summary

In the last few years, human multipotent mesenchymal stromal cells
(MSC) have been increasingly used in novel therapeutic strategies due to
their intrinsic immunosuppressive, anti-inflammatory and regenerative
properties. In hematopoietic stem cell transplantation (HSCT), a curable
treatment of hematological malignancies and several non-malignant
conditions, MSC have been used as a therapy for graft-versus host-disease
(GvHD) and other complications. The aim of MSC infusions in HSCT is
to use the cells’ immunomodulatory effects to reduce the immunological
reactions giving rise to GvHD and to achieve tissue regeneration. This
thesis evaluates the clinical safety from a virological point of view and the
immunogenicity of MSC in HSCT recipients.

MSC were PCR screened for human herpesviruses and parvovirus
B19 (B19), pathogens associated with severe infections in HSCT. The cells
did not harbor herpesviruses, but presence of B19 DNA was detected in
one MSC out of 20 screened. The presence of B19 is surprising since B19 is
known for its extreme tropism for erythroid bone marrow cells. Upon
exposure to the viruses, MSC supported infection of cytomegalovirus,
herpes simplex virus and B19, but not Epstein-Barr virus as visualized by
immunofluorescence. These infections could be passed to other uninfected
cells implying that the infections of MSC were productive.

Even though MSC are typically regarded as lowly immunogenic, data
on rejection exist. MSC immunogenicity was evaluated at both the
humoral and cellular levels. No alloantibodies could be detected by flow
cytometric cross matches. However, MSC bound antibodies directed to
FCS — a component of the MSC culture medium. These antibodies are of
uncertain clinical significance as they are constitutively expressed in
humans. When evaluating MSC recipient lymphocytes in lymphocyte
proliferation assays, there was no sign of allosensitization against the MSC
donor, i.e. no immunological memory, 1 week to 6 months post-MSC
infusion. In all instances, donor and third-party MSC failed to mount
proliferative responses. In vitro studies revealed that MSC failed to prime
responder cells to rechallenge with lymphocytes from the MSC donor and
MSC rechallenge after PBL priming only gave weak responses. MSC failed
to induce activated and effector CD4+ and CD8+ T lymphocyte subsets
regardless of priming.

To conclude, MSC occasionally carry viruses and may constitute a viral
reservoir of persistent viruses associated with considerably disease in HSCT
recipients. The MSC do not seem to induce humoral or cellular immune
responses after infusions of HLA disparate MSC as therapy of complic-
ations to HSCT.



Sammanfattning

Celler dr kroppens byggstenar. Alla organ och vdvnader bestar av celler
med olika egenskaper; t ex leverns celler som kan avgifta blodet frdn dmnen
som dr skadliga, bukspottskortelns celler som sianker blodsockret och gor
vdtskor som bryter ned maten vi tit, de vita blodkropparna som forsvarar
kroppen mot infektioner. Stamceller &r cellernas ursprung. De kan dela sig
och bli till nya stamceller, men de kan ocksa bli till flera olika sorters celler
med olika egenskaper. Kroppens allra forsta stamcell dr det befruktade
dgget som gett upphov till den kropp vi idag har. Stamceller fran det
befruktade édgget kallas embryonala stamceller”. I de flesta vdvnaderna i
kroppen finns det ocksa "adulta stamceller”, vilka dr celler som ser till att
kroppens viavnader och organ hela tiden far nya celler och reparerar skador
som organ och vdvnader fétt av olika anledningar.

Under de senaste dren har det forskats intensivt kring stamceller.
Forskarna vill forstd hur de fungerar for att kunna anvdnda stamcellerna
som behandlingar vid olika sjukdomar: t ex Parkinsons sjukdom, diabetes,
hjartinfarkt, tandlossning, benbrott. Den enda stamcellen som idag
anvinds pd sjukhus virlden over dr blodstamcellen. Nir man har
blodcancer (leukemi) dr blodstamcellen sjuk och gor defekta blodceller.
Blodcancer botas med cellgifter, men ibland behovs en transplantation av
nya friska blodstamceller (benmirgstransplantation) fran vavnadstyplika
slaktingar eller frivilliga donatorer.

Benmirgstransplantationer dr ingen litt behandling, utan det finns
flera livshotande komplikationer. Den vanligaste, som ocksa kan bli
mycket farlig, dr transplantat-kontra-vird-reaktion. Da ger sig de nya
transplanterade cellerna pé patienten som fatt dem. Det kan leda till svér
diarré, elaka hudutslag, leverpaverkan och i vérsta fall doden. For att
undvika detta ger man mediciner som ddmpar reaktionen, t ex kortison.
Om dessa mediciner inte fungerar, har det inte funnits nagot att gora.
Fram till nu...

Det finns i kroppen ocksd ett slags adulta stamceller som kallas
mesenkymala stamceller, eller sk multipotenta mesenkymala stromaceller.
Dessa celler dr bra pa att himma reaktioner som avstotning och
transplantat-kontra-vard-reaktion. Varfor det dr sd vet man inte. I en stor
europeisk studie, dir flera likare och forskare runt om i Europa
samarbetat, har det visats att mesenkymala stamceller verkar ha en positiv
effekt pd svdr transplantat-kontra-viard-reaktion didr ingen medicin
fungerat. Mesenkymala stamceller kan inte bara lindra ovilkomna
reaktioner vid transplantation, utan kan ocksa bli till olika celler som ben-,
brosk-, fett- och muskelceller.



For nagra ar sedan, vid ett rutinmdssigt ultraljud pa en gravid kvinna
fann man ett foster med sjukdomen “osteogenesis imperfecta”. Det dr en
sjukdom dér det dr fel péd skelettbildningen. I lindriga fall f6ds en bebis
med benbrott och i virsta fall dor bebisen péd vigen ut. Fostret man sett
hade flera benbrott redan i mammans mage och skulle sannolikt inte
overleva en forlossning. Ndgon botande behandling finns inte. Fostret fick
en injektion mesenkymala stamceller via navelstringen och relativt
komplikationsfritt foddes det en liten flicka som idag nédrmar sig
skolaldern. Hon mér bra, vixer och har bara haft nagot enstaka benbrott.

Den hidr avhandlingen handlar om risken att overféra virus med
mesenkymala stamceller och hur mesenkymala stamceller inte kdnns igen
av immunforsvaret:

e Precis som blodet pd blodcentralen kontrolleras innan det ges till
den som behover blod, s& maste stamceller och organ som ska
transplanteras kontrolleras. I mesenkymala stamceller finns det
sdllan virus. Herpesvirusfamiljens virus hittades inte, men det gjorde
parvovirus B19 — som ger upphov till *femte sjukan” hos friska barn
och svar brist av blodceller hos transplanterade patienter. Det &r
mojligt att mesenkymala stamceller i benmirgen utgér en virus-
reservoar, vilket mdste beaktas inom transplantationsmedicinen.

e Mesenkymala stamceller kan stinga av reaktioner som transplantat-
kontra-viard-reaktion, men de verkar dessutom sjilva inte kdnnas
igen av immunforsvaret. Vid transplantationer bildas det anti-
kroppar och immunceller som kan gora sig av med det trans-
planterade (avstotning), om vdvnadstypen inte Overensstimmer
mellan donator och mottagare. Studierna i den hdr avhandlingen
visar att det inte riktigt dr sd for mesenkymala stamceller. Det verkar
som att vem som helst skulle kunna ge vem som helst sina
mesenkymala stamceller utan att de avstots.

Sammanfattningsvis, mesenkymala stamceller &r celler som kan bilda
flera olika vivnader och himma oonskade reaktioner vid transplanta-
tioner. De bir sillan pa virus, men kan gora det. Mesenkymala stamceller
behover inte vara vivnadstyplika mellan donator och mottagare, eftersom
antikroppar och immunceller inte verkar avstota dem. I framtiden kan
cellerna kanske anvindas till att bota andra sjukdomar, som t ex benbrott,
tandlossning, hjdrtinfarkter, artros och ledgdngsreumatism.
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Stem cell transplantation

A stem cell is defined as a cell with self renewal potential which can
continuously produce unaltered daughter progeny or produce daughter
cells which display different, but more restricted properties. The two broad
types of human stem cells are embryonic stem cells that give rise to all
specialized fetal tissues and adult stem cells, which act as a repair system for
the body, replenishing specialized cells, but also maintain the normal cell
turnover in regenerative organs, e.g. liver, blood, skin and gastrointestinal
epithelia.

Stem cell potency specifies the ability to differentiate into various
specialized cell types: totipotent stem cells (i.e. cells derived from the first
few divisions of a fertilized oocyte) have the ability to differentiate into all
cell types giving rise to a human organism, pleuripotent stem cells are
descendants of the totipotent cells and can differentiate into specialized
cells from any of three germ layers, multipotent stem cells can only produce
cells of a closely related family of cells (e.g. hematopoietic stem cells giving
rise to the different types of blood cells), unipotent stem cells can only
differentiate into one specialized cell type, but has the property of self-
renewal that distinguishes them from non-stem cells.

To date the hematopoietic stem cells, which give rise to the lympho-
hematopoietic system are the most studied human stem cells. Their clinical
uses are dating back to the 1960’s, when they were first transplanted
between humans to cure diseases arising from defect or malignant
hematopoietic stem cells. The hematopoietic stem cell transplantation
(HSCT) has evolved from an experimental treatment into routine clinical
practice. The remarkable success of HSCT has promoted interest for the
use of other stem cell types as therapeutic options in the field of
regenerative medicine. However, to date only hematopoietic stem cells are
currently used in clinical transplantation.

Hematopoietic stem cell transplantation

The aims of HSCT are to replace abnormal hematopoiesis and to
achieve an immunological strike against malignant cells. Nowadays, HSCT
is used for the treatment of non-malignant hematological disorders, e.g.
aplastic anemia, severe combined immunodeficiency disorder (SCID),
thalassemia and as an enzyme replacement for some inborn errors of
metabolism, and malignancies, e.g. leukemia and lymphoma. In oncology,
HSCT is experimentally used as a treatment regime against solid tumors.



The HSCT can be divided into three groups: autologous, syngeneic and
allogeneic. Autologous HSCT is when the patient receives the own stem
cells. If the stem cell donor is genetically identical, i.e. a monozygotic twin,
the transplantation is syngeneic. Allogeneic HSCT is performed between
different individuals, mostly human leukocyte antigen (HLA) identical
siblings or HLA-matched unrelated donors. The autologous HSCT results
in neither a risk of graft-versus-host disease (GvHD), nor the potential
advantageous immunological strike (graft-versus-tumor effect, GvT) on
malignant cells. Furthermore, there is also a risk of relapse of malignancy,
since the autologous graft may contain malignant cells'. The counterpart of
all HSCT is allogeneic, and this thesis will focus on allogeneic stem cell
transplantation.

History of hematopoietic stem cell transplantation

Hematopoietic stem cells, i.e. bone marrow, were identified prior to
the knowledge of blood groups and HLA, and introduced as a part of
treatment against anemia and leukemia. Quine reviewed the fumbling
attempts to use bone marrow as a “remedy” during the 1890’s. In only a
few instances the treatment was successful, but the positive effects seen
were interpreted as a possible clinical application in the future’. In the
1930’s, Josefsson tried to cure pernicious anemia and other anemia by
injecting preparations of liver into the myeloid cavity of the sternum. The
treatment was successful in several cases and once again the replacement of
a defect hematopoiesis was proposed as a cure of hematological disorders’.
In 1939, Osgood and colleagues transplanted bone marrow from a blood
group matched sibling to a patient with aplastic anemia. Although the
patient deceased one month post-transplantation, regenerating islets of
bone marrow were seen in the postmortem bone marrow examination".

During the post-world war period, bone marrow failure became
associated to exposition to ionizing radiation. Experimental animals were
lethally irradiated and developed subsequently an acute irradiation
syndrome — severe anemia, leucopenia, and thrombocytopenia — which
was revoked by injections of bone marrow cells”’. Later it was determined
that the recovery was due to donor cells engrafting the bone marrow
cavity”",

In 1956, Barnes and colleagues suggested the usage of bone marrow to
treat humans’ and the first successful bone marrow transplantation was
performed in 1968 by Robert A. Good at University of Minnesota Medical
School”. The first systematic transplantations were during the same time
period performed by E. Donnall Thomas, first at Mary Imogene Basset
Hospital and thereafter at Fred Hutchinson Cancer Research Center.



Despite poor results, it was shown that bone marrow grafts could be
administered intravenously without severe adverse events'” . The first 200
transplants were reviewed by Mortimer M. Bortin, who described a
generally poor outcome. Most patients were terminally ill in advanced
therapy-resistant malignancies and succumbed before it was possible to
evaluate the effect of the transplantations. Other displayed hematological
recovery, but died from immunological reactions”. Today, this immuno-
logical reaction characterized by skin lesions, weight loss and diarrhea is
recognized as GVHD'™".

In the end of the 1960’s and early 1970’s, the results improved and
several successful bone marrow transplants were reported for both benign
and malignant hematological disorders””. However, the major break-
through was the discovery of the HLA system™. In the mid-1970s, it was
evident that successful outcome very much depended on the matching of
donor and recipient HLA”. HSCT as a clinical application has improved
gradually due to the advancement of medical knowledge and the
development of modern pharmaceuticals.

Transplantation immunology

Histocompatibility is principally determined by the HLA system, which
is the human version of the major histocompatibility complex (MHC).
Over 200 genes on the short arm of chromosome 6 constitute the HLA
complex. More than 40 genes encode leukocyte antigens and the remaining
is an assortment of genes without evolutionary relationship to the HLA.
Although, some of these genes are involved with HLA genes functionally,
several genes within the complex have no defined role in immunity. The
HLA genes involved in immune responses are a multigeneic system
encoding structurally homologous cell surface molecules. These glycol-
proteins are characterized by a high degree of allelic polymorphism®.

The HLA are divided into three classes. Class I and II present antigens
in contrast to class III, which are involved in immunity by expression
complement proteins and cytokines. Most somatic cells express HLA class
[, presenting intracellular antigens to CD8+ T lymphocytes. HLA class II
present endo- and phagocytosed extracellular antigens on “antigen
presenting cells”, i.e. B lymphocytes, activated T lymphocytes, macro-
phages, dendritic cells and thymic epithelial cells, to CD4+ T lympho-
cytes”.

A heterozygous individual may, due to co-dominant expression, have
up to 12 different HLA molecules of HLA class I and II. There are three
class I molecules: A, B and C, encoded by one gene respectively for the



heavy chain. B-microglobulin is non-covalently associated with those
heavy chains to form the HLA class I molecules. The HLA class II
molecules; DP, DQ, DR are heterodimers encoded by an c-chain and a -
chain gene that colocalize. To allow recognition of a wide range of foreign
proteins, HLA diversity has probably been preserved throughout the
evolution”. The HLA genes are the most polymorphic in the human
genome, as illustrated in figure 1.

class |

DP DQ DR B C A

//II II III//// " /)

B1A1 B1A1 B1B3A1
B4
B5

H_J
128 26 91 34 640 3 1029 350 649

number of alleles

Figure 1 — The histocompatibility is mainly determined by the HLA
system. On the short arm of chromosome 6, the HLA genes are clustered.
Multiple genes with high polymorphism constitute the HLA system of each
individual. The number of alleles known in June, 2008, is 3187
(http://www.anthonynolan.org.uk/research/hlainformaticsgroup).

The HLA diversity, which is beneficial to achieve immune responses
against almost all possible antigens, may be a problem in the
transplantation setting. Minor differences between donor and recipient
HLA can provoke alloreactivity, ie. unwanted immune responses,
jeopardizing a successful outcome of the transplantation. Thus, matching
of HLA has significantly improved engraftment and decreased presence of
GvHD. Matching is also essential for the HSCT recipient to recover a
working immune system. Donor derived T lymphocytes need to recognize
antigens presented by both donor and recipient HLA to act powerfully”™.

HLA are the central means in selecting donors, but polymorphism in
other genes may also have impact on the HSCT. Polymorphism in genes of
killer immunoglobulin-like receptors expressed by NK cells, in the tumor
necrosis factor-o. gene (located in the HLA class III region) and other
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cytokine genes have been correlated to occurrence of GvHD and
transplantation outcome” . Even if the donor and recipient are HLA-
matched, but not monozygotic twins, there are differences in numerous
other endogenous antigens presented by HLA. Such differences arise from
polymorphism in non-HLA genes and genomic differences between the
two sexes, and these antigens are designated minor histocompatibility
antigens (mHAg)””. The ABO-histo blood group antigens may also have an
impact on the HSCT outcome. As all individuals, HSCT recipients produce
anti-A/B antibodies against the missing blood group antigens. More than
one third of all transplants are performed across the ABO-barrier, which
may result in different complications — e.g. hemolysis, delayed engraftment
and GVHD™.

The procedure

The ideal HSCT donor is an HLA matched sibling. Due to the closely
linked HLA genes that constitute a single genetic locus, any pair of siblings
has a 25% chance of being HLA identical. Clinically, sibling donors are
available in one third of the HSCT”. In 1972, the first attempts of using
matched unrelated donors (MUD) were performed™ and since 1974 MUD
have been collected in registries”. The probability of finding a suitable
donor is about 80% depending on the ethnic background”.

Previously, bone marrow was the source of hematopoietic stem cells
used in HSCT. The cells were collected by aspirations from the donor iliac
crest under anesthesia”. Today, hematopoietic stem cells for trans-
plantation are commonly collected from peripheral blood after mobil-
ization by granulocyte and granulocyte/macrophage colony stimulating
factor (G-CSF and GM-CSF)"™. It is also possible to use hematopoietic
stem cells from umbilical cord blood"™.

For the recipient, the HSCT starts with a conditioning regimen. There
are three main objectives; creating space, immunosuppression and
eradication of disease. However, the ultimate role of conditioning is long-
term disease control” ™ *. The cytostatic drug cyclophosphamide in
combination with irradiation or other cytostatics are used to achieve a
myeloablative conditioning” ™. This type of conditioning is associated
with toxicity and tissue damage. Nowadays, many conditioning regimens
are reduced in intensity and instead focused on immunosuppression. In
transplantation after reduced intensity conditioning (RIC), the trans-
planted cells will gradually eradicate the lymphohematopoietic system,
including the remaining malignant cells (i.e. GvT). This implies a lower
toxicity and that fragile, older and co-morbid patients can have a HSCT"".

11



After the conditioning, the HSCT recipient is administered the
hematopoietic stem cells intravenously through a central venous line.
Surface molecules on the stem cells direct them to the bone marrow cavity,
i.e. homing, and gradually healthy blood cells are produced™.
Immunosuppression is an important factor that has improved the
HSCT outcome. Methotrexate and cyclosporine A are the most common
drugs in preventing GvHD, but newer agents such as tacrolimus, sirolimus
and mycophenolate mofetil have been introduced. The common
mechanism of these drugs is to inhibit T lymphocyte proliferation”
Depletion of T lymphocytes in the graft can be used, but is associated with
complications such as rejection and relapse” ™. Furthermore, supportive
care, i.e. transfusion policies, pain relief, parenteral nutrition and pro-

65-67

phylactic antimicrobial therapy are crucial to succeed with the HSCT™™.

Monitoring the outcome

Although the HSCT is a successful treatment, the outcome needs to be
surveyed, i.e. relapse of malignancy and possible rejection has to be
monitored. This is mainly performed trough analyses of chimerism and
minimal residual disease (MRD). In Greek mythology the “Chimera”, as
described by Homer, was a fire-breathing creature with the head of a lion,
the body of a goat and the tail of a snake. Thousands of years later,
Anderson and colleagues introduced the term chimerism in medicine to
describe the phenomenon of organisms with cells derived from more than
one zygote lineage”. In HSCT, chimerism refers to the number of donor-
derived lymphohematopoietic cells post-transplant. Nowadays, most
chimerism analyses are PCR-based. The methodology exploits that some
core DNA sequences are tandemly repeated in the genome and that the
number of those Mendelian concomitant inherited repeats varies among
individuals. Chimerism is described as percentage recipient-derived B
lymphocytes, T lymphocytes and myeloid cells over time™ ”. Deviation in
chimerism may indicate relapse or rejection, which have to be intervened™
”. The MRD is defined as presence of a small number of cells expressing
molecular markers of disease detected at a threshold far below what can be
detected by standard methodology. By monitoring MRD, with
immunophenotyping and PCR, potential relapses can be identified for

. . 3-
immediate treatment7 75.
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Complications

The early complications of HSCT arise several days after the
conditioning and up to weeks after the infusion of the hematopoietic stem
cells. One significant early complication is the “hemorrhagic cystitis” that
present as symptoms ranging from painless microscopic hematuria to
severe hemorrhage along the entire urinary tract. The incidence post-
HSCT is reported to vary from as low as 10 to as high as 70%”. Early
onset is related to the conditioning regimen™ ™ ”. Later onset seems
associated to viruses such as BK virus™ ", adenovirus™*, cytomegalovirus™
® and to GvHD™ ™ ™. Prevention and treatment are based on hyper-
hydration. Irrigation of drugs, embolization and cystectomy has been used
as treatment” . Another entity of complications arises from injured vascular
endothelium and comprises a heterogeneous and overlapping group of
clinical syndromes. The two most threatening conditions in this group are:
“sinusoidal obstruction syndrome” (SOS) and “transplant-associated
microangiopathy” (TAM). SOS, previously called venoocclusive disease of
the liver, is characterized by a painful hepatomegaly, jaundice and fluid
retention. Anticoagulants and thrombolysis along with symptomatic
treatment have been used as therapy™ *. TAM, previously referred to as
thrombotic microangiopathy, is characterized by anemia, presence of
schiztocytes, elevated lactate dehydrogenase, thrombo-cytopenia, fever and
renal insufficiency. Discontinuation of cyclosporine A or tracrolimus and
usage of other immunosuppressants may resolve the syndrome.
Plasmapheresis and thrombolytics have been used with varying results™”".

One of the most important causes of morbidity and mortality after
HSCT is infections. The breakdown of mucosal integrity, by toxic effects of
the conditioning, and the immunodeficient state (due to the GvHD, the
conditioning and the immunosuppressants) generate an opportunity for
invasive infections. Bacteria are one major concern and in one third of the
patients positive blood cultures are found”"”. Also fungal infections and
reactivation of latent viruses constitute to the spectrum of infectious
diseases seen in HSCT™™. In figure 2, the infectious complications of
HSCT are illustrated. Almost all patients reactivate cytomegalovirus
(CMV) post-transplant and up to one third develop symptomatic
infection. Pre-emptive treatment strategies, based on PCR-surveillance of
CMV, have greatly reduced the risk of fatal disease™ """. Reactivation of
Epstein-Barr virus (EBV) is also seen after HSCT, but it seldom causes
direct viral end-organ disease. Nevertheless, the important complication of
EBV is a lymphoma-like condition called post-transplant lympho-
proliferative disease (PTLD)™ """, This complication seems to be markedly
increased in cord blood transplantation with usage of antithymocyte
globulin'. After development of strategies to improve early diagnosis,
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prevention and treatment of opportunistic infections the early post-
transplant outcome has been improved. Due to loss of specific immunity,
active immunizations to tetanus, poliovirus and diphtheria is generally
performed in all transplant populations™ ™. Live vaccines are no longer

94, 103, 104

prohibited, since they have been safely used in children after HSCT :
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Figure 2 — Infectious complications after HSCT. The graph represents a
general overview of post-HSCT infections. However, it should be noted that
infectious complications vary between different transplant centers. G-, Gram
negative; G+, Gram positive; HHV6, human herpesvirus 6. Figure adopted, but
modified, from Marty and Rubin, 2006%.

GvHD is the most important complication, associated to the greater
number of morbidity and mortality, in HSCT. The clinical manifestations
depend on the degree of HLA mismatch between donor and recipient and
the alloreactivity of the graft to host antigens. A high degree of HLA
matching is associated to early engraftment and reduced severity of
GvHD”. Despite this, patients still develop GVHD due to reactivity to
mHAg'"”. The pathogenesis behind GvHD is complex and divided in three
phases. Firstly, the conditioning induces tissue damage that activates host
cells to produce pro-inflammatory cytokines leading to enhanced allo-
recognition by transplanted cells. Secondly, alloreactive donor-derived cells
expand in response to presented host alloantigens. Thirdly, the immune
effector cells exert their functions along with further secretion of cytokines.
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All these cellular and inflammatory effector events result in tissue
destruction. The acute GvHD classically develops within the first 100
days post-HSCT. Main targets are the skin, liver and gastrointestinal tract.
Cell death leads to exanthema, mucosal denudation with subsequent
diarrhea, and biliary stasis™ . Acute GVHD is staged within each organ
system and weighed together to a functional grade. Grade I has a favorable
prognosis, grade II is a moderate disease and grade III-IV represents severe
multiorgan to life threatening disease™ '“. The incidence of GVHD varies
from 10 to 80% depending on the degree of HLA matching, number of
lymphocytes in the graft, patient age and GVHD prophylaxis™ . High-
dose corticosteroids, cyclosporine A, anti-thymoglobulin"" " and psoralen
with subsequent ultraviolet light'” " can be used as treatment. Recently,
multipotent mesenchymal stromal cells (MSC) have been tried in therapy-
resistant GVHD with prosperous results'” "' (see »clinical applications« in
next chapter). The chronic GvHD is poorly understood, however donor-
derived T lymphocytes seem to play an important role'’. Almost all organs
can be affected by the disease, which is associated to reduced quality of life
and mortality. The incidence varies from 40 to 60% in long-term survivors.
The treatment is overall the same as for acute GYHD"*"*.

Graft failure and rejection are two major HSCT complications
associated with poor outcome. The principal reason of graft rejection is an
insufficient conditioning regimen. Immunocompetent recipient cells
survive and mediate rejection of donor cells (see »transplantation
immunology« above). With improved treatment protocols and better HLA
matching, rejections can be reduced™ ™. Occasionally, it can be difficult to
distinguish graft rejection from graft failure — a rejection subsequently
gives rise to graft failure. The failure can be early, i.e. lack of hematopoietic
recovery, or late, associated to recurrence of disease or reappearance of
recipient cells after an initial engraftment™ ', The treatment of these
complications is the administration of a secondary conditioning with
subsequent infusion of a new graft, however re-transplantations are
riskful .

The late complications of HSCT have become more evident over the
past years since there are a large number of patients now surviving long-
term. Late adverse events can be divided into malignant and non-
malignant conditions. The non-malignant complications, impairing
quality of life, represent a heterogeneous spectrum of disorders™, e.g.
ocular side effects™ ", liver complications"™" ", pulmonary dysfunctionm’
2 " endocrine complications™ ", bone-joint-dental damagesm’ e
and neuropsychological impairments™ . It was first in the early 1990’s
that the risk of secondary malignant diseases post-HSCT was described.

The improved survival resulted in a need to assess secondary malignancies,
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which are divided into three groups: lymphoma (including PTLD) ",
leukemia™" and solid tumors ™",

Immune reconstitution

After HSCT, function is variably impaired in all branches of the
immune system. The immune reconstitution, both tempo and diversity of
the repertoire, is influenced by several factors — patient age, stem cell
source, graft manipulation and conditioning. Recovery of innate immunity
appears to occur rapidly, at least in terms of quantitative evaluation,
whereas recovery of adaptive immunity is typically delayed and often
incomplete.

Innate immunity includes complement, NK cells, granulocytes and
antigen presenting cells. The complement is not generally deficient post-
HSCT". NK cells normalize within the first month and are important for
the antiviral immunity, GvI and graft rejection ™. Granulocytes,
especially neutrophils, are important to prevent infections. Using
mobilized stem cells and non-myeloablative conditioning, time to
neutrophil recovery has been reduced. Conversely, cord blood is
associated to a prolonged neutropenic period™ . GVHD further impairs
the commonly seen early neutrophil dysfunction® '”. Antigen presenting
cells recover from 1 month to 1 year post-HSCT and a defective antigen
presentation may result in both B and T lymphocyte dysfunctions .

Adaptive immunity, the cell mediated immunity, is orchestrated by
functioning T lymphocytes. The T lymphocytes seen early post-transplant
are mainly donor-derived, even though residual recipient cells are seen
occasionally. Homeostatic peripheral expansions provide an early pool of
reconstituting T lymphocytes, explaining the predominating memory
phenotype seen'”. Antigen driven expansions may occur, which results in a
skewed reconstitution'”. CD8+ T lymphocytes recover rapidly, by 3
months post-HSCT, and normalize within 1 year. The reconstitution of
CD4+ T lymphocytes is slower, up to 20 months, and dependant on the
thymic activity. Children recover CD4+ T lymphocytes faster than adults,
probably due to a larger thymic mass** . Faster T lymphocyte recovery is
associated to the number of T lymphocyte inoculum, i.e. mobilized stem
cells contain more T lymphocytes than bone marrow, which is superior to
cord blood in this regard* . B lymphocyte counts are low in the 2 first
months post-HSCT, but they subsequently rise and are normalized by 1-2
years post-transplant'”. Plasma cells are resistant to both irradiation and
chemotherapy, which is why the antibodies become primarily of recipient
in origin several months post-HSCT . The serum immunoglobulin (Ig)
levels decreases gradually and are followed by a donor-derived normal-
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ization. Serum isotypes develop in the order they develop in childhood:
IgM levels recover within 2-6 months followed by isotype switching
(dependent of CD4+ lymphocytes), with subsequent increase of IgG (in
the order IgG1, IgG3, IgG2 and IgG4) in 3-18 months and finally IgA levels
within 6-36 months'" "

Future stem cell transplantation

In the last years, the field of stem cell research has grown greatly and
interest in stem cells for reparative and regenerative medicine has increased
extensively. HSCT is the only stem cell based therapy that is implemented
in the clinical practice. In ongoing studies, the HSCT is optimized and new
indications are tried. The next chapter will describe transplantation of
MSC, which seem to be the second most transplanted stem cell in humans.
Still, the usage of MSC in clinical medicine is under evaluation. Currently,
there are several studies exploring other, embryonic and adult, stem cells
for clinical applications. Time will show whether stem cell transplantation
will end up as the universal remedy of human diseases. ..

Hematopoietic stem cells

It is over a decade since the RIC was introduced as a new direction in
the field of HSCT. The major limitations have been to separate GvT from
GvHD and disease relapse’”. Preparative regimens with usage of low-
toxicity targeted therapeutics such as imatinib, bortezomib, rituximab to
partner with RIC HSCT to combine GvT and targeted treatment are under
development ™", The RIC HSCT may also be used as a platform for
controlled immune reconstitution, where the beneficial GvT is promoted
without risking GvHD and profound immunoincompetence leading to
severe infections. Several investigators are trying different approaches such
as antibodies against antigen presenting cells, suicide-gene transfected T
lymphocytes and anti-CD25 immunotoxins'”. Selective depletion may be
another mean in reducing GvHD. Alloreactive cells are removed or
inactivated by antibodies (against CD25, CD69 or CD95) or photo-
depletion. The removal of such cells seems to reduce the GvHD and
improve the outcome'”.

The best results with allogeneic HSCT have been obtained in patients
receiving allograft from HLA matched siblings. As the chance of finding
such donors is only 25%, much attention has been given overcoming the
HLA barrier, i.e. using mismatched or haploidentical donors instead. In
general, the investigators have utilized T lymphocyte depletion and
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selection of CD34+ cells in myeloablative or RIC settings with varying
results””. Mismatched and haploidentical HSCT provides an opportunity
when fully matched siblings are lacking. Some studies of haploidentical
HSCT display a beneficial GvT by alloreactive NK cells, which is expected
to encourage a greater use for leukemia patients” """, Still, better selection
of recipients and donors, development of safer conditioning regimens
promoting engraftment and reduction of GvHD are prerequisites for the
use of mismatched and haploidentical HSCT as a routine'”.

The indications for HSCT are widening. Regeneration of a healthy
immune system is of interest in the treatment of multiple sclerosis (MS).
More than 300 MS patients have received HSCT as treatment with varying
results™. Most were autologous, but a few allogeneic transplants have been
performed™. Currently, HSCT for MS is regarded highly experimental.
HSCT may also be used as treatment of inflaimmatory bowel diseases.
Positive clinical effects have been shown for both allogeneic and
autologous HSCT. Autologous HSCT is preferred, due to the higher
transplantation related mortality in allogeneic HSCT. However, allogeneic
HSCT might be a upcoming treatment option in gastrointestinal diseases,
as the allogeneic HSCT gradually improves™. The experience with HSCT
as a therapy for metabolic diseases has demonstrated unquestionable
success as well as limitations. Improved HSCT in combination with
enzyme replacement, chaperone therapy and substrate inhibition are
believed to be the way to go for archival of optimal outcome in these
patient categories .

Other stem cells

The evidence to date suggests that embryonic stem cells are not ready
to be used in the clinic. However, their enormous potential in regenerative
and reparative medicine cannot be ignored. Theoretically, embryonic stem
cells can be used for therapy of all organs. When it comes to
transplantation of these stem cells, their immunogenicity is poorly
understood and still rudimentarily described™.

Endothelial progenitor/stem cells might be used in treatment of
ischemic heart disease and for various applications of tissue engineering" .
In cardiology, unfractionated bone marrow cells (assumed to contain
different progenitors) have been used in clinical trials with conflicting
results and embryonic stem cells are under investigation in different
animal models™ . Almost all fields of medicine have some confidence in
stem cells, so even hepatology. Recent preclinical studies propose ex vivo
differentiation of stem cells into hepatic cells for transplantation, rather
than transplantation of undifferentiated stem cells. Embryonic as well as

18



amniotic and fetal liver cells might be used for therapeutic regeneration of
the liver"”. Both adult and embryonic stem cells are of interest as possible
stem cell therapy in the endocrine pancreas, but also in this field there are a
lack of conclusive results and only preclinical studies have been
performed”” . In regenerative nephrology, adult bone marrow derived
stem cells, embryonic stem cells and stem cells derived from specific kidney
niches have been proposed as therapy of ischemic, toxic and chronic
kidney diseases™. There are also several attempts to cure neurological
disorders, such as Parkinson’s disease, using stem cells"".

As described in this section, both embryonic and adult stem cells have
a theoretical potential in clinical medicine. At present, there is a lack of
convincing clinical results for the usage of stem cells other than the
hematopoietic. However, it is worth bearing in mind that it took several
decades for the HSCT to develop into the present unquestionable and
successful treatment as it is nowadays, thus future advances may allow for
use of non-hematopoietic stem cells in clinical settings.

19



20



Multipotent mesenchymal stromal cells

The plastic-adherent cells isolated from human bone marrow and
other tissues have come to be widely known as mesenchymal stem cells.
However, generally accepted stem cell criteria do not seem to be fulfilled by
the biological properties of the unfractionated cell population. The name
“mesenchymal stem cells” is therefore inaccurate and potentially
misleading to the inexperienced person. Nonetheless, it is believed that
bona fide mesenchymal stem cells exist, although this has yet to be proven.
To address the discrepancy between nomenclature and biologic properties,
the International Society for Cellular Therapy (ISCT) has proposed that
plastic-adherent fibroblast-like cells, regardless of source, should be termed
“multipotent mesenchymal stromal cells” (MSC). Hence, the term
mesenchymal stem cell is reserved for cells fulfilling the criteria of a “true”
stem cell”. During the last decade, the scientific achievement in the field of
MSC has increased exponentially. Unfortunately, investigators have used
different approaches in characterizing their MSC. To stimulate the
development of the field and to facilitate exchange of results between
investigators, the ISCT proposed minimal criteria for defining MSC in
2006. The human MSC are defined according to three criteria: (1) plastic-
adherence in standard culture conditions, (2) surface marker expression:
CD14- or CD11b-, CD19- or CD79a.-, CD34-, CD45-, HLA-DR-, CD73+,
CD90+, CD105+, and (3) tri-lineage differentiation in vitro: chondrocyte,
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osteoblast and adipocyte™.

The discovery

Tissue regeneration has interested researchers for a long time. The
hematopoietic stem cells were identified after an extensive search for cells
that could allow survival after radiation exposure. At the same time, several
studies displayed formation of bone when bone marrow was transplanted
to an ectopic site””. In the late 1960’s, Friedenstein and colleagues were the
first to isolate the cells, from bone marrow, that could form ectopic bone™”
. In parallel to the hematopoietic stem cell and its lineages, the idea of a
mesenchymal stem cell developed. This stem cell, a single cell, was believed
to be capable of forming bone, cartilage and other mesenchymal tissues.
The notion of a stromal stem cell was proposed, largely based on
Friedenstein’s work, in the 1980’s by Owen and colleagues™. In the 1990’s,
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Caplan and colleagues popularized the term mesenchymal stem cell™.
Haynesworth and colleagues thereafter developed a reliable in vivo bone-
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forming assay and were able to isolate and ex vivo expand human MSC in
therapeutic quantities™.

Sources, multipotency and phenotype

Human MSC were first identified in the bone marrow, which still
seems to be the most common source in the field. MSC constitute a minor
fraction, i.e. 0.001 to 0.01% of all marrow cells””*". The prevalence of MSC
decreases over time, illustrated by the fact that a neonate has 200 times
more MSC than an 80 year old™. MSC have also been isolated from
prenatal™ and various postnatal tissues, e.g. fat, synovium, cartilage,
periosteum, placenta, and cord blood™.

An extensive proliferative capacity is displayed by the MSC. The cells
can be passaged more than 25 times in vitro, i.e. over 50 cell doublings,
without signs of differentiation. MSC are easily ex vivo-expanded, since a
small volume of bone marrow can render billions of MSC. As for the
majority of adult stem cells, cell division is accompanied by telomere
shortening which reaches, with age/multiple divisions, a critical size
beyond anomalies of cell division occur. Hence, signs of senescence and
apoptosis appear” . The ability of MSC to differentiate into bone,
cartilage and fat has been thoroughly examined, as reviewed™. Although
the MSC are defined by the tri-lineage differentiation, they display a
broader potential to differentiate. Differentiation into other mesenchymal
lineages, such as myocytes, tendinocytes, ligamentocytes™’, cardio-
myocytes” have been described. Reports also indicate a possible non-
mesenchymal differentiation, as the MSC have been described to become
neural””*”, endothelial”* and hepatic cells’”. However, most of the studies
have been performed in different cell populations, which make it
impossible to draw any firm conclusions regarding the multipotency of
MSC. Using MSC clones, it has been shown that not all cells are able of
supporting a tri-lineage differentiation. Nevertheless, all cells differentiated
into bone, implying a default pathway’. The MSC multipotency is
illustrated in figure 3.

MSC are stromal cells that play a role of hematopoiesis support by
their interaction with the hematopoietic stem cells and the secretion of
cytokines and growth factors crucial for production of blood cells™.
Stromal cells are also important in the development of functional B
lymphocytes™. Membrane molecules belonging to the integrin family
(a1B1, a5B1), the Ig superfamily (ICAM-1, VCAM-1, HCA), and CD44
are expressed by MSC™ *” *” | Among the innumerable cytokines and
growth factors, the MSC produce: interleukin (IL)-6, IL-7, IL-8, IL-11, IL-
12, IL-14, IL-15, IL-27, leukemia inhibitory factor (LIF), GM-CSF, G-CSF,
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M-CSF and stem cell factor (SCF)****. In co-cultures, MSC are able to

maintain and expand lineage-specific colony-forming units from CD34+

. 219
cells in long-term cultures™”.
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Figure 3 — The MSC multipotency. MSC are able to proliferate and divide
without loss of phenotype. However, the cells can also differentiate,
preferentially into the mesenchymal lineages displayed above.

The MSC are characterized by the criteria proposed by the ISCT.
Currently, the ex vivo-expanded MSC should be negative for
hematopoietic and endothelial markers, but positive for others™. However,
the search for an MSC specific marker has resulted in a long list of
alternative positively expressed surface markers: ALCAM (CD166),
ICAM-1 (CD54), ICAM-2 (CD102), ICAM-3 (CD50), NCAM (CD56),
HCAM (CD44), VCAM (CD106), ITG-al (CD49a), ITG-02 (CD49b),
ITG-a3 (CD49c), ITG-a4 (CD49d), ITG-a5 (CD49e), ITG-a6 (CD49f),
Tetraspan (CD9), MUSC18 (CD146), BST-1 (CD157), NGFR (CD271)
and STRO-1"". No MSC specific marker has so far been identified and the
in vivo phenotype of MSC remains to be defined.
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Interplay with the immune system

Evidence has emerged that MSC deploy an array of mechanisms
allowing escape from allogeneic immune responses and that the cells are
able to suppress various immune reactions. The exact mechanism of action
has still to be elucidated. However, interesting results partly explaining the
interaction with the immune system on several levels will be presented in
this section. The immunology of transplantation is briefly introduced in
»transplantation immunology« of the previous chapter.

Immunogenicity

Most studies have described human MSC as HLA class I positive and
HLA class II negative”” " *’, The expression of HLA class I is important,
since expression protects the cells from NK cell effector mechanisms. For
instance, a major function of NK cells is to kill tumor cells that
downregulate HLA class I'*. In co-culture experiments, human MSC fail to
elicit proliferative responses of allogeneic lymphocytes™ . Because HLA
class IT antigens are potent alloantigens, the lack of/low expression on MSC
is another crucial factor for the reduced immunogenicity of MSC. Even if
MSC were induced by interferon (IFN)-y stimulation to express HLA class
II they seem to escape alloreactive lymphocytes™ ***”. Additionally, MSC
do not express the co-stimulatory molecules CD40, CD40L, CD80 or
CD86 required for initiation of effector T lymphocyte function”” . After
provision of a co-stimulatory signal by anti-CD28 antibodies or MSC
transfection of CD80 and CD86, immune responses against the MSC were
absent”™”*”. MSC have been reported to escape both lympholysis and NK
cell mediated lysis™. This is corroborated by more recent in vitro studies,
suggesting that MSC are able to present tumor or viral antigens with
limited efficiency and avoid lympholysis by specific cytotoxic lympho-
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cytes .

In humans it has been demonstrated that MSC seem to avoid normal
alloresponses when transplanted in HSCT recipients™. Additionally, an
immunocompetent fetus with osteogenesis imperfecta (OI) transplanted
with fetal MSC did not mount immune responses against the allogeneic
cells, tested by in vitro assays, and engraftment was observed™. Multiple
infusions of high-dose allogeneic MSC in baboons revealed host T
lymphocyte hyporesponsiveness to donor alloantigens. However, product-
ion of antibodies reactive to donor cells was seen™. Further in vivo
evidence for tolerance comes from the observation that mismatched MSC
engraft in rodents, dogs, pigs and non-human primates™ ™. Furthermore,
human MSC infused in utero persist in fetal sheep, although at low

24



numbers™ *”. Data on the relationship between survival of infused MSC

and HLA disparity is limited to anecdotal reports suggesting absence of
rejection, as MSC engraft at low levels, of both HLA matched and
mismatched MSC™ ** ****, However, in two murine models MSC have
been suggested to be immunogenic. MSC induced alloimmunization™ and
memory T lymphocyte responses resulting in rejection™. Species-specific
differences might explain the discrepancies between the studies on MSC
Immunogenicity.

Inhibition of immune responses in vitro

Upon addition of animal or human MSC to mixed lymphocyte
cultures (MLR, i.e. allostimulation)™ ***’ and cultures of lymphocytes
stimulated to proliferation by mitogens™ " or antibodies™ *”*’, T lym-
phocyte proliferation is suppressed in a dose-dependant fashion. At very
low concentrations MSC display stimulatory effects on T lymphocyte
proliferation™ **” **, Human MSC exert their immunosuppressive effects
even if separated from the target cells (e.g. in transwell systems), why the
mediator appears to be soluble™*"*”,

MSC seem to modify the functions of several cellular components in
the immune system. Neither apoptosis nor an anergic state, induced by
MSC, of responder T lymphocytes can explain the failure of lymphocyte
proliferation in the presence of MSC, as responses are seen after MSC
removal™" " *"****®* 'In contrast, lymphocytes recovered from an MLR
with murine MSC present displayed cell cycle arrest and failed to
proliferate™. Recently, it was proposed that immunosuppression mediated
by human MSC is a consequence of an anti-proliferative effect on the
lymphocytes, rather than an inhibition of lymphocyte activation and
effector function™. This contrasts to other reports indicating that MSC
suppress both lymphocyte activation™ *’ and cytotoxic activity™" *.
However, the exact mechanisms of lymphocyte inhibition are not
established and might involve several components. There is evidence that
MSC can direct lymphocytes to a suppressive phenotype, i.e. formation of
regulatory T lymphocytes (Treg) and when MSC are present in MLR, the
Treg population significantly increases™ *”. On the contrary, depletion of
Treg do not seem to affect MSC mediated immunosuppression™. MSC
have been demonstrated to have both stimulatory and inhibitory effects on
B lymphocytes and the effect was dependant on the dose of MSC™ *”,
Moreover, recent studies displayed MSC suppression of allospecific
antibody production by decreased IL-5 levels™. It has been suggested that
MSC inhibit IL-2 and IL-15 driven NK cell proliferation and IFN-y
production™"*"*”*", Lysis by freshly isolated NK cells are not inhibited by
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MSC™, whereas NK cells cultured for some days with IL-2 and MSC have a
reduced cytotoxic potential™. Dendritic cells, i.e. a type of antigen
presenting cell, are inhibited in their maturation and differentiation by
MSC. One mechanism in the MSC mediated immunosuppression might
be a direction of dendritic cells towards a suppressor phenotype, resulting
in an attenuation of T lymphocyte responses™ *****", To summarize, MSC
have the potential to modulate or inhibit almost all aspects of cellular
immunity.

Several soluble factors ascribe to be responsible for the immuno-
suppressive effects of MSC. However, the effect of the soluble factors is a
source of controversy. Despite theses caveats, certain MSC derived
products are able to create an immunosuppressive milieu. MSC may
secrete hepatocyte growth factor (HGF)™ ™, IL-10"" ** and transforming
growth factor (TGF)-B”"*”, which all are known to act immunoinhibitory.
Nevertheless, blocking of these molecules does not fully restore prolifera-
tion in MLR™ *’. MSC express cyclooxygenases and are therefore able to
produce prostaglandin E2 (PGE2) that play a role in many immune
functions. Indomethacin inhibition of PGE2 only partially restores
lymphocyte proliferation in MLR™" *” *** **, The indoleamine 2,3-dioxy-
genase (IDO) catalyses the conversion of tryptophan into kynurenine,
resulting in tryptophan depletion that inhibits lymphocyte proliferation
and kynurenine accumulation that is cytotoxic. Upon IFN-y stimulation
MSC may produce IDO, but this enzyme cannot solely explain the
immunosuppressive features of MSC™ *’. IFN-y secreted by ongoing
immune responses seem important for MSC immunomodulation, since
blocking of IFN-y has been reported to markedly abrogate MSC
suppressive activity’”. MSC also express inducible nitric oxide synthase,
thus the cells are able to produce nitric oxide (NO), which is known to
inhibit T lymphocyte proliferation”. In addition, MSC produce soluble
HLA-G that correlates to the immunosuppressive effect”’. The enzyme
heme oxygenase-1 (HO-1), which function is to degrade heme, is also
reported to act anti-inflammatory or immunosuppressive and can mediate
effects of IL-10 and NO. Human and murine MSC express HO-1 and it
might be a key in the MSC mediated immunosuppression. In animal
experiments, MSC protected murine heart transplants from rejection, but
after blockage of HO-1 in MSC the transplants became rejected”.
Recently, LIF was proposed as another candidate. This cytokine is known
to coordinate humoral and cellular immune responses. It is constitutively
expressed by MSC and expression increases when MSC are present in
MLR. Blocking of LIF resulted in a reduced suppression of T lymphocyte
proliferation and decreased levels of Tregm. To conclude, none of these
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soluble factors can exclusively explain the phenomenon of MSC induced
immunosuppression.

Inhibition of immune responses in vivo

MSC seem immunosuppressive in vivo. In a baboon allogeneic skin
graft model, donor MSC prolonged graft survival of donor and third-party
skin transplants without immunosuppressive drugs™. Myeloablative
conditioning and HSCT combined with MSC infusion from the same
mismatched donor resulted in skin graft tolerance of 100 days versus 47
days after HSCT alone in cynomologus monkeys (A. Bartholomew,
personal communication). One of the most impressive in vivo effects of
MSC therapy is the control of lethal GYHD in mice™. Therapeutic efficacy
of MSC in a murine model of multiple sclerosis, the experimental
autoimmune encephalitis (EAE), has been reported. MSC decreased
symptoms of demyelinisation””. In another murine model, MSC infusions
reduced damage and fibrotic effects after bleomycin exposure in lungs™. In
rat models, MSC protected kidneys from acute renal failure due to
ischemia” and accelerated glomerular healing in a model of glomerulo-
nephritis™”.

Studies suggest a physiological role of MSC. Patients with severe
aplastic anemia display MSC deficient in suppressing lymphocyte
proliferation and production of cytokines”. This MSC defect might be a
part in the pathogenesis of the disease. The MSC may also contribute to the
maternal tolerance of a fetus, as MSC can be derived from the placenta and
produces several of the cytokines known to contribute to the state of fetal
“immune privilege™”.

Engraftment

MSC were detected primarily in the lungs and secondly in the liver
after intravenous and intra-arterial infusions in rats. The MSC were also
detected in kidney, spleen and long bones. If the rats were pretreated with
vasodilator, MSC cleared the lungs resulting in increased proportions in
liver and long bones™. After intravenous infusion in non-human primates,
MSC were distributed to a wide range of tissues. Gastrointestinal tissues
harboured the highest concentrations. Engraftment detected several
months post-transplant was estimated to 0.1-2.7%" . In another non-
human primate model, MSC engrafted in numerous tissues after
irradiation injury and the level of engraftment was as high as 10% in some
tissues™. Recently, transplantation of human fetal MSC have been shown
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to improve glomerulopathy in collagen type I alpha 2-deficient mice with
engraftment around 1%. It has also been shown that intracranially
injected MSC were distributed to a wide range of locations in the brain
with engraftment at therapeutic levels™. These data suggest that MSC
initially distribute broadly following systemic infusion, and later may
participate in ongoing cellular turnover and replacement in a wide variety
of tissues.

In a clinical study of MSC to promote engraftment of hematopoietic
stem cells, most patients displayed MSC in the circulation one hour after
intravenous infusion™. MSC have been tried clinically for treatment of OI.
Five of six patients showed engraftment in one or more sites, including
bone, skin, and marrow stroma, and had a beneficial clinical effect. Overall,
the fraction of donor cells at any biopsy site never exceeded 1%. Human
fetal MSC have also been demonstrated to engraft in bone at low levels
resulting in positive effects in a patient transplanted in utero to treat severe
OI'”. In HSCT patients suffering from toxic damages in various tissues
and GvHD (see »complications« in previous chapter), MSC have been used
with prosperous results. Engraftment was found in damaged tissues and in
regional lymph nodes™ *"'. Recently, HSCT donor-derived MSC have been
isolated from bone marrow of pediatric patients undergoing HSCT. This
finding implies that MSC are capable of engraftment in the bone marrow
of HSCT recipients™. All these data suggest that transplanted MSC may
have the ability of homing and that they persist, although at low levels, in
tissues after infusions in humans.

Adverse events

MSC have been increasingly used in animal models to explore
potential use for clinical applications and phase I/II clinical trials have been
conducted with promising results. Nevertheless, as for all new treatment
the possible side-effects have to be considered and thoroughly weighed
against the benefit.

Immediate adverse events

In the early clinical trials on MSC therapy, it was shown that the cells
were safe to administer in patients, i.e. no adverse events were observed
upon MSC infusion™ ***”, In a pediatric population, it was reported that
MSC did not induce any clinically significant adverse events, besides one
case of urticarial rash after a second MSC infusion™. However, in the
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recent studies there are no reported side-effects during or immediately
after MSC administraﬁonua, 240, 241,2907292.

Later adverse events

Currently, MSC therapy is a new entity in clinical transplantation
which is why long-term follow up still is absent. However, data from some
animal studies displayed no long-term side-effects of MSC therapy™ ™.
Other studies have reported that MSC may support tumor growth. In a
murine model, the MSC favoured proliferation of tumor upon co-
injection of MSC and melanoma cells”'. Additionally, MSC supported
tumor growth in another model and displayed a molecular signature
similar to mesenchymal tumor cells™. On the contrary, MSC displayed
inhibition of lung carcinoma, melanoma and colon carcinogenesis in other
models™ **. MSC-like cells also displayed reduction of brain tumor
growth™ and MSC potently suppressed development of Kaposi sarcomas
in vivo"”. In an open-label pilot study of MSC infusion in HSCT patients,
MSC treated patients had significantly earlier and increased rate of relapse
(i.e. malignant hematological disorders reappearing, see »monitoring the
outcome« in previous chapter)™. Conversely, in other larger studies the
use of MSC has not been correlated to an increased risk of relapse’**"*”.
To properly answer the question of whether MSC increases the relapse risk,
further and larger studies are needed.

Since MSC have a high proliferative capacity, one might wonder
whether the cells can give rise to new tumors spontaneously. Human MSC
have been shown to undergo a two-step transformation when cultured for
several months™ ™ and to form solid tumors in mice”. However, other
studies of human MSC could not confirm transformation™ ™", The issue of
spontaneous transformation is a matter of debate, and if it exists it seems
to be an extraordinary event.

Possible infectious complications to MSC transplantation are poorly
investigated. A recent review proposed that stem cell transplanters need to
perform “microbiological risk assessment” of their stem cells products™. In
clinical trials, MSC treated HSCT patients may have an increased risk for
severe infections'” ** **. However, the survival rate for patients with
complete response to MSC treatment was significantly better than for
those with partial or no response and those not receiving MSC infusion,
suggesting that beneficial effects of MSC are not overridden by a high
number of severe infections' **. Still, the possible infectious side-effects
have to be evaluated in large double-blind randomized trials.
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Clinical applications

Due to their properties, MSC may be used to relieve and cure diseases,
as described in this chapter. Since MSC are easily expanded ex vivo, large
number of cells derived from a single donor could yield cells for multiple
recipients. This expansion potential together with the favorable low
immunogenicity implies universal donor features, without need for HLA
matching. This section will describe what MSC have been used for and
what they might be used for in the future.

MSC in HSCT

In the late 1990’s it was demonstrated that the post-chemotherapy
bone marrow stroma failed to support hematopoiesis™”. Autologous MSC
were used in trials as “marrow support” in HSCT, demonstrating a rapid
engraftment of hematopoietic cells. The feasibility and safety of clinical-
scale expansion and infusions of MSC were displayed™ *” **, Thereafter,
allogeneic HLA-identical sibling MSC were tried in HSCT. The infusions
were administered safely and the hematopoietic recovery was prompt™.
Recent studies have established the feasibility and safety of MSC infusions
and documented positive results in acceleration of engraftment”™ and graft
enhancement™ ™ in allogeneic HSCT.

The first study of allogeneic MSC in HSCT, by Lazarus and colleagues,
also demonstrated reduced incidence rates of both acute and chronic
GVvHD. Subsequently, other groups have used ex vivo-expanded MSC in
severe steroid-refractory acute GvHD with success ™~ ", Recently, the
developmental committee of the European Group for Blood and Marrow
Transplantation (EBMT) presented their results on 55 GvHD patients and
concluded that MSC might be an effective therapy of severe steroid-
resistant acute GVHD'. This multicenter study has encouraged further,
randomized double-blind, EBMT studies of the usage of MSC therapy in
HSCT, which might generate important data to answer many of the
questions raised concerning safety and efficacy.

Additionally, MSC infusions have been successfully used for repair of
tissue injury (hemorrhagic cystitis, colon perforation and pneumo-
mediastinum) secondary to allogeneic HSCT™".

To summarize, MSC seem to have a future in HSCT by acting as an
immunosuppressant counteracting rejection and GvHD. The cells may
serve as “marrow support” and seem to reduce toxic injuries. Furthermore,
MSC might regenerate damaged tissues after homing and can perhaps
secrete cytokines and growth factors necessary for rapid healing. The
potential of MSC will be determined in the future studies.
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MSC as immunomodulation and in regenerative medicine

In a murine model, MSC transplanted into the brain promoted
proliferation, migration and differentiation of endogenous neural cells™.
At the same time, in another study, MSC were used for treatment of EAE.
Intravenous injection of MSC strikingly ameliorated the disease and it was
suggested that MSC effectively interfered with the causative autoimmune
attack””. Further studies confirmed the MSC ability to interfere with the
pathogenic autoimmune response™”. However, these findings could not be
repeated in a small study of adults with MS given intrathecal MSC. Some
of the patients showed neurological improvement. Only one patient out of
ten showed improvement assessed by magnetic resonance imaging .
Autoimmune arthritis in mice has been treated with MSC. As in the EAE
studies, the MSC effectively blocked the pathogenic mechanisms™.
Autologous MSC might be used for rheumatological disorders, since they
display the same properties as MSC derived from healthy subjects™” ™.
Presently, data only exist in preclinical models, but clinical applications
seem to be under development. One problem in this field might be that the
patients are not immunosuppressed as in the HSCT trials, which is why
there may be immune reactions against the MSC that may lead to rejection
or other adverse events.

Autologous MSC have been used with promising results in 34
patients with myocardial infarction (MI). The cells were injected in the
target coronary artery and resulted in increased heart wall movements with
improved left ventricular ejection fraction, i.e. implying a beneficial effect,
in the MSC treated group as compared to the placebo’™. OI is a genetic
disorder characterized by production of defective collagen, the principal
protein in bone. In a clinical study of O], six children were transplanted
with MSC without preconditioning. Post-MSC infusion, five of six showed
engraftment and had an acceleration of growth velocity during the first six
months™. Amyotrophic lateral sclerosis (ALS) is a progressive disease with
poor prognosis. The pathogenic mechanism is loss of motor neurons
leading to reduced muscle functionality and current treatment only
alleviates symptoms. Autologous MSC were given to ALS patients resulting
in a mild trend toward a slowing down of muscle strength decline’.
Patients with Hurler syndrome and metachromatic leukodystrophy
develop significant neurologic and musculoskeletal defects that limit their
survival. Both diseases are due to enzyme deficiencies. It was postulated
that MSC could participate in correcting these disorders. After a HSCT, the
patients were administered MSC from the hematopoietic stem cell donor.
Observed improvements in some clinical parameters, i.e. bone mineral
density and nerve conducting velocity, warrant further study of MSC as
therapeutic tool in these disorders™.
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There are also a number of ongoing clinical trials using MSC; e.g.
exploring their use in treatment of peritonitis, chronic myocardial
ischemia and distal tibial fractures. MSC are also of interest for biomedical
companies. Osiris Therapeutics Inc. (USA) currently has three MSC
products in clinical trials; Prochymal™ for GvHD, Provacel™ for MI and
Chondrogen™ for orthopedic diseases. Mesoblast (Australia) is involved in
pilot clinical trials of MSC for orthopedic and cardiovascular diseases.
BrainStorm Therapeutics Inc. (Israel) has a product called NurOwn™ that
contain MSC for neurodegenerative diseases’™’. As described in this
paragraph, MSC are the focus of intensive research and there are several
possible clinical applications.

Epilogue

More than 40 years has passed since the discovery of MSC. The cell has
been and remains to be a subject to extensive pre-clinical and clinical
research. Each week, new results on MSC biology, i.e. characterization,
isolation, ex vivo-expansion, properties, and possible clinical applications
are published. Still, there are no striking results implying common use of
MSC transplantation. However, we should bear in mind the history of
HSCT with initial disappointing results that have evolved and still evolve to
successful routines in clinical medicine. Thus it is likely that MSC, in the
future, will enter the clinic to relieve or correct various diseases.
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Aims

The general aims of this thesis are to investigate MSC in the context of
clinical transplantation. As described in previous chapters, the MSC seem
to have a potential as cellular therapy of various conditions. There are
several uncertainties that need to be addressed before the cells can be
adopted in clinical medicine. This thesis aims to clarify two clinically
important concerns:

1.  Can the MSC harbor persistent or latent viruses which can be
transferred from the donor and give rise to hazardous infections
in the recipient undergoing HSCT?

2. Will the HSCT recipients that receive MSC therapy mount

humoral and cellular immune responses to HLA discrepant
MSC?
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Material and methods

All information regarding material and methods applied in this thesis
has been described thoroughly in respective paper I[-IV. This section
describes the methodology used for the different papers in this thesis with
some general comments.

Patients and donors (all papers)

The studies included in this thesis were after ethical scrutiny approved
by the regional ethics review board and complied with the declaration of
Helsinki on medical research involving human subjects. All patients and
donors gave informed consent to participate in the studies, without any
financial compensation.

Patients were enrolled from the Hematology Centre, the Section for
Pediatric Hematology and the Centre for Allogeneic Stem Cell Transplant-
ation at the Karolinska University Hospital in Huddinge, Stockholm,
Sweden. All patients were undergoing HSCT according to the institutional
guidelines and internationally accepted protocols. MSC therapy was
employed for the following indications: to promote engraftment of
hematopoietic stem cells, to treat complications of HSCT and to treat acute
GvHD.

MSC, peripheral lymphocytes (PBL) and serum donors were all
considered healthy after assessment of medical history, physical
examination and serological screening of viruses. All of the donors
participated voluntarily.

MSC expansion and infusion (all papers)

MSC for clinical use and research were cultured as previously described
elsewhere™ ™. Briefly, heparinized bone marrow was separated over a
density gradient. Mononuclear cells were collected, suspended in human
MSC medium containing 10% fetal calf serum (FCS) and plated in plastic
culture flasks. The culture procedures were performed according to the
guidelines of the MSC consortium of the EBMT and the procedure was
approved by the Swedish Medical Products Agency. All expanded MSC
fulfilled the MSC criteria according to the ISCT™ and were culture-
negative for bacteria and fungi, and PCR negative for Mycoplasma
pneumoniae™ ™.

For infusions, MSC were collected in passage 1-4 and diluted in saline

supplemented with 10% human AB plasma. The dosages of MSC were
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around 1-2x10° cells/kg bodyweight of the recipient. MSC were derived
from HLA-matched siblings, HLA-haploidentical and HLA-mismatched
(i.e. third-party) donors. All patients received the MSC as intravenous
infusions.

Virological methods

A counterpart of clinical virology is the detection of viruses to
corroborate clinical diagnoses or explain disease of patients. In this thesis,
virological detection techniques were applied on MSC before and after
exposure to virus. MSC were either cultured with addition of virus or co-
cultured with virus infected cells to study susceptibility of viruses
recognized from the clinical course of HSCT recipients.

PCR detection (paper I and II)

PCR based methods are standard techniques for allowing the rapid
detection of genetic information by specific amplification of low copy
number nucleic acid sequences. The more refined techniques of PCR, also
give the opportunity to quantitative information of the magnitude of viral
infections, i.e. the number of virus genomic equivalents/copies. In this
thesis, both the older “nested” PCR and the modern “real time”
quantitative-PCR were used for detection of parvovirus B19 (B19) and
herpesviruses; CMV, EBV, herpes simplex virus (HSV) and varicella zoster
virus (VZV). PCR is fast and sensitive, but can be hampered by poor
primer constructs and contamination of nucleic acids resulting in false
positive or negative results.

Immunofluorescence (paper I and II)

To visualize subcellular distribution of biomolecules, immuno-
fluorescence can be used. Antibodies labeled with fluorescent dyes are used
as probes targeting the desired component. Cells are prepared on glass
slides and after labeling, the slides are analyzed by fluorescence
microscopy. In virology, antibodies against viral proteins are commonly
used to demonstrate infection. In this thesis; B19, CMV, EBV and HSV
proteins were visualized. Immunofluorescence is an easy technique that
gives information on expression and localization. However, photo-
bleaching, unspecific antibodies and difficulties in visualizing small
amounts of the target are the major limits to its use.
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Titration on susceptible cells (paper I and II)

Viruses can also be detected by inoculating samples on cells susceptible
for the test virus. Green monkey kidney and human foreskin fibroblast cell
lines are used for displaying HSV and CMV infections, respectively. After
the inoculums, the cells are cultured for days to weeks. As the virus infects
the cell and start replicating, a cytopathological effect on the cells will be
seen. By serial dilution of the sample and inoculating it at least in
quadruplicates, the virus titers can be calculated with the Reed-Miinch
endpoint calculation method. The CMV and HSV infections of MSC were
investigated using this method. This type of method is of course limited by
problems associated to the usage of living cells.

Serology (paper I and II)

To asses whether donors and recipients had encountered the
investigated viruses, serological screening of antibodies was performed.
Serology is a routine method used by clinical virology laboratories.
Enzyme-linked immunosorbent assay (ELISA) is commonly used (see
»immunological methods « in one of the following sections).

Expression studies

In preclinical and clinical research, expression of different markers and
genes provide useful information for understanding the complex human
biology. New techniques and new markers of normal processes and
diseases are introduced frequently.

Immunofluorescence (paper I and I1I)

As described above, immunofluorescence is a good method of
investigating protein and glycoprotein expression. In this thesis, immuno-
fluorescence was used to determine expression of CD19 and ABO-histo
blood group antigens.

Flow cytometry (all papers)

Flow cytometry is a rapid technique for counting, examining and
sorting cells suspended in a stream of fluid. It allows, after staining with
fluorescent antibodies or dyes, simultaneous multiparametric analysis of
characteristics of single cells flowing through an optical and/or electronic
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detection apparatus. The limitations of flow cytometry depend on lack of
control cells and the quality of antibodies against the targets. In MSC
research another disadvantage is that the cells have to be trypsinized
before analysis. This might cleave molecules of interest and change
features of the cell.

RT-PCR (paper 1V)

To allow analysis of gene transcription, mRNA levels have to be
determined. Since regular PCR is based on amplification of DNA and not
RNA, the RNA has to be converted to complementary DNA. This process
is called “reverse transcription” (RT) and is based on usage of the enzyme
reverse transcriptase, which produces a strand complementary DNA with
mRNA as template. In this thesis, RT-PCR was used to investigate gene
expression levels of proteins important for regulation of immune
responses. RT-PCR has the same drawbacks as PCR in general. By
correlating mRNA levels for each gene to itself at different time points,
instead of using absolute transcript numbers, possible alterations in
effectiveness in RT were diminished.

Immunological methods

Numerous methods in modern research are based on immunological
reactions. However, this section concerns methods to study immunological
phenomena, e.g. immune cells and antibodies.

Lymphocyte proliferation assays (paper I, Il and IV)

The lymphocyte proliferation assays are based on the MLR, which
primarily was designed to detect HLA discrepancy and is correlated to the
risk of rejection in transplantation’’. Lymphocyte proliferation is
determined by incorporation of "H-thymidine and can also be assessed by
declining CFSE fluorescence in flow cytometric assays (see »flow
cytometry« in previous section). In this thesis both methods have been
used. Responder lymphocytes were either stimulated with PBL, MSC or
infectious agents. Lymphocyte proliferation in response to external stimuli
is a complex process that is regulated on several levels. However, it is a
well-used method for estimation of lymphocyte activity in response to
different stimuli.
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ELISA (paper II)

The ELISA uses antibodies with specificity for a particular antigen.
Sample with an unknown amount of antigen is absorbed to a micro-well or
captured by another antibody specific to the same antigen. After the
antigen is added, the detection antibody is added, forming a complex with
the antigen. The detection antibody can be covalently linked to an enzyme.
Finally, adding an enzymatic substrate produces a visible signal, which
indicates the quantity of antigen in the sample. In this thesis, ELISA was
used to determine antibody levels to viruses and FCS.

Flow cytometric cross match and Flow-PRA (paper I1I)

In flow cytometric cross matches (FCXM) recipients are investigated
for antibodies against donor cells. The serum is incubated with the cells
and thereafter fluorescinated anti-human Ig antibodies are added. Finally,
the cells are assayed in a flow cytometer (Figure 4). To determine
specificity of the antibodies giving positive FCXM reaction, the sera can be
absorbed by different antigens and subsequently the sample will appear
negative if the specific antigen was used. Flow-PRA is also based on flow
cytometry. Instead of using cells to investigate anti-HLA antibodies, serum
is incubated with beads coated with HLA. The limitations of these methods
are the same as in flow cytometry. However, FCXM are used at clinical
transplantation laboratories.
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Figure 4 — Flow cytometric cross match. To evaluate possible development
of antibodies against donor MSC, patient serum from different time points after
MSC therapy was incubated with the cells. Fluorescinated anti-human IgG and
IgM antibodies were used to detect, in a flow cytometer (FACS), any antibodies
binding the MSC. A shift in mean fluorescent intensity (MFI) more than 20
channels was regarded as a positive reaction.
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Results and discussion

All studies included in this thesis aim in general to provide information
regarding MSC as cellular therapy. To date, most data on MSC
transplantation are derived from animal models. These data are of course
important and guiding. However, animal models cannot replace clinical
experimental trials. The MSC mediated immunosuppression is established
in several model systems and seems to be effective in some pilot clinical
trials and a larger multicentre trial within the EBMT. It is now time to
evaluate what happens to the MSC when infused in HSCT recipients and if
MSC transmit viruses to them. Studies of these two safety aspects of MSC
therapy may impart important knowledge of the MSC biology in humans.

MSC as viral reservoirs (papers I and II)

The contemporary cellular therapy constitutes of transfusion of
erythrocytes or thrombocytes and HSCT. In transfusion medicine,
strategies to avoid transmission of viruses with potential hazard to the
recipient have been efficient. Nowadays, blood products are screened for
hepatitis virus A and B, human T lymphotropic virus and human
immunodeficiency virus (HIV). The same screening, expanded to include
the CMV and EBV, is also applied in HSCT"". Herpesviruses as well as B19
are known to cause problematic infections in HSCT recipients” and are
therefore of interest in MSC therapy of complications to HSCT.

Investigated by flow cytometry, MSC express the uptake receptors for
CMV (CD13) and B19 (P antigen and Ku80), which make the cells
accessible for the viruses. However, MSC did not express the EBV receptor
(CD21). MSC were screened for presence of herpesviruses and B19 by
sensitive PCR. None of the 12 screened MSC, derived from healthy donors,
displayed the presence of herpesviruses. In the search for B19, one of 20
cells screened turned out positive for B19. To further study the MSC
susceptibility, MSC were exposed to various viruses. MSC displayed a
strikingly cytopathological effect after exposure to HSV and CMV.
Conversely, exposure to EBV did not give rise to an established infection of
the MSC. By immunofluorescence, HSV and CMV proteins were
visualized in the cells. MSC were also exposed to B19 and the cells’
infection was determined by means of positive immunofluorescence.

The HSV and CMV infections were further investigated to see if the
infections were functional and productive. Supernatants from virus
exposed MSC were titrated on green monkey kidney cells and human
foreskin fibroblasts, respectively. Infections were found to be productive,
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i.e. there was a raise in virus titer over time, and the virus particles
produced from infections of MSC were able to infect other cells. In the case
of B19, infected MSC could pass B19 to bone marrow cells, but not to
other MSC. The discrepancy here might be explained by that infected MSC
and uninfected MSC had no cell contact (transwell system). Transmission
of B19 from MSC to bone marrow cells could be blocked by adding anti-
B19 antibodies to the culture medium. The B19 PCR positive MSC was,
without knowledge of this result, used in MSC therapy of GvHD in two
HSCT recipients. By simple calculations, the dose in the patients should
correspond to around 140 genomic equivalents/mL blood, which is an
extremely low dose. None of the patients developed clinical signs of B19
disease, nor were their B19 PCRs positive one and three months post-MSC
infusion. Even though both patients were severely immunocompromised,
by means of Ig levels and ability to respond in MLR, the usage of B19
infected MSC did not develop into hazardous infection. However, as the
virus is potentially dangerous to HSCT recipients these findings suggest the
need for the implementation of precautions to limit possible B19 infections
after MSC infusions.

PBL were stimulated to proliferative responses to viral, fungal and
bacterial agents. When MSC were introduced they acted as immuno-
suppressants in a dose-dependant manner, equally to what is observed for
MSC inhibition of MLR. This implies that MSC may interfere with
immune responses to infectious agents and in the case of HSCT, making
already immunosuppressed individuals even more susceptible to
dangerous infections. Recently, it was proposed that MSC exerted
differential effects on alloresponses and virus-specific immune responses,
i.e. MSC would not interfere with immunity against infections’”. However,
in that study MSC were stimulated to virus peptides and not whole
particles. This may imply that MSC suppress lymphocyte proliferation in
general, but do not interfere with immunity when a specific response is
established.

The results of this thesis demonstrate that MSC can be infected with
and may carry B19 and herpesviruses. In addition, the MSC might be a
reservoir for persistent viruses. This is corroborated by the fact that bone
marrow stromal cells are known to be permissively infected by CMV™ and
can transmit disease when transplanted in utero™. MSC are also known to
support persistent infection of human herpesvirus 8/Kaposi sarcoma
associated herpesvirus™. Furthermore, it has been shown that bone
marrow stromal cells are susceptible to HIV and are able to pass the virus
to both lymphoid and myeloid cells. MSC were proposed as a reservoir of
HIV™.
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It is clear that cell therapy products such as MSC might transmit
infectious disease as well as having beneficial effects in HSCT recipients'*.
This result in a controversy that has to be overcome in that MSC products
have to be safe for the individual patient’s sake, but also to avoid negative
publicity that might harm the field of regenerative medicine in general.
Protocols for routine viral screening are not established™, our results
suggest a need in the near future. Further studies exploring viruses, not
only herpesviruses and B19, in MSC and stem cell products are warranted.

MSC have low immunogenicity (papers Il and IV)

In general, MSC are regarded as cells with a low inherent
immunogenicity. They do not induce proliferation of allogeneic
lymphocytes, in contrast to many other cells derived from HLA disparate
individuals. When stimulating lymphocytes with PBL from the MSC
donor, the generated effectors cells cannot kill MSC. MSC have been used
in clinical trials and seem to have an effect on GvHD following HSCT. As
described in a previous chapter, even though HSCT recipients are heavily
immunocompromised, they can occasionally mount immune responses
giving rise to rejection of the transplants. Rejection can be mediated by
antibodies, i.e. humoral, or immune cells, i.e. cellular.

Twelve patients who received MSC therapy for complications of HSCT
or to promote hematopoietic engraftment were evaluated whether they
displayed signs of humoral sensitization to the MSC. None of the patients
had abnormal elevations in Ig levels post-MSC infusion that could be
related to the MSC therapy. Two patients had positive FCXM prior to
MSC infusions and at the endpoint, 12 months post-MSC infusion, two of
five patients were found to display positive FCXM. One patient who had
positive FCXM prior to and another one with positive FCXM after MSC
infusion were multi-transfused due to their underlying diseases. Using flow
cytometry, MSC were also found to be negative for expression of ABO-
histo blood group antigens.

In order to determine the specificity of the antibodies giving rise to the
positive FCXM, the patient sera were further analyzed (Figure 5). Sera
were incubated with MSC from another donor, HLA disparate to the
donor of the infused cells. Still, the FCXM were positive, implying that the
antibodies might be MSC specific and not due to a sensitization to the
donor. Anti-HLA antibodies could not be detected by Flow-PRA,
confirming lack of sensitization to the donor. Thereafter the sera were
absorbed with erythrocytes and FCS-grains, respectively. Erythrocyte
absorption still gave positive FCXM, i.e. the antibodies were not directed
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against erythrocyte antigens. Using the FCS-grains, the FCXM turned out
negative. The antibodies were directed against FCS, a component of the
MSC culture medium, which was confirmed by negative FCXM using
MSC generated in human AB plasma. Anti-FCS antibodies were mainly of
the IgG1 subclass.
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Figure 5 — Specificity determination of antibodies binding MSC. Some
patient sera had antibodies that bound the MSC. These antibodies were not
reactive to lymphocytes (PBL) and were not specific to HLA, as investigated by
Flow-PRA. Nor were the antibodies directed to erythrocytes, since absorption
did not change the outcome. However, the specificity of the antibodies were
fetal calf serum (FCS), since absorption and using MSC generated in AB
plasma turned the flow cytometric cross match (FCXM) negative.

This study points out that HSCT recipient have antibodies that can
bind MSC. These antibodies are directed to neither HLA nor ABO-histo
blood group antigens, known to contribute to graft rejection™””. No vast
clonal expansion of B lymphocytes seems to have occurred since there was
no raise in patient Ig levels and no mono- or oligoclonality could be seen.
Instead it may have been preformed Ig and newly produced Ig, from
engrafted HSCT donor B lymphocytes, against FCS that bound the MSC'*”
", Patterns of IgG subclasses for these anti-FCS antibodies would give rise
to opsonization, antibody-dependant cytotoxicity and complement
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activation™. However, our own preliminary results indicate that MSC
cannot be lysed by complement proteins and that MSC are insensitive to
NK cell killing™. Are these anti-FCS antibodies functional? Anti-bovine
antibodies are regarded as natural occurrance”™ . Both in the twelve
patients and in the controls antibodies against FCS were common, as
determined by ELISA. Most humans have them and all patients with
positive FCXM had a clinical effect of the MSC infusion. On the other
hand, the absence of MSC engraftment with concomitantly raised anti-FCS
antibody titers were shown in a non-immunosuppressed patient™.

This thesis also investigates cellular immunity against MSC. Eighteen
patients received MSC infusions as therapy of life-threatening
complications to HSCT. Prior to MSC therapy, PBL from the MSC donor
and third-party PBL mounted alloresponses in all patients, whereas donor
MSC and third-party MSC did not. During the first 6 months post-MSC
infusion, patients continued to display the same response pattern, i.e. no
sign of allosensitization to MSC donor PBL or MSC. Since the recipient
cells always proliferated in response to MSC donor PBL, there is no
evidence for anergy (as reported by others™ ) to the MSC donor after
infusions in humans. In primate models, MSC infusion induces T
lymphocyte hyporesponsiveness™ . However, such a phenomenon could
not be confirmed in the study of this thesis.

In in vitro experiments, lymphocyte proliferation and flow cytometry,
did not display accelerated proliferation kinetics after primary stimulation
to MSC and secondary stimulation to MSC donor’s PBL, implying that
MSC do not prime responder PBL. This contrasts to animal experiments,
where rats responded with accelerated kinetics to human MSC™. MSC
were also able to block, but to a lesser extent, rechallenge response to PBL
primed with MSC donor’s PBL suggesting that MSC are less effective at
blocking established alloresponses. When MSC were used as a secondary
stimulus after priming to PBL, the responder mounted a dose-dependant
alloreaction, albeit smaller than that seen after secondary challenge with
PBL. This may have importance in the clinic, since allosensitized
individuals (transfused, transplanted and prior pregnant women) might
reject infused MSC. In the HSCT setting, therefore it seems more suitable
with third-party MSC rather than autologous cells since an immuno-
competent hematopoietic stem cell graft could reject the infused cells.
Third-party MSC would also be more convenient due to the fact that they
could be stored in appropriate doses and do not need to be expanded, as in
the case of autologous cells which will require several weeks. Both CD4+
and CD8+ T lymphocytes proliferated poorly in response to primary
stimulation and rechallenge with MSC, which supports previous
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findings™. PBL primed with MSC and rechallenged with PBL displayed a
slightly increased proliferation compared to MSC as secondary challenge.
Nevertheless, the blocking of alloresponses was not complete, since
terminally differentiated CD4+ and CD8+ lymphocytes expanded after
MSC priming and PBL rechallenge. Although, in vitro results indicate that
MSC might be weakly immunogenic, no such observations could be seen
in vivo. The findings in this thesis contrast with findings by others,
displaying immune responses to MSC in wvivo™ **. Species-specific
differences remain the most likely explanation for the discrepancies.
However, more sensitive methods such as T lymphocyte precursor
frequencies might be useful in further studies. In contrast to others™ ™,
this study could not confirm expansion of Treg. The gene expression
studies revealed that MSC induced expression of activation markers as well
as molecules associated to immune regulation. MSC also induced earlier

and higher lymphocyte secretion of the anti-inflammatory cytokine IL-10.

To summarize, MSC therapy in HSCT recipients does not seem to
induce antibody production, but antibodies may bind MSC. Whether these
antibodies are functional or not remains to be proven. With regard to
cellular immunity, MSC may be transplanted across HLA barriers with low
risk for sensitization to HLA. MSC powerfully limit the alloresponses, but
there might be responses in already sensitized individuals. Studies
exploring MSC engraftment and trafficking may further elucidate whether
MSC are rejected or not.
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Conclusions

e MSC are susceptible to the human herpesviruses HSV and CMV,
but not EBV. These viruses are not regularly carried by MSC. MSC
support productive infection of HSV and CMV.

e MSC are susceptible to B19. Occasionally, MSC carries this virus.
B19 can be passed from MSC to bone marrow cells in vitro. Low
doses of B19 in MSC transplant might not develop into clinical
infection or viremia in profoundly immunoincompetent indi-
viduals.

e MSC in the bone marrow stroma may constitute a reservoir for
persistent or latent viruses.

e MSC can inhibit lymphocyte proliferation as a response to viral,
fungal and bacterial agents in a dose-dependant manner, similar to
what is seen for alloresponses.

e MSC do not express the ABO-histo blood group antigens, known as
potent alloantigens.

e HLA-mismatched MSC infusions do not induce production of
alloantibodies.

e MSC may bind antibodies directed to FCS, if generated in medium
supplemented with that component. These antibodies may be
insignificant, as they are found in many individuals.

e Patients receiving MSC infusions do not respond with allo-
sensitization to donor antigens.

e MSC are weakly immunogenic in vitro, but do neither give rise to

secondary lymphocyte proliferation kinetics nor induction of
memory cells.

47



Acknowledgements

First of all, I would like to express my sincere gratitude to all the
patients and donors, and the Karolinska Institutet including the
department and the division that have made this work possible.

These pages could be loaded with people to thank, but they will not be.
Instead, I would like to thank everyone who in many different ways
supported me and made this work possible. My special compliments to:

Katarina, my supervisor, for giving free rein, for encouragement, for
always trusting my skills, for never turning down an idea and for your
constant support. Our differences must be our strength.

Claes, my co-supervisor, for always being calm and helpful. I really
appreciate your contribution and vast knowledge in virology, without
which this thesis would not have been possible.

Olle, my co-supervisor, for your help, encouragement and vast
knowledge in hematopoietic stem cell transplantation.

Berit, my wonderful co-worker, your practical experience in the lab is
irreplaceable. I really appreciate having the opportunity to work with you,
hearing your good opinions of right and wrong, your sincere help and all
the good laughs.

Lena, my wonderful co-worker, for all the complex experiments,
putting up with my constant suggestions of more controls, for all the good
laughs and friendly atmosphere and most of all the help!

Silvia, my co-worker a.k.a. Queen of Immunofluorescence. Thank you
for all the help in preparing ELISA, slides and microscopy. Without you it
would have been a trauma reading all those microscopy slides.

Kristina, our secretary, for never saying no, for taking care of all the
administrative problems, for being a good friend and always listening to

bad and good news.

Inger, Olle’s secretary, for helping before Kristina arrived and for your
continuing help and support.

48



The doctors and nurses at the Section of Pediatric Hematology, for giving
me clinical perspectives on the thesis work, being friendly and helpful.

My co-authors, thank you for your contributions!

Ida and Cecilia, the former PhD-students of the Le Blanc group, for
your help and nice chats.

Reka, my friend and co-worker, for always being friendly, listening and
helping when needed. I really appreciate youl!

Darius and Mantas, my friends and co-workers, for your nice attitude,
many laughs and for the company in Alicante. Air conditioning on!

The Ringdén-Mattsson-Omazic group, for being a nice company at the
division.

Professor John Wagner, for accepting the invitation to be my external
examiner and flying all the way to Sweden.

Pddraig D’Arcy, my new friend, for correcting the English in this thesis.

lill-Lina, my friend, for always listening to me, for all those years in
medical school, for the vacations together. What should I have done
without your support? Thank you.

Karolina, my friend, for all talks, for sharing so many points of view,
for saying what you think and for being my friend “Docent”.

stor-Lina, my friend, for all lunches and for sharing the anxiety and fear
of being a young doctor at the hospital.

morfar, tack for att du alltid stillt upp for mig! Vad hade livet varit utan
~glaskogonen”, hoglasningen, boforsbyxorna, skiddkningen och all tid du
dgnat mig?! Du har gett mig envisheten, nyfikenheten och striavsamheten.
Du har alltid en plats i mitt hjarta.

hela min familj, men framforallt lillasyster, faster Ann-Christine, mormor
Eida och Joakim. Tack for allt stod, all god mat och er kirlek.

mamma och pappa, tack for att ni alltid trott pa mig, 1atit mig ga mina
egna végar och stdllt upp nér det behovts.

49



References

1.

10.

11.

12.

13.

14.

15.

16.

50

Brenner MK, Rill DR, Moen RC, et al. Gene-marking to trace origin of relapse
after autologous bone-marrow transplantation. Lancet. 1993;341:85-86.

Quine W. The remedial application of bone marrow. JAMA. 1896;26:1012-
1016.

Josefson A. A new mthod of treatment - intraossal injections. Acta Med Scand.
1934;81:550-564.

Osgood EE, Riddle MC, Mathews TJ. Aplastic anemia treated with daily
tranfusions and intravenous marrow; case report. Ann Intern Med.
1939;13:357-367.

Jacobson LO, Marks EK, Robson M]J, et al. The effect of spleen protection on
mortality following x-irradiation. ] Lab Clin Med. 1949;34.

Lorenz E, Uphoff D, Reid TR, et al. Modification of irradiation injury in mice
and guinea pigs by bone marrow injections. Journal of the National Cancer
Institute. 1951;12:197-201.

Ford CE, Hamerton JL, Barnes DW, et al. Cytological identification of
radiation-chimaeras. Nature. 1956;177:452-454.

Lindsley DL, Odell TT, Jr., Tausche FG. Implantation of functional
erythropoietic elements following total-body irradiation. Proceedings of the
Society for Experimental Biology and Medicine. Society for Experimental
Biology and Medicine (New York, N.Y. 1955;90:512-515.

Barnes DW, Corp MJ, Loutit JF, et al. Treatment of murine leukaemia with X
rays and homologous bone marrow; preliminary communication. British
medical journal. 1956;2:626-627.

Cooper MD. In memoriam. Robert A. Good May 21, 1922-June 13, 2003. ]
Immunol. 2003;171:6318-6319.

Thomas ED, Lochte HL, Jr., Cannon JH, et al. Supralethal whole body
irradiation and isologous marrow transplantation in man. The Journal of
clinical investigation. 1959;38:1709-1716.

Thomas ED, Lochte HL, Jr., Lu WG, et al. Intravenous infusion of bone marrow
in patients receiving radiation and chemotherapy. The New England journal of
medicine. 1957;257:491-496.

Bortin MM. A compendium of reported human bone marrow transplants.
Transplantation. 1970;9:571-587.

Billingham RE. The biology of graft-versus-host reactions. Harvey lectures.
1966;62:21-78.

Simonsen M, Jensen E. The graft versus host assay in transplantation chimaeras.
Bulletin de la Societe internationale de chirurgie. 1959;18:234-256.

Simonsen M. Graft versus host reactions. Their natural history, and applicability
as tools of research. Progress in allergy. 1962;6:349-467.



17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Van Bekkum DW, Vos O. Immunological aspects of homo- and heterologous
bone marrow transplantation in irradiated animals. ] Cell Physiol Suppl.
1957;50:139-156.

Gatti RA, Meuwissen HJ, Allen HD, et al. Immunological reconstitution of sex-
linked lymphopenic immunological deficiency. Lancet. 1968;2:1366-1369.

Mathe G, Amiel JL, Schwarzenberg L, et al. Haematopoietic Chimera in Man
after Allogenic (Homologous) Bone-Marrow Transplantation. (Control of the
Secondary Syndrome. Specific Tolerance Due to the Chimerism). British
medical journal. 1963;2:1633-1635.

Robins MM, Noyes WD. Aplastic anemia treated with bone-marrow
transfusiuon from an identical twin. The New England journal of medicine.
1961;265:974-979.

Dausset J. [Iso-leuko-antibodies.]. Acta haematologica. 1958;20:156-166.

Storb R, Thomas ED, Buckner CD, et al. Allogeneic marrow grafting for
treatment of aplastic anemia. Blood. 1974;43:157-180.

Klein ], Sato A. The HLA system. First of two parts. The New England journal of
medicine. 2000;343:702-7009.

Martin PJ, Gooley T, Anasetti C, et al. HLAs and risk of acute graft-vs.-host
disease after marrow transplantation from an HLA-identical sibling. Biol Blood
Marrow Transplant. 1998;4:128-133.

Petersdorf EW, Hansen JA, Martin PJ, et al. Major-histocompatibility-complex
class I alleles and antigens in hematopoietic-cell transplantation. The New
England journal of medicine. 2001;345:1794-1800.

Ringden O, Deeg J. Clinical spectrum of graft-versus-host disease. In: Burakoff
S, ed. Graft-vs.-Host Disease. New York: Marcel Dekker Inc.; 1996:525-560.

Cavet J, Middleton PG, Segall M, et al. Recipient tumor necrosis factor-alpha
and interleukin-10 gene polymorphisms associate with early mortality and acute
graft-versus-host disease severity in HLA-matched sibling bone marrow
transplants. Blood. 1999;94:3941-3946.

Dickinson AM, Cavet J, Cullup H, et al. GVHD risk assessment in hematopoietic
stem cell transplantation: role of cytokine gene polymorphisms and an in vitro
human skin explant model. Human immunology. 2001;62:1266-1276.

Gagne K, Brizard G, Gueglio B, et al. Relevance of KIR gene polymorphisms in
bone marrow transplantation outcome. Human immunology. 2002;63:271-280.

Giebel S, Locatelli F, Lamparelli T, et al. Survival advantage with KIR ligand
incompatibility in hematopoietic stem cell transplantation from unrelated
donors. Blood. 2003;102:814-819.

Lin MT, Storer B, Martin PJ, et al. Relation of an interleukin-10 promoter
polymorphism to graft-versus-host disease and survival after hematopoietic-cell
transplantation. The New England journal of medicine. 2003;349:2201-2210.

Middleton PG, Taylor PR, Jackson G, et al. Cytokine gene polymorphisms

associating with severe acute graft-versus-host disease in HLA-identical sibling
transplants. Blood. 1998;92:3943-3948.

51



33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

52

Goulmy E. Human minor histocompatibility antigens. Current opinion in
immunology. 1996;8:75-81.

Goulmy E. Minor histocompatibility antigens: from T cell recognition to
peptide identification. Human immunology. 1997;54:8-14.

Wang W, Meadows LR, den Haan JM, et al. Human H-Y: a male-specific
histocompatibility antigen derived from the SMCY protein. Science (New York,
N.Y. 1995;269:1588-1590.

Stussi G, Halter J, Schanz U, et al. ABO-histo blood group incompatibility in
hematopoietic stem cell and solid organ transplantation. Transfus Apher Sci.
2006;35:59-69.

Bortin MM, Horowitz MM, Rimm AA. Increasing utilization of allogeneic bone
marrow transplantation. Results of the 1988-1990 survey. Ann Intern Med.
1992;116:505-512.

Speck B, Zwaan FE, van Rood JJ, et al. Allogeneic bone marrow transplantation
in a patient with aplastic anemia using a phenotypically HL-A-identifcal
unrelated donor. Transplantation. 1973;16:24-28.

Confer DL. Unrelated marrow donor registries. Current opinion in hematology.
1997;4:408-412.

Anasetti C, Petersdorf EW, Martin PJ, et al. Transplantation of hematopoietic
stem cells from unrelated volunteer donors. Transplantation proceedings.
2000;32:1539-1540.

Thomas E, Storb R, Clift RA, et al. Bone-marrow transplantation (first of two
parts). The New England journal of medicine. 1975;292:832-843.

Barr RD, McBride JA. Haemopoietic engraftment with peripheral blood cells in
the treatment of malignant disease. British journal of haematology. 1982;51:181-
187.

Bensinger WI, Buckner CD, Shannon-Dorcy K, et al. Transplantation of
allogeneic CD34+ peripheral blood stem cells in patients with advanced
hematologic malignancy. Blood. 1996;88:4132-4138.

Bensinger WI, Weaver CH, Appelbaum FR, et al. Transplantation of allogeneic
peripheral blood stem cells mobilized by recombinant human granulocyte
colony-stimulating factor. Blood. 1995;85:1655-1658.

Jemionek JF, Monroy RL, MacVittie TJ, et al. Bone marrow reconstitution of
lethally irradiated canines using autologous bone marrow fractions obtained by
counterflow centrifugation-elutriation. British journal of haematology.
1982;51:585-594.

Dreger P, Suttorp M, Haferlach T, et al. Allogeneic granulocyte colony-
stimulating factor-mobilized peripheral blood progenitor cells for treatment of
engraftment failure after bone marrow transplantation. Blood. 1993;81:1404-
1407.

Gluckman E, Broxmeyer HA, Auerbach AD, et al. Hematopoietic reconstitution
in a patient with Fanconi's anemia by means of umbilical-cord blood from an
HLA-identical sibling. The New England journal of medicine. 1989;321:1174-
1178.



48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Wagner JE, Rosenthal J, Sweetman R, et al. Successful transplantation of HLA-
matched and HLA-mismatched umbilical cord blood from unrelated donors:
analysis of engraftment and acute graft-versus-host disease. Blood. 1996;88:795-
802.

Brunstein CG, Setubal DC, Wagner JE. Expanding the role of umbilical cord
blood transplantation. British journal of haematology. 2007;137:20-35.

Rao SS, Peters SO, Crittenden RB, et al. Stem cell transplantation in the normal
nonmyeloablated host: relationship between cell dose, schedule, and
engraftment. Experimental hematology. 1997;25:114-121.

Thomas ED, Storb R, Clift RA, et al. Bone-marrow transplantation (second of
two parts). The New England journal of medicine. 1975;292:895-902.

Ringden O, Ruutu T, Remberger M, et al. A randomized trial comparing
busulfan with total body irradiation as conditioning in allogeneic marrow
transplant recipients with leukemia: a report from the Nordic Bone Marrow
Transplantation Group. Blood. 1994;83:2723-2730.

Santos GW, Tutschka PJ, Brookmeyer R, et al. Marrow transplantation for acute
nonlymphocytic ~ leukemia  after  treatment with  busulfan and
cyclophosphamide. The New England journal of medicine. 1983;309:1347-1353.

Tutschka PJ, Copelan EA, Klein JP. Bone marrow transplantation for leukemia
following a new busulfan and cyclophosphamide regimen. Blood. 1987;70:1382-
1388.

Carella AM, Giralt S, Slavin S. Low intensity regimens with allogeneic
hematopoietic stem cell transplantation as treatment of hematologic neoplasia.
Haematologica. 2000;85:304-313.

Tavassoli M, Minguell JJ. Homing of hemopoietic progenitor cells to the
marrow. Proceedings of the Society for Experimental Biology and Medicine.
Society for Experimental Biology and Medicine (New York, N.Y. 1991;196:367-
373.

Abo-Zena RA, Horwitz ME. Immunomodulation in stem-cell transplantation.
Current opinion in pharmacology. 2002;2:452-457.

Fairbanks LD, Ruckemann K, Qiu Y, et al. Methotrexate inhibits the first
committed step of purine biosynthesis in mitogen-stimulated human T-
lymphocytes: a metabolic basis for efficacy in rheumatoid arthritis? The
Biochemical journal. 1999;342 ( Pt 1):143-152.

Ringden O, Horowitz MM, Sondel P, et al. Methotrexate, cyclosporine, or both
to prevent graft-versus-host disease after HLA-identical sibling bone marrow
transplants for early leukemia? Blood. 1993;81:1094-1101.

Storb R, Deeg HJ, Pepe M, et al. Methotrexate and cyclosporine versus
cyclosporine alone for prophylaxis of graft-versus-host disease in patients given
HLA-identical marrow grafts for leukemia: long-term follow-up of a controlled
trial. Blood. 1989;73:1729-1734.

Couriel D, Canosa J, Engler H, et al. Early reactivation of cytomegalovirus and
high risk of interstitial pneumonitis following T-depleted BMT for adults with
hematological malignancies. Bone marrow transplantation. 1996;18:347-353.

53



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

54

Goldman JM, Gale RP, Horowitz MM, et al. Bone marrow transplantation for
chronic myelogenous leukemia in chronic phase. Increased risk for relapse
associated with T-cell depletion. Ann Intern Med. 1988;108:806-814.

Ho VT, Soiffer R]. The history and future of T-cell depletion as graft-versus-
host disease prophylaxis for allogeneic hematopoietic stem cell transplantation.
Blood. 2001;98:3192-3204.

Shapiro RS, McClain K, Frizzera G, et al. Epstein-Barr virus associated B cell
lymphoproliferative disorders following bone marrow transplantation. Blood.
1988;71:1234-1243.

Coda BA, O'Sullivan B, Donaldson G, et al. Comparative efficacy of patient-
controlled administration of morphine, hydromorphone, or sufentanil for the
treatment of oral mucositis pain following bone marrow transplantation. Pain.
1997;72:333-346.

Dykewicz CA. Summary of the Guidelines for Preventing Opportunistic
Infections among Hematopoietic Stem Cell Transplant Recipients. Clin Infect
Dis. 2001;33:139-144.

Weisdorf SA, Lysne ], Wind D, et al. Positive effect of prophylactic total
parenteral nutrition on long-term outcome of bone marrow transplantation.
Transplantation. 1987;43:833-838.

Anderson D, Billingham RE, Lampkin GH, et al. The use of skin grafting to
distiguish between monozygotic and dizygotic twins in cattle. Heredity.
1951;5:379-397.

Bader P, Niethammer D, Willasch A, et al. How and when should we monitor
chimerism after allogeneic stem cell transplantation? Bone marrow
transplantation. 2005;35:107-119.

Baron F, Sandmaier BM. Chimerism and outcomes after allogeneic
hematopoietic cell transplantation following nonmyeloablative conditioning.
Leukemia. 2006;20:1690-1700.

Lawler M. Prospective chimerism analysis, the time is now but can we respond?
Leukemia. 2001;15:1992-1994.

Peggs KS, Thomson K, Hart DP, et al. Dose-escalated donor lymphocyte
infusions following reduced intensity transplantation: toxicity, chimerism, and
disease responses. Blood. 2004;103:1548-1556.

Hochhaus A. A further milestone towards comprehensive standardization of
quantitative RT-PCR protocols for leukemic fusion gene transcripts has been
reached. Leukemia. 2003;17:2383-2384.

Uzunel M, Jaksch M, Mattsson J, et al. Minimal residual disease detection after
allogeneic stem cell transplantation is correlated to relapse in patients with acute
lymphoblastic leukaemia. British journal of haematology. 2003;122:788-794.

van Dongen JJ, Langerak AW, Bruggemann M, et al. Design and standardization
of PCR primers and protocols for detection of clonal immunoglobulin and T-
cell receptor gene recombinations in suspect lymphoproliferations: report of the
BIOMED-2 Concerted Action BMH4-CT98-3936. Leukemia. 2003;17:2257-
2317.

Hassan Z, Remberger M, Svenberg P, et al. Hemorrhagic cystitis: a retrospective
single-center survey. Clinical transplantation. 2007;21:659-667.



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Seber A, Shu XO, Defor T, et al. Risk factors for severe hemorrhagic cystitis
following BMT. Bone marrow transplantation. 1999;23:35-40.

Yang CC, Hurd DD, Case LD, et al. Hemorrhagic cystitis in bone marrow
transplantation. Urology. 1994;44:322-328.

Brugieres L, Hartmann O, Travagli JP, et al. Hemorrhagic cystitis following
high-dose chemotherapy and bone marrow transplantation in children with
malignancies: incidence, clinical course, and outcome. J Clin Oncol. 1989;7:194-
199.

Arthur RR, Shah KV, Baust 5], et al. Association of BK viruria with hemorrhagic
cystitis in recipients of bone marrow transplants. The New England journal of
medicine. 1986;315:230-234.

Leung AY, Suen CK, Lie AK, et al. Quantification of polyoma BK viruria in
hemorrhagic cystitis complicating bone marrow transplantation. Blood.
2001;98:1971-1978.

Miyamura K, Takeyama K, Kojima S, et al. Hemorrhagic cystitis associated with
urinary excretion of adenovirus type 11 following allogeneic bone marrow
transplantation. Bone marrow transplantation. 1989;4:533-535.

Murphy GF, Wood DP, Jr., McRoberts JW, et al. Adenovirus-associated
hemorrhagic cystitis treated with intravenous ribavirin. The Journal of urology.
1993;149:565-566.

Childs R, Sanchez C, Engler H, et al. High incidence of adeno- and
polyomavirus-induced hemorrhagic cystitis in bone marrow allotransplantation
for hematological malignancy following T cell depletion and cyclosporine. Bone
marrow transplantation. 1998;22:889-893.

Russell SJ, Vowels MR, Vale T. Haemorrhagic cystitis in paediatric bone marrow
transplant patients: an association with infective agents, GVHD and prior
cyclophosphamide. Bone marrow transplantation. 1994;13:533-539.

Ost L, Lonngvist B, Eriksson L, et al. Hemorrhagic cystitis--a manifestation of
graft versus host disease? Bone marrow transplantation. 1987;2:19-25.

Gine E, Rovira M, Real I, et al. Successful treatment of severe hemorrhagic
cystitis after hemopoietic cell transplantation by selective embolization of the
vesical arteries. Bone marrow transplantation. 2003;31:923-925.

Ho VT, Linden E, Revta C, et al. Hepatic veno-occlusive disease after
hematopoietic stem cell transplantation: review and update on the use of
defibrotide. Seminars in thrombosis and hemostasis. 2007;33:373-388.

Jones RJ, Lee KS, Beschorner WE, et al. Venoocclusive disease of the liver
following bone marrow transplantation. Transplantation. 1987;44:778-783.

Ruutu T, Barosi G, Benjamin RJ, et al. Diagnostic criteria for hematopoietic
stem cell transplant-associated microangiopathy: results of a consensus process
by an International Working Group. Haematologica. 2007;92:95-100.

Daly AS, Xenocostas A, Lipton JH. Transplantation-associated thrombotic
microangiopathy: twenty-two vyears later. Bone marrow transplantation.
2002;30:709-715.

Marty FM, Rubin RH. The prevention of infection post-transplant: the role of
prophylaxis, preemptive and empiric therapy. Transpl Int. 2006;19:2-11.

55



93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

56

Sparrelid E, Hagglund H, Remberger M, et al. Bacteraemia during the aplastic
phase after allogeneic bone marrow transplantation is associated with early
death from invasive fungal infection. Bone marrow transplantation.
1998;22:795-800.

Ljungman P. Risk assessment in haematopoietic stem cell transplantation: viral
status. Best practice & research. 2007;20:209-217.

Tollemar J, Ringden O, Bostrom L, et al. Variables predicting deep fungal
infections in bone marrow transplant recipients. Bone marrow transplantation.
1989;4:635-641.

Wingard JR. Fungal infections after bone marrow transplant. Biol Blood
Marrow Transplant. 1999;5:55-68.

Einsele H, Hebart H, Kauffmann-Schneider C, et al. Risk factors for treatment
failures in patients receiving PCR-based preemptive therapy for CMV infection.
Bone marrow transplantation. 2000;25:757-763.

Engelhard D, Cordonnier C, Shaw PJ, et al. Early and late invasive
pneumococcal infection following stem cell transplantation: a European Bone
Marrow Transplantation survey. British journal of haematology. 2002;117:444-
450.

Ljungman P, Oberg G, Aschan J, et al. Foscarnet for pre-emptive therapy of
CMV infection detected by a leukocyte-based nested PCR in allogeneic bone
marrow transplant patients. Bone marrow transplantation. 1996;18:565-568.

Meyers JD, Flournoy N, Thomas ED. Risk factors for cytomegalovirus infection
after human marrow transplantation. The Journal of infectious diseases.
1986;153:478-488.

Sundin M, Le Blanc K, Ringden O, et al. The role of HLA mismatch,
splenectomy and recipient Epstein-Barr virus seronegativity as risk factors in
post-transplant  lymphoproliferative ~ disorder  following  allogeneic
hematopoietic stem cell transplantation. Haematologica. 2006;91:1059-1067.

Brunstein CG, Weisdorf DJ, DeFor T, et al. Marked increased risk of Epstein-
Barr virus-related complications with the addition of antithymocyte globulin to
a nonmyeloablative conditioning prior to unrelated umbilical cord blood
transplantation. Blood. 2006;108:2874-2880.

Machado CM. Reimmunization after hematopoietic stem cell transplantation.
Expert review of vaccines. 2005;4:219-228.

Molrine DC. Recommendations for immunizations in stem cell transplantation.
Pediatric transplantation. 2003;7 Suppl 3:76-85.

Falkenburg JH, van de Corput L, Marijt EW, et al. Minor histocompatibility
antigens in human stem cell transplantation. Experimental hematology.
2003;31:743-751.

Reddy P, Ferrara JL. Immunobiology of acute graft-versus-host disease. Blood
reviews. 2003;17:187-194.

Ferrara JL, Deeg HJ. Graft-versus-host disease. The New England journal of
medicine. 1991;324:667-674.



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Glucksberg H, Storb R, Fefer A, et al. Clinical manifestations of graft-versus-
host disease in human recipients of marrow from HL-A-matched sibling
donors. Transplantation. 1974;18:295-304.

Przepiorka D, Weisdorf D, Martin P, et al. 1994 Consensus Conference on
Acute GVHD Grading. Bone marrow transplantation. 1995;15:825-828.

Ringden O, Remberger M, Persson U, et al. Similar incidence of graft-versus-
host disease using HLA-A, -B and -DR identical unrelated bone marrow donors
as with HLA-identical siblings. Bone marrow transplantation. 1995;15:619-625.

Deeg HJ, Loughran TP, Jr., Storb R, et al. Treatment of human acute graft-
versus-host disease with antithymocyte globulin and cyclosporine with or
without methylprednisolone. Transplantation. 1985;40:162-166.

Martin PJ, Schoch G, Fisher L, et al. A retrospective analysis of therapy for acute
graft-versus-host disease: initial treatment. Blood. 1990;76:1464-1472.

Aschan ]. Treatment of moderate to severe acute graft-versus-host disease: a
retrospective analysis. Bone marrow transplantation. 1994;14:601-607.

Atkinson K, Weller P, Ryman W, et al. PUVA therapy for drug-resistant graft-
versus-host disease. Bone marrow transplantation. 1986;1:227-236.

Le Blanc K, Rasmusson I, Sundberg B, et al. Treatment of severe acute graft-
versus-host disease with third party haploidentical mesenchymal stem cells.
Lancet. 2004;363:1439-1441.

Le Blanc K, Frassoni F, Ball L, et al. Mesenchymal stem cells for treatment of
steroid-resistant, severe, acute graft—versus—host disease: a phase II study. Lancet.
2008;371:1579-1586.

Claman HN, Jaffee BD, Huff JC, et al. Chronic graft-versus-host disease as a
model for scleroderma. II. Mast cell depletion with deposition of
immunoglobulins in the skin and fibrosis. Cellular immunology. 1985;94:73-84.

Atkinson K, Horowitz MM, Gale RP, et al. Risk factors for chronic graft-versus-
host disease after HLA-identical sibling bone marrow transplantation. Blood.
1990;75:2459-2464.

Fraser CJ, Scott Baker K. The management and outcome of chronic graft-
versus-host disease. British journal of haematology. 2007;138:131-145.

Ringden O, Paulin T, Lonngvist B, et al. An analysis of factors predisposing to
chronic graft-versus-host disease. Experimental hematology. 1985;13:1062-
1067.

Socie G, Stone JV, Wingard JR, et al. Long-term survival and late deaths after
allogeneic bone marrow transplantation. Late Effects Working Committee of
the International Bone Marrow Transplant Registry. The New England journal
of medicine. 1999;341:14-21.

Storb R, Prentice RL, Sullivan KM, et al. Predictive factors in chronic graft-
versus-host disease in patients with aplastic anemia treated by marrow
transplantation from HLA-identical siblings. Ann Intern Med. 1983;98:461-466.

Storek J, Gooley T, Witherspoon RP, et al. Infectious morbidity in long-term

survivors of allogeneic marrow transplantation is associated with low CD4 T cell
counts. American journal of hematology. 1997;54:131-138.

57



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

58

Drobyski WR. Evolving strategies to address adverse transplant outcomes
associated with T cell depletion. Journal of hematotherapy & stem cell research.
2000;9:327-337.

Marmont AM, Horowitz MM, Gale RP, et al. T-cell depletion of HLA-identical
transplants in leukemia. Blood. 1991;78:2120-2130.

Mattsson J, Ringden O, Storb R. Graft failure after allogeneic hematopoietic
stem cell transplantation. Biol Blood Marrow Transplant. 2008;14:165-170.

Dermime S, Mavroudis D, Jiang YZ, et al. Immune escape from a graft-versus-
leukemia effect may play a role in the relapse of myeloid leukemias following
allogeneic bone marrow transplantation. Bone marrow transplantation.
1997;19:989-999.

Tabbara IA, Zimmerman K, Morgan C, et al. Allogeneic hematopoietic stem cell
transplantation: complications and results. Archives of internal medicine.
2002;162:1558-1566.

Champlin RE, Horowitz MM, van Bekkum DW, et al. Graft failure following
bone marrow transplantation for severe aplastic anemia: risk factors and
treatment results. Blood. 1989;73:606-613.

Socie G, Salooja N, Cohen A, et al. Nonmalignant late effects after allogeneic
stem cell transplantation. Blood. 2003;101:3373-3385.

Coskuncan NM, Jabs DA, Dunn JP, et al. The eye in bone marrow
transplantation. VI. Retinal complications. Archives of ophthalmology.
1994;112:372-379.

Tichelli A, Gratwohl A, Egger T, et al. Cataract formation after bone marrow
transplantation. Ann Intern Med. 1993;119:1175-1180.

Igbal M, Creger RJ, Fox RM, et al. Laparoscopic liver biopsy to evaluate hepatic
dysfunction in patients with hematologic malignancies: a useful tool to effect
changes in management. Bone marrow transplantation. 1996;17:655-662.

Locasciulli A, Alberti A, de Bock R, et al. Impact of liver disease and hepatitis
infections on allogeneic bone marrow transplantation in Europe: a survey from
the European Bone Marrow Transplantation (EBMT) Group--Infectious
Diseases Working Party. Bone marrow transplantation. 1994;14:833-837.

Maertens J, Demuynck H, Verbeken EK, et al. Mucormycosis in allogeneic bone
marrow transplant recipients: report of five cases and review of the role of iron
overload in the pathogenesis. Bone marrow transplantation. 1999;24:307-312.

Cerveri I, Fulgoni P, Giorgiani G, et al. Lung function abnormalities after bone
marrow transplantation in children: has the trend recently changed? Chest.
2001;120:1900-1906.

Soubani AO, Miller KB, Hassoun PM. Pulmonary complications of bone
marrow transplantation. Chest. 1996;109:1066-1077.

Al-Fiar FZ, Colwill R, Lipton JH, et al. Abnormal thyroid stimulating hormone
(TSH) levels in adults following allogeneic bone marrow transplants. Bone
marrow transplantation. 1997;19:1019-1022.

Borgstrom B, Bolme P. Thyroid function in children after allogeneic bone
marrow transplantation. Bone marrow transplantation. 1994;13:59-64.



140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Keilholz U, Max R, Scheibenbogen C, et al. Endocrine function and bone
metabolism 5 years after autologous bone marrow/blood-derived progenitor
cell transplantation. Cancer. 1997;79:1617-1622.

Dahllof G, Barr M, Bolme P, et al. Disturbances in dental development after
total body irradiation in bone marrow transplant recipients. Oral surgery, oral
medicine, and oral pathology. 1988;65:41-44.

Pajari U, Lanning M. Developmental defects of teeth in survivors of childhood
ALL are related to the therapy and age at diagnosis. Medical and pediatric
oncology. 1995;24:310-314.

Phipps S, Dunavant M, Srivastava DK, et al. Cognitive and academic
functioning in survivors of pediatric bone marrow transplantation. ] Clin
Oncol. 2000;18:1004-1011.

Frizzera G, Hanto DW, Gajl-Peczalska KJ, et al. Polymorphic diffuse B-cell
hyperplasias and lymphomas in renal transplant recipients. Cancer research.
1981;41:4262-4279.

Hanto DW, Gajl-Peczalska K], Frizzera G, et al. Epstein-Barr virus (EBV)
induced polyclonal and monoclonal B-cell lymphoproliferative diseases
occurring after renal transplantation. Clinical, pathologic, and virologic findings
and implications for therapy. Annals of surgery. 1983;198:356-369.

Nalesnik MA, Jaffe R, Starzl TE, et al. The pathology of posttransplant
lymphoproliferative disorders occurring in the setting of cyclosporine A-

prednisone immunosuppression. The American journal of pathology.
1988;133:173-192.

Socie G, Kolb HJ, Ljungman P. Malignant diseases after allogeneic bone marrow
transplantation: the case for assessment of risk factors. British journal of
haematology. 1992;80:427-430.

Fialkow PJ, Thomas ED, Bryant JI, et al. Leukaemic transformation of engrafted
human marrow cells in vivo. Lancet. 1971;1:251-255.

Thomas ED, Bryant JI, Buckner CD, et al. Leukaemic transformation of
engrafted human marrow cells in vivo. Lancet. 1972;1:1310-1313.

Deeg HJ, Sanders J, Martin P, et al. Secondary malignancies after marrow
transplantation. Experimental hematology. 1984;12:660-666.

Deeg HJ, Socie G. Malignancies after hematopoietic stem cell transplantation:
many questions, some answers. Blood. 1998;91:1833-1844.

Ades L, Guardiola P, Socie G. Second malignancies after allogeneic
hematopoietic stem cell transplantation: new insight and current problems.
Blood reviews. 2002;16:135-146.

Bhatia S, Louie AD, Bhatia R, et al. Solid cancers after bone marrow
transplantation. J Clin Oncol. 2001;19:464-471.

Lowsky R, Lipton ], Fyles G, et al. Secondary malignancies after bone marrow
transplantation in adults. ] Clin Oncol. 1994;12:2187-2192.

Curtis RE, Rowlings PA, Deeg HJ, et al. Solid cancers after bone marrow
transplantation. The New England journal of medicine. 1997;336:897-904.

59



156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

60

Socie G, Curtis RE, Deeg HJ, et al. New malignant diseases after allogeneic
marrow transplantation for childhood acute leukemia. ] Clin Oncol.
2000;18:348-357.

Naughton MA, Botto M, Carter MJ, et al. Extrahepatic secreted complement C3
contributes to circulating C3 levels in humans. ] Immunol. 1996;156:3051-3056.

Lee LA, Sergio JJ, Sykes M. Natural killer cells weakly resist engraftment of
allogeneic, long-term, multilineage-repopulating hematopoietic stem cells.
Transplantation. 1996;61:125-132.

Savani BN, Rezvani K, Mielke S, et al. Factors associated with early molecular
remission after T cell-depleted allogeneic stem cell transplantation for chronic
myelogenous leukemia. Blood. 2006;107:1688-1695.

Westerhuis G, Maas WG, Willemze R, et al. Long-term mixed chimerism after
immunologic conditioning and MHC-mismatched stem-cell transplantation is
dependent on NK-cell tolerance. Blood. 2005;106:2215-2220.

Przepiorka D, Smith TL, Folloder J, et al. Controlled trial of filgrastim for
acceleration of neutrophil recovery after allogeneic blood stem cell

transplantation from human leukocyte antigen-matched related donors. Blood.
2001;97:3405-3410.

Laughlin MJ, Eapen M, Rubinstein P, et al. Outcomes after transplantation of
cord blood or bone marrow from unrelated donors in adults with leukemia. The
New England journal of medicine. 2004;351:2265-2275.

Rocha V, Labopin M, Sanz G, et al. Transplants of umbilical-cord blood or bone
marrow from unrelated donors in adults with acute leukemia. The New England
journal of medicine. 2004;351:2276-2285.

Sosa R, Weiden PL, Storb R, et al. Granulocyte function in human allogenic
marrow graft recipients. Experimental hematology. 1980;8:1183-1189.

Wagner JE. Umbilical cord blood transplantation: overview of the clinical
experience. Blood cells. 1994;20:227-233; discussion 233-224.

Geddes M, Storek J. Immune reconstitution following hematopoietic stem-cell
transplantation. Best practice & research. 2007;20:329-348.

Koehne G, Zeller W, Stockschlaeder M, et al. Phenotype of lymphocyte subsets
after autologous peripheral blood stem cell transplantation. Bone marrow
transplantation. 1997;19:149-156.

Peggs KS. Reconstitution of adaptive and innate immunity following allogeneic
hematopoietic stem cell transplantation in humans. Cytotherapy. 2006;8:427-
436.

Storek ], Joseph A, Espino G, et al. Immunity of patients surviving 20 to 30 years
after allogeneic or syngeneic bone marrow transplantation. Blood.
2001;98:3505-3512.

Lum LG, Munn NA, Schanfield MS, et al. The detection of specific antibody
formation to recall antigens after human bone marrow transplantation. Blood.
1986;67:582-587.

Machatschek J, Duda J, Matthay K, et al. Immune reconstitution, infectious
complications and post transplant supportive care measures after autologous



172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

blood and marrow transplantation in children. Bone marrow transplantation.
2003;32:687-693.

Sullivan KM, Storek ], Kopecky KJ, et al. A controlled trial of long-term
administration of intravenous immunoglobulin to prevent late infection and
chronic graft-vs.-host disease after marrow transplantation: clinical outcome
and effect on subsequent immune recovery. Biol Blood Marrow Transplant.
1996;2:44-53.

Barrett AJ, Savani BN. Stem cell transplantation with reduced-intensity
conditioning regimens: a review of ten years experience with new transplant
concepts and new therapeutic agents. Leukemia. 2006;20:1661-1672.

Slavin S, Morecki S, Weiss L, et al. Nonmyeloablative stem cell transplantation:
reduced-intensity conditioning for cancer immunotherapy--from bench to
patient bedside. Seminars in oncology. 2004;31:4-21.

Sun K, Wilkins DE, Anver MR, et al. Differential effects of proteasome
inhibition by bortezomib on murine acute graft-versus-host disease (GVHD):
delayed administration of bortezomib results in increased GVHD-dependent
gastrointestinal toxicity. Blood. 2005;106:3293-3299.

Van Besien K. The evolving role of autologous and allogeneic stem cell
transplantation in follicular lymphoma. Blood reviews. 2006;20:235-244.

Mielke S, Solomon SR, Barrett AJ. Selective depletion strategies in allogeneic
stem cell transplantation. Cytotherapy. 2005;7:109-115.

Koh LP, Rizzieri DA, Chao NJ. Allogeneic hematopoietic stem cell transplant
using mismatched/haploidentical donors. Biol Blood Marrow Transplant.
2007;13:1249-1267.

Ruggeri L, Capanni M, Urbani E, et al. Effectiveness of donor natural killer cell
alloreactivity in mismatched hematopoietic transplants. Science (New York,
N.Y. 2002;295:2097-2100.

Ruggeri L, Mancusi A, Capanni M, et al. Donor natural killer cell
allorecognition of missing self in haploidentical hematopoietic transplantation
for acute myeloid leukemia: challenging its predictive value. Blood.
2007;110:433-440.

Leung W, Iyengar R, Turner V, et al. Determinants of antileukemia effects of
allogeneic NK cells. ] Immunol. 2004;172:644-650.

Muraro PA, Bielekova B. Emerging therapies for multiple sclerosis.
Neurotherapeutics. 2007;4:676-692.

Griffith LM, Pavletic SZ, Tyndall A, et al. Feasibility of allogeneic hematopoietic
stem cell transplantation for autoimmune disease: position statement from a
National Institute of Allergy and Infectious Diseases and National Cancer
Institute-Sponsored International Workshop, Bethesda, MD, March 12 and 13,
2005. Biol Blood Marrow Transplant. 2005;11:862-870.

Al-Toma A, Mulder CJ. Review article: Stem cell transplantation for the
treatment of gastrointestinal diseases--current applications and future
perspectives. Alimentary pharmacology & therapeutics. 2007;26 Suppl 2:77-89.

Orchard PJ, Blazar BR, Wagner J, et al. Hematopoietic cell therapy for metabolic
disease. The Journal of pediatrics. 2007;151:340-346.

61



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

62

Wu DC, Boyd AS, Wood KJ. Embryonic stem cell transplantation: potential
applicability in cell replacement therapy and regenerative medicine. Front
Biosci. 2007;12:4525-4535.

Young PP, Vaughan DE, Hatzopoulos AK. Biologic properties of endothelial
progenitor cells and their potential for cell therapy. Progress in cardiovascular
diseases. 2007;49:421-429.

Allan R, Kass M, Glover C, et al. Cellular transplantation: future therapeutic
options. Current opinion in cardiology. 2007;22:104-110.

Christoforou N, Gearhart JD. Stem cells and their potential in cell-based cardiac
therapies. Progress in cardiovascular diseases. 2007;49:396-413.

Sharma AD, Cantz T, Manns MP, et al. The role of stem cells in physiology,
pathophysiology, and therapy of the liver. Stem cell reviews. 2006;2:51-58.

Lock LT, Tzanakakis ES. Stem/Progenitor cell sources of insulin-producing cells
for the treatment of diabetes. Tissue engineering. 2007;13:1399-1412.

Gangaram-Panday ST, Faas MM, de Vos P. Towards stem-cell therapy in the
endocrine pancreas. Trends in molecular medicine. 2007;13:164-173.

Vigneau C, Zheng F, Polgar K, et al. Stem cells and kidney injury. Current
opinion in nephrology and hypertension. 2006;15:238-244.

Takahashi J. Stem cell therapy for Parkinson's disease. Expert review of
neurotherapeutics. 2007;7:667-675.

Horwitz EM, Le Blanc K, Dominici M, et al. Clarification of the nomenclature
for MSC: The International Society for Cellular Therapy position statement.
Cytotherapy. 2005;7:393-395.

Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for defining
multipotent mesenchymal stromal cells. The International Society for Cellular
Therapy position statement. Cytotherapy. 2006;8:315-317.

Urist MR, Mc LE. Osteogenetic potency and new-bone formation by induction
in transplants to the anterior chamber of the eye. The Journal of bone and joint
surgery. 1952;34-A:443-476.

Friedenstein AJ, Piatetzky S, II, Petrakova KV. Osteogenesis in transplants of
bone marrow cells. Journal of embryology and experimental morphology.
1966;16:381-390.

Friedenstein AJ, Chailakhjan RK, Lalykina KS. The development of fibroblast
colonies in monolayer cultures of guinea-pig bone marrow and spleen cells. Cell
and tissue kinetics. 1970;3:393-403.

Owen M, Friedenstein AJ. Stromal stem cells: marrow-derived osteogenic
precursors. Ciba Foundation symposium. 1988;136:42-60.

Caplan Al Mesenchymal stem cells. ] Orthop Res. 1991;9:641-650.

Haynesworth SE, Goshima J, Goldberg VM, et al. Characterization of cells with
osteogenic potential from human marrow. Bone. 1992;13:81-88.

Caplan Al. The mesengenic process. Clinics in plastic surgery. 1994;21:429-435.



204.

205.

206.

207.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

Pittenger MF, Mackay AM, Beck SC, et al. Multilineage potential of adult
human mesenchymal stem cells. Science (New York, N.Y. 1999;284:143-147.

O'Donoghue K, Chan J. Human fetal mesenchymal stem cells. Current stem cell
research & therapy. 2006;1:371-386.

Barry FP, Murphy JM. Mesenchymal stem cells: clinical applications and
biological characterization. The international journal of biochemistry & cell
biology. 2004;36:568-584.

Bruder SP, Jaiswal N, Haynesworth SE. Growth kinetics, self-renewal, and the
osteogenic potential of purified human mesenchymal stem cells during
extensive subcultivation and following cryopreservation. Journal of cellular
biochemistry. 1997;64:278-294.

Digirolamo CM, Stokes D, Colter D, et al. Propagation and senescence of
human marrow stromal cells in culture: a simple colony-forming assay identifies
samples with the greatest potential to propagate and differentiate. British
journal of haematology. 1999;107:275-281.

Conget PA, Minguell JJ. Phenotypical and functional properties of human bone
marrow mesenchymal progenitor cells. Journal of cellular physiology.
1999;181:67-73.

Pittenger M, Vanguri P, Simonetti D, et al. Adult mesenchymal stem cells:
potential for muscle and tendon regeneration and use in gene therapy. Journal
of musculoskeletal & neuronal interactions. 2002;2:309-320.

Makino S, Fukuda K, Miyoshi S, et al. Cardiomyocytes can be generated from
marrow stromal cells in vitro. The Journal of clinical investigation.
1999;103:697-705.

Phinney DG, Isakova I. Plasticity and therapeutic potential of mesenchymal
stem cells in the nervous system. Current pharmaceutical design. 2005;11:1255-
1265.

Tropel P, Platet N, Platel JC, et al. Functional neuronal differentiation of bone
marrow-derived mesenchymal stem cells. Stem cells (Dayton, Ohio).
2006;24:2868-2876.

Oswald ], Boxberger S, Jorgensen B, et al. Mesenchymal stem cells can be
differentiated into endothelial cells in vitro. Stem cells (Dayton, Ohio).
2004;22:377-384.

Petersen BE, Bowen WC, Patrene KD, et al. Bone marrow as a potential source
of hepatic oval cells. Science (New York, N.Y. 1999;284:1168-1170.

Muraglia A, Cancedda R, Quarto R. Clonal mesenchymal progenitors from
human bone marrow differentiate in vitro according to a hierarchical model.
Journal of cell science. 2000;113 ( Pt 7):1161-1166.

Le Blanc K, Ringden O. Immunomodulation by mesenchymal stem cells and
clinical experience. Journal of internal medicine. 2007;262:509-525.

Kierney PC, Dorshkind K. B lymphocyte precursors and myeloid progenitors

survive in diffusion chamber cultures but B cell differentiation requires close
association with stromal cells. Blood. 1987;70:1418-1424.

63



219.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

231.

232.

233.

64

Majumdar MK, Keane-Moore M, Buyaner D, et al. Characterization and
functionality of cell surface molecules on human mesenchymal stem cells.
Journal of biomedical science. 2003;10:228-241.

Majumdar MK, Thiede MA, Mosca JD, et al. Phenotypic and functional
comparison of cultures of marrow-derived mesenchymal stem cells (MSCs) and
stromal cells. Journal of cellular physiology. 1998;176:57-66.

Aggarwal S, Pittenger MF. Human mesenchymal stem cells modulate allogeneic
immune cell responses. Blood. 2005;105:1815-1822.

Silva WA, Jr., Covas DT, Panepucci RA, et al. The profile of gene expression of
human marrow mesenchymal stem cells. Stem cells (Dayton, Ohio).
2003;21:661-669.

Potian JA, Aviv H, Ponzio NM, et al. Veto-like activity of mesenchymal stem
cells: functional discrimination between cellular responses to alloantigens and
recall antigens. ] Immunol. 2003;171:3426-3434.

Haynesworth SE, Baber MA, Caplan Al. Cytokine expression by human
marrow-derived mesenchymal progenitor cells in vitro: effects of
dexamethasone and IL-1 alpha. Journal of cellular physiology. 1996;166:585-
592.

Noel D, Djouad F, Bouffi C, et al. Multipotent mesenchymal stromal cells and
immune tolerance. Leukemia & lymphoma. 2007;48:1283-1289.

Le Blanc K, Tammik C, Rosendahl K, et al. HLA expression and immunologic
properties of differentiated and undifferentiated mesenchymal stem cells.
Experimental hematology. 2003;31:890-896.

Tse WT, Pendleton JD, Beyer WM, et al. Suppression of allogeneic T-cell
proliferation by human marrow stromal cells: implications in transplantation.
Transplantation. 2003;75:389-397.

Ruggeri L, Capanni M, Martelli MF, et al. Cellular therapy: exploiting NK cell
alloreactivity in transplantation. Current opinion in hematology. 2001;8:355-
359.

Klyushnenkova E, Mosca JD, Zernetkina V, et al. T cell responses to allogeneic
human mesenchymal stem cells: immunogenicity, tolerance, and suppression.
Journal of biomedical science. 2005;12:47-57.

Rasmusson I, Ringden O, Sundberg B, et al. Mesenchymal stem cells inhibit the
formation of cytotoxic T lymphocytes, but not activated cytotoxic T
lymphocytes or natural killer cells. Transplantation. 2003;76:1208-1213.

Morandi F, Raffaghello L, Bianchi G, et al. Immunogenicity of human
mesenchymal stem cells in HLA-class I-restricted T-cell responses against viral
or tumor-associated antigens. Stem cells (Dayton, Ohio). 2008;26:1275-1287.

Koc ON, Day J, Nieder M, et al. Allogeneic mesenchymal stem cell infusion for
treatment of metachromatic leukodystrophy (MLD) and Hurler syndrome
(MPS-IH). Bone marrow transplantation. 2002;30:215-222.

Le Blanc K, Gotherstrom C, Ringden O, et al. Fetal mesenchymal stem-cell
engraftment in bone after in utero transplantation in a patient with severe
osteogenesis imperfecta. Transplantation. 2005;79:1607-1614.



234.

235.

236.

237.

238.

239.

240.

241.

242.

243,

244,

245.

246.

247.

248.

Beggs KJ, Lyubimov A, Borneman JN, et al. Immunologic consequences of
multiple, high-dose administration of allogeneic mesenchymal stem cells to
baboons. Cell transplantation. 2006;15:711-721.

Pochampally RR, Neville BT, Schwarz EJ, et al. Rat adult stem cells (marrow
stromal cells) engraft and differentiate in chick embryos without evidence of cell
fusion. Proceedings of the National Academy of Sciences of the United States of
America. 2004;101:9282-9285.

Kraitchman DL, Heldman AW, Atalar E, et al. In vivo magnetic resonance
imaging of mesenchymal stem cells in myocardial infarction. Circulation.
2003;107:2290-2293.

Devine SM, Cobbs C, Jennings M, et al. Mesenchymal stem cells distribute to a
wide range of tissues following systemic infusion into nonhuman primates.
Blood. 2003;101:2999-3001.

Liechty KW, MacKenzie TC, Shaaban AF, et al. Human mesenchymal stem cells
engraft and demonstrate site-specific differentiation after in utero
transplantation in sheep. Nature medicine. 2000;6:1282-1286.

Airey JA, Almeida-Porada G, Colletti EJ, et al. Human mesenchymal stem cells
form Purkinje fibers in fetal sheep heart. Circulation. 2004;109:1401-1407.

Ringden O, Uzunel M, Rasmusson I, et al. Mesenchymal stem cells for
treatment of therapy-resistant graft-versus-host disease. Transplantation.
2006;81:1390-1397.

Ringden O, Uzunel M, Sundberg B, et al. Tissue repair using allogeneic
mesenchymal stem cells for hemorrhagic cystitis, pneumomediastinum and
perforated colon. Leukemia. 2007;21:2271-2276.

Fouillard L, Bensidhoum M, Bories D, et al. Engraftment of allogeneic
mesenchymal stem cells in the bone marrow of a patient with severe idiopathic
aplastic anemia improves stroma. Leukemia. 2003;17:474-476.

Horwitz EM, Prockop DJ, Gordon PL, et al. Clinical responses to bone marrow
transplantation in children with severe osteogenesis imperfecta. Blood.
2001;97:1227-1231.

Eliopoulos N, Stagg J, Lejeune L, et al. Allogeneic marrow stromal cells are
immune rejected by MHC class I- and class II-mismatched recipient mice.
Blood. 2005;106:4057-4065.

Nauta AJ, Westerhuis G, Kruisselbrink AB, et al. Donor-derived mesenchymal
stem cells are immunogenic in an allogeneic host and stimulate donor graft
rejection in a nonmyeloablative setting. Blood. 2006;108:2114-2120.

Bartholomew A, Sturgeon C, Siatskas M, et al. Mesenchymal stem cells suppress
lymphocyte proliferation in vitro and prolong skin graft survival in vivo.
Experimental hematology. 2002;30:42-48.

Le Blanc K, Tammik L, Sundberg B, et al. Mesenchymal stem cells inhibit and
stimulate mixed lymphocyte cultures and mitogenic responses independently of
the major histocompatibility complex. Scandinavian journal of immunology.
2003;57:11-20.

Di Nicola M, Carlo-Stella C, Magni M, et al. Human bone marrow stromal cells
suppress T-lymphocyte proliferation induced by cellular or nonspecific
mitogenic stimuli. Blood. 2002;99:3838-3843.

65



249.

250.

251.

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

66

Maitra B, Szekely E, Gjini K, et al. Human mesenchymal stem cells support
unrelated donor hematopoietic stem cells and suppress T-cell activation. Bone
marrow transplantation. 2004;33:597-604.

Beyth S, Borovsky Z, Mevorach D, et al. Human mesenchymal stem cells alter
antigen-presenting cell maturation and induce T-cell unresponsiveness. Blood.
2005;105:2214-2219.

Djouad F, Plence P, Bony C, et al. Immunosuppressive effect of mesenchymal
stem cells favors tumor growth in allogeneic animals. Blood. 2003;102:3837-
3844.

Krampera M, Glennie S, Dyson J, et al. Bone marrow mesenchymal stem cells
inhibit the response of naive and memory antigen-specific T cells to their
cognate peptide. Blood. 2003;101:3722-3729.

Maccario R, Podesta M, Moretta A, et al. Interaction of human mesenchymal
stem cells with cells involved in alloantigen-specific immune response favors the
differentiation of CD4+ T-cell subsets expressing a regulatory/suppressive
phenotype. Haematologica. 2005;90:516-525.

Glennie S, Soeiro I, Dyson PJ, et al. Bone marrow mesenchymal stem cells
induce division arrest anergy of activated T cells. Blood. 2005;105:2821-2827.

Ramasamy R, Tong CK, Seow HF, et al. The immunosuppressive effects of
human bone marrow-derived mesenchymal stem cells target T cell proliferation
but not its effector function. Cellular immunology. 2008;251:131-136.

Le Blanc K, Rasmusson I, Gotherstrom C, et al. Mesenchymal stem cells inhibit
the expression of CD25 (interleukin-2 receptor) and CD38 on
phytohaemagglutinin-activated ~ lymphocytes. ~ Scandinavian journal of
immunology. 2004;60:307-315.

Groh ME, Maitra B, Szekely E, et al. Human mesenchymal stem cells require
monocyte-mediated activation to suppress alloreactive T cells. Experimental
hematology. 2005;33:928-934.

Corcione A, Benvenuto F, Ferretti E, et al. Human mesenchymal stem cells
modulate B-cell functions. Blood. 2006;107:367-372.

Rasmusson I, Le Blanc K, Sundberg B, et al. Mesenchymal stem cells stimulate
antibody secretion in human B cells. Scandinavian journal of immunology.
2007;65:336-343.

Comoli P, Ginevri F, Maccario R, et al. Human mesenchymal stem cells inhibit
antibody production induced in vitro by allostimulation. Nephrol Dial
Transplant. 2008;23:1196-1202.

Sotiropoulou PA, Perez SA, Gritzapis AD, et al. Interactions between human
mesenchymal stem cells and natural killer cells. Stem cells (Dayton, Ohio).
2006;24:74-85.

Krampera M, Cosmi L, Angeli R, et al. Role for interferon-gamma in the
immunomodulatory activity of human bone marrow mesenchymal stem cells.
Stem cells (Dayton, Ohio). 2006;24:386-398.

Nauta AJ, Kruisselbrink AB, Lurvink E, et al. Mesenchymal stem cells inhibit
generation and function of both CD34+-derived and monocyte-derived
dendritic cells. ] Immunol. 2006;177:2080-2087.



264.

265.

266.

267.

268.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

Zhang W, Ge W, Li C, et al. Effects of mesenchymal stem cells on
differentiation, maturation, and function of human monocyte-derived dendritic
cells. Stem cells and development. 2004;13:263-271.

Neuss S, Becher E, Woltje M, et al. Functional expression of HGF and HGF
receptor/c-met in adult human mesenchymal stem cells suggests a role in cell
mobilization, tissue repair, and wound healing. Stem cells (Dayton, Ohio).
2004;22:405-414.

Rasmusson I, Ringden O, Sundberg B, et al. Mesenchymal stem cells inhibit
lymphocyte proliferation by mitogens and alloantigens by different
mechanisms. Experimental cell research. 2005;305:33-41.

Rasmusson I. Immune modulation by mesenchymal stem cells. Experimental
cell research. 2006;312:2169-2179.

Arikawa T, Omura K, Morita I. Regulation of bone morphogenetic protein-2
expression by endogenous prostaglandin E2 in human mesenchymal stem cells.
Journal of cellular physiology. 2004;200:400-406.

Meisel R, Zibert A, Laryea M, et al. Human bone marrow stromal cells inhibit
allogeneic T-cell responses by indoleamine 2,3-dioxygenase-mediated
tryptophan degradation. Blood. 2004;103:4619-4621.

Sato K, Ozaki K, Oh I, et al. Nitric oxide plays a critical role in suppression of T-
cell proliferation by mesenchymal stem cells. Blood. 2007;109:228-234.

Rizzo R, Campioni D, Stignani M, et al. A functional role for soluble HLA-G
antigens in immune modulation mediated by mesenchymal stromal cells.
Cytotherapy. 2008;10:364-375.

Chabannes D, Hill M, Merieau E, et al. A role for heme oxygenase-1 in the
immunosuppressive effect of adult rat and human mesenchymal stem cells.
Blood. 2007;110:3691-3694.

Nasef A, Mazurier C, Bouchet S, et al. Leukemia inhibitory factor: Role in
human mesenchymal stem cells mediated immunosuppression. Cellular
immunology. 2008.

Yanez R, Lamana ML, Garcia-Castro J, et al. Adipose tissue-derived
mesenchymal stem cells have in vivo immunosuppressive properties applicable
for the control of the graft-versus-host disease. Stem cells (Dayton, Ohio).
2006;24:2582-2591.

Zappia E, Casazza S, Pedemonte E, et al. Mesenchymal stem cells ameliorate
experimental autoimmune encephalomyelitis inducing T-cell anergy. Blood.
2005;106:1755-1761.

Ortiz LA, Gambelli F, McBride C, et al. Mesenchymal stem cell engraftment in
lung is enhanced in response to bleomycin exposure and ameliorates its fibrotic
effects. Proceedings of the National Academy of Sciences of the United States of
America. 2003;100:8407-8411.

Togel F, Hu Z, Weiss K, et al. Administered mesenchymal stem cells protect
against ischemic acute renal failure through differentiation-independent
mechanisms. American journal of physiology. 2005;289:F31-42.

Kunter U, Rong S, Djuric Z, et al. Transplanted mesenchymal stem cells

accelerate glomerular healing in experimental glomerulonephritis. ] Am Soc
Nephrol. 2006;17:2202-2212.

67



279.

280.

281.

282.

283.

284.

285.

286.

287.

288.

289.

290.

291.

68

Bacigalupo A, Valle M, Podesta M, et al. T-cell suppression mediated by
mesenchymal stem cells is deficient in patients with severe aplastic anemia.
Experimental hematology. 2005;33:819-827.

Barry FP, Murphy JM, English K, et al. Immunogenicity of adult mesenchymal
stem cells: lessons from the fetal allograft. Stem cells and development.
2005;14:252-265.

Gao J, Dennis JE, Muzic RF, et al. The dynamic in vivo distribution of bone
marrow-derived mesenchymal stem cells after infusion. Cells, tissues, organs.
2001;169:12-20.

Chapel A, Bertho JM, Bensidhoum M, et al. Mesenchymal stem cells home to
injured tissues when co-infused with hematopoietic cells to treat a radiation-
induced multi-organ failure syndrome. The journal of gene medicine.
2003;5:1028-1038.

Guillot PV, Cook HT, Pusey CD, et al. Transplantation of human fetal
mesenchymal stem cells improves glomerulopathy in a collagen type I alpha 2-
deficient mouse. The Journal of pathology. 2008;214:627-636.

Isakova IA, Baker K, DuTreil M, et al. Age- and dose-related effects on MSC
engraftment levels and anatomical distribution in the central nervous systems of
nonhuman primates: identification of novel MSC subpopulations that respond
to guidance cues in brain. Stem cells (Dayton, Ohio). 2007;25:3261-3270.

Koc ON, Gerson SL, Cooper BW, et al. Rapid hematopoietic recovery after
coinfusion of autologous-blood stem cells and culture-expanded marrow
mesenchymal stem cells in advanced breast cancer patients receiving high-dose
chemotherapy. ] Clin Oncol. 2000;18:307-316.

Horwitz EM, Gordon PL, Koo WK, et al. Isolated allogeneic bone marrow-
derived mesenchymal cells engraft and stimulate growth in children with
osteogenesis imperfecta: Implications for cell therapy of bone. Proceedings of
the National Academy of Sciences of the United States of America.
2002;99:8932-8937.

Pozzi S, Lisini D, Podesta M, et al. Donor multipotent mesenchymal stromal
cells may engraft in pediatric patients given either cord blood or bone marrow
transplantation. Experimental hematology. 2006;34:934-942.

Lazarus HM, Haynesworth SE, Gerson SL, et al. Ex vivo expansion and
subsequent infusion of human bone marrow-derived stromal progenitor cells
(mesenchymal progenitor cells): implications for therapeutic use. Bone marrow
transplantation. 1995;16:557-564.

Lazarus HM, Koc ON, Devine SM, et al. Cotransplantation of HLA-identical
sibling culture-expanded mesenchymal stem cells and hematopoietic stem cells
in hematologic malignancy patients. Biol Blood Marrow Transplant.
2005;11:389-398.

Le Blanc K, Samuelsson H, Gustafsson B, et al. Transplantation of mesenchymal
stem cells to enhance engraftment of hematopoietic stem cells. Leukemia.
2007;21:1733-1738.

Ball LM, Bernardo ME, Roelofs H, et al. Cotransplantation of ex vivo expanded
mesenchymal stem cells accelerates lymphocyte recovery and may reduce the
risk of graft failure in haploidentical hematopoietic stem-cell transplantation.
Blood. 2007;110:2764-2767.



292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

305.

306.

Muller I, Kordowich S, Holzwarth C, et al. Application of multipotent
mesenchymal stromal cells in pediatric patients following allogeneic stem cell
transplantation. Blood cells, molecules & diseases. 2008;40:25-32.

Galie M, Konstantinidou G, Peroni D, et al. Mesenchymal stem cells share
molecular signature with mesenchymal tumor cells and favor early tumor
growth in syngeneic mice. Oncogene. 2008;27:2542-2551.

Maestroni GJ, Hertens E, Galli P. Factor(s) from nonmacrophage bone marrow
stromal cells inhibit Lewis lung carcinoma and B16 melanoma growth in mice.
Cell Mol Life Sci. 1999;55:663-667.

Ohlsson LB, Varas L, Kjellman C, et al. Mesenchymal progenitor cell-mediated
inhibition of tumor growth in vivo and in vitro in gelatin matrix. Experimental
and molecular pathology. 2003;75:248-255.

Pisati F, Belicchi M, Acerbi F, et al. Effect of human skin-derived stem cells on
vessel architecture, tumor growth, and tumor invasion in brain tumor animal
models. Cancer research. 2007;67:3054-3063.

Khakoo AY, Pati S, Anderson SA, et al. Human mesenchymal stem cells exert
potent antitumorigenic effects in a model of Kaposi's sarcoma. The Journal of
experimental medicine. 2006;203:1235-1247.

Ning H, Yang F, Jiang M, et al. The correlation between cotransplantation of
mesenchymal stem cells and higher recurrence rate in hematologic malignancy
patients: outcome of a pilot clinical study. Leukemia. 2008;22:593-599.

Rubio D, Garcia-Castro J, Martin MC, et al. Spontaneous human adult stem cell
transformation. Cancer research. 2005;65:3035-3039.

Rubio D, Garcia S, Paz MF, et al. Molecular characterization of spontaneous
mesenchymal stem cell transformation. PLoS ONE. 2008;3:e1398.

Wang Y, Huso DL, Harrington J, et al. Outgrowth of a transformed cell
population derived from normal human BM mesenchymal stem cell culture.
Cytotherapy. 2005;7:509-519.

Bernardo ME, Zaffaroni N, Novara F, et al. Human bone marrow derived
mesenchymal stem cells do not undergo transformation after long-term in vitro
culture and do not exhibit telomere maintenance mechanisms. Cancer research.
2007;67:9142-9149.

Sessarego N, Parodi A, Podesta M, et al. Multipotent mesenchymal stromal cells
from amniotic fluid: solid perspectives for clinical application. Haematologica.
2008;93:339-346.

Pessina A, Bonomi A, Baglio C, et al. Microbiological risk assessment in stem
cell manipulation. Critical reviews in microbiology. 2008;34:1-12.

Schwartz GN, Warren MK, Rothwell SW, et al. Post-chemotherapy and
cytokine pretreated marrow stromal cell layers suppress hematopoiesis from
normal donor CD34+ cells. Bone marrow transplantation. 1998;22:457-468.

Fouillard L, Chapel A, Bories D, et al. Infusion of allogeneic-related HLA
mismatched mesenchymal stem cells for the treatment of incomplete
engraftment following autologous haematopoietic stem cell transplantation.
Leukemia. 2007;21:568-570.

69



307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

70

Fang B, Song Y, Lin Q, et al. Human adipose tissue-derived mesenchymal
stromal cells as salvage therapy for treatment of severe refractory acute graft-vs.-
host disease in two children. Pediatric transplantation. 2007;11:814-817.

Munoz JR, Stoutenger BR, Robinson AP, et al. Human stem/progenitor cells
from bone marrow promote neurogenesis of endogenous neural stem cells in
the hippocampus of mice. Proceedings of the National Academy of Sciences of
the United States of America. 2005;102:18171-18176.

Gerdoni E, Gallo B, Casazza S, et al. Mesenchymal stem cells effectively
modulate pathogenic immune response in experimental autoimmune
encephalomyelitis. Annals of neurology. 2007;61:219-227.

Mohyeddin Bonab M, Yazdanbakhsh S, Lotfi J, et al. Does mesenchymal stem
cell therapy help multiple sclerosis patients? Report of a pilot study. Iran ]
Immunol. 2007;4:50-57.

Augello A, Tasso R, Negrini SM, et al. Cell therapy using allogeneic bone
marrow mesenchymal stem cells prevents tissue damage in collagen-induced
arthritis. Arthritis and rheumatism. 2007;56:1175-1186.

Bocelli-Tyndall C, Bracci L, Spagnoli G, et al. Bone marrow mesenchymal
stromal cells (BM-MSCs) from healthy donors and auto-immune disease
patients reduce the proliferation of autologous- and allogeneic-stimulated
lymphocytes in vitro. Rheumatology (Oxford, England). 2007;46:403-408.

Larghero ], Farge D, Braccini A, et al. Phenotypical and functional
characteristics of in vitro expanded bone marrow mesenchymal stem cells from
patients with systemic sclerosis. Annals of the rheumatic diseases. 2008;67:443-
449,

Chen SL, Fang WW, Ye F, et al. Effect on left ventricular function of
intracoronary transplantation of autologous bone marrow mesenchymal stem

cell in patients with acute myocardial infarction. The American journal of
cardiology. 2004;94:92-95.

Mazzini L, Fagioli F, Boccaletti R, et al. Stem cell therapy in amyotrophic lateral
sclerosis: a methodological approach in humans. Amyotroph Lateral Scler Other
Motor Neuron Disord. 2003;4:158-161.

Giordano A, Galderisi U, Marino IR. From the laboratory bench to the patient's
bedside: an update on clinical trials with mesenchymal stem cells. Journal of
cellular physiology. 2007;211:27-35.

Ringden O, Moller E, Lundgren G, et al. Role of MLC compatibility in
intrafamilial kidney transplantation. Transplantation. 1976;22:9-17.

Niederwieser D, Gentilini C, Hegenbart U, et al. Transmission of donor illness
by stem cell transplantation: should screening be different in older donors?
Bone marrow transplantation. 2004;34:657-665.

Karlsson H, Samarasinghe S, Ball LM, et al. Mesenchymal stem cells exert
differential effects on alloantigen and virus-specific T-cell responses. Blood.
2008;112:532-541.

Plachter B, Sinzger C, Jahn G. Cell types involved in replication and distribution
of human cytomegalovirus. Advances in virus research. 1996;46:195-261.

Crapnell KB, Almeida-Porada G, Khaiboullina S, et al. Human haematopoietic
stem cells that mediate long-term in vivo engraftment are not susceptible to



322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

infection by human cytomegalovirus. British journal of haematology.
2004;124:676-684.

Parsons CH, Szomju B, Kedes DH. Susceptibility of human fetal mesenchymal
stem cells to Kaposi sarcoma-associated herpesvirus. Blood. 2004;104:2736-
2738.

Scadden DT, Zeira M, Woon A, et al. Human immunodeficiency virus infection
of human bone marrow stromal fibroblasts. Blood. 1990;76:317-322.

Hernandez-Fuentes MP, Baker RJ, Lechler RI. The alloresponse. Reviews in
immunogenetics. 1999;1:282-296.

Storb R, Epstein RB, Rudolph RH, et al. The effect of prior transfusion on
marrow grafts between histocompatible canine siblings. J Immunol.
1970;105:627-633.

Storb R, Prentice RL, Thomas ED. Marrow transplantation for treatment of
aplastic anemia. An analysis of factors associated with graft rejection. The New
England journal of medicine. 1977;296:61-66.

Sumitran-Holgersson S. HLA-specific alloantibodies and renal graft outcome.
Nephrol Dial Transplant. 2001;16:897-904.

Jefteris R, Pound J, Lund J, et al. Effector mechanisms activated by human IgG
subclass antibodies: clinical and molecular aspects. Review article. Annales de
biologie clinique. 1994;52:57-65.

Cunningham-Rundles C. Naturally occurring autologous anti-idiotypic
antibodies. Participation in immune complex formation in selective IgA
deficiency. The Journal of experimental medicine. 1982;155:711-719.

Dise T, Brunell PA. Anti-bovine antibody in human sera as a cause of
nonspecificity in enzyme immunoassay. Journal of clinical microbiology.
1987;25:987-990.

Kletter B, Gery I, Freier S, et al. Immune responses of normal infants to cow
milk. I. Antibody type and kinetics of production. International archives of
allergy and applied immunology. 1971;40:656-666.

Grinnemo KH, Mansson A, Dellgren G, et al. Xenoreactivity and engraftment of
human mesenchymal stem cells transplanted into infarcted rat myocardium.
The Journal of thoracic and cardiovascular surgery. 2004;127:1293-1300.

Rasmusson I, Uhlin M, Le Blanc K, et al. Mesenchymal stem cells fail to trigger
effector functions of cytotoxic T lymphocytes. Journal of leukocyte biology.
2007;82:887-893.

Prevosto C, Zancolli M, Canevali P, et al. Generation of CD4+ or CD8+

regulatory T cells upon mesenchymal stem cell-lymphocyte interaction.
Haematologica. 2007;92:881-888.

71



72



Original papers

73



